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Abstract

Background: Soil-transmitted helminths (STH) and schistosomiasis continue to cause serious health problems
among affected communities. To ensure that infection transmission levels are reduced, repeated mass drug
administration at regular intervals has been recommended by World Health Organization. Pre-school age children
(PSAQ) have been neglected both in terms of research activities and in control programmes in the past for reasons
that they carry insignificant infection levels. The current study determined risk factors that contribute to differences
in infection prevalence among enrolled and non-enrolled PSAC in Busia County, western Kenya.

Methods: This was a comparative cross-sectional study that compared STH and Schistosoma mansoni infections
among enrolled and non-enrolled PSAC in Busia County. Simple random sampling was used to select study
participants. A total of 327 enrolled and 326 non-enrolled PSAC (n = 653) were recruited from five participating schools,
and the neighboring villages. Statistical analysis was performed using STATA version 14 (STATA Corporation, College
Station, TX, USA). Differences in proportions were assessed using the z-test statistic for testing sample proportions.
Univariable and multivariable logistic regression were used to test the associations between the variables.

Results: The prevalence of STH and Schistosoma mansoni infection was 17.0% (95%Cl: 13.1-22.1), and 11.8% (95%Cl:11.0-
12.9) respectively. Specific STH species prevalence were 12.9% (95%Cl:7.0-23.5) for Trichuris trichiura, 83% (95%C1:8.2-8.3) for
Ascaris lumbricoides, and 1.2% (95%Cl:1.2—1.2) for hookworms. Prevalence of T. trichiura was higher among enrolled PSAC
16.9% (95%Cl: 6.8-41.9); p =0.003, compared to the non-enrolled 8.9% (95%Cl:4.3-18.2). From univariable analysis, lack of
improved water source for drinking OR 2.01, (95%C1:1.29-3.13); p = 0.002, and not wearing shoes OR 342, (95%Cl:1.14-10.29);
p=0028, were some of the significant factors associated with STH infection. While for multivariable analysis, bathing/
swimming in a river daily, aOR 3.99 (95%Cl:1.98-8.06); p = 0.001 was a key significant factor for S. mansoni infections.

(Continued on next page)

* Correspondence: mbinyamasaku@gmail.com; jmasaku@kemri.org

Eastern & Southern Africa Centre of International Parasite Control (ESACIPAC),
Kenya Medical Research Institute (KEMRI), Mbangathi road, P.O.Box
54840-00200, Nairobi, Kenya

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-020-08485-z&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:mbinyamasaku@gmail.com
mailto:jmasaku@kemri.org

Masaku et al. BMC Public Health (2020) 20:356

Page 2 of 11

(Continued from previous page)

particularly T. trichiura among PSAC.

Conclusion: There was high prevalence of STH infection among enrolled PSAC despite having participated in the national
school-based deworming programme. Hence the need for continued mass drug administration to reduce the intensity of
infections among these age group. In addition, further research maybe needed to identify drivers of STH infection

Keywords: Pre-school age children, Soil transmitted Helminths, Risk factors

Background

Soil-transmitted helminths (STH) and schistosomiasis are
among the world’s neglected tropical diseases (NTDs) [1]. In
the Global Burden of Disease Study in year 2010, NTDs
accounted for 26.06 million disability-adjusted life years
(DALYs) [2]. STH and schistosomiasis form a vicious cycle,
whereby they contribute to poverty in endemic communities
[1, 3]. The morbidity due to STH infections is greatest in
school-age children (SAC) who typically have the highest in-
tensity of infections [4, 5]. In Kenya, STH mostly occur in
western and coastal Kenya and selected foci in other parts of
the country [6, 7]. Growth stunting, iron-deficiency anemia,
rectal prolapse, and chronic dysentery are some of the fea-
tures of STH and schistosomiasis infections. These parasitic
diseases also adversely affect to a great extend the cognitive
development, loss of appetite, reduced nutrient absorption,
and iron loss in childhood [8].

