Prevalence of Urinary Schistosomiasis and Associated Uropathogens in some Riparian Areas of Ekiti State, Nigeria
Abstract 
Background: Schistosomiasis is an acute and chronic parasitic disease caused by blood flukes (trematode worms) of the genus Schistosoma. The disease is prevalent in tropical and subtropical areas, especially in rural communities without access to potable drinking water and adequate sanitation. It is estimated that about 90% of those needing treatment for schistosomiasis live in sub-Saharan Africa, with Nigeria taking the leading in the pack. 
Aim: The study aimed to assess the prevalence of urinary schistosomiasis and associated urinopathogens in selected riparian areas in Ekiti State, Southwest, Nigeria. 
Methodology : A total of 330 subjects were enrolled for the study. Structured questionnaire was administered on them for socio-demographic information, after obtaining their informed consent. Urine samples were collected from them for analysis, microscopy, urinalysis and bacterial investigations were carried out on the urine samples. 
Results : The demographic profiles of the respondents revealed that they were 5-73 (26.0±0.6) years old. The overall prevalence of schistosomiasis was 12.2%. Schistosomiasis prevalence was found to show significant association with education, gender, marital status, household’s source of water, frequency of human contact with river and season of the year the respondents were more frequent to river. The results of urinalysis, as biomarkers for urinary disorder, showed the prevalence of schistosomiasis to be significantly associated with proteinuria), leukocyturia, haematuria, nitrituria, ketonuria  and bilirubinuria. Prevalence of schistosomiasis increased significantly with increasing pH (p=0.001). Microscopy revealed significant association of urinary schistosomiasis with presence of pus cells, yeast and crystals in urine. The Schistosoma positive urine samples had higher bacterial loads than the negative samples. Schistosomiasis and bacteriuria showed significant association with proteinuria and leukocyturia. Thirteen different species of uropathogens were associated with the urines with schistosome eggs 
Conclusion and Recommendation : The high prevalence of schistosomiasis in the study, despite the state being enlisted in the Schistosomiasis Control Initiative of Nigeria, calls for more proactive measures from government at all levels. 
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Introduction 
Digenetic blood trematode worms belonging to the Schistosomatidae family are the parasites that cause schistosomiasis. Two of the six Schistosoma spp that may humans are prevalent in sub-Saharan Africa: Schistosoma haematobium, which causes urogenital schistosomiasis, and Schistosoma mansoni, which causes intestinal schistosomiasis (W.H.O., 2021). Molluscan snails serve as intermediate hosts for S. haematobium and S. mansoni as they develop into infectious larvae in freshwater snail, where they can infect people who come into contact with infected water bodies (Campbell et al., 2017).
In Africa, schistosomiasis is one of the neglected tropical diseases (NTDs). Schistosomiases are unreported diseases despite its significant health and economic burden on affected communities. They remain concealed because many developing nations in Africa lack the resources necessary to properly comprehend the biological and social characteristics of these diseases, and because they have mostly disappeared from the more affluent regions of the world. Schistosomiasis ranks third among parasitic diseases of public health importance after intestinal helminthiasis and malaria (Mawa et al., 2021; Victor & Joshua, 2018). Due to the high morbidity and mortality associated with its development, it is one of the most prevalent and severe parasitic disease globally, especially in Africa, South America, the Caribbean, the Middle East, and Asia (Kavana, 2018).
An updated report on the incidence of schistosomiasis in Nigeria showed that approximately 20 million treatments are required annually and the nation is among the most affected globally.
Plasmodium spp, HIV, mycobacteria, various helminths, and parasites, as well as Enterobacteriaceae (example, Salmonella, Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, and Enterobacter spp), are all co-endemic with schistosomiasis (Mbanefo et al., 2020a). Escherichia coli is one member of the Enterobacteriaceae and a common co-infecting organism in schistosomiasis patients. Uropathogenic strains of the numerous disease-causing E. coli are a frequent source of infection in both men and women, from newborns to the elderly. According to Tamadonfar et al. (2019), about half of all girls and women will encounter a bacterial UTI at least once in their lifetimes and one-quarter of all girls and women will have multiple bacterial urinary tract infections (UTI) (Foxman, 2003). The relationship between urogenital schistosomiasis and UTI remain unclear and subject to ongoing research. One hypothesis suggests that, S. haematobium infection induces immunological polarization, which may impair bacteriuria clearance. Experimental evidence from animal model shows that injecting S. haematobium eggs into the bladder wall—a key tissue pathological feature in infected persons—increases susceptibility to subsequent UTIs (Mbanefo et al., 2020b). 



