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Abstract

A study was conducted to assess the infectivity and transmission potential of freshwater snail
intermediate hosts at Lake Njoboliyo, Adamawa State, Nigeria. Snail samples were collected monthly
from November 2023 to March 2024 using a scoop net with a 2 cm mesh size, supplemented by
handpicking. In total, 1,602 freshwater snails were collected and identified to species level based on their
morphological characteristics using standard identification keys. The snail species observed were:
Melanoides tuberculata (490, 30.6%), Bellamya unicolor (387, 24.2%), Pila ovata (328, 20.5%),
Lanistes ovum (288, 17.9%), Lymnaea natalensis (74, 4.6%), Bulinus globosus (19, 1.2%), Cleopatra
bulimoides (10, 0.6 %), and Bulinus truncatus (6, 0.4%). The snails were screened for natural infections
by exposing them individually to sunlight for two hours in pre-labeled shedding vials containing 10
mL of filtered water from their collection site. The results showed that Lanistes ovum and Pila ovata
were the only snail species naturally infected, though, of non-human schistosomes. No cercariae were
shed by Bulinus globosus, B. truncatus, Lymnaea natalensis, or other species. There was no significant
difference in infection rates between the infected snails (p > 0.05). The overall infection rate at Lake
Njoboliyo was 2.75 %, with Lanistes ovum and Pila ovata showing infection rates of 10.70% and 3.96%,
respectively. The highest infection rate was observed in December, at 3.87%, coinciding with the highest
transmission potential of 32.91%. No significant difference in infection rates was found across the
sampling months (p > 0.05). However, Bulinus species showed 0.00% infection and transmission
potential, as did other snail species. These findings highlight the importance of implementing targeted
interventions during specific months to control snail-borne diseases at Lake Njoboliyo. An effective
snail control program and public awareness efforts about the role of snails in disease transmission are
strongly recommended.
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INTRODUCTION

Schistosomiasis, also known as bilharzia, snail fever, or katayama fever, is a neglected tropical
disease primarily transmitted by freshwater snails (CDC, 2013; Usman et al., 2017). It is
particularly prevalent and severe in Africa, especially in sub-Saharan Africa, due to favorable
climatic conditions and socio-economic factors in the region (Tamirat et al., 2022). The disease
affects nearly 210 million people globally, with annual deaths estimated between 12,000 and
200,000 (Lozano et al., 2012; Thetiot-Laurent et al., 2013; Fenwick, 2012). Schistosomiasis is
caused by blood fluke parasites of the Schistosoma genus, including S. haematobium, S. mansoni,
and S. intercalatum, which are the primary species infecting humans in Nigeria (Dida et al.,
2014; Singh et al., 2016). Prevalence rates for the disease range from 14.2% to 91.4% in different
regions (Nagi et al., 2014; Singh et al., 2016; Abdulkadir et al., 2017).

The disease manifests with symptoms such as bloody urine, bladder lesions, kidney failure,
bladder cancer, splenomegaly, persistent diarrhea, pain, stunted growth, delayed sexual
maturity, and chronic dermatitis (Norberg, 2004). Schistosomiasis has severe consequences
for school-aged children, as it often prevents them from attending school, hindering their
academic progress and future opportunities. There are two main types of schistosomiasis:
urogenital schistosomiasis, caused by S. haematobium, and intestinal schistosomiasis, caused
by S. mansoni and S. japonicum (Colley et al., 2014).

Various species of freshwater snails act as intermediate hosts for the Schistosoma larvae
(cercariae), which are responsible for transmitting disease (Devkota et al., 2011). In most cases,
the cercaria is the infective form, though in some species, it is the metacercaria (Otubanjo,
2013). Freshwater snails belong to the class Gastropoda, including the subclasses
Prosobranchia, Opisthobranchia, and Pulmonata (Strong et al., 2007). These snails play an
important ecological role in many ecosystems and are part of the food chain (Dogara et al.,
2022). Approximately 5,000 species of snails exist worldwide (Soldanova et al., 2013), many of
which are associated with water bodies and play a significant role in public health (Ntonifor
and Ajayi, 2007; Dida et al., 2014; Dogara et al., 2022). The presence of certain snail species in
an area can indicate the risk of specific trematode infections (Choubissa, 2010). Some countries
monitor freshwater snail species to predict the spread of trematodiasis and implement
preventive measures accordingly (Choubissa, 2008). The prevalence and severity of trematode
infections depend on the number of snails in the environment and how many are infected
(Fatima et al., 2018).

