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Abstract Suspected changes in the epidemiology of

schistosomiasis due to several hybridization reports

between human and livestock Schistosoma species in

Africa calls for epidemiological investigations among

potential high-risk groups and sites. Although the use of

wetlands for pastoralism has been linked to schistosomia-

sis, there is limited information on the epidemiology of the

disease among pastoralists in Nigeria. In this study, urine

samples from 355 participants from pastoral communities

settled around three Ramsar wetlands (Wetlands of Inter-

national Importance) in Nigeria, (Dagona Sanctuary,

Maladumba, and Pandam-Wase) were screened for the

eggs of Schistosoma haematobium. Only participants in the

Dagona Sanctuary were infected with 34.2% prevalence.

Macrohematuria was however observed in some individu-

als at the Dagona Sanctuary wetland (2.5%) and

Maladumba (2.8%). Regular praziquantel administration,

functional health care facilities and awareness about

schistosomiasis were contributory factors to the contrasting

epidemiology of the disease among the study population.

Schistosomiasis control requires the inclusion of pastoral

and nomadic communities in mass drug administration of

praziquantel based on a community-directed intervention

strategy.
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Introduction

Schistosomiasis is one of the neglected tropical diseases

(NTD) which impact the health of over 200 million people

mostly in Africa (WHO 2021). Parasitic trematodes in the

genus Schistosoma are responsible for schistosomiasis and

in Nigeria, the two forms of the disease (urogenital, caused

by S. haematobium) and (intestinal by S. mansoni) are

endemic (Nduka et al. 2019). The acute and chronic mor-

bidity impacts of schistosomiasis include; anemia, diar-

rhea, abdominal pain, portal hypertension, hepatic fibrosis,

bladder cancer, and hepatomegaly. The current control

strategy advocated for the disease focuses on chemother-

apy based on the periodic administration of Praziquantel

(WHO 2021).

Application of molecular techniques is increasingly

confirming the occurrence of hybridization between dif-

ferent species of Schistosoma. Schistosomes are no longer

assumed to be host specific, with increasing evidences that

human and animal schistosomes can pair to produce

hybrids capable of infecting both humans and animals. In

West Africa, hybrids of S. haematobium and livestock

& O. G. Ajakaye

remilekunf@gmail.com

1 Department of Animal and Environmental Biology,

Adekunle Ajasin University, Akungba Akoko, Ondo State,

Nigeria

2 Department of Biological Science, Federal University,

Gashua, Yobe State, Nigeria

3 Department of Biological Sciences, Bauchi State University,

Gadau, Bauchi State, Nigeria

4 Department of Zoology, Federal University of Lafia, Lafia,

Nasarawa State, Nigeria

5 Department of Zoology, University of Jos, Jos, Plateau State,

Nigeria

6 Department of Animal and Environmental Biology,

University of Benin, Benin, Edo State, Nigeria

7 Disease Intervention and Prevention Program, Texas

Biomedical Research Institute, San Antonio, TX, USA

123

J Parasit Dis (July-Sept 2022) 46(3):637–642

https://doi.org/10.1007/s12639-022-01478-2

http://orcid.org/0000-0002-6576-0241
http://crossmark.crossref.org/dialog/?doi=10.1007/s12639-022-01478-2&amp;domain=pdf
https://doi.org/10.1007/s12639-022-01478-2


schistosomes, S. bovis and/or S. curassoni have been

reported as evidence of possible zoonotic transmission of

the parasite (Webster et al. 2013; Leger et al. 2016,

Soentjens et al. 2016; Boon et al. 2018 and Tian-Bi et al.

2019).

In Nigeria, most epidemiological investigation on

schistosomiasis focuses on school-aged children who are

usually the most impacted by the disease and are therefore

the mainly targeted population for mass administration of

praziquantel (Faust et al. 2020). However, one of the often-

overlooked populations for schistosomiasis epidemiologi-

cal studies especially on hybridization are pastoral or

nomad communities. A link exists between pastoralism and

schistosomiasis (Bruun and Aagaard-Hansen 2008). The

lifestyle of nomads and pastoral communities in Nigeria

poses several challenges to effective schistosomiasis con-

trol. Their frequent migration, location in hard-to-reach

terrains, and recent highlevels of insecurity associated with

the group hinder successful epidemiological mapping of

schistosomiasis.

