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[bookmark: _GoBack]Abstract 
	Introduction: Schistosomiasis, caused by parasitic trematodes of the genus Schistosoma, remains a major public health challenge in many tropical and subtropical regions, particularly in communities with inadequate access to sanitation and safe drinking water. In Rivers State, Nigeria, the Bodo community is an endemic area for schistosomiasis, with high transmission rates linked to frequent water contact activities in contaminated freshwater bodies. 
Aim: This study aims to identify and analyze the environmental and behavioral determinants to the transmission of schistosomiasis in the Bodo community. 
Study design:  Cross-sectional survey was conducted, collecting both water samples and behavioral data from 200 randomly selected participants. 
Methodology: DNA was extracted from samples using the Qiagen Blood DNA extraction kit (Qiagen, Germany). The extracted DNA was amplified using set of primers, namely ITTS2F (TAA CAA ggT TCC gTA ggT gAA) and ITTS1R (TgC TTA AgT TCA gCg gT), targeting the ITS region of S. haematobium, S. mansoni, and the SR1 and SR2 regions of S. mansoni/S. japonicum. 
Result: 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%). The chi-square value (χ² = 79.38) with a p-value < 0.001 shows that the difference between positive and negative cases is highly significant statistically. 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. 
Conclusion: The findings highlight the urgent need for targeted public health interventions to mitigate schistosomiasis transmission in the Bodo community.
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1. INTRODUCTION 
Schistosomiasis, commonly known as bilharzia, is a neglected tropical disease (NTD) caused by parasitic flatworms of the Schistosoma species (World Health Organisation, 2023). It primarily affects individuals in rural areas, particularly in sub-Saharan Africa, where access to clean water and proper sanitation remains limited (Organisation for World Health, 2021; 2023). Schistosomiasis is transmitted through freshwater bodies infested with snails that release infectious cercariae. These cercariae penetrate the skin of humans who come into contact with contaminated water, leading to infection (Gaye et al., 2024).
The Bodo community, located in Rivers State, Nigeria, is heavily dependent on freshwater bodies like rivers, streams, and stagnant pools. These water sources are integral to the community's daily activities, including water for domestic use and for agricultural and fishing endeavors. However, these aquatic resources also present a significant health risk, as they act as breeding grounds for freshwater snails that harbor the Schistosoma parasites.
The Bodo community is situated in a region where schistosomiasis is endemic, and the close proximity of freshwater bodies increases the risk of transmission. Despite the critical role these water bodies play in the community’s socio-economic activities, their contamination with Schistosoma-carrying snails is a growing public health concern. Limited awareness about the disease and inadequate access to sanitation and clean water further exacerbate the vulnerability of the community to this debilitating disease.
The primary objective of this study is to identify and assess the environmental and behavioral determinants contributing to the spread of schistosomiasis in Bodo. This includes investigating the community’s water sources, frequency of water-related activities, and proximity to snail habitats. 
Schistosomiasis is a well-documented health problem in rural communities, particularly in sub-Saharan Africa. Numerous studies have highlighted the relationship between freshwater bodies and the transmission of schistosomiasis. According to the World Health Organisation (2023), schistosomiasis is most prevalent in regions where there is poor access to clean water, with rural communities in Africa bearing the brunt of the disease. Gaye et al. (2024) emphasize that freshwater snails are the primary intermediate hosts for the Schistosoma parasite. Furthermore, behavioral factors such as bathing, washing, and swimming in contaminated water are identified as key contributors to the spread of the disease. Past studies have indicated that rural communities often engage in water-related activities without proper protection, increasing their risk of infection (Gaye et al., 2024; Organisation for World Health, 2021).
This study focuses on the Bodo community in Rivers State, Nigeria, as a case study to assess the environmental and behavioral determinants that influence schistosomiasis transmission. By focusing on this community, the research aims to provide a localized analysis of how freshwater bodies and community behavior contribute to the spread of schistosomiasis. The findings of this study will provide valuable insights into the dynamics of the disease in rural Nigerian settings and contribute to the development of targeted public health interventions that are culturally appropriate and feasible within the community’s socio-economic context.
The significance of this work lies in its potential to improve health outcomes by addressing the root causes of schistosomiasis transmission. This study addresses a major public health problem in Nigeria where schistosomiasis remains highly endemic. By combining molecular analysis of water samples with behavioral risk assessments, it provides important evidence that is relevant for targeted interventions.  The work contributes valuable local data that can inform WASH policies, mass drug administration programs, and health education in rural communities. It strengthens the evidence base needed for achieving NTD control goals in sub-Saharan Africa. By understanding the environmental and behavioral factors that facilitate infection, targeted interventions can be designed to reduce the disease burden and improve overall public health. Additionally, this research can inform policy recommendations and guide the allocation of resources to the areas most in need of intervention.
2. methodology 
2.1 Study Design
This cross-sectional study was carried out in the Bodo community, which is situated in Rivers State, Nigeria's Niger Delta, from March to December 2024. The study's foundations were the community's freshwater sources' environmental characteristics and the actions of those who interacted with the water.
2.2 Study Area
Bodo Community lies on the coastal lowland of the Niger Delta, in the Southern part of Gokana Local Government Area of Rivers State (Fig. 1a and b). The community is about 56 kilometers by road from Port Harcourt, the capital of Rivers State, and is located between Latitude 4°37'29"N and Longitude 7°16'3"E of the equator, with an elevation of approximately 140 m. According to the 2006 National Population Census figures, Bodo City and its surrounding villages have a population of about 49,000 people23. The majority of the population of Bodo traditionally depends on subsistence fishing and farming as a means of livelihood. 
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Fig 1: Map of Rivers state showing Gokana Local Government Area. Adopted from Elebari et al. (2025). 

