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Identification and characterization of Schistosoma species in freshwater are crucial for understanding the transmission dynamics of schistosomiasis and implementing effective control measures. This study aimed to molecularly identify and characterize Schistosoma species in freshwater from four locations within the Bodo community, Rivers State, Nigeria. A total of 200 water samples were collected from Nuumu-Tekurun, Nuumu-Bari-aage, Bon-Sunday, and Nuumu-Kekpaban rivers, alongside structured questionnaires administered to 200 randomly selected participants to assess environmental and behavioral risk factors. Descriptive and chi-square analyses were performed using SPSS version 23. The results indicated that pipe-borne water was the primary supply for 69% of households. However, swimming (80%), typically occurring weekly for over 15 minutes, was the predominant water contact activity, with 82% of participants reporting urination or defecation in water bodies while swimming. The presence of snails (89%) and livestock (95%), particularly cattle (61%), was also noted near the rivers.The overall Schistosoma prevalence was found to be 18.5% (p<0.001), with Schistosoma japonicum (40.5%) being the most prevalent species, followed by S. mansoni (32.4%) and S. haematobium (27%) (p=0.598). Prevalence varied insignificantly across locations (p=0.483). Factors significantly influencing prevalence (p≤0.027) included using river/stream as the main water source, daily visits to water bodies, spending over 15 minutes in the river, and the presence of livestock and snails. In conclusion, the findings highlight the urgent need for targeted public health interventions to mitigate schistosomiasis transmission in the Bodo community. Recommendations include improving access to safe drinking water to reduce reliance on surface water, enhancing health education programs about schistosomiasis prevention, and implementing effective livestock management practices near water bodies to decrease contamination risks. These measures are essential for reducing the burden of schistosomiasis and improving the overall health of the community. 
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1.0 [bookmark: _Toc198024393]Background to the Study
Schistosomiasis, a chronic parasitic disease caused by blood flukes of the genus Schistosoma, poses a significant global health burden, particularly in resource-limited and freshwater-dependent communities, such as the Bodo community in Rivers State, Nigeria (World Health Organization, 2023). As a Neglected Tropical Disease (NTD), schistosomiasis disproportionately affects impoverished populations lacking access to adequate sanitation and safe water, perpetuating cycles of poverty and ill health (Hotez et al., 2006). NTDs contribute significantly to morbidity, disability, and mortality, hindering socio-economic development and progress toward the Sustainable Development Goals (SDGs) (Fenwick, 2012; World Health Organization, 2021). With its complex life cycle, schistosomiasis is one of the most prevalent NTDs, affecting hundreds of millions globally, with over 251.4 million requiring annual preventive treatment (World Health Organization, 2021, 2023). The long-term consequences, including organ damage, impaired cognitive function, and increased cancer risk, significantly reduce quality of life and economic productivity in affected populations (King & Dangerfield-Cha, 2017; Van der Werf et al., 2003).
Over a billion individuals are thought to be infected by parasitic helminths, which have a terrible effect on both human health and economic advancement. These helminths include schistosomes, filarial worms, and soil-transmitted nematodes. The blood flukes (trematode worms) of the genus Schistosoma are the cause of the acute and chronic parasitic disease schistosomiasis. According to estimates, in 2021, at least 251.4 million people needed preventative care. Morbidity will be decreased and prevented by preventive treatment, which should be repeated over a number of years. There have been reports of schistosomiasis transmission from 78 different nations. However, only 51 endemic countries with moderate-to-high transmission need preventative chemotherapy for schistosomiasis, where individuals and communities are targeted for extensive treatment (World Health Organisation, 2023).
Schistosoma are diverse parasitic flatworms with complex life cycles involving humans and freshwater snails (Gryseels et al., 2006). Unlike other trematodes, Schistosoma have separate sexes. Six of the approximately 20 recognized species infect humans, with S. haematobium, S. mansoni, and S. japonicum being the most common and significant (Rollinson et al., 2013).
These three species have distinct geographical distributions, preferred snail hosts, and pathologies. S. haematobium causes urogenital schistosomiasis in Africa and the Middle East, leading to symptoms like blood in urine and increased bladder cancer risk (Schistosoma, Control in Egypt Research Project, 1980). S. mansoni causes intestinal schistosomiasis in Africa and the Americas, presenting with abdominal pain, diarrhea, and potential liver enlargement. S. japonicum, primarily in East Asia, also causes intestinal schistosomiasis but is linked to higher egg output and central nervous system involvement (Gong et al., 2021). Other less common species include S. mekongi, S. intercalatum, and S. guineensis (Southgate et al., 2013). The existence of hybrid Schistosoma species (e.g., S. haematobium x S. bovis) is a growing concern due to potential changes in transmission, pathogenicity, and drug resistance (Huyse et al., 2009; Leger et al., 2018).
The flukes that cause schistosomiasis are first discovered in snails and subsequently released into the water. The parasites can enter the human body through the skin and remain there for years if it comes into contact with tainted water. The forked head of the parasite's human-infecting stage enables it to pierce the skin after growing in the snail. The two primary forms of the disease, intestinal and urogenital schistosomiasis, are caused by the three primary types of schistosomes. Snail fever and bilharzia are other names for this illness.
