



CO-INFECTION OF URINARY SCHISTOSOMIASIS AND SOIL-TRANSMITTED HELMINTHIASIS AMONG SCHOOL-AGE CHILDREN IN SOKOTO STATE, NIGERIA
Abstract
Background: A cross sectional study was conducted to determine the co-distribution of urinary schistosomiasis and soil-transmitted helminthiasis among school-aged children in Sokoto State, Nigeria. Urine and stool samples were collected from 513 school-aged children and analyzed using standard filtration and Kato-Katz techniques respectively. Results: Overall prevalence of Schistosoma haematobium and Ascaris lumbricoides were 33.50% and 14.04% respectively. Twenty-three (4.50%) pupils were   found to be co-infected with Schistosoma haematobium and one or two soil-transmitted helminths parasites. Schistosoma haematobium and Ascaris lumbricoides were the most prevalent parasite combination in the study, while S. haematobium and hookworm were the least encountered in the study area. Chi square analysis revealed that Wamakko LGA, Bakin Gulbi primary school, and trading were significantly associated with occurrence of urinary schistosomiasis and soil-transmitted helminthiasis co-infection. Logistic regression analysis revealed painful urination, blood in urine and walking barefooted as the risk factors for the co-distribution. Conclusion: Thus, a comprehensive approach that includes regular deworming, improved sanitation, safe drinking water provision, toilet facilities, and health education is strongly recommended.
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INTRODUCTION

Over the past 20 years, there has been a greater focus on soil-borne co-infection of helminths and Schistosomes, as well as co-infections between helminths and Plasmodium. These studies have shown that school-age children are at a higher risk of co-infections, and polyparasitism is linked to higher odds of morbidity than single infections (Vaumourin et al., 2015). Additionally, co-infection appears to be more prevalent in children (particularly boys) from households with low socioeconomic status and limited access to clean water and sanitation (Bisanzio et al., 2014).

More than 200 million individuals worldwide are afflicted by schistosomiasis, with half of those cases occurring in Africa. Additionally, 600 million people are at risk of contracting the disease (Carter Center, 2010). According to Chisulo et al. (2000), Nigeria is one of the nations with the highest schistosomiasis endemicity, with an estimated 26 million affected and 101 million at risk.

Urinary schistosomiasis has been reported to occur in a number of locations in Nigeria, but its distribution is still poorly understood (Uwaezuoke et al., 2007). Research indicates that the disease may become more common in isolated, inaccessible areas (Sulyman et al., 2009). Numerous researchers' studies found that soil-transmitted helminthiasis and urinary schistosomiasis were present in Sokoto State (Muhammad et al., 2018–2019).

One or more species of soil-transmitted helminth infections are thought to infect 1.5 billion individuals worldwide, or 24% of the total population. In the most impoverished and deprived communities, where these parasites are very prevalent, there are around 267 million preschool-aged children and 568 million school-aged children, respectively, who require treatment and preventive measures (WHO, 2017).

Preschoolers, school-age children, women of childbearing age, and individuals working in high-risk industries like tea pickers and miners are among the populations at risk of contracting soil-transmitted helminth infections (WHO, 2017). STH light infections are typically asymptomatic. Numerous symptoms, such as diarrhea, abdominal pain, malnourishment, overall weakness and malaise, and stunted growth and physical development, can be brought on by severe infections. On the other hand, severe infections may result in intestinal blockage that requires surgical intervention (WHO, 2017).

The World Health Organization (WHO) reported that there are 250 million instances of ascariasis, 151 million cases of hookworm illnesses, 100 million cases of strongyloidiasis, and 45.5 million cases of trichuriasis worldwide as common soil transmitted helminth infections (STHIs) (Albonico et al., 2006). Socioeconomic, environmental, and other factors, such as low altitude, tropical temperature, lack of access to clean water, overcrowding, and misunderstanding of basic health-promoting factors, are linked to the prevalence of helminthic co-infections (Albonico et al., 2006).

Although research on individual parasite infections has yielded useful insights, the issue is the inherent restriction of ignoring the complex interactions between these two common diseases (Lee et al., 2018). Since the combined effects of urinary schistosomiasis and soil-transmitted helminthiasis on the health, education, and general well-being of afflicted children are still poorly understood and addressed, the co-distribution of these two diseases in a shared environment presents serious concerns (Soare et al., 2020).

