The Zoologist

2025. Vol. 27: 57-62. http://dx.doi.org/10.4314/tzool.v27i1.8 Print ISSN 1596 972X, Online ISSN 2992-4030

Phylogenetic analysis of Biomphalaria pfeifferi from Nkalagu, Ebonyi State,

Nigeria

Chiamah, O. C"”

, Akinwale, O. P.2, Ubachukwu, P. O.%, Udechukwu, B. E.!, Ukaegbu, C.

M.L, Adeoye, O. 0.}, Idam, C. O.!, Imakwu, C. A.*, Mgbanyi, I. J.!
'Department of Biology, Faculty of Biological Sciences, Alex Ekwueme Federal University, Ndufu-Alike, Ebonyi

State.

2Department of Public Health and Epidemiology, Nigerian Institute of Medical Research (NIMR)
SDepartment of Zoology and Environmental Biology, Faculty of Biological Sciences, University of Nigeria, Nsukka
4 Department of Parasitology and Entomology, Faculty of Biosciences, Nnamdi Azikwe University, Awka, Anambra

State, Nigeria

*Corresponding Author: Ogochukwu Chiamah. caroline.okeke@funai.edu.ng

Received: 13 October, 2025
Revised: 26 December, 2025
Accepted: 27 December 2025

Keywords: Biomphalaria  pfeifferi,
Nkalagu in Ebonyi State, ITS2, MEGA
11, Evolutionary history.

R%. SOCIE Ty

£
g

rm \m D zooz

\

. \'nmf“‘

&
S

=
.

© 2025 Zoological Society of Nigeria

©OS0)

This is an Open Access article distributed
under the terms of Creative Commons

A previous report on the B. pfeifferi snail found in Nkalagu, southeastern
Nigeria, indicated that the snail does not shed Schistosoma cercaria.
However, in a recent study, we discovered that the snail does shed
Schistosoma cercaria, prompting an investigation into its phylogeny. This
study aimed to trace the evolutionary history of B. pfeifferi from Nkalagu.
We retrieved ITS2 sequence data from eight samples of Nkalagu B. pfeifferi
from GenBank NCBI, along with sequences from B. pfeifferi found in other
regions of Africa. Using MEGA 11, we constructed a phylogenetic tree and
an evolutionary divergence matrix. The resulting tree revealed four clusters.
Notably, B. pfeifferi sample 6 from Nkalagu showed a close relationship
with B. pfeifferi samples from Yaoundé, Cameroon, and other African
regions. In contrast, Nkalagu samples 1 and 4 exhibited a connection with
another population of B. pfeifferi from a location in Cameroon that is not
Yaoundé. Meanwhile, Nkalagu samples 2, 3, 5, 7, and 8 clustered together,
displaying high evolutionary divergence from samples 1, 4, and 6, as well
as from B. pfeifferi found in other parts of Africa. These results suggest the
presence of B. pfeifferi with varying levels of genetic differentiation in
Nkalagu.
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Biomphalaria snails are freshwater pulmonate mollusks
that have significant medical and veterinary importance,
as they serve as intermediate hosts for the parasitic worm
Schistosoma. Schistosoma is the genus of the causative
agent of intestinal schistosomiasis, a neglected tropical
disease that affects regions across Africa, the Middle
East, the Caribbean, Brazil, Venezuela, and Suriname
(WHO 2023; Magero et al 2025).

African Biomphalaria species are classified into four
groups based on their shell and anatomical features:
pfeifferi, choanomphala, alexandrina, and sudanica
(Standley et al 2011). Of these, B. pfeifferi is the most
widespread, found throughout the tropical regions of
Africa, as well as in Madagascar and Arabia (Dejong et
al 2003). Different geopolitical zones in Nigeria have
recorded the presence of B. pfeifferi (Okeke and
Ubachukwu 2017). In Nkalagu, a rural community in
Ebonyi State, southeastern Nigeria, B. pfeifferi has been
reported not to shed Schistosoma cercariae (Okafor and
Ngang 2004). However, in our study (Okeke et a/ 2020),
we found that Biomphalaria specimens from River
Uzuru in Nkalagu did shed Schistosoma cercariae, and
through molecular characterization, we identified the

snail species as B. pfeifferi. This finding raises important
questions about the phylogeny of B. pfeifferi from River
Uzuru in Nkalagu, especially considering the differing
results from previous studies.

