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HUMAN CONTAMINATION AND SCHISTOSOME INFECTION INTENSITY IN 1 

BULINID AND PLANORBID SNAIL VECTORS IN KADAWA IRRIGATION AREA, 2 

KANO STATE, NIGERIA 3 

 4 

ABSTRACT 5 

An Epidemiological Research was conducted to determine the magnitude of human 6 

contamination of irrigation canal perimeter as it relates to the prevalence and intensity of 7 

schistosome cercarial infection in snail vectors. The study area was categorized into Zone of 8 

Heavy Contamination (ZHC), Zone of Light Contamination (ZLC) and Zone of Free 9 

Contamination (ZFC) based on the density of faecal lumps observed along the canal perimeter 10 

using 1m2 quadrat sampling technique. Snail vectors of schistosomiasis were collected from 11 

these zones, identified and subjected to cercarial shedding between January and June, 2012. Of 12 

the 827 snails collected 28.54% shed schistosome cercariae. The breakdown of infection 13 

prevalence was 31.37%, 27.69% and 26.26% for ZHC, ZLC and ZFC respectively. Three snail 14 

species recovered in the study area, Bulinus globosus, B. rohlfsi and Biomphalaria pfeifferi had 15 

infection intensity of 8.6, 5.67 and 3.94 respectively, with total mean intensity of 4.67. A Chi-16 

squared analysis did not show any significant difference in infection prevalence in the three 17 

zones (χ2
cal. 0.025, χ2

2, 0.05 = 5.99). However, infection intensity was significantly different in the 18 

three zones and among the three snail species using analysis of variance (P<0.05). Thus, human 19 

environmental contamination with faeces and urine around irrigation canals remains the source 20 

of infection to snail vectors and then to humans. It is therefore presumed that contact control 21 

through avoidance of defaecation in the open and building of pit latrines near water contact 22 

points along irrigation canals will be an effective means of drawing a barrier to infection with 23 

schistosomes in epidemiological sense.       24 
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INTRODUCTION 27 

Human schistosomiasis is a water-based disease and one of the neglected tropical diseases that is 28 

more prevalent where there is high frequency of human contact with infested water. Water 29 

resource schemes for power generation and irrigation have resulted in the increase in the 30 

transmission and outbreaks of schistosomiasis in several African countries [1]. In sub-Saharan 31 

Africa schistosomiasis is widespread with foci of high prevalence and high morbidity found 32 

adjacent to rivers, lakes and irrigation schemes [2]. The disease epidemiology is attributable to 33 

water contact pattern, biology and distribution of the potential snail vectors and the local 34 

geographical, geological and climatic conditions [3, 4]. Contamination of surface waters or their 35 
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surrounding with faeces and urine containing schistosome eggs is essential for transmission of the 36 

parasite [4]. Humans become infected with schistosome following contact with contaminated 37 

water through various water contact activities [5]. A combination of environmental and 38 

anthropogenic parameters controls the distribution of schistosomes within a surface water 39 

network [6]. Heavy rains aid contamination by carrying the schistosome eggs to water bodies 40 

where they can successfully hatch into viable miracidia [7]. A wet climate is an important 41 

contributor to water contamination as seen in the decreased viability of S. mansoni eggs exposed 42 

to the sun within a few days after fecal deposition. The level of contamination is thus dependent 43 

on both direct factors such as defaecation patterns and indirect factors such as rain events, 44 

overflowing latrines, and level of community sanitation [7]. Faecal contamination of surface 45 

water with schistosome eggs occurs in rural endemic regions with low sanitation infrastructure 46 

[7,8]. The continuum of infection is linked to the continuous water contact activities and 47 

anthropogenic faecal and urine contamination, coupled with prevailing snail vector population 48 

[9]. The bulinid and planorbid snail vectors, implicated in the transmission of human 49 

schistosomiasis, have been reported in Kano State and many parts of Nigeria [10,11,12,13,14]. 50 

