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Abstract: Background: Intestinal helminthiases and schistosomiasis are among the neglected tropical diseases
targeted by the World Health Organization (WHO) for elimination as a public health issue by 2030. For this, it
is important to determine their distribution and predicting factors, after a decade of mass deworming
campaigns. In particular, such information is scarce among pre-school aged children who have not been the
target for epidemiological studies and schistosomiasis deworming activities. This cross-sectional study and
secondary data analysis focused on preschool-aged children and was aimed to determine the prevalence of
intestinal helminthiases (Ascaris, ankylostoma, trichirus trichura, taenia) and Schistosomiasis, and identify the
factors associated with them in Rwanda. Methods: Data from 4,675 preschool-aged children randomly selected
from 17 districts endemic to Schistosoma mansoni were analyzed. Parasitological assessment was performed
using the Kato Katz technique. Having at least one intestinal helminthiasis or schistosomiasis case was
considered a positive outcome. A structured questionnaire for childcare guardians, literature, and GIS were
used to collect information regarding environmental factors. Data were aggregated at village level to calculate
village prevalence used in depicting the distribution of intestinal helminthiases and schistosomiasis.
Descriptive analysis was performed, and prevalence was assessed as a measure of frequency. The chi-square
test was used for bivariate analysis whereas logistic regression was used for multivariable analysis. The
confidence level was set at 95%, and the decision was made based on the P-value. Odds ratios (ORs) were
assessed as a measure of association. STATA 15 and ArcGIS software were used in this study. Results: The
prevalence of intestinal helminthiases and schistosomiasis among preschool-aged children was 20.3%. Ascaris
was the most prevalent parasite in this study (15%). Being older than 24 months, having self-employed parents,
residence, fetching water into the lake or water body, land cover, clay soil, and high LST are predictors of
intestinal helminthiases and schistosomiasis among preschool-aged children in Rwanda. Conclusion: The
prevalence of 20.3% is moderate and in the march towards the elimination of these parasitic infections,
deworming activities should be coupled with water supply, reinforcement of the use of Early Child
Development (ECD), relocating people living in proximity of wetlands and water bodies, and health education
are key interventions in preventing preschool-aged children to get intestinal helminthiases and
Schistosomiasis.
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1. Introduction

Intestinal parasitic infections are caused by intestinal helminths and protozoa [1]. They are
mostly prevalent in developing countries and are diseases of poor people belonging to Neglected
Tropical Diseases (NTDs) affecting around 1.7 billion people worldwide [2—4]. They may cause
different health conditions such as epigastric pain, diarrhea, abdominal pain, vomiting, discomfort,
and burping even though a person can leave with intestinal parasites without knowing that they have
them [5]. Ascaris lumbricoides, Hookworm (Ancylostoma duodenale), whipworm (Trichuris trichiura),
Taenia spp., and Schistosoma mansoni were the focus of this study. Intestinal nematodes (A.
lumbricoides, T. trichiura, and Hookworms) are extremely widespread in sub-Saharan Africa, China,
and East Asian countries, causing 1.97 million DALYs globally and are most prevalent in children, as
reported by the global burden of disease [6].

Schistosomiasis is a debilitating infection due to parasites of the genus Schistosoma. These are
blood-dwelling helminths with five different species that affect humans: S. mansoni, S haematobium,
S. japonicum, S. mekongi, and S. intercalatum.(ref) S. mansoni was reported to be responsible for 1.64
million DALYs in 2019 [7].

Intestinal parasitosis and schistosomiasis are responsible for high morbidity and mortality
worldwide, especially in developing countries, owing to inadequate sanitation, unsafe water sources,
and poverty (limited resources), which results in difficulties in the implementation of control
measures [8,9]. They cause iron deficiency anemia; approximations show that 740 million people
worldwide are infected with Hookworms, which is a clinical cause of iron deficiency anemia due to
the consumption of iron in the intestine [10]. Intestinal parasites also cause growth retardation in
children, physical and mental problems that affect their studies [11].

