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ABSTRACT

Urogenital schistosomiasis caused by Schistosoma haematobium remains a major public
health concern in Nigeria, particularly among school-aged children with frequent
exposure to contaminated water. This study assessed the prevalence, risk factors, and
molecular identity of S. haematobium among public and private secondary school
students in Challawa, Kano State. Urine samples from 370 students were examined
microscopically for S. haematobium eggs. Sociodemographic, behavioral,
environmental, and clinical data were collected using a semi-structured questionnaire.
Associations between infection and risk factors were analyzed using chi-square tests and
odds ratios. The overall prevalence was 39.46%, indicating active transmission.
Infection was significantly higher in public schools (42.07%) than private schools
(30.00%) (P < 0.01). Males had higher prevalence (45.00%) than females (31.33%) (OR
= 2.21; 95% CI: 1.85-2.63). The highest burden occurred among ages 11-20 years
(40.5%). Key risk factors included swimming, bathing in natural water bodies, water
fetching, proximity to water sources, and poor sanitation (P < 0.01), while clinical
morbidity indicators were haematuria, dysuria and frequent urination (p < 0.01)
Molecular analysis using nuclear ITS2 rDNA and mitochondrial cox1 markers confirmed

Received: 06 July 2026 all isolates as S. haematobium. Sequences showed high similarity (98-100%) with
GenBank references, while phylogenetic analysis revealed close clustering with minimal
Accepted: 25 Aug. 2026  divergence, indicating low genetic variation. In conclusion, urogenital schistosomiasis
remains endemic in Challawa, driven by behavioral and environmental exposures, with
Published: 31 Aug. 2026  evidence of genetically homogeneous parasite populations. Molecular analysis
confirmed the occurrence of pure S. haematobium isolates in the study population.
Urogenital Schistosomiasis, Schistosoma haematobium, Prevalence, Molecular
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INTRODUCTION

Schistosomiasis is an acute and chronic parasitic disease
caused by blood flukes (trematode worms) of the genus
Schistosoma. It is a major health problem with significant
socioeconomic impact in areas where control efforts and
sanitation are inadequate and the majority of the populations
are impoverished (Sady et al., 2013). Urogenital
schistosomiasis, classified as a Neglected Tropical Disease
(NTD) by the WHO (2021) is among the most prevalent
human parasitic infections. The disease ranks second beneath
malaria in the list of parasitic diseases in terms of morbidity
and mortality (Alemu et al., 2018; Mohammed et al., 2018).
It is widespread in the tropics and subtropics, existing in many
developing countries in Africa, Asia, South America and
several Caribbean islands.

At least six Schistosoma species are known to infect humans.
These are; Schistosoma haematobium, S. intercalatum, S.
japonicum, S. mansoni, S. guineensis and S. mekongi (Alemu
et al., 2018; Mohammed et al., 2018). While S. haematobium
causes urogenital morbidities, S. mansoni, S. intercalatum, S.
japonicum, S. guineensis and S. mekongi cause intestinal
schistosomiasis. However, only two Schistosoma species
cause human schistosomiasis in Nigeria, S. mansoni and S.
haematobium. Transmission occurs when an infected person
passes urine or faeces into water bodies. The eggs passed into
the water hatch into miracidia which are released from the
eggs and swim to locate specific freshwater snail intermediate

