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ABSTR ACT
[bookmark: _Hlk91340122]Soil-transmitted helminths pose significant public health threats, particularly in agricultural communities with poor sanitation. This cross-sectional study assessed soil contamination and public health risk among farmers and residents in Tombia, Bayelsa State, Nigeria. One hundred soil samples were collected from ten locations within the community using a soil auger and analyzed using the formol-ether sedimentation technique. Overall, 57.0% of samples were contaminated with helminth eggs. Contamination varied significantly by location (P = 0.05), with the highest prevalence in location 10 (16.4%) and lowest in location 5 (2.9%). Three helminth species such as Ascaris species (62.7%), Hookworm (31.3%), and Trichuris species (5.9%) were identified. The high contamination rate indicates substantial transmission risk for residents, particularly farmers and children who have frequent soil contact. The study emphasized the urgent need for improved sanitation system, community health education programs, and targeted deworming interventions in Tombia as a measure to prevent infections transmissible by soil transmitted helminths.
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Introduction
[bookmark: _Hlk206464837]Soil users especially farmers, horticulturist and children are at risk of infections transmissible by soil transmitted worms. Soil transmitted worms are parasitic pathogens with biological pattern that includes obligate development in soil (Ekine & Orluoma, 2024). They are entrails worms infectious to human by means of soil and water contaminated by infected faecal matter (Arora & Arora, 2010). The presence of pathogenic worms in soil constitutes a significant public health threat, more importantly in localities with poor attitude toward personal cleanliness and insufficient waste disposal system. Nevertheless, farmers and children with the habit of playing with soil are considered most vulnerable (Ekine and Orluoma, 2024; Oyebamiji & Hassan, 2021). Soil conveyed worms are capable of perpetrating disease conditions through water and food contamination leading to severe health challenges and in a more server cases, it can result to the cessation of life. Literatures have shown that soil transmitted worms can incite complications in pregnancy and alter development of the unborn (Ekine & Orluoma, 2024; Oyebamiji and Hassan, 2021). In separate reports, Oyebamiji and Hassan (2021) and Yawson et al. (2018) revealed that the most commonly encountered helminth infections emanate from intestinal worms on the trio of Hookworms, Ascaris lumbricoide and Trichuris trichiura which falls under the auspices of soil transmitted helminths, mostly influencing the less exposed populations across the world. Elsewhere, it was reported that soil transmitted worms are grouped among the permeated in Nigeria; occurring in all the thirty-six states including the federal capital territory (Ito &Egwunyenga, 2023; Oyetunde and Oluyemi, 2023; Idowu et al., 2022; Olufotebi et al., 2019). 

The assemblage of soil transmitted helminth pathogens in Nigeria has been reported in all seasons (Ezenwaka & Okere, 2024) which poses a serious public health concern and demands the adoption of the most preventive strategy possible to avert helminthiasis outbreak in localities yet to be reported endemic. Considering the persistent of soil transmitted helminth in soil and the proximity of children with soil, there is a likelihood that five children in a population of every ten children may be carriers of soil transmitted worms. Infections of soil transmitted helminth are health devastating, especially in children and immune compromised individual (Worrel et al., 2016; Alelign et al., 2015; Karagiannis-Voules et al., 2015), with resultant body disability and impairment in intellectual and cognitive development (Imalel et al., 2021; Farrel et al., 2018; Yawson et al., 2018; Hossan et al., 2017). Soil transmitted helminth infection is prevalent globally, manifesting among 24% individuals of the world population (Clarke et al., 2017; Echazú et al., 2017). 

Collectively, soil transmitted helminths appear the largest contributors of disease burden among the neglected tropical diseases (Adekeye et al., 2016), rival that of main high mortality conditions of malaria and Human immunodeficiency virus and Acquired Immune deficiency syndrome (Ito and Egwunyenga, 2023; Imalel et al., 2021; Oyebamiji & Hassan, 2021; Choudhary et al., 2015). However, factors such as deficient defecation system and the practice of extensive system of animal rearing in rural communities had increases the chances of high assemblage of soil transmitted pathogenic worms in soil and continually put our communities at high risk. Therefore, a good understanding on the possibility of catching pathogenic worms from soil can be useful to the rural inhabitants to acknowledged the dangers of inappropriate waste elimination habit, and will enhance attitude toward soil usage and clear the doubt on germ do not kill Africans. Nevertheless, this study is aimed at assessing soil contamination and public health risk of soil transmitted helminth pathogens in Tombia.

