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Background. Soil-transmitted helminths (STH) are a public health problem in Kenya. The primary control strategy for these
infections is preventive chemotherapy (PC) delivered through school based deworming (SBD) programs. The World Health
Organization (WHO) recommends the inclusion of other at-risk groups in the PC. The untreated groups in endemic areas have
been shown to act as reservoirs for STH transmission. Few field based studies have focused on the possible benefits of SBD to the
untreated groups in the community. This study sought to determine the levels of STH among all age groups in a community where
SBD has been going on for more than 10 years. Methods. This was a cross sectional study where 3,292 individuals, ranging from
2 to 98 years, were enrolled. Stool samples were analyzed using duplicate Kato Katz thick smear technique for presence of STH
eggs. Statistical analysis was conducted using STATA software 14.0 (Stata corporation). Results. Out of the total 3,292 stool samples
analyzed, only 13 were positive for any STH. Of these, 12 were infected with Trichuris trichiura and one case was of hookworm.
There was no Ascaris lumbricoides infection detected. Of the 13 STH infections, seven of the infections were of school going age
(6-18 years), 5 were of preschool age (<6 years), and one was of adult age group (18>). More male (61.5%) than female were infected
with STH. Conclusion. This study shows very low prevalence of STH among all age groups in Mwea, suggesting that long term SBD
may also be benefitting the untreated groups in the community and thus the potential to achieve STH elimination in such endemic
areas.

1. Introduction

Soil-transmitted helminths (STH) are a group of neglected
tropical diseases (NTDs) that include Hookworm (Neca-
tor americanus and Ancylostoma duodenale), roundworm
(Ascaris lumbricoides), and whipworm (Trichuris trichiura)
[1]. Morbidity induced by these infections results in an
estimated 5.19 million disability adjusted life years (DALYs)
[2] and substantial productivity loss in endemic countries [3].
It is estimated that 1.4 billion individuals are infected with
A. lumbricoides, 1.3 billion with hookworms, and 1.0 billion

with T. trichiura [4, 5] in nearly 166 countries globally [2].
In Kenya, STH infections are widely distributed with more
than 10 million people being infected and approximately 16.6
million people being at risk [6].

The control strategies for STH in most endemic countries
currently involve preventive chemotherapy (PC) delivered
through school based deworming (SBD). However, in the
recent past, there has been discussion on whether the
emphasis of the WHO strategy should shift from morbidity
control to the interruption of transmission [7, 8]. The WHO
recommends four drugs for treatment of STH, albendazole
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(dose of 400 mg) and mebendazole (dose of 500 mg), which
are widely used in programs, levamisole (dose of 2.5 mg
kg−1), and pyrantel pamoate (dose of 10mg kg−1) which is less
commonly used [9, 10].

The WHO goal to scale up chemotherapy for STH was
endorsed in the London declaration of 2012, so that by 2020,
75% of the preschool and school going children in need will
be treated regularly [1]. Recent WHO data shows that by
the year 2017, 743 million people had received preventive
chemotherapy for STH (188million preschool-aged children,
410.1 million school-aged children, and 127.9 million women
of reproductive age). [11]. These are the three priority groups
identified by WHO for deworming through mass drug
administration [12]. However in Kenya, only school going
children are targeted in the SBDprogram [13] as they typically
harbor chronic and intense infections at a time when they are
undergoing physical and/or cognitive development [12, 14]
and the relative ease of access to children in rural areas
through schools [15].

However, reinfection after chemotherapy has been shown
to commonly occur [16, 17].This has been largely attributed to
the subgroups in the larger community who usually are not
covered in the SBD, including the preschool going children
and the adult community [18]. These groups of people
althoughuntreated sometimes have disproportionately heavy
burden of infection [19]. Another factor is the ability of the
helminth eggs and larvae to survive for extended periods in
the environment thus creating a source for rapid reinfection
following chemotherapy [20]. Thus long term effectiveness
of school based deworming in interrupting STH infection is
dependent on maintenance of regular treatment [19].

In Mwea, Kirinyaga County, Central Kenya, annual SBD
with albendazole covering all the primary schools in the area
has been going on since the year 2004 [21]. The deworming
programme was initiated through collaboration between
Japan International Corporation Agency (JICA) and Kenya
Medical Research Institute (KEMRI), Eastern and Southern
Africa Center of International Parasite Control (ESACI-
PAC), and involves annual mass drug administration of
antihelmintics to all school-aged children [21].The treatment
includes a single dose of 40 mg/kg of praziquantel using the
tablet dose pole to determine the number of tablets [22, 23]
and albendazole in a 400mg single dose. The deworming
program temporally stopped for two years (2010 and 2011)
and resumed in the year 2012 under the Kenya National
school based deworming programme.