hosts. They develop in the snail into sporocysts which in turn
develop into the infective stage of the parasite called
cercariae. Humans acquire the infection during contact with
cercariae-infested freshwater bodies (Oyeyemi et al., 2020).
The highest burden of the disease is seen in children,
especially in the ages between 10-15 years (Lawiye et al.,
2020). Children harbouring these infections usually remain
asymptomatic and may show complications such as lesions of
the bladder as adult worms and eggs migrate through the
body. Even though infection due to S. haematobium is rarely
fatal, disability morbidities such as anaemia and impaired
cognitive development have been observed in school-aged
children (Lawiye et al., 2020), as well as squamous cell
carcinoma of the bladder which arises from the intricate
interplay of molecular pathways and cellular processes,
including persistent inflammation, deoxyribonucleic acid
damage, altered signaling pathways, and epigenetic
dysregulation (Altwairgi 2024). In Nigeria, schistosomiasis is
a disease of considerable and growing importance, mainly
affecting rural areas and vulnerable age groups. School
children are the major victims of this disease (ESPEN, 2024).
S. haematobium, a major pathogen of urogenital
schistosomiasis has been reported to be affecting an estimated
30 million people in Nigeria (Odeniran et al., 2020). The
disease is endemic across all 36 states in the country (FMOH,
2020). The first case was documented in the country around
1881 in the old Borno Empire, which is comprised of regions
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that form the present Borno State in North-Eastern Nigeria
and has since been shown to be widespread across the
country, although prevalence varies by district (Balogun et
al., 2022). Urogenital schistosomiasis remains highly
prevalent in Nigeria despite efforts to control it. Mass Drug
Administration (MDA) using praziquantel (PZQ) has been the
main disease control strategy. However, reinfections have
been reported especially as people revert to water contact
activities even after being treated successfully with PZQ
(Monde et al., 2015).

Most epidemiological assessments on the burden of
urogenital schistosomiasis have relied on microscopy,
providing a cheap way for the detection of schistosome eggs
in urine in many endemic countries (Kosinski et al., 2011;
Aryeetey et al.,, 2013). In Nigeria for example, most
prevalence studies conducted have been based on urine
microscopy (Eze et al., 2019). Diagnosis is based on the
detection of parasite eggs in the urine and differentiating the
parasite based on egg morphology. However, this method is
associated with low sensitivity and is also highly unspecific
because it cannot characterize the parasites into species and
sub-species (Leger and Webster, 2017; Mendy et al., 2020).
Molecular based tools such as the use of nuclear and
mitochondrial genes have proved to be efficient tools for the
detection and identification of Schistosoma (Mendy et al.,
2020).

Molecular techniques based on the nuclear internal
transcribed spacer 2 (ITS2) region can be used to type strains
which also allows for the detection of hybrids between animal
and human schistosomes (Kosinski et al., 2011).
Additionally, other studies have employed DNA sequence-
based identification techniques by targeting the species-
specific genes encoding for the mitochondrial cytochrome c
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oxidase subunit 1 (mit.cox1) to identify schistosome species
(Sady et al., 2015; Webster et al., 2018). The coxl gene is
found universally within mitochondrial genomes and is
recognized as a useful DNA barcoding region to infer species
identification and explore haplotype diversity (Trobajo et al.,
2010; Viricel and Rosel, 2011). Most studies conducted in
Kano State rely only on microscopy, which underestimate
true infection rates and do not provide information on parasite
genetic diversity or transmission patterns. The current study,
therefore, set out to investigate the prevalence of urogenital
schistosomiasis among secondary school students in
Challawa, Kumbotso Local Government Area (L.G.A.) of
Kano State using microscopy, and to characterize the S.
haematobium strain detected on microscopy using molecular
techniques based on the nuclear ITS2 gene and mit.cox1 gene.
This knowledge will provide insights for understanding the
evolution and epidemiology of urogenital schistosomiasis in
Kano State to inform policy decision for effective
transmission control.

MATERIALS AND METHODS

Study Site and Design

Challawa, one of the locations in Kumbotso L.G.A lies
between latitude 11°54'N and 11°30'N and longitude 8°25'E
and 8°21'E. It is characterized by the Challawa River, a major
water source and a tributary of Kano River, which is itself a
tributary of the Hadejia River, and is located southwest of
Kano city. The study was conducted in selected public
secondary schools and a private secondary school in
Challawa, Kumbotso L.G.A of Kano State. The site was
chosen based on the proximity of the study population to
Challawa River, and a dearth of reports on S. haematobium
infection in the study area.

Figure 1M

Sample Size
The sample size used for this study was calculated using
Fischer equation (Naing et al., 2006) as follows;
n = Z?P(1-P)
eZ
where
n = sample size
= level of confidence = 1.96 at 95%

f Kano Metropolis (GIS Lab, 2019)

e
’n

:/‘\f
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= prevalence obtained from previous similar research
61.25% (Gambo et al., 2021)
e = margin of error = 5%
n=(1.96)2x 0.6125 (1 — 0.6125)
0.05?
n =3.8416 x 0.23734375
0.0025
n=091177975
0.0025
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n=364.7119
n=365
Therefore, the minimum calculated sample size is

approximately 365. Whereas, the sample size used in this
research was 370.