Therefore, individuals with urogenital schistosomiasis may be more susceptible to secondary bacterial infections due to altered immune response. This study therefore aimed to determine the prevalence of urinary schistosomiasis and its association with uropathogens

METHODOLOGY 
Study Area
The research work was carried out at Ago Aduloju in Ado-Ekiti central, including Ago corner which is predominantly inhabited by the Hausas and Ebiras. River Ogbese serves as the major water body where residents engage in fishing and farming. Ureje stream also runs through the area towards the centre of the city. In Ekiti State, the Ogbese-Ise river located at Ise-Ekiti local government area, Eporo in Emure local government, Ero River in Ogotun Ekiti located at Ekiti Southwest local government area. These are the catchment area suspected at random of urinary schistosomiasis. Ekiti State is bordered to the north by Kwara State, the northeast by Kogi State, the south and southeast by Ondo State, and the west by Osun State. Ekiti State was created from the old Ondo State in 1996 and has Ado-Ekiti as its capital. The state is named for the Ekiti people, a Yoruba subgroup that makes up the entire state's population 

With an estimated population of over 3.3 million as of 2016, Ekiti is among the less populous states in Nigeria. Geographically, the State is divided between the drier Guinean forest-savanna mosaic in the north and the lowland tropical forests in the south. 
. 

The State is 250 meters above sea level and is primarily an upland region. It is situated on top of metamorphic rock. It is often an undulating region of the nation with a distinctive scenery made up of old plains interrupted by step-sided outcrops that may appear alone, in groups, or as ridges. These rock outcrops are primarily found in the Ekiti provinces of Aramoko, Efon-Alaye, Ikere, and Igbara-odo. Rugged hills dot the state, with the Ikere-Ekiti Hills in the South, the Efon-Alaye Hills on the western border, and the Ado-Ekiti Hills in the middle being particularly remarkable.

There are two different seasons in the state's tropical environment. These are the dry season and the rainy season (April to October).There is high humidity and temperatures range between 21 and 28 °C. The rainy and dry (Harmattan) seasons are characterized by the northeast trade winds and the south westerly winds, respectively. The southern region is covered in tropicalical forest, while the northern margins are made up of savannah [image: ]

Inclusion and Exclusion Criteria
To get enrolled in the study, prospective participants must be residents in the catchment areas, must not be on antibiotic or anti-schistosome medication and must willingly consent to participate in the survey.  Children (both sex) from the ages of 5 to 14 were randomly selected. Children less than 5 years old were not included in the study. Farmers and fishermen or women were also selected using random sampling.


Study Design
A cross-sectional design was used for the study and the Urine samples were collected and subjected to different laboratory examinations.
Sample Collection 
About 20ml of the mid-stream and terminally voided urine sample was collected from consenting participants into sterile dry leak-proof transparent, pre-labelled urine bottles.   Prior to the collection of urine samples, the participants were made to undergo physical exercise as around (10am and 2pm. According to, the information and the duration of staying in the school stream water usage and symptoms of infection was taken from each subject.  Both the school-age children, fishermen/women, were instructed to collect urine between 10am and 2pm and the urine samples were immediately processed and analysed.



Administration of Questionnaire
The study participants were interviewed by a field researcher using a validated questionnaire to record socio-demographic information (age, residence), socio-economic indicators (marital status, educational level and occupation) and questions related to schistosomiasis, household water source, stream activities (domestic chores and bathing (measures of intensity of contact with water).  In addition, the questionnaire included questions related to knowledge about schistosomiasis, etiology, transmission, clinical manifestation, prevention and control.  Knowledge on UGS was scored on 4 points as described by Folefac et al. (2018).  Briefly, one point was allocated for a correct response and no point for a “I don’t know” or wrong answer.  A knowledgeable score of <2, 2-3 and >3 was considered as poor, average and good, respectively.
SAMPLE ANALYSIS   
The macroscopic examination was carried out for the appearance of the urine sample: colour of the urine, either clear yellow, amber, cloudy/turbid or hazy.  Haematuria was determined by visual observation of urine samples and urinalysis reagent strips.  Schistosomoa haematobuin eggs were obtained and identified using the filteration technique and microscopy (Anchang-Kimbi, et al., 2017).

Samples were examined microscopically for schistosoma haematobum eggs and the number of eggs was counted systematically per 10ml of urine. The infection intensity was classified as light (<50 egg/10ml of urine) or heavy (≥ 50 eggs/10ml of urine) as refined by the world Health Organization (WHO, 2004). Parasite eggs and cyst observed was identified by using the technique by Soares et al.,  (2020 

Urinalysis
Biochemical components of the urine were assessed using urinary strip. The parameters determined were pH, Protein, Glucose, Leukocyte, Nitrite, Occult blood, Bilirubin, Urinobilinogen, Ketone and the specific gravity. 