 Materials and Methods

Study Area

This study was carried out in Tombia, Yenagoa Local Government Area of Bayelsa State. Tombia is located East ward of Yenagoa, capital city of the oil rich Bayelsa State Southern Nigeria. The indigenes of Tombia town are farmers and make use of soil in their daily endeavor with the high probability of soil transmitted helminths contraction. Tombia town is located within latitudes 7.366’N and longitude 3.9470’ E of the equator. Tombia town experiences two seasons which are dry season (between November and April) and rainy season (between May and October).
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Figure 1: Map of Yenagoa showing Tombia in yellow star

Soil Sampling 
Soil for this study was collected from ten locations within Tombia. These soils were collected as bulk samples per location and later ration to form ten samples in each sampling location to make a total of one hundred samples. These samples were transported to the biology laboratory, Federal University Otuoke for analysis and bioassay of eggs of soil transmitted helminths.
 

Laboratory procedure
Soil analysis was achieved using the formalin ether sedimentation technique as shown in Collender et al. (2015).  One gram of soil from each sample bag across the ten locations was taken and carefully mixed with 7 ml of 10 percent formalin in a glass beaker and filtered through a sieve of two layers gauze into a centrifuge tube. The tube was filled with 3 ml of ethyl acetate solution and mixed thoroughly with a wooden stick. The tubes closed with rubber stopper and agitated vigorously. The solution was then centrifuge   at 2000 rpm for five minutes. After the centrifugation, four layers were visible. All the layers were discarded except the layer with sediment using suction pipette. The sediment was then examined on a clean glass slide covered with cover slip for eggs and were counted at x40 magnification using light microscope and the prevalence of soil transmitted helminths was expressed as the percentage of slides that were found positive for each parasite.

Identification of soil transmitted helminths

Soil transmitted helminths eggs from the sediments under examination was identified and grouped accordingly based on the morphological features such as shape, colour and size of the egg as shown in Collender et al. (2015)

Data analysis
The result in this study was presented in tables and charts and data obtained was analyzed using descriptive statistics in SPSS version 23.


Results
[bookmark: _Hlk91346978]Helminth contamination of soil in Tombia
This study examined 100 soil samples from 10 locations for soil-transmitted helminth contamination and reported a total soil contamination of 57%.  The highest contamination 17.7 % was location 10 closely followed by location 6, 14.0% and location 5 was the least contaminated. 
However, the soil transmitted helminth load was unevenly distributed across the sampled locations. The Prevalent rate was higher in location 10 with helminth assemblage of 16.4% and location 5 (4.4%) recorded the least occurrence of soil transmitted helminth load. The disparity in the occurrence of soil transmitted helminth against sampled location was statistically significant (P = .05).

 











Table 1: Helminth contamination of soil in Tombia 

	Location
	No samples 
	No contaminated (%)
	Helminth load (%)

	1
	10
	7 (12.2)
	7 (10.4)

	2
	10
	6 (10.5)
	7 (10,4)

	3
	10
	6 (10.5)
	8 (11.9)

	4
	10
	5 (8.8)
	8 (11.9)

	5
	10
	1 (1.7)
	2 (2.9)

	6
	10
	8 (14.0)
	10 (14.9)

	7
	10
	4 (7.0)
	4 (6.0)

	8
	10
	6 (10.5)
	7 (10.4)

	9
	10
	4 (7.0)
	3 (4.4)

	10
	10
	10 (17.7)
	11 (16.4)

	Total
	100
	57 (100)
	100




Prevalence of soil transmitted helminths in Tombia
The soil transmitted helminths reported in this study were Ascaris species 62.7%, followed by Hookworm 31.3% and Trichuris species 5.9%. Ascaris species were distributed across the 10 sampled locations. However, Hookworm was missing in location 2,3,5,7 and 10. While Trichuris species were only found in location 1, 2 and 3.



Fig. 2: Distribution of Ascaris lumbricoide at the various sampled locations 




Fig. 3: Distribution of Trichuris trichura at the various ssampled locations 




Fig. 4: Prevalence distribution of Ancylostoma duodenalis at the various sampled locations















Discussion 
The occurrence of helminths pathogens in soil is of great parasitological importance and constitute a serious threat to public health (Ekine & Orluoma, 2024). This study examined helminth contamination of soil and public health risk on soil users in Tombia community, Bayelsa State. The result recorded a soil contamination rate of 57.0% which represent high contamination level. The rate of soil contamination noticed in this study depict high human transmission tendency, hinting poor hygienic attitude and deficient in waste disposal habit. The high soil contamination level observed in this study suggests that the people of Tombia community are vulnerable to disease transmissible by soil-transmitted helminth pathogens. The result further implies that the soil ecosystem in Tombia presents a palatable atmosphere for swift multiplication of helminth pathogens. This result is in agreement with Oyebamiji et al. (2018) which reported high percentage of soil transmitted helminths around Ibadan. The observation firm the report of Oyeyemi and Okunlola, (2023) who reported that soil transmitted helminthasis are among the most widely spread of the neglected tropical disease affecting the most deprived populations worldwide.