During the 66th World Health Assembly (WHA) in May
2013, the meeting resolved to intensify, and integrate mea-
sures against NTDs, through resource mobilization to im-
prove health of affected populations [9]. Pre-school age
children (PSAC), defined as children aged from 3 to 5 years
have shown to be particularly vulnerable to these infections
[8, 10, 11]. Although, children belonging to this age group
are less likely to harbor heavy infections, the infections can
lead to high risk of anemia and wasting malnutrition [12]. It
is estimated that 21 million PSAC are infected with hook-
worms, 122 million are infected with A. lumbricoides and 86
million are infected with T. trichiura [13]. Although these in-
fections are not among the top leading causes of death, they
endanger children’s health in a subtle and debilitating way.

To ensure that infection transmission levels of schistosom-
fasis is reduced, repeated mass drug administration (MDA)
on affected populations at regular intervals is recommended
by World Health Organization (WHO) [14, 15]. Further-
more, WHO recommends once per year MDA in areas of
low risk of STH infection for PSAC [16]. While in areas of
high-risk prevalence (>50%) bi-annual treatment is recom-
mended, as well as the promotion of access to safe water,
sanitation, and health education through intersectoral coor-
dinated activities [16, 17]. Albendazole, mebendazole, levami-
sole, and pyrantel pamoate are considered essential
medicines for the treatment of hookworms, A. lumbricioides,
and T. trichiura [18]. The drugs albendazole and mebenda-
zole are particularly recommended by WHO, to control

morbidity among children living in endemic areas, for regu-
lar large-scale MDAs [19]. In Kenya, schistosomiasis is pre-
dominantly caused by Schistosoma mansoni and Schistosoma
haematobium. Previous studies have shown that there is a
direct relationship between the prevalence of infection and
distance to Lake Victoria [20]. S. mansoni is mostly found in
western Kenya, and some selected foci in central region,
while in the coastal areas, schistosomiasis is exclusively
caused by S. haematobium [7, 21].

In Kenya, MDA is given to children by trained primary
school teachers under a National School-Based Deworm-
ing Programme (NSBDP) [22]. Targeting anthelminthic to
SAC capitalizes on the fact that the heaviest burdens of in-
fection are found in this portion of the population [17].
While school-based treatment is currently a priority, non-
enrolled PSAC also experience substantial morbidity, and
may benefit from deworming but are currently left out un-
intentionally in some cases [6, 23]. This may increase their
risk of developing morbidity in future, which may have
negative impacts on the overall effectiveness of current
control programmes [17, 24].

Currently, there is little data on the epidemiology of
STH and schistosomiasis infection among PSAC, and
the associated risk factors. Such data is pertinent for
control of STH among PSAC who are at risk of morbid-
ity and may add up as reservoir of the parasitic infection.
Some of the risk factors for STH infection shown by
previous studies are, low socioeconomic status, rural
residency, and poor sanitation [4, 25]. Improved drinking
water, and proper human waste disposal through use of
pit latrines, has been associated with reduced STH
prevalence [26]. Nevertheless, maternal STH infection
has been associated with increased STH infection, indi-
cating the need of identifying controllable risk factors
during PSAC targeted interventions [27].

Increased knowledge of the health effects for these in-
fections, can provide precise estimation of the disease
burden, by understanding the risk factors, and assess-
ment of their extent [6]. Such information may give
guidance on combined, and integrated control strategies
for specific epidemiological settings [21, 28, 29]. These
risk factors include deworming history, individual char-
acteristics, household characteristics, sanitation behav-
iors, and practices. Previous studies have shown that
some of the correlates like consumption of uncooked
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meat, maternal education, bathing/swimming in fresh
water bodies, and consumption of un boiled/un treated
water are among the associated risk factors [30-32].
This study investigated several factors that may contrib-
ute to differences in infection prevalence of STH, and
schistosomiasis in Busia County among PSAC.

Methods

Study design

This was a cross-sectional comparative study involving
collection of parasitological data, and exposures of STH
and S.mansoni infection. A structured questionnaire was
used to collect data from parents/guardians of the PSAC
aged 3-7years old. The study was conducted in the
months of January and February 2018 prior to the an-
nual school-based deworming exercise in Bunyala Sub-
County, Western Kenya. Bunyala Sub-County was pur-
posively sampled owing to previous studies done in the
area, which demonstrated high prevalence of STH and
S.mansoni infection [33]. Five primary schools which
had been participating in the NSBDP were purposively
selected for the study [22]. In addition, surrounding vil-
lages which are within a radius of 5 Km were also se-
lected for recruitment of non-enrolled PSAC.

