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Abstract

Background

Updating and mapping the prevalence and infection intensities of schistosomiasis
(SCH) and soil-transmitted helminth (STH) infections remain crucial to guide stake-
holders in their decision of boosting or reducing control efforts. Although efforts have
been made to achieve the elimination of these diseases, few considerations have
been paid to their impact on the growth status of infected individuals. This study was
designed to map the prevalence and infection intensities of schistosomiasis and
soil-transmitted helminthiasis, and to assess their association with children’s growth
status.

Methodology

During a cross-sectional study, 870 urine and 764 stool samples were collected from
school-aged children of four primary schools of Matta health area. Micro-hematuria
and Schistosoma haematobium eggs were searched in urine samples, while

S. mansoni and soil-transmitted helminths (STHs) eggs were investigated in stools.
Schistosome and STHs species and their infection intensities were mapped, and
associations between the infection status and growth parameters were assessed.

Results

Schistosoma haematobium was the most prevalent and widespread parasite with an
overall prevalence of 45.8%. Schistosoma mansoni was found in one village with a prev-
alence of 3.4%. The overall prevalence of STHs was 2.5% with Ascaris lumbricoides
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being the most abundant species (1.4%). Children from Mambonkor bord were the most
infected and bearing heavy intensities of S. haematobium infections. Infected children
were significantly more underweight than uninfected ones (P=0.03). Micro-hematuria
was significantly (P<0.0001) more detected in infected children compared to uninfected
ones. Uninfected children were more stunted than infected children (P=0.009) while no
significant difference was observed between boys and girls. Stunting (P<0.0007) and
wasting (P<0.0001) were significantly more pronounced in children of five years.

Conclusion

This study revealed that S. haematobium infections are widespread in villages of Matta
health area, while Schistosoma mansoni infections were restricted only to Matta village.
This study also showed a low circulation of STH infections in villages of Matta health
area. The mapping revealed Mambonkor bord and Matta barrage as high transmission
villages where control measures must be boosted to achieve schistosomiasis elimina-
tion. The underweight, stunting and wasting status observed in children of Matta health
area were not associated with schistosome and STH infections.

Author summary

Updating and mapping schistosome and soil-transmitted helminth (STH) in-
fections and their infections intensities remain crucial to guide stakeholders in
their decision of boosting or reducing control efforts. Although efforts have been
made to achieve the elimination of these diseases, little attention is been paid to
the impact of these infections on the growth status of children living in endemic
areas. This study aimed to map the prevalence and infection intensities of these
parasitic infections, and to assess their association with children’s growth status.
After identifying S. haematobium, S. mansoni and soil-transmitted helminths
(STHSs), the prevalence and infection intensities of these parasites were mapped.
Associations between these parasitic infections and growth parameters were
performed. Results of this study showed a high and widespread of S. haematobi-
um infections. They also showed a low prevalence of S. mansoni infections and
its restriction in Matta village as well as a low circulation of STHs. The mapping
revealed Mambonkor bord and Matta barrage as high transmission villages
where control measures must be boosted. Schistosome and STH infections as
well as their infection intensities were not associated with underweight, stunting
and wasting that were observed in some children of the Matta health area.

Introduction

Schistosomiasis (SCH) and Soil transmitted helminth (STH) infections are neglected
tropical diseases that remain major public health problems for people living in
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impoverished vulnerable communities with limited access to safe water, sanitary facilities and inadequate health facilities
[1]. These diseases cause severe morbidity and mortality in some of the poorest and most remote areas of sub-Saharan
Africa. Significantly impacting the health, the economy and the development of affected countries, it is recognized that
more than 40% of tropical diseases burden is due to SCH and STH [2].

Endemic in several countries especially in Africa where approximately 90% of cases are reported [3], 779 million people
are at risk of contracting schistosomiasis with about 229 million people infected worldwide [4,5]. This disease particularly
affects children and ranks second after malaria in terms of human suffering in the tropics and subtropics. In Cameroon,
schistosomiasis is predominantly caused by two schistosomes species namely Schistosoma haematobium and Schisto-
soma mansoni which are responsible for urinary and intestinal schistosomiasis, respectively [6].

STH infections are a group of parasitic diseases that are transmitted to humans by fecally contaminated soil. They
are caused by nematodes such as Ascaris lumbricoides, Trichuris trichiuria, and hookworms (Necator americanus and
Ancylostoma duodenale). Commonly found in Asia, South America and Africa, more than 2 billion people are infected by
at least one soil-transmitted helminth species worldwide [7]. Amongst the STH infections, those due to A. lumbricoides, T.
trichiura and hookworms affect respectively 819, 464.6 and 438.9 million people worldwide [8].

Although several control strategies including improvement of water access, sanitation and hygiene initiatives (WASH),
and the modification of people’s behaviour to reduce fecally contaminated environment have been developed for sus-
tainable control in order to eliminate the transmission of schistosomiasis and STH infections [9,10], the control of these
diseases has relied over the years mainly on the preventive chemotherapy (PC) by mass administrating anthelmintic
drugs such as Praziquantel and Albendazole to school-aged children [11,12]. As this administration can be done once,
twice a year or every two years depending on the disease prevalence in the endemic area [13], updating and mapping
the disease prevalence is of paramount importance for the control programs. Although PC has enabled the considerable
reduction in the prevalence of SCH and STH infections as well as their infection intensity and morbidity, it remains import-
ant to regularly update data on schistosome and STH infections in different endemic settings. Such data are critical for the
monitoring of control programs and also for identifying areas showing low, moderate and high disease transmission and
where the control measures must be modified by reducing or increasing the number of treatment rounds. Updating and
mapping the disease prevalence and their infection intensities can provide critical information to support and guide stake-
holders in their decision of boosting or reducing the control efforts that aim not only to achieve the diseases’ elimination,
but also to improve human health by reducing the impacts associated with SCH and STH infections.

Although SCH and STH infections affect human health by inducing for instance hematuria and bladder cancer if not
treated [14,15], their impacts have been overlooked in several communities. In Cameroon for instance, a persistent high
rate of stunting and wasting has been reported in children below five years and also in school-aged children living in rural
areas [16,17]. Though poverty, limited access to nutritious food, inadequate feeding, limited access to clean water and
poor sanitation have been recognized as the main malnutrition drivers in children of low-and middle-income countries
[18-21], the high burden of infectious diseases such as SCH and STH infections cannot be neglected [22,23]. Moreover,
the effects of these infectious diseases on poor school performance, stunting, wasting and underweight status may vary
according to the affected communities [18-21].