Intestinal parasites affect the social well-being and finance of the population, as well as the
economy of the country [11]. In 2021, the World Health Organization (WHO)reported that, 1.15
billion people globally required preventive chemotherapy for intestinal parasites and Schistosoma
including 914.3 and 251.3 million people for soil-transmitted helminths and schistosoma,
respectively. It has been reported that 461.3 million (40%) people who required preventive
chemotherapy are from Africa [12]. Worldwide chemotherapy coverage is 55.96% and 29.94% for soil-
transmitted helminths and schistosoma, respectively. This coverage is relatively low in Africa, at
33.62% and 31.20%, respectively [12].

Studies conducted in different countries among different groups of people have shown that
intestinal helminthiasis is a problem faced by the population. For instance, a review conducted in
Africa demonstrated that the prevalence of intestinal parasites was 25.8% among school children
[13]. In Madagascar, in a survey of stunted children aged two and five years, intestinal parasites were
prevalent at 96.3% [14]. In a District in Ethiopia, 48.7% of children under five years of age were
infested with intestinal parasites [15].

The Rwanda National Survey of 2008 presented the distribution of soil-transmitted helminths
among schoolchildren in the Huye district and reported a prevalence of 61%, 31%, and 13% for A.
lumbricoides, hookworms, and T. trichiura, respectively [16]. Another study conducted in the Bugesera
district reported a prevalence of 47.5% of intestinal parasites, with 86.7%, 8.9%, and 4.4% of A.
lumbricoides, T. trichiura, and hookworms, respectively [17]. A cross-sectional survey conducted in
Rutsiro District, Rwanda, in a population aged two years and below revealed that the prevalence
of soil-transmitted helminths was 44.8% [18].

Intestinal helminthiases and schistosomiasis have been associated with different factors such as
inadequate preparation of vegetables and fruits [15,19,20], not practicing hand washing [19-22],
inadequate knowledge of the mode of transmission of intestinal parasites, [19,22], open defecation
[15], not wearing shoes [15], having many family members [15], drinking unsafe water [14,18,21],
malnutrition [23], residence [22], and the age of the child [14,24-27] can influence intestinal
helminthiases [28].

Schistosomiasis have been associated with different factors such as living in proximity to
freshwater body, swimming in open waterbodies, age, poverty, access to potable water and safe
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human excreta disposal [29-31].This study aimed to assess the prevalence of intestinal helminthiases,
schistosomiasis, and associated factors among preschool-aged children (PSAC) in Rwanda.

Intestinal helminthiases and schistosomiasis continue to become public health issues in
developing countries. The United Nations Sustainable Development Goal 3, which emphasizes good
health and well-being, highlights the prevention, control, and elimination and/or eradication of
NTDs, including intestinal helminths and schistosomiasis, by 2030 [32]. The WHO has established a
roadmap that will help to eliminate NTDs by 2030, and there is hope to achieve this if there is a
multilateral partnership and country ownership. Kigali Declaration on NTDs committed to reducing
the number of people requiring intervention for NTDs, including intestinal helminthiases and
schistosomiasis, by 90% [4].

There are few publications on the status of intestinal helminthiases and schistosomiasis in
Rwanda, particularly among preschool-aged children. Additionally, information on factors that may
be associated with disease trends at the national level in this age group is scarce. The current study
aimed to determine the prevalence of helminthiases and schistosomiasis, investigate their spatial
distribution, and identify factors potentially associated with helminthiases and schistosomiasis
among preschool-aged children in Rwanda.

2. Materials and Methods

This was an analytical cross-sectional study and a secondary analysis of the data collected in a
study entitled “Prevalence mapping of Schistosoma mansoni among preschool-aged children in
Rwanda.”

Seventeen [17] Districts located in five provinces of Rwanda were included in this study.
According to the mother study, the districts were chosen as endemic areas of Schistosoma mansoni.
These are Bugesera, Gatsibo, Kayonza, Ngoma, Nyagatare, and Rwamagana in the Eastern province;
Gasabo in the City of Kigali; Gicumbi, and Musanze in the Northern province; Karongi, Nyamasheke,
Rubavu, Rusizi and Rutsiro in the Western province; and Gisagara, Kamonyi, and Nyanza in the
Southern province. Being endemic to schistosomiasis in this study meant that the district was
assessed for schistosomiasis in schoolchildren, and the prevalence was found to be 10% or greater.