In sub-Saharan Africa, co-infection with soil-transmitted helminths is prevalent. Salawu et al. (2014) note that there aren't many research that try to explain the risk factors and distribution of their co-infections with Schistosoma haematobium. According to a small number of epidemiological studies, people who have numerous helminth infections frequently have more severe infections than people who only have one helminth species (Tchuem et al., 2003).

There is little data on the prevalence and risk factors of co-infection of soil-transmitted helminthiasis and urinary schistosomiasis among school-age children in Sokoto State. This information could serve as the foundation for mass drug administration (MDA) to lower the morbidity caused by these infections.

MATERIALS AND METHODS

Study Area

The research was carried out in Nigeria's Sokoto State. Sokoto State is situated close to the Sokoto and Rima rivers in the far northwest of Nigeria. Latitudes 11° 32 51N to 13° 53 14N and longitudes 4° 10 05'E to 6° 35 42'N are the coordinates of the state. There are 662,000 people living there, and its size is 25,973 km² (10,028 sqml) (NPC, 2023). The state is encircled by sand dunes and remote highlands in the arid Sahel. The warmest months are February through April, with an average yearly temperature of roughly 28.3°C (82.9°F) (Omolere et al., 2016). The biggest amount of rainfall occurs in August, with an average of 52 mm each year. Hausa and Fulani people make up the majority of the state's population. Additionally, it consists of three (3) senatorial zones and twenty-three (23) local governments. Sokoto State experiences two distinct seasons: the wet season and the dry season. Beginning in October and lasting through April in some regions and May in the majority of the state, the dry season lasts until September (Ibrahim, 2015). Over 80 percent (80%) of Sokoto's population is employed as a farmer in one capacity or another. Weaving, dyeing, sculpting, forging, and leather work are a few of the residents' side jobs. The State is bordered Niger Republic to the North, shares boundaries with Kebbi State to the west and South, and Zamfara State to the south and east (Garba, 2021). The state shares borders with Zamfara State to the south and east, Kebbi State to the west and south, and the Niger Republic to the north (Garba, 2021).

Sample Design

The existence of water bodies led to the selection of five Local Government Areas (LGAs). The LGAs were Kware, Sokoto North, Shagari Wamakko, and Wurno. Four (4) primary schools were selected from Sokoto North LGA while two primary schools from each of the remaining four (4) LGAs based on their proximity to water bodies. 
Ethical Clearance and Consent/ Permission
Ethical approval to carry out this study was obtained from Usmanu Danfodiyo University Sokoto research ethics committee (UDUS/UREC/2024/005). Informed consent was sort from parents/guardians of the children and Parent Teacher’s Associations (PTAs) of the selected schools.
Questionnaire Administration

Every person from whom the sample was taken was given a semi-structured questionnaire in order to obtain information on their gender, age, parental occupation, and local government of residence, source of drinking water, water contact activity, painful urination, blood in urine, type of toilet, worm in stool, blood in stool, hand washing before eating, hand washing after toilet, walking bare foot etc. 

Collection of Faecal Samples

Faecal samples were collected using clean specimen (universal) bottles with screw cap given to each study participants for specimen collection. Each specimen bottle was labelled to correspond to the participant’s number on the questionnaire. Children were instructed to defecate on a piece of paper and use a stick to pick a portion of the stool and transfer it into the specimen bottle provided. For analysis, the stool samples were brought to Usmanu Danfodiyo University's Parasitology Laboratory in Sokoto.

Urine Sample Collection
Between 10:00 am and 14:00 pm (Nigerian time), urine samples were taken in 30-ml universal bottles. The specimens were then transported to the Parasitology Laboratory, Usmanu Danfodiyo University Sokoto for analysis. 
Analysis of Stool Samples

In the Kato-Katz technique, a stool sample was pressed through a mesh screen to remove large particles. About 41.7mg of sieved stool was transferred to the templates which was put on a slide till the template hole is filled. Then, the template was removed and the stool sample was covered and pressed with cellophane which was previously being immersed with Glycerol-malachite green. The Kato-Katz thick smears was examined within 30 minutes for hookworm and after one hour up to 24 hours for other intestinal parasites (WHO, 2002).
Then, with the condenser iris closed enough to provide contrast, the slide was seen under a microscope with a ×10 objective. Small eggs were also examined using a ×40 objective. The WHO (2004) chart was used to identify the eggs, and the number of eggs per gram of feces (Epg), which is represented as eggs per gram of feces, was calculated by multiplying the number of eggs of the species detected by 24. 

