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Schistosoma mattheei is a zoonotic schistosome species in central and
southern Africa and is of increasing public health concern in southern
Malawi. To gain insight into its local transmission, we investigated
the biology of Schistosoma mattheei in southern Malawi, integrating
epidemiological, environmental and genetic data within a One Health
framework. Cattle, goats, humans and snails were surveyed, with DNA
barcoding revealing nine mitochondrial S. mattheei haplotypes. Two
haplotypes were shared across species, indicating cross-host transmission.
Infected snails were detected year-round, with seasonal variation linked
to vegetation cover (Normalized Difference Vegetation Index (NDVI)).
Praziquantel (40 mgkg™) treatment in selected cattle herds reduced
infection prevalence over 12 weeks. These findings highlight the zoonotic
potential of S. mattheei and the need for integrated control strategies.

This article is part of the Sciencet+ meeting issue ‘Parasite evolution
and impact in action: exploring the importance and control of hybrid
schistosomes’.

1. Introduction

Schistosomiasis is a waterborne neglected tropical disease present through-
out much of sub-Saharan Africa [1]. Urogenital schistosomiasis (UGS),
a manifestation of the disease, is predominantly caused by Schistosoma
haematobium, which utilizes several species within the genus Bulinus as
intermediate freshwater snail hosts [2,3]. This species of schistosome is of
particular research interest of late in being able to form various viable hybrids
with other schistosomes that are livestock-associated, such as Schistosoma
bovis and Schistosoma mattheei, with the potential to establish novel zoonotic
transmission cycles [1-8]. Despite its known presence in livestock, the latter
species has historically been overlooked in public health strategies, especially
in central Africa [9], even though it has now been firmly implicated in both
female and male genital schistosomiasis in Malawi [9,10].

Hybrid schistosomes are increasingly recognized as a challenge for
schistosomiasis control and future efforts in elimination of public health
problems (EPHP). These hybrids may exhibit altered host specificity,
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increased infectivity and variations in drug sensitivity [11-13]. Recent evidence highlights the risk of hybrid vigour, or heterosis, n
which may enhance parasite fecundity, expand geographical ranges and complicate control efforts in endemic and non-endemic
areas alike [9,12]. The hybridization of S. haematobium with livestock-associated species, such as S. mattheei, is a critical aspect
that requires further investigation, especially in relation to its impact on the genetic diversity of schistosome populations
alongside developing any inheritable adaptations that diminish the effectiveness of current tools used in parasite control,
e.g. preventive chemotherapy. Adopting One Health approaches that recognize the role of animal reservoirs in sustaining
transmission [13] is important, and molecular surveillance of livestock is essential to better understand the zoonotic potentials
and to improve future integrated control strategies [14].

With a focus here on S. mattheei, a long-known important veterinary parasite [15,16], there is mounting contemporary
evidence demonstrating its natural hybridization with S. haematobium, with such variants being found in humans [9]. Despite
early descriptions in the 1970s and experimental confirmation of its zoonotic potential, S. mattheei has long remained under-
appreciated. The Hybridization in UroGenital Schistosomiasis (HUGS) project recently confirmed its involvement in human
genital infections and co-infections, using real-time polymerase chain reaction (PCR) diagnostics in both male and female
patients in Malawi [9]. These findings have significant implications for zoonotic spillover and necessitate a broader epidemio-
logical perspective on schistosomiasis epidemiology.

Until recently, formal surveillance of livestock schistosomiasis in Malawi has been limited. However, emerging research
has highlighted a significant burden of bovine and caprine schistosomiasis, particularly in southern districts [7,8]. Despite
this and hitherto, there has been no molecular population genetic analysis of S. mattheei populations although a molecular
epidemiological survey conducted in 2022 in Mangochi District revealed a high prevalence of S. mattheei infections in cattle,
including the first formal molecular identification of S. haematobium x S. mattheei hybrids and pure S. haematobium in faecal
samples from several animals [7]. These seminal findings confirmed the zoonotic potential of S. mattheei and S. haematobium in
Malawian cattle. A parallel study of goats from the same region uncovered S. mattheei and a pure S. haematobium infection in
goats’ faecal samples, further augmenting the potential for zoonotic transmission [8]. Concurrently, targeted snail surveys have
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shown that Bulinus africanus, in addition to Bulinus globosus, can shed S. mattheei and its hybrids, underscoring the likely role of
intermediate host compatibility in transmission dynamics [8,9,17].