This study focused on preschool-aged children (PSAC) in a schistosomiasis-endemic area. The
sample size was comprised of 4675 children aged 7-68 months old that were enrolled in the mother
study from the selected villages. All participants in the maternal study were included in the
secondary data analysis.

Villages were purposively selected according to their proximity to water bodies or wetlands.
From the mother study, the districts that are endemic to schistosomiasis were identified, as well as
sectors that have water bodies and wetlands so that the population is exposed were identified too. In
each targeted sector, two villages were selected purposively depending on their proximity to the
water body or wetland. The children who participated in this study were randomly selected. All the
children who participated in the mother study were also part of this study.

Intestinal helminths (Ascaris, Trichuris, ankylostoma, and tenia) and schistosoma were
dichotomous dependent variables. Dependent variables were added to form a new categorical
variable that justified the outcome. To confirm that the child had an intestinal helminth or
schistosoma (positive outcome), there might have been at least one intestinal helminth or schistosoma
per child. The absence of any intestinal helminths or schistosoma was considered a negative outcome.
This variable was recorded as a new variable (parasite), which was a binary variable, where 0 was
used for the absence of parasites and 1 for the presence of parasites.

Independent variables or factors included sociodemographic factors (age, gender (sex),
residence, parent occupation, child caregiver during the day, and stunting), WASH Factors (fetching
water into the lake or water body, bathing in the lake or water body), and environmental factors such
as rainfall, temperature, land cover, soil pH, and soil type.

This secondary data analysis used the existing data. The data collected for the primary purpose
were as follows: First, a structured questionnaire was developed to guide interviews on the risk
factors that may be associated with intestinal helminthiases and schistosomiasis. This questionnaire
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was administered to the children’s guardians after they agreed to participate in the study. Second,
laboratory tests were performed on the collected stool samples of each participating child. Parasites
in stools were detected using Kato Katz’s laboratory techniques [33]. Third, a document review was
performed to determine other possible environmental factors that could potentially influence the
prevalence and distribution of these parasites. Environmental factors values were extracted from GIS
software for the study area, where other data were collected. These variables are essential for
understanding the ecological factors contributing to the distribution of intestinal helminths and
schistosoma. Environmental variables (precipitation, temperature, soil pH, land cover, and soil type)
were extracted at specific sampling points using the "Extract Multiple Values to Points" tool in
ArcGIS. These points were based on samples collected at the village level (village centroids were
used), enabling a localized understanding of the spatial distribution patterns of the variables. The
values generated for each environmental variable were organized into a tabular format. This table,
which contains the environmental variable values, forms the basis for further analysis. By exporting
this table, we created a structured dataset that was ready for subsequent statistical and correlation
analyses. A prevalence distribution map was produced from the data aggregated at the village level
(village prevalence was mapped).

Descriptive analysis was performed on the data. Prevalence was assessed as a measure of
frequency. The results are presented as frequencies and percentages. Odds ratios were assessed as a
measure of the association between independent variables and the outcome of interest (parasites).
The chi-square test was used to test the statistical relationship between parasites and factors
(independent variables). logistic regression analysis was conducted to identify significant variables
linked to the outcome; multivariable logistic regression analysis was conducted. The decision was
made based on the p-value (alpha). The confidence level was set at 95%. For a p-value less than 0.05,
the two variables were considered to be associated. Stata 15 software was used to perform statistical
analysis, and the output tables were transformed into tables using Excel. ArcGIS was used to produce
the prevalence distribution map.

Ethical approval was provided by the Institutional Review Board (IRB) of the University of
Rwanda at the College of Medicine and Health Sciences. This study was conducted to determine the
benefits to the population. Data were kept confidential.

