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Abstract

Background: In developing countries, intestinal parasitic infections are public-health
burden and the major cause of illness. In addition, IPIs contribute to many health threats,
including growth retardation, mental health-related disorders, and lack of appetite,
especially in children. Around the globe, 450 million people are affected by IPIs, most of

them are children.

Purpose: This study primarily aims to assess the prevalence and risk factors associated
with intestinal parasitic infections among children aged 12—59 months in Nyamasheke
District, Rwanda. The finding will provide important support for implementing appropriate

IPI-control measures in this study area.

Methods: This cross-sectional descriptive study was carried out using secondary data from
1,048 children aged 12—59 months, whose stools were examined in laboratories to detect
intestinal parasites, and whose results were registered in the Laboratory Information
System in 2020. We extracted all required information from this database to conduct the
present study. Using a random multistage sampling technique, the general characteristics
of the population were determined using Chi-square, while descriptive statistics, based on
frequencies and percentages, were used to calculate the prevalence of IPIs among children
aged 12—59 months in Nyamasheke District. In addition, a binomial logistic regression was
used to identify factors associated with IPIs among children aged 12—59 months in this

arca.
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Results: The prevalence of intestinal parasites among children aged 12-59 months was
53.2%. The association between intestinal parasites and each child’s place of residence was
statistically significant (OR=1.9, CI=95% p-value=0.031). In addition, the association
between intestinal parasites and the mother or child caretaker’s literacy was statistically
significant (OR=5.09, CI=95: %: 1.0—3.4, p-value <0.001). Children from farming
households were 2.8 times more likely to have IPIs than children from non-farming families
(OR=2.8, CI=95: %:1.9—4.1, p-value <0.001). Similarly, a significant association was
found between intestinal parasites and food safety (OR=4.9, CI=95: %: 2.9—8.1, p-value
<0.001). Another association was found between intestinal parasitic infections and a
children’s hands safety after using the toilet and washing fruit before eating (p-value
<0.001). However, there was no statistically significant association between intestinal
parasitic infections and age, sex, or using piped water and detergent to clean kitchenware,
(p-value is > 0.05). The dominant parasite was Ascaris lumbricoides with a prevalence of
13.1%, followed by Giardia lamblia (10.9%), Entamoeba coli (10.5%), Entamoeba

histolytica (7.9%), Trichuris trichiura (6.5%), hookworm (1.7%) and Taenia ssp. (1.4%).

Conclusion: There is an urgent need for community health education on hand- and food-
hygiene practices, [PI-transmission risk factors, and mass drug administration for mothers
and caretakers responsible for very young children in Nyamasheke District, Rwanda. The
information collected here will help public-health providers and partners develop control

plans for highly endemic areas in Rwanda.

Keywords: Intestinal parasites, risk factors, hygiene practices, sanitation.



Chapter 1: General Introduction

1.1.Background

In developing nations, intestinal parasitic infections are a great burden on the public health
system and a major cause of illness and mortality worldwide (Farrell et al. 2018). They
cause more than 33% of deaths globally (Mulatu et al. 2015). People in developing
countries are more likely to contract parasitic illnesses, due to poor environmental
sanitation and sanitary practices. (Campbell et al. 2016).

Globally, around 3.5 billion people and 450 million people suffer from these infections,
with children being the most affected (Arani et al. 2008). IPIs stunt children's growth and
increase their risk of contracting other diseases. While mortality from intestinal parasite
protozoan infections is a relatively unfamiliar problem, morbidity and indirect effects cause
many health-related problems, including gastrointestinal disorders, diarrhea, dysentery,
vomiting, lack of appetite, hematuria, abdominal distension, and mental health-related
disorders, which can lead to mortality (Vaumourin et al. 2015). Ascaris lumbricoides,
Entamoeba histolytica, and Giardia lamblia are common in children under five years old
in developing countries around the globe. A. lumbricoides infects 1.5 billion people
worldwide, resulting in an annual morbidity rate of 335 million and 60,000 associated
mortalities.

In European countries, recent studies have shown that 5.9% of children have intestinal

parasitic infections.



In the ASEAN nations, 200 million individuals are infected with intestinal helminth
infections, which are caused by soil-transmitted helminths. Notably, 4. lumbricoides
infects 126.7 million people, Trichuris trichiura 115.3 million and hookworm 77.0 million;
Syria accounts for 42.5% of IPIs, Qatar 33.9%, and Palestine 74.6%(Bdir and Adwan 2010;
Khan, Nisa, and Khan 2017; Bakarman, Hegazi, and Butt 2019).

In African countries, such as Ethiopia, 48% of preschool and school children suffer from
IPI, as do, 54.8% of children in Nigeria (Karshima 2018). Infection causes short- and long-
term health problems (complications) that impact children’s growth. IPIs can have long-
term effects on children’s physical growth and cognitive development. For example, in
Rwanda, preschool and school children have an overall prevalence of 45.2% (Karema,
Fenwick, and Colley 2015). The predominant parasites are A. lumbricoides observed in

38.6% of children, followed by hookworm in 31.6%.

1.2.Problem statement
Worldwide, intestinal protozoan and helminthic infections are relatively prevalent.
However, they are dispersed from one place to another based on levels of personal and

communal hygiene, sanitation, and climatic and environmental conditions.

According to WHO estimates, 3.5 billion people worldwide have intestinal protozoan
infections, and 450 million are sick as a result. Nearly all parasitic infections occur in
developing nations. More than 95% are brought on by poverty, low income, lack of
awareness, illiteracy, improper hand washing after urinating, open defecation,

contaminated drinking water, improper toilet use, improper food, and cultural practices,



among other factors. If nothing is done to stop the spread of parasitic infections, people
will continue to be infected. (Torgerson et al. 2015).

To reduce the health burden this creates, WHO set a target for implementing a regular mass
drug-administration (MDA) program for all preschool and school children in 46 targeted
African countries, including Rwanda, by 2010 (WHO 2010).