Human activity of gross contamination of the water body perimeter is a major factor for infection 51 

of the snails with human schistosome species. Even though snail infection rates may be low, the 52 

presence of infected snails portends potential transmission of schistosomiasis. However, marked 53 

seasonal fluctuation in snail infections may occur [14]. In the North-western parts of Nigeria, 54 

comprising Sokoto, Katsina and Kebbi States, there are about 16 large and many small-scale 55 

formal irrigation and many private ones. Here, the general prevalence of urinary schistosomiasis 56 

was shown to be 22.3% [15]. In Kano State, Nigeria, a considerable amount of water 57 

development projects has been carried out and more are being proposed which will enhance 58 

transmission [13]. In a prevalence study in Katsina State, Idris et al. [16] reported infection rates 59 
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of 12% and 3.3% for S. haematobium and S. mansoni among primary school pupils. Tukur and 60 

Galadima [17] reported a prevalence and intensity of S. haematobium infection of 50.9% and 61 

151.0 eggs/10ml urine respectively, in Bakolori irrigation project area of Zamfara State. They 62 

also found that persons aged 10-19 years had the highest prevalence rate of 70.3% and mean 63 

intensity of 324.33 eggs/10ml urine, while those aged 40 years and above had the least 64 

prevalence of 20.8%. Adamu et al. [18] reported 41% prevalence for urinary schistosomiasis in 65 

Wurno district of Sokoto State, with intensity of 310 eggs/10ml urine. However, low prevalence 66 

and intensity of 5% and 10 eggs/gm stools were recorded for intestinal schistosomiasis. In Kano 67 

and Bauchi States, where a number of irrigation schemes and other water projects have been 68 

executed and still more are expected, there was high rate of schistosomiasis recorded from these 69 

water projects [19]. Schistosoma haematobium infection prevalence rates in some parts of Kano 70 

State and its neighbours have been monitored. Umar [20] recorded as high as 28.4% prevalence 71 

rate for S. haematobium among pupils of 8-10 years in Kura Local Government Area of Kano 72 

State which is an area that is extensively irrigated as well as being very rich in ponds and rivers. 73 

Betterton et al. [10] showed the presence of S. haematobium among the 813 school children and 74 

adults from Tomas and Rimin Gado dam areas of Kano State, with prevalence of 26.6% and 75 

36.8% respectively. They observed that the prevalence and intensity of S. haematobium were low 76 

and similar in both study areas and no cases of S. mansoni infection were found. The study area is 77 

sandwiched between tow village communities, Dakasoye and Dorawar Sallau, with a reported 78 

overall prevalence of 32.8% and 16.8% for S. haematobium and S. mansoni infections 79 

respectively [14]. Ali and Ndams [14] further reported an association between infection 80 

prevalence and water contact activities in both communities. This research work reports an 81 

investigation on the magnitude of human environmental contamination and its epidemiological 82 

implication in relation to the prevalence and intensity of schistosome infections in snail vector 83 
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population in the study area, with a view to highlighting the role of defaecation in the open in 84 

maintaining schistosome infection in susceptible snail vectors.      85 

MATERIALS AND METHODS 86 

Study Area 87 

The study area is an irrigated area lying about 35km southwest of Kano City (Lat. 11°59'N, Long. 88 

8°30'E) on both sides of Kano-Zaria trunk road. The irrigation water is conveyed from Tiga Dam 89 

to the project site through an 18km-long main canal, which  splits  into East  and  West branches 90 

of canals  and  earthen  field  channels  from  where water  is  finally abstracted for crops 91 

irrigation  using  plastic  siphon  tubes. Canals are designed such that the west branch canal and 92 

the lateral canal are lined with the side slopes   kept at 1:1½ and maximum velocity of 1.8m/s 93 

while the earthen distributary canals have side slopes kept at 1:2, with a velocity below 0.3m/s to 94 

prevent erosion [21]. The study area is bordered by two villages, Dakasoye (Lat. 11°44'N, Long. 95 

8°25'E) and Dorawar Sallau (Lat. 11°39'N, Long. 8°23'E) within the Kano River Project Phase I 96 