3. Results
3.1. Description of Socio-Demographic, WASH, and Environmental Characteristics

Table 1 illustrates the survey participants according to sociodemographic factors, WASH, and
environmental characteristics. In total, 4675 preschool-aged children (PSAC) were enrolled in this
study. Among them, 49.56% (n = 2317) were females and 50.44% (n = 2358) were males. More than
81% of the children were older than two years of age. A large proportion of the PSAC (90.31%, n =
4062) had parents who were farmers. 74.62% (n = 3479) were cared for by their mothers during the
day. Some PSAC (34.16%, n = 1597) were stunted. The highest proportions of 83.32% (n = 3895) and
63.76% (n =2937) of PSAC-fetched water were in the lake and the water body and bathed in the lake
or water body, respectively. A small proportion (9.03%, n = 422) of the PSAC lived in regions of high
rainfall. The proportion of PSAC who lived in regions with normal LST was 41.41% (n=1936). Most
of the PSAC (81.13%; n =3793) lived in regions with clay soil type. All children lived in acidic regions
(pH less than 6.5), and 65.09% (n=3043) of the PSAC lived in regions reserved for agricultural
activities.
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Table 1. Sociodemographic, WASH and environmental characteristics of the studied population.

Variable n %
Total 4675 100
<= 24 Months 848 18.14
Age in months

>=24.01 Months 3827 81.86
Gender Female 2317 49.56
Male 2358 50.44

City of Kigali 120 2.57
Southern 591 12.64

Residence Western 1911 40.88
Northern 359 7.68
Eastern 1694 36.24

Casual worker 145 3.22

Farmer 4062 90.31

Parents’” occupation Government employee 41 0.91
Self-employed 154 3.42

Unemployed 96 2.13
Mother 3479 74.62

) ) ) Father 258 5.53
Child care g;\;;r during the Sister 156 335
Brother 37 0.79

Other 732 15.7
. Not stunted 3078 65.84

Nutritional status

Stunted 1597 34.16

Fetching water into the lake No 780 16.68
water body Yes 3895 83.32
Bathing in the lake or water No 1669 36.24
body Yes 2937 63.76

Low 1994 42.65
Rainfall (Precipitation) Moderate 2259 48.32
High 422 9.03

Very low land LST 540 11.55

Low LST 1419 30.35

Temperature

Normal LST 1936 41.41

High & Very high LST 780 16.68
Soil type Silt 882 18.87

Clay 3793 81.13

soil pH Acidic 4675 100

Built up 106 2.27

Agriculture 3043 65.09

Land cover

Vegetation 1224 26.18

Water body 302 6.46

reprints202410.1080.v1
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3.2. Prevalence of Intestinal Parasites and Schistosomiasis among Preschool-Aged Children

Table 2 illustrates the prevalence of schistosomiasis, Ascaris, ankylostoma, Trichirus trichura, and
tenia and the overall prevalence of parasites (either an intestinal parasite or schistosoma). The overall
prevalence of intestinal parasites and schistosoma infections was 20.3%. Ascaris had the highest
prevalence: 15%, Trichuris trichiura was prevalent at 7.7%, Ankylostoma was prevalent at 1.5,
Schistosoma at 0.8%, and taenia and other parasites were prevalent at 0.2% each (Table 2).

Table 2. Prevalence of intestinal helminthiases and schistosomiasis among preschool-aged children.

CI (95%)
Parasites n %
Lower limit Upper limit

Schistosomiasis 37 0.8 0.55 1.08
Ascaris 702 15 14 16.07
Trichuris 361 7.7 6.97 8.52
Ankylostoma 68 1.5 1.13 1.84
Tenia 10 0.2 1.1 0.39
Other parasites 11 0.2 0.11 0.42

Overall prevalence (presence of at

949 20.3 19.15 21.48
least one parasite

3.3. Distribution of Intestinal Parasites and Schistosomiasis among Preschool-Aged Children in Rwanda

The distributions of intestinal helminthiases and schistosomiasis were determined using a map.
Mapping was performed at the lowest administrative level, the village. Depicted in Map 1 by using
WHO parasites prevalence categories, most of the villages in the Western province had moderate and
high prevalence. The villages of Kigali and the Eastern province had a low prevalence.

doi:10.20944/preprints202410.1080.v1
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Figure 1. Distribution of intestinal helminthiases and schistosomiasis among preschool-aged children
in Rwanda.