Sample Culture
Using a sterile pipette, a predetermined volume of inoculum (often 1 ml) is poured into the centre of a sterile Petri dish in the pour plate method. The Petri plate holding the inoculum is then filled with molten, cooled agar (about 15mL), which is stirred thoroughly. The plate is inverted and incubated at 37°C for 24-48 hours after the agar has solidified. Both inside the medium and on its surface, microorganisms will continue to grow. The few colonies that develop on the agar surface are of the same size and resemble those on a streak plate; colonies that develop within the medium are typically modest in size and confluent. Each colony, big and tiny, is meticulously counted (using magnifying colony counter). A "colony-forming unit" is what each colony stands for (CFU).
The number of microorganisms present in the particular test sample is determined using the formula: CFU/mL= CFU * dilution factor * 1/aliquot 
Acharya, (2022) culturing procedure was followed accordingly. 
Pure isolate was identified by sub-culturing on nutrient agar from where characterization and purification of bacteria isolate was done.		

Plate count and Cystein Lactose Electrolyte Deficient (CLED) media were used for primary isolation and determination of bacterial load of the urine samples, by pour plate technique. The plates were incubated at 37°C for 18-24 as well as 48 hours, followed by estimation of microbial loads with the aid of colony counter and values expressed in CFU/mL. A bacterial load of 104 CFU/mL was considered significant bacteriuria (Wilson & Gaido, 2004).
Colonies were sub-cultured on sterile nutrient agar plates to obtain pure cultures. 

Biochemical Investigation
The following biochemical investigations were carried out: Catalase, Oxidase,Citrate, Haemolysis, Mannitol Salt, MacConkey Lactose Fermentation, Methyl Red and Voges – Proskauer, Triple Sugar Iron agar, Starch Hydrolysis, Urease, Motility and Indole 






Antibiotic Susceptibility test
All the isolated organisms were tested for antibiotic susceptibility by Kirby-Baver disc diffusion method on Mueller-Hinton agar.  This was carried out by making an even spread of the pure isolates on prepared Muller-Hinton agar using sterile swab sticks and aseptic placement of the antibiotics’ discs using sterile forceps.  The plates were incubated aerobically at 370C for 18-24 hours after which the zones of inhibition were measured and interpreted according to Clinical and Laboratory Standards Institute.  Antibiotics used are: Ceftazidime (30g), Cefuroxime (30g), Gentamicin (10g), Cefixime (5g), Ofloxacin (5g), Augmentin (30g), Nitrofurantoin (300g), Ciprofloxacin (5g) for Gram negative isolates; while Gentamycin (10 µg), Ampicillin (30 µg), Cefuroxime (30 µg), Ciprofloxacin (10 µg), Streptomycin (30 µg), Amoxycillin-Clavulanic (30 µg), Vancomycin (5 µg), and Erythromycin (10 µg), for Gram positive isolates.










RESULTS
The 330 respondents were 5-73 (23.0±0.7) years old, with median and modal ages’ range of 11-20 years. There were 210 (62.6%) males and 120 (36.4%) females, with majority (67.9%) having formal education. Eighty-eight (30.4%) of them depended on the river as household’s source of water (Table 1).


	
Table 1 Socio-demographic characteristics of respondents in Ekiti state (n=330)
	Characteristics
	Frequency 
	Percentage (%) 

	
	
	

	Age (years)
	≤ 10
	54
	16.4

	
	11-20
	120
	36.4

	
	21-30
	71
	21.5

	
	31-40
	51
	15.5

	
	41-50
	20
	6.1

	
	>50
	14
	4.2

	Education
	No formal
	106
	32.1

	
	Primary 
	119
	36.1

	
	Secondary
	81
	24.5

	
	Tertiary
	24
	7.3

	Gender
	Male
	210
	63.6

	
	Female
	120
	36.4

	Marital 
	Single
	204
	61.8

	Status
	Married
	120
	36.4

	
	Divorced
	3
	0.9

	
	Widow(er)
	3
	0.9

	Occupation
	Skilled/Employed
	49
	14.8

	
	Farming 
	154
	46.7

	
	Fishing
	111
	33.6

	
	Schooling
	15
	4.5

	Duration of 
	<1
	15
	4.5

	Residency
	1-3
	98
	29.7

	Near river (yr)
	>3
	214
	64.8

	Household’s 
	Public water supply
	109
	32.8

	source of
	Boreholes
	24
	7.3

	Water
	Well
	100
	30.3

	
	Stream/River
	97
	29.4

	Reason for going 
	Domestic chores
	141
	42.7

	to river/stream
	Bathing
	126
	38.2

	
	Fishing 
	48
	14.5

	
	Others
	15
	4.5

	Frequency of 
	Everyday  
	108
	32.7

	coming in
	Weekly 
	186
	56.4

	contact with
	Monthly
	25
	7.6

	River/stream
	Occasionally 
	11
	3.3

	Season more 
	Dry season
	249
	75.5

	frequent to river
	Raining season
	81
	24.5
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Figure 1: Frequency of Schistosoma eggs detection in urine samples of subjects in riparian areas of Ekiti, Nigeria (red: sample population, blue: schistosomiasis positive)