Despite the effort invested in this initiative, intestinal parasitic infections remain a public-
health concern. Moreover, according to LIS (Laboratory Information System) in
Nyamasheke District, this highest has highest use of medicines for treating intestinal worms
in children aged 12—59 months, based on health-facility clinical reports. The data show
that IPIs are the main reason why children aged 12—59 are brought to health facilities by
their mothers’ or caretaker. However, no prior scientific study has examined the prevalence

of IPIs and associated risk factors among children aged 12—59 months in this study area.

The present study aims to assess the prevalence of IPIs and associated factors among
children aged 12—59 months in Nyamasheke District, Rwanda. In addition, it provides
valuable data for policymakers, decision-makers, and program planners implement

successful interventions to reduce this public-health burden.



1.3.Research objectives

1.3.1. Purpose
The main purpose of this study is to assess the prevalence of IPIs and to identify associated

factors among children aged 12—59 months in Nyamasheke District, Rwanda.

1.3.2. Specific objectives

The study aims to achieve the following objectives:

First: To describe the relationship between sociodemographic factors and IPIs in children

aged 112—59 months in Nyamasheke District.

Second: To identify the prevalence of intestinal parasitic infections among children aged

12—59 months in Nyamasheke District.

Third: To identify the factors associated with intestinal parasitic infections among children

aged 12—59 months in Nyamasheke District.

1.4.Significance of the study
This study is significant because its findings provide evidence-based, comprehensive data
related to factors that are strongly associated with the transmission of IPI in the study area.
The results of the study will help public-health service providers and other interested parties
develop strategies for controlling IPIs in the study area and other highly endemic areas. It
also provides as necessary data that can be used to investigate the subject further. This work

offers three interesting and useful dimensions, as follows:



1.4.1. Health facilities and community interest
The outcomes of this study offer suggestions and recommendations health facilities to
apply in practice. Members of the society will also become aware of the healthcare burden

and ready to comply with possible solutions.

1.4.2. Ministry of Health

This document provides evidence-based information about the prevalence of IPIs in the
study area and the severity of the problem. This will enable the Ministry of Health and
various health-administration institutions to carry out early planning and to take adequate
measures to prevent intestinal parasitic infections among children aged 12—59 months and

other age groups.

1.4.3. Scientific interest
It is essential for researchers to meet their institution’s demands and for a graduate student

to write a thesis to obtain a master’s degree.



1.5.Structure of the study

This work consists of

1.5.1. Chapter 1: General introduction
1.5.2. Chapter 2: Literature review

1.5.3. Chapter 3: Methods

1.5.4. Chapter 4: Data analysis and results

1.5.5. Chapter 5: Discussion

1.5.6. Chapter 6: Conclusion and recommendations
1.5.7. References

1.5.8. Appendix



Chapter 2. Literature Review

This chapter has three main sections: an introduction, a definition of key terms, and an

analytical framework.

2.1. Introduction

To identify the factors that cause intestinal parasitic infections among children aged 12—59
months in Nyamasheke District, the present study carries out a literature review to locate

relevant prior studies.

2.2. Definition of key concepts
2.2.1. Parasites
Disease-causing organisms that lives on or in humans or other animals and derive their

nourishment from their hosts.

2.2.2. Intestinal parasitic infections

Intestinal protozoan and helminthic infections confirmed by stool examinations.

2.2.3. Intestinal protozoa
Unicellular organisms that infect and multiply inside the intestine of the host. Intestinal
protozoa contribute significantly to the burden of infectious diseases worldwide, especially

diarrheal diseases.



2.2.4. Intestinal helminths
Commonly  known  asparasitic = worms, intestinal helminths are large
multicellular parasites, which can generally be seen with the naked eye when they are

mature.

2.2.5. Hygiene and hygiene practices
Conditions and practices that maintain health and prevent the spread of diseases. They
comprise ways of preventing parasitic intestinal infections, for example, by washing hands

properly, using soap and water, and times that are critical for hand washing (Spruce 2013).

2.2.6. Sanitation and sanitation practices
The effective use of tools and actions to keep our environment healthy. These include
latrines or toilets to manage waste, food preparation, safe water, washing stations, and

effective drainage.

2.2.7. Personal hygiene

Maintaining bodily cleanliness.

2.2.8. Public-health interventions
The process of curtailing infections among people by installing Water Aid tippy taps,
providing soap and water for hand washing and training people to apply proper sanitation

and hygiene practices.

2.2.9. Risk factor

Something that increases the chance of infections or disease development.


https://en.wikipedia.org/wiki/Parasite

2.3. Analytical framework

2.3.1. Theoretical framework

This cross-sectional descriptive study was carried out in a western province of Rwanda,
and specifically in Nyamasheke District, to assess the IPI prevalence and associated risk
factors among children aged 12—59 months. The researcher used secondary data drawn
from the LIS database. Socio-demographic and hygiene-practice-related behaviors were
the independent variables, and intestinal parasitic infections were the dependent variables.
The researcher chose to use jamovi 2.2.5 software for the data analysis and descriptive
statistics to generate a data summary, based on percentages and frequencies. A chi-square
was used to analyze the relationship between the independent and dependent variables. In
addition, a binomial logistic regression was used to assess the factors associated with IPIs

(https://www.jamovi.org. 2021).