3.4. Factors Associated with Intestinal Helminths and Schistosoma Infections

The bivariate analysis, the results of which are illustrated in Table 3, revealed ten variables
associated with intestinal parasites and schistosomiasis. These included age (P <0.001), residence (P
<0.001), parents’ occupation (P <0.001), child caregiver during the day (P <0.001), fetching water into
the lake or water body (P = 0.023), bathing in the lake (P <0.001), land surface temperature (P <0.001),
soil type (P = 0.020), rainfall (P <0.001), and land cover (P <0.001).

Table 3. Bivariate analysis for factors associated with intestinal helminthiases and schistosomiases
among preschool-aged children.

Presence of Absence of
Variable parasites parasites Chi2 P-value
n (%) n (%)

Overall 949 (20.30) 3726 (79.70)

Age in months 13.639 0.000

<= 24 Months 133 (15.68) 715(84,32)

>=24.01 Months 816 (21.32) 3011 (78.68)

Gender 0.847 0.357
Female 483 (20.85) 1834 (79.15)
Male 466 (19.76) 1892 (80.24)

Residence 578.84 0.000

City of Kigali 7 (5.83) 113 (94.17)


https://doi.org/10.20944/preprints202410.1080.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 October 2024 d0i:10.20944/preprints202410.1080.v1

8
Southern 88 (14.89) 503 (85.11)
Western 707 (37.00) 1204 (63)
Northern 40 (11.14) 319 (88.86)
Eastern 107 (6.32) 1587 (93.68)
Parents ‘occupation 39.165 0.000
Casual worker 32 (22.07) 113 (77.93)
Farmer 772 (19.01) 3290 (80.99)
Government employee 6 (14.63) 35 (85.37)
Self-employed 57 (37.01) 97 (62.99)
Unemployed 30 (31.25) 66 (68.75)
Child care giver during the day 23.402 0.000
Mother 677 (19.46) 2802 (80.54)
Father 63 (24.42) 195 (75.58)
Sister 17 (10.90) 139 (89.1)
Brother 12 (32.43) 25 (67.57)
Other 178 (24.32) 554 (75.68)
Nutritional status 0.046 0.829
Not stunted 622 (20.21) 2456 (79.79)
Stunted 327 (20.48) 1270 (79.52)
Fetching water into the lake 5.179 0.023
No 135 (17.31) 645 (82.69)
Yes 814 (20.90) 3081 (79.1)
Bathing in the lake 16.401 0.000
No 286 (17.14) 1383 (82.860
Yes 650 (22.13) 2287 (77.87)
Rainfall (Precipitation) 458.967 0.000
Low 118 (5.92) 1876 (94.08)
Moderate 670 (29.66) 1589 (70.34)
High 161 (38.15) 261 (61.85)
Temperature 186.306 0.000
Very low land LST 80 (14.81) 460 (85.18)
Low LST 284 (20.01) 1135 (79.98)
Normal LST 540 (27.89) 1396 (72.10)
High & Very high LST 45 (5.76) 735 (94.23)
Soil type 5.416 0.020
Silt 154 (17.46) 728 (82.54)
Clay 795 (20.96) 2998 (79.04)
Land cover 23.152 0.000
Built up 25 (23.58) 81 (76.42)
Agriculture 582 (19.13) 2461 (80.87)
Vegetation 299 (24.43) 925 (75.57)
Water body 43 (14.24) 259 (85.76)