Urine quality
Some of the respondents (17.78%) reported drops of blood towards the end of urination; 27.04% cramp in lower abdomen and 16.85% reported unusual urine odour. In addition, 19.81 and 25.23 % reported oliguria and albuminuria, respectively 
Urinalysis of the urine samples indicated proteinuria (62.78%), leukocyturia (34.44%), haematuria (16.11%), glucosuria (8.0%), nitrituria (26.85%), ketonuria (1.68%), bilirubinuria (2.22%), while 1.67%had abnormal urobilinogen, while 30.19%  of the urine were alkaline. (Table 4.5).Urine microscopy indicated presence of pus, yeast, epithelial cells, and crystals in 64.44, 5.19, 12.22 and 40.56 % respectively, with 6.66% of the urine having significant bacteriuria 

Relationship between prevalence of urinary schistosomiasis and sociodemographic indices of respondents The prevalence of schistosomiasis in Ekiti state showed significant association with education (p=0.024), with higher occurrence among individuals with no formal education. Occurrence of schistosomiasis was significantly associated with gender (male>female, p=0.022), household’s source of water (p<0.001) and frequency of coming in contact with river (p<0.001), 


Table 2: Relationship between prevalence of urinary schistosomiasis and socio-demographic indices of respondents 

	Characteristics
	Frequency 
	 Schistosomiasis
	Statistics
	

	
	
	Positive
	Chi-square
	P value

	Age (years)
	≤ 10
	54
	7 (13.0)
	6.366
	0.272

	
	11-20
	120
	12 (10.0)
	
	

	
	21-30
	71
	10 (14.1)
	
	

	
	31-40
	51
	10 (19.6)
	
	

	
	41-50
	20
	1 (5.0)
	
	

	
	>50
	14
	0 (0.0)
	
	

	Education
	No formal
	106
	21 (19.8)
	11.255
	0.024*

	
	Primary 
	119
	11 (9.2)
	
	

	
	Secondary
	81
	8 (9.9)
	
	

	
	Tertiary
	24
	0 (0.0)
	
	

	Gender
	Male
	210
	32 (15.2)
	5.267
	0.022*

	
	Female
	120
	8 (6.7)
	
	

	Marital 
	Single
	204
	21 (10.3)
	1.674
	0.196

	Status
	Married
	126
	19 (15.1)
	
	

	Occupation
	Skilled/Employed
	49
	3 (6.1)
	3.110
	0.683

	
	Farming 
	154
	18 (11.7)
	
	

	
	Fishing
	111
	16 (14.4)
	
	

	
	Schooling
	15
	2 (13.3)
	
	

	Duration of 
	<1
	15
	4 (26.7)
	3.288
	0.193

	Residency
	1-3
	98
	10 (10.2)
	
	

	Near river (yr)
	>3
	214
	26 (12.1)
	
	

	Household’s 
	Public water 
	97
	2 (2.1)
	36.851a
	<0.001*

	source of
	Boreholes
	21
	1 (4.8)
	
	

	Water
	Well
	90
	7 (7.8)
	
	

	
	Stream/River
	88
	26 (29.5)
	
	

	Reason for going 
	Domestic chores
	141
	25 (17.7)
	4.334
	0.228

	to river/stream
	Bathing
	126
	23 (18.3)
	
	

	
	Fishing 
	48
	17 (35.4)
	
	

	
	Others
	15
	4 (26.7)
	
	

	Frequency of 
	Everyday  
	108
	32 (29.6)
	57.043
	<0.001*

	coming in
	Weekly 
	186
	14 (7.5)
	
	

	contact with
	Monthly
	25
	14 (56.0)
	
	

	River/stream
	Occasionally 
	11
	2 (18.2)
	
	

	Season more 
	Dry season
	249
	54 (21.7)
	0.017
	0.897

	frequent to river
	Raining season
	81
	17 (21.0)
	
	