Molecular phylogeny involves using gene sequences
from organisms to gain insights into their evolutionary
relationships (Philippe et al 2000). For Biomphalaria
populations, molecular phylogenetic analysis is crucial
for accurate species identification, understanding their
role in schistosomiasis transmission, and guiding the
development of effective, targeted control strategies
(Habib et al 2018). Several molecular markers have been
utilized in the phylogenetics of Biomphalaria, including
allozyme electrophoresis (Bandoni et al/ 1995), the
mitochondrial Cytochrome Oxidase subunit 1 gene
(CO1), the 16S ribosomal RNA gene (Osman et al 2025),
the NADH dehydrogenase subunit 1 gene (nadl)
(Hammoud et al 2022), the 28S ribosomal RNA gene
(He et al 2025), and the Internal Transcribed Spacer
regions (ITS1 and ITS2).

The ITS1 and ITS2 regions are useful for phylogenetic
analysis because they are part of the eukaryotic
ribosomal RNA locus, known for its gene copy number,
universality, and rapid, diverse evolution within
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components and among subunits and spacers. The ITS
regions are also effective for clear species identification
and differentiation (Vidigal et al 2000, 2004). The ITS2
region has been employed in the phylogenetic analysis of
Biomphalaria snails (Tuan and Santos 2007; Vidigal et
al 2000, 2004; Tchami Mbagnia et al 2020). Therefore,
in this study, the ITS2 gene sequence of B. pfeifferi
collected from Nkalagu was compared with previously
published sequences of B. pfeifferi from other African
regions in NCBI GenBank. This comparison aims to
elucidate the evolutionary relationships between the B.
pfeifferi snails from Nkalagu and those from other parts
of Africa.

Snail collection and molecular analysis

The River Uzuru in Nkalagu, Ishielu Local Government
Area (longitudes 7° 45° and 70° 50’E and latitudes 60°
31" and 60° 35 °N, Figure 1), Ebonyi State, were
surveyed for the presence of Biomphalaria snails. The
snails were transported to the Molecular Parasitology
Research Laboratory at the Nigerian Institute of Medical
Research in Lagos, Nigeria (NIMR), for molecular
analysis following morphological identification. The
snails were identified using the field guide to West
African freshwater snails prepared by the Danish
Bilharziasis Laboratory (Brown and Kristensen 1993).
The Biomphalaria snails were screened by the crushing
method for Schistosoma cercariae in the laboratory.

B3IBN

Genomic DNA was extracted from the whole tissues of
the snails using the hexadecyltrimethylammonium
bromide (CTAB) method. Subsequently, the entire ITS2
region from the genomic DNA of each collected snail
was amplified wusing the primers ITS2F (5'-
CGTCCGTCTGAGGGTCGGTTGC-3")and ETTS1 (5'-
TGCTTAA GTTCAGCGGGT-3"), which are anchored
in the conserved regions of the 5.8S and 28S ribosomal
genes as described by Vidigal et a/ (2000).