Schistosomiasis symptoms are mostly brought on by the body's response to the worms' eggs. In tropical and subtropical regions, schistosomiasis is common, particularly in underprivileged areas where access to clean drinking water and proper sanitation is limited. At least 90% of those who need schistosomiasis therapy are thought to reside in Africa. Schistosoma haematobium, S. japonicum, and S. mansoni are the three primary species that infect people. S. mekongi, S. intercalatum, and S. guineensis (once thought to be the same as S. intercalatum) are three other species that are more geographically localised. A few cases of human infection with cattle-derived hybrid schistosomes (S. haematobium x S. bovis, x S. curassoni, x S. mattheei) have also been reported.
Accurate differentiation of Schistosoma species is of paramount importance for effective schistosomiasis control and management. Species-specific variations in drug susceptibility, particularly to praziquantel, the mainstay of schistosomiasis treatment, have been documented (Doenhoff et al., 2008). For instance, S. japonicum is often considered more susceptible to praziquantel than S. mansoni, while resistance has been reported in some S. mansoni populations (Ismail et al., 1999). Moreover, the development of effective control strategies, including snail control interventions, relies on a thorough understanding of the specific snail intermediate hosts involved in the transmission cycle, which vary significantly among Schistosoma species (McCullough & Mott, 1983). Species-specific diagnostic tools, such as polymerase chain reaction (PCR)-based assays, are essential for accurate epidemiological surveillance and monitoring of control program effectiveness (Hamburger et al., 2004). Furthermore, understanding the genetic diversity and population structure of Schistosoma species can provide insights into parasite evolution, adaptation to local environments, and the potential for the emergence of drug resistance (Webster et al., 2006). The identification of hybrid species and the investigation of zoonotic transmission pathways are also critical for informing public health policies and preventing the spread of infection from animal reservoirs to humans (Huyse et al., 2009; Leger et al., 2018).
The transmission depends on freshwater contaminated with infective Schistosoma cercariae (Cheesbrough, 2006). The cycle begins when eggs, excreted by infected humans, hatch in water, releasing miracidia. These miracidia must infect specific freshwater snail species to develop (Rollinson et al., 2013). Inside the snail, miracidia multiply into thousands of cercariae, which are then released into the water (Cheesbrough, 2006). These cercariae actively swim, penetrate human skin during water contact (e.g., swimming, bathing), and transform into schistosomulae (van der Werf et al., 2003; Hunter et al., 1993). The schistosomulae migrate to the liver to mature into adult worms. Adult worms then settle in specific human veins, continuously producing eggs to perpetuate the life cycle (Gryseels et al., 2006; Rollinson et al., 2013).
In Nigeria, schistosomiasis represents a significant and widespread public health challenge, with the disease being endemic in all 36 states and the Federal Capital Territory (Federal Ministry of Health Nigeria, 2013). The prevalence of schistosomiasis varies across the country, with higher rates often observed in rural communities with limited access to clean water and sanitation and where water-contact activities are common (Oguonu & Okafor, 1993). It is estimated that tens of millions of Nigerians are at risk of infection, and millions suffer from the associated morbidities, placing a substantial burden on the healthcare system and hindering socio-economic development (Ekpo & Mafiana, 2020). The Niger Delta region, including Rivers State, is particularly vulnerable to schistosomiasis transmission due to its extensive network of rivers, creeks, and swamps, which provide ideal habitats for the snail intermediate hosts and facilitate frequent human contact with freshwater (Olufemi et al., 2021). Studies conducted in various parts of the Niger Delta have documented high prevalence rates of schistosomiasis in different population groups, including school-aged children, fishermen, and farmers, highlighting the ongoing transmission and the need for targeted interventions (Sowemimo, 2007; Ukoli, 1990). The environmental conditions prevalent in this region, such as the abundance of specific snail species (e.g., Bulinus globosus for S. haematobium, Biomphalaria pfeifferi for S. mansoni) and the socio-cultural practices that involve frequent water contact, create a complex and challenging environment for schistosomiasis control.
The Bodo community in Rivers State is characterized by its close proximity to and dependence on a network of freshwater bodies, including rivers, streams, and potentially stagnant pools. The socio-economic activities of the community are intrinsically linked to these aquatic resources, with fishing serving as a primary source of livelihood for many residents, and farming practices often involving irrigation techniques that require frequent water contact (Author's preliminary observations/Community reports). Domestic water use, including bathing, washing, and fetching water directly from these sources, further increases the exposure of the community members to potentially cercariae-contaminated water. The lack of adequate sanitation facilities in many parts of the community exacerbates the problem, as the open defecation and urination into or near freshwater bodies contribute to the contamination of these sources with Schistosoma eggs, perpetuating the transmission cycle (Olufemi et al., 2021). The presence of specific freshwater snail species known to serve as intermediate hosts for Schistosoma in the region, coupled with the high frequency of human-water contact, creates a particularly conducive environment for the transmission and persistence of schistosomiasis within the Bodo community (Okafor, 1985). The complex interplay of these environmental, socio-economic, and behavioral factors necessitates a comprehensive and targeted approach to schistosomiasis control in this setting.