Study population

The target population was 700 PSAC (3-7 years old)
from two cohorts selected from five primary schools (en-
rolled PSAC), and the surrounding villages (non-enrolled
PSAC). The study was conducted in a rural setting,
whereby children above 5 years were in pre-school or
yet to enroll. Enrolled PSAC were children attending
preschool classes in the selected primary schools. While,
non-enrolled PSAC were children who qualified for en-
rolment in pre-school based on age (3 years). But delay
due to various reasons like long distance to school, and
lack of school uniform or fees due to poverty.

Study area

Busia County, in Western Kenya borders Kakamega
County to the east, Bungoma County to the north, Lake
Victoria to the south and Uganda to the west. The cli-
mate is composed of an average temperature of 22 °C,
and the rainfall amount ranges between 750 mm and
1800 mm per annum. The County has a population of
743,946 densities with 439 people per Km? The County
economy is heavily reliant on farming, sugarcane being
the principal cash crop [34]. In Bunyala Sub County,
STH and S. mansoni are co-endemic with the latter be-
ing prevalent around the lake, and irrigation area where
rice farming is done [22].
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Sample size determination, and sampling procedure

The sample size calculation was done to estimate the
number of study participants to be selected in each school,
and village. The unit of analysis was prevalence of infec-
tion among enrolled and non-enrolled PSAC, within the
sampled schools, and villages respectively. Simple random
sampling was used to recruit 60 (plus 10 reserves) PSAC
from each participating primary school to make a total of
350. This was done using computer generated numbers
from excel spread sheet. Since there were 5 catchment
schools, 70 non-enrolled PSAC (including 10 reserves)
were recruited from each selected village based on prac-
tical feasibility. Systematic sampling was conducted where
every forth household with non-enrolled child was in-
cluded. Each study village was mapped, divided into sec-
tors based on topography. To achieve this, the list of the
total number of households in each village was obtained
from the local village heads, and area chief. Houses with
non-enrolled PSAC were numbered, and each child regis-
tered according to household. PSAC who were sick, failed
to provide stool sample, had received deworming during
the last 6 months or whose parents/guardians were absent
at the time of the survey were excluded.

Sample collection

In the school setting, parents/guardians of the PSAC who
had been selected as study participants, where requested to
accompany their children on the specified day of sample col-
lection. The research team presented information about the
study during group meetings, and thereafter written consents
were sought from parents/guardians of the selected children.
The selected PSAC were issued with a stool container and
accompanied by their parents/guardians to the latrines for
stool collection with the help of trained research assistants,
and the early childhood development (ECD) teacher. Ques-
tionnaire guide interviews were conducted with parents/
guardians of the selected study children. The collected stool
samples were transported to Port Victoria/ Bunyala sub-
county hospital for analysis.

Stool sample processing using Kato-katz technique

Fresh morning stool samples were collected from par-
ticipating PSAC. Screening for STH and schistosome
ova was based on duplicate thick smears consisting of
41.7 mg stool prepared using the Kato-Katz technique
[35]. The slides were examined under a microscope
within 30 min and the counts expressed as eggs per
gram (epg) by multiplying with a standard conversion
factor of 24. The parasitological procedure was carried
out by trained medical laboratory technologists from the
Ministry of Health (MOH). Any resulting discrepancies
in the slide readings were resolved by a senior technolo-
gist. For quality assurance (QA) purposes, 10% of the
slides were re-read by a senior technologist.
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Questionnaire survey

A structured pretested questionnaire developed in English
and translated into local dialect was administered to all the
parents/guardians of PSAC by trained research assistants.
The questionnaire was structured to collect demographic in-
formation (age, gender, and name of parent/guardian) and
socio-economic status of parents/guardians. The socio-
economic indicators included level of education, occupation,
and property owned. Information on water, sanitation, and
hygiene (WASH) was also captured in a separate section.
Other environmental indicators that were assessed included
presence of a pit latrine at home, presence of hand washing
facility, source of water for drinking in their homestead, and
preferred place of defecation. In addition, bathing or swim-
ming in fresh water bodies, wearing shoes, eating soil/clay,
receiving deworming drugs, and any noticeable abdominal
pain on their PSAC.

