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Abstract 

Purpose: The present study was initiated to estimate 

the risk of Schistosoma haematobium expansion by 

assessing the susceptibility of Bulinus truncatus 

populations to Schistosoma haematobium. 

 

 

 

Methods: Bulinus truncatus snails were harvested 

from three Cameroonian localities (Loum, Mbafam, 

Kekem) and one situated in Burkina Faso 

(Yamtenga).  
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Once G1 samples constituted, they were divided into 

exposed and control groups and infested with two S. 

haematobium strains (Loum and Barombi-Kotto). The 

prepatent period, infection success rate and cercarial 

chronobiology were studied. Effects of S. 

haematobium infection on snail oviposition and 

mortality rates were also investigated. 

 

Results: Results showed that all Cameroonian 

Bulinus truncatus populations were susceptible to S. 

haematobium. Their infection success rates varied 

from 75.5% to 6.3% between sympatric and allopatric 

couples (p<0.05). The shortest prepatent period was 

found in an allopatric couple (26.90 days). The 

mortality rate varied among populations, it was 

different between exposed and control snail groups in 

Loum (p=0.001) while it was similar in Mbafam 

(p=0.423). 

 

Conclusion: Epidemiologically, these susceptible 

Bulinus populations could induce a reappearance 

and/or an increase of the urinary schistosomiasis 

prevalence in Cameroon. 

 

Keywords: Bulinus truncates; Schistosoma 

haematobium; Compatibility; Cameroon 

 

1. Introduction 

Schistosomiasis is the second most important parasitic 

disease after malaria in tropical and sub-tropical 

regions [1]. It is caused by a trematode worm of the 

genus Schistosoma. Eight species of schistosomes 

have anthropophilic affinity, among which 

Schistosoma haematobium, S. mansoni and S. 

guineensis are found in Cameroon [2-4]. These 

species are transmitted by seven (07) Intermediate 

snail host species, including Bulinus truncatus (B. 

truncatus) which is the main S. haematobium vector 

[2, 5, 6]. Bulinus truncatus is distributed throughout 

the country, and it is involved in the transmission of 

urinary schistosomiasis in several foci [2, 7, 8]. It has 

been described in the Littoral and Western regions 

along with the species B. globosus and B. forskalii 

[5]. 

 

In Littoral and Western regions of Cameroon, a 

decrease in schistosomiasis prevalence was observed 

in several transmission foci after implementation of 

the control program [9, 10]. Among these 

transmission foci, Loum, Kékem and Mbafam are 

hotspots where mass treatments with Praziquantel 

have reduced S. haematobium prevalence [10, 11]. 

Before starting mass drug treatments, the prevalence 

in Loum was 62.9% among school-age children [12]. 

A larger study in the Littoral showed further, a 

prevalence of 1.8% among school-age children [10]. 

In these regions, agriculture and market gardening are 

so prevalent that these localities are attractive for 

populations wishing to develop such activities. B. 

truncatus populations are ubiquitous in these areas 

where urinary schistosomiasis is present in isolated 

foci and where it seems to be controlled. An 

emergence of Schistosomiasis haematobium occurred 

in France on the island of Corsica [13] where B. 

truncatus snails were teemed. The parasite was a 

hybrid between human (S. haematobium) and 

livestock (S. bovis) parasites [14] originating from 

Senegal [15]. Indeed, the presence of snails and 

human migration may constitute a risk for the spread 

of schistosomiasis [16]. 
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It then appears important to know the susceptibility of 

B. truncatus hosts to allopatric parasite strains in a 

context where the rate of human migration had raised 

in Cameroon especially due to localized armed 

conflicts and developmental project implementation. 