*Significant



Relationship between schistosomiasis and physical characteristics of urine
Prevalence of schistosomiasis in the states was significantly associated with blood drops towards end of urination (OR:90.667, CI:43.847-187.481, p<0.001), lower abdominal cramp (OR:31.611,CI:15.979-62.538, p<0.001), infrequent urination, oliguria (OR:20.322,  CI:11.536-35.799, p<0.001), cloudy urine, albuminuria (OR:20.211, CI:11.086-36.846, p<0.001) and unusual urine odour (OR:14.547, CI:8.422-25.124, p<0.001










Relationship between prevalence of urinary schistosomiasis and Urine Microscopy and Bacterial load
Urine microscopic investigation revealed significant association of urinary schistosomiasis with presence of pus cells (OR:8.372, CI:3.569-19.638, p<0.001), yeast (OR:2.942, CI:1.281-6.759, p=0.001) and crystals (OR=4.927, CI:2.909-8.345, p<0.001). No significant association was found between schistosomiasis prevalence and epithelial cells in urine 



















Table 3: Relationship between prevalence of urinary schistosomiasis and Urine Microscopy and Bacterial load 
	Characteristics
	
	Schistosoma eggs in urine
	Loglinear Model Selection
	Pearson        Chi-Square
	Mantel-Haenszel Common Odds Ratio Estimate

	
	Total
	 Negative
	Positive
	
	
	

	Bacterial 
	Insignificant
	228
	196(86.0)
	32(14.0)
	χ2 =0.252
	χ2 =0.271
	OR:1.413, CI:0.381-5.238

	Load
	Significant
	16
	13(81.3)
	3(18.7)
	P=0.615
	P=0.603
	P=0.605

	Pus
	Negative 
	192
	186(97.0)
	6(3.0)
	*χ2 =39.506
	*χ2 =32.260
	*OR:8.372, CI:3.569-19.638

	
	Positive 
	348
	274(78.7)
	74(21.3)
	P<0.001
	P<0.001
	P<0.001

	Yeast
	Negative 
	512
	441(86.1)
	71(13.9)
	*χ2 =5.671
	*χ2 =7.026
	*OR:2.942, CI:1.281-6.759

	
	Positive 
	28
	19(67.9)
	9(32.1)
	P=0.017
	P=0.008
	P=0.001

	Epithelial 
	Negative 
	474
	401(84.6)
	73(15.4)
	χ2 =0.779
	χ2 =0.807
	OR:0.687, CI:0.301-1.566

	Cells
	Positive 
	63
	56(88.9)
	7(11.1
	0.378
	P=0.369
	P=0.371

	Crystals 
	Negative 
	321
	299(93.1)
	22(6.9)
	*χ2 =39.692
	*χ2 =40.637
	*OR=4.927, CI:2.909-8.345

	
	Positive 
	218
	160(73.4)
	58(26)
	P<0.001
	P<0.001
	P<0.001


*Significant







Association of significant bacteriuria with socio-demographics
Bacteria were isolated from 90% of the urine of the subjects investigated. Significant bacteriuria (≥104 CFU/mL) was recorded in 16(6.56%) of the 244 urine samples investigated. Out of the 16 significant-bacteriuria positive samples only 3(18.75%) were observed to have Schistosomaeggs, while significant-bacteriuria was recorded in 3(8.57%) of the 35 schistosomiasis positive individuals. 
Bacteria were isolated from all the urine of the subjects investigated. Significant bacteriuria (≥104CFU/mL) was recorded in 16 (6.56%) of the 244 urine samples investigated, out of which 3 (18.75%) were positive for schistosomiasis. The urine samples with insignificant bacteriuria recorded low value of 14.0% schistosomiasis prevalence; however, this lower value obtained is not statistically significant.
The bacteriuria was found to be significantly associated with proteinuria (χ2=25.055, p<0.001; rs=0.138, 0.031) and leukocyturia (χ2=16.011, p<0.001; rs=0.157; p=0.038). However, bacteriuria was not found to be significantly associated with glucosuria, ketonuria, nitrituria, haematuria, bilirubinuria and urobilinogenuria, (Table 1). 











Table 4: Association of bacteriuria with characteristics of urine and its constituents
	Characteristics
	Pearson Chi-Square
	Spearman correlation