In this study, we adopt the WHO/World Organization for Animal Health (OIE) definition of a One Health approach as
‘integrated, unifying efforts to sustainably balance and optimize the health of people, animals and ecosystems’. This perspective
frames our investigation into zoonotic schistosomiasis transmission. This study focuses on Chimbende village, a previous
sampling site in Malawi, where hybrid schistosomes were found in cattle. We aimed to resample these animals to assess
potential seasonal variation in hybrid infections. We also evaluated the feasibility of praziquantel treatment. Building on prior
mitochondrial DNA barcoding studies of Schistosoma mansoni and S. haematobium [18,19], our study applies a similar mitochon-
drial (mt) cytochrome oxidase subunit I (cox1) gene-based barcoding or haplotyping approach to S. mattheei. By integrating
host species, geographical origin and coxI haplotype information into a visual haplotype network, we aim to identify potential
zoonotic transmission links.

2. Material and methods

(a) Study design, area and population

The first identification of hybrid schistosomes and S. haematobium in local cattle in Chimbende, in Mangochi District, occurred
in 2022, prompting further investigation into the region’s schistosomiasis burden [7]. The follow-up survey was conducted in
June 2024 in Chimbende when a total of 15 herds (labelled 1-15) were examined, and two herds (1 and 10) were selected
for praziquantel (40 mgkg™) treatment based upon initial infection rates (see electronic supplementary material). All 15 herds
consisted solely of cattle (Bos taurus), owned by separate households. Herd sizes ranged from 4 to 17 animals. Cattle were
grazed communally on open pasture and watered at shared streams during the dry season. A single follow-up assessment was
conducted in September 2024 to reassess the infection status of animals (figure 1A-G).

To complement disease surveillance in cattle, we monitored intermediate host snail populations at the Mangochi 7 (M7)
(5-14.44386°, E35.30623°) sampling site: a large natural stream crossing under a road located near Chimbende village, with a
large pool on the northern side. As part of the HUGS project, we conducted systematic surveys of intermediate host snails
in the Chimbende region, with quarterly sampling over a 3 year period (2022-2024) (12 inspections in total), to assess both
snail abundance and the presence of infected individuals (figure 2). On each visit, two collectors searched for 15 min along a
20 m transect using hand scoops and visual inspection. Collected snails were screened for cercarial shedding within 24 h and
then preserved in ethanol. Of note, snails collected in Chimbende were identified as Bulinus globosus using molecular DNA
barcoding.

(b) Parasitological surveys and praziquantel treatment assessment

Except for herd 1 (n = 17), which was larger, all other herds contained 4-9 cattle and were owned by independent livestock
keepers from nearby households. In herds 1 and 10, all animals were individually identified using plastic ear tags, and rectal
faecal samples were collected from each tagged animal (1 = 23). This allowed accurate determination of individual infection
status and dosing for treatment, monitoring over time. In all other herds (n = 14), five faecal samples per herd (total n = 75)
were randomly collected from fresh deposits on the ground within the holding kraal (fenced sleeping area). As these samples
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Figure 1. (A) Sampling area. (B) Map of Malawi. (B , E) Maps illustrate vegetation changes in the study area over time using the Normalized Difference Vegetation
Index (NDVI). It compares NDVI values from June and September, highlighting variations in vegetation density and health. Higher NDVI values (dark green) indicate
denser and healthier vegetation, while lower values (lighter shades) represent sparse or stressed vegetation, or areas with little to no vegetation. This change is
attributed to weather conditions rather than human activity. (C, D, F, G) Infection status—prevalence and intensity—defined as the number of hatched miracidia, over
12 weeks in 15 cow herds (1-15) naturally infected with schistosomes.
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Figure 2. Snail abundance and infection status across 12 surveys at Chimbende. Bars represent the number of snails collected during each sampling event (E1-E12).
Bar colour indicates infection status: red bars show the presence of snails infected with Schistosoma species, while green bars indicate uninfected snails. Numerical
labels above each bar show the total number of snails collected during that event. The blue line represents the cumulative snail abundance over time, illustrating the
gradual increase in potential exposure risk and highlighting periods when infected snails were present in the environment.

were not linked to individual animals, repeat sampling from the same animal could not be excluded; this is acknowledged as a
limitation in interpreting prevalence. All samples were transported to the laboratory for parasitological and genetic analysis.