The study of snails/schistosome compatibility has 

shown varying degrees of susceptibility of B. 

truncatus to S. haematobium infection depending on 

the origin of the parasite [2, 17, 18]. This 

susceptibility of Bulinus sp. to S. haematobium has 

consequences on snail biology [19, 20]. Thus, infested 

snails may experience a decrease in fecundity up to 

and including parasitic castration, disrupted growth 

and increased mortality [21, 22]. The present study 

aimed to determine the susceptibility of some Bulinus 

truncatus populations to S. haematobium and the 

infection effect on their survival and reproduction. 

 

2. Materials and Methods 

2.1 Snail harvesting and rearing 

Snails were collected using a stainless steel sieve 

mounted on a 1.5 m wooden handle to comb aquatic 

vegetation, or by hand-picking from the mud [4]. 

They were found in Loum (4°42'58'' N; 9°44'11" E) 

(Littoral region, Cameroon); in Kékem (5°09'47'' N, 

10°0'37'' E) and Mbafam (5°7'7'' N 10°1'25'' O) (West 

region, Cameroon) and in Yamtenga (12°20’39.984’’ 

N 1°27’012’’ O) (Centre region, Burkina Faso). All 

the snails collected were brought alive to the snail 

rearing room of the Faculty of Science at Yaoundé 1 

University, and maintained at 26 ± 1 °C throughout 

the experiment, under a 12 L/12 D photoperiod. They 

were identified based on their shell morphology using 

[23] and [24] identification criteria and fed ad libitum 

with dried lettuce. Water and lettuce were changed 

every day in very young snails rearing boxes, and 

every two days in those with juveniles and adults. 

Small floating pieces of polystyrene were introduced 

in these rearing boxes for egg capsules laying. For 

each sample, 20 wild parents (G0) were isolated, two 

egg capsules were taken per parent and placed in 

separate boxes for incubation and hatching. One week 

after hatching, five offspring of each G0 parent were 

taken at random to constitute a sample of about 100 

G1 juveniles per population. These G1 juveniles were 

placed individually in 125 ml boxes and fed with 

dried lettuce. For each snail sample, G1 juveniles were 

divided into two groups, one to be exposed to the 

parasite, and the other as control. 

 

2.2 Urine sample collection and parasite eggs 

acquisition 

A parasitological survey was performed in Loum 

(4°42'58'' N, 9°44'11" E) and Barombi-Kotto (4°28'4" 

N and 9°15'2" E), a village located in the South West 

Cameroon region. Urine samples were collected from 

children aged between 5 and 15 in primary schools. 

Each child received a sterile urine collection container 

to be filled with urine, and these urine pots were 

placed in a cooler before being transported to the 

laboratory. Once in the laboratory, they were analyzed 

according to the protocol used by [2]. Positive urine 

samples were used for parasite acquisition. Eggs were 

obtained after a serie of washing and sedimentation of 

urine using saline solution, then spring water. Isolated 

eggs hatched under the action of both osmotic and 

thermal shocks. 

 

Indeed, the pellet obtained after sedimentation was 

exposed to an artificial source of light for 30 min. 

After hatching, these eggs released miracidia 

necessary for juvenile snail infection. 
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2.3 Snail infection and follow-up of compatibility 

metrics 

Snails to be exposed (2–4 mm) were placed 

individually in the well of a microtiter plate 

containing spring water. Under a binocular dissecting 

microscope, 5 miracidia were collected using a 

micropipette and transferred to each well. After five 

hours, each potentially infected snail was returned to 

its rearing box. Between 24 and 60 days post-

infection, infected snails were followed up daily for 

cercarial shedding. Snails were individually placed in 

petri-dishes containing spring water and exposed to an 

artificial source of light (60 watt lamp) for 1 hour. 

This exposure water was then observed under a 

binocular magnifying glass. The prepatent period 

(duration of the larval development up to the first 

cercarial shedding) and the number of snails surviving 

at day 60 post-infection were recorded. The infection 

rate of each population was calculated using the 

formula proposed by Tian-Bi [16]. 