	Drops of blood following urination
	χ2=0.013; p=0.909
	rs=0.007;0.909

	Dysuria 
	χ2=1.638; p=0.201
	rs=0.082;1.279

	Polyuria
	χ2=2.838; p=0.092
	rs=0.108;0.093

	Frequency of urination 
	χ2=0.744; p=0.388
	rs=0.055;0.391

	Urine turbidity 
	χ2=0.198; p=0.657
	rs=-0.028;0.658

	Urine smell [odour]
	χ2=0.001; p=0.974
	rs=0.002;0.974

	Yeast
	χ2=0.003; p=0.959
	rs=-0.003;0.959

	Pus
	χ2=1.452; p=0.228
	rs=0.077;0230

	Crystals
	χ2=1.623; p=0.203
	rs=0.082;0.204

	Epithelial cells
	χ2=0.996; p=0.318
	rs=-0.064;0.320

	pH 
	χ2=3.193; p=0.203 
	rs=0.085;0.170

	Protein 
	χ2=25.055; p<0.001* 
	rs=0.138;0.031*

	Glucose 
	χ2=0.938; p=0.333
	rs=0.062;0.335

	Leukocytes 
	χ2=16.011; p<0.001*
	rs=0.157;0.038*

	Ketone 
	χ2=0.361; p=0.948
	rs=-0.039;0.655

	Nitrite 
	χ2=5.011; p=0.082
	rs=0.128;0.046*

	Blood 
	χ2=0.577; p=0.448
	rs=0.050;0.450

	Bilirubin
	χ2=0.214; p=0.898
	rs=-0.028;0.664

	Urobilinogen
	χ2=3.707; p=0.157
	rs=0.066;0.308


*Significant

Bacteria associated with schistosomiasis 
The isolated bacteria from Schistosoma-positive urine samples are presented. The Gram-negative bacteria isolated were Pseudomonas aeruginosa, Salmonella enterica serovarparatyphi, Citrobacter freundii, Enterobacter aerogenes, Morganella morgani, Proteus mirabilis, Escherichia coli and Neisseria species. The isolated Gram-positive bacteria isolated were Streptococcus pneumoniae, Corynebacterium xerosis, Bacillus cereus, Kurthia gibsoni, Enterococcus faecalis, Staphylococcus aureus, Streptococcusmitis and Staphylococcus saprophyticus. Staphylococcus aureus had the highest occurrence of 18.8%, followed by Corynebacterium xerosis (12.5%) and Pseudomonas aeruginosa (9.4%). 

Some of the isolates were characterized molecularly, e.g  Kurthia gibsonii, Enterococcus faecalis, Salmonella enterica subsp. enterica serovar Paratyphi B, Kurthia gibsonii and Bacillus cereus 
The Gram-negative bacterial isolates were highly susceptible to Gentamycin (100%), Tetracycline (85.7%) and Chloramphenicol (78.6%); with moderate susceptibility to ciprofloxacin (64.3%), Amoxicillin (50%) and Vancomycin (57.1%); low susceptibility to Meropenem (14.1%), Cefuroxime (14.3%), Ceftriaxone (14.3%) and Cefprozil (7.1%); but resistant to Cefotaxime (Fig. 4.7). The Gram-positive bacterial isolates, on the other hand, gave high susceptibility to Gentamycin (84.8%) and ciprofloxacin (76.1%); moderate susceptibility to Cotrimoxazole (58.7%), Tetracycline (47.8%) and Erythromycin (41.3%); low susceptibility to Chlorpromazine (15.2%), Cefuroxime (4.3%) and moxicillin/Clavulanic Acid (4.3%); with no susceptibility to Ampicillin (Fig. 4.8). The bacterial isolates were observed to show resistance to multiple antibiotics (3-7 drugs).




Figure 2: Frequency of bacteria isolation from Schistosoma positive urine samples










Figure 3: Antibiotic susceptibility pattern of Gram-negative bacterial isolates. 









Figure 4: Antibiotic susceptibility pattern of Gram-positive bacterial isolates.