This cross-sectional study aimed to map the prevalence and infection intensities of schistosomiasis and soil-transmitted
helminthiasis, and assess the association between these diseases and the growth status of children of Matta health area
in the west region of Cameroon.

Materials and methods
Ethical statement

This study was approved by the National Ethics Committee for research on human health of the Ministry of Public Health
of Cameroon with the reference number N°2023/08/1568/CE/CNERSH/SP. It was also approved by the review board of
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the Molecular Parasitology and Entomology Sub-unit of the Department of Biochemistry of the Faculty of Science of the
University of Dschang. Approbations were also obtained from traditional and administrative authorities, school inspectors,
directors and teachers. Parents or guardians of participating children approved their participation by signing the informed
consent form on their behalf. In addition, children of 12—15 years signed assent forms while for younger children, only
the consent form signed by their parents or guardians was considered. After a detailed explanation of objectives, proce-
dures and potential risks and benefits of the study, each child and their parents or guardians were free to choose whether
to participate or not to the study. Data from this study were anonymized during analyses. Results of parasitological and
immunological tests were transmitted to parents or guardians and all children found with schistosome infections and/or
soil transmitted helminth infections were treated respectively with praziquantel (40mg/Kg body weight) and albendazole
(single oral dose of 400 mg) following WHO recommendations [24].

Study area

This cross-sectional study was conducted in September 2023 in four villages of Matta health area of the Magba subdivi-
sion in the West region of Cameroon (Fig 1). This locality has a climate of equatorial type [25]. Its vegetation is made up
of dense Savannah that is often muddy. Farming and fishing are the main inhabitants’ activities and also their main source
of livelihood [26]. Matta health area is endemic for urinary schistosomiasis for more than ten years [6,25-27]. In this health
area, mass drug administration of Praziquantel and anthelmintic drugs to school-aged children is the main control method
used to fight against schistosomiasis and STH infections [28].

Although Matta health area has 16 villages, only four of them have four primary schools: the Public school (PS) of
Matta barrage, the PS of Matta village, the PS of Mambonkor bord and the PS of Mambonkor village. The other villages
are islands with difficult accessibility.

Study design and population

This cross-sectional study involved school-aged children of five to 15 years attending the public school of Matta barrage,
the public school of Matta village, the public school of Mambonkor bord and the public school of Mambonkor village. All
school-aged children who signed the assent form and for whom a signed informed consent form was obtained from their
parents or guardians were invited to participate in this study.

Exclusion criteria

Participants who accepted to participate in the study and who were not able to provide either urine or stool samples were
excluded from this study. Children who have received Praziquantel or other anthelmintic agents for the last two months
were also excluded from this study.

Sample collection

Each child who provided a signed assent form and had provided a signed informed consent form from their parents or
guardians was invited to provide urine and stool samples in clean and well-labelled plastic containers. Approximately
50mL of urine and five to seven grams of stool samples were collected from each child between 9:00 am and 1:00 pm.
These samples were immediately transferred to the local health center where the urine filtration test (UF) and urine strip
tests were performed on urine and the Kato-Katz test (KK) on stool samples.

Detection of micro-hematuria in urine samples

The presence of micro-hematuria was assessed by inserting a urine strip in 50 mL of urine sample for 20 seconds as
described by the manufacturer. Thereafter, the strip was removed and left at room temperature for 60 seconds before being
read. When the strip color moved from yellow to green, the child was considered to have micro-hematuria in his urine.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013606 October 7, 2025 4721




Diseases

PLO?%\ Neglected Tropical

Regions of Noun Division in the West
Cameroon _Region of Cameroon 11.22300000° 11.25200000°€ 11.28100000°E 11.31000000°€
—

Legend
Schools where samples
were collected

® Health center

A Recreative activities and

household chores water points

— Rivers

=) Magba subdivision boundaries

lan)

o

6.10200000°N
P

6.10200000°N

6.07500000°N

°
=)
8
8
3
]
6.07500000°N
—

A

PS Mambonkor village PS Matta :“a;e“

6.04800000°N
—— —
6.04800000°N

PS Matta village ©)
A
0 1 2 3 4km
)
- — ——
11.22300000°€ 11.25200000°€ 11.28100000°€ 11.31000000°€

N
0 10 20 30 wkmk'\\
T z

Fig 1. Map showing primary schools where children were sampled. PS: Public school, base layers of the map were obtained using a free online
spatial data software (https://www.diva-gis.org/gdata).

https://doi.org/10.1371/journal.pntd.0013606.9001

Detection of S. haematobium infections

Schistosoma haematobium eggs were identified in urine samples using the urine filtration test kit (Lot N°: M/310322,
batch N°: 64720, Sterlitech Corporation, USA) as described by Peters et al. [29]. Each urine sample was vigorously
shaken and thereafter, ten milliliters were filtered through a 12 pm polycarbonate filter provided by the manufacturer.
The filter was removed and placed on a microscope slide and a drop of Lugol’s iodine solution was added to the slide
before its microscopic examination [30]. For each positive slide, the number of eggs was counted and expressed as
the number of eggs per ten milliliters of urine [30]. Samples with less than 50 eggs were considered as having light
infection intensities while those with the number of eggs greater than 50 were considered as having high infection
intensities.

Detection of Schistosoma mansoni and soil-transmitted helminth infections

Schistosome and soil-transmitted helminth eggs were identified using the kato-katz technique as described by Katz et al.
[31]. From each stool sample, a single KK thick smear slide was prepared with 41.7 mg of stool using Sterlitech kit (Lot:
XGACAI). Briefly, a small quantity of stool was transferred onto a piece of scrap paper. Thereafter, a nylon mesh was
pressed on the top of the fecal sample and a small plastic spatula was used to scrape the sieved material from the nylon
screen. Subsequently, the well of the KK template was placed on a clean microscopic slide and completely filled with
sieved fecal material. After removing the template without disturbing the calibrated fecal material, the slide was covered
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with a cellophane strip pre-soaked for 24 hours in glycerol-malachite green solution (a mixture of 100 mL of mineral water,
100 mL of glycerin and 1 mL of 3% green malachite solution). The stool was spread into a thick smear by inverting the
microscope slide and pressing the stool sample against the cellophane on a smooth surface. The slides were microscop-
ically observed after 24 hours at 10X magnification. Eggs of S. mansoni and those of different soil-transmitted helminth
species were morphologically identified by examining each microscope slide. Samples were classified as having light,
moderate or heavy S. mansoni infections when the number of eggs per gram of stool was respectively <100 EPG, 100-
400 EPG and >400 EPG [24]. Each soil-transmitted helminth species was separately counted and its infection intensity
determined as described by Montresor et al. [32]. For. A. lumbricoides, the infection intensities were considered as light,
moderate and heavy when the number of eggs per gram of feces were respectively between 1-4999 EPG, 5000—49999
EPG and 250 000 EPG; for T. trichiura, the infection intensities were light for 1-999 EPG, moderate for 1000—-9999 EPG
and heavy for 2 10 000 EPG. For the hookworms, children were considered as carrying light, moderate and heavy infec-
tion intensities when the number of eggs per gram of stool were respectively between 1-1999 EPG, 2000-3999 EPG and
24000 EPG [32].