In Chitwan district, central Nepal, a total of 1,448 individuals of nine freshwater snail species
where screened for shedding cercariae. A total of 4.3% where found infected with trematode
cercariae (Ramesh ef al., 2011). A total of 23,823 freshwater snails were collected from six
freshwater bodies including Bagoma dam, Gimbawa dam, Kangimi dam, Kubacha dam,
Manchok water intake and Saminaka water intake in Kaduna State. Out of the total freshwater
snails collected, 10.55% released one or more types of cercariae (Fatima et al., 2018). In another
study to determine the diversity of fresh water snail fauna in Kiri dam, Adamawa State, North
Eastern Nigeria, a total of 6,720 freshwater snails were collected of which 12.0% out of the 11
snail species encountered were found to harbours trematode cercariae (Sanu et al., 2020).
Currently, there is limited information on the infectivity status and cercarial transmission
potential of freshwater snails at Lake Njoboliyo, Adamawa State, Nigeria. This study aims to
gather such data to guide any future interventions that may be needed.
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MATERIALS AND METHODS

Description of Study Area

Njoboliyo Lake lies within the Latitude 9.12 to 16.51°N and Longitude 12.28 to 12.43°E on the
Eastern part of Yola South L. G. A. The major ethnic groups of this area are Bwatiye, Fulbe,
Mbula and few migrant fishers that comprises of Hausa and Jukun/Agatu. Some of those
migrant fishers have over the years become indigene to those areas (Ladu and Neiland, 1997).
Lake Njoboliyo is a wet flooded plain found adjacent River Benue having its course from River
Nafari and Chigari as inlets and empties into the River Benue. The lake is perennial. The
characteristic formation of the lake is due to the fact that as river Benue, Chigari and Nafari
take their courses from the Mandara highlands on entering Nigeria they meet a flat plain
basin, which at peak rainfall from July to September they meanders along their ways with
continues deposition of alluvial’s and sands, leading to formation of many oxbow lakes within
the geographical location of the Benue (Amos and Linus, 2017).
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Figurel: Map of Adamawa State, showing Lake Njoboliyo
(Adopted from Amos and Linus, 2017).
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Snail sampling and identification

Snail sampling was conducted using the scoop net and hand picking technique while wearing
hand gloves as described by Ikpeze and Obikwelu (2016), in the morning hours between 8am-
10am. This was done monthly from November, 2023 to March, 2024, where snails collected
were kept in a labelled wide mouth plastic container with perforated lid and half-filled with
water and aquatic vegetation from the same sampling area. They were transported to the
laboratory of the Department of Zoology, Modibbo Adama University, Yola for sorting,
counting, identification and possible natural infection.

Snail identification

The snails captured were identified based on their morphological characteristics such as shell
shape, shell size, position of aperture, number of whorls, color and banding pattern of the
shell with reference to standard identification keys of Brown (1994). Afterwards, the identified
snails were captured using an Android phone’s camera and were kept at dark for 48 hours
after which, they were used for cercariae shedding experiment.

Infectivity Status

The infectivity status was determined as described by Fatima et al. (2018). This was done by
placing individual snail collected into a pre-labelled shedding vial that contained 10 ml of
filtered water from the site of collection. The shedding vials containing the snails were
exposed to sunlight for 2 hours between 10.00am and 12.00 noon, after which, snails were
removed using forcep and the water in each shedding vial was carefully examined for the
presence of cercariae using a dissecting microscope. When at least one type of cercaria is seen,
the snail was considered to be infected. The numbers of cercariae emerged from each snail
species were recorded.

Determination of Infectivity rate and Cercarial Transmission Potential

Habitat infectivity (HI), monthly infectivity (MIR) and monthly cercarial transmission
potential (MCTP) of each snail species as developed by Chu and Dawood (1970), Okafor (1990)
and Rudge et al. (2013), were adopted with little modification as shown below:

(a) Habitat Infectivity = Number of snails infected in the habitat 100
Y Number of snails collected from that habitat 1

. .. Number of snail species infected in the habitat 100
(b) Snail Infectivity = - X —

Number of snail species collected from that habitat 1

.. Number of snails infected for each month 100
(c) Monthly Infectivity = X —

Number of snails collected in that month 1

Monthly Number of infected snails in each group X 100

(d) MCTP = Sum of infected snails in that group 1

Statistical Analysis

The data collected were analyzed using Statistical Package for Social Sciences (SPSS) software,
Version 26.0. Also, a test of significance was carried out using chi-square (x2). A value of P<
0.05 was regarded as significant. Tables were equally used to elucidate data.