However, after running multivariable logistic regression for all these variables, only six were
independently associated with intestinal helminthiases and schistosomiasis among preschool-aged
children (PSAC).
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As illustrated in Table 4, PSAC aged more than 24 months are 1.553 times higher odds of getting
intestinal helminthiases and schistosomiasis compared to PSAC aged 24 months and less (aOR =
1.553; 95% CI:1.231-1.960). PSAC residing in Western province are 5.702 times higher odds of getting
intestinal helminthiases and schistosomiasis compared to those living in Kigali city (aOR =5.702; 95%
CI: 2.024-16.068). Children whose parents are self-employed are 2.492 times higher odds of getting
intestinal helminthiases and schistosomiasis compared to those whose parents are farmers (aOR =
2.492; 95% CI: 1.397-4.444). Children whose parents fetch water in the lake or water body are 1.829
times higher odds of getting intestinal helminthiases and schistosomiasis compared to those whose
parents do not fetch water in the lake or water body (aOR = 1.829; 95% CI: 1.413-2.366). Children
living in regions with high land surface temperatures (LST) are 0.248 times lower odds of getting
intestinal helminthiases and schistosomiasis compared to those living in regions with very low LST
(aOR = 0.248; 95% CI: 0.144-0.428). PSAC living in regions reserved for agriculture, vegetation, and
waterbodies were 1.828, 1.809, and 3.452 times higher respectively to get intestinal helminthiases and
schistosomiasis compared to PSAC living in built up regions ((aOR = 1.828; 95% CI: 1.041-3.210) for
agriculture, (aOR = 1.809; 95% CI: 1.015-3.224) for vegetation, (aOR = 3.452; 95% CI: 1.565-7.612) for
water bodies). Children living in regions with clay soil are 0.732 times lower odds to get intestinal
helminthiases and schistosomiasis compared to children living regions with silt soil (aOR = 0.732;
95% CI: 0.565-0.948). Finally, children living in regions of high and moderate rainfall are 3.05 and 2.82
times higher respectively to get intestinal helminthiases and schistosomiasis compared with children
living in regions of low rainfall.

Table 4. Association of intestinal helminthiases and schistosomiasis with sociodemographic and
environmental factors.

95% CI of the aOR
Variables Adjusted Lower Upper P-value
OR
limit limit

Age in months <=24 Months Ref
>=24.01 Months 1.553 1.231 1.96 0.000

Residence City of Kigali Ref
Southern 1.674 0.595 4.71 0.329
Western 5.702 2.024 16.068 0.001
Northern 1.195 0.454 3.147 0.718
Eastern 0.885 0.373 2.098 0.781

Casual worker Ref
Farmer 0.929 0.584 1.477 0.755
Parents ‘occupation Government employee 0.548 0.2 1.506 0.243
Self-employed 2.492 1.397 4.444 0.002
Unemployed 1.594 0.82 3.096 0.169

Mother Ref
Father 0.781 0.533 1.146 0.206
Child care giver during the day  Sister 1.206 0.689 2,111 0.511
Brother 1.254 0.549 2.866 0.591
Other 0.824 0.639 1.063 0.136

No Ref

Fetching water into the lake

Yes 1.829 1.413 2.366 0.000

Bathing in the lake No Ref
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Yes 0.966 0.784 1.19 0.742
Low Ref

Rainfall (Precipitation) Moderate 1.674 0.888 3.154 0.111
High 1.692 0.831 3.442 0.147
Very low land LST Ref
Low LST 0.954 0.649 1.404 0.812

Temperature
Normal LST 1.126 0.774 1.637 0.535
High & very high LST 0.248 0.144 0.428 0.000
Silt Ref
Soil type
Clay 0.732 0.565 0.948 0.018
Built up Ref
Agriculture 1.828 1.041 3.21 0.036
Land cover

Vegetation 1.809 1.015 3.224 0.044
Water body 3.452 1.565 7.612 0.002

4. Discussion

This study revealed that one in five preschool-aged children was infected with at least one
parasite (intestinal helminthiasis or schistosomiasis). This prevalence of 20.3% was relatively low
compared to previous findings in Rwanda in different settings, including 45.2% in 2014 [34] and
44.8% in 2019 [18] and in other countries such as Colombia (60%) [35], but still higher than the WHO
target of eliminating intestinal helminthiases and schistosomiasis as public health problems by 2030
[36].