Before the start of the above program in the year 2004, a
baseline parasitological survey on STH and schistosomiasis
was conducted in a total of 86 schools in Mwea. All children
in these schools were then treated annually with albendazole
(400mg) and praziquantel [21]. Treatment coverage between
the years 2004 and 2009 was reported at approximately
40,000 school going children [24]. During the years 2012-
2013, treatment coverage for Mwea was 48,602 [25], while
in 2013-2014, the coverage was at 46,999 [26]. The annual
treatment of the school going children has continued in all
the schools in the area over the years, except for year 2010
and 2011 when the program stopped temporally.

After the initial mass deworming, a cohort of 2300
children aged between 4 and 18 years from 5 sentinel schools
were followed up at multiple points each year for four years
and examined for intestinal helminths.The result of the above
study indicates that at baseline, the prevalence of any STH
was 19.2 % (95% CI 0.5-1.2%). Hookworm was at 16.7% (95%
CI 15.2-18.2%), Ascaris lumbricoides was at 1.7% (95% CI
1.1-2.2%), and Trichuris trichiura was at 0.8% (95% CI 0.5-
1.2%). The mean intensity as measured by eggs (per gram of
faeces 9 epg) was at 1.647 for hookworm, 0.245 for Ascaris
lumbricoides, and 0.053 for Trichuris trichiura. Among the
4 age groups analyzed in the study (3-5, 6-10, 11-15, and 16-
18 years old) prevalence of hookworm was highest among
the 16-19-year-old and decreased steadily to the 3-5-year-old
patients [21].

Other studies previously carried out in the area have
reported soil eating, hand washing, and shoe wearing as risk
factors for STH infection [27]. Sanitation coverage among
households in the area has been reported at 73% [28]. In the
schools, a study reported thatmore than 50%of toiletswere in
poor hygienic conditions [29].The study further notes that as
at the year 2014, notmuch had changed in regard to sanitation
facilities in the schools [29].

Adult age groups who do not have access to STH
treatment have been shown to benefit from the school
based deworming as a result of its impact on the overall
transmission intensity within that population [30]. Treatment
of preschool and school age children reduces the output of
infective stages in faeces that result in the contamination
of the environment in which everybody else lives [31].
Surveillances which are school based have been shown to
give good estimates of the reduced morbidity in children
but can lead to misleading estimates of the impact of these
programs on overall transmission in the community [32].
Most of the studies that have been carried out in this area
have focused on school going children [24, 33]. Very few
field based studies have focused on the possible effect of the
ongoing school based deworming programs on the larger
community. Much of this information comes from mathe-
matical modeling studies, whose findings do not anticipate
an impact of the SBD on the larger community [24]. Field
based epidemiological data on community-wide prevalence
and intensity of STH especially in areas where school based
deworming is ongoing is important so as to inform decision-
making on the feasibility of including the larger community
in the SBD programs, and also the potential benefits of the
SBD to the untreated groups. The current study sought to
determine the prevalence of STH among all age groups in a
community where SBD has been going on for more than 10
years.

2. Materials and Methods

2.1. Study Area and Population. The study was conducted
in Mwea East and West Subcounties of Kirinyaga County,
Central Kenya. It is located about 100kms north east of
Nairobi and has two rainy seasons, the long rains and the
short rains. It has an estimated 154,220 households and a
total population of 528,054 persons, with an annual growth
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rate of 1.5 percent. The population was projected to be 595,
379 in 2017. The majority of the population are of Kikuyu
tribe [34]. Mwea East and West Subcounties are home to the
giantMwea irrigation scheme. Rice and horticultural farming
are the main socioeconomic activities in the area. Several
water channels crisscross the area supplying irrigation water
to the farms and villages, respectively. STH was previously
determined to be endemic in this area [21, 24].

2.2. Study Design and Sample Size. This was a cross sectional
study carried out between themonths of August and October
2017. A minimum sample size of 905 households was cal-
culated using the formulae by Fishers et al [35]. From each
household sampled, all members of the household present
were asked to provide a stool sample.

2.3. Study Population and Selection Criteria. Multistage sam-
pling was used where two locations from each of the two sub-
countieswere randomly selected.Mwea East Subcounty had a
total of five locations includingMurinduko, Tebere, Nyangati,
Kangai, and Gathigiriri while Mwea West Subcounty had
three locations Wamumu, Thiba, and Mutithi. Using simple
random sampling, one location from each of the two sub-
counties was selected to participate in the study.Thus, Tebere
and Thiba locations from Mwea East and West Subcounties,
respectively, were selected.