To enable individual-level monitoring of treatment efficacy, all tagged animals from Herd 1 (n = 17) and three animals from
Herd 10 were treated with a single oral dose of praziquantel at 40 mgkg™ body weight (600 mg Biltricide®; IDA Pharmacy).
This higher-than-standard dose was selected based on evidence from Juhasz ef al. [8] indicating improved efficacy in bovine
schistosomiasis and aligns with veterinary recommendations.

Faecal samples were analysed using a modified miracidium hatching test (MHT) to assess the prevalence and intensity of
infection, as described previously [7]. Faecal samples (approx. 15 g) were homogenized in dechlorinated water and filtered
sequentially through a metal sieve, a 212 um mesh, and two fine nylon sieves (65 um, 32 um). Filtrates were washed into
Petri dishes, debris removed and incubated under natural light at approximately 35°C. The presence of miracidia was assessed
after 15 min, and the sample was considered positive if miracidia were observed within a 4 min observation period. Infection
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intensity was estimated by individually harvesting each observed miracidium using a micropipette and transferring it into 2.5 [ 4 ]
ul of water on Whatman FTA® cards (GE Healthcare Life Sciences, Amersham, UK), allowing for enumeration.

(c) DNA preparation and molecular analysis

To gain additional insight into schistosome species genetic diversity, real-time PCR high-resolution melting (rtPCR-HRM)
assays were performed on all miracidia and cercariae from humans, cows, goats and snails extracted from FTA cards using
alkaline DNA extraction. To validate the HRM results, amplification of the mt cox] gene was also attempted from the same
samples [7,20]. Sanger DNA sequencing was used on a subset of samples identified using the real-time PCR as being samples
of interest. These methods have been previously described by Huyse et al. [21]; however, in brief, primers targeting a 583
bp region of the cox1 (AsmitlF: TTTTTTGGTCATCCTGAGGTGTAT & SCHR: TAATGCATMGGAAAAAAACA) genes of S.
mattheei were used to generate sequences for further phylogenetic analysis. This analysis formed part of the HUGS project,
a 4 year multidisciplinary longitudinal population study seeking to reveal the transmission biology, epidemiological impact
and clinical importance of S. haematobium hybrids in Malawi. Samples were collected from livestock (cattle and goats), humans
and intermediate host snails across three southern districts of Malawi—Mangochi, Chikwawa and Nsanje. The present study
compares these archived sequences with newly generated sequences from cattle sampled in Chimbende, Chikwawa and
Samama, from goats in Chikwawa and Nsanje, and from snails from Sunbird, Montfort, Chikwawa, Nsanje, Chimbende and
Samama, allowing for a broader phylogeographical assessment of haplotype distribution and host association across southern
Malawi.

(d) DNA sequencing, cox1 data and population genetic analysis

Y F R T

Sequences were aligned using MAFFT (Multiple Alignment using Fast Fourier Transform) in Geneious [22]. Trimming was
performed conservatively to ensure maximum coverage with minimal sequence loss, ensuring uniform start and end positions
across samples. The final alignment was imported into PopART [23] for haplotype network construction. Cox1 haplotype maps
were constructed with TCS v. 1.13 [24]. Two network visualizations were created to explore the relationships among sequences:
(i) a host-based network to visualize cross-species sharing, and (ii) a geography-based network to investigate haplotype
distribution across different regions.

Prevalence and intensity data were analysed using statistical resampling methods to identify patterns and deviations from
expected distributions in Chimbende’s herds. Spearman’s rank correlation was used to compare prevalence and intensity
rankings. To assess vegetation cover and potential habitat suitability for schistosomiasis intermediate host snails, we incorpora-
ted the NDVI as an environmental variable. NDVI values were derived from satellite imagery to identify areas with higher
vegetation density, which may indicate the presence of water bodies and favourable conditions for snail populations. The NDVI
data were processed and analysed using Google Earth Engine [25] using Sentinel image collection (June and September 2024)
with values categorized in QGIS 3.3.4 (https://qgis.org/) to examine their spatial correlation with schistosomiasis prevalence.

3. Results

(a) Prevalence and intensity of schistosomiasis

The intensity of schistosome infection in cattle varied between the two time points. The data show that the intensity values
measured in June (2024) were generally lower, while in some herds (n = 8/15) an increase was observed during the second
follow-up (in September 2024; figure 1).