PCR amplification was conducted following the
protocol established by Vidigal er al/ (2004). Photo
documentation was carried out wusing a gel
documentation and analysis system (Clinx Science
Instruments, USA). Eight representative samples of
infected snails were selected for sequencing. Sequencing
was performed utilizing the BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems) according
to the manufacturer's instructions. The nucleotide
sequences of these eight Biomphalaria samples were
subjected to the Basic Local Alignment Search Tool
(BLAST) (Altschul et al 1990). The BLAST search
revealed that the sequences exhibited a percentage
similarity index ranging from 98.24% to 99.16% with
samples available in the NCBI GenBank, confirming
them as Biomphalaria pfeifferi. The sequences were
subsequently deposited in the GenBank database under
accession numbers KX644865 to KX644872 (Okeke et
al 2020).
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Figure 1. Map of Nigeria Cement Factory, Nkalagu, showing the flow of River Uzuru

Source: Topography Map of Nigeria (1964).
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Phylogenetic analysis

To infer the evolutionary history of B. pfeifferi currently
shedding schistosome cercariae in Nkalagu, Ebonyi
State, we utilized MEGA 11 software (Tamura et al
2021). We gathered seven datasets of B. pfeifferi from
various regions in Africa, all exhibiting < 98% genetic
identity, along with one dataset of B. stanleyi (98.63%
identity) and one of B. glabrata (95% identity) from

GenBank for the phylogenetic analysis. The accession
numbers for these Biomphalaria sequences are detailed
in Table 1. We calculated the evolutionary divergence
between sequences as genetic distance and presented
these values in a matrix. Phylogenetic trees were
constructed using Bayesian Inference, with posterior
probabilities assessed accordingly.

Table 1: Dataset of Biomphalaria ITS2 sequences retrieved from GenBank

s/n Biomphalaria species Location collected GenBank Accession Number
1. B. pfeifferi Aso stream, Kenya MG461588
2. B. pfeifferi Mahazoa, Madagascar AY030364
3. B. pfeifferi Gezira, Sudan AY030363
4. B. pfeifferi Richard Toll, Senegal AY030361
5. B. pfeifferi Yaounde, Cameroon AY030362
5. B. pfeifferi Cameroon MNO064848
6. B. pfeifferi Sudan KY025444
7. B. stanleyi Lake Albert, Uganda AY030365
8. B. glabrata Salvador, Brazil AY030376

Bayesian inference phylogenetic analysis grouped the
sequence samples into four clusters (Fig. 1). The
divergence of the B. pfeifferi samples collected from
Nkalagu, Ebonyi State, Nigeria, compared to the ITS2
sequences of B. pfeifferi from other locations in Africa is
illustrated in Table 2. One cluster indicated that sample
6 of B. pfeifferi from Nkalagu had very little divergence
(0.004) from samples collected in Yaoundé, Cameroon;
Richard Toll, Senegal; Mahazoa, Madagascar; Gezira,
Sudan; Asao Stream, Kenya; Sudan; and B. stanleyi from
Uganda. B. pfeifferi samples 1 and 4 from Nkalagu were
found to be related to a lineage of B. pfeifferi from
locations in Cameroon (excluding Yaoundé¢), with a low
divergence of 0.009. In contrast, samples 2, 3, 5, 7, and
8 showed no relatedness in lineage to the ITS2 sequences
of other B. pfeifferi available in GenBank (Fig. 1). The
divergence between samples 2, 3, 5, 7, and 8 was 0.00;
however, their divergence from samples 1 and 4 was
0.622, and from sample 6 it was 0.626. The outgroup, B.
glabrata, demonstrated a divergence of 0.283 from B.
pfeifferi samples 1 and 4, a divergence of 0.461 from
sample 6, and a divergence of 0.548 from samples 2, 3,
5,7, and 8.

The phylogeny of ITS 2 B. pfeifferi produced a tree with
four main groups, with B. glabrata identified as an
outgroup. B. glabrata and B. pfeifferi are evolutionary
cousins that diverged from a common ancestor in
America. While B. glabrata remained in America, B.
pfeifferi established itself in Africa (Au et al 2023).