From the locations selected, a list of all villages in each
location was obtained. Thiba location had a total of eight vil-
lages including Mbui Njeru, Maendeleo, Gakungu, Rurumi,
Thiba, Karima, Kiratina, and Kasarani, while Tebere loca-
tion had six villages which included Kamucege, Gathigiriri,
Block, Kiarukungu, Mahigaini, and Kirogo. Using random
sampling, four villages were selected inThiba location which
included Karima, Kasarani, Gakungu, and Rurumi, and three
villages in Tebere location including Kirogo, Kamucege, and
Block villages.

The study then used probability proportional to size sam-
pling to determine theminimum number of households to be
sampled per village. Each study village was mapped, whereby
all the households in each village were recorded. Systematic
sampling was then used to select households within each
village. The first household was randomly selected at the
center of the village and, thereafter, every third household
from each direction of the first household was surveyed.
Household heads or their representatives from the sampled
households in each village were interviewed. Sensitization
meetings were held in all the villages with the community
members, community leadership, and the local administra-
tion to explain to them the study and seek their consent.

In each of the sampled households, all individuals present
at the time of survey from age 2 years were asked to provide
a stool sample after consenting and assenting for the younger
children. A written informed consent was further obtained
from each participating household head prior to the survey.

2.4. Stool Sample Collection and Laboratory Analysis. In
each household, data on selected demographic characteristics
like age and gender of every participant who consented to
provide a stool sample were recorded, and the person was

provided with a clean, dry, and leak proof stool container
labeled with a unique identifier and asked to provide a stool
sample. The samples were then collected in a cooler box and
transported to the laboratory for examination. Screening of
STH eggs was based on duplicate Kato-Katz thick smears of
41.7 mg prepared from fresh stool samples to determine the
prevalence and intensity of STH [36]. For quality assurance,
a random sample of 10% of all the positive and negative slides
read each daywas randomly reexamined by third experienced
laboratory technologists.

2.5. Ethical Considerations. The study was reviewed and
approved by the Scientific and Ethical Review Unit (SERU)
of the Kenya Medical Research Institute (KEMRI), number
(KEMRI/SERU/ESACIPAC/007/ 3326), andMeruUniversity
of Science and Technology Institutional Research Ethics
Review Committee (MIRERC), number MIRERC/001/2017.
The study received further clearance from Kirinyaga County
Health team. Awritten informed consent (Swahili translated)
to participate in the study was obtained from all the adults
and an assent sought from all participating children before
conducting an interview or collecting a stool sample. For
illiterate individuals, a thumb print was used to sign the
assent and consent forms after a clear description of the study
objectives and acceptance to participate.

2.6. Data Management and Analysis. Data collected was
entered and stored in an excel spreadsheet. It was then
counter-checked for accuracy. Statistical analyses were car-
ried out using STATA version 14.0 (Stata Corporation, Col-
lege Station, TX, USA). Infection with STH was defined
based on the presence of an egg across the duplicate slide
readings while intensity was expressed as the arithmetic
mean of eggs per gram (epg) of faeces across the two slides.
The prevalence of STH was calculated as percentage of the
positive participants. The 95% confidence intervals (95% CI)
were calculated using binomial logistic regression. Infection
intensities were classified into light, moderate, and heavy
infections, according to WHO guidelines [37].

3. Results

The study enrolled a total of 905 households in seven villages.
From the selected households, a total of 3,292 individual
members gave a stool sample. Each household had an average
of four members. The mean age was 27 years (standard
deviation ± 18 years) with an age range of 2 to 98. Out of the
total participants, 255 (7.8%)were of preschool going age, 1,101
(33.5%) of school age, and the rest 1.936 (58.8%) of adult age
group. Over half of the study participants 1770 (53.8%) were
female (Table 1).

3.1. Prevalence of STH and Other Helminths among the Study
Participants. Of the 3,292 stool samples analysed in this
study, only 13 of them tested positive for any STH. Of the
13 samples that tested positive for STH infection, 12 had
Trichuris trichiura and one had hookworm infection. There
was no sample that tested positive for Ascaris lumbricoides. Of
the 13 STH infections, five were of preschool age (>6 years),
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Table 1: Demographic characteristics of the study participants.