Statistical analysis

Data was collected and entered into smartphones using
open data kit (ODK), downloaded to Microsoft Excel
Spreadsheet, cleaned, and exported for analysis. All statis-
tical analyses were carried out using STATA version 14.1
(STATA Corporation, College Station, TX, USA). Preva-
lence was defined as the percentage number of individuals
positive for any of the infections over the number exam-
ined. While infection intensity was defined as the average
number of egg counts expressed as arithmetic mean eggs
per gram of feaces (epg). Prevalence, and average intensity
of infections were calculated for STH, and S. mansoni.
95% confidence intervals (Cls) were obtained using bino-
mial, and negative binomial regression models respectively
considering clustering at school or village levels. We used
the negative binomial model since the distribution of egg
counts was over dispersed. Further, we compared the
prevalence between the enrolled and non-enrolled groups
of PSAC using the z-test statistic for two-sample test of
proportions reporting the z-test statistic and the associ-
ated p-values. Analysis of factors associated with either
STH or S. mansoni infections was initially analyzed using
univariable analysis and described as odds ratio (OR)
using logistic regression. For multivariable analysis, mini-
mum adequate variables were selected using forward step-
wise variable selection method, specifying an inclusion cri-
terion of p-value < 0.2. Adjusted OR (aOR) were then ob-
tained by mutually adjusting all the minimum generated
variables using multivariable logistic regression model.

Results

Demographics

A total of 653 children participated in the study, with
327 (50.1%) being enrolled PSAC surveyed from 5 pri-
mary schools, and 326 (49.9%) being non-enrolled PSAC
from 5 villages around the sampled schools. Mean age
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was 4.8 years (range: 3—7 years, SD = 1.3 years), and male
children accounted for 50.5% (330/653). Parents/guard-
ians of PSAC were mostly engaged in small businesses
(42.4%), and farming (38.0%) as the main occupation.
Assessment of the household structures showed that
most houses had iron sheets roofing (73.7%), with mud/
earthen floors (62.8%), and walls (68.8%). The reported
deworming rate was low at 349 (53.5%) among all the
children. Comparatively, non-enrolled children from the
villages had the least deworming rates at (44.2%) than
the enrolled PSAC who had deworming rate at (62.7%).

Prevalence, and intensity of STH, and S. mansoni
infections

The overall prevalence for STH infection was 17.0% (95%CI:
13.1-22.1) with specific species prevalence of 12.9% (95%ClL:
7.0-23.5) for Trichuris trichiura, 8.3% (95%CI: 8.2—8.3) for
Ascaris lumbricoides and 1.2% (95%CIL: 1.2-1.2) for hook-
worms (Table 1). The overall mean intensity for STH infec-
tion was 870 eggs per gram (epg) (95%Cl: 867—872) with A.
lumbricoides having the highest mean intensity of infection
followed by T. trichiura and then hookworms. Female PSAC
had higher STH prevalence of 19.8% (95%CIL 15.9-24.7)
compared to males 14.2% (95%CIL: 10.9-18.6). Prevalence of
S. mansoni among male PSAC was 12.4% (95%CIL: 9.3-16.5),
and female PSAC was 11.1% (95%CI: 8.2—15.2). The overall
STH prevalence increased with age. PSAC aged 3 years had
the least prevalence of 15.9% (95%CI: 15.6—16.3), while those
aged 7 years had the highest prevalence of 20.6% (95%CI:
19.8-21.5). Similarly, the prevalence of S. mansoni increased
with age, with PSAC aged 3 years showing the least preva-
lence of 8.8% (95%ClL: 6.4—12.3) while those aged 7 years with
20.6% (95%CI: 12.3-34.6) prevalence (Fig. 1). Even though,
infection intensity for both STH and S. mansoni were highest
among 7 years PSAC, it did not follow a clear pattern of pro-
gression with increasing age.

Enrolled PSAC had higher prevalence of STH infections,
compared to non-enrolled PSAC. However, only differ-
ence in prevalence among the two groups of children for
T. trichiura infection was significant (proportion test: Z =
3.024; p=0.003) (Table 1). Figure 2 provides the STH
prevalence among the two groups of PSAC in each school,
and the surrounding community. The figure shows that
the prevalence was greater among enrolled children in
three out of the five surveyed schools/communities.