Ethical Approval and Informed Consent

Ethical clearance for the conduct of this study was obtained
from Kano State Ministry of Health (NHREC/17/03/2018),
and permission obtained from Kano State Secondary Schools
Management Board, Kano State Universal Basic Education
Board and Kano State Private and Voluntary Institution
Board. Written informed consent signed or thumb-printed
was obtained from parents and guardians of the study
participants.

Questionnaire Administration

A semi-structucted questionnaire was administered to each
student to obtain information on transmission risk factors
including age, gender, grade, knowledge about
schistosomiasis, health and hygiene practices, involvement in
water contact activities such as swimming, bathing, playing,
washing and fetching water, and experience regarding clinical
features such as haematuria (bloody urine), dysuria (painful
or difficult urination), and frequent urination.

Prior to administration, the semi-structured questionnaire was
subjected to face and content validation by experts in
Parasitology and public health to ensure its relevance and
clarity. Thereafter, it was pretested among a small group of
secondary school students from a school outside the study
area but with similar characteristics to the study population.
Feedback obtained from the pretest was used to revise the
questionnaire before the main data collection.

Urine Sample Collection and Preservation

A total of 370 urine samples were collected from the study
participants. Two hundred and ninety (290) urine samples
were obtained from the public secondary schools, namely;
Government Secondary School (GSS) Kayi, Panshekara
(n=34), Government College (GC) Zawachiki (n=40),
Government Secondary School (GSS) Panshekara (n=36),
Government Girls Secondary School (GGSS) Challawa
(n=40), Government Girls Arabic Secondary School
(GGASS) Panshekara (n=40), Government Junior Secondary
School (GJSS) Co-exist Panshekara (n=100), while eighty
(80) urine samples were obtained from the private secondary
school, namely; Nasara Academy Labi, Panshekara (n=80).
All the students from whom urine samples were obtained
were randomly selected, and aged between 10 and 21 years.
About 15ml urine sample was collected from each student in
clean sample bottle between 10am and 2pm (period when the
highest concentration of S. haematobium eggs are shed in
urine) and stored in a cooler box containing ice blocks. The
samples were taken to the laboratory for microscopic
examination.

Urine Microscopy

Urine samples were examined for the presence of S.
haematobium eggs using sedimentation method of
Cheesbrough (1998). Each urine sample was mixed
thoroughly with a glass rod and 10ml transferred into
centrifuge tube and centrifuged at 2000rpm for 5 minutes at
room temperature. The supernatant was discarded and the
sediment obtained using a pasture pipette and 2 drops of the
sediment were placed on a microscopic glass slide. A drop of
Lugol's iodine was added onto the sediment and covered with
a coverslip. The slides were then examined using a light
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microscope at 10x and 40x objective lenses for the presence
of S. haematobium eggs. The eggs were identified by the
presence of a conspicuous terminal spine.

Selection of Isolates for Molecular Characterization

Four S. haematobium positive isolates were purposively
selected from the positive samples identified during the study.
The selection was designed to provide a balanced molecular
snapshot of the parasite circulating within the study
population. The four isolates comprised samples from both
public and private secondary schools and from both male and
female participants. This ensured that the molecular
characterization was not limited to a single school type or sex
and allowed the selected isolates to capture variations across
the major population groups included in the study. Therefore,
the molecular findings were interpreted as representative of
the selected isolates and indicative of the genetic
characteristics of S. haematobium circulating in the study
area, rather than as an exhaustive measure of population-wide
genetic diversity.

DNA Extraction

DNA was extracted directly from parasite eggs in urine
samples using a commercial genomic DNA extraction Kit,
Quick Genomic DNA Extraction Kit (GDSBio, China)
according to the manufacturer's instructions. Proteins and
other cellular debris were removed and the extracted DNA
was eluted in Tris-Borate-EDTA (TBE) buffer.