Despite the recognized endemicity of schistosomiasis in Rivers State and the potential for high transmission rates in communities like Bodo, there remains a significant gap in detailed, species-specific data regarding Schistosoma parasites in the freshwater environment of this specific locality. The majority of previous studies conducted in the region have focused on determining the overall prevalence of schistosomiasis in human populations using traditional parasitological methods, such as the Kato-Katz technique for stool examination and urine filtration for S. haematobium eggs (Savioli et al., 2017). While these methods are useful for detecting patent infections, they often lack the sensitivity to detect low-intensity infections accurately, and not reliably differentiate between the different Schistosoma species circulating in the area (Weerakoon et al., 2018). Furthermore, there is a paucity of information on the genetic and phenotypic characteristics of the Schistosoma populations present in the Bodo community's freshwater sources. This lack of granular data hinders a comprehensive understanding of the local epidemiology of schistosomiasis, including the dominant species, their genetic diversity, potential for drug resistance, adaptation to local snail hosts, and the precise transmission dynamics within the community.
Characterizing the Schistosoma species present in the freshwater sources of the Bodo community is of paramount importance for several critical reasons. Firstly, different Schistosoma species exhibit variations in their susceptibility to praziquantel, the primary drug used for schistosomiasis treatment (Doenhoff et al., 2008). Accurate species identification can inform drug administration strategies, allowing for the selection of the most appropriate treatment regimens and the monitoring for potential drug resistance within specific species. Secondly, effective control strategies, including snail control interventions, rely on a thorough understanding of the specific snail intermediate hosts involved in the transmission cycle, which often exhibit species-specific preferences and ecological requirements (McCullough & Mott, 1983). For instance, targeting the specific habitats of Bulinus snails for S. haematobium or Biomphalaria snails for S. mansoni can significantly enhance the effectiveness of snail control measures. Thirdly, molecular characterization of Schistosoma species can provide valuable insights into the genetic diversity and population structure of the parasites, which can inform our understanding of parasite evolution, adaptation to local environments, and the potential for the emergence of drug resistance (Webster et al., 2006). Fourthly, the identification of hybrid Schistosoma species and the investigation of zoonotic transmission pathways are also critical for informing public health policies and preventing the spread of infection from animal reservoirs to humans (Huyse et al., 2009; Leger et al., 2018). Understanding whether livestock or other animals play a role in schistosomiasis transmission in the Bodo community can have significant implications for control strategies. Finally, species-specific data provides a more accurate baseline for monitoring the impact of control interventions and detecting any changes in species distribution or prevalence over time, allowing for the evaluation of program effectiveness and the adaptation of control strategies as needed.
[bookmark: _Toc166737604][bookmark: _Toc198024395]Therefore, this research, which focuses on the identification and characterization of Schistosoma species in the freshwater environment of the Bodo community using molecular techniques, holds significant potential to contribute valuable insights for the development of more targeted interventions, the formulation of evidence-based policies, and the enhancement of health education initiatives in this and other similar endemic communities. 
Schistosomiasis, a neglected tropical disease caused by parasitic trematodes of the genus Schistosoma, remained a major public health challenge globally, with over 273 million people requiring preventive treatment in endemic areas (World Health Organization, 2023). The burden of schistosomiasis was disproportionately high in Africa, where approximately 90% of those affected resided (Tchuenté et al., 2018). In Nigeria, the disease is endemic across all 36 states, affecting an estimated 20 million people (Ekpo & Mafiana, 2020; Savioli et al., 2017). Particularly in communities such as Bodo in Rivers State, where access to safe drinking water and adequate sanitation was limited, the risk of schistosomiasis transmission was exacerbated (Olufemi et al., 2021).
Despite the high prevalence, detecting and identifying Schistosoma species in freshwater bodies within the Bodo community has remained inadequately explored. Traditional diagnostic methods, such as stool and urine examinations, often lacked the sensitivity required to accurately detect low-intensity infections (Weerakoon et al., 2018). Techniques like the Kato-Katz method and urine filtration could be time-consuming, expensive, and may have yielded biased prevalence estimates due to sample collection limitations (Savioli et al., 2017). These deficiencies underscore the necessity for more reliable diagnostic methods, such as molecular techniques, to enhance the identification of Schistosoma species in environmental samples (Crego-Vicente et al., 2021).
Moreover, limited studies characterized the environmental risk factors and species diversity of Schistosoma in freshwater bodies in Nigeria, particularly in the Bodo community. This lack of localized data impeded understanding of the unique transmission dynamics and ecological determinants influencing schistosomiasis prevalence in these regions (Dorkenoo et al., 2023; Standley et al., 2012). Identification and Characterisation of Schistosoma species in freshwater sources within Bodo provided crucial epidemiological data that informed targeted public health interventions and contributed to the larger global agenda of schistosomiasis elimination.
This research focused on filling the knowledge gap regarding the prevalence and distribution of Schistosoma species in freshwater environments of the Bodo community, utilizing molecular techniques for precise identification. The findings contributed valuable insights that guided control measures and informed community health strategies against schistosomiasis. The main objective of this research was to identify and characterize Schistosoma species in freshwater using molecular techniques in Bodo community in Rivers State. 
[bookmark: _Toc198024423]2.0	Methodology