RESULTS AND DISCUSSION

Results

The results regarding the infectivity status and infection rate of snail species at Lake Njoboliyo
are summarized in Table 1. The study identified a total of 1,602 snails, with the following
species and their respective proportions: Melanoides tuberculata (490 snails, 30.6%), Bellamya
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unicolor (387 snails, 24.2%), Pila ovata (328 snails, 20.5%), Lanistes ovum (288 snails, 17.9%),
Lymmnaea natalensis (74 snails, 4.6%), Bulinus globosus (19 snails, 1.2%), Cleopatra bulimoides (10
snails, 0.6%), and B. truncatus (6 snails, 0.4%). Of these snails, only 44 (2.7%) were found to be
infected with cercariae, including Lanistes ovum (31 snails, 10.7%) and Pila ovata (13 snails,
3.98%), though the infections were of non-human schistosome species. Snail species such as
Bulinus sp., Lymnaea natalensis, and others were not infected. There was no statistically
significant difference in infection rates between the different snail species (p>0.05).

Table 2 presents the monthly infectivity status of the snails at Lake Njoboliyo, showing
variation in infection rates throughout the months. December had the highest infection rate at
3.87%, while March had the lowest at 2.20%. In November 2023, 7 out of 304 snails (2.30%)
were infected, while in December 2023, 13 out of 336 snails (3.87%) were found to shed
cercariae. In January, February, and March 2024, infection rates were 3.27% (13 out of 398
snails), 1.72% (5 out of 291 snails), and 2.20% (6 out of 273 snails), respectively. Among the
infected snails, Lanistes ovum and Pila ovata had peak infection rates of 62.50% and 18.18%,
respectively, in March and February. The infection rates across different months were not
statistically significant (p>0.05). Table 3 illustrates the monthly transmission potential (M.T.P)
of cercariae from various snail species at Lake Njoboliyo. The results revealed fluctuations in
transmission potential over the months, with December showing the highest M.T.P> at 29.55%.
This was followed by a slight decrease in January (27.27%), while February and March
remained stable at 13.64%. November, however, saw a small increase to 15.91%. Lanistes ovum
had the highest transmission potential in December and January, both at 32.26%, while Pila
ovata peaked in November with an M.T.P of 30.77% (Table 3). Statistical analysis showed no
significant differences in transmission potential across the months (p>0.05).

Table 1: Infectivity status and infection rate of Snail species at Lake Njoboliyo Adamawa
State, Nigeria (November 2023 to March 2024)

Snails Number of Snails Number of Snails Infection Rate
Examined (%) Infected (%)
Bulinus globosus 19 (1.2) 0 0
B. truncatus 6 (0.4) 0 0
Bellamya unicolour 387 (24.2) 0 0
Cleopatra bulimoides 10 (0.6) 0 0
Lymnaea natalenses 74 (4.6) 0 0
Lanistes ovum 288 (17.9) 31 10.7
Melanoides tuberculata 490 (30.6) 0 0
Pila ovata 328 (20.5) 13 3.96
Total 1,602 (100) 44 2.75

X2 =14.97; df=11, p>0.05
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Table 2: Monthly Infectivity status of Snail species at Lake Njoboliyo Adamawa State,
Nigeria (November 2023 to March 2024).

Snail species

Months Bulinus Bulinus Bellamya  Cleopatra  Lymnaea Lanistes Melanoides  Pila Total
globosus  truncatus  unicolor bulimoides natalenses ovum tuberculata  Ovata
NE NENI(%) NENI(%) NENI(%) NENI(%) NENI(%) NENI(%) NENI(%) NENI(%)
NI(%)
November, 0 0(0) 0 0(0) 7 00) 0 00) 0 0(0) 36 3(8.33) 55 0(0) 206 4(1.94) 304 7(2.30)
2023
December 0 0(0) 0 0(0) 16 00) 1 0(0) 0 0(0) 12810(7.81)  1200(0) 713(423)  33613(3.87)
January, 2 000) 1 0(0) 82 00) 1 0(0) 0 0(0) 11010(9.09) 170 0(0) 323(9.38)  39813(3.27)
2024
February 7 0(0) 1 0(0) 155000 2 0(0) 22 0(0) 6 3(50.00) 87 0(0) 112(18.18)  2915(1.72)
March 10 0(0) 4 0(0) 12700) 6 0(0) 52 0(0) 8 5(6250) 58 0(0) 8 1(1250) 273 6(2.20)
Total 19 0(0) 6 0(0) 387 0(0) 10 0(0) 74 0(0) 288 31(10.76) 490 0(0) 32813(3.96) 1602 44(2.75)
X2=6.838,df =4, p=0.145
NB: NE = Number Examined; NI = Number infected
Figure 2: Cercaria of the infected snails (Pila ovata and Lanistes ovum) as observed under a dissecting microscope
(Source: Field work, 2024)
Table 3: Monthly Cercarial Transmission Potentials of Snail species at Lake Njoboliyo
Adamawa State, Nigeria (November 2023 to March 2024).
Snail species
Months Bulinus Bulinus Bellamya Cleopatra Lymnaea Lanistes Melanoides  Pila Total
globosus truncatus unicolor bulimoides ~ natalenses ovum tuberculata  ovata
NI NI NI NI NI NI NI NIMTP (%) NI MTP (%)
MTP(%)  MTP(%) MTP(%) MTP(%) MTP(%) MTP(%) MTP(%)
November, 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 3 9.68 0 0.00 4 30.77 7 1591
2023
December 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 10 32.26 0 0.00 3 23.08 13 29.55
January, 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 10 32.26 0 0.00 1 23.08 12 27.27
2024
February 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 3 9.68 0 0.00 2 1538 6 13.64
March 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 5 16.13 0 0.00 1 769 6 13.64
Total 0 0 0 0 0 31 0 13 44
X2 =15.973; df = 4; p = 0.065
NB: NI = Number Infected, MTP (%) = Monthly Transmission Potential in Percentage
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DISCUSSION