The following protocol was used for DNA extraction:

i. 1 ml of urine sample was added to a 1.5 ml
microcentrifuge tube and centrifuged for 5 mins at
13,000 rpm to pellet the cells. The supernatant was
discarded.

ii. 500 pl of Digestion Buffer was added and mixed
thoroughly by brief vortexing, then incubated at 55°C for
30 mins. It was centrifuged at 5,000 rpm for 10 min and
the supernatant removed.

iii. 300 pl of Binding Buffer was added and mixed
thoroughly by brief vortexing.

iv. 200 pl of absolute ethanol was added to the lysate and
mixed thoroughly by brief vortexing.

v. The mixture from step 4 was pipetted into the spin
column placed in a 2ml collection tube, and centrifuged
at 12,000 rpm for 1 min and the flow-through was
discarded.

vi. 500 pl of Wash Buffer (PS) was added, centrifuged for 1
min at 12,000 rpm and flow-through discarded.

vii. 500 pl of Wash Buffer (PE) was added, centrifuged for
1 min at 12,000 rpm and flow-through discarded.
viii. Step 7 was repeated.

ix. Centrifuging was done for 3 min at 12,000 rpm to dry the
column membrane. The flow-through and collection
tube were discarded.

X. The spin column was placed in a clean 1.5ml
microcentrifuge tube and 60ul Elution Buffer (AE) was
added directly into the column membrane, which was
then incubated at room temperature for 2 min. Prior to
use, the Elution Buffer was pre-warmed to 63°C.

xi. After incubation, it was centrifuged for 1 min at 12,000
rpm. The tube contained the pure DNA elute.

xii. The DNA was stored at -20°C for downstream molecular
analyses.

DNA Amplification
Amplification of S. haematobium genomic DNA (gDNA) in
urine samples was done using PCR. This method was used to
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detect and amplify the parasite DNA, aiding in the diagnosis
of schistosomiasis (Van Bergen et al., 2024)

The extracted DNA was amplified using primers namely
ITS1-Forward (F): TCCGTAGGTGAACCTGCG and ITS2-
Reverse (R): GACGCTTCTCCAGACTACAAT targeting
the ITS2 region of S. haematobium according to a previously
described PCR protocol (Webster et al., 2012). Amplification
of S. haematobium gDNA was also done using mitochondrial

coxl primers namely Shb-F:
TTTTTTGGTCATCCTGAGGTGTAT and Sh-R:
TGATAATCAATGACCCTGCAATAA  targeting  the

mitochondrial cox1 gene (Elzain et al., 2025).

The PCR reaction volume for each of the primers was 20 ul
and comprised of 10ul of PCR master mix, 1ul of forward
primer, 1 pl of reverse primer, 5 ul of DNA template, and 3
ul of nuclease-free water. The following PCR conditions were
used for ITS2: pre-denaturation at 94°C for 5min,
denaturation at 94°C for 30s, annealing at 56°C for 30s,
extension at 72°C for 30s, and final extension at 72°C for
5min. The amplicon band size was 600 base pairs (bp). The
number of cycles was 35.

The following PCR conditions were used for mitochondrial
cox1: pre-denaturation at 94°C for 5min, denaturation at 94°C
for 30s, annealing at 55°C for 30s, extension at 72°C for 50s,
and final extension at 72°C for 5min. The amplicon band size
was 700bp. The number of cycles was 35.

Characterization of PCR Products

Characterization of PCR products was done by 1.5% agarose
gel electrophoresis. In brief, 1.5g of agarose powder was
measured and poured in 100ml of 1x TBE, then heated in a
microwave for about 3min to dissolve the agarose powder.
The resulting solution was allowed to cool and 4 pl of
ethidium bromide added. The solution was poured in a gel
casting tray, the comb placed and the solution allowed to cool
and solidify for about 30min which was then placed in an
electrophoresis tank. Exactly 20 pl of PCR product was
pipetted, already mixed with DNA loading dye, and then
dispensed into the gel lanes. One hundred (100) bp DNA
ladder as size standard and negative control were also loaded.
The gel was subjected to an electric field at 120V for 40min
and visualized on a UV trans-illuminator for band detection
(Esiere et al., 2022).