[bookmark: _Toc198024424]2.1. Study Design
This study employs a cross-sectional descriptive research design. This approach allows for the examination of the current status of Schistosoma species diversity, prevalence, and distribution across various aquatic environments within the community. 
[bookmark: _Toc198024425]2.2. Study Area
Bodo community is located in the southern part of Rivers State, Gokana local government area, Nigeria, specifically in Ogoni land. It is situated in the Niger Delta region, a vast network of rivers, creeks, and mangroves that flow into the Gulf of Guinea, bordered by other towns and villages in Ogoni land and close to the Atlantic Ocean [Neinbarini Zabbey, 2023]. This region is Africa's largest swamp forest habitat after the Congo Basin, characterized by a long rainy season from March-April to October, with precipitation intensifying from 2,500 mm in the north to 4,000 mm along the coast, and a dry season peaking in January and February with a monthly mean of 150 mm rainfall. The Niger Delta is also an extensional rift basin, one of Africa's largest subaerial basins, covering approximately 75,000 square kilometers subaerially and a total of 300,000 square kilometers, with a sediment fill up to 12 kilometers deep, formed by a failed rift junction during the separation of the South American and African Plates. Its unique geology, including the ductile Paleocene Akata Formation, contributes to its immense petroleum wealth. Historically, the delta's inaccessibility protected its rich biodiversity, but the discovery of oil in the 1950s and subsequent infrastructure development opened it up for extensive exploitation, making it highly threatened by human activity.
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Figure 1: Map of Nigeria showing Rivers state indicating Bodo Community
Source: https://themaritimehub.wordpress.com/tag/bodo-community/
[bookmark: _Toc198024444]
2.3 Sample Population
The study population comprised of 200 randomly selected residents who lives in Bodo community. These residents were directly in contact with water, such as fisherman, farmers, and school-age children. Structured questionnaires were administered to assess environmental risk factors such as the type of water source, frequency of visits to water bodies, and exposure to water for domestic tasks. 
[bookmark: _Hlk213528456][bookmark: _Hlk213536315]The sample size for this study was determined using the formula provided by Bolarinwa (2020): n = Z2p (1-p)/d2. This formula is commonly used in prevalence studies to estimate the sample size based on the following where n is the sample size, Z (1.96)2 is the standard deviation at a 95 % confidence interval (CI), p is the estimated prevalence (15 %), and d is the allowed relative error (0.05)2). The initial calculation yielded a sample size of 196. The sample size was increased by 2.04%, resulting in a final sample size of 200 participants.