During sampling, the geographical coordinates of water points and those of four schools were recorded using a global
positioning system (eTrex, Garmin International, Olathe, KS, USA).

Mapping the schistosome and soil-transmitted helminth infections as well as their infection intensities

The Cameroon map containing the administrative divisions was downloaded using the link https://www.diva-gis.org/gdata
(consulted, 11/04/2024). Thereafter, the geographical information layers of the road and hydrographic networks were
projected onto the map using the geographical information system software (QGIS v.3.16.10 'Hannover’; QGIS Develop-
ment Team, https://qgis.org/downloads/QGIS-OSGeo4\W-3.16.10-1-Setup-x86_64.exe). In addition to that, the geograph-
ical coordinates of schools and water points (where children perform risky activities such as swimming, bathing, fetching
water, washing clothes or dishes) were inserted onto the map of endemic regions using the QGIS software. This software
was subsequently used to map S. haematobium, S. mansoni and soil-transmitted helminth infections as well as their
infection intensities.

Collection of anthropometric data

From each child, the body weight was measured using a calibrated weighing scale while the height was measured using
a stadiometer. The body mass index (BMI, kg/m?) was estimated as described by Nuttall [33]. Online software was used
to assess stunting and wasting in each child by determining the values of height for age Z-score and BMI for age Z-score.
This incorporates the Growth Reference Standard for children and adolescents from two to 20 years. The height for
age Z-score (HAZ) was determined in boys and girls using “CDC height for age percentiles for boys calculator” (https://
reference.medscape.com/calculator/653/cdc-height-for-age-percentiles-for-boys-2-20-years) and “CDC height for age
percentiles for girls calculator” (https://reference.medscape.com/calculator/655/cdc-height-for-age-percentiles-for-girls-2-
20-years#) online software. The BMI for age Z-score (BAZ) was also determined for boys and girls using the “body mass
index percentiles for boys calculator” (https://www.msdmanuals.com/professional/multimedia/clinical-calculator/body-
mass-index-bmi-percentiles-for-boys-2-to-20-years) and the “body mass index percentiles for girls calculator” (https://
www.msdmanuals.com/professional/multimedia/clinical-calculator/cdc-weight-for-age-percentiles-for-girls-2-20-years)
online software.

Children’s nutritional and growth status were assessed using anthropometric indicators. Children having
height-for-age (HAZ) <- 2 SD and BMI for age (BAZ) <- 2 SD were considered as having stunting and wasting,
respectively [34].
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Data analysis

Chi-square test was used to compare the prevalence of schistosome and STH infections between schools, ages and sexes,
and also the proportion of stunting, BMI and wasting according to sex, age and infection status. Following the test of Kolm-
ogorov Smirnov, the Mann-Whitney U test was used to compare the arithmetic means of infection intensities between age
groups and sex as well as the mean BMI according to sex and infection status. The Kruskall Wallis H nonparametric one-way
analysis of variance (ANOVA) test enabled the comparison of the means of infection intensities according to schools and
also the BMI means according to age. The kappa values with 95% Cls were used to determine the concordance between the
urine filtration test and urine strips. These values were interpreted as described by Landis et al [35]. The test was considered
significant when the p-value was below 0.05.

The distances between schools and the nearest water points were determined using proximity analysis in QGIS
software. The linear regression model was used to associate the distances of schools to the nearest water points with
schistosome infection intensities. It was also used to associate the BMI, HAZ and BAZ with the infection intensities
of schistosomes and STHs. For this association, age and sex were used as covariates.

Results
Characteristics of the study population

This study involved 1158 children from four primary schools in four villages of Matta health area (Table 1). Eleven (<1%)
children were excluded because their parents or guardians did not provide a signed informed consent while 202 were
unable to provide urine and/or stool samples during the sampling day (Table 1). The 945 (81.6%) children who provided
urine and/or stool included 491 (52%) boys and 454 (48%) girls and their mean age was 9.2+2.6 (95% CIl 9.0-9.3) years:
9.3+2.7 (95% CIl 9.0-9.6) for boys and 9.1+2.5 (95% CI 8.8-9.3) for girls. Among these 945 children, 870 (92.1%) pro-
vided urine and 764 (80.8%) stool samples. Of these children, 689 (72.9%) provided both urine and stool samples while
181 (19.2%) provided only urine and 75 (7.9%) only stool samples.

Prevalence of Schistosoma haematobium infections according to schools, age groups and sex

From the 870 urine samples examined, 400 (45.8%) harboured S. haematobium eggs; giving thus a prevalence of uri-
nary schistosomiasis of 45.8% (95%CI: 41.6-50.7). The highest prevalence of 66.1% was recorded in the public school
of Mambonkor bord (95% CI: 47.4-89.7) and the lowest prevalence of 11.0% (95% CI: 6.8-16.9) in the public school of
Matta village (Table 2, S1 Fig). Comparing the prevalence of urinary schistosomiasis, a significant difference (x2=123.2,
p<0.0001, df=3) was observed between schools (Table 2).

Schistosoma haematobium eggs were detected in urine samples from 232 (51%: 232/455) boys compared with 168
from girls (40.5%:168/415). As such, the prevalence of S. haematotium infections was significantly (x2=9.2, p=0.002,
df=1) higher in boys (51%) compared to girls (40.5%) (Table 2, S1 Fig).

Table 1. Number of children enrolled per school.

Village NCS NCPS NCWP NR
PS Matta barrage 707 526 174 7
PS Matta village 233 215 16 2
PS Mambokor village 140 134 5

PS Mambonkor bord 78 70 7 1
Total 1158 945 202 11

NCS: Number of children enrolled in the study; NCPS: Number of children who provided urine and/or stool samples; NCWP: Number of children willing
to participate but who were unable to provide samples; NR: Number of excluded children.

https://doi.org/10.1371/journal.pntd.0013606.t001
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Table 2. Prevalence of S. haematobium infections according to school, sex and age groups.