(KRP I), which is one of the largest and successful irrigation projects in Nigeria. The study area 97 

comprised established communities with the irrigation agriculture-based economy and whose 98 

lives are directly or indirectly linked to the water that is constantly present in the irrigation canals.  99 

 100 
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101 
Figure 1: Map of the study area 102 

Study Design 103 
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The study area was categorized into three (3) zones: Zone of Heavy Contamination (ZHC), Zone 104 

of Light Contamination (ZLC) and Zone of Free Contamination (ZFC). The categorization was 105 

on the basis of the observed level of human faecal and urine contamination during pre-sampling 106 

visits to the study area, and the established presence of snail intermediate hosts in the water 107 

canals reported in previous studies [9,14]. The degree of contamination was determined by the 108 

density of faecal lumps in each zone, using 1m2 quadrat sampling technique. The quadrat was 109 

thrown three times at random, on each landing the area covered by it was observed. The number 110 

of visible faecal lumps within the quadrat was recorded and the average number of faecal lumps 111 

calculated as lumps/m2. Selection of contamination zones in the study area was made on the 112 

basis of faecal density as: ZHC (> 3 lumps/m2), ZLC (1-3 lumps/m2) and ZFC (<1 lump/m2). 113 

The distance between ZHC and ZFC was about 2.6km and that between ZFC and ZLC was 114 

roughly 1.2km. The distance between points of faecal contamination and the edge of the water 115 

canal was also determined using meter rule. The study area covers a distance of about 4km along 116 

the water canal and Kano-Zaria Trunk Road, with the direction of the water course from ZHC to 117 

ZFC to ZLC. The source of water in the irrigation canal was Tiga Dam. The topography of the 118 

three zones, in particular, the vegetation covers and the nature of gradient around the perimeter 119 

of the water canal, were also noted. All the three zones were measured approximately 8m by 120 

150m to obtain an approximate canal perimeter area of 1200m2 along the water canal. ZHC was 121 

located proximal to Kwanar Gafan seasonal Vegetable Market. The people attending the market 122 

come from various parts of Nigeria transacting in green vegetables which were harvested from 123 

the surrounding irrigation area; although majority were from the neighboring communities. ZLC 124 

is located near the town of Dakasoye, where it forms a partial open latrine to some members of 125 

the village community and visiting irrigation farmers, who do not have access to standard 126 

latrines during water exposure for occupational or recreational purposes. ZFC interspersed ZHC 127 
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and ZLC. Throughout the research period, rain boots, protective and disposable hand gloves, and 128 

nose cover, were worn during each sampling. 129 

Snail Collection and Identification   130 
 131 

         Collection of snails was done between January and June, 2012 directly from 3 or 4 points 132 

adjacent to the respective zones of contamination. The peak period of snail abundance and 133 

anthropogenic environmental contamination in the hot dry seasons as well as water contact 134 

activities reported earlier by [12] and [14], informed the decision of confining the study to six 135 

months. The snails were searched from aquatic substrata such as macrophytes, plant twigs, rock 136 

surfaces and floating objects and collected by hand picking with the aid of tea strainer from the 137 

three zones (ZHC, ZLC and ZFC), during the study period, taking into cognizance of the 138 

substrates to which the snails were attached. Protective hand gloves were worn during each 139 

sampling. The snails were then transferred to labeled plastic beakers containing the canal water 140 

and transported to the laboratory for identification and cercarial shedding. Identification of the 141 

snail was based on gross morphology of snail shells as in Brown [22].  142 

         Snail Cercarial Shedding and Counting 143 

         Snails were examined for schistosome infection by immersing each snail in 5ml of dechlorinated 144 

water in a Petri dish after exposure to light from a lamp-bulb for about 2-3 hours according to 145 

[11]. The cercariae observed in the water contained in each Petri dish were counted by adopting 146 

the method of [23] as follows. Water sample in each Petri dish was passed through 7cm Whatman 147 