2.4	Sampling technique
The stratified random sampling technique was utilised to ensure a representative sample from the Bodo community based on the critical environmental factors such as proximity to riverbanks, and water source types. The community was stratified into four (4) stratum based on the rivers comprising of Nuumu-Tekurun, Nuumu-Bari-aage, Bon-Sunday, and Nuumu-Kekpaban. These Rivers are vital water sources for the community, supporting daily activities like fishing, bathing, and drinking water. It is also a popular spot for social gatherings, recreation. and ceremonies, transportation route and fostering community engagement. 
[bookmark: _Hlk213528738]Water samples were collected from the four major rivers within the Bodo community. Fifty (50) people seen around each of the selected water bodies were asked to complete a structured questionnaire; a total of two hundred (200) participants were administered with the questionnaire. The individuals involved were those who were residents around the studied water sources. The questionnaire included questions on whether participants visited water bodies and the frequency of such visits, ranging from daily to monthly. Various water contact activities were evaluated, such as swimming, fetching water, bathing, washing clothes, performing other domestic washing tasks, fishing, participating in religious practices like baptism or worship, and crossing water bodies. Participants were further asked about the frequency of daily water contact—whether once, twice, thrice, or more than three times—and the duration of each contact, categorized into less than 5 minutes, 5 to 10 minutes, 10 to 15 minutes, or more. The questionnaire also explored sanitation behaviors, including whether individuals urinated in or out of water bodies while swimming and the frequency of defecation or urination in or near water bodies, such as every day, occasionally, once, or uncertain. In addition, participants were asked about the presence of livestock around water bodies, specifying types such as cattle, goats, sheep, or pigs, as well as the presence of freshwater snails, which are known intermediate hosts of Schistosoma parasites. This questionnaire was designed to gather comprehensive information on environmental exposures, individual behaviors, and ecological factors that contribute to the transmission of Schistosoma in the study population.
2.5 Water Sampling
[bookmark: _Hlk213529120]Water samples were collected from four major rivers within the Bodo community: Nuumu-Tekurun, Nuumu-Bari-aage, Bon-Sunday, and Nuumu-Kekpaban using sterile Falcon tubes containers. These representative water samples were collected against the water current (Ekeleme et al., 2020). Three (3) samples (100 cl) were collected from each water body, given a total of twelve (12) water samples. The collected water samples were properly preserved using the Tripple Packaging System before taken to the laboratory of Infectious Diseases and Molecular Epidemiology of the department of Public Health, Federal University of Technology Owerri, where it was tested for the presence of Schistosoma, with a focus on detecting Schistosoma mansoni, S. haematobium, and S. japonicum.
2.5.1	Sample Preparation and RNA/DNA Isolation for Molecular Analysis
[bookmark: _Hlk213529565]Prior to the DNA extraction and isolation, the water samples were prepared based on three fundamental processes namely preparation of the buffer, sample preparation and purification of RNA in the sample. The beta-mercaptoethanol was added in the virus RNA buffer and the wash buffer into the ethanol (Weerakoon et al., 2018). The water samples were incubated with DNA/RNA Shield and left to stay in the water samples (Crego-Vicente et al., 2021). Through the RNA purification step, the samples have been diluted using viral RNA buffer, centrifuged and washed to remove contaminant followed by the RNA/DNA extraction into a nuclease-free tube and storage at -80o C (Liu et al., 2023). Whereas to prepare master mix, the required reagents (PCR buffer, dNTPs, MgCl2, primers, and Taq polymerase) are utilized. The amplification of the extracted DNA was carried out with a set of primers, which consists of ITS region using a single primer (ITTS2F) and SR1 and SR2 regions using a single primer (ITTS1R). The primers used were: ITS region (ITTS2F): TAA CAA ggT TCC gTA ggT gAA); SR1 and SR2 regions: ITS1R (ITTS1R): TgC TTA AgT TCA gCg gT. This was based on the PCR protocol. The size of the amplicon was 981 bp. The reaction volume was 20 µL comprising of 5 ng/ µL DNA template, 5 µL nuclease-free water as non-template and 0.5 µM of each primer amplified using a thermal cycler (Magnetic Induction Circular MIC PCR system, Japan). The PCR protocol was as follows: 15 minutes of 95o C initially of denaturation, 45 cycles of 30 s at 95o C, 30 s at 56o C and 1 minute at 72o C with FAM, JOE quencher and BHQ1 (Elebari et al., 2025).
Positive PCR results with cycle threshold (CT) less than 45 were taken to indicate the presence of the DNA of Schistosoma in the sample, which indicates an active infection, and further to identify the specific species; i.e., Schistosoma mansoni or Schistosoma japonicum. On the other hand, a negative PCR finding with a CT above 45 was to indicate that no Schistosoma DNA was detected which may mean that there was no active infection.
2.6 Data Analysis
Data were analyzed using SPSS version 23. Descriptive statistics were used to summarize the demographic and environmental characteristics of the study population. Chi-square tests were conducted to assess the significance of environmental and behavioral factors in influencing the prevalence of schistosomiasis in the Bodo community.
3. Results
[bookmark: _Toc198024445]Prevalence of Schistosoma species 
Table 1 presents the results of the Prevalence and species of Schistosoma identified in the study. Out of the 200 water samples, it was indicated that 37(18.5%) showed presence of Schistosoma compared to 163(81.5%) without Schistosoma. The prevalence of Schistosoma in the studied water samples is 18.5% obviously different (X2=79.38; p< 0.001). The Schistosoma species identified in the infected water samples were mainly Schistosoma japonicum 15 (40.5%) followed by S. mansoni 12 (32.4%) and S. haematobium 10 (27%), indicating (X2=1.03; p=0.598) dominance of S. japonicum. 
[bookmark: _Hlk204460801]Table 1: Prevalence of Schistosoma species 
	Variables
	Frequency
	Percentage
	X2
	p-value