2.3.2. Conceptual framework

The conceptual framework that underpins this study provides a structure for the pertinent
ideas and variables in this investigation and their connections. The present study finds that
the prevalence of IPIs among children aged 12—59 months in Nyamasheke District is
influenced by certain risk factors, including socio-demographic factors and hygiene-related
behaviors (handwashing practices and food hygiene). These factors can be classified in the

following ways:



2.3.2.1. Socio-demographic factors

Children aged 12—59 months whose families live in rural areas are subjected to intestinal
parasitic infections because they experience poor environmental hygiene, in contrast to
children from urban areas. In rural parts of this district, children of this age play in open
ground (soil), many also come from families whose houses have poor hygiene facilities and
are poorly built. Such an environment naturally leads to more infections among these
children than would be experienced by children in cities or towns (urban areas), where
hygiene and cleanliness are better maintained. The occupation of the children’s mothers or
caretakers and their level of literacy are additional factors that contribute to the highest
prevalence of IPIs among children of this age in the district. Children from farming families
may get IPIs because their mothers or caretakers take them along during farming activities;
it is easy for these children to be infected because they are in direct contact with
contaminated soil. The mother’s or caretaker’s level of literacy also plays a crucial role in
influencing intestinal parasitic infections in children; this can be explained by the fact that
education raises a mother or child caretaker’s awareness of some health risks that threaten-
children and how to prevent them. Children from illiterate households get more IPIs than

children from literate families.

2.3.2.2. Hygiene-related behaviors
Poor handwashing practices (not washing children’s hands after they use the toilet, or
before eating) is one way for these children to be contaminated by IPIs. Children at this age

do not understand the importance of washing their hands after using the toilet or before

10



eating. Moreover, they like to touch everything they see with their hands, including their
own feces, soil, and contaminated water, all of which may expose them to pathogenic germs
and lead to infections. Children aged 12—59 months are not aware of hand hygiene.

Therefore, their parents (mothers or caretakers) must take responsibility for this.

Poor food-hygiene practices (not using piped water to wash fresh food before cooking or
fruits before eating) increase the risk of intestinal parasitic infection. Unwashed fresh food
and fresh fruit carry the eggs of intestinal worms, since we are still determining their safety
from the garden to the market. They facilitate direct transmission once they are consumed
(swallowed). Unless piped water and soap are used to clean, they can acquire hidden stocks
of intestinal worm eggs, deposited by flies or small insects that circulate in the environment.
These flies transport several small eggs on their legs, put them on kitchen tools, and open

the doors to IP infection whenever a child is fed using that contaminated tool.

Intestinal parasites can be controlled by educating mothers or caretakers about
handwashing; this will reduce the transmission of IPIs to children aged 12—59 months.
To reduce transmission and re-infection by intestinal parasites in the long run, it is
important to wash fresh food before cooking and fresh fruit before eating, clean

kitchenware with piped water and soap, and treat affected children.

11



Intestinal
parasite
infections

Poor food-hygiene

Poor handwashing ]
practices

practices

Socio-demographic factors

Age, sex, family size, place of residence, mother or caretaker’s literacy, mother
or caretaker’s occupation

Figure 1. Conceptual framework depicting intestinal parasites among children aged
12—59 months in Nyamasheke District, Rwanda.

Source: Illustration provided by the researcher

2.4. Prior studies of IPI prevalence and associated factors

Intestinal parasitic infections lead to public-health problems. According to WHO, 3.5
billion people live with intestinal parasitic infections. Of these, 450 million suffer from
their infections, and many of these are children. According to UNICEF, 663 million people

lack treated water, and 2.billion lack ameliorated sanitation facilities (Aschale et al. 2021).

A study conducted by Yentur Doni et al. (2015) on the prevalence and risk factors
associated with intestinal parasites among the children of farmers in the southeastern
Anatolian region of Turkey found that farmers and their family members had a greater
chance of coming into contact with contaminated soil than other citizens—and also that
some parasites could penetrate the skin. The children of farmers were selected using the

probability sampling method. Data were collected using a structured questionnaire and

12



laboratory stool analysis. The data analysis was carried out using SPSS version 11.5. The
prevalence of IPIs was 44.6% and the factors associated with IPIs were age, gender,
household illiteracy, poverty, the absence of toilets, bathrooms, and kitchens at the place
of residence; the lack of safe potable water, geophagia (a soil eating habit), and being the

child of a seasonal farmworker; the p-value was <0.05.(Yentur Doni et al. 2015).

In 2006, Vikram Mehraje et al. carried out a cross-sectional survey in Ghosia Colony,
Gulshan Town, Karachi, Pakistan, to assess the prevalence and factors associated with IPIs
among children in an urban slum of Karachi. In the simple random sample of 350 children
aged 1—5 years, the prevalence of intestinal parasitic infections was 52.8%. A structured
pre-test questionnaire and a stool test were used to obtain the results. SPSS software was
used for the statistical analysis. Living in rented households (AOR=2.0; 95% CI: 1.0; 3.9)
and a history of excessive crying (AOR=1.9; 95% CI: 1.0; 3.4) were significantly
associated with IPIs. The most common parasite was G. lamblia, followed by A.

lumbricoides (Mehraj et al. 2008).

In 2019, a community-based cross-sectional study carried out in Sekota, Waghimra Zone,
Ethiopia revealed the prevalence and risk factors associated with intestinal parasitic
infestations among preschool children in that town. The prevalence of intestinal parasites
among preschool children was 29.9%. Stool samples collected from 378 preschool children
were examined in the laboratory. The data were analyzed using Epi-data version 4.2.0.0
and SPSS-version 23 statistical software. This study indicated that children from low-

income families were more likely to get IPIs than other children. Other factors included the
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presence of animals in the living room (AOR, 95% CI) (3.1, 1.8-5.3), and a parent being
employed as a government employee (AOR, 95% CI), (3.4, 1.1-10.0). According to the
researcher the statistics reflected the fact that children of this age enjoy playing in the soil

and tend to put their fingers in their mouths (Kassaw et al. 2019).