DISCUSSION
Findings from the current study corroborate the fact that schistosomiasis, a neglected tropical disease (NTD), is posing a major threat to life in tropical and sub-tropical countries with the rising number of infections. Nigeria is regarded as the country with the highest schistosomiasis endemicity, with 101 million people at risk of infection and an estimated 29 million affected individuals (WHO, 2013). Urinary schistosomiasis is more widespread among riparian rural dwellers than among urban dwellers. Infection with Schistosoma haematobium has been a major cause of insidious, weakening parasitic disease of man and other mammals (You et al., 2018). The study conducted among riparian communities’ dwellers of Ekiti State has established the endemicity of Schistosoma haematobium infection in the riparian areas of the state. The overall prevalence of urinary schistosomiasis in the state was found to be 12.1%. The occurrence rate of urinary schistosomiasis in the study areas was high compared to 8.3% reported by Dawaki et al. (2016) in their study conducted in the northern part of the country. This could be attributed to lack of mass treatment with praziquantel, the drug of choice for schistosomiasis prior to the period of this study. The occurrence rate was however lower than 44.8% and 71.5% in Osun and Ogun States, respectively as reported by Oyeyemi et al., (2020). This may be related to a shift in people's attitudes toward health as a result of health education provided by Ministry of Health officials who are known to carry out the annual mass praziquantel administration.
The prevalence of schistosomiasis was seen to be surprisingly higher in the older age group compared to the younger age group as opposed to discoveries from previous studies where the infection rates were highest among the school aged children or adolescence as the case may be (Ugochukwu et al., 2013; Ossai et al., 2014), the reason given for this in some of those studies was the fact that children within the 11-14 years age bracket are generally described as restless, characterized with active water-related ventures like fishing, domestic chores of fetching water, washing of cloths, games like swimming and generally playing with the contaminated water. In fact, based on the higher infection rate reported among the school aged children the WHO’s recommendation is to use the prevalence of “school-aged children (SAC) to determine the frequency of chemotherapeutic treatment with Praziquantel (WHO, 2013).  In this current study, the age group had no significant association with the prevalence of the infection and the overall participants in age group 31-40 years old were found to have higher infection rate.  The high infection rate of schistosomiasis among this age group can be linked to their occupation, which may have necessitated their frequent contact with water. Stefano et al., (2018) stated that increased farming activities and fishing in an infected environment is capable of increasing the prevalence of schistosomiasis. Needful to note is the fact that the occurrence rate of the infection was found to be highest among those whose reason for going to the stream or river was for fishing (36%).  
Findings from this study showed that the prevalence of infection was significantly higher among male participants than females and this is consistent with previous reports in Nigeria (Dawaki et al., 2016). Likewise, this finding agrees with previous studies from South Darfur, Brazil, and Zanzibar (Gomes et al., 2010). By contrast, a significantly higher prevalence of schistosomiasis was reported among females in comparison to males in Ghana (Nkegbe, 2010). Another point that could have predisposed males to the infection more than females may be due to the fact that females are not allowed to swim or bathe in open water sources and also do not participate in fishing and irrigation activities. Moreover, males were more likely to be knowledgeable of the existence of an open water source in their area than females. 
Gender-biased parasitism is said to be a cumulative product of many factors, like ecological, behavioural or physiological differences between males and females. Male-biased parasitism has been reported among vertebrate animals, where basic anatomical differences could be the overriding factor. However, this is not universal (Fuxjager et al., 2011). Male contact with parasites is often more likely than females. Others have suggested physiological changes that follow the production of certain hormones from the body, with its attendant effects like testosterone, which is said to increase the susceptibility of the male fold to infection (Folstad and Karter, 1992). Also, gestational and breastfeeding females are described as immunosuppressed and therefore more susceptible to infection. Apart from reproductive status, host immunity may also vary seasonally in relation to stress and food availability. 

It is known that schistosomiasis can infect people when they interact with water. Schistosomiasis risk factors include direct contact with open freshwater bodies while bathing, swimming, or wading. The majority of the study participants had frequent contact with water as their major household source of water was either stream or river, and the prevalence of the infection was highest among those whose household source of water was stream or river compared to those whose source of water was public water supply, boreholes or water-well. 
The occurrence of schistosomiasis was not dependent on the season, though logically, riparian people tend to frequent rivers and streams more in dry season than in the rainy season. People may visit water more frequently as a result of water scarcity and the need to cool off from the intense heat produced during the day. Bulinus globosus, the snail host of S. haematobium, depends on the water's velocity since it sweeps the snails away at higher speeds, than at low speeds during the dry season, which may be the cause of the snail population growth and the prevalence of urinary schistosomiasis. The report of Pennance et al.,  (2020)  that Bulinus snails prefer slowly moving freshwater habitats and can endure low oxygen levels supports this assertion. Additionally, a flooded riverbank during the wet season can deter frequent trips to the streams and residents do not frequent the rivers during the wet season because they can fetch rainwater in their homes.

The bloody and cloudy appearance of the urine of those infected with schistosomiasis is indicative of the characteristic physical change in the appearance of the urine during the onset of the infection. Blood in urine is a characteristic sign of urogenital schistosomiasis in endemic communities where its prevalence correlated positively with urinary schistosomiasis. Likewise, Ochei and Kolhatkar (2007) stated that cloudiness in freshly voided urine is clinically significant as a sign of infection with schistosomes. The abnormal appearance was an indication that people who voided the urine samples could have diseased conditions. In agreement with the aforementioned points this study recorded a significant association between the infection and those who experienced blood drops after urination (OR:90.667, CI:43.847-187.481, p<0.001) and cloudiness (albuminuria) (OR:20.211, CI:11.086-36.846, p<0.001) of the urine of those infected. The signs and symptoms significantly associated with urinary schistosomiasis as observed in the present study include cramp in the lower abdomen (OR:31.611, CI:15.979-62.538, p<0.001) and oliguria (OR:20.322, CI:11.086-36.846, p<0.001). This finding agrees with a previous study by Bishop and Akoh, (2018). Moreso, the infection rate was significantly associated with infrequent urination (OR:14.547, CI:8.422-25.124, p<0.001), unusual urine odour (OR:14.547, CI:8.422-25.124, p<0.001). All these may be so because of the reflection of urinary tract infection symptoms. Abdominal discomfort, diarrhoea, and blood in the stool can be symptoms of intestinal schistosomiasis. In severe cases, liver enlargement is typical and frequently accompanied by fluid build-up in the peritoneal cavity and abdominal blood vessel hypertension. In such circumstances, the spleen may also expand. (WHO, 2022).