Characteristic Frequency (n=3292) Percentage (%)
Age (Years)
<6 255 7.8
6-18 1,101 33.5
>18 1,936 58.8

Gender
Male 1522 46.2
Female 1770 53.8

Village
Gakungu 431 13.1
Kamucege 532 16.2
Karima 391 11.8
Kasarani 454 13.7
Kirogo 381 11.8
Rurumi 737 22.3
Block 366 11.1

seven cases were of school going age (6-18 years), and one
was an adult. The single case of hookworm was a male adult
of 20 years. Male participants were more infected with STH
(61.5%) than female. Other helminths detected in the study
included S. mansoni 20.1% (95%CI 18.8-21.5%),Hymenolepis
nana 0.9% (95%CI 0.6 – 1.3%), and one case of Taenia species
(Table 2). Analysis of the stool samples also revealed that 672
participants were infected with either species of STH or S.
mansoni or both (prevalence: 20.4%, (95% CI: 19.1%- 21.8%).

3.2. Household Level Prevalence of STH. Analysis of infec-
tions at household level is shown in Table 3. Of the 905
households whose members were enrolled in the study, 9
households had at least one member who was positive for
STH. Another 431 households had at least one member who
was positive for either STH or S. mansoni or both (prevalence:
47.6%; 95%CI: 44.4% - 50.9%).The proportion of households
which had at least onemember testing positive for S. mansoni
was 47.0% (43.7% - 50.2%). The household level prevalence
of H. nana was 3.1% (95% CI 2.2% - 4.4%). Hookworm and
T. trichiura infections were reported in, respectively, one and
eight of the nine households whose members were positive
for STH. A. lumbricoides were not detected in the stool
specimens observed in this study.

3.3. Intensities of Infections. The intensities of intestinal par-
asites’ infections are displayed in Table 4. The twelve cases of
T. trichiura infections recorded were of light intensity (1-999
epg). The number of eggs observed for T. trichiura ranged
from 12 to 72 eggs per gram.The range for the number of eggs
detected in samples that were positive for infection with H.
nanawas 408 – 15480 epg while the median (IQR) egg counts
was 3,468 (606 – 12,240) epg of faeces. Hook worm had low
intensity infection of 24 epg. The number of S. mansoni eggs
observed in the specimens ranged from 12 to 5,244 eggs per
gram (epg) of faeces with a median interquartile range (IQR)

of 60 (24 - 156) epg. Majority of the S. mansoni infections
(65.3%) were of light intensity (1-99 epg).

4. Discussion

The main goal of STH control programs, which typically
involves preventive chemotherapy, delivered through schools
[12], is to reduce the prevalence of moderate to heavy
intensity of infections of any STH to below 1% of the at-risk
population [38]. Other than the school going children,WHO
recommends that other at-risk populations in the community
be included in the preventive chemotherapy. In Kenya the
control strategy largely is through school based deworming
programme,whichwas launched in the year 2009with an aim
of reducing the prevalence of STH in school age children to
below 4% [39, 40].

The current findings show very low infection with STH
among all age groups, including preschool (<6 years) and
school-aged children (6-18 years) as well as the adult pop-
ulation (>18 years) in an area that has been endemic for
these infections. These results support previous findings
which have reported low prevalence of STH among preschool
children [27] and school age children [33]. In the more than
10 years through which the SBD programme has happened
in the study area, the adult community have not received
treatment, yet only one adult was found to be infected
with hookworm. This supports previous studies which have
reported that treating school children through SBDmay also
benefit the adult age groups even when they do not receive
treatment [30]. Previous modeling studies have suggested
that school-aged dewormingmay confer little benefits outside
the children being dewormed and that intensifying either
treatment coverage or increasing the frequency of treatment
may not have an impact on the larger community [31].

The baseline results at the beginning of the SBD pro-
gramme in Mwea showed that the highest burden of STH
was hookworm which was highest among the almost adult
age group 16-19 years, where in some schools the prevalence
was as high as 28.5%. The prevalence of Ascaris lumbricoides
and Trichuris trichiura was low in all the age groups [21].
In the current study, only one hookworm infection was
reported. These results suggest that sustained SBD for a
longer period may actually have an impact on the larger
community, especially for hookworm species. However, in
countries where resources are scarce, sustaining SBD for a
longer period may not be a viable option as it is costly
and many of such programs are usually donor funded.
Therefore incorporating other control strategies to the SBD
programs such as improvement in the sanitation conditions
both in schools and at homemay help countries achieve STH
elimination much sooner.