2.3 Sample Population
The Bodo community consisted of two hundred randomly selected responders. It comprised residents who were directly in contact with water, such as farmers, fisherman, 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.
2.4 Water Sampling
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. This representative water samples were collected against the water current. Fifty (50) samples (100 cl) were collected from each water body, given a total of two hundred (200) 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, where it was tested for the presence of Schistosoma, with a focus on detecting Schistosoma mansoni, S. haematobium, and S. japonicum.
2.5	Sample Preparation and RNA/DNA Isolation for PCR Analysis
Before the DNA extraction and isolation, the sample had to be prepared according to three basic procedures; preparation of the buffer, the sample preparation and purification of RNA. The beta-mercaptoethanol was added in the virus RNA buffer and the wash buffer into the ethanol (Weerakoon et al., 2018). DNA/RNA Shield was added to serum samples, incubated at 15min and Proteinase K was added to soil samples and incubated likewise (Crego-Vicente et al., 2021). During the RNA purification stage, the samples have been diluted with viral RNA buffer, centrifuged, and washed to clear of contaminants, after which the RNA/DNA was isolated into a nuclease-free tube and stored at -80oC (Liu et al., 2023). For master mix preparation, the necessary reagents (PCR buffer, dNTPs, MgCl2, primers, and Taq polymerase). The extracted DNA was amplified using set of primers, namely ITTS2F (TAA CAA ggT TCC gTA ggT gAA) and ITTS1R (TgC TTA AgT TCA gCg gT), targeting the ITS region of S. intercalatum, S. haematobium, S. mansoni (prevalent in humans), and the SR1 and SR2 regions of S. mansoni/S. japonicum/S. mekongi (prevalent in both bovine and human). This was done according to the PCR protocol. The expected amplicon band size was 981 bp. The PCR reaction volume was 20 µL and consisted of 5 ng/µL of the DNA template, 5 µL of nuclease-free water as a non-template control (Sango Biotech amplification kit, China), and 0.5 µM of each primer, performed on a thermal cycler (Magnetic Induction Circular MIC PCR system, Japan). The following PCR conditions were used: 95 °C for 15 minutes of initial denaturation, followed by 45 cycles of 30 seconds at 95 °C, 30 seconds at 56 °C, and 1 minute at 72 °C, using FAM, JOE quencher, and BHQ1 (Elebari et al., 2025).
A positive PCR result with a cycle threshold (CT) of less than 45 indicated the presence of Schistosoma DNA in the sample, suggesting an active infection, and was further analyzed to identify specific species, such as Schistosoma mansoni or Schistosoma japonicum. Conversely, a negative PCR result with a CT greater than 45 suggested that Schistosoma DNA was not detected, potentially indicating 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 and discussion