The prevalence trends also varied among the herds. During the baseline survey, the distribution of infection showed greater
variability, whereas by September, prevalence values appeared to stabilize. The prevalence of infection varied markedly among
the herds at baseline, ranging from 20% (herds 2 and 15) to 100% (herds 3, 10, 13, 14). By the 12th week, values appeared
to stabilize, with most herds showing intermediate prevalence levels. By contrast, several herds (herds 7, 8, 9, 12) maintained
stable prevalence over time. Mean prevalence decreased from 68.0% (95% CI: 56.2-77.9) in June to 57.7% (95% CI: 46.2-68.6) in
September, with prevalence distribution exhibiting spatial heterogeneity. The 2nd herd displayed significantly lower prevalence
(20%) compared with its adjacent 13th. Herds 3, 10, 13, 14 exhibited absolute prevalence, although intensity levels varied,
suggesting differences in exposure or transmission dynamics. Notably, the 1st herd showed a prevalence of 60% but an intensity
of only 7.6, indicating a mismatch between prevalence and intensity (figure 1, table 1). Notable deviations included an extreme
peak in the 11th herd during the 12 week follow-up, while the herds 13 and 14 maintained consistently higher prevalence levels.
Overall, while baseline data demonstrated structured increases in intensity and prevalence, follow-up assessments suggested
stabilization, with some locations exhibiting significant deviations indicative of variable disease trajectories (figure 1, table 1)

The comparison reveals a noticeable decline in NDVI values in September, suggesting a reduction in vegetation cover
or plant health (figure 1E). This change is attributed to seasonal weather conditions rather than human activity. The NDVI
results indicate a potential link between vegetation cover and schistosomiasis prevalence. Areas with higher NDVI values may
correspond to the presence of water bodies and dense vegetation, which create suitable habitats for snail populations that serve
as intermediate hosts for the parasite. This environmental condition could increase the risk of disease transmission in these
regions.
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Table 1. Prevalence (%) and intensity of Schistosoma mattheei in faecal samples of cows across 15 herds in June and in September 2024.
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Treatment was administered to the herds 1 and 10, selected based on alignment with overall prevalence trends. Statisti-
cal resampling confirmed focal transmission patterns, with certain sites consistently deviating from expected distributions.
Intensity appeared to correlate with exposure, although variations warrant further investigation. Analysis of the MHT data
revealed a marked reduction in both prevalence and intensity in treated herds 1 and 10. In contrast, untreated herds exhibited
variable levels of persistent infection, suggesting ongoing transmission (figure 1, table 1).

Snail monitoring in Chimbende revealed variable abundance and infection status across sampling periods, with cumulative
abundance increasing markedly over time (figure 2). Cumulative abundance integrates data from all sampling periods, allowing
a clearer assessment of long-term trends and overall population changes, rather than short-term fluctuations that may be
influenced by seasonal or stochastic factors.

(b) Schistosoma mattheei population genetics and phylogenetical structuring

Melting temperature profile clustering confirmed the presence of S. mattheei across sampled populations. Barcoding analyses
did not detect hybrid infections, although epidemiological patterns were assessed. Genetic relationships among the samples
were investigated using haplotype network analysis, which identified a total of nine haplotypes (C34, C38, H1-H4, M1, S17 and
U1). The H5 sample represented a S. haematobium reference sequence [GU257335]. Four haplotypes (H1, H2, H3, H4) contained
samples from multiple host species, suggesting potential cross-host transmission. For instance, haplotypes H2 and H3 included
samples derived from humans, cattle, goats and snails, while H1 primarily comprised samples from cattle, humans and snails.
Haplotype H5 included only the S. haematobium reference sequence and was genetically distant from the other haplotypes, as
indicated by the multiple hatch marks along the branch in the network.

Goat-derived haplotypes were also observed, though they were more focal and less diverse, probably owing to the lower
number of samples and limited geographic sampling. In addition, sequences from Zambia available in GenBank (derived from
S. mattheei obtained from a baboon [GQ375561], a mouse [AY157211] and an unknown host, presumed to be a cow [A]519518])
were included as reference data and these formed a distinct cluster (figure 3). The geographically colour-coded network
further illustrates the spatial distribution of genetic diversity. Samples from Chikwawa, Chimbende and Samama were found
across several haplotypes (H1-H4), while samples from Nsanje were mostly associated with haplotypes H2 and H4 (figure 4).
These findings indicate substantial genetic diversity within S. mattheei populations and suggest that certain haplotypes may
be capable of infecting multiple host species. Additionally, the observed geographical patterns point to both local and regional
transmission dynamics.