In 2015 in Northwest Ethiopia, a cross-sectional study investigated the prevalence and risk
factors associated with parasitic intestinal infections among children under five at the
University of Gondar Hospital, a sample of children under-five was selected using a
systematic random sampling technic. When the children’s stools were analyzed, the highest
prevalence found was 9.02%, using wet-mount microscopy exams, and 17.3% using the
formalin-ether concentration technique. The predominant parasites were A. lumbricoides,
Hymenolepis nana, and G. lamblia. This study found a statistical association between age,

handwashing habits, and parental fingernail cutting with IPIs (Aleka et al. 2015).

A cross-sectional study carried out by Butera et al. in 2016 on the prevalence of intestinal
parasites and their associated risk factors among children under two in a rural parts of
Rutsiro District, Rwanda examined 353 fresh stool samples from children under two to
detect IPIs. Hygiene, sanitation, and socio-demographic and economic data were collected
using a questionnaire. The study revealed that 44.8% of subjects were infected with at least
one intestinal parasite. A. lumbricoides was most common with a high prevalence of 28.5%.
E. histolytica had a prevalence of 25.95%, and G. lamblia of 6%. Poor sanitation and the
use of untreated water were found to be the main risk factors with a p-value <0.05 (Butera

etal. 2019).
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In 2018, Acharya et al. (2021) conducted another study at the Kanti Children’s Hospital in
Kathmandu, Nepal to assess the prevalence of intestinal parasites among children attending
the outpatient department. The researchers determined, through a fresh-stool examination
of 300 children that 25.67% were infected with intestinal parasites. The parasite with the
highest prevalence was E. histolytica (14%), followed by G. lamblia (8.67%). Drinking
underground water continues to be seen as a risk factor (Acharya, Subedi, and Devkota

2021).

A study conducted by Princess Nora Bint Abdul Rahman University, Riyadh, Saudi Arabia,
in 2015 assessed the prevalence of intestinal parasite infections and associated risk factors
among preschool children. A pre-designed questionnaire and single stool-sample
examinations were the tools used to collect data from 255 preschool children; they revealed
that the highest infection rate in these children was 23.3%. The prevalent parasite was
Giardia lamblia (37. 8%). The parents’ literacy, mothers’ occupations, poor hygiene, and

moderate socioeconomic standards were associated with IPIs (Al-Megrin 2015).

Similarly, in 2010 a study of the prevalence and risk factors associated with G. lamblia
infection among children with acute diarrhea in Thi Qar, southern Iraq, 33.3% of children
aged 24—48 months from a sample of 396 were infected with IPIs. G. lamblia was the
dominant IPIs, accounting for 28.2% of infections. This percentage of IPIs in children was
associated with the mother’s illiteracy, larger families and children drinking untreated

water (khudair Hussein 2010).
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A 2018 Egyptian study, on the prevalence of intestinal parasitic infections and their
associated risk factors among preschool and school children found that 42.6% of 996
randomly selected preschool and school children were infected with IPIs. 4. lumbricoides
and E. histolytica had the highest prevalence (12.7% each). The risk factors in this region
were socioeconomic: low-income families living in rural dwellings and eating unwashed
vegetables, without sufficient safe drinking water or handwashing facilities (Elmonir et al.

2021).

A study carried out in Ethiopia in 2018 on the prevalence and factors associated with
intestinal parasites among children of aged 6—59 months in Boricha District, South
Ethiopia found a high rate of IPIs (48.7%) among 624 children aged 6—59 months, selected
using a stratified sampling method. The main contributing factors were poor sanitation
facilities, large family size, walking barefoot, and eating unwashed vegetables and fruit.
This study also showed that the presence of IPIs was associated with stunted growth

(Tsegaye, Yoseph, and Beyene 2020).

A Brazilian study has identified residence, age, the consumption of raw or inadequately
cooked vegetables, and water quality as the main risk factors (Maia et al. 2009). IPIs
prevalence is linked more closely to poor personal hygiene and environmental cleanliness
than to climate. Socioeconomic issues and erratic elements, such as food instability,
droughts, and floods, all play a role (Cissé 2019). Transmission is further aided by a lack
of access to clean drinking water and a lack of knowledge about cleanliness (Mwita-

AMREF et al. 2009). Most intestinal parasites enter the body through the mouth, usually
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through raw food, unwashed hands, polluted water, or undercooked vegetables. Hookworm
larvae also enter through the skin. Such oral-fecal infections are generally caused by poor
personal cleanliness, improper garbage disposal, and poor handling of human excreta
(Benetton et al. 2005). Vegetables may become contaminated with infectious eggs if
untreated human feces from infected people is used as a crop fertilizer. Handling food
without destroying or removing infective eggs from hands, clothing, hair, raw vegetables
and fruit, or cooked food that has been (re)infected by handlers or containers can also result
in infection (Mas-Coma, Bargues, and Valero 2018). Other mechanical vectors of
transmission include flies, which can spread infectious cysts or eggs from contaminated
areas or filthy restrooms to contaminate food and/or drink. Geo-phage is also associated

with IPIs (Gadisa and Jote 2019).

Over time, intestinal parasite transmission can be reduced through improved sanitation, a
clean/safe water supply, food hygiene, health education, and the treatment of affected
people (Ngonjo et al. 2012). A study conducted to determine the frequency of waterborne
protozoan parasites in western Cameron, found that intestinal parasite infestations were
less common in Bawa village (7.1%), than in Nloh village (15.7%), which had inadequate
sanitation (Richardson et al. 2011). Health education increases people’s knowledge of good
personal cleanliness and healthy habits, helping to prevent the spread of intestinal parasites
and re-infection. Communities must be trained to wash hands frequently, safeguard water
supplies from feces, and handle food safely (Dada and Aruwa 2014). According to

Richardson et al. (2012), Bawa village in western Cameron achieved an 84% decrease in
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water-borne diarrheal infections was achieved in Bawa village through improved
educational programs on sanitation and hygiene, including conferences and seminars. IPIs
can be acquired by consuming food or water that has been contaminated with the small
eggs or cysts of intestinal parasites. Food-related behaviors that can contaminate food with
intestinal parasites include consuming raw vegetables or street foods, especially in public
places, and improper cooking, in which food is only partially cooked, preparers fail to wash
their hands thoroughly with soap before handling food or change a baby's diaper before

handling food (Kudah, Sovoe, and Baiden 2018).