Prevalence of S. mansoni infection was 11.8% (95%CI:
11.0-12.9) with mean intensity of 38 epg (95%CIL: 36-39).
Enrolled PSAC had non-significantly S. mansoni infection
prevalence than the non-enrolled PSAC (proportion test:
Z.=0.350; p = 0.727) (Table 1). Figure 2 provides the S. man-
soni prevalence among the two groups of PSAC in each
school, and the surrounding community. Similarly, the figure
shows that the prevalence was greater among enrolled PSAC
in three out of the five surveyed schools/communities.
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Table 1 STH and S. mansoni overall prevalence (%), prevalence comparison between non-enrolled and enrolled children, and two-
sample test of proportions of prevalence among pre-school aged children in Busia County, Kenya

Infections Overall Enrolled children Non-enrolled children Two-sample test of proportions
(n=653) (n=327) (n=326) (Z-test, p-value)

STH Combined 17.0 (13.1-22.1) 19.3 (8.6-43.5) 14.7 (9.1-23.9) Z=1545p=0.122

Hookworms 12 (1.2-1.2) 1.2 (0.5-3.0) 1.2 (0.5-3.1) Z=-0.004;, p=0.997

A. lumbricoides 8.3 (8.2-83) 83 (3.0-226) 83 (4.7-145) Z=-0012; p=0.991

T. trichiura 129 (7.0-23.5) 16.9 (6.8-41.9) 89 (43-182) Z=3024;, p=0.003

S. mansoni 11.8 (11.0-12.9) 123 (7.0-21.6) 113 (5.2-24.8) Z=0350;,p=0.727

Risk factors associated with STH, and S. mansoni
infections

Individual, household, and school WASH characteristics
Table 2 presents the individual WASH characteristics.
The average reported number of household occupants
was 6.1 people (SD = 2.8 people). Majority (81.0%) of the
children were wearing shoes, and geophagy was not
common among the PSAC at 18.4%. Nearly half (42.1%)
of the children reported to use improved water source
for drinking at household level. Reported latrine cover-
age at household level was high (82.7%). Nevertheless,

fewer children reported always having a handwashing fa-
cility equipped with water, and soap (44.6%) available in
their households. Nearly a quarter (19.6%) of the chil-
dren reported swimming in a dam/river/lake daily.

Univariable analysis of factors associated with STH, and S.
mansoni infections

Univariable analysis of WASH-related factors both at
school and household levels revealed significant associa-
tions between the infections, and some of the covariates
of interest as shown in Table 2. For any of the STH
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Fig. 1 STH and Schistosoma mansoni prevalence (%) by age and gender among the pre-school age children in Busia County, Kenya
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Fig. 2 STH and Schistosoma mansoni prevalence (%) among enrolled and non-enrolled pre-school children in Busia County, Kenya

infections, the individual factors like never wearing shoes
(OR =3.42 (95%CI: 1.14-10.29), p = 0.028), swimming in
the river/lake for 2—3 times a week (OR=1.96 (95%CI:
1.10-3.49), p=0.023), and not using improved water
source for drinking (OR =2.01 (95%CIL: 1.29-3.13), p =
0.002) increased the odds of STH infections. Notably,
taking one deworming tablet (OR =8.63 (95%CI: 1.16—
64.16), p = 0.035) showed increased odds of STH infec-
tions as opposed to children who took more than one
tablet. For S. mansoni infections, swimming in dam/
river/lake frequently (OR =2.76 (95%CI: 1.57-4.85), p <
0.001) was the only significant risk factor.

Multivariable analysis of factors associated with STH, and
S. mansoni infections

Table 3 gives the factors selected for multivariable analysis
for STH combined infections. Among the five covariates se-
lected, only two showed statistically significant association
with STH infections. PSAC who reported not using im-
proved water source for drinking (aOR = 2.46 (95%CIL: 1.26—
4.82), p=0.009), and those reported taking only one

deworming tablet (aOR=8.68 (95%Cl: 1.13-66.89), p=
0.038) showed increased odds of STHs infections.

Similarly, Table 4 shows factors selected for multivari-
able analysis for S. mansoni infections. Five covariates
were selected for multivariable analysis. Only frequent
swimming in dam/river/lake showed significant associ-
ation with S. mansoni infections (aOR =3.99 (95%CI:
1.98-8.06), p < 0.001).