 

2.4 Chronobiology of the cercarial emission 

For the study of this parameter, ten positive snails, 

having emitted cercariae, from Loum and Mbafam 

and eight from Kekem were used. The rate of 

cercarial emission was determined every hour using a 

protocol based on the combined methods of [18] and 

[25]. Snails were individually placed in pots 

containing 5 ml of spring water and kept from 7 am to 

6 pm under light source. After each hour, snails were 

transferred to new pots and the water containing 

cercariae was spilled in a gridded cup where cercariae 

were counted using a binocular magnifying glass. 

 

2.5 Influence of Schistosoma haematobium 

infection on Bulinus truncatus reproduction 

For each population two groups of juveniles were 

constituted; one group made of S. haematobium 

exposed individuals and the other made of healthy 

individuals. For each snail and in each group, the age 

at sexual maturity (age at first egg-laying) was 

recorded, and the number of egg capsules, as well as 

eggs laid over 30 days, were counted twice a week 

using a binocular magnifying glass. 

 

2.6 Statistical analysis 

Data were entered, processed in Excel 2010 and 

analyzed with SPSS 20.0 (IBM version 20.0). The 

success infection rate and the mortality rate were 

calculated with 95% confidence intervals. The Chi-

square test was used to compare the relationships 

between infection success rates, mortality rates and 

snail survival rates. Non-parametric tests (Mann-

Whitney and Kruskal-Wallis tests) were carried out to 

compare the mean prepatent period, age at 

oviposition, number of clutches and number of eggs 

laid by exposed and control snails. The significance 

level was set at 5%. 

 

3. Results 

3.1 Susceptibility of three B. truncatus populations 

with Loum strain of Schistosoma haematobium 

The results of susceptibility of B. truncatus from 

Loum, Mbafam and Kekem to Schistosoma 

haematobium of Loum are presented in Table 1. The 

success infection rates varied significatively between 

exposed samples. The highest rate was observed in 

the allopatric snail population of Mbafam (75.5%, CI 

95%: 62.4% – 85.1%). The sympatric snails of Loum 

displayed a moderate infection success rate (39.1%, 

CI 95%: 30.5%– 48.4%) higher than in Kékem 

allopatric snails (12.1%) with the differences being 
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statistically significant (p<0.0001). Regarding the 

prepatent period, our results showed that cercarial 

shedding started between the 26
th

 and 30
th

 day post-

infection. The prepatent period is longer in the 

sympatric population than in the allopatric population 

of Mbafam (p < 0.0001). 

 

Infestation parameters Snail samples 

 Kekem Loum Mbafam 

No. exposed snails 66 110 53 

No. infested snails 8 43 40 

Infection success rate  

( with 95% CI)  

12.1% (6.3 %- 22.1%) 39.1% (30.5 %– 48.4%) 75.5%* (62.4 %– 85.1%) 

Mean prepatent period (days: m±se) 30±0.0 28.47 ± 0.146 26.9 ± 0.277* 

No: Number of; * p<0.05; 95% CI: Confidence interval at 95%; m±se: mean (m) and standard error (se) 

Table 1: Susceptibility of Bulinus truncatus from Kekem, Mbafam and Loum to Schistosoma haematobium of 

Loum. 

3.2 Susceptibility of Bulinus truncatus from Kekem 

and Yamtenga (Burkina Faso) to Schistosoma 

haematobium of Barombi-Kotto 

The results of the snail exposition to Barombi-Kotto 

parasite strain are presented in Table 2. This second 

experimentation was made for comparison purpose. 

Infection success rates of exposed samples were very 

low but significantly (p = 0.0059) higher for kekem 

snails (6.3 %) than for Yamtenga snails (0.64%). 

Post-exposed mortality rate was significantly (p = 

0.00243) higher for Kekem than for Yamtenga snails.