Chapter 3. Methods

This chapter focuses on the techniques and steps used to carry out this study: the research

design, area of study, study population, and sample size.

3.1. Research design
This cross-sectional descriptive study incorporates socio-demographic, hygiene-related
behaviors, and stool-examination results recorded in LIS during the treatment of children.

The researcher used recorded data for the year 2020.

3.2. Study area

The present study was carried out in Rwanda, specifically in Nyamasheke District. Rwanda
is located in central- East Africa, to the east of the Democratic Republic of the Congo;
Uganda lies to the north, Burundi to the south, and Tanzania to the west. Nyamasheke

District covers 1,175 square kilometers; the study area is one of seven districts in western
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Rwanda (Rutsiro, Karongi, Nyabihu, Rusizi, Ngororero, Rubavu, and Nyamasheke); the
study year was 2022). Most of this area is surrounded by Lake Kivu; the border separates
it from the Democratic Republic of Congo and serves as a water source for many
households. The area is composed of fifteen administrative sectors, twenty health centers,
and two hospitals (Bushenge Provincial Hospital and Kibogora District Hospital). The
population of Nyamasheke District is estimated to be approximately 381,804, with a
density of 324.9/km?. A large part of Nyamasheke District is rural and the rest is composed
of small cities (the urban area). Agriculture, small businesses, and fishing are the main

source of income for the residents.

3.3. Study population
The present study investigated 1,048 children aged 12—59 months. Their stools were
examined for intestinal parasites in the laboratory, and registered in the Laboratory

Information System for the year 2020.

3.4. Sample size
To select 1,048 children for this study, a random multistage-sampling (by selection)
method was used. LIS consists of 20 health centers and 2 hospitals in this district. Thus, 45

children were selected from every health center and 74 children from every hospital.

3.4.1. Inclusion criteria
The study targeted all children aged 12—59 months whose stools had been examined in

laboratories and registered in LIS in 2020.
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3.4.2. Exclusion criteria
Children who were younger than 12 months or older than 59 months during the 2020 study

period were excluded.

3.5. Variables

3.5.1. Dependent variables
Intestinal parasitic infections.
3.5.2. Independent variables

3.5.2.1. Socio-demographics factors

Age, sex, family size, residence, and the mothers’ or caretaker’s literacy, and occupation.

3.5.2.2. Poor food-hygiene practices
Not washing fresh food before cooking, not washing fresh fruit before eating, and not using

piped water and soap to clean kitchenware.

3.5.2.3. Poor hand hygiene
The failure to wash child’s hands, using piped water and soap after he or she has used the

restroom and before eating.

3.6. Data Collection

The researcher used all of the required information recorded in LIS from 1,048 children
aged 12—59 months: sociodemographic characteristics, hygiene-related behaviors, and
stool results. The researcher considered all of the results in the database (negative or

positive).
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3.7. Limitations of the study

The database contained examined samples of IPIs and other clinical exams with results.
However, it took too long to select all the required information. Using research tools, the
researcher encountered missing values, duplications, and some information written in
French. After extracting the necessary data, the researcher translated some of the French

information to English, removing duplications and missing values within the Excel file.

Chapter 4. Data Analysis and results

The data-set was imported into Jamovi 2.2.5 software and analyzed. Next, the researcher
interpreted the results and instigated discussions. To test the significance of the coefficients
and parameter estimates, p-values were used to assess the level of significance, which was
0.05 and 95% as a confidential interval. The research objectives set by the researcher were

used to structure the presentation of results and their interpretation.

4.1. Socio-demographic characteristics of children aged 12—59 months in
Nyamasheke District and their association with intestinal parasites

Before the analysis and interpretation, the children’s socio-demographic characteristics are
described. The first characteristic is the place of residence, whether urban or rural area. The
second characteristic is the children’s sex: male and female. The third is age; the children
are grouped into two categories: group 1: (12—23 months) and group 2: (24—59 months).
The fourth characteristic is the mother or child caretakers’ literacy, the fifth is the mother

or caretaker’s occupation; and the last is family size.
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In the place of residence category, 994 (90.1%) of the children aged 12—59 months were
from rural areas; of these, 449 (46.7%) had no intestinal parasites and 495 (52.4%) had
some [PIs. One hundred and four (9.9%) of the children were from urban areas; of these,
41(39.4%) had no IPIs, while 63 (60.6%) had some IPIs. There was no significant
difference in the infection rates between children aged 12—59 months from urban and rural

areas since the p-value was >0.05. (Table 1)

Table 1. Relationship between the place of residence of children aged 12—59 months
and IPIs

Intestinal parasites

Total Negative Positive
. results results
Variable | Category
n=1048 | 100% 46.80% 53.20% p-
value
Place of | Urban 104 990% | 41(394% | 63(60.6% | 0.114
residence | Rural 9441 90.10% | 449 [ 47.6% | 495 | 52.4%

In terms of the participants’ sex, 535 (51.0%) were male, of whom; 252(47.1%) had no
IPIs and 283 (52.9%) have some IPIs. The other 513 (49%) were female; 238(46.4%) had
no IPIs, and 275(53.6%) had some intestinal parasitic infections; there was no significant

difference in the infection rates observed between boys and girls (p-value >0.05) (see Table

2).
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Table 2. Relationship between the sex of children aged 12—59 months and IPIs

Intestinal parasites

Total Negative Positive
. results results
Variable Category 3
n=1048 | 100% 46.80% 53.20% P
value
Children’ Male 535 51.0% | 252 1 47.1% | 283 | 52.9% | 0.818
ildren X
NS S T Remale | 513 | 49.0% | 238 | 46.4% | 275 | 53.6 %

In the first age group, 139 (13.3%) of children were aged 12—23months; of these, 59
(42.4%) had no IPIs, and 80 (57.6%) have some IPIs. In the second age group, 999 (86.7%)
of the children were aged 24—59 months; 431 (47.4%) had no IPIs, and 478 (52.6%) had

some IPIs (see Table 3).