Treating school going children basically reduces the rate
at which infective stages of the STH are released to the envi-
ronment. When this is sustained over a period of time, the
entire community may indirectly benefit from the treatment
even when they are not treated as there will be reduced
exposure to infective eggs and larvae in the environment
[30, 41]. Indeed, studies have shown that treating a few
individuals in the community can impact on the effective
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Table 2: Prevalence of STH and other helminths among the study participants.

Species Number Prevalence (%) 95% Confidence Interval
STH (n=3292)
Positive 13 0.4 0.2 - 0.7
Negative 3279 99.6

T. trichiura (n=13)
Positive 12 92.3 66.7 - 98.6
Negative 1 7.7

Hookworm (n=13)
Positive 1 7.7 1.4 - 33.3
Negative 12 92.3

Other Helminths
S. mansoni (n=3292)
Positive 663 20.1 18.8 - 21.5
Negative 2629 79.9

H. nana (n=3292)
Positive 29 0.9 0.6 - 1.3
Negative 3263 99.1

Taenia (n=3292)
Positive 1 <0.1
Negative 3291

Table 3: Prevalence of STH and other helminths at the household level.

Species Number Prevalence (%) 95% Confidence Interval
STH (n=905) 0.0
Positive 9 1.0 0.5-1.9
Negative 896 99.0

T. trichiura (n=9)
Positive 8 88.9 56.5 - 98.0
Negative 1 11.1

Hookworm (n=9)
Positive 1 11.1 2.0 - 43.5
Negative 8 88.9

Other Parasites
STH / S. mansoni (n=905)
Positive 431 47.6 44.4-50.9
Negative 474 52.4

S. mansoni (n=905)
Positive 425 47.0 43.7-50.2
Negative 480 53.0

H. nana (n=905)
Positive 28 3.1 2.2- 4.4
Negative 877 96.9

Taenia species (n=905) 0.0
Positive 1 0.1 0.0 - 0.6
Negative 904 99.9%
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Table 4: Intensity of STH and other helminths.

Species Number %
STH
T. trichiura (n=12)
Range (Min -max) 12 - 72
Median (Interquartile range (IQR)) 12 (12 – 12)
Light (1-999 epg) 12 100.0
Moderate (1,000 - 9,999 epg) 0 0.0
Heavy (≥10,000 epg) 0 0.0

Other Helminths
S. mansoni (n=663)
Range (Min -max) 12 - 5244
Median (Interquartile range (IQR)) 60 (24 - 156)
Light (1-99 epg) 433 65.3
Moderate (100 - 399 epg) 150 22.6
Heavy (≥400 epg) 80 12.1

H. nana (n=29)
Range (Min -max) 408 - 15480
Median (Interquartile range (IQR)) 12240 (606 - 3468)

reproductive number of the parasites and therefore reduced
exposure to infective stages in those untreated [31]. STH
parasites reproduce sexually within the human host; thus,
both sexes need to be present within a single host for them
to produce fertilized eggs [42] which are expelled to the
environment. Treating school age children over a long period
of time reduces the chances of both sexes of STH residing in
a single human host thus limiting their sexual reproduction.
This may explain the low prevalence recorded in the present
study after a long period of SBD. In the study area, SBD has
been ongoing since the year 2004 [24, 39, 40], with a two-
year lapse (2010 and 2011) and then uninterrupted since 2012
to date.

These findings also point to a possibility of the study area
reaching a breaking point for all the STH if SBD is sustained.
Breaking point typically occurs at levels of below one parasite
owing to the aggregated distribution of worm numbers per
host [8]. This therefore calls for frequent monitoring and
evaluation of the impact of SBD which are not only school
based but which involves the entire community. Sustained
prevalence and intensity evaluations in this setting will even-
tually provide useful practical, field based data on how long
SBD should be administered to school children for eventual
interruption of STH in the whole community. Currently,
this information has been provided through mathematical
models [8].

Recent studies have suggested the need to shift from
morbidity control to interruption of transmission for STH
[7, 32], noting that in areas of low transmission, treating
school children alone over a long period of time could
actually interrupt transmission [43]. Such a shift will require
availability of prevalence and intensity data for all age groups
and not only the school going children. As the worm burden
reduces to such low levels, future surveys need to use

diagnostic techniques which are more robust and whose
sensitivity is not affected by reduction in worm loads. Kato
Katz technique, recommended by WHO for quantification
of STH eggs in stool [37] is the most common technique
used in field surveys. It is a relatively cheap technique that
is easy to apply in resource poor settings [44]. However, its
sensitivity has been shown to reduce with the reduction of
STH prevalence [45, 46], making it unsuitable in low STH
intensity settings. Use of this technique in our study is a
potential limitation owing to the low prevalence of STH
reported.