Factors Number of urine Number of children infected 95% CI? Mean of egg per 95%ClIP
sample analyzed with S. haematobium (%) 10mL of urinexSD

Schools
PS Matta barrage 498 277 (55.6) 49.2-62.5 247.9+1152.4 246.0-249.7
PS Matta village 190 21(11.0) 6.8-16.9 28.9+45.6 26.6-31.2
PS Mambonkor bord 62 41 (66.1) 47.4-89.7 227.8+410.8 223.2-232.4
PS Mambonkor village 120 61 (50.8) 38.9-65.3 192.2+371.4 188.8-195.8
Total 870 400 (45.8) 41.6-50.7 225.8+979.2 224.4-227.3

P value <0.0001 0.07°

X2 123.2 -

H - 6

Sex
Boys 455 232(51) 44.6-57.9 229.8+935.2 227.9-231.8
Girls 415 168 (40.5) 34.6-47.1 220.4+1039.8 218.1-222.6
Total 870 400 (45.8) 41.6-50.7 225.8+979.2 224.4-227.3

P value 0.0022 0.68°

X 9.2 _

u - 19023

By age
<10 426 194 (45.5) 39.3-52.4 228.3+974.9 226.2-230.4
210 444 206 (46.4) 40.3-53.2 223.6+985.7 221.5-225.6
Total 870 400 (45.8) 41.6-50.7 225.8+979.2 224.4-227.3

P value 0.82 0.34°

X2 0.03 -

u - 18880

NSA: Number of stool samples analyzed; EPG: egg per gram of stool; SD: standard deviation; x2: chi-square test; H: Kruskal Wallis H test; U: Mann
Whitney U test; a: P-value for chi-square test; b: P-value for Kruskal Wallis H test; c: P- value for Mann Whitney U test; 95% Cla: 95% confidence inter-
val associated to prevalence; 95% Clb: 95% confidence interval associated to the mean of infection intensity.

https://doi.org/10.1371/journal.pntd.0013606.t002

Among the 426 children below ten years, 194 (45.5%: 194/426) had S. haematobium eggs in their urine, com-
pared with children 10 and older where eggs were detected in 46.4% (206/444; Table 2). Comparing the prevalence
of S. haematobium infections, no significant (y2=0.03, p=0.8, df=1) difference was observed between age groups
(Table 2, S1 Fig).

Schistosoma haematobium infection intensities according to schools, age groups and sex

Among the 400 children having S. haematobium infections, 252 (63%) and 148 (37%) had respectively light and heavy
infection intensity. The highest infection intensity of 247.9+1152.4 (95%CI: 246.0-249.7) eggs per ten milliliters of urine
was recorded in children from the public school of Matta barrage and the lowest intensity of 28.9+45.6 (95%ClI: 26.6-31.2)
in those from the public school of Matta village (Table 2). Comparing these infection intensities, no significant difference
(H=6, p=0.07, df=3) was observed between schools (Table 2). The means of infection intensities were respectively
229.8+935.2 (95% Cl 227.9-231.8) and 220.4+1039.8 (95% CIl 218.1-222.6) eggs per ten milliliters of urine in boys and
girls (Table 2). Comparing these means of infection intensities, no significant difference (U=19023, p=0.68, df=1) was
recorded between boys and girls (Table 2). Although the means of infection intensities were high in school-aged children
below ten years (228.3+974.9 eggs per ten milliliters of urine: 95%ClI: 226.2-230.4) compared to those having at least ten
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years (223.6 +985.7 eggs per ten milliliters of urine: 95%ClI: 221.5-225.6), no significant difference (U= 18880, p=0.34,
df=1) was recorded between these age groups.

Proportion of micro-hematuria and concordance between urine strip and urine filtration test

Of the 824 urine samples that were tested with urine strips, 354 (42.9%) had micro-hematuria. Among these 354 children,
279 (78.8%: 279/354) had S. haematobium infections while no infection was found in 75 children (21.2%: 75/354). Among
children with micro-hematuria, a significant difference (p<0.0001, x2=232.82) was recorded between infected and unin-
fected ones (S2 Fig).

Concordant results between micro-hematuria and urine filtration tests were recorded for 648 (78.6%) samples: 279
(33.9%) and 369 (44.8%) samples were respectively positive and negative for both tests. Discordant results were obtained
for 176 (21.4%) samples: 75 without S. haematobium eggs had micro-hematuria while micro-hematuria was not detected
in 101 urine samples having S. haematobium eggs. Between the urinary filtration and urine strips tests, the concordance
index expressed as the Kappa coefficient was 0.57 (p<0.0001, 95% Cl: 0.51-0.62); indicating a fair strength of agreement
between the results of these two tests.

Prevalence of Schistosoma mansoni infections according to schools, age groups and sex

From 764 children who provided stool samples, 26 harbored S. mansoni eggs; giving a prevalence of 3.4% (95% CI
2.2-5.0) for intestinal schistosomiasis. The highest prevalence of 13.6% (95% ClI: 8.9-20) was recorded in children of the
public school of Matta village while no S. mansoni egg was observed in those of the public schools of Matta barrage,
Mambonkor bord and Mambonkor village. Comparing the prevalence of S. mansoni infections, a significant difference
(x2=80.7, p<0.0001, df=3) was recorded between schools (Table 3, S1 Fig). No significant difference was recorded in
the prevalence of intestinal schistosomiasis between boys and girls (x2=3.84, p=0.05, df=1), and also between age
groups (x2=0.12, p=0.72, df=1) (Table 3, S1 Fig).

Schistosoma mansoni infection intensities according to schools, age groups and sex

Of the 26 children carrying S. mansoni eggs, 16 (61.5%), 9 (34.6%) and 1 (3.8%) had respectively light, moderate and
heavy infection intensities. In children from the public school of Matta village, the mean number of eggs per gram of stool
was 126.5+134.8 EPG (Table 3). These means were 96+ 82.1 EPG (95% CI 89.3-103) in boys, 140+ 152.7 EPG (95%
Cl 134.6-145.6) in girls, 102.9+147.8 EPG in children having at least ten years and 154 +118.2 EPG in those below ten
years (Table 3). Comparing these means of infection intensities, no significant difference was recorded between boys and
girls (U=60.0, p=0.53, df=1), and also between age groups (U=52.0, p=0.1, df=1) (Table 3).