Important locations for studying Schistosoma hy-

bridization are among nomads and pastoral communities

residing around wetlands. Wetlands have been identified to

play a crucial role in infectious disease epidemiology

including the provision of habitats for disease vectors and

acting as transmission foci (Finlayson et al. 2015). Human

and animal population density around wetland is often high

especially during the dry seasons in tropical areas and for

pastoralists, it provides an ideal interface for parasites,

human and livestock interaction (Berthe and Kone 2008;

Rebelo et al. 2010). We present here our findings on the

epidemiology of schistosomiasis among pastoral commu-

nities surrounding three Ramsar-listed wetlands (Wetlands

of International Importance) in Nigeria during collection of

samples for molecular investigation on the occurrence and

transmission dynamics of hybrid Schistosoma species.

Methodology

Study location

Nigeria presently has 11 Ramsar categorized wetlands

among which are; Dagona Sanctuary wetland (Yobe State),

Maladumba wetland (Bauchi State), Pandam-Wase wet-

land (Nasarawa/Plateau State) where sampling for this

study was conducted (Fig. 1). The sites were selected based

on their potentials as risk areas for Schistosoma species

hybridization. The wetlands are known sites for irrigation

farming, pastoralism, and fishing. During the dry season,

the floodplains and wetlands are frequented by nomadic

pastoral groups who settle around the lakes for grazing

their animals (Idris 2008; Olalekan et al. 2014).

Sample collection and processing

Sample size (n = 120) for this study was determined based

on 95% confidence level of Z score = 1.96 and 5% abso-

lute precision of expected prevalence of 9.5% reference for

human infections (Nduka et al. 2019). Ethical approval was

obtained from the National Health Research Ethics Com-

mittee of Nigeria (NHREC) (protocol number: NHREC/01/

01/2007-30/10/2020 and approval number: NHREC/01/01/

2007-29/03/2021). Participants were recruited by visiting

pastoral settlements around the wetlands from November

to December, 2020. Informed consent was obtained from

the head of each settlement and individual families after

translating the objectives of the study to the participants in

a local dialect. Verbal consent was also obtained from the

parents/guardians of children. After informed consent by

pastoralists, urine samples were collected from voluntary

participants.

Each participant was given a clean 50 cm3 wide-

mouthed, screw-capped specimen bottle to supply terminal

urine between 10:00 am and 2:00 pm. Each bottle was

labeled to correspond to the number of the person on a pre-

designed epidemiological form. The sex, age, and locality

of the subjects were obtained and entered against the

appropriate number on the pre-designed epidemiological

form on submission of the urine samples. Urine samples

from each patient were microscopically examined for the

characteristic terminal spine S. haematobium eggs in the

laboratory (Montresor et al. 1998). Freshwater snails were

collected at each visited wetland site using a scooping net

and collected snails were identified and sorted according to

Fig. 1 Ramsar listed wetlands in Nigeria sampled for urogenital

schistosomiasis. Location pointer: Red, Dagona Sanctuary wetland

(12�490 N, 010�440 E); Green, Maladumba wetland (10�240 N,
009�510 E); Blue, Pandam-Wase wetland (08�420 N, 008�590 E)
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species using morphological keys (Brown 1994). Collected

snails were screened for cercariae by placing individual

snails in petri dishes containing tap water and exposed to

artificial light.

Results

A total of 355 participants comprising 212 males and

143 females aged between 2 and 71 years were sampled.

The overall prevalence of infection was 11.5% (Table 1).

Infection with S. haematobium was recorded only in pas-

toralists at Dagona Sanctuary wetland (34.2%). Macro-

haematuria in urine was observed in 2.8% and 2.5% of

pastoralists at Maladumba and Dagona Sanctuary wetland

respectively however no Schistosoma egg was recovered in

pastoralists from Maladumba wetland. There was no indi-

cation of schistosomiasis infection in samples from Pan-

dam-Wase wetland. At the Dagona Sanctuary wetland,

males were more infected than females as shown in

Table 2. A higher prevalence (46.7%) was observed in the

10–19 years age group followed by the 0–9 years age

group (28.9%) while no infection was observed in the age

group above 20 years (Table 2). There was no statistically

significant variation in differences in age and gender-based

infection rates (p\ 0.05).