DNA Sequencing

The amplified PCR products were purified and sequenced
using Sanger sequencing, to determine the nucleotide
sequences of the target regions. The obtained nucleotide
sequences were subsequently analyzed.

Data Analyses

Epidemiological Data Analysis

Data were entered, cleaned and validated in a Microsoft Excel
spreadsheet (MS Office Excel 2021). Urogenital
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schistosomiasis test results (positive or negative) were the
dependent variables. The data were then exported to SPSS
software version 30. A univariate analysis was conducted for
descriptive results such as frequencies and proportions. An
analysis of association for potential risk factors with
urogenital schistosomiasis positivity was conducted using
Pearson chi-square in a bivariate analysis. Thereafter, a
multivariate linear regression model was fitted, which
included variables that retained significance (P<0.05) at a
univariate linear regression analysis. For the multivariate
analysis, a stepwise regression method and forward algorithm
were used, then independent variables with P-value less than
0.05 were considered significant risk factors of
schistosomiasis.

Molecular Analysis

The obtained nucleotide sequences were subjected to a
BLAST (Basic Local Alignment Search Tool) analysis on the
NCBI website (https://blast.ncbi.nIm.nih.gov/Blast.cgi) to
confirm the species of Schistosoma obtained. This was then
followed by assembling and editing of raw sequences using
the ATGC plug-in Genetype. ATGC plug-in Genetype is a
bioinformatics software used for DNA sequence editing,
alignment, and genotype determination. The software
analyzes nucleotide sequences by comparing them with
reference sequences to identify sequence variations, including
single nucleotide polymorphisms, insertions and deletions
(Kumar et al., 2018). Reference sequences were downloaded
from GenBank and together with the obtained sequences, a
multiple sequence alignment was constructed using ClustalW
(Thompson et al., 1994). The resultant FASTA file of the
multiple sequence alignments was then converted to a MEGA
file format and then utilized to construct a Neighbour-joining
phylogenetic tree based on the Kimura 2-parameter method
and 1000 bootstrap replicates as a measure of the confidence
interval in MEGA version 11. All the generated sequences in
this study have been submitted to GenBank, with accession
numbers PZ809573 - PZ809576.

RESULTS AND DISCUSSION

Sociodemographic Characteristics of Study Participants
The results in Table 1 present sociodemographic
characteristics of the study participants. A total of 370
participants were enrolled in the study. The majority were
recruited from public schools (290/370, 78.4%), while 80
(21.6%) attended private schools. In terms of sex distribution,
males constituted a higher proportion of the study population
(220/370, 59.5%) compared to females (150/370, 40.5%).
Age distribution showed a marked predominance of
adolescents, with most participants aged 11-20 years
(328/370, 88.6%). Only small proportions were aged <10
years (22/370, 5.9%) and >21 years (20/370, 5.4%).

Table 1: Sociodemographic Characteristics of Study Participants in Reservoir-Adjacent Communities in Kano State

(n=370)
Variable Category Frequency Percentage (%)
School type Public school 290 78.4
Private School 80 21.6
Sex Male 220 59.5
Female 150 405
Age group <10 years 22 5.9
11-20 years 328 88.6
>21 years 20 5.4
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Prevalence  of
Characteristics

The results in Table 2 present the prevalence of S.
haematobium infection in the study population. The overall
prevalence of urogenital schistosomiasis in Challawa was
39.46% (146/370). Participants attending public schools had
higher prevalence of infection (42.07%) compared to those in
private schools (30.00%). There was statistically significant
difference in the prevalence of S. haematobium infection
between school types (3>=39.4; 95% CI: 0.59-0.70; p < 0.01).

Infection by  Sociodemographic

FJS

Infection prevalence was significantly higher among males
(45.00%) than females (31.33%). Males had significantly
increased odds of infection (OR = 2.21; 95% CI: 1.85-2.63),
and this association was statistically significant (x> = 154.5; p
< 0.01). The highest prevalence was observed among
participants aged 11-20 years (40.55%), followed by those
aged <10 years (36.46%), while the lowest prevalence
occurred among individuals aged >21 years (25.00%). This
association was significant (y> = 48.8; p < 0.01).