Table 3. Relationship between the two age groups and IPIs

Intestinal parasites

Total Negative Positive
Variable | Category results results
n=1048 | 100% | 46.80% 53.20% |-
value
12—23 . ) ]
Age. | months 139 | 1330% | 59 |424% | 80 [57.6% | .,
group ff;lfﬁs 909 | 86.70% | 431 | 47.4% | 478 | 52.6 %

Regarding mother or caretaker’s literacy, 794 (75.8%) children had illiterate mothers or
caretakers, who could not read or write; of these, 292 children (36.8%) had no IPIs and 502
(63.2%) had some IPIs. In addition, 254 (24.2%) children had literate (educated) mothers.
Of these, 198(78.0%) had no IPIs and 56 (22.0%) had some IPIs. There was a significant
difference in the infection rates of children whose mothers were educated and those whose
mothers had no formal education, as the p-value was significant (p-value: <0.001) (see

Table 4).
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Table 4. Relationship between the mother or caretaker’s literacy and IPIs

Intestinal parasites

Variable Category n=1048 Negative Positive p-
results results value
Mother or | 794 | 75.80% | 292 | 36.8% | 502 | 63.2 % | <0.001
caretaker’s
literacy Yes 254 1 24.20% | 198 | 78.0% | 56 | 22.0%

Regarding the mother or caretaker’s occupations, 815 (77.8%) of the children had mothers
or caretakers who were farmers; 336 (41.2%) had no IPIs and 479 (58.8%) had some IPIs.
By contrast, of the 223 (22.8%) of children whose mothers or caretakers were not farmers,
154 (66.1%) had no IPIs and 79 (33.9%) had some IPIs. There was a significant difference
in the infection rates of the children of farmers and non-farmers as the p-value<0.05. (Table

5)

Table 5. Relationship between mother or caretaker’s occupation and IPIs

Intestinal parasites

. _ Negative Positive p-
Variable Category n=1048 results results value
Mother or Farmer 815 77.80% | 336 | 41.2% | 479 | 58.8 % | <0.001
caretaker’s | o(a
occupation | p oo 233 122.20% | 154 [ 66.1% | 79| 33.9%

Regarding family size, 861 (82.2%) of children aged 12—59 months came from families
with 2-5 members living in the same house; of these, 418 (48.5%) of the children had no
IPIs, while 443 (51.5) had some IPIs. However, 187 (17.8%) of the children aged 12—59
months came from families with 6-9 people living in the same house; of these, 72 (38.5%)
had no IPIs, while 115 (61.5%) had some IPIs. Significantly, the two groups had different

infection rates, as the p-value was less than 0.05. (see Table 6)
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Table 6. Relationship between family size and IPIs

Intestinal parasites

Family size n=1048 | 100% | No Yes P

value
25 people 861 | 8229% | 418 [48.5% | 443 |515% | 0.013
6_9 people 187 | 17.8% | 72 |385% | 115 |61.5%

Regarding the association between intestinal parasites and washing fresh food before
cooking, 825 (78.7%) of the children ate food that had not been washed before cooking. Of
these, 298 (36.1%) had no intestinal parasitic infections, while 527 (63.9%) had some IPIs.
Another 223 (21.3%) ate food that was washed before cooking; of these 192 (86.1%) had
no IPIs, and 31(13.9%) had some IPIs. The infection rates were statistically significant, as

the p-value was less than 0.05. (Table 7)

Table 7. Relationship between IPIs and washing fresh food before cooking

Variable | Category Intestinal parasites
Washi
fz:,is;lng n=1048 | 100% No Yes p-value
bede No 825 | 78.7% 298 | 36.1 % 527 1 63.9% <0.001
efore
cooking Yes 223 | 21.3% 192 | 86.1 % 31 [ 139%

Here, 830 (79.2%) children came from households that didn’t use piped water or detergent
to clean kitchenware, 300 children (36.1%) had no intestinal parasitic infections, and 530
(63.9%) had some IPIs. In addition, 218 (20.8%) children came from households that did
use piped water and detergent to clean kitchenware; of these, 190 (87.2%) had no IPIs, and
28 (12.8%) had some IPIs. There was a significant difference in these infection rates, as

the p-value was less than 0.05(<0.001) (see Table 8).
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Table 8. Relationship between IPIs and the use of piped water and detergents to
clean kitchenware

Variable Category Intestinal parasites
using piped n=1048 | 100% |  No Yes p-
water and value
detergent to | No 830 ] 79.2% [ 300 | 36.1% | 530 | 63.9% | <0.001
clean
Kitchenware Yes 218 120.8% | 190 [ 87.2% | 28| 12.8%

The association between intestinal parasitic infections and washing children’s hands with
soap and water before eating was as follow: 880 (84.0%) of the children were not expected
(by their mothers or caregivers) to wash their hands before eating, using piped water and
soap. Of these, 328 (37.3%) had no intestinal parasites, while 552 (62.7%) had some IPIs.
Another 168 (16.0%) did wash their hands using piped water and soap; of these, 162
(96.4%) had no IPIs while 6 (3.6%) had some IPIs. There was a significant difference in

the infection rates as the p-value was less than 0.05 (see Table 9).