In this study, the age of the child was significantly associated with intestinal helminthiases and
schistosomiasis, and the risk of infection increased with the age of the child. Previous studies in
different countries showed similar results [14,20,23,27,37-39]. The older the child, the greater the risk
of infection by intestinal helminths, and Schistosoma will be; until reaching a certain age, the infection
declines in adults (except for hookworms). As children grow, they are exposed to different activities
that may be favorable for parasite infestation and growth, such as drinking untreated water [15,18—
20], playing with bare feet [15] or swimming, not washing their hands with potable water and soap
[19-21], eating unwashed fruits and vegetables [40], and sucking their fingers unwashed. In addition,
there is slow development of acquired immunity against these parasites.

This study reported that children from families that fetch water in the lake or open water bodies
were positively associated with intestinal helminthiases and schistosomiasis. Fetching water in lakes
or other open water bodies reveals the lack of access to potable water that contribute to high level of
intestinal parasites as reported in other studies [14,37,41].

This study reported that parents ‘occupation was positively associated with intestinal
helminthiasis and schistosomiasis. Similar results were provided by other researchers in Ghana [42]
and Mexico [43]. PSAC whose parents were self-employed, had a higher risk of developing intestinal
helminthiases and schistosomiasis. Most self-employed parents do not spend enough time with their
children to provide them with the necessary health information.

Our study reported that children living in the western province were 5.7 times odds higher (aOR
=5.70 [95% CI: 2.024-16.068] to be infected by intestinal helminthiases and schistosomiasis compared
to those living in the City of Kigali, while children living in other provinces had relatively lower risks
of infection. A study carried out in Rutsiro district, one region of the current study, among children
under two years old, showed a high prevalence (48.6%) of soil-transmitted helminths [18].
Additionally, Ruberanziza et al. reported a high prevalence of intestinal helminthiases in the western
province and suggested that a high population density combined with poor sanitation levels
contributed to the high prevalence of intestinal helminthiases [44]. Other factors such as the
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inaccessibility to safe water (75% coverage of water distribution in the Western province) [45], heavy
rain that sometimes leads to flood and leakage of toilets, and domestic and recreational usage of Kivu
Lake water may contribute to the high burden of intestinal helminthiases and schistosoma infection.

The current study considered environmental factors such as land surface temperature, rainfall,
soil type, and land cover because intestinal helminths and schistosoma in their life cycles have
developmental stages accomplished in the human body and other stages accomplished in the
environment. Land surface temperature (LST) is well known because A. lumbricoides, T. trichiura, and
ankylostoma have thermal thresholds outside of which the survival of the infective stages in the soil
declines [46]. Rainfall increases humidity and soil moisture, thereby helping parasites develop and
influence infection transmission [47,48].

One interesting finding is that land cover is a predictor of intestinal helminthiases and
schistosomiasis. Preschool-aged children living in regions reserved for wetlands and waterbodies
were 3.452 times higher to become infected than those living in built-up regions. The different aspects
found in developing countries are believed to contribute to this. There is always no potable water
supply in regions near wetlands and water bodies, especially in rural areas. The soil near wetlands
and water bodies has a high humidity content and soil moisture that favors parasite growth,
multiplication, and transmission [47]. People living near wetlands and waterbodies are almost in the
lowest economic category, and studies have reported poverty as a predictor of intestinal parasites
and schistosomiasis [40,49]. When latrines are present in the regions near wetlands and waterbodies,
there is a high infiltration rate and parasites reach the water table, resulting in contaminated water
sources. This is also justified by runoff and floods [50] that may contaminate the water sources
accessed by people in the neighborhood, such as those living in the Kivu Lake neighborhood in our
case. In a study conducted in Brazil, Vieira stated that when proximity to water is combined with
humidity, warm climate, sandy soil, and unimproved sanitation, it generates favorable situations for
larval growth and persistence in the environment [51].

Children living in regions reserved for agricultural activities have a higher risk of getting
intestinal helminthiases and schistosomiasis. This may be related to the absence of latrines in these
areas. For instance, rice farmers do not have mobile latrines to use while they are cultivating, and the
parents and children who are together with them practice open defecation.