The contamination of soil by the soil transmitted worms as observed in this study was unevenly distributed across the ten sampled locations. For instance, the most contaminated location was location 10 (16.4%), followed by location 6 (14.9%) and the least infested was location 5 (2.9%). This result is indicative that the prevalence of helminths in soil is unpredictable not minding the prevailing soil conditions. However, the result as seen in location 5 suggests that soil in location 5 could have presented more competitive condition for the worms than every other location examined. This observation also suggests that the people living in location 5 are experienced as it concern public health and personal hygiene and played safe in their daily living as opined by Hassan et al. (2017). Soil transmitted helminths are disproportionally prevalent in African soil including Nigeria where moderate to heavy intensive infections predominate (Sartourius et al., 2021). This result is in conformance with the report that by history, Nigeria is endemic to soil transmitted helminth with prevalence ranging low-to- high worm burden in the sates (Ohiolei et al., 2017). Ohiolei et al., (2017) further reported that, the distribution of soil transmitted helminths in Nigeria is specific to geo-political zone with the north east having moderate infections and south-south displaying high endemicity.

 The helminth parasites recorded in this study were Ascaris species (62.7%), Hookworm (33.3%) and Trichuris species (5.9%) respectively. The occurrence of these worms in the soil of Tombia community posed a public health threat to the people living in the area particularly farmers and children. The helminth observed in this study had been reported in Ghana (Yasow et al., 2018) and Ibadan (Oyebamiji et al., 2018; Hassan et al., 2017). Soil contamination by soil helminth pathogens revealed in this study emphasizes the necessity for proper soil handling technique for safety and prevention of infections emanating from soil transmitted helminth.  However, societies with poor water and sanitation practices are at risk of infections with soil transmitted helminths (Hassan & Oyebamiji, 2018; Benjamin-Chung et al., 2015; Alemu et al., 2022). The helminths reported in this study is in agreement with the report of Oyeyemi and Okunlola (2023) and Yaro et al. (2021). Yaro et al. (2021) further reported that soil transmitted helminthiasis is perpetrated by parasitic nematodes such as Ascaris lumbricoide, Hookworms and Trichuris trichiura spread by means of egg contact. The distributions of these worms across the sampled locations revealed a disparity among helminth and location of occurrence.  For instance, Ascaris species were prevalent in all the examined locations with location 10 being the most prevalent (26.19%) as shown in table 1. Hook worm was missing in locations like 2,3,5,7 and 10 and Trichuris species were reportedly found in location 1,2, and 3 only. This observation implies that the survival of soil transmitted helminths is dependent on the ability of the species to outweigh competitors and establishes in the environment. 

[bookmark: _Hlk217130572]Percentage occurrence of helminths in this study shows high prevalence of Ascaris lumbricoide (62.7%), followed by Ancyclostoma duodenlis (31.3%) and Trichuris trichura (5.9%) was the least prevalent. This observation concurs with Mogaji et al. (2022) who reported higher number of Ascaris lumbricoide against the populations of hookworm and Trichuris trichura in Ogun, Nigeria. The high prevalence of Ascaris lumbricoide in this study depicts eggs with tough external protection, a feature which influences survival chances of fauna in soil ecosystem. It implies that the living style of the residents of Tombia was favorable for rapid replication of the parasite, Ascaris lumbricoide.  This report agrees with Betson et al. (2025) and Naidoo et al. (2020) who reported that Ascaris eggs resilient and remain infective in soil ecosystem longer than a variety of parasitic eggs. Ascariasis is commonly observed in regions with poor attitude toward personal cleanliness, reflecting the attitude of the people of Tombia, specifically location 4 and 6. The low prevalence of Ancylostoma duodenlis as seen in this study suggest fragile nature and inability to withstand aggressive competitors. According to Marie and Petri (2025), the eggs of hookworms are not resilient with less survival chances in soil. The prevalence of Trichuris trichura in this study suggests the parasites require specific conditions for survival which were relatively not abundant in the study area. 
 
Conclusion
Soil transmitted worms replicate swiftly in regions with palatable soil ecosystem. Soil contamination by helminths can be facilitated by poor human attitude toward personal cleanliness. Societies with proper waste disposal system as seen in location 5 are likely to record reduction in helminthiasis. However, localities with inadequate wellspring are likely to experience rapid helminth propagation within the vicinity. Therefore, deliberate preventive effort like awareness and personal cleanliness can grantee reduction and minimize possible outbreak in our communities.
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Ancylostoma duodenalis	1st	2nd	3rd	4th	5th	6th	7th	8th	9th	10th	3	0	0	6	0	9	0	1	2	0	


Ascaris spp	1st	2nd	3rd	4th	5th	6th	7th	8th	9th	10th	3	6	6	2	2	1	4	6	1	11	Locations

Frequency


Trichuris spp	1st	2nd	3rd	4th	5th	6th	7th	8th	9th	10th	1	1	2	0	0	0	0	0	0	0	

Frequency
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