Prevalence of soil-transmitted helminth infections according to schools, age groups and sex

Of the 764 children who provided stool samples, 19 had eggs of at least one STHs species; giving an overall prevalence
of 2.5% (95% CI 1.5-3.9). The prevalence of A. lumbricoides of 1.4% (95% ClI: 0.7-2.6) was higher compared to 1.0%
(95% CI: 0.5-2.1) recorded for hookworm (Table 4, S3 Fig). The highest prevalence of A. lumbricoides of 8.1 (95% CI:
3.9-14.8) was recorded in children of the Public school of Mambonkor village (Table 4, S3 Fig). Children below ten years
(2.5%: 95% ClI: 1.2-4.7) were more infected than those aged 10 and older (0.2%: 95%CI: 0.007-1.5) (Table 4, S3 Fig).
Comparing the prevalence of A. lumbricoides infections, significant differences were recorded between schools (y2=45.8;
p<0.0001; df=3) and age groups (x2=5.45, p=0.02, df=1) (Table 4, S3 Fig). No significant difference (y2=0.51, p=0.48,
df=1) was recorded between boys and girls for A. lumbricoides infections (Table 4, S3 Fig).

The highest prevalence of hookworm of 1.6% (95% CI: 0.9-8.3) was recorded in children attending the Public school
of Mambonkor village (Table 4, S3 Fig). Comparing the prevalence of hookworm, no significant difference was recorded

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013606 October 7, 2025 9/21




Diseases

PLO\Sﬁ\\ Neglected Tropical

Table 3. Prevalence of S. mansoni infections according to school, sex and age groups.

Factors NSA ‘ S. mansoni infections (%) 95% CI? Mean EPG£SD 95%CI°
Schools
PS Matta barrage 400 0(0) - - -
PS Matta village 191 26(13.6) 8.9-20 126.5+134.8 122.2-130.9
PS Mambonkor bord 49 0 (0) - - -
PS Mambonkor village 124 0 (0) - - -
Total 764 26 (3.4) 2.2-5.0 - -
P value <0.00012 -
X 80.7 -
H - -
Sex
Male 394 8(2) 0.9-4.0 96+82.1 89.3-103
Female 370 18 (4.9) 2.8-7.7 140+£152.7 134.6-145.6
Total 764 26 (3.4) 2.2-5.0 126.5+134.8 122.2-130.9
P value 0.052 0.53°
X 3.84 -
U - 60.0
Age group
<10 393 12 (3) 1.6-5.3 154+118.2 147-161.2
>10 371 14 (3.7) 2-6.3 102.9+147.8 97.6-108.3
Total 764 26 2.2-5.0 126.5+134.8 122.2-130.9
P value 0.722 0.1°
X2 0.12 -
U - 52.0

NSA: Number of stool samples analyzed; EPG: egg per gram of stool; SD: standard deviation; x2: chi-square test; H: Kruskal Wallis H test; U: Mann
Whitney U test; a: P-value for chi-square test; b: P- value for Mann Whitney U test; 95% Cla: 95% confidence interval associated to prevalence; 95%
Clb: 95% confidence interval associated to the mean of infection intensity.

https://doi.org/10.1371/journal.pntd.0013606.t003

between schools (y2=3.7, p=0.3, df=3), age groups (x2=0.20, p=0.66, df= 1) and also between boys and girls
(¥2<0.0001, p=1, df=1) (Table 4, S3 Fig).

Infection intensity of soil-transmitted helminths according to schools, age groups and sex

The mean number of eggs per gram of stool was 6706.9+7470.1 EPG for A. lumbricoides and 72+66.7 EPG for hook-
worm (Table 4). Comparing these means of infection intensities, no significant difference was observed between boys and
girls for A. lumbricoides (U=6, p=0.16, df=1) and hookworm (U=6, p=0.68, df=1) and also between age groups for A.
lumbricoides (U=4, p=0.91, df=1) and hookworm (U=2, p=0.14, df=1) (Table 4).

Six children of the public school of Matta village had co-infections of S. haematobium and S. mansoni. No other schis-
tosome co-infection was found in children of other schools.

Association between S. haematobium infections and children nutritional status

The mean BMI for the entire study population was 15.65+2.3kg/m? 15.60+2.25 (from 9.15 to 33.05kg/m?) in boys and
15.69+2.35 (from 10.55 to 26.93 kg/m? in girls (Table 5). No significant difference (U=93645, p=0.84, df=1) was found in
the means of BMI between boys and girls (Table 5). Children of all age groups except those of 15 years old were under-
weight (<18.5 Kg/m?) (Table 5). Significant difference (p<0.0001, H=261.22) was observed for the mean of BMI between
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Table 4. Prevalence of soil-transmitted helminths infections according to school, sex and age.

Factors NSA | A. lumbri- 95%Cl Mean 95%Cl Hookworm | 95%CI Mean 95%Cl
coides (%) EPG2+SD (%) EPG*+SD

Schools
PS Matta barrage 400 1(0.25) 0.006-1.4 | 408 369.4-449.6 6(1.5) 0.6-3.3 |84+73.9 76.8-91.7
PS Matta village 191 0(0) - - - 0(0) - - -
PS Mambonkor bord 49 0(0) - - - 0(0) - - -
PS Mambonkor village | 124 10 (8.1) 3.9-14.8 7336+7559.9 7283.8-7390.1 | 2(1.6) 0.9-8.3 |36+16.9 28.2-45.3
Total 764 11(1.4) 0.7-2.6 6706.9+7470.1 |6658.6-6755.5 | 8(1.0) 0521 |72+66.7 62.2-78.1

P value <0.00012 0.36° 0.32 0.43°

X2 45.8 - 3.7 -

H -

Sex
Male 394 4(1) 0.2-2.6 2142+1992.9 2096.9-2187.8 | 4(1) 0.2-26 |66+40.9 58.3-74.5
Female 370 7(1.9) 0.7-3.9 9315.4+8317.9 | 9244.1-9387.2 | 4(1.1) 0.3-2.8 | 78+92.7 69.6-87.2
Total 764 11(1.4) 0.7-2.6 6706.9+7470.1 | 6658.6-6755.5 |8(1.0) 0521 |72+66.7 62.2-78.1

P value 0.482 0.16° 12 0.68°

X2 0.51 - <0.0001 -

u - 6 - 6

Age group
<10 393 10(2.5) 1.2-47 7137.6+77289 7085.3-7190.2 | 3(0.8) 0.2-2.2 |32+13.9 25.9-39.1
210 371 1(0.2) 0.007-1.5 | 2400 2304.9-2498 5(1.3) 0.4-3.1 |96+75.9 87.6-104.9
Total 764 11(1.4) 0.7-2.6 6706.9+7470.1 | 6658.6-6755.5 |8(1.0) 0521 |72+66.7 62.2-78.1

P value 0.02= 0.91° 0.66° 0.14°

X2 5.45 - 0.20 -

u - 4 - 2

SD: standard deviation; x2: chi-square test; H: Kruskal Wallis H test; U: Mann Whitney U test; a: P-value for chi-square test; b: P- value for Mann Whit-

ney U test.

https://doi.org/10.1371/journal.pntd.0013606.t004

age groups; children of five and six years being the most underweight (Table 5). The means of BMIs were 15.60+2.24
and 15.69+2.34 respectively in S. haematobium infected and uninfected children (S4A Fig). Between these two groups,
no significant difference (U=92655.5, p=0.72, df=1) was recorded in the BMI mean, nor the BMI mean and infection

intensities (H=2.15, p=0.34, df=1) (S4B Fig). Among the 400 and 470 S. haematobium infected and uninfected children,
371 (92.8%: 371/400) and 415 (88.3%: 415/470) were respectively underweight (BMI<18.5 Kg/m?). Comparing these pro-
portions of underweight children, a significant difference (p=0.03, y?=6.41, df=1) was observed between S. haematobium
infected and uninfected children (S5 Fig).