This study reported that clay soil was negatively associated with intestinal parasites compared
with silt soil (aOR = 0.732). The Sharad Suyakant Malavade study carried out in Salvador found the
same results. This may be because clay soils do not provide sufficient aeration for parasites eggs
development and have low water permeability [52].

Preschool-aged children living in regions of moderate and high rainfall were approximately
three times more likely to be infected by intestinal helminthiases and schistosomiasis than those
living in regions of low rainfall (aOR=1.674 and 1.692, respectively, for moderate and high rainfall
regions). This positive association between parasites and rainfall was previously talked about in other
research [46,53,54]. Rainfall increases humidity and soil moisture and helps helminths and
schistosoma develop and influence infection transmission [47,48]. This study showed that intestinal
helminths (soil-transmitted helminths) are more prevalent in regions of high rainfall, mostly located
in the western province of Rwanda.

Children who were cared for by their siblings during the day in this study had a higher risk of
being infected by intestinal helminthiases and schistosomiasis compared with those cared for by their
mothers (aOR = 1.206 and 1.254 for children cared for by their siblings and brothers, respectively).
The high prevalence of infection in children cared for by their siblings may result from practices
performed by older children who care for preschool-aged children, such as drinking untreated water
[15,18-20], playing together with bare feet [15], not washing their hands with potable water and soap
[19-21], and eating unwashed fruits and vegetables [40]. These PSAC are exposed to parasites
because they do not receive appropriate day care. Normally, in Rwanda, PSAC should be cared for
in Early Childhood Development (ECD) centers established at the village level of administration.
ECD helps children in their early years (three to five) by providing comprehensive access to learning,
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good nutrition, hygiene, and protection. Children in ECD are cared for by trained mothers who are
able to protect them from harm.

5. Conclusions

The prevalence of intestinal helminthiases and schistosomiasis among preschool-aged children
in Rwanda was 20.3%, which is moderate, although the Western province had a high prevalence in
this study (37%). The risk of developing intestinal helminthiases and schistosomiasis increases with
increasing age. It is necessary to educate children as they grow up and their caregivers on behaviors
related to preventing the transmission of parasites so that they develop healthier behaviors. Fetching
water into the lake or water body, a sign of the lack of safe water supply, and bathing into the lakes
or water bodies exposes children to intestinal helminthiases and schistosomiasis. Environmental
factors, such as land cover, land surface temperature (LST), and soil type, influenced the presence of
parasites. Western provinces had higher risks compared to other provinces and needed interventions.
Deworming activities, water supply, reinforcement of the use of Early Childhood Development
(ECDs) centers, relocation of people living in proximity to wetlands and water bodies, and health
education are key interventions in preventing preschool-aged children from getting intestinal
helminthiases and schistosomiasis infections.

6. Recommendations

According to the results of this study, the prevalence of intestinal helminthiases and
schistosomiasis has reduced over the years, and the following recommendations are necessary to
reduce the moderate prevalence observed. Deworming activities that are performed in our country
are of utmost importance and should be continued to eliminate intestinal helminthiases and
schistosomiasis among preschool-aged children. Access to potable water may play a role in parasite
reduction. In partnership with different actors, there is a need for water supply in regions of high
prevalence, especially in the western province, which has the highest infection burden.
Reinforcement of Early Childhood Development (ECD) centers is a key issue in preventing preschool
children from being exposed to parasites by their day caregivers. These preschool children are
exposed during the time they need to be kept safe through ECDs. The population living in proximity
to wetlands and water bodies must be relocated to other places that do not expose them to the risk of
intestinal helminthiases and schistosomiasis infections.

Furthermore, health education for all parents will increase their knowledge regarding the
prevention of intestinal helminthiases and schistosomiasis in their children. As the majority of
children were from households of farmers and living in regions reserved for agricultural activities
was positively associated with intestinal helminthiases and schistosomiasis, farmers are
recommended to not only avoid open defecation while they are busy in their daily activities but also
to adopt WASH practices namely proper hand washing, drinking water storage, drying racks,
washing vegetables and fruits before cooking, and eating them.
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