Table 2: Prevalence and Bivariate Analysis of Urogenital Schistosomiasis Among Study Participants (n = 370)

Variable Category No. No. Prevalence OR 95% ClI e p-value
Examined Positive (%)
School Type  Private school 80 24 30.00 1.00 (Ref)* — 39.4 <0.01
Public school 290 122 42.07 0.65 0.59-0.70
Total 370 146 39.46
Sex Female 150 47 31.33 1.00 (Ref) — 154.5 <0.01
Male 220 99 45.00 221 1.85-2.63
Total 370 146 39.46
Age Group >21 20 5 25.00 1.00 (Ref) — 48.8 <0.01
(years)
<10 22 8 36.46 0.53 0.48-0.60
11-20 328 133 40.55 152 0.76-3.03
Total 370 146 39.46

Key: %= Percentage; OR= Odds Ratio; Cl= Confidence Interval; y2= Chi-Square; p-value= 0.05; *Lowest-Risk Category was

Used as the Reference Group (Ref)
Risk Factors for Schistosoma haematobium
Infection

The results in Table 3 present reported behavioural and
environmental risk factors for S. haematobium infection in the
study populations. Several behavioural and environmental
factors were significantly associated with S. haematobium
infections among the study participants. Participants who
engaged in water contact activities had markedly higher odds
of infection. Swimming showed the strongest association,
with 110 of 119 individuals infected, corresponding to
significantly increased odds (OR = 72.9; 95% ClI: 33.9-157.0;
¥2=202.8, p <0.01). Similarly, bathing in open water sources
(OR = 42.2; 95% CI: 19.3-92.0; ¥> = 147.5, p < 0.01) and
water fetching (OR = 23.2; 95% CI: 13.2-40.7; x> = 148.5, p
< 0.01) were strongly associated with infection.

Lack of knowledge about the disease was significantly
associated with higher infection odds (OR = 4.99; 95% CI:
3.2-7.9; 2 =49.3, p < 0.01). Participants with a prior history
of infection were also more likely to be infected than those
without prior infection (OR =1.97; 95% CI: 1.3-3.1; y*= 8.1,
p < 0.01). However, prior treatment was not significantly
associated with infection (OR = 1.03; 95% CI: 0.7-1.6; y*> =
0.00, p = 0.98). Proximity to water bodies was a strong
predictor of infection. Individuals living within 5 km of a
water source had significantly higher odds of infection
compared to those living farther away (OR = 8.88; 95% ClI:
5.4-14.5;*>=84.0, p <0.01). Participants with poor sanitation
had significantly higher odds of infection compared to those
with good sanitation (OR = 16.7; 95% CI: 9.8-28.3; y* =
127.9, p <0.01).

Table 3: Behavioural and Environmental Risk Factors Associated with Schistosoma haematobium Infection

Variable Category Positive Negative OR 95% CI i p-value

Swimming No 36 215 1.00 (Ref)* — 202.8 <0.01
Yes 110 9 72.9 33.9-157.0

Bathing No 57 216 1.00 (Ref) — 1475 <0.01
Yes 89 8 422 19.3-92.0

Water fetching No 40 201 1.00 (Ref) — 1485 <0.01
Yes 106 23 23.2 13.2-40.7

Distance to water Far (>5 km) 31 158 1.00 (Ref) — 84.0 <0.01
Near (<5 km) 115 66 8.88 5.4-14.5

Sanitation Good 42 195 1.00 (Ref) — 127.9  <0.01
Poor 104 29 16.7 9.8-28.3

Knowledge Yes 60 174 1.00 (Ref) — 49.3 <0.01
No 86 50 4.99 3.2-79

Prior infection No 89 169 1.00 (Ref) — 8.1 <0.01
Yes 57 55 1.97 1.3-3.1

Prior treatment No 102 158 1.00 (Ref) — 0.00 0.98
Yes 44 66 1.03 0.7-1.6
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Key: F= Frequency; n= Number of Respondents; NP= Number Positive; NN= Number Negative; OR= Odds Ratio; Cl=
Confidence Interval; %= Percentage; yx?= Chi-Square; p-v= Probability Value.*Lowest-Risk Category was Used as the
Reference Group (Ref)