Analysis of Urine Samples
The urine samples were analyzed for the presence of S. haematobium using the standard filtration technique as described by Pugh (1987). Ten milliliters of each sample were dispensed into the filter chamber of the filtration unit (Millipore Cooperation Bedford, Massachusetts 01730 U.S.A.) after each sample was gently shaken. The machine was turned on so that urine could suction through a Whatman No. 1 filter paper. Using blunt-ended forceps, the filter paper was carefully taken out of the filter holder and placed on a spotless, level surface after draining. To improve staining, a few drops of iodine were applied to the filter paper, and then Ninhydrin was added. In order for the eggs to absorb the stain, the filter papers were left to stand at room temperature for three hours. The filter papers were then placed on a slide and examined microscopically using   x10 and x40 objective lens. Eggs with terminal spine, the characteristic of S. haematobium, was counted for each sample found positive and reported as eggs/10ml of urine. The intensity of infection was classified into the three levels defined by WHO as light, moderate and heavy infection. The classification of thresholds on infection intensity varied between parasites; for S. haematobium, < 50 eggs/10 ml was classified as light intensity, and > 50 eggs/10ml was heavy intensity (Montressor et al., 1998).

Statistical Analysis

Data from questionnaires was coded and entered into Microsoft Excel 2013 version and later imported into IBM SPSS software package (Statistical package for Social Sciences, version, 20 for windows). The occurrence of urinary schistosomiasis and soil-transmitted helminthiasis co-distribution and LGA, gender, age group, toilet style, water contact activities, etc. were tested for significant associations using chi square (χ2) analysis. Multiple logistic regression was used to identify the risk factors, and the odd ratio with its 95% CI that predicted the strongest correlation between variables and the prevalence of soil-transmitted helminthiasis and urinary schistosomiasis was computed. P value less than 0.05 (P<0.05) was considered significant.

RESULTS

Of the 513 urine samples collected, seventy two (72) were found to be infected with S. haematobium infection having a prevalence of 14.04% while from 513 stool samples analyzed, one hundred and seventy two (172) were found to be infected with soil-transmitted helminthiasis with a prevalence of 33.50%. 23 samples were found to be co-infected with S. haematobium and one or more soil-transmitted helminth parasites, with a prevalence of 4.50%, after the samples were examined for co-infection of S. haematobium and STHs infections (Figure. 2).
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Figure 1: Prevalence of Urinary Schistosomiasis, Soil-transmitted Helminthiasis and Co-infection in the Study Area
Results of Prevalence and Intensity of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-distribution among School aged children in Sokoto State, Nigeria.

Twenty three (23) children were found to have co-infections with soil-transmitted helminths and S. haematobium, with a prevalence of 4.50% (23/513) and mean egg intensity of 1230 eggs/10ml/1g of urine and feces out of 513 urine and stool samples analyzed in five local government areas of Sokoto State (Table 1).

Results from this study revealed two types of parasite combinations. A combination of Schistosoma haematobium with one other parasite was encountered in 23 children while 2 children had Schistosoma haematobium with two other parasites. Co-infection of Schistosoma haematobium with Ascaris lumbricoides was the most frequent having a prevalence of 4.5% while S. haematobium+ Hookworm has a prevalence 0.2%  (Fig 3). 

Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis among School-aged Children in Sokoto State with Respect to Local Government Areas and Schools
It could be seen from table 1 that children from Wamakko LGA had the highest prevalence of co-infection (10.00%) followed by those from Sokoto North LGA (5.10%), Shagari (3.90%), Kware (1.20%) while those from Wurno recorded zero prevalence of co-infection (0.00%). Fishers’ exact test indicated significant association of parasites co-infection with local government area ( P=0.009).
According to the results, the highest prevalence of co-infection (14.00%) was found in children from Bakin Gulbi Primary School, followed by Model Primary School Helele (9.10%), Ciroma Bello (7.70%), Lambara (6.10%), Tangwale (6.00%), Rumbukawa (4.10%), Sarkin Yamma (2.90%), and Chopal (2.30%). In contrast, no prevalence was found in children from Rumbu Nizzamiyya, Ruggar Liman, Late Mu'azu, and Shehu Malami. A strong correlation between parasite co-infection and school was found by Fisher's exact test analysis (P=0.006) (Table 2).