The low evolutionary divergence among B. pfeifferi
samples 6, 1, and 4 from Nkalagu, when compared to B.
pfeifferi from Cameroon, indicates a close evolutionary
relationship between these Nkalagu samples and those
from Cameroon. Research has shown a correlation
between geographical distance and genetic distance,

suggesting that sequences of Biomphalaria populations
from nearby locations tend to cluster closely together in
phylogenetic trees, as observed in the Biomphalaria
populations from East African river systems (Magero et
al 2025). Additionally, B. pfeifferi sample 6 from
Nkalagu exhibited a relationship with B. pfeifferi
samples from Senegal, Madagascar, Sudan, and Kenya,
as they all clustered together in group 1. It has been noted
generally that there is only a small amount of genetic
differentiation among B. pfeifferi populations, with
increased genetic differentiation occurring primarily
among populations that are more distantly located
(Dejong et al 2003; Magero et al 2025).

Sample 6 of B. pfeifferi from Nkalagu was found to
have an evolutionary relationship with B. stanleyi. This
finding contradicts the report by Magero et al (2025),
which indicated that B. stanleyi clustered with Nilotic
species (B. sudanica, B. choanomphala, B. smithi, and B.
alexandrina) instead of with B. pfeifferi. However, this
result aligns with the findings that demonstrated that B.
stanleyi is genetically indistinguishable from B. pfeifferi
and clusters within the widespread B. pfeifferi group
(Andrus et al 2023).

Samples of B. pfeifferi, specifically samples 2, 5, 7,
and 8, demonstrated high evolutionary divergence from
samples 1, 4, and 6, as well as from other B. pfeifferi
snails found in different parts of Africa. The B. pfeifferi
snails of Nkalagu are not present in River Uzuru year-
round; they appear only during the dry season and are
washed away with the onset of the first rain. This
constant gathering and displacement of the snails may
have facilitated the introduction of genetically distinct
individuals from other regions into the river, which could
explain the observed high evolutionary divergence
(Charbonnel ef al 2002). Additionally, this high
evolutionary divergence may be linked to the mating
system of the snails, which influences gene flow. It has
been reported that B. pfeifferi snails exhibit a high rate of
preferential self-fertilization.
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Figure 2. Bayesian Inference Phylogenetic Tree constructed using ITS2 Sequence of B. pfeifferi from Nkalagu and

those from other locations in Africa

Table 2: Genetic distance matrix of evolutionary divergence between sequences

1 2 3 4 5 6

1 B_Nkalagu_1

2 B_Nkalagu_2 0.622

3 B_Nkalagu_3 0.622 0

4 B_Nkalagu_4 0 0622 0.622

5 B_Nkalagu_5 0.622 0 0 0622

6 B_Nkalagu_6 0678  0.626 0626  0.678 0.626

7 B_Nkalagu_7 0.622 0 0 0622 0 0626
8 B_Nkalagu_8 0.622 0 0 0622 0 0626
9 B_Asao_stream_Kenya 0.678 0.622 0.622 0.678 0.622 0.004
10 B_Mahazoa_Madagascar 0.678 0.622 0.622 0.678 0.622 0.004
11 B_Gezira_Sudan 0678  0.622 0.622 0.678 0.622 0.004
12 B_Richard Toll_Senegal 0678  0.622 0.622 0.678 0.622 0.004
13 B_Yaounde_Cameroon 0.678 0.622 0.622 0.678 0.622 0.004
14 B_Cameroon 0009  0.617 0.617 0.009 0.617 0.673
15 B_Sudan 0678  0.622 0.622 0.678 0.622 0.004
16 B_Stanleyi_Uganda 0678  0.622 0.622 0.678 0.622 0.004
17 B_glabrata 0.283 0.548 0548  0.283 0.548 0.461

While self-fertilization can lead to low genetic diversity
within a local population, it can also result in high genetic
differentiation among populations (Tian-Bi ef al 2013).

In conclusion, the B. pfeifferi population in Nkalagu
is genetically heterogeneous, comprising both well-
established African lineages and highly divergent groups
that may warrant further investigation to understand their
origin and potential implications for schistosomiasis
transmission in the region.
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