	Prevalence of Schistosoma  
	
	
	
	

	Positive
	37
	18.5
	
	

	Negative
	163
	81.5
	
	

	Total
	200
	100
	79.38
	< 0.001

	Schistosoma  species identified
	
	
	
	

	Schistosoma  mansoni
	12
	32.4
	
	

	S. haematobium
	10
	27.0
	
	

	S. japonicum
	15
	40.5
	
	

	Total
	37
	100
	1.03
	0.598




[bookmark: _Toc198024446][bookmark: _Hlk204460857]Prevalence of Schistosoma across the different freshwater 
Summary of the prevalence of Schistosoma across the different freshwater  is depicted in Figure 1, whereas Table 2 summarizes Schistosoma species across different freshwater studies. As illustrated in Figure 2, there was an insignificant (X2= 2.46; p=0.483) difference in the prevalence of Schistosoma across the different freshwater studies. However, there was higher prevalence in Nuumu-Tekurun 12(32.4%) compared to Nuumu-Kekpaban 11(29.7%), Nuumu-Bari-aage 8(21.6%) and Bon-Sunday 6(16.2%). In addition, no significant difference (X2= 2.46; p=0.483) was observed in the distribution of different species of Schistosoma across the different freshwater sites studied. 


Figure 1: Prevalence of Schistosoma across different freshwaters
Table 2: Schistosoma species across different freshwater bodies
	Schistosoma  species
	A
	B
	C
	D
	Total

	Schistosoma  mansoni
	3(25%)
	5(42%)
	1(8%)
	3(25%)
	12(32%)

	S. haematobium
	4(40%)
	2(20%)
	2(20%)
	2(20%)
	10(27%)

	S. japonicum
	5(33%)
	1(7%)
	3(20%)
	6(40%)
	15(41%)

	Total
	12(32%)
	8(22%)
	6(16%)
	11(28%)
	37(100%)

	
	X2=5.80; p=0.446; DF=6


A=Nuumu-Tekurun, B=Nuumu-Bari-aage, C=Bon-Sunday, D=Nuumu-Kekpaban
[bookmark: _Toc198024447]Risk factors influencing Schistosoma 
Table 3a and b present the results of the association between environmental risk factors and Schistosoma. From the results, all the environmental risk factors exhibited strong (p≤0.027) influence on Schistosoma prevalence, the type of livestock around the river (p=0.068), and washing clothes in the river (p=0.360). Out of 37 freshwaters with Schistosoma, greater prevalence of Schistosoma occurs among the river locations where participants (38%) use River /stream as main source of water for the households. Prevalence was also greater where the frequency of visit to water bodies was every day (41%) and more than 15 minutes spent during contact with water (38%). Equally, there was a higher (73%) prevalence in freshwater where most participants defecate/urinate, especially every day and when nature calls (41%). More Schistosoma (76%) was also found in waters where livestock (76%) visit, particularly Cattle (49%). Presence of snails as well had a significant influence on Schistosoma with higher (62%) prevalence recorded in waters with snails around it (Table 4a). Furthermore, higher Schistosoma was found in freshwater due to swimming (54%), fetching (73%) and bathing (78%) in river. As also shown, other washings in the river (78%), fishing (81%) and baptism & worship (51%) in the river demonstrated serious association with Schistosoma  (p< 0.001). Moreover, prevalence was higher as result of crossing of water bodies (51%).   

[bookmark: _Hlk204460905]Table 3a: Risk factors influencing Schistosoma  
	Variables
	Positive
	Negative
	Total
	X2
	p-value

	Main source of water for the households
	
	
	
	

	River /stream
	14(38%)
	10(6%)
	24(12%)
	
	

	Piped water
	9(24%)
	129(79%)
	138(69%)
	
	

	Protected/covered water well
	5(14%)
	24(15%)
	29(15%)
	
	

	Unprotected/uncovered water well
	9(24%)
	0(0%)
	9(5%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	78.07
	 < 0.001

	Frequency of visit to water bodies 
	
	
	
	

	Every day
	15(41%)
	54(33%)
	69(35%)
	
	

	Once in two days
	12(32%)
	15(9%)
	27(14%)
	
	

	Once a week
	5(14%)
	11(7%)
	16(8%)
	
	

	Once a month
	5(14%)
	83(51%)
	88(44%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	18.12
	< 0.001

	Time taken for activities in contact with water
	
	
	