The geographically stratified haplotype network (figure 4) revealed distinct spatial structuring of S. mattheei genetic diversity
across the surveyed regions in southern Malawi. Multiple haplotypes (H1-H4) were observed among samples collected from
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Figure 3. Haplotype network analysis. Median-joining network based on a fragment of the mitochondrial cox7 gene. Black lines on the branches indicate the number
of mutational changes between two different haplotypes. Haplotype colours correspond to the host species, as annotated in the legend, illustrating cross-species
sharing of some haplotypes. Haplotype H5 samples from Schistosoma haematobium are included as a reference point.
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Figure 4. Haplotype cox7 network showing relationships among . mattheei samples from different geographical locations. The median-joining network represents
genetic relationships among mitochondrial haplotypes detected in the study populations. Circle sizes are proportional to the number of samples sharing each
haplotype, while colours within circles indicate the sampling locations (see key). Each line between haplotypes represents a mutational step, with black lines on the
branches denoting the number of mutations separating them. Haplotype H5, which is genetically distinct and represented solely by samples from S. haematobium in
Tanzania, is included as a reference point.

Chikwawa, Chimbende and Samama, indicating substantial intra- and inter-regional genetic heterogeneity. By contrast, samples
from Nsanje exhibited a narrower haplotypic range, primarily clustering within haplotypes H2 and H4. These patterns suggest
that certain haplotypes are more broadly distributed, while others remain geographically restricted. The broad range of
haplotypes found in cattle would also suggest that bovids are the primary host of S. mattheei and that other animals become
infected through transmission sites associated with cattle.
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4. Discussion

This study reinforces the high burden of S. mattheei in cattle from Chimbende and its potential role in zoonotic transmission.
The results indicate that schistosome infection intensity and prevalence followed different patterns over time. The observed
genetic variation indicates dynamic schistosome populations, possibly maintained by multiple transmission sources. DNA
‘barcoding’ approaches to access levels of population structure and diversity within species are now more frequently being
used. The most commonly studied Schistosoma spp., S. mansoni, has shown high levels of mtDNA diversity within and
between populations from endemic areas [26,27]. Variation of the coxI mtDNA of schistosome populations is probably not
that surprising given that cross-species comparison of mtDNA has shown that the cox] gene accumulates a considerable
number of nucleotide substitutions [28]. However, Zarowiecki et al. [28] concluded that the coxI marker is not actually ideal for
species identification or population studies, and they propose the mt gene’s cytochrome oxidase subunit 3 (cox3) and NADH
dehydrogenase (nad5) as better markers for these studies, although accumulation of data across these regions will require future
sampling.

(a) Complex Schistosoma mattheei dynamics

Our cox1 haplotype analysis revealed eight haplotypes across samples, with four (H1, H2, H3, H4) shared across multiple
host species, including humans, cattle and goats. This strongly supports the hypothesis of ongoing cross-host transmission and
the zoonotic potential of S. mattheei. In particular, the detection of identical haplotypes in humans and livestock highlights
overlapping transmission cycles and challenges the assumption that S. haematobium is the sole driver of human UGS in
this region. In light of recent clinical findings in Malawi, where S. mattheei was identified in both female and male genital
schistosomiasis cases, its role in human pathology must be reconsidered and more directly addressed in future diagnostic and
surveillance frameworks [9].

The spatial distribution of haplotypes highlights the presence of both localized and regional transmission dynamics within S.
mattheei populations in southern Malawi. Interestingly, geographical structuring of haplotypes was also evident, with samples
from Chikwawa, Chimbende and Samama dispersed across several haplotypes, while Nsanje samples were more spatially
restricted. The occurrence of shared haplotypes across districts supports the possibility of parasite movement facilitated by
livestock mobility, human water contact behaviour or shared intermediate host habitats [29,30]. In particular, the presence of
identical haplotypes (H2, H4) in multiple host species and geographical areas underscores the zoonotic potential of S. mattheei
and the role of interconnected ecological systems in sustaining transmission.