 

Experimental parameters B. truncatus  populations P value 

 Kekem Ouagadougou  

No. of snails 158 157  

No. of infected snails 10 1  

Infection success rate  

( 95% CI) 

6.3% (3.5% - 11.26%) 0.64% (0.1% - 3.5%) 0.0059 

Prepatent period 30 ±0.00 30±0.00  

No. of snails dead 108 88  

Mortality rate ( 95% CI) 68.4% (60.7% – 75.1%) 56.1 (48.2% - 63.6%)* 0.00243 

*: p ˂0.05; 95% CI: Confidence interval at 95% 

 

Table 2: Kekem and Yamtenga Bulinus truncatus susceptibilty to Schistosoma haematobium of Barombi-Kotto. 

 

 

 



 

J Environ Sci Public Health 2022;6 (2):243-256          DOI: 10.26502/jesph.96120170 

 

 

Journal of Environmental Science and Public Health    248 

 

 

  

3.3 Cercarial emission chronobiology 

Cercarial emission peaks were observed between 8 

am and 11 am in different B. truncatus populations 

(Figure 1). In sympatric snails, the first peak was 

observed between 8-9 am and the second peak 

between 10-11 am. The emission peak in Kékem B. 

truncatus population was observed between 10 and 11 

am while in Mbafam snails, it happened between 09-

10 am. Additionally, the peak of Kékem was the 

highest with 4972 cercariae emitted, followed by 

Mbafam with 3207 cercariae and finally Loum with 

2094 cercariae between 8 am and 11 am. 

 

 
 

Figure 1: Chronobiology of Schistosoma haematobium cercariae in infested B.truncatus individuals. 

3.4 Influence of infection on reproduction and 

survival of Bulinus truncatus 

Table 3 shows the number of egg capsules and egg 

embryos laid by snails in each population. In the 

sympatric population of Loum, the number of egg 

capsules and egg embryos laid by control individuals 

were respectively similar to those laid by exposed 

individuals (p = 0.573; p = 0.622 ). In the allopatric 

population of Mbafam however, control individuals 

laid respectively more egg capsules and egg embryos 

than exposed snails (p ≤0.001). The age of first egg-

laying was similar between control and exposed snails 

from Loum (p = 0.072). On the other hand, it was 

higher for control than for exposed snails from 

Mbafam (p = 0.001). Analyses showed that the 

oviposition period was longer in exposed than in 

control snails from the sympatric population of Loum 

(p < 0.0001). In comparison, the oviposition period 

did not differ significantly (p = 0.552) between 

exposed and control snails in Mbafam. 
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Experimental variables Exposed and control snail groups 

 Loum Mbafam 

 Exposed Control P Exposed Control p 

No. snails  110 100  53 53  

No. egg-laying snails  32 37  41 25  

(%) 29.09 33.6 0.862 77.3 47.1 0.12 

No. egg capsules (m±se)
 

3.08±0.783 1.87±0.581 0.573 4.51±1.22 11.09±1.705 0.0001 

No. egg embryos (m±se) 5.90±1.745 3.60±1.315 0.622 10.2±3.069 22.15±3.581 0.0001 

Laying period (m±se) (days)  44.2±0.999 36.2±1.246 0.0001 38.9±0.968 37.6±1.211 0.552 

Age at first egg-laying (m±se)  

(days) 

49.7±0.844 55.6±2.034 0.072 45.5±0.719 49.6±0.934 0.001 

 

No.: Number of; %: percentage;  (m±se) : mean (m) and standard error 

 

Table 3: Reproduction of Bulinus truncatus snails according to their infested status. 

 

Experimental variables Exposed and control snail groups 

Loum Mbafam 

 Exposed Control Exposed Control 

No. of snails 110 100 53 53 

No. of snails dead before cercarial shedding 4 0 1 0 

Mortality rate before cercarial release (%) 3,6% (CI :1.4% - 

- 9% 

0% (CI : 0% – 

3.7%) 

1,9% (CI : 0.3% - 

9.9%) 

0% (CI : 0% - 

6.7%) 

No. of snails dead during experiment 61 78 18 22 

Mortality rate at the end of the experiment 

(CI 95% )
 

55.5% (46.1% - 

64.4%) 