3.1 Prevalence of Schistosomiasis
The prevalence of schistosomiasis in the Bodo community was found to be 18.5%, with Schistosoma japonicum being the most prevalent species (40.5%), followed by S. mansoni (32.4%) and S. haematobium (27%). Prevalence rates were similar across the four rivers, indicating widespread exposure to contaminated water sources. The chi-square value (χ² = 79.38) with a p-value < 0.001 shows that the difference between positive and negative cases is highly significant statistically (Table 1).
[bookmark: _Hlk204460801]Table 1: Prevalence of Schistosoma species in freshwater
	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



3.2 Environmental determinants 
Environmental determinants contributing to schistosomiasis transmission in the community included the use of river/stream water as the main water source (69% of households), the presence of freshwater snails (89%), and proximity to livestock (95%, primarily cattle). Rivers with high human activity, such as those used for fishing and bathing, had significantly higher levels of contamination (Table 2).
[bookmark: _Hlk204460905]Table 2: Environmental determinants of 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



3.3 Behavioral determinants
Behavioral determinants identified in the study included the frequency of water contact activities, with 80% of participants reporting swimming as their primary water-contact activity. The duration of swimming was also linked to increased risk, with 82% of participants spending over 15 minutes per visit to the water. Furthermore, 82% of respondents reported engaging in urination or defecation in water bodies during water contact, which is a significant risk factor for contamination (Table 3).
Table 3: Behavioral determinants of Schistosoma infection
	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