	Less than 5 minutes
	8(22%)
	4(2%)
	12(6%)
	
	

	5 to10 minutes
	9(24%)
	20(12%)
	29(15%)
	
	

	10 to 15 minutes
	5(14%)
	53(33%)
	58(29%)
	
	

	More than15 minutes
	15(41%)
	86(53%)
	101(51%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	26.13
	< 0.001

	Swimming in water bodies where do you defecate/urinate 
	
	

	Urinate in water 
	10(27%)
	120(98%)
	130(86%)
	
	

	Urinate out of water
	27(73%)
	2(2%)
	29(15%)
	
	

	Total
	37(100%)
	122(100%)
	159(100%)
	96.87
	< 0.001

	How many times of defecation/urination in water bodies
	
	

	Every day and when nature calls
	15(41%)
	1(1%)
	16(12%)
	
	

	I do not remember
	9(24%)
	22(24%)
	31(24%)
	
	

	It was only once
	11(30%)
	42(45%)
	53(41%)
	
	

	Occasionally and when around the river
	2(5%)
	28(30%)
	30(23%)
	
	

	Total
	37(100%)
	93(100%)
	130(100%)
	42.05
	< 0.001

	Presence of livestock around the river
	
	
	
	

	Yes
	28(76%)
	161(99%)
	189(95%)
	
	

	No
	9(24%)
	2(1%)
	11(6%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	30.95
	< 0.001

	Type of livestock around the river
	
	
	
	

	Cattle
	18(49%)
	98(60%)
	116(58%)
	
	

	Goats
	8(22%)
	15(9%)
	23(12%)
	
	

	Sheep
	7(19%)
	19(12%)
	26(13%)
	
	

	Pigs
	4(11%)
	31(19%)
	35(18%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	7.11
	0.068

	Presence of snails around the river
	
	
	
	

	Yes
	23(62%)
	154(94%)
	177(89%)
	
	

	No
	14(38%)
	9(6%)
	23(12%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	30.94
	< 0.001




Table 3b: Environmental factors influencing Schistosoma  
	Variables
	Positive
	Negative
	Total
	X2
	P-value

	Swimming in the river 
	
	
	
	
	

	Yes
	20(54%)
	139(85%)
	159(80%)
	
	

	No 
	17(46%)
	24(15%)
	41(21%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	18.04
	< 0.001

	Fetching water from the river 
	
	
	
	
	

	Yes
	27(73%)
	58(36%)
	85(43%)
	
	

	No  
	10(27%)
	105(64%)
	115(58%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	17.25
	< 0.001

	Bathing in the river
	
	
	
	
	

	Yes
	29(78%)
	113(69%)
	142(71%)
	
	

	No  
	8(22%)
	50(31%)
	58(29%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	10.3
	0.027

	Washing cloth in the river
	
	
	
	
	

	Yes
	23(62%)
	114(70%)
	137(69%)
	
	

	No  
	14(38%)
	49(30%)
	63(32%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	0.85
	0.360

	Other washings in the river
	
	
	
	
	

	Yes
	29(78%)
	20(12%)
	49(25%)
	
	

	No  
	8(22%)
	143(88%)
	151(76%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	71.24
	 < 0.001

	Fishing in the river
	
	
	
	
	

	Yes
	30(81%)
	56(34%)
	86(43%)
	
	

	No 
	7(19%)
	107(66%)
	114(57%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	26.86
	 < 0.001

	Baptism & Worship in the river
	
	
	
	

	Yes
	19(51%)
	2(1%)
	21(11%)
	
	

	No 
	18(49%)
	161(99%)
	179(90%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	80.62
	 < 0.001

	Crossing water bodies
	
	
	
	
	

	Yes
	19(51%)
	24(15%)
	43(22%)
	
	

	No
	18(49%)
	139(85%)
	157(79%)
	
	