Table 1: Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-distribution with respect to Local Government Areas in Sokoto State, Nigeria.

	Local Government
	No. Examined
	No. Infected
	Prevalence (%)

	Kware
	83
	1
	1.20

	Shagari
	77
	3
	3.90

	Sokoto North
	176
	9
	5.11

	Wamakko
	100
	10
	10.0

	Wurno
	77
	0
	0.00

	Total
	513
	23
	4.50


χ2=13.029: df=4, P=0.01,   Fisher’s exact test,  P=0.009
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Figure 3: Parasites Combinations Encountered during the Study

Table 2: Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-distribution with respect to School among School-age Children in Sokoto State, Nigeria.

	Schools
	No. Examined
	No. Infected
	Prevalence (%)

	Bakin Gulbi Primary School 
	50
	7
	14.00b

	Chopal Primary School
	44
	1
	2.30a

	Ciroma Bello Primary School 
	39
	3
	7.70a

	Lambara Primary School
	33
	2
	6.10a

	Late Mu'azu Model Primary School
	32
	0
	0.00

	Model Primary School Helele 
	44
	4
	9.10a

	Ruggar  Liman Primary School
	50
	0
	0.00

	Rumbu Nizzamiyyah Primary School
	42
	0
	0.00

	Rumbukawa Model Primary School 
	49
	2
	4.10a

	Sarkin Yamma Primary School
	35
	1
	2.90a

	Tangwale Primary School 
	50
	3
	6.00a

	Shehu Malami Model Primary School 
	45
	0
	0.00

	Total
	513
	23
	4.50


χ2=22.823: df=11, P=0.019, 

Fisher’s exact test, 
 P=0.006
Prevalence of Co-infection Urinary Schistosomiasis and Soil-transmitted Helminthiasis among School-aged Children in Sokoto State with Respect to Parental Occupation
Fishers' exact test revealed a significant correlation between the prevalence of co-infection and parental occupation (P=0.077). The highest incidence of co-infection was found in children whose parents were drivers (11.9%), followed by traders (5.50%), farmers (2.90%), and businesses (1.80%). The lowest prevalence was seen in children whose parents were public servants (0.40%) (Table 3).

Gender and Age-Specific Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-infection 
The gender of the school-aged children did not significantly associate with parasite co-infection (χ2=0.205: df=1, P=0.651) even though females were more co-infected (4.90%) than males (4.10%). 
The prevalence of co-infection seems to increase with age and suddenly dropped to 13 years and above. Age group specific prevalence of the co-infection showed that children aged 10-12 years had the highest prevalence (5.90%) followed by 7-9 years (3.30%), 13 years and above (1.50%), and children 4-6 years recorded zero prevalence (0.00%). Fishers’ exact test indicated lack of significant association between occurrence of parasitic co-infection and age group, (P=0.221) (Table 4).
Table 3: Prevalence of Urinary schistosomiasis and Soil-transmitted Helminthiasis Co-distribution with respect to Parental Occupation among School-age Children in Sokoto State, Nigeria.

	Parental Occupation
	No. Examined
	No. Infected
	Prevalence (%)

	Driving
	59
	7
	11.90a

	Trading
	146
	6
	5.50a

	Farming
	68
	2
	2.90a

	Business
	168
	3
	1.80a

	Civil service
	69
	3
	0.60a

	Total
	513
	23
	4.50


χ2=3.649: df=3, P=0.302, 

Fisher’s exact test,  

P=0.077.
Table 4: Prevalence of Urinary schistosomiasis and Soil-transmitted Helminthiasis Co-distribution with respect to Gender and Age among School-age Children in Sokoto State, Nigeria.