Table 9. Relationship between IPIs and washing fresh food before eating

Variable Category Intestinal parasites

Wash n=1048 No Yes p-value
children's | No 880 | 84% | 328 [373% | 552 62.7% | <0.001
hands with

soap and

water Yes 168 | 16% | 162 | 96.4 % 6 3.6%

before

eating

Regarding hand-washing with soap and water after using the restroom, a total of 922 (88%)
of the children did not wash their hands after using the restroom; of these, 372 (40.3%) had
no IPIs, while 550 (59.7%) had some IPIs. Another 126 (12%) of the children did wash

their hands after using the restroom. Of these, 118 (93.7%) had no IPIs, while 8 (6.3%) had
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some IPIs. There was a significant difference in the infection rates, as the p-value was less

than 0.05 (see Table 10).

Table 10. Relationship between IPIs and washing a child’s hands with soap and
water after using the restroom

Variable Category Intestinal parasites

Washing a n=1048 No Yes p-value
child's
hands No 922 | 88% | 372 | 403% | 550 59.7% | <0.001
with soap
and water
after using | Yes 126 | 12% | 118 | 93.7% 8] 63%
the
restroom

Regarding the association between intestinal parasitic infections and washing fruit before

eating, the data show that 918 (87.6%) of the children ate unwashed fruit; of these, 367
(40.0%) had no IPIs, while 551(60.0%) had some IPIs. In addition, 130(12.4%) ate washed
fruit; of these 123(94.6%) had no IPIs, while 7(5.4%)had some IPIs. There was a significant

difference in the infection rate as the p-value was less than 0.05 (see Table 11).

Table 11. Relationship between IPIs and washing fruit before consuming (eating) it

Variable | Category Intestinal parasites
washing n=1048 No Yes p-value
fresh fruit
before | No 918 | 87.6% | 367 [ 40.0% | 551 [ 60.0% | <0.001
et*l‘lt'“g Yes 130 [ 12.4% | 123 |94.6% | 7| 54%
em
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4.2. Prevalence of intestinal parasites among children aged 12—59 months,
Nyamasheke District, 2021(n=1048)
Out of a total of 1,048 children aged 12—59 months, 53.2% were found to be infected with

at least one intestinal parasite, 46.8% had no parasites. (see Table 12)

Table 12. Prevalence of IPIs among children aged 12—59 months

Variables Frequency Percentage
Children with intestinal parasite infections
No 490 46.8
Yes 558 53.2

Based on the prevalence of parasitic infections by species, Ascaris lumbricoides was the
most prevalent at 13.1%, followed by G. lamblia at 10.9%, E. coli at 10.5%, E. histolytica
at 7.9%, Trichuris trichiura at 6.5%, hookworm at 1.7% and Taenia ssp. at 1.4%. ( see

Table 13)
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Table 13. Prevalence of intestinal parasitic infections by species

Giardia lamblia Frequency Percentage
No 934 89.1
Yes 114 10.9
Entamoeba histolytica Frequency Percentage
No 965 92.1
Yes 83 7.9
Ascaris lumbricoides Frequency Percentage
No 911 86.9
Yes 137 13.1
Entamoeba coli Frequency Percentage
No 938 89.5
Yes 110 10.5
Hookworm Frequency Percentage
No 1030 98.3
Yes 18 1.7
Trichuris trichiura Frequency Percentage
No 980 93.5
Yes 68 6.5
Taenia spp. Frequency Percentage
No 1033 98.6
Yes 15 14

Descriptive statistics applied.

4.3. Factors associated with intestinal parasites in children aged 12—59 months,
Nyamasheke District, 2021 (n=1048)
Based on the binomial-logistic-regression findings in Table 14, it is clear that the following

factors were associated with the likelihood of intestinal parasitic infections among children
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aged 12—59 in Nyamasheke District. Based on the p-values, we can say that intestinal
parasite infections are someway related to the place of residence (OR=1.9207, CI=95:
%:1.06—3.47, p-value=0.031). The researcher found a statistically significant association
between this variable and IPIs, as their p-values were less than 0.05. Children from rural
areas were 1.9 times more likely to have IPIs than children from urban areas. The mother
or caretaker’s literacy had an impact on intestinal parasitic infections (OR=5.09,
CI=95%:3.4-7.6, p-value <0.001). There was a statistical difference in the infection rates:
children from illiterate families were 5.09 times more likely to be infected than children
from literate families. The mother or caretaker’s occupation (OR=2.8, CI=95: %:1.9—4.1,
p-value <0.001) was also associated with IPIs and statistically significant. Children from
farming families were 2.8 times more likely to have IPIs than children from non-farming
families. As with failing to wash fresh food before cooking, this variable was associated
with IPIs in Nyamasheke District the p-value was less than 0.05 and is statically significant
(OR=4.9, CI=95: %:2.9—8.1, p-value <0.001). Children from families that did not wash
fresh food before cooking were 4.9 times more likely to be infected by IPIs than those who
did wash fresh food before cooking. Failing to wash children’s hands with soap and water
before eating was also associated with IPIs, as the p-value was <0.001(OR=8.4, CI=95:
%:3.3—21.4). Children from households that did not wash hands with soap and water before
eating were 8.4 times more likely to have IPIs than those from households that did use soap
and water to clean their hands before eating. Failing to wash children’s hands with soap

and water after they use the restroom was associated in some way with IPIs in children
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aged 12—59 months in Nyamasheke District because the p-value was <0.00land thus
statistically significant (OR=4.7, CI=95: %:1.9—11.5). Children from families that could
not use soap and water to clean their hands after they use the restroom were more likely to
suffer from IPIs than children from families that did wash their hands after they use the
toilet. Regarding unwashed fresh fruit, children from households that did not wash fresh
fruit before eating were 9.7 times more likely to acquire IPIs than those from families that
did wash fresh fruit before consuming it (OR=9.7, CI=95: %:4.1—22.8, p-value <0.001).
However, this study cannot say definitely that other variables such as children’s sex, and
age group or the family’s size, and use of piped water and detergent to clean kitchenware,
are linked to IPIs because their p-value were equal to 0.655, 0.218, 0.515,0.126,
respectively, all of which are greater than 0.05.However, the more frequently parents or
caretakers wash fresh food before cooking it, wash a child’s hands with soap and water
before eating, and after using the toilet, and wash fresh fruit before eating it, the less likely

their children to get the IPIs. (see Table 14)