The FLOTAC technique has been shown to have high
sensitivity even in low intensity settings [45, 47]. It however
requires a centrifuge and longer sample preparation time
[48]. Future STH evaluations in this area should endeavor
to collect multiple consecutive samples to cater for the daily
variations of egg excretion and the nonequal distribution of
eggs in a stool sample, which leads to varying egg counts
between stool samples from the same person [49], and
consider use of the FLOTAC technique for stool diagno-
sis.

5. Conclusion

This study shows low prevalence of STH among all age groups
including the preschool, school going, and the adult in the
community, suggesting that long term SBD may also be
benefitting the untreated groups and thus the potential to
achieve STH elimination in the area. This study recommends
that SBD is continued among school going children so
as to sustain the low worm load and probably eventual
elimination of STH. The study further recommends that
future surveillances should not only be focused on the school
age children but also include the larger community.



Journal of Tropical Medicine 7

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest

Authors’ Contributions

Paul M. Gichuki and Charles Mwandawiro conceived and
designed the study. PaulM.Gichuki and Tabitha Kimani were
involved in field data collection, analysis, and manuscript
preparation. Edwin Kiplelgo and Paul M. Gichuki were
involved in statistical analysis. Gabriel G. Mbugua and
Charles Mwandawiro critically reviewed the manuscript and
result interpretation. All authors read and approved the final
manuscript.

Acknowledgments

The authors are sincerely grateful to all the staff of Eastern
and Southern Africa Center of International Parasite Control
(ESACIPAC), Kirinyaga County Health Management Team,
staff working in Kimbimbi Sub-County hospital laboratories,
and the residents of Karima, Rurumi, Kasarani, Gakungu,
Kirogo, Kamucege, and Block villages. Without them, this
work would not have been possible. The study was funded by
Kenya Medical Research Institute Internal Research Grants
(KEMRI IRG).

References

[1] WHO, Accelerating Work to Overcome the Global Impact of
Neglected Tropical Diseases - A Roadmap for Implementation,
World Health Organization, Geneva, Switzerland, 2012.

[2] R. L. Pullan, J. L. Smith, R. Jasrasaria, and S. J. Brooker, “Global
numbers of infection and disease burden of soil transmitted
helminth infections in 2010,” Parasites & Vectors, vol. 7, no. 37,
2014.

[3] W. K. Redekop, E. J. Lenk, M. Luyendijk et al., “The socioeco-
nomic benefit to individuals of achieving the 2020 targets for
five preventive chemotherapyneglected tropical diseases,”PLOS
Neglected Tropical Diseases, vol. 11, no. 1, p. e0005289, 2017.

[4] WHO 2016, “Schistosomiasis and soil-transmitted helminthi-
ases: number of people treated in 2015,”Weekly Epidemiological
Record, vol. 91, no. 49-50, pp. 585–600, 2016.

[5] C. J. L. Murray, T. Vos, R. Lozano et al., “Disabilityadjusted
life years (DALYs) for 291 diseases and injuries in 21 regions,
1990—2010: a systematic analysis for the global burden of
disease study 2010,” Lancet, vol. 380, pp. 2197–2222, 2012.

[6] Government of Kenya. Ministry of Health (MOH), National
Multi-Year Strategic Plan of Action for Control of Neglected
Tropical Diseases 2015–2020, Neglected Tropical Diseases Pro-
gramme, MOH, Nairobi, Kenya, 2016.

[7] S. J. Brooker, C. S. Mwandawiro, K. E. Halliday et al., “Interrupt-
ing transmission of soil-transmitted helminths: a study protocol
for cluster randomized trials evaluating alternative treatment

strategies and delivery systems in Kenya,” BMJ Open, vol. 5, no.
10, Article ID e008950, 2015.

[8] R. Anderson, J. Truscott, and T. D. Hollingsworth, “The
coverage and frequency of mass drug administration required
to eliminate persistent transmission of soil-transmitted
helminths,” Philosophical Transactions of the Royal Society B:
Biological Sciences, vol. 369, no. 1645, Article ID 20130435, 2014.

[9] WHO, Preventive Chemotheraphy in Human Helminthiasis,
World Health Organization, Geneva, Switzerland, 2006.

[10] J. Keiser and J. Utzinger, “Efficacy of current drugs against soil-
transmitted helminth infections: systematic review and meta-
analysis,” Journal of the American Medical Association, vol. 299,
no. 16, pp. 1937–1948, 2008.