3.4	Discussion
The transmission of Schistosomiasis in Bodo community in Rivers State in Nigeria is quite complex since it is directly linked to numerous environmental and behavioral determinants that impose a greater risk of exposure to this disease to the community. The fact that the community relies on freshwater bodies, including rivers and streams, which are used both as a source of domestic benefits as well as in recreational activities, greatly leads to the prevailing state of schistosomiasis in the community. Being a disease caused by parasitic worms, more specifically, Schistosoma species, which can be found in water contaminated with the larvae of the parasite, the presence and interaction with the freshwater bodies locally heighten the chances of being infected with the disease. The condition is further compounded by the environmental environment settings in the water bodies, which condition determines the prevalence of the intermediate host such as fresh water snails and other conditions like livestock around the water bodies.
Environmental determinants
In Bodo, most of the rural communities in Nigeria, freshwater bodies are used in domestic activities where people wash, bathe, and also fish. Such water sources are commonly shared by huge masses of people, which creates favorable conditions of developing schistosomiasis. Infected snails shed larval stages (cercariae) of Schistosoma parasite into the waters. When humans are exposed to infested water, the larvae get their way to the inside of the skin, hence invoking the infection cycle. The availability of the freshwater snails in the environments is consequently a very important environmental factor in the transmission of the Schistosomiasis (Ponzo et al., 2024).
Environmental factors in Bodo like the floods of water bodies during the season and the absence of proper sanitary systems makes the situation even worse. The increase in floods may cause the rise of the intermediate host-freshwater snails consequently raising the concentration of cercariae in water. Besides, there are deficient drainage systems; hence, water sources are frequently stagnant, which sets ideal conditions of snails breeding. What is more, the vicinity of the water bodies and livestock further helps the parasite survive in the environment. Animal wastes have the potential of polluting water thus exposing people to schistosomiasis (Gaye et al., 2024).
Behavioral determinants
Although it cannot be disputed that the environmental factors contribute significantly, there is a pivotal role of the behavioral factors in the dynamics of the transmission of schistosomiasis. The prevalence of the water-contact activities of the Bodo community, including bathing, washing, fishing, and bringing water in the house, contributes to greater possibilities of people being infected by cercariae-packed water. An example is children and adults occupying themselves in recreational activities such as swimming in these water bodies put themselves at risk. These activities are more prevalent in rural society, such as Bodo, where little availability of the piped water or properly maintained resources of water exists and the water bodies are highly dependent on open natural water sources.
There is also a tendency of urinating and defecating in open water which adds the contagion of schistosomiasis. When people urinate or defecate in the water, they offer an easy route of contaminating water sources with the parasite eggs that can hatch and release the larvae to infect snails. In their turn, these snails become the carriers of the parasite, thus the process of transmission is closed. The practices form part of the daily routine of the community located in Bodo because of the lack of sanitation facilities. The behavior involving water usage, especially in rural areas, develops into a chain of parasites since the habits of people in this issue form a closed cycle, which is challenging to overcome the infection cycle.
The Cultural and Environmental-Norm Role
In managing the level of contamination of Schistosomiasis among the Bodo community, the cultural and environmental standards of interacting with the water bodies should be considered. A large portion of the risk behaviors is firmly established in local traditions and might not be easy to change without considering the peripheral needs of the population. As a case in point, activities that border contact with water like washing, fishing and bathing in the rivers are not merely part of basic needs of the community but they are essential elements of lifestyle and culture of the community. Such events offer food security to community members, as well as social life and entertainment, and, therefore, the said activities may not be received well upon changing their behavior. Consequently, in the control of schistosomiasis, there should be integration of educational campaigns which emphasize on the concept of sanitation and safe water practices, coupled with the cultural norms (Crego-Vicente et al., 2021).
Angelo et al. (2018) flagged the difficult relationship between behavior and geographic aspects of schistosomiasis dissemination, especially in rural areas. As noted by their study, schistosomiasis is not only a health problem but also determined by social, economic, and environmental factors. Bodo has a poor infrastructure and in such cases, interventions in the domain of public health assume importance because of the focus on both behaviors and environmental management. Furthermore, community members should take active roles in the enhancement of water safety, hygiene, and sanitation practice, as these activities determine the success of a particular schistosomiasis control program. Encouraging the use of safe sources of water in domestic use and issues of hygiene like use of latrines instead of defecating in open water may significantly help in transmission. Though some strong developments of vaccines have been made in regards to vaccine production, there are an improvement made like research initiated by Bergquist et al. (2005) on schistosomiasis vaccines, the developments made are in the experimental arena. Currently, no validated and affordable vaccine is available to prevent schistosomiasis and the control of the disease is dependent on mass drug administration (MDA) programs that seek to lower the prevalence of parasites in the community, which is in line with the WHO's NTD Road Map 2021–2030 that aims to eliminate schistosomiasis as a public health problem in all endemic countries and interrupt its transmission in selected countries. The WHO's NTD strategy relies on large-scale treatment with praziquantel, periodic and targeted treatment of at-risk populations, and integrated approaches that include Water, Sanitation, and Hygiene (WASH) and snail control measures (WHO, 2021). 

Though drug therapies are effective in relief of the symptoms and the hindrance of further complications, it cannot go into the origin of the disease, which is environmental and behavioural risk factors. Thus, the emphasis on vaccine design provides a prospect of the long-term solution. Meanwhile, prevention of schistosomiasis through efforts such as ensuring better sanitation and thinning down behavioral activities that encourage the disease like water contacts has to be done until a proven disease is developed.
4. Conclusion

The significance of behavioural and environmental risk factors is emphasised in this research. Improved sanitation practices, increased access to safe drinking water, and health education that emphasises avoiding high-risk behaviours are all necessary to lessen the burden of schistosomiasis. Interventions must focus on reducing activities that involve contact with water, especially swimming and open defecation in contaminated waterways. 
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