No.1 filter paper in a Buchner funnel under partial vacuum. Dechlorinated water was used to 148 

rinse the Petri dishes to ensure washing out of all shed cercariae. Cercariae trapped on the filter 149 

paper were stained and immobilized with Lugol's Iodine and counted systematically under low 150 

power (×10 objective) of dissecting microscope. Only the heads of cercariae were counted since 151 
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tails may become detached during sample preparation [23].     152 

RESULTS 153 

Snail Vector Abundance and Temporal Distribution 154 

The results for the abundance and temporal distribution of snail vector species in the three zones 155 

of contamination have been presented in Figures 1 and 3. There was a monthly variation in snail 156 

abundance in the three zones of contamination. Snail count was generally low in the months of 157 

January and February, high between the months of March and May and highest in May in the 158 

zones of heavy and light contamination. However, snail count dropped in all the three zones in 159 

June, although the highest snail count was recorded in April in ZHC, during the research period. 160 

Only three species of snail intermediate hosts of human schistosomiasis were recovered in the 161 

study area; viz.: Biomphalaria pfeifferi, Bulinus globosus and B. rohlfsi, the former species being 162 

predominant in all the three zones. 163 

Snail Infection Prevalence and Intensity 164 

The prevalence of infection in the snail intermediate hosts was presented in Table 1and Figures 2 165 

and 4. The prevalence of schistosome cercarial infection in the snail vectors in the three zones 166 

was in the following order: ZHC, 31.37%; ZLC, 27.69% and ZFC, 26.26%, with overall infection 167 

prevalence of 28.54% in the study area (Table 1). Figure 2 showed that the rate of infection with 168 

schistosome cercariae followed a spatio-temporal pattern. Infection was highest in the month of 169 

May, followed by April and January. The ZHC has the highest infection prevalence in 5 out of 6 170 

months of the study. This is followed by ZFC and ZLC. All the three snail species were infected 171 

with schistosome cercariae (Figure 4). Infection prevalence was highest in Biomphalaria pfeifferi 172 

and lowest in Bulinus globosus. Infection in B. pfeifferi was highest in ZHC followed by ZFC. 173 

Conversely, in B. globosus, infection was highest in ZFC, followed by ZHC. The order of 174 

increasing infection prevalence in B. rohlfsi was: ZC, ZLC and ZHC. However, there was no 175 
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statistically significant difference in infection prevalence in the three zones (χ2 = 0.025). Tables 176 

2and 3 revealed the results of the mean intensity of schistosome cercarial infection in the snail 177 

species. The mean infection intensities for Bulinus globosus, B. rohlfsi and Biomphalaria pfeifferi 178 

were 8.6, 5.67 and 3.94, respectively; with total mean intensity of 4.67. Moreover, infection 179 

intensity was significantly different in the three zones and among the three snail species using 180 

analysis of variance at P<0.05 (Table 3). 181 
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Figure 1: Temporal distribution of snail vectors in the three zones  
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Figure 2: Relative number of infected snails in the three zones  
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Figure 3: Relative abundance of snail species in the three zones

Zone of Heavy Contamination

Zone of Light Contamination

Zone of Free Contamination



 

11 
 

 186 

 187 

Table 1: Schistosome Cercarial Infection Prevalence in Snail Vectors  188 

Zone of  
Contamination 

No. of Snail Vectors No. of Infected Snails % Infection Prevalence

ZHC 306 96 31.37 
ZLC 242 67 27.69 
ZFC 278 73 26.26 
Total 827 236 28.54 
 χ2= 0.025 189 
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 196 

Table 2: Mean Intensity of Schistosome Cercariae Infection 197 

 198 

 199 
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 202 
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 209 

Table 3: Analysis of Variance for Snail Cercarial Infection Intensity in the Three 210 

               Contamination Zones 211 
 212 

Source of Variation 
 

Degree of  
freedom 

Sum of 
Squares 

  Mean 
  Squares

Fcalculated 

Snail Species 2 33.65    16.83 13.304 S 
Zones of Contamination 2 28.94   14.47 11.439 S 
Error 4 5.06   1.265  
Total 8 67.65   
F0.05 (2, 4) = 6.94; S = Significant at 5% level of Statistical Significance 213 