Discussion

This study shows that there was moderate prevalence,
and intensity of STH infection among the two cohorts of
PSAC with a prevalence of 17.0%, and intensity of 870
(epg). The results corroborate those from studies con-
ducted in Ethiopia which showed that PSAC were also
infected with at least one species of STH [36]. This
could be due to most PSAC have been left out or
neglected in terms of treatment, and control by most
school-based deworming programmes (SBDP) over the
years. For reasons that they carry insignificant burden of
worms. Other studies have found that PSAC have STH
infection levels that may require them to be considered
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Table 2 Univariable analysis of factors associated with STH and S. mansoni infections among pre-school aged children in Busia
County, Kenya

Factors N (%) STH Combined S. mansoni
[OR (95%Cl); p-value] [OR (95%Cl); p-value]

Children
Enrolled 327 (50.1%) 1.38 (0.92-2.09); p=0.123 1.09 (0.68-1.75); p=0.727
Non-enrolled 326 (49.9%) Reference Reference
Sex
Male 330 (50.1%) Reference Reference
Female 323 (49.5%) 149 (0.98-2.25); p=0.059 0.88 (0.55-142); p=0613

Age group (years)

3 113 (20.6%) Reference Reference

4 145 (26.5%) 1.26 (0.66-2.42); p=0.482 1.38 (0.60-3.12); p = 0456
5 118 (21.5%) 1.08 (0.54-2.16); p=0.834 1.39 (0.59-3.26); p = 0454
>5 172 (31.4%) 1.35 (0.72-2.52); p=0.349 1.92 (0.89-4.14); p=0.097

Household members

<5

>5

Parent’s education

No education

Primary education
Secondary education
Post-secondary education
Parent’s occupation
Farming

Small business

Latrine in the compound
Yes

No

Handwashing facility near latrine

Yes

No

314 (48.1%)
339 (51.9%)

279 (42.7%)
294 (45.0%)
61 (9.3%)
19 (2.9%)

248 (38.0%)
277 (42.4%)

540 (82.7%)
113 (17.3%)

241 (44.6%)
299 (55.4%)

Reference

1.32 (0.88-2.00); p=0.185

293 (0.38-22.54); p=0.303
433 (0.57-33.11); p=0.158
5.36 (066-43.79); p=0.117

Reference

045 (0.17-1.22); p=0.117
0.63 (0.24-1.66); p=0.352

Reference

1.31 (0.79-2.19); p=0.297

Reference

127 (0.80-2.02); p=0317

Reference

1.06 (0.66-1.71); p=0.803

0.74 (020-2.67); p = 0.646
077 (021-2.76); p = 0.686
028 (0.05-1.50); p =0.136

Reference

0.82 (0.23-2.94); p=0.763
1.13 (0.32-3.97); p=0.848

Fishing 72 (11.0%) 1.30 (046-3.72); p = 0620 147 (0.38-5.69); p=0580
Employed 25 (3.8%) Reference Reference
Roof type
Grass/Makuti 170 (26.0%) 1.18 (0.75-1.86); p=0475 061 (0.33-1.11); p=0.107
Iron sheets 481 (73.7%) Reference Reference
Tiles 2 (0.3%) Insufficient obs 6.76 (042-109.43); p=0.179
Floor type
Mud/Earthen 410 (62.8%) 0.97 (0.63-1.49); p=0.887 1.01 (0.61-1.65); p=0.989
Cemented 235 (36.0%) Reference Reference
Tiles 5 (0.8%) 122 (0.13-11.19); p=0.861 Insufficient obs
Wall type
Mud/Earthen 449 (68.8%) 1.09 (0.69-1.73); p=0.717 1.11 (0.65-1.92); p = 0697
Cemented 183 (28.0%) Reference Reference
Blocks/Bricks 20 (3.1%) 0.57 (0.12-2.57); p=0462 144 (0.39-5.34); p = 0.587
Wooden 1(0.2%) Insufficient obs Insufficient obs

Reference

0.77 (040-1.52); p=0457

Reference

0.64 (0.38-1.07); p=0.085
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Table 2 Univariable analysis of factors associated with STH and S. mansoni infections among pre-school aged children in Busia

County, Kenya (Continued)