	Total
	37(100%)
	163(100%)
	200(100%)
	19.83
	 < 0.001
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4 Discussion
Characterization of Schistosoma species in freshwaters of Bodo community, Rivers State, was conducted. The 200 water samples analyzed, 18.5% shows presence of Schistosoma with significant association (X2= 79.38; p< 0.001). Moreover, Schistosoma species identified in the infected water samples was mainly Schistosoma  japonicum 15 (40.5%) followed by S. mansoni 12 (32.4%) and S. haematobium 10 (27%), indicating the weak (X2=1.03; p=0.598) dominance of S. japonicum. In similar work, when evaluated by qPCR, Worrell et al. (2014) reported that 7 of the 108 field water samples were positive for S. japonicum, with threshold cycle (CT) values corresponding to a cercarial count ranging between ~1 cercaria and 2.5 cercariae. Comparatively, total prevalence of cercarial infections in the study of Chontananarth and Wongsawad (2013) was 17.27% in freshwater snails. Both the miracidia which emerges from the eggs in fresh water and the cercaria which emerges from infected snails are non-feeding larval stages and they target the molluscan and mammalian hosts respectively (Nelwan, 2019). Whilst the cercaria can infect several mammals, including mice, humans, livestock and ruminants, the miracidia infect only snails, and they are highly specific to the genus of snails they infect (McManus et al., 2018). However, in the present study, there was an insignificant (X2= 2.46; p=0.483) difference in the prevalence of Schistosoma across different freshwater studies even though higher prevalence was in Nuumu-Tekurun 12(32.4%). In addition, no significance difference (X2= 2.46; p=0.483) was observed in the distribution of different species of Schistosoma across the different freshwater studied. However, there was greater prevalence of Schistosoma mansoni, S. haematobium and S. japonicum in Nuumu-Bari-aage (41.7%), Nuumu-Tekurun (40%) and Nuumu-Kekpaban (40%) respectively. 
 
Furthermore, all the environmental risk factors exhibited strong (p≤0.027) influence on Schistosoma  prevalence with the exception of type of livestock around the river (p=0.068) and washing cloth in the river (p=0.360). Greater prevalence of Schistosoma occurred among the river locations where participants (38%) use River /stream as main source of water for the households, when frequency of visit to water bodies was every day (41%) and more than15 minutes spent during contact with water (38%). This correlates with a study by Kiran et al. (2016), who reported a prevalence of 75% among those whose source of water contact is the river in Sokoto state. This is because rivers and dams provide grasses and shrubs, which serve as a suitable substrate for snail vectors, hence encouraging a rapid increase in the population of snails with a subsequent increase in cercarial load Onosakponome et al. (2022). Moreover, there was higher (73%) prevalence when most participants defecate/urinate in water, especially every day and when nature calls (41%). Higher rate of Schistosoma also occurred when livestock (76%) in particularly Cattle (49%) and snails (62%) were found around the river. The schistosome parasite has a complex life cycle that involves two hosts: a freshwater snail, which acts as the intermediate host in which the parasite undergoes larval development, and the definitive hosts (humans or animals) in which the parasite matures into an adult (Boissier et al., 2019).

In addition, higher Schistosoma was due to swimming (54%), fetching (73%), bathing (78%), other washings in the river (78%), fishing (81%), baptism & worship in the river (51%) and crossing of water bodies (51%). The prevalence of infection was substantially linked (P < 0.01) with activities including swimming, bathing or playing in water, washing, and collecting edible snails from streams, ponds, or rivers. These activities could be considered risk factors in the area (Houmsou et al., 2009). However, even when the effect size was unadjusted, self-reported contact with open freshwater sources was not significantly linked to schistosome infection, according to a nationally representative cross-sectional survey conducted in Uganda by Exum et al. (2019) (prevalence ratio 1.08; 95% CI: 0.9–1.26). Similarly, Codjoe and Larbi (2016) also out that children who frequently came into touch with water, including collecting water for family use, had comparatively high levels of cercariae exposure in Ghana's Densu Basin. In the Eastern area of Ghana and the Migori county in Kenya, where schoolchildren traverse water bodies barefoot on their way to and from school, occupational water-contacts including fishing and water crossing have been identified as exposure factors (Martel et al., 2019; Ng’ang’a et al., 2016). Thus, it is clear that water interaction occurs frequently and is often inevitable. Furthermore, it was discovered that the frequency and duration of water contact, which are correlated with exposure level, are connected to the type of water contact activity. Recreational water-contact activities happen less frequently but typically last longer, whereas domestic water-contact activities are associated with more frequent (albeit brief) water-contact activities. Comparable trends were noted in a study conducted in Tanzania's Shinyanga District, which found that swimming increased exposure to schistosomiasis since it was positively connected with longer periods of water contact (Angelo et al., 2018).

[bookmark: _Toc198024451]4.1 Conclusion
The identification and characterization of Schistosoma species among the population of Bodo, located in Rivers State, revealed significant associations between water contact activities and the incidence of schistosomiasis. The survey identified piped water as the most common household source; however, regular activities such as swimming and bathing, which typically last over 15 minutes, increase exposure to Schistosoma. The presence of livestock, particularly cattle and snails, near the river also substantially impacted infection rates. Schistosoma japonicum was the most prevalent species detected, followed by S. mansoni and S. haematobium. Contact with various environmental factors, including daily interactions with water bodies, defecation or urination in the water, and using the river for various activities such as washing, fishing, and bathing, significantly influenced the prevalence of Schistosoma infection. Overall, the findings emphasize the importance of improving sanitation, promoting public health education, and implementing effective water resource management techniques to reduce the transmission of schistosomiasis within the population.
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