The overall infection rate of 2.75% observed at Lake Njoboliyo is lower than the 7.33%
reported by Tigga et al. (2014) at Ranchi Lake. This difference may be attributed to variations
in environmental conditions (Ayanda, 2009), such as favorable climatic factors and the timing
of snail collection. Notably, of the eight snail species found in the study area, only two: Lanistes
ovum and Pila ovata shed cercariae, although these species do not transmit human schistosome.
Despite this, there was no significant difference in infection rates between the infected snails
(p>0.05). Additionally, snails known to serve as intermediate hosts for schistosome and
Fasciola species, such as Bulinus spp. and Lymnaea natalensis, did not shed cercariae, likely
because only juvenile snails of these species were observed during the study period. The
absence of cercaria shedding in these snails may be due to the fact that cercariae may have
preferred and thrived more in larger snails, where the miracidium can more effectively
penetrate, and where the processes of encystation, sporocyst formation, and cercarial release
are more efficient. This finding supports Ubaka's (2019) report that snail size influences
parasite infection. However, the presence of non-infected Bulinus and Lymnaea species
suggests that both schistosomiasis and fascioliasis transmission may still occur in the area, as
human and livestock activities around the lake such as defecation, swimming, fishing, and
grazing were observed, and these activities contribute to the risk of infection.

The higher infection rate of 3.87% in December suggests that the community is heavily reliant
on lake water for domestic use, particularly when stored rainwater run out during the dry
season. Many people who cannot afford to buy water resort to using lake water for drinking
and other activities. This increases human contact with the water, leading to poor
environmental sanitation and facilitating snail infection. The infection rate of 3.87% in
December is similar to the 3.9% observed by Usman et al. (2017) in Bauchi State, Nigeria,
during the same month. Despite fluctuations in infection rates, there were no significant
differences across the sampling months (p>0.05).

The highest Monthly Transmission Potential (M.T.P) of 29.55% in December aligns with the
findings of Ito et al. (2024), who observed higher transmission potential during the dry season,
when increased temperatures enhance snail metabolic activity, fecundity, and feeding,
thereby boosting the number of snail generations per year (Kristensen et al., 2001; De La
Rocque et al., 2008). However, Ubaka (2019) suggested that cercarial transmission dynamics
may be influenced by the infection rates of snails in specific habitats, which in turn affects the
epidemiology of schistosomiasis in a given region. Thus, the highest infection rates and M.T.P
observed in this study, particularly in December, highlight the importance of targeted
interventions during specific months to control the disease.

CONCLUSION

This study found that freshwater snails in Lake Njoboliyo were naturally infected with
cercariae. To the best of our knowledge, this is the first attempt to document the infectivity
status of freshwater snail fauna at the Lake. Pila ovata and Lanistes ovum were the only species
of snails shedding cercariae, but these were of non-human schistosomes. In contrast, Bulinus
species and Lymnaea natalenses were not naturally infected, as only juvenile snails were
collected from the lake. The highest infectivity rate and transmission potential occurred in
December. The presence of Bulinus spp. and Lymnaea natalenses suggests a possible future
occurrence of trematodiasis in the community. Therefore, it is crucial to ensure safe water
supplies for drinking and domestic use in the community and surrounding areas.
Additionally, raising health awareness about the risks of frequent water contact should be
prioritized at the community level. Lastly, biological and integrated control methods should
be adopted to complement ongoing schistosomiasis prevention and control efforts.
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