78% (68.9% - 

85%) 

34% (CI : 22.7% - 

47.4%) 

41.5% (29.2% - 

45.9%) 

 Test p = 0.001 p = 0.423 

No. of snails alive at the end of the 

experiment 

49 22 35 31 

Survival rate (CI 95% ) 44.5% (CI : 35.6% - 

53.8%) 

22% (CI : 15% - 

31.1%) 

66% (CI : 52.6% - 

77.3%) 

58.5% (CI : 45.1% 

- 70.7%) 

Test p < 0.0001 p = 0.423 

Mean survival time (days) (m±es)  51.6 ± 1.04 43.4 ±1.30 55.9 ±1.3 54.62 ±0.67 

Test p < 0.0001 p = 0.523 

95% CI: Confidence interval at 95%; (m±es): mean (m) and standard error (es) 

 

Table 4: Evolution of post infestation survival of Loum and Mbafam snails. 
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3.5 Survival of Bulinus truncates snails from 

Mbafam and Loum 

Survival rates in allopatric and sympatric populations 

are displayed in Table 4. These survival rates 

significantly differed between control and exposed 

snails from Loum (p < 0.0001) while they were 

almost similar between control and exposed snails 

from Mbafam (p = 0.423). Mortality at the end of the 

study was significantly higher in control than in 

exposed snails in Loum (p = 0.001), whereas it was 

almost similar between exposed and control snails 

from Mbafam (p = 0.423). 

 

4. Discussion 

All B. truncatus populations from Loum, Kekem and 

Mbafam were susceptible to Loum strain of S. 

haematobium whereas snails from Yamtenga and 

Kekem were rather resistant to Barombi-Kotto strain 

of S. haematobium. Infection success rates varied 

among snail populations. In the present study, the 

highest success rate was found in the allopatric pair 

(Loum parasite/Mbafam snails). Our results are 

different from those commonly found in the literature 

according to which the highest infection success rates 

are often observed in sympatric pairs [2, 16, 26, 27], 

the main explanation being a better adaptation of S. 

haematobium to its local intermediate host [28]. 

 

But this hypothesis is questioned by other results [26 

29, 30]. Indeed, [29] found that the susceptibility rate 

of Bulinus truncatus from Saudi Arabia was higher 

than those from Egypt exposed to a strain of S. 

haematobium from Egypt. Further, after conducting a 

meta-analysis on the compatibility of S. mansoni with 

Biomphalaria alexandrina in Egypt, [30] revealed no 

evidence of local adaptation for the sympatric parasite 

which is in line with our results. Finally, 

schistosome/snail compatibility may not only depend 

on the level of parasite adaptation to its host, but also 

to the host genetic susceptibility that may vary among 

snail populations. In this study, Mbafam snails 

appeared more susceptible to schistosome than Loum 

and Kekem snails. This result underlined the risk of 

expansion of urinary schistosomiasis in Mbafam 

knowing that human migrations are high between 

regions. The sympatric pair had the second-highest 

level of infection success rate. This help to understand 

the persistence of urinary schistosomiasis in Loum 

and confirm previous studies that have pointed B. 

truncates as the major intermediate host of S. 

haematobium in this locality [7, 31]. The allopatric 

population of Kékem had the lowest infection success 

rate. This snail population appears to be more adapted 

to S. haematobium from the same locality, as 

suggested by [2] after observing a very high infection 

success rate for Kekem sympatric pair. This 

observation is confirmed by the lowest infection 

success rate obtained in Kekem snails infected with 

the Barombi-Kotto parasite strain. The geographic 

distance between Barombi-Kotto parasite strain 

(Central Africa) and Yamtenga snails (West Africa) 

could account for their poor adaptation.The rate at 

which cercariae are released is linked to both genetic 

factors of the parasite, behaviour of the definitive 

hosts [32, 33] and environment of the snail host [34]. 