Clinical Indicators of Schistosoma haematobium Infection  dysuria (OR =45.4;95% CI: 17.5-117.9; y>=108.7, p < 0.01),
The results in Table 4 present clinical morbidity indicators of and frequent urination (OR = 6.84; 95% CI: 2.5-18.7; * =
S. haematobium infection among the study participants. 18.9, p < 0.01) were all strongly linked to infection status.
Clinical symptoms were significantly associated with

infection. Haematuria (OR = 6.66; > = 131.5, p < 0.01),

Table 4: Clinical Morbidity Indicators Associated with Urogenital Schistosomiasis Among Study Participants

Clinical indicator Positive (n =146) Negative (n =224) % among positives e p-value
Haematuria 66 20 452 131.5 <0.01
Dysuria 54 24 37.0 108.7 <0.01
Frequent urination 20 59 13.7 18.9 <0.01
None 6 121 4.1 — —

Figure 2: Schistosoma haematobium Eggs
Isolated from Study Participant

L1 L2 L3 L4 L5 L6

Figure 3: Agarose Gel Electrophoresis of Schistosoma
haematobium Nuclear ITS2 Gene. Lane 1-4: Samples 1-
4; Lane 5: Negative Control; Lane 6:100bp DNA Ladder

L1 2 13 14 L5 L6

«—700 bp
500 bp —

100bp —

Figure 4: Agarose Gel Electrophoresis of Schistosoma
haematobium Mitochondrial cox1 gene. Lane 1, 100 bp
DNA Ladder; Lane 2 and 3, Sample 1 and 2; Lane 4,
Negative Control; Lane 5 and 6, Sample 3 and 4

Phylogenetic Analysis of Schistosoma haematobium
Isolates

Neighbour-joining phylogenetic analysis based on 1TS2
rDNA sequences revealed that all study isolates clustered
within the Schistosoma haematobium clade, confirming

species identity. The Kano isolates (CHWO01-CHWO04)
showed close genetic relatedness (98-100%) to reference
sequences obtained from GenBank, forming well-supported
clusters with previously reported S. haematobium isolates.
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Two of the study isolates (CHWO01 and CHWO04) clustered
tightly with reference strains (e.g., DDA76, BDU26, and
DDAZ35), indicating high sequence similarity and low genetic
divergence. In contrast, CHW02 and CHWO03 formed a
slightly distinct sub-cluster, suggesting minor genetic
variation within the local population. Fasciola hepatica, used
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as outgroup was clearly separated from all S. haematobium
sequences, confirming correct tree rooting and the robustness
of the phylogenetic reconstruction. Finally, the phylogenetic
findings suggest limited intra-population genetic variations
among the isolates obtained from the study area.

CHWO1 Challawa Kano isolate
CHWO4 Challawa Kano isolate

PX880657.1:6-321 Schistosoma haematobium isolate DDA76

PXB80644.1:4-319 Schistosoma haematobium isolate BDU26

PX880649.1:5-320 Schistosoma haematobium isolate DDA3S

I PXB80661.1 Schistosoma haematobium isolate DMD17

AJ272053.1 Fasciola hepatica

PX880665.1 isolate DMD37

PXB80672.1 Schistosoma haematobium isolate GMJ33

CHWO2 Challawa Kano isolate

CHWO3 Challawa Kano isolate

Figure 5: Neighbour-Joining Phylogenetic Tree Based on ITS2
rDNA Sequences Showing the Relationship Between
Schistosoma haematobium Isolates and Reference Sequences
Retrieved from GenBank. Fasciola hepatica was Included as

Outgroup to Root the Tree

Discussion

This study demonstrates that urogenital schistosomiasis
remains highly endemic among secondary school students in
Challawa, Kano State, with an overall prevalence of 39.46%.
The higher infection prevalence observed in public schools
(42.07%) compared to private schools (30.00%) highlights
underlying socioeconomic and environmental disparities that
sustain transmission. These findings are consistent with
regional reports identifying school-aged children as a high-
risk group due to frequent and intense contact with infested
water sources (Dawaki et al., 2016; Abdulkadir et al., 2017;
Orpin et al., 2017).