[11] WHO 2017, “Schistosomiasis and soil transmitted helminthi-
ases: numbers of people treated in 2017,”Weekly Epidemiological
Record, vol. 93, pp. 681–692, 2018.

[12] WHO, Helminth Control in School-Age Children, World Health
Organization, Geneva, Switzerland, 2011.

[13] World Health Organization (WHO), Investing to Overcome the
Global Impact of Neglected Tropical Diseases: Third Who Report
on Neglected Tropical Diseases, World Health Organization,
Geneva, Switzerland, 2015.

[14] S. Brooker, P. J. Hotez, D. A. Bundy, and S. Aksoy, “The
global atlas of helminth infection: mapping the way forward
in neglected tropical disease control,” PLOS Neglected Tropical
Diseases, vol. 4, no. 7, Article ID e779, 2010.

[15] J. Leslie, A. Garba, E. B. Oliva et al., “Schistosomiais and soil-
transmitted helminth control in niger: cost effectiveness of
school based and community distributed mass drug adminis-
tration,” PLOS Neglected Tropical Diseases, vol. 5, no. 10, Article
ID e1326, 2011.

[16] C. Okoyo, B. Nikolay, J. Kihara et al., “Monitoring the impact
of a national school based deworming programme on soil-
transmitted helminths in Kenya: the first three years, 2012 -
2014,” Parasites & Vectors, vol. 9, no. 408, 2016.

[17] T.-W. Jia, S. Melville, J. Utzinger, C. H. King, and X.-N. Zhou,
“Soil-transmitted helminth reinfection after drug treatment: a
systematic review and meta-analysis,” PLOS Neglected Tropical
Diseases, vol. 6, no. 5, Article ID e1621, 2012.

[18] J. E. Truscott, T. D. Hollingsworth, S. J. Brooker, and R. M.
Anderson, “Can chemotherapy alone eliminate the transmis-
sion of soil transmitted helminths?” Parasites & Vectors, vol. 7,
no. 266, 2014.

[19] S. J. Campbell, G. B. Savage, D. J. Gray et al., “Water, sanitation,
and hygiene (WASH): a critical component for sustainable
soil-transmitted helminth and schistosomiasis control,” PLOS
Neglected Tropical Diseases, vol. 8, no. 4, Article ID e2651, 2014.

[20] S. Brooker, J. Bethony, and P. J. Hotez, “Human hookworm
infection in the 21st century,” Advances in Parasitology, vol. 58,
pp. 197–288, 2004.

[21] J. H. Kihara, N. Muhoho, D. Njomo et al., “Drug efficacy
of praziquantel and albendazole in school children in mwea
division, central province, Kenya,” Acta Tropica, vol. 102, no. 3,
pp. 165–171, 2007.

[22] A. Montresor, D. Engels, L. Chitsulo, D. A. Bundy, S. Brooker,
and L. Savioli, “Development and validation of a ‘tablet pole’
for the administration of praziquantel in sub-Saharan Africa,”
Transactions of the Royal Society of Tropical Medicine and
Hygiene, vol. 95, pp. 542–544, 2001.

[23] WHO, Preventive Chemotherapy Databank, vol. 95, World
Health Organization, Geneva, Switzerland, 2012.



8 Journal of Tropical Medicine

[24] J. H. Kihara, N. D. Muhoho, I. Mwobobia et al., “A four-year
follow-up of school children aftermass-treatment for schistoso-
miasis and soil transmitted helminths inMwea, Central Kenya,”
African Journal of Health Sciences, vol. 23, pp. 278–291, 2012.

[25] https://ciff.org/document/17/Kenya National SchoolBased De-
worming Programme Year1 Evaluation.pdf.

[26] https://ciff.org/document/17/Kenya National SchoolBased De-
worming Programme Year2 Evaluation.pdf.

[27] S. S. W. Sakari, A. K. Mbugua, and G. M. Mkoji, “Preva-
lence of soil-transmitted helminthiases and schistosomiasis in
preschool age children in mwea division, kirinyaga south
district, kirinyaga county, and their potential effect on physical
growth,” Journal of Tropical Medicine, vol. 2017, Article ID
1013802, 12 pages, 2017.

[28] J. Mwai, S. Njenga, and M. Barasa, “Knowledge, attitude and
practices in relation to prevention and control of schistosomi-
asis infection in Mwea Kirinyaga county, Kenya,” BMC Public
Health, vol. 16, no. 1, p. 819, 2016.

[29] N. Muhoho, Y. Mitsui, and C. Mwandawiro, “Impact of san-
itation improved school latrine on latrine-related practices,
perceptions attitude and occurrence of diarrhoea in children
in Mwea Division, Kirinyaga District, Central Kenya,” East and
Central Africa Medical Journal, vol. 1, no. 1, pp. 22–27, 2014.