Although a strong association (p<0.0001, t=16.37) was recorded between the means of BMI and age, no association
was recorded between the means of BMI and the intensities of S. haematobium infections (p=0.61, t=0.51), and also
between the means of BMI and sex (p=0.24, t=1.18).

Association between S. haematobium infections and children growth status

Among the 870 S. haematobium tested for S. haematobium, 59 (6.8%: 59/870) had stunting (HAZ <-2SD). Children of 15
years had the highest proportion of stunting (Table 5). Comparing these proportions, significant differences were recorded
between S. haematobium infected and uninfected children (p=0.009, x?=6.78), and also between age groups (p<0.0001,
Xx2=43.62) (Table 5). No significant difference (p=1, ¥2<0.0001) was recorded between girls and boys (Table 5). Although
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Table 5. Variations of anthropometric parameters according to sex, age and infection status.

Category N BMI+SD 95%ClI ' Stunting (%) | 95%Cl Wasting | 95%Cl

Sex
Boys 455 15.60+2.25 15.24-15.97 31(6.8) 4697 73 (16) 12.58-20.17
Girls 415 15.60+2.35 15.32-16.08 28 (6.7) 4.48-9.75 52 (12.5) 9.36-16.43
Total 870 15.65+2.3 15.38-15.91 59 (6.8) 5.16-8.75 125 (14.4) 11.96-17.12

P value 0.84° 1 017"

X2 - <0.0001° 1.90

U 93645 -

Age
5 70 13.95+2.87 13.08-14.85 16 (22.9) 13.06-37.12 30 (42.8) 28.92-61.18
6 60 13.75+1.63 12.83-14.72 5 (8.3) 2.7-19.44 18 (30) 17.78-47.41
7 98 14.74+1.59 13.98-15.51 3(3.1) 0.6-8.95 14 (14.3) 7.81-23.97
8 123 14.96+1.39 14.28-15.66 3(2.4) 0.5-7.13 11 (8.9) 4.46-16.02
9 75 15.52+1.91 14.64-16.44 5 (6.7) 2.17-15.58 8 (10.7) 4.61-21.02
10 154 15.99+2.06 15.36-16.63 8(5.2) 2.24-10.24 15 (9.7) 5.45-16.06
1 110 16.14+1.73 15.40-16.90 32.7) 0.56-7.97 12 (10.9) 5.64-19.06
12 101 17.30+2.54 16.50-18.13 8(7.9) 3.42-15.60 7 (6.9) 2.79-14.28
13 46 17.44+1.89 16.25-18.68 3(6.5) 1.35-19.06 4(8.7) 2.37-22.26
14 25 16.97+2.40 15.38-18.65 3(12) 2.47-35.07 5 (20) 6.49-46.67
15 8 18.50+2.62 15.64-21.73 2 (25) 3.03-90.31 1(12.5) 0.32-69.65
Total 870 15.65+2.30 15.38-15.91 59 (6.8) 5.16-8.75 125 (14.4) 11.96-17.12

P value <0.0001¢ <0.0001° <0.0001°

¥ - 43.62 72.03

H 261.22 -

Infection status
Infected 400 15.60+2.24 15.22-15.99 17 (4.2) 2.48-6.80 53 (13.2) 9.93-17.33
Uninfected 470 15.69+2.34 15.32-16.04 42 (8.9) 6.44-12.08 72 (15.3) 11.99-19.29

Total 870 15.65+2.3 15.38-15.91 59 (6.8) 5.16-8.75 125 (14.4) 11.96-17.12

P value 0.72° 0.009° 0.44°

X2 6.78 0.59

N: Number of children, SD: standard deviation; x2: chi-square test; H: Kruskal Wallis H test; U: Mann Whitney U test; a: P- value for Mann Whitney U
test; b: P-value for chi-square test; c: P- value for Kruskal Wallis H test; 95% CIl: 95% confidence interval.

https://doi.org/10.1371/journal.pntd.0013606.t005

a strong association (p<0.0001, t=-5.23) was recorded between HAZ and age for the stunting, no association was
observed between stunting and S. haematobium infection intensities (p=0.69, t=-0.40), and also between stunting for
girls and boys (p=0.17, t=1.37).

The mean BAZ was -0.87 +1.75 and 14.4% (125/870) of children were reported with wasting. A high proportion
(42.8%) of five years old children were reported with wasting (Table 5). Comparing the proportion of children with
wasting (BAZ<-2SD), a significant difference was observed between age groups (p<0.0001, x?=72.03). No signifi-
cant difference (p=0.17, x?=1.90) was observed between girls and boys, and also between S. haematobium infected
and uninfected children (p =0.44, x?<0.59) (Table 5). Although strong associations were found (p<0.0001, t=6.17)
between children having wasting (BAZ<-2SD) and age, and also between wasting and boys or girls (p=0.02, t=2.22),
no association (p=0.97, t=0.04) was recorded between children having wasting and the intensities of S. haemato-

bium infections.
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Association between S. mansoni, hookworm and Ascaris lumbricoides infection intensities with nutritional and
growth status of children

No association was recorded between the HAZ with S. mansoni infection intensities (p=0.53, t=0.62), between BAZ and
S. mansoni infection intensities (p=0.19, t=1.32), between HAZ (p=0.06, t=-1.87) and A. lumbricoides infection inten-
sities, between BAZ and A. lumbricoides infection intensities (p=0.23, t=1.20), between HAZ and hookworms infection
intensities (p=0.41, t=-0.82) and also between BAZ and hookworms infection intensities (p=0.76, t=0.30).