	Parameters
	No. Examined
	No. Infected
	Prevalence (%)

	Gender
	
	
	

	Female
	244
	12
	4.90a

	Male
	269
	11
	4.10a

	Age group
	
	
	

	4-6 Years
	8
	0
	0.00a

	7-9 Years
	151
	5
	3.30a

	10-12 Years
	287
	17
	5.90a

	13 Years and above
	67
	1
	1.50a

	Total
	513
	23
	4.50


(χ2=0.205, df= 1, P=0.65),  
(χ2=3.649: df=3, P=0.302), 

Fisher’s exact test,  P=0.221).
Prevalence of Co-infection Urinary Schistosomiasis and Soil-transmitted Helminthiasis among School-aged Children in Sokoto State in Relation to Source of Drinking Water and Water Contact Activity
The prevalence of parasite co-distribution in relation to source of drinking water was highest among children who use river as their source of drinking water (13.90%), followed by borehole (7.70%), tap (4.40%), well (2.70%), while those who use stream as well as those who use dam had the zero prevalence each (0.00%). Statistically, there was no significant association between occurrence of parasitic co-infection with source of drinking water (P=0.212). (Table 5).

Table 6 showed that children who visited the river to wash had the highest prevalence of co-infection in relation to water contact activity (11.50%), followed by those who did not know their water contact activity (5.00%) and those who went to the river to fetch water (4.80%). Children who visited the river to play, feed animals, fish, or bathe had zero prevalence each (0.00%). Fisher's exact test showed no significant correlation between the occurrence of parasite co-infection and water contact activity (P=0.160).  
Table 5: Prevalence of Urinary schistosomiasis and Soil-transmitted Helminthiasis Co-distribution with respect to Source of Drinking Water among School-age Children in Sokoto State, Nigeria.

	Source of Drinking Water
	No. Examined
	No. Infected
	Prevalence (%)

	Well
	188
	5
	2.70a

	River
	36
	5
	13.90a

	Tap
	273
	12
	4.40a

	Borehole
	13
	1
	7.70a

	Stream
	2
	0
	0.00a

	Dam
	1
	0
	0.00a

	Total
	513
	23
	4.50


χ2=9.335: df=5, P=0.095, 

Fisher’s exact test,  P=0.212.
Table 6: Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-distribution with respect to Water Contact Activity among School-age Children in Sokoto State, Nigeria.

	Water Contact Activity
	No. Examined
	No. Infected
	Prevalence (%)

	Fetching
	63
	3
	4.80a

	Bathing
	64
	0
	0.00a

	Washing
	26
	3
	11.50a

	Irrigation/Farming
	33
	1
	3.00a

	Feeding Animals
	5
	0
	0.00a

	Fishing
	4
	0
	0.00a

	Playing 
	6
	0
	0.00a

	Do not know 
	302
	16
	5.00a

	Total
	513
	23
	4.50


χ2=3.649: df=3, P=0.302, 



Fisher’s exact test,  P=0.160.
Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-distribution with respect to Type of Toilet among School-age Children in Sokoto State, Nigeria.

It could be seen from table 7 that there was no significant correlation between the kind of toilet and the occurrence of parasite co-infection, according to Fishers' exact test (P=0.120). Open-space children had the highest prevalence (8.60%), followed by water closet users (7.70%) and pit latrine users (4.10%), while bucket system users had the lowest incidence (0.00%).

Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis co-distribution with respect to Blood in Urine and Painful Urination among School-age Children in Sokoto State, Nigeria
With regards to seeing blood in urine, children who reported to have seen blood in their urine were significantly more infected (9.00%) than those who had never seen blood in their urine (2.90%). Chi square analysis indicated significant association between excreting blood in urine and occurrence of parasite co-infection (χ2=8.469: df= 1, P=0.004) Table 8. 
Table 8 revealed that painful urination did seem to significantly associate with occurrence of co-infection (χ2=1.001: df= 1, P=0.317). However, children who do not experience painful urination were more infected (5.20%) than those who experience painful urination (3.30%). 
Table 7: Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-distribution with respect to Type of Toilet among School-age Children in Sokoto State, Nigeria.

	Type of Toilet
	No. Examined
	No. Infected
	Prevalence (%)

	Bucket system
	35
	0
	0.00a

	Open space
	70
	6
	8.60a

	Pit latrine
	395
	16
	4.10a

	Water closet
	13
	1
	7.70a

	Total
	513
	23
	4.50


χ2=4.860: df=3, P=0.182 

Fisher’s exact test,  

P=0.120.
Table 8: Prevalence of Urinary Schistosomiasis and Soil-transmitted Helminthiasis co-distribution with respect to Seeing Blood in Urine and Painful Urination among School-age Children in Sokoto State, Nigeria.