These findings reinforce the need for regionally coordinated control strategies that go beyond administrative boundaries.
A One Health framework—integrating veterinary, environmental and human health perspectives—is essential to address
the complexities introduced by cross-host and cross-region parasite gene flow [31]. Furthermore, the observed geographical
structuring may reflect differential selective pressures or habitat-specific intermediate snail host compatibility, warranting
further investigation.

Although hybrid infections were not identified in this dataset, the inclusion of the S. haematobium reference haplotype (H5)
underscores the importance of continued molecular surveillance, especially considering prior evidence of hybridization in
Malawi [8,32]. Considering the potential for heterosis in hybrids, including increased egg output and pathogenicity, future work
should closely examine their fitness and epidemiological impact [9]. Moreover, the co-circulation of multiple haplotypes within
single herds or communities may facilitate genetic recombination or introgression in the future [33,34].

The effectiveness of praziquantel treatment was confirmed, as treated herds showed only two residual or reinfections in the
investigated three month period. However, untreated herds exhibited persistent infections, emphasizing the need for sustained
treatment programmes and improved environmental management strategies [7,8,35]. Nevertheless, recent evaluations have
indicated that reinfection can occur rapidly post-treatment, and current strategies remain short-term solutions unless comple-
mented by snail control and environmental management [9]. Our findings underscore the importance of intermediate snail
host surveillance, as the cumulative snail abundance and detection of infected snails across multiple sampling events indicate
sustained transmission potential in the Chimbende region. Moreover, previous molecular xenomonitoring has confirmed that B.
africanus, previously unappreciated in Lake Malawi, is shedding S. mattheei and hybrid forms, raising questions about expanded
compatibility ranges and possibly underrecognized transmission hotspots [7,17].

An environmental assessment by remote sensing, inspecting NDVI signatures, demonstrated seasonal variation probably
influencing local cattle grazing patterns with altered spatial needs for animal watering, concurrent with fluctuating (infected)
snail population densities. These results highlight the importance of incorporating ecological factors into disease risk assess-
ment models and suggest that NDVI monitoring could aid in identifying high-risk areas for targeted control strategies [36-38].

Several studies have investigated the systematics, genetic diversity and structure of Schistosoma species by analysis of
the coxI gene. Globally, partial cox] analysis of S. mansoni isolates has revealed a geographical separation into five main
groups, with the highest diversity observed in East Africa [5,9,26,27,39-41]. By contrast, partial cox1 data for S. haematobium
suggest extremely low levels of intra- and interpopulation diversity, with two major groups [26,40,41]. High genetic diversity
in a parasite population may contribute to the development of drug-resistant genotypes [42]. As praziquantel remains the
cornerstone of schistosomiasis control in endemic areas [43—45], there is a growing need to understand how parasite genetic
variation might influence treatment outcomes and resistance development. While S. mattheei is known as a zoonotic causative
agent, its genetic diversity is poorly characterized, with limited data available in public databases such as GenBank.

Our findings highlight the need for integrated control strategies that involve routine and targeted praziquantel administra-
tion at shorter intervals to ensure effective control of schistosomiasis in cattle. Additionally, improved water management
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to reduce snail populations is crucial to limit transmission. Enhanced molecular surveillance is also essential to monitor the
emergence of potential hybrid schistosomes, which may pose new challenges to control efforts. The high genetic diversity
observed among S. mattheei isolates aligns with previous studies on schistosome populations [18]. This variation may have
important implications for vaccine and drug development, as genetic differences can influence both antigenicity and treatment
response [46,47]. Furthermore, the presence of multiple haplotypes suggests that cattle are exposed to diverse parasite popula-
tions, potentially owing to multiple transmission sources, including contaminated water bodies. Further genomic studies may
help identify specific markers associated with hybrids and potential zoonotic transmission pathways to humans. Only through
comprehensive One Health approaches, integrating human, veterinary and ecological data, can schistosomiasis elimination
targets be realistically achieved.

5. Conclusion

This study provides new insights into the genetic diversity of S. mattheei and demonstrates the short-term effectiveness of
treatment in reducing parasite burden. The identification of multiple unique haplotypes suggests significant geographical
structuring of parasite populations, which may influence transmission dynamics and host specificity. Our findings reinforce
the emerging understanding that S. mattheei is not only a veterinary concern but also a relevant human pathogen with demon-
strable involvement in genital schistosomiasis. Future research should explore long-term treatment outcomes and transmission
dynamics in endemic regions.
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