Spatial distribution of schistosomes infections and their infection intensities

For this distribution, it was assumed that children attending each primary school were those living in that village. Schisto-
soma haematobium was the most frequently encountered parasite in the four villages (Fig 2). Children having heavy S.
haematobium infection intensities lived mainly in Mambonkor bord village (Fig 2). The distance between this village and
the nearest water point was the smallest (0.01 km) compared to 0.16 km for the Public school of Matta village, 0.64 km
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Fig 2. Distribution of S. haematobium and S. mansoni infections and their infection intensities according to villages of Matta health area. PS:
Public school, Sh: Schistosoma haematobium, Sm: Schistosoma mansoni, KK+: Number of children carrying S. mansoni eggs in each village; KK-:
Number of children without S. mansoni eggs in each village, UF +: Number of children carrying S. haematobium eggs in each village, UF-: Number of
children without S. haematobium eggs in each village, base layers of the map were obtained using a free online spatial data software (https://www.diva-
gis.org/gdata).

https://doi.org/10.1371/journal.pntd.0013606.9002
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for the Public school of Matta barrage and 1.41 km for the public school of Mambonkor village. The highest proportion
(24.2%) of children with heavy infection intensities was recorded in children from Mambonkor bord followed by those from
Matta barrage (20.9%) characterized by its proximity to multiple recreative sites and household chores water points

(Fig 2). Children with light infection intensities were predominant in Mambonkor bord, followed by those from Matta bar-
rage, Mambonkor village and Matta village (Fig 2). Schistosoma haematobium uninfected children and very few infected
ones bearing light and heavy infection intensities were predominant in Matta village. Children carrying S. haematobium
infections were found in all villages while those with S. mansoni infections were recorded only in Matta village.
Co-infections between urinary and intestinal schistosomiasis were recorded in children of Matta village (Fig 2).

Spatial distribution of soil-transmitted helminth species

Ascaris lumbricoides and hookworm infections were found in children from Matta barrage and Mambonkor village.
No heavy infection intensity of A. lumbricoides or hookworms was recorded in these children. Moderate infection
intensities of A. lumbricoides were found in children from Mambonkor village while light infection intensities were
found in those from Matta barrage and Mambonkor village. Children of these villages had light infection intensi-
ties of hookworms (Fig 3). No soil-transmitted helminth egg was found in children from Mambokor bord and Matta

village (Fig 3).

Relationship between the distances of houses of infected children andthe nearest water points

The correlation coefficients between the number of children bearing different S. haematobium infection intensities and
the distances of schools to the nearest water points varied from -0.46 to -0.42 (Table 6). No significant correlation was
observed between the distance of schools to the nearest water points and the number of children bearing light S. hae-
matobium infection intensities (p=0.84, F=0.05), but also with the number of children bearing heavy infection intensities
(p=0.77, F=0.10) (Table 6).

Discussion

Results of this study show a widespread of urinary schistosomiasis in villages of Matta health area and high prevalence of
S. haematobium infections of 45.8% compared to 16.6%, and 43% reported eleven and six years ago in this same locality
[25,27]. This could be explained by the presence of the Mapé Dam and many temporary natural or artificial ponds for
which the population depends for their water needs [25—-27]. These results show a significantly high proportion of infected
children with micro-hematuria in accordance with those reporting that hematuria is commonly found in children with S.
haematobium infections [26,36]. Nevertheless, the presence of micro-hematuria in some children without S. haemato-
bium eggs is in agreement with previous observations indicating the capacity of urine strips to yield some positive results
not related to S. haematobium infections [37,38]. The kappa correlation index of 0.57 indicates a moderate strength of
agreement between the urine filtration test and the presence of micro-hematuria in urine samples. This result indicates
that detecting micro-hematuria could be considered as alternative approach to diagnose urinary schistosomiasis because
hematuria is recognized as the main symptom of this disease [39,40].

The differences observed in the prevalence and infection intensities of S. haematobium between schools could
be explained by the proximity of some schools to bio-ecological settings (rivers, dams, swimming points and sites
for washing and/or fetching water) that are more favorable for schistosomiasis transmission. Results of this study
showed a higher prevalence of urinary schistosomiasis in children of the public schools of Mambonkor bord and
Matta barrage. This hypothesis is strengthened by the spatial distribution of S. haematobium infections and their
infection intensities which shows that most infected children and those bearing heavy infection intensities were from
Mambonkor bord and Matta barrage. These results on the prevalence and spatial distribution of S. haematobium
and its infection intensities could be explained by the very close proximity of these villages to the Mapé dam which
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Fig 3. Distribution of soil-transmitted helminth species and their infection intensities according to villages of Matta health area. PS: Public
school, Asco: Ascaris lumbricoides, HK: hookworm, KK +: Number of children carrying Ascaris lumbricoides eggs or hookworm eggs in each village;
KK-: Number of children without Ascaris lumbricoides eggs or hookworm eggs in each village, base layers of the map were obtained using a free online
spatial data software (https://www.diva-gis.org/gdata).

https://doi.org/10.1371/journal.pntd.0013606.9003

is an important source of Bulinus truncatus, the intermediate host of S. haematobium [25,26]. In addition to that,
children of these villages are regularly exposed to schistosome infections and re-infections by frequently practicing
risky activities in various favorable transmission biotopes that have been found in these villages; thus, increasing the
risk of schistosome’s transmission [41,42]. In villages showing high prevalence of urinary schistosomiasis, control
operations must be boosted by treating children and adults, but also by administering two rounds of praziquantel
treatment. In addition to that, snail control, water sanitation and hygiene, dissemination of information, education and
communication must be strengthened in these villages [43].

The absence of correlation between the infection intensities and the distance of school to the nearest water point
indicates that the proximity of school to water point has no impact on the ability of children to harbor light or heavy S.
haematobium infection intensities [43]. It also indicates that the risk for a child to carry different S. haematobium infection
intensities does not depend on the distance between schools and the nearest water point, but from other factors such as
the contact frequency with the infested water [25-27].
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Table 6. Correlation coefficients between the mean distances of schools to the nearest water points and the infection intensities of
S. haematobium.

School DSNWP (km) Light Heavy
PS Matta barrage 0.62 173 104
PS Matta village 0.16 17 4

PS Mambonkor bord 0.01 26 15

PS Mambonkor village 1.41 36 25

P 0.84 0.77

F 0.05 0.10
r -0.46 -0.42

PS: Public school; DSNWP: distance of school to the nearest water point; P: P-value; F: F- statistic from linear model

https://doi.org/10.1371/journal.pntd.0013606.t006

The significantly high prevalence of urinary schistosomiasis in boys is in line with those of some previous authors
[25-27,44,45]. However, other studies reported a high prevalence of urinary schistosomiasis in girls [46,47]. The discrep-
ancy between these results could be attributed to the behavioral difference of boys compared to girls in different epidemi-
ological settings. In Matta health area, boys swim, bathe and fish frequently in water and hence, were more exposed to
schistosome infections compared to girls.