In line with these thoughts, our results on cercarial 

chronobiology of S. haematobium from Loum showed 

all cercarial peaks situated in the morning between 8 

am and 11 am. 
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The different peak slice of hours observed between B. 

truncatus populations could reflect genetic differences 

among these populations. Cercarial emission peaks 

are adapted to the behaviour of the definitive host in 

order to increase the chance of infection of this 

definitive host and to allow the continuation of the 

parasite cycle [25, 35, 36, 37]. Thus, schistosomes 

infesting humans have diurnal cercarial emission 

peaks whereas schistosomes infesting antelopes and 

rodents displayed nightly cercariae emission 

concurring with the periods when these animals 

frequent aquatic environments [25]. Results obtained 

in other studies [37, 38, 39] on S. haematobium and S. 

mansoni [40] shows cercarial emission peaks located 

between 11 am and 3 pm. Our results could be 

explained by differences in applied protocols to 

stimulate cercarial emission [41, 42], or in the 

probably genetic differences between S. haematobium 

strains studied. 

 

The influence of S. haematobium on B. truncatus 

reproduction was determined by assessing the number 

of egg capsules and egg embryos laid, the age at 

sexual maturity, the duration of the egg-laying period 

and the survival period of snail populations. Egg-

laying was observed in all exposed and control B. 

truncatus individuals showing that infection with S. 

haematobium from Loum, though altering host 

fecundity does not forestall its reproduction. The 

results are comparable to those of [43] who found that 

B. truncatus was not castrated when exposed to S. 

haematobium from Barombi-Kotto. In opposition to 

our results, [38] observed a castration of infected B. 

truncatus, with a total cessation of oviposition. Our 

results suggest a good adaptation of Loum strain to 

these snail populations and a risk of expansion of 

schistosomiasis in localities where these snail 

populations are present. Several studies revealed that 

infection of B. globosus by S. haematobium reduces 

its oviposition [19, 44]. During our study, this 

observation was verified in the B. truncatus 

population of Mbafam where the number of eggs and 

egg embryos laid were higher in the controls than in 

the exposed snails. In addition, infection seems to 

induce early reproduction in B. truncatus from 

Mbafam since the age of sexual maturity is lower in 

exposed than in control snails. 

 

The mortality rate is a very difficult parameter to 

analyze [8]. It could be related to the pathogenicity of 

parasites [8, 44, 45], to the intrinsic conditions of 

snails or to experimental conditions [2]. In the present 

study, the mortality rate was similar in exposed and 

control snails in the Mbanfam population. In contrast, 

in the sympatric population from Loum, mortality was 

higher in the controls than in the exposed snails. This 

latter result suggests that the parasite is not associated 

with the mortality of Loum snails. The lesser 

adaptation of this Loum population to the laboratory 

conditions could account for this higher mortality. In 

fact, this population was collected in the Littoral 

region where temperature is higher than in our snail 

rearing room. The variability observed in mortality 

rates between different populations at the end of the 

experiment could also reflect genetic differences 

between these snail populations, implying different 

individual fitness. 

 

This compatibility study between B. truncatus and S. 

haematobium is in line with the 5
th

 WHO guideline 

for the elimination of schistosomiasis which promote 

snail surveillance [46]. It delivers probant data of 
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schistosomiasis threat in studied localities. It can be 

used to reinforce sensitization of community and their 

commitment in schistosomiasis control; especially 

through behavioural change and snail control 

interventions. 

 

5. Conclusions 

The results obtained during the present study showed 

that despite their geographical distribution, the 

different populations of Bulinus truncatus are all 

compatible with Loum strain of S. haematobium. 

They showed a better adaptation of Loum S. 

haematobium to Bulinus truncatus of Mbafam 

through a higher infection rate and a shorter prepatent 

period. This snail population remains thus a potential 

host for the expansion and re-emergence of urinary 

schistosomiasis in this locality. Infection did not 

substantially affect the reproduction of B. truncatus 

populations confirming the compatibility of Loum S. 

haematobium to these snail host populations. 
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