[30] D. A. P. Bundy, M. S. Wong, L. L. Lewis, and J. Horton, “Control
of geohelminths by delivery of targeted chemotherapy through
schools,” Transactions of the Royal Society of Tropical Medicine
and Hygiene, vol. 84, no. 1, pp. 115–120, 1990.

[31] R. M. Anderson, J. E. Truscott, R. L. Pullan, S. J. Brooker,
and T. D. Hollingsworth, “How effective is school-based
deworming for the community-wide control of soil-transmitted
helminths?” PLOS Neglected Tropical Diseases, vol. 7, no. 2,
Article ID e2027, 2013.

[32] R. M. Anderson, H. C. Turner, J. E. Truscott, T. D.
Hollingsworth, S. J. Brooker, and S. Aksoy, “Should the goal
for the treatment of soil transmitted helminth (STH) infections
be changed from morbidity control in children to community-
wide transmission elimination?” PLOS Neglected Tropical
Diseases, vol. 9, no. 8, Article ID e0003897, 2015.

[33] J. Njiru, N.Muhoho, J. Simbauni, and E. Kabiru, “Effects of soil-
transmitted helminths and schistosoma species on nutritional
status of children in mwea irrigation scheme, Kenya,” Journal
of Applied Life Sciences International, vol. 5, no. 1, Article ID
JALSI.25053, pp. 1–8, 2016.

[34] Kenya National Bureau of Statistics (KNBS), 2009 Population
and Housing Census, KNBS, Nairobi, Kenya, 2012.

[35] C. Fisher, “A study of the schistosomiasis of the stanleyville
district of the belgian congo,”Transactions of the Royal Society of
Tropical Medicine and Hygiene, vol. 28, no. 3, pp. 277–306, 1934.

[36] N. Katz, A. Chaves, and J. Pellegrino, “A simple device for
quantitative stool thick-smear technique in schistosomiasis
mansoni,” Revista do Instituto de Medicina Tropical de São
Paulo, vol. 14, pp. 397–400, 1972.

[37] WHO, Prevention and Control of Schistosomiasis and Soil-
Transmitted Helminthiasis, World Health Organization,
Geneva, Switzerland, 2002.

[38] World Health Organization, Soil-Transmitted Helminthiasis:
Eliminating Soil-Transmitted Helminthiasis as a Public Health
Problem in Children, World Health Organization, Geneva,
Switzerland, 2012.

[39] C. S. Mwandawiro, B. Nikolay, J. H. Kihara et al., “Monitoring
and evaluating the impact of national school-based deworming

in Kenya: study design and baseline results,” Parasites &Vectors,
vol. 6, no. 198, 2013.

[40] Ministry of Public Health and Sanitation and Ministry of Edu-
cation, National School Health Policy, Ministry of Education,
Republic of Kenya, 2009.

[41] S. O. Asaolu, C. V. Holland, and D. W. T. Crompton, “Com-
munity control of ascaris lumbricoides in rural oyo state,
nigeria: mass, targeted and selective treatmentwith levamisole,”
Parasitology, vol. 103, no. 2, pp. 291–298, 1991.

[42] R. M. Anderson and R. M. May, Infectious Diseases of Humans:
Dynamics and Control, Oxford University Press, Oxford, UK,
1991.

[43] R. Anderson and G. Schad, “Hookworm burdens and faecal
egg counts: an analysis of the biological basis of variation,”
Transactions of the Royal Society of Tropical Medicine and
Hygiene, vol. 79, no. 6, pp. 812–825, 1985.

[44] B. Speich, S. Knopp, K. A.Mohammed et al., “Comparative cost
assessment of the Kato-Katz and FLOTAC techniques for soil-
transmitted helminth diagnosis in epidemiological surveys,”
Parasites & Vectors, vol. 3, no. 71, 2010.

[45] B. Nikolay, S. J. Brooker, and R. L. Pullan, “Sensitivity of diag-
nostic tests for human soil-transmitted helminth infections: a
meta-analysis in the absence of a true gold standard,” Interna-
tional Journal for Parasitology, vol. 44, no. 11, pp. 765–774, 2014.

[46] A. V. Easton, R. G. Oliveira, M. Walker et al., “Sources of vari-
ability in the measurement of Ascaris lumbricoides infection
intensity by Kato-Katz and qPCR,” Parasites & Vectors, vol. 10,
pp. 1–14, 2017.
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