Factors N (%)

STH Combined
[OR (95%Cl); p-value]

S. mansoni
[OR (95%Cl); p-value]

Where do you defecate?
Bush 182 (27.9%)
Latrine 455 (69.7%)

Ever been dewormed

Yes 349 (53.5%)

No 304 (46.6%)
Tablets received when last dewormed

One 309 (88.5%)

More than one 40 (11.5%)

Abdominal pain in the last 2 weeks

Yes 339 (51.9%)

No 314 (48.1%)
Diarrhea in the last 2 weeks

Yes 291 (44.6%)

No 362 (55.4%)
Improved water source for drinking

Yes 275 (42.1%)

No 378 (38.4%)
Wash fruits before eating

Yes 402 (61.6%)

No 251 (38.4%)
Wear shoes/slippers when out of the house

Never 27 (4.1%)

Sometimes 529 (81.0%)

Always 97 (14.9%)
Eat soil

Yes 120 (18.4%)

No 533 (81.6%)
Swim in dam/river/lake

Doesn't 408 (62.5%)

Daily 128 (19.6%)

2-3 times a week 73 (11.2%)

Weekly 42 (6.4%)

More than weekly 2 (0.3%)

1.38 (0.89-2.13); p=0.147

Reference

Reference

1.11 (0.74-167); p=0.627

863 (1.16-64.16); p = 0.035*

Reference

1.16 (0.77-1.75); p=0.482

Reference

122 (0.81-1.84); p=0342

Reference

Reference

2.01 (1.29-3.13); p=0.002*

Reference

145 (0.96-2.19); p=0.075

342 (1.14-10.29); p=0.028*
2.14 (1.04-4.40); p=0.039*

Reference

1.20 (0.72-1.99); p=0484

Reference

Reference

0.85 (0.48-1.49); p=0.566
1.96 (1.10-3.49); p=0.023*
0.86 (0.35-2.13); p=0.750

Insufficient obs

0.77 (044-1.34); p=0352

Reference

Reference

0.90 (0.56-1.45); p=0.653

062 (0.26-1.51); p=0.293

Reference

0.89 (0.55-143); p= 0632

Reference

092 (0.57-149); p=0.748

Reference

Reference

0.76 (0.47-1.23); p=0.262

Reference

0.74 (045-1.23); p=0.253

1.23 (0.36-4.18); p=0.738
092 (048-1.79);, p=0.813

Reference

055 (0.27-1.15); p=0.111

Reference

Reference

2.76 (1.57-4.85); p < 0.001*
2.70 (1.36-5.34); p = 0.004*
1.54 (0.57-4.17); p = 0.400

Insufficient obs

*Indicates a significant p-value

for regular treatment [37, 38]. Nevertheless, in the recent
years most deworming programmes have started includ-
ing PSAC for treatment and control of STH. However,
there are notable logistical challenges, which the SBDP have
yet to overcome, to ensure that all PSAC are included, and
participate in SBDP for improved control [39]. Some of the
challenges are overcrowding in schools during the deworm-
ing day and utilizing primary school teachers or community
health extension workers (CHEWSs) for deworming.

Consequently, there is need to consider using pre-school
teachers to deworm PSAC who are familiar with them, to in-
crease coverage, and if possible give them (PSAC) deworm-
ing drugs separately from SAC.

It is worth to note that the most prevalent species of
STH infection in our current study was 7. trichiura,
followed by A. lumbricoides and lastly hookworm. This
result is contrary to findings from several other studies,
which found out that A. lumbricoides, and hookworm
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Table 4 Multivariable analysis of factors associated with S.
mansoni infections among pre-school aged children in Busia
County, Kenya

Factors

STH Combined
[aOR (95%Cl); p-value]

S. mansoni
[aOR(95%(Cl); p-value]

Factors

Household members
<5
>5

Parent’s occupation
Farming

Small business

Reference

132 (0.73-242); p=0361

0.34 (0.09-1.24); p=0.103
050 (0.14-1.75); p=0.279

Fishing 1.09 (0.28-4.35); p=0.899
Employed Reference
Tablets received when last dewormed
One 8.68 (1.13-66.89); p = 0.038*
More than one Reference
Improved water source for drinking
Yes Reference
No 246 (1.26-4.82); p=0.009*
Eat soil
Yes 162 (0.77-344); p=0.205
No Reference