Although lower than the 70% prevalence reported in a
community-based study in Kano (Umar et al., 2016), the
current findings highlight a substantial burden among school
children, indicating gaps in ongoing control efforts. Persistent
transmission may be driven by reinfection following
praziquantel (PZQ) treatment, particularly in settings with
continued exposure to infested water bodies (N'goran et al.,
2001; Saathoff et al., 2004). This supports previous evidence
that single-dose mass drug administration (MDA) is
insufficient without sustained monitoring and repeated
treatment (Kabuyaye et al., 2017).

Consistent with prior studies, infection prevalence was higher
in males, likely reflecting greater involvement in water-
related activities such as swimming and livestock watering
(Abdullahi et al., 2011; Umar et al., 2016; Naphtali and
Ngwamah, 2019; Joof et al., 2021). However, contrasting
findings from other regions suggest that gender differences
are context-dependent and influenced by sociocultural roles
(Hajissa et al., 2018; Angora et al., 2019; Okoye et al., 2024).
The highest prevalence observed among individuals aged 11—
20 years further emphasizes the vulnerability of highly active
age groups with frequent water exposure (Tembo et al., 2022;
Dahal et al., 2023; WHO, 2023; Obademi et al., 2024).
Notably, infections detected in younger children (<10 years)
suggest early exposure, possibly through household water-
related activities, reinforcing the need to include younger age

groups in control programs (Betson et al., 2013; Tembo et al.,
2022).

Behavioural and environmental risk factors, including
swimming, bathing, water fetching, poor sanitation, and
proximity to water bodies—were significantly associated
with infection, reinforcing their central role in S.
haematobium transmission.

The current study observed that the appearance of urine on
macroscopy or physical observation has a positive linear
association with urogenital schistosomiasis, similar to another
study conducted in Kano State, Nigeria, that reported that
visible  blood in urine (macrohaematuria) and
microhaematuria were associated with the presence of S.
haematobium in urine (Umar et al., 2016). Similarly, another
study conducted in Enugu State, Nigeria, found a positive
correlation between macrohaematuria and the presence of S.
haematobium eggs in urine (Ogbonna et al., 2012). The
findings of these studies corroborate findings in the present
study in which the appearance of urine on macroscopy was
positively associated with urogenital schistosomiasis. The
strong association between haematuria and infection supports
its continued utility as a rapid, low-cost proxy indicator in
endemic settings, although it should be complemented with
parasitological or molecular diagnostics for improved
accuracy.

Molecular characterization confirmed all isolates as
Schistosoma haematobium, with high sequence similarity
(98-100%) to reference strains. The observed low genetic
diversity and tight phylogenetic clustering suggest a relatively
homogeneous parasite population, indicative of stable,
localized transmission. The absence of distinct sub-
structuring implies that infections likely originated from a
common transmission focus, consistent with shared water
contact sources identified in the epidemiological analysis.
Such genetic homogeneity has been reported in other endemic
settings and may reflect limited parasite introduction from
external populations (Huyse et al., 2009; Webster et al.,
2013). While this stability may simplify control efforts, it also
highlights the persistence of entrenched transmission cycles.
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CONCLUSIONS

Urogenital schistosomiasis remains a significant public health
concern in Challawa, with evidence of sustained transmission
among school-aged children. Infection is strongly associated
with water contact behaviors, environmental exposure, and
sanitation conditions, with variations observed across gender,
age and school type. Molecular findings confirm the presence
of S. haematobium with low genetic diversity, suggesting
stable, localized transmission. These findings underscore the
need for intensified regular and comprehensive PZQ
distribution among school-aged children, school-based
awareness campaigns, provision of safe drinking water and
improved sanitation infrastructure, and implementation of
snail control strategies. Additionally, continued molecular
surveillance using molecular markers such as nuclear Internal
Transcribed Spacer regions and mitochondrial genes (cox1)
through targeted PCR amplification, DNA sequencing,
comparative sequence and phylogenetic analysis, is essential
to monitor parasite population dynamics and inform targeted
intervention strategies.
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