DISCUSSION 214 

The temporal distribution and abundance of snail vectors of schistosomiasis show variation in 215 

the three contamination zones. This was similarly observed by [14] who inferred that variation in 216 

snail vector population in time and space was due to fluctuating seasonal temperature as water 217 

constancy in the canal has neutral influence on snail abundance throughout the study period. 218 

Moreover, the snail vectors were observed to be mainly spatially distributed in the littoral zone 219 

of the water canal where water flow velocity was lowest, usually attached to submerged and 220 

floating objects as is typical of periphytonic communities. There was no marked variation in 221 

species distribution in the three zones of contamination. However, Biomphalaria pfeifferi has far 222 

                                Snail Vector Species 

  
Zone of  
Contamination 

Bulinus globosus Bulinus rohlfsi Biomphalaria 
pfeifferi 

Mean 

     
ZHC 12.2 8.24 5.19 6.09 
ZLC 6.75 3.94 3.96 4.12 
ZFC 6.83 4.33 2.67 3.29 

     
Mean 8.6 5.67 3.94 4.67 
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outnumbered the other two species; Bulinus globosus and B. rohlfsi, recovered in the study area. 223 

The predominance of Biomphalaria pfeifferi in the study area was earlier reported by [14]. 224 

Although, the overall snail vector population was highest in ZHC and lowest in ZLC during the 225 

research survey. 226 

The observed anthropogenic faecal and urine contamination of the irrigation water canal 227 

perimeter has been documented by several researchers [13,14,25]. The lack of standard pit 228 

latrines in the study area was the major cause of human contamination activities around the water 229 

canal. The contribution of environmental contamination to the spread of schistosomiasis is 230 

immense epidemiologically since human urine and faecal matter are the sources of infection to 231 

snail vectors in which the juvenile stages of schistosomes perpetuate to release the human 232 

infective cercariae. This observation was in agreement with that of Akullian [7] who reported 233 

that the perpetual contamination of waterways with human waste, and subsequent exposure to 234 

contaminated water is essential for the parasite's continued asexual reproduction in the snail host 235 

and sexual reproduction within the mammalian host. Amadou et al. [24] and WHO [1] have 236 

linked schistosomiasis to very low standard of hygiene coupled with inadequate potable water 237 

supply that may lead to unprotected water contact activities. The prevalence of schistosome 238 

infection in the snail vectors is indicated by the mature patent infection by cercarial shedding 239 

which was 28.54% altogether. This finding was slightly higher than that of [14] who recorded an 240 

overall infection prevalence of 20.9% in the snail vectors. This may be attributed to small sample 241 

size in this research, and the varying environmental conditions which are never static. In 242 

addition, Li et al. [8] attributed schistosomiasis prevalence to levels of local surface water 243 

contamination contributed by sanitation levels and faecal contamination patterns in humans and 244 

domestic animals. They further observed that faecal contamination of surface water with 245 
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schistosome eggs occurs in rural endemic regions with low sanitation infrastructure. These 246 

findings were further corroborated by [7] who indicated that geographic distribution of 247 

schistosomes along waterways might have more to do with human behavior and the geographic 248 

extent of human travel than environmental factors alone. 249 

The significant difference in infection prevalence in the three zones observed in this study 250 

indicates the pivotal role of anthropogenic activity of faecal and urine contamination of the edges 251 

along water canals in the epidemiology of schistosomiasis; maintenance of infection in snail host 252 

reliant upon infected urine and faecal matter that slip into the canal. Similar findings have been 253 

reported by [14] who observed that human activity of grossly contaminating the canal periphery 254 

contributed to increased infection of snail vectors with human schistosome species. This 255 

promiscuous contamination is the sole source of human-to-snail transmission which has an 256 

attendant effect of maintaining schistosome infection in humans in the study area as a result of 257 