Although the absence of significant differences in the prevalence of urinary and intestinal schistosomiasis according
to sex and age groups is in agreement with previous data [48,49], these results are contrary to those of other studies
reporting not only an increase prevalence of S. mansoni infections with age, but also a high prevalence of S. haema-
tobium infections in children below ten years [26,27,48,50]. These discrepancies could be explained by the children’s
behavior in different epidemiological settings [49]. In Matta health area, boys are more exposed to risky activities while
children of five to nine years follow elders in their daily risky activities like swimming, washing clothes and fetching
water. These children have the same level of exposure and henceforth, the same risk of contracting schistosome
infections.

Results of the present study reporting for the first time S. mansoni infections in Matta health area could be explained by
the fact that previous studies were particularly focused on urinary schistosomiasis and that intestinal schistosomiasis may
have been overlooked. Moreover, the invasion of this schistosome species and/or its intermediate host in the area follow-
ing the construction of the Mapé dam could not be excluded. This hypothesis is strengthened by data of Muzarabani et
al. [51] reporting that constructing infrastructures like dams and dikes can create new snail breeding sites that can sub-
sequently lead to the invasion of new trematodes and snail and/or the disappearance of existing snail species in settings
within an endemic area. The pastoralists’ migration with their cattle during transhumance is another argument supporting
the invasion of this schistosome species. Passing through different schistosomiasis endemic areas during the transhu-
mance, pastoralists can acquire and ensure the transmission of different schistosome species including S. mansoni and/or
S. haematobium.

The map showing co-infections of both S. haematobium and S. mansoni in children of Matta village indicates that
Matta health area must be considered as endemic for urinary and intestinal schistosomiasis. Although no information was
collected regarding where children with S. mansoni infections acquired these infections, the fact that this parasite was
detected only in children of Matta village suggests its restricted transmission in this village. Malacological investigations
targeting the S. mansoni intermediate host could help to identify potential transmission sites of intestinal schistosomiasis.
The detection of S. mansoni infections in children of Matta village indicates not only co-transmission of urinary and intesti-
nal schistosomiasis, but also the risk for S. mansoni to spread to neighboring villages.

Although the detection of A. lumbricoides and hookworm infections testified their presence in Matta health area,
their low prevalence associated with moderate or low infection intensities indicates that this area is moving towards the
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elimination of soil-transmitted helminthiasis. The higher prevalence of A. lumbricoides infections compared to hookworms
could be explained not only by the fact that its adult worms produce more eggs than other STHs species, but also by the
ability of A. lumbricoides eggs to resist and persist for several months in adverse bio-ecological conditions and to subse-
quently ensure their transmission [52]. The variations observed in the prevalence of A. lumbricoides according to schools
could be related to socioeconomic and bio-ecological differences between villages [53]. Our results showing no significant
difference in the prevalence of A. lumbricoides infections according to sex corroborate those of previous studies [54—56].
These results could be explained by the fact that school-aged children have probably the same level of exposure to A.
lumbricoides infections. Sharing the same poor socioeconomic and environmental conditions, boys and girls have the
same probability of acquiring STH infections since these infections result from non-compliance of basic hygiene rules [57].
The significantly high prevalence of STHs in children below ten years could be explained by the fact that these children
are usually involved in risky activities such as playing, walking barefoot and eating with dirty hands [58,59].

The low prevalence of hookworm infections can be explained by the transmission route, the sampled population and
the short lifetime of infective larvae. As these larvae can stay in the soil for three to ten days, the probability for a treated
child to be re-infected is low [60]. The absence of significant difference in the prevalence of hookworms between schools,
sex and age groups could be explained by the fact that boys and girls of all ages share the same environment and most of
them walk barefoot which exposes them to contaminated soil [54,56,61,62]. Our results showing not only the spatial distri-
bution of STHs and their infection intensities, but also the co-infections of urinary and intestinal schistosomiasis in children
of Matta village indicate the need of specific control measures to be implemented in this village.

Although no significant difference was recorded between the mean BMI in infected and uninfected children, results of
this study showing underweight (BMI<18.5 Kg/m?) in boys and girls in all age groups (except children of 15 years) indi-
cate that these children were malnourished with chronic energy deficiency. The low BMI (<18.5 Kg/m?) and the moderate
levels of wasting and stunting recorded in infected children are in agreement with the undernutrition and stunting reported
in schistosomiasis infected children of East Africa [21,63] and Brazil [64]. These results could be explained by the fact
that worm infections reduce food intake and/or increase nutrient wastage via vomiting, diarrhea and blood loss [65]. The
more pronounced stunting and wasting recorded in children of five years could be explained by the fact that they need a
high amount of macro and micro-nutrients for rapid growth and brain development. These children are more subjected
to malnutrition which has some impacts on their school performance [20,66,67]. The absence of association between
schistosome infections as well as their infection intensities with the growth and nutritional parameters suggest that the
stunting, the underweight and wasting recorded in children of Matta health area may not be absolutely due to schistosome
and/or STH infections. Nevertheless, it is important to point out that in each individual, the parasitic infections followed
by nutritional deficiency, immune deficiency and pathology depends broadly on occurring host microbiota and parasites
interactions. The association between parasitic infection or the infection intensity with nutritional deficiency observed in
individuals could be affected by the microbiota composition, the parasite species and the interactions between parasites
and other microorganisms [68,69]. Indeed, nutritional deficiency occurs when the parasite and other microorganisms of
microbiota compete for space and nutrients available in the gut [70]. Other factors such as the diet quality and the amount
of food intake could play a role in the nutritional and growth status of these children. This hypothesis is strengthened by
previous results showing an association between higher diet quality with a low risk of stunting in children of S. mansoni
endemic areas [71]. As this study was performed only on school-aged children, no malacological investigation was per-
formed in villages of Matta health area.

Conclusion

This study revealed a high prevalence of urinary schistosomiasis and a very low prevalence of intestinal schistoso-
miasis and soil-transmitted helminthiasis in villages of the Matta health area of Cameroon. The detected parasites
displayed morphological features consistent with those of the expected species and no unclassified parasite was
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observed during this study. This study also revealed co-infections of S. mansoni and S. haematobium in children of
Matta village. The transmission of S. haematobium is probably high at Mambonkor bord while that of A. lumbricoides
and hookworm is higher at Mambonkor village and Matta barrage. The restriction of S. mansoni infections in Matta vil-
lage suggests further studies are required to understand the transmission of this parasite in this specific area. Results
of this study showed that schistosome and STH infections as well as their infection intensities were not associated
with being underweight, stunted or wasted. The stunting and wasting observed in children of Matta health area indi-
cates the need to improve their diet.
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