	Parameter
	No. Examined
	No. Infected
	Prevalence (%)

	Blood in Urine
	
	
	

	Yes
	134
	12
	9.00

	No
	379
	11
	2.90

	Painful Urination
	
	
	

	Yes
	184
	6
	3.30

	No
	329
	17
	5.20

	Total
	513
	23
	4.50


(χ2=8.469: df= 1, P=0.004), 



(χ2=1.001: df= 1, P=0.317)
Logistic Regression Analysis for Determination of Risk Factors of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-distribution among School-aged Children in Sokoto, Nigeria.
The outcome of logistic regression revealed Painful urination (OR=4.031,C.I=1.189-13.664, p=0.025), excreting blood in urine (OR=0.125, C.I=0.041-0.380, P=0.000), and walking barefooted (OR=7.543,C.I=1.259-45.193, P=0.027) were the risk factor for urinary schistosomiasis and soil-transmitted helminthiasis among school-aged children in the study area. Pupils walking barefooted have 7.5 chance of getting infected  with S. haematobium and STHs infections compared to those who wear shoes. Reference to painful urination, children who experienced painful urination are 4 times chance of getting infected higher than those who do not experience pain when urinating.  Logistic regression result showed strong evidence of significant association between presence of blood in urine and occurrence of parasites co-infection (OR=0.125, C.I=0.041-0.380, p=0.000) as pupils who excrete blood in urine had higher chance of getting infected than those who do not excrete blood in their urine. In relation to painful urination, children who experienced painful urination showed a 4 times greater chance of getting an infection than those who did not.  The results of the logistic regression test demonstrated a strong correlation between the presence of blood in urine and the co-occurrence of parasite infections (OR=0.125, C.I=0.041-0.380, p=0.000), as children who excrete blood in their urine have a higher risk of infection than students who do not.

Parental occupation with a narrow confidence interval (0.451-0.673) with p-value 0.052 is close to the significant threshold, suggesting a potential relationship between occurrence of parasite co-infection. 
Table 9: Logistic Regression Analysis for the Determination of Risk Factors of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-distribution among School-aged Children in Sokoto State, Nigeria.

	Variable
	OR
	95% C.I
	P-Value

	School
	1.242
	0.683-2259
	0.477

	LGA
	0.380
	0.076-1.885
	0.236

	Parental Occupation
	0.673
	0.673-0.451
	0.052

	Gender
	1.320
	0.479-3.637
	0.591

	Age group
	0.707
	0.309-1.621
	0.413

	Source of drinking water
	1.038
	0.608-1.771
	0.892

	Type of toilet
	1.154
	0.702-1.897
	0.573

	Walking barefoot
	7.543
	1.259-45.192
	0.027

	Visit to River/lake
	2.501
	0.400-15.618
	0.327

	Water Contact Activity
	0.963
	0.501-1.851
	0.910

	Painful Urination
	4.031
	1.189-13.664
	0.025

	Blood in urine 
	0.125
	0.041-0.380
	0.000


OR=Odd ratio; C.I= Confidence interval; P-value= Calculated value
DISCUSSION
Prevalence and Intensity of Urinary Schistosomiasis and Soil-transmitted Helminthiasis Co-infection among School-aged Children in Sokoto State, Nigeria.

The findings of the present study showed the prevalence of co-distribution of urinary schistosomiasis and soil-transmitted helminthiasis to be 4.50% The low prevalence could be attributed to the integrated control measures put in place through mass drug administration by the Sokoto State Government. The prevalence recorded in the present study is slightly lower than 4.6% reported by Oluwale et al. (2018) in Ogun State, 4.76% by Opara et al. (2021) in Biase LGA of Cross River State, 38% reported by Camara and Sanneh (2020) in Gambia, and 6% by Dejo-Agobe et al. (2020) in Gabon. The variation in prevalence of co-infection in the country might be due to variation in vegetation and climatic factors, personal hygiene, occupation, deworming practices within the population.

In the present study, there was lack of significant association in the presence of parasite co-infection (P>0.05). The prevalence of co-infection of S. haematobium with A. lumbricoides in the present study could be due to A. lumbricoides propensity for reinfection and high reproductive potential of and ability of its eggs to withstand adverse environmental condition thereby contaminating the environment an remain viable for years, resulting in high transmission rate as described by Phuphisut et al. (2022).