In this current study, urine microscopic investigation revealed a significant association of urinary schistosomiasis with the presence of pus cells (OR:8.372, CI:3.569-19.638, p<0.001), yeast (OR:2.942, CI:1.281-6.759, p<0.001) and crystals (OR:4.927, CI:2.909-8.345, p<0.001) to implicate urinary schistosomiasis as one of the causes of urinary tract infection. If not diagnose on time, it can have a devastating impact on the urinary tract which is often unacknowledged and unevaluated. This omission could have implications for progressive renal damage, which, if not detected and treated, could lead to end-stage renal failure and death 

This study showed that most of the urine from schistosomiasis-positive individuals carried a variety of bacteria. Significant bacteriuria (8.57 %) reported among schistosomiasis-positive individuals in this study was lower than values reported in earlier studies in other parts of Nigeria.
Most of the bacteria isolated in this study are commonly and frequently encountered in urine (Acharya et al., 2022). Kone et al., (2022) had earlier reported isolation of Enterobacter aerogenes, Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris, Pseudomonas aeruginosa, Serratia marcescens, Staphylococcus aureus and S. saprophyticus from the urine of Schistosomiasis-positive individuals. Hsiao et al. (2016) reported that individuals co-infected by both Schistosoma and Salmonella experienced reduced immunological functioning, exhibited irreversible organ damage due to prolonged schistosomiasis infection, and became latent carriers of Salmonella enterica serotypes Typhi and Paratyphi and S typhimurium. The sequestration of the bacteria in the parasite was said to lead to ineffective antibiotic treatment because the bacteria cannot be completely killed, and lingering infection may then lead to antimicrobial resistance. These manifestations were likely not just for those dually infected but also for those first infected with schistosomes and later Salmonella. Isolation of Salmonella enterica subsp. enterica serovar ParatyphiB from urine of Schistosomiasis-positive individuals was recorded in this current study among Schistosomiasis-positive individuals. 

However, the isolation of K. gibsonii among the studied subjects is of great concern. Kurthia is a gram-positive, non-spore forming, rod-like bacteria genus from the Planococcaceae family. K. gibsonii can spread from an animal to a human by bestial sexual intercourse, and the mucous membranes of the human genital tract can support bacterial survival. Direct contact of genital organs between humans and animals predisposes to mutual transmission of microbes being present either as members of the normal flora or pathogens (Kövesd et al., 2016). Kövesd and co-workers (2016) reported isolation of K. gibsonii from a male patient with recurring urethritis and balanitis after having repeated unprotected penetrative intercourse with female pigs. It is of note that many of the participants in present study are livestock farmers.
Majority of the bacterial isolates were resistant to multiple antibiotics. The issue of antibiotic resistance, particularly among members of the Gram- Enterobacteriaceae family, continues to pose a threat to public health. Attention should be drawn to the significant association between schistosomiasis on one hand and proteinuria and leukocyturia on the other. 
The antibiogram of the isolates indicated that all the gram-positive bacteria were resistant to Ampicillin and only as low as 4.3% susceptibility was recorded with the use of Cefuroxime and Amoxicillin-Clavulinate. On the other hand, all the gram-negative organisms were resistant to Cefotaxime while 100% susceptibility was recorded from the use of Gentamycin. In the current study Chloramphenicol, ciprofloxacin and Amoxicillin were highly susceptible in this current study.  
[bookmark: _GoBack]Conclusion and Recommendation
The study established that the prevalence of urinary schistosomiasis in the riparian communities of Ekiti State is relatively high and there is high incidence of antimicrobial resistance among the uropathogens associated with the cases of urinary schistosomiasis  
It is therefore recommended that schistosomiasis infected individuals with positive proteinuria and leukocyturia, should be considered for UTI and treated accordingly. Also, health educators and public policy-makers should regularly educate rural riparian dwellers about the health risks associated with frequenting of snail-infested freshwater bodies. School-age children and adults whose occupation requires frequent visits to the river should be routinely treated for schistosomiasis for free.
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