A total of 130 snails belonging to four genera (Bel-

lamya, Bulinus, Gabiella, and Melanoides) were collected

from the three wetlands (Table 3). Most of the collected

snails Bellamya spp. (2), Bulinus globusus (76), and

Gabiella spp. (27) were from the Dagona Sanctuary wet-

land. Melanoides tuberculata (21) was recorded only in

Maladumba wetland while three B. globusus were the only

snails collected in Pandam-Wase wetland. None of the

species of snails collected at the Dagona Sanctuary and

Maladumba wetland shed ocellate furcocercaria after two

days while one out of the three B. globusus from the

Pandam-Wase wetland shed ocellate furcocercaria.

Discussion

Recent reports of hybridization between human and live-

stock Schistosoma species have renewed interest in the

inquiry of the epidemiology of schistosomiasis among

pastoral communities and the contributions of pastoralism

to Schistosoma hybridization (Soentjens et al. 2016; Tian-

Bi et al. 2019). Nomadic and pastoral communities are

usually down the priority list of targeted groups for

schistosomiasis intervention. However, these often mobile

communities are potential sources of schistosomiasis

transmission as they migrate.

Though there have been epidemiological reports on

schistosomiasis from the states where the wetlands in our

study are located, to the best of our knowledge, the pastoral

communities surrounding the wetlands have been poorly

investigated. We recorded urogenital schistosomiasis in

only one of the three communities investigated in this study

(Table 1). A prevalence of 34.2% was recorded in the

Dagona wetland communities. A previous investigation by

Enabulele et al. (2021) reported 8% prevalence although

fewer participants were screened for urogenital schistoso-

miasis among the same population in the Dagona Sanctu-

ary wetland communities. Infection appears to have peaked

at the lower age groups as commonly observed in schis-

tosomiasis infection and males were more infected than

females. The high prevalence of infection among the pas-

toralists settled around the Dagona Sanctuary wetland is

not surprising due to the consistent water contact activities

by both children and adults despite the presence of schis-

tosomiasis snail vector host, Bulinus globosus in the water.

The ox-bow lake is the only source of water for pastoral

and farming communities surrounding the area. During the

dry season, there is usually migration of pastoralists and

their livestock from other communities to the lake, a factor

that may have contributed to the high prevalence observed

during the study. Also, we could not find a functional

health center in the locality and there was no report of

recent mass administration of praziquantel in the

community.

At the pastoral settlements around Maladumba wetland

and Pandam-Wase wetland, no schistosome egg was

recovered from the participants. Our finding in the

Maladumba wetland is consistent with the report by Nduka

et al. (2019) during the national mapping of schistosomi-

asis in Nigeria in 2015. Although no infection was recov-

ered at the Maladumba wetland, water contact activities

such as irrigation and fishing were observed but no vector

snails of schistosomiasis were recorded in the water.

Interestingly, several studies elsewhere in Bauchi State

have consistently reported a low prevalence of urogenital

schistosomiasis in Bauchi state (Belonwu 2007; Usman and

Table 1 Prevalence of urogenital schistosomiasis in Dagona Sanc-

tuary, Maladumba, and Pandam-Wase wetlands in Nigeria

Wetland Total % Prevalence

(N)

% Macrohaematuria

(N)

Maladumba 143 0.0 (0) 2.8 (4)

Pandam-Wase 92 0.0 (0) 0.0 (0)

Dagona

Sanctuary

120 34.2% (41) 2.5 (3)

Total 355 11.5% (41) 2.0% (7)
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Babeker 2017). In the Pandam-Wase wetland, we did not

record any infection among the population examined

though there were constant water contact activities

including rice farming, pastoralism, and fishing by the local

community members. We however noted the existence of a

functional health centre in the locality and yearly admin-

istration of praziquantel by the local health authorities

through the support of the Carter Centre (Gutman et al.

2008, 2009).