The significant association of parasite co-infection with children in Wamakko LGA could be attributed to the fact that the schools examined in the LGA are more close to water bodies than schools examined in other LGA. This contradict the findings of Ikpe et al., (2020) who reported lack of significant association between occurrence of parasite co-infection and LGA.

The significant association between occurrence of co-infection and children from Bakin Gulbi primary school observed in the present study could be attributed to the proximity of the school to river, open defecation and poor personal hygiene. This is in consistent with the report of Aribodo et al. (2019) in Enugu State where they reported significant association of co-infection of urinary schistosomiasis and soil-transmitted helminthiasis with Community school. However, Muhammad and Bala (2020) reported lack of significant association among primary school pupils in Wamakko LGA between the occurrence of parasite co-infection and school suggesting that apart from school location there are other major factors that play role on the occurrence of parasites co-infection.

The lack of significant association of parasite co-infection with gender in the present study implies that both genders are at equal risk of infection. This is in conformity with the findings of Aribodo et al., (2019) in Enugu where they recorded lack of significant association in the occurrence of parasite co-infection with gender.

In the present study there was lack of significant association between occurrence of parasite co-infection and age. This agrees with the reports of Oluwole et al., (2018) in Ogun State and Aribodo et al., (2019) in Enugu State where they reported lack of significant association between parasite co-infection and age group. This could be attributed to lack of personal hygiene, not washing hand before eating, not washing hands after toilet, walking barefooted and playing on fecally-contaminated soil which might expose the children to sources of infections. However, Muhammad and Bala (2020) reported significant association in the occurrence of parasite co-infection and age as pupils within 10-12 years age bracket had the highest prevalence of co-infection.

Anunubi et al., (2016) reported significant association between occurrence of parasite co-infection and type of toilet where communities who use pit latrine were significantly the highest infected. However, in the present study co-infection did not significantly associate with type of toilet. This might be due fact that apart from type of toilet, there are other contributing factors that might expose the children to infections. These include; walking barefooted, not washing hands before eating, not washing hands after toilet, and picking materials from garbage. This agrees with the earlier findings on co-infection by Muhammad and Bala (2020) where they reported lack of significant association between occurrence of co-infection and type of toilet.

The lack of significant association in the occurrence of parasite co-infection with source of drinking water in the present study suggests that regardless of source of drinking water, children are equally expose to sources of infections. This is in accordance with the findings of Muhammad and Bala (2020) in Wamakko LGA of Sokoto State where they reported lack of significant association between occurrence of parasite co-infection and source of drinking water. However, Yapi et al., (2014) reported significant association between occurrence of Schistosoma-Plasmodium co-infection and source of drinking water and water contact activity.

Balogun et al., (2018) reported significant association of parasite co-infection with water contact activity. However, in the current study, there was lack of significant association between occurrence of parasite co-infection and water contact activity. Children who do not know their water contact activity were the highest co-infected. The possible explanation could be these children engage in many water contact activities such as irrigation farming, swimming, fishing, fetching, feeding animals, thereby confuse as to which to pick as their water contact activity. This corroborate with the finding of Muhammad and Bala (2020) where they reported lack of significant association between occurrence of parasite co-infection and water contact activity.

The risk factors of co-infection of urinary schistosomiasis and soil-transmitted helminthiasis among school age children were found to be largely painful urination, seeing blood in urine, and walking barefooted. This suggests that children who experience painful urination, seen blood in urine and walk barefooted were most likely to be infected with both urinary schistosomiasis and soil-transmitted helminthiasis. This is especially likely in rural areas, as highlighted by Molvik et al., (2017), who found that the odds ratio of S. haematobium and STHs co-infections to be 2.05 (95% CI=1.58-2.93, P<0.001). The environmental factors associated with rural areas, such as lack of access to clean water and sanitation, and poor hygiene practice, further contribute to the increased risk of co-infection.

Conclusion

This study found a prevalence of 4.50% for co-infection of urinary schistosomiasis and soil-transmitted helminthiasis in Sokoto State. The results showed that the risk factors for the co-infection were identified to be blood in urine, painful urination and walking barefooted. 
Based on the findings of the present study the Sokoto State government and health authorities in the State should implement targeted control measures such as health education campaigns, improved sanitation, and regular deworming programmes to reduce the burden of these diseases. 
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