water contact with cercariae-infested water, hence, the endemicity of schistosomiasis in the study 258 

area, as reported by several researchers [9,13,14,20,25]. Moreover, Akullian [7] further observed 259 

that in many endemic areas humans contribute heavily to both the parasite's survival and the 260 

resulting burden of disease within the human population through continued faecal and urinary 261 

contamination of heavily used waterways. This study revealed a significant difference in 262 

infection intensity in the three zones and among the three snail species, namely Biomphalaria 263 

pfeifferi, Bulinus globosus and B. rohlfsi. The presence of infected snail vectors in the ZFC might 264 

be attributed to the influence of water currents in horizontal transportation of snail infective 265 

larval forms, miracidia, thereby seeding the near and distant snail colonies along the water 266 

course, as well as the greater chance of the surrounding contaminated soil to be blown into the 267 

water canal especially by the whirling wind during the hot dry season, precisely the months of 268 
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April and May, when water contact and contamination activities of the surrounding communities 269 

were highest, and when the water canal accommodates a higher population of the thriving 270 

susceptible snail vectors and at the advent of the rains due to a slight slanted topography of the 271 

water canal perimeter; a triple tragedy in epidemiological point of view. This finding thus, 272 

strengthens the epidemiologic importance of contamination activity in schistosomiasis 273 

transmission, in particular human-to-snail transmission. Moreover, the infectivity of the three 274 

snail vector species indicates their competence in hosting and nurturing the developing juveniles 275 

of schistosomes, with bulinid species surpassing in vectorial competence, therefore connoting a 276 

higher prevalence of urinary schistosomiasis in the study area, as reported by [9,13,20]. 277 

Recommendations 278 

For effective and lasting control of schistosomiasis, contact control strategies should be 279 

employed as a preventative tool drawing a barrier between human definitive host and 280 

schistosomiasis. Moreover, it is recommended based on the findings in this research that: 281 

i. Mass drug administration (MDA) of anti-schistosomal regimen, Praziquantel, 282 

following mass screening should be implemented once a year, targeting children of 283 

school age in all schistosomiasis-endemic areas with the intention of providing mass 284 

prevention. This exercise should be a sole responsibility of health department under 285 

state and local government authorities. However, the WHO [1] criterion for MDA is a 286 

primary school prevalence of ≥50% of infection. Moreover, the WHO Control 287 

Strategy for urinary schistosomiasis states that the major control plans of urinary 288 

schistosomiasis are provision of Praziquantel to primary school children, provision of 289 

safe tap water to the whole community and health education. 290 
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ii. Government should enact sanitation laws targeting schistosomiasis-endemic 291 

communities to include components as follows: banning any form of anthropogenic 292 

contamination of the environment around canal perimeters; building a reasonable 293 

number of public convenience in the irrigation area near water contact points along 294 

the canals by the local authorities; establishing community sanitation clubs (CSC) to 295 

curb any form of faecal and urine environmental contamination through vigilance and 296 

awareness campaign; inclusion of public health education in the curricula of primary 297 

and secondary schools which will lay emphasis on the health-risk associated with 298 

unprotected exposure to water that is laden with susceptible snail vectors. 299 

iii. Periodic community awareness campaign on the health-risk of unprotected water 300 

contact activities through community health and agricultural extension workers. 301 

The aforesaid recommendations, though not exhaustive, would proffer a tremendous 302 

impact in our dream of eradicating schistosomiasis, or at least halting the progression 303 

of its transmission in endemic areas. 304 

Conclusion 305 

The human ‘contaminatory’ behavior of the endemic communities around the study area and the 306 

lack of measures to improve sanitary conditions will continue to predispose the inhabitants to the 307 

risk of infection, and re-infection with schistosome parasites so long that the wet climate remains, 308 

as the irrigation scheme provides for subsistence agriculture and water contact for domestic 309 

purposes to the majority of the local populace, and so long that faecal and urine contamination of 310 

the canal perimeter continues, thereby seeding the surface water that harbors susceptible snail 311 

population. 312 

 313 
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