31



Table 14. Factors associated with IPIs among children aged 12—59 months

95% Confidence
Interval

Predictor p-value ?:t(lios Lower Upper
Place of residence
Urban 1
Rural 0.031 1.9207 1.0619 3.474
Sex of children
Male 1
Female 0.655 0.9267 0.6633 1.295
Age-group:
12-23 months 1
24-59 months 0.218 1.349 0.838 2.171
Mother or caretaker's literacy
Yes 1
No <.001 5.0995 3.409 7.628
Mother or caretaker’s occupation:
Not a farmer 1
Farmer <.001 2.8519 1.9392 4.194
Family size:
2—5 persons 1
6—9 persons 0.515 0.8671 0.5644 1.332
Washing fresh food before cooking
washing 1
Not washing <.001 4.9206 2.9823 8.119
Using piped water and detergent to clean kitchenware
Yes 1
No 0.126 1.6544 0.8678 3.154
Washing children's hands with soap and water before eating
Yes 1
No <.001 8.4507 3.3249 21.478
Washing children's hands with soap and water after they use the restroom
Yes 1
No <.001 4.7458 1.957 11.508
Washing fresh fruit before eating them
Yes 1
No <.001 9.762 4.165 22.88

Binomial logistic regression applied
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Chapter 5. Discussion

5.1. Prevalence of intestinal parasite infections among children aged 12—59 months
in Nyamasheke District

Out of a total of 1,048 children, 53.2% were found to be infected with intestinal parasites.
The findings are similar to those of Chirdan et al. which investigated the prevalence of
intestinal parasites in children attending daycare centers in Jos, Central Nigeria, where
57.8% of children aged 0—59 months were infected with IPI. A study of the prevalence of
intestinal parasites and associated factors among children aged 6—59 months attending the
Mekane Eyesus Primary Hospital, in north-central Ethiopia reported an 18.0% prevalence
of IPIs and attributed this to farming activities and a habit of eating unwashed
fruit/vegetables (Eyayu et al. 2021). According to that study, the most prevalent intestinal
parasite was A. lumbricoides, at 13.1%, this result was much higher than that of a study
carried out in a metropolitan city in Bangladesh, which found IPIs in only 1.4% of pediatric
patients(Nipa et al. 2022), and a much lower result than the prevalence of ascariasis in

18.75% of children aged 1—5 years in Makurdi, Benue State, Nigeria (Okoh et al.).

5.2. Factors that contribute to the transmission of IPIs among children aged 12—59
in Nyamasheke District

Based on the results of the present studyi, it is evident that some socio-demographic factors,
as well as poor hand and food-hygiene practices, are the main factors contributing to the

highest prevalence of IPIs among children aged 12—59 months in Nyamasheke District.
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In the present study, 60.6% of children aged 12—59 months from rural areas had intestinal
parasites and were 1.09 times more likely to have IPIs than children from urban areas,
52.4% of whom had intestinal parasites. These results are in line with a study of Kassala
town, Sudan, where children displaced from rural areas were 22.2% more likely to be
infected than those from urban areas (12.9%). In that study, children from farming
households were more likely to be infected with IPIs. There was a significant association
between farming and intestinal parasites (p-value <0.05). A similar Ethiopian study found
that children from farming families were more likely to be infected with IPIs than those
from non-farming families (Eyayu et al. 2021). Heath education is needed to increase the
adoption of healthy hygiene practices and lifestyles. In the present study, the mother or
caretaker’s level of education was found to be associated with intestinal parasites (p-value
<0.05). Children from illiterate households were more likely to be infected with IPIs than
those from literate families. Another study (Shadma Mumtaz et al.) investigated patients at
a tertiary care hospital in Karachi and showed that IPIs in children were caused by their
parents’ ignorance of hygiene and sanitation practices. Pathogenic organisms can be
eliminated by hand washing with soap, washing fresh food before cooking, and washing
fresh fruit before eating it. The present study shows that many infected children do not
wash their hands regularly with soap before eating or after using the restroom. In addition,
many households do not wash fresh fruit before eating it or fresh food before cooking it. A

similar study of the frequency and risk factors for parasitic intestinal infection in children
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under five at a tertiary care hospital in Karachi reported the same results. They indicate that

the prevalence of IPIs in Karachi is strongly associated with poor hygiene (p-value <0.001).

The above results indicate that IPIs remain a public-health problem in this area. The
information provided in this study will help both public-health advocates (public and
private health facilities, institutions, and researchers) and local authorities by raising
awareness of this health burden and developing new strategies for dealing with it. IPIs can
be prevented by various different sectors. Given the methodology used in this study, it is
clearly possible to generalize the results to all children aged 12—59 months in Nyamasheke

District.
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Chapter 6. Conclusion and recommendations

This investigation has revealed a high prevalence of intestinal parasites in the study area.
Ascaris lumbricoides, Giardia lamblia and Entamoeba coli are shown to be the
predominant IPIs. The results also show that children who live in rural areas, those who
have illiterate mothers or caretakers, or live in farming households, the lack of hand
washing with soap before eating, and after using the restroom were significant factors in
the transmission of IPIs to children aged 12—59 months in Nyamasheke District. Other
transmission-risk factors include the failure to wash fresh food and fresh fruit before
cooking and eating it. The results confirm that [PIs remain a public-health concern in this

district.

Effective control and prevention programs should therefore be incorporated into public-
health policies. Handwashing, food-hygiene campaigns, and efforts to raise the awareness
of mothers and caretakers are needed to reduce the prevalence of IPIs. In addition, further

studies are needed to investigate other factors associated with IPIs in Nyamasheke District.
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