The occurrence of snail species (Bellamya, Bulinus, and

Gabiella) encountered in the Dagona sanctuary wetland

during the study have been previously documented in

Nigeria (Brown 1994; Koudenoukpo et al. 2020). Out of

the three species of snails encountered, Bulinus globosus,

the snail vector host of S. haematobium was the most

abundant. This agrees with the finding of Abe et al. (2017)

who reported a very high dominance of B. globosus over

other snails in a study on population abundance and bio-

nomics of snail intermediate hosts of trematode parasites in

Nasarawa State, Nigeria. The infection status of the snails

recovered could not be ascertained as the snails did not

shed ocellate furcocercaria after screening for two days

which could be due to stress as a result of temperature

changes. Subsequent molecular screening of snails is

expected to determine the schistosome infection status of

the snails (Akinwale et al. 2011).

We did not record any Bulinus species in the Malad-

umba wetland during this study, however, the occurrence

of Bulinus species has been documented by Istifanus

et al.(2018) in Bauchi state. The two snail species Mela-

noides tuberculata and Bellamya sp. found in the wetland

are not known to harbour schistosomes although Mela-

noides tuberculata is a known intermediate host for other

trematode parasites (Pinto and Melo 2011). Snail popula-

tion was almost nonexistent at the Pandam-Wase wetland.

Three Bulinus species were the only snail encountered, out

of which one shed ocellate furcocercaria (subsequent

molecular analysis will be required to confirm the schis-

tosome species). This report is similar to that observed by

Ismail et al. (2021) in Sudan who reported complete

absence of snails due to presence of and interactions

between ecological characteristic such as high turbidity,

deep water, low vegetation coverage (near absence of

vegetation), high water temperature, and high current

speed. Apart from ecological factors, we suspect that the

use of agrochemicals in rice farming by the farming

communities settled around the lake could be responsible

for the reduced diversity and population of snails as these

agrochemicals are washed into the water during rainfall.

Increased human activities such as dredging and defor-

estation were also observed around the wetland and could

have contributed to the disruption and changes in the

ecology of the natural habitat for the snails.

Neglected populations such as pastoral and nomad

communities in hard-to-reach areas or conflict zones serve

as reservoirs of infections sustaining the continuous

transmission of schistosomiasis across a large geographical

area. The recent insurgencies in areas where these groups

are concentrated further compound the problem as the

provision of basic amenities, accessibility to health care,

mass chemotherapy programs, and other disease control

programs are hampered (Oyeyemi et al. 2020). The goal of

achieving the elimination of schistosomiasis cannot

become a reality without the inclusion of pastoral com-

munities in schistosomiasis control efforts hence the need

for epidemiological data among such risk group. The

control of schistosomiasis among pastoral/nomadic popu-

lations can be improved by a community-directed distri-

bution of praziquantel. A community-directed approach

will be more suited in Nigeria because of the conservative

nature and patriarchal structure of most pastoral and nomad

communities. This approach will reduce the frequency of

visits and risks posed to health workers due to insecurity in

the regions. The provision of basic amenities such as good

roads for accessibility and potable water supply coupled

with mass drug administration is necessary for effective

control of schistosomiasis among nomad/pastoral

communities.

Table 2 Prevalence of urogenital schistosomiasisinfection in Dagona

Sanctuary wetland settlements according to gender and age

% Negative (N) % Positive (N) % Total (N) P value

Gender P\ 0.05

Male 59.7 (43) 40.3 (29) 60.0 (72)

Female 75.0 (36) 25.0 (12) 40.0 (48)

Age Groups P\ 0.05

B 10 71.0 (49) 28.9 (20) 57.5 (69)

10–19 53.3 (24) 46.7 (21) 37.5 (45)

C 20 100.0 (6) 0.0 (0) 5.0 (6)

Table 3 Snail species collected in Dagona Sanctuary, Maladumba,

and Pandam-Wase wetlands in Nigeria

Number of snails across wetlands

Snail species Maladumba Dagona Pandam-

Wase

Total

Melanoides tuberculata 21 – – 21

Bellamya spp. 1 2 – 3

Bulinus globusus – 76 3 79

Gabiella spp. – 27 – 27

Total 23 105 3 130
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