*Indicates a significant p-value

were the most prevalent species of STH [36, 40]. This
could be due to T. trichiura is not easily cleared by a single
dose of albendazole even after several years of MDA [41].
Accordingly, the need to consider alternative approaches for
deworming the PSAC to interrupt transmission such as use
of drug combination (albendazole and ivermectin). Nonethe-
less, the differences in the various study design could have
been a contributing factor to variation in outcomes.
Interestingly, the results of our study show that enrolled
PSAC where slightly highly infected with STH OR 1.38
(95%CIL: 0.92-2.09); p=0.123, and S. mansoni OR 1.09
(95%CI: 0.68—1.75); p =0.727 compared to non-enrolled
PSAC although it was not statistically significant. This
could be due to poor hygiene practices by PSAC while in
school. During our visits for data collection to the schools,
we observed filled up pit latrines, and unsafe structures
which forced kids to defecate around the school com-
pound. This is a possible way of infecting the soil, school
environment, and hence the pit latrines could be highly
contaminated with STH. In addition, PSAC children could
be having contact with fresh water bodies infested with S.
mansoni during play time especially those above age five.
Assessment of the individual household, school
WASH practices and behaviors on STH, and S. mansoni
infections suggested mixed impacts. Individual-level fac-
tors like not wearing shoes was significantly associated
with STH infection. In a study conducted in Peru,

Age group (years)

3 Reference

4 0.74 (0.29-1.88); p = 0.521

5 0.76 (0.30-1.95); p=0.568

>5 1.22 (0.53-2.80); p = 0.646
Handwashing facility near latrine

Yes Reference

No 0.58 (0.32-1.06); p=0.075
Where do you defecate?

Bush 1.19 (0.55-2.58); p = 0.668

Latrine Reference

Wear shoes/slippers “when out of the house

Never 0.95 (0.21-4.23); p=0.943
Sometimes 063 (0.30-1.31); p=0.215
Always Reference

Swim in dam/river/lake
Doesn't Reference
Daily 3.99 (1.98-8.06); p < 0.001*

2-3 times a week 2.85 (1.28-6.39); p=0.011*

Weekly 1.99 (062-6.40); p=0.247

More than weekly Insufficient observations

*Indicates a significant p-value

playing with soil, not wearing sandals, and picking food
from the ground were common habits found among
PSAC infected with STH [42]. Also, not using improved
water source for drinking was significantly associated
with STH infection. Other studies have found out that
there is an association between STH infection, S. man-
soni infection, and WASH factors [25, 43, 44]. This ne-
cessitates further studies to compare transmission of
STH, and S. mansoni in school, and home environment.

In the present study, results show that prevalence of
STH and S. mansoni, increased fairly by age. This agrees
with another study which found out that STH infections
begun after 3 months of age, and prevalence increased
with age [45]. This trend was also observed in other
studies conducted elsewhere [46]. This situation might
be showing age related change in exposure to STH, and
S. mansoni infection through playing with soil and shal-
low waters. Although, most PSAC might not be able to
play on their own in outdoor activities, most of them ac-
company their parents /guardians, and elder siblings
while carrying out domestic chores in water bodies. This
development factor might explain why infection in-
creases with age.
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One limitation of this study was that we used Kato-
Katz technique which can miss some egg count in an
area with low prevalence especially after several rounds
of MDA. We recommend the need for more sensitive
diagnostic techniques for programmatic monitoring for
STH, and S.mansoni [47].

Conclusion

In conclusion, the present study showed that STH and S.
mansoni infections are a significant public health problem
among PSAC in the study area. This necessitates contin-
ued annual deworming, and if possible bi-annual MDA,
and combination of albendazole with ivermectin for treat-
ment of T. trichiura to control morbidities associated with
STH. Some of the associated risk factors in the current
study were swimming in the lake/river, not wearing shoes,
and using unsafe water source. Hence the need for im-
proved WASH facilities at the school and household levels
to reduce environmental contamination with human
waste, and provision of clean drinking water to control
the parasitic diseases among the PSAC. In addition, health
education for awareness creation, and behavior change
communication on the effects of both parasitic infections
needs to be done in schools, and in the villages in future.
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