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Abstract

Background

Evidence indicates that whereas repeated rounds of mass drug administration (MDA) pro-
grams have reduced schistosomiasis prevalence to appreciable levels in some communities
referred to here as responding villages (R). However, prevalence has remained high or less
than anticipated in other areas referred to here as persistent hotspot villages (PHS). Using a
cross-sectional quantitative approach, this study investigated the factors associated with
sustained high Schistosoma mansoni prevalence in some villages despite repeated high
annual treatment coverage in western Kenya.

Method

Water contact sites selected based on observation of points where people consistently go to
collect water, wash clothes, bathe, swim or play (young children), wash cars and harvest
sand were mapped using hand-held smart phones on the Commcare platform. Quantitative
cross-sectional surveys on behavioral characteristics were conducted using interviewer-
based semi-structured questionnaires administered to assess water usage/contact patterns
and open defecation. Questionnaires were administered to 15 households per village, 50
pupils per school and 1 head teacher per school. One stool and urine sample was collected
from 50 school children aged 9—12 year old and 50 adults from both responding (R) and per-
sistent hotspot (PHS) villages. Stool was analyzed by the Kato-Katz method for eggs of S.
mansoni and soil-transmitted helminths. Urine samples were tested using the point-of-care
circulating cathodic antigen (POC-CCA) test for detection of S. mansoni antigen.
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of schools in the PHS villages meeting the WHO threshold for boy: latrine coverage ratio
versus 83.3% in R, while no villages met the girl: latrine ratio requirement. A higher propor-
tion of individuals accessed unprotected water sources for both bathing and drinking (68.5%
for children and 89% for adults) in PHS relative to R villages. In addition, frequency of
accessing water sources was higher in PHS villages, with swimming being the most fre-
quent activity. As expected based upon selection criteria, both prevalence and intensity of
S. mansoniwere higher in the PHS relative to R villages (prevalence: 43.7% vs 20.2%,; P <
0.001; intensity: 73.8 £ 200.6 vs 22.2 + 96.0, P < 0.0001), respectively.

Conclusion

Unprotected water sources and low latrine coverage are contributing factors to PHS for
schistosomiasis in western Kenya. Efforts to increase provision of potable water and
improvement in latrine infrastructure is recommended to augment control efforts in the PHS
areas.

Introduction

Schistosomiasis is a parasitic disease caused by members of the Schistosoma species. Globally,
approximately 700 million people are at risk of infection [1,2]. More than 240 million people
in 78 countries are estimated to be infected with schistosomes. Over 90% of the cases occur in
sub-Saharan Africa, where the infection is estimated to cause more than 200,000 deaths annu-
ally [3,4].

The current mass drug administration (MDA) strategy recommended by the World Health
Organization (WHO) has been shown to be largely effective in reducing schistosomiasis preva-
lence and intensity at the community level. This strategy involves distribution of praziquantel
(PZQ) based on the prevalence of infection in school-aged children (SAC) [5] Evidence indi-
cates that while MDA programs have reduced prevalence to appreciable levels in some areas,
prevalence has remained persistently high in other areas, or the reduction in prevalence was
less than what was anticipated [6-10] Research findings from our study and others show that
transmission is not effectively interrupted by mass drug delivery, especially for high risk loca-
tions [11-13]. After more than 20 years of MDA in the Nile Delta, certain villages possessed
high S. mansoni infection prevalence [14]. In western Cote d’Ivoire, an overall reduction in S.
mansoni infection prevalence and intensity was achieved one year after a single, school-based
MDA, yet 10% of schools had an increase in S. mansoni infection prevalence by 25% or more
[15]. In a cross-sectional study of 22 villages in the Philippines, 75.6% of participants reported
being treated in the last 2 years, yet 13 of those 22 villages had a prevalence above 25% [16].

The sustained prevalence in some of these persistent hotspot (PHS) villages might be attrib-
utable to the fact that praziquantel treatment may not be fully curative (juvenile worms are
refractory), lack of participation [17], reduced praziquantel effectiveness [18,19], but also on
water contact [20]and what influence local environmental and behavioral factors have on indi-
vidual risk for primary infection and/or reinfection [1,13,21]. In May 2012, through World
Health Assembly Resolution 65.21, the World Health Organization called for nations endemic
for schistosomiasis to adopt intensive control programs including water, sanitation and
hygiene education (WASH) in order to achieve elimination of transmission where feasible [2].
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Indeed, a systematic review and meta-analysis suggests that increasing access to safe water and
adequate sanitation are important measures to reduce the odds of schistosome infection [22].
The integration of WASH significantly reduced infections with Ascaris lumbricoides and Tri-
churis trichiura in addition to S. japonicum in the People’s Republic of China [23]. S. mansoni
and STH prevalences declined during a trachoma control program in Ethiopia, which
increased the use of improved water sources and latrines [24]. In Kenya, a school WASH inter-
vention reduced A. lumbricoides infection above provision of MDA alone [25].

In order to ensure success, it has been recommended that in large population-based control
programs, treatment allocation strategies need to be tailored to local conditions on a village-
by-village basis [13]. Factors associated with sustained high prevalences in the PHS villages
need to be investigated and addressed if global control efforts and the 2025 elimination targets
are to be realized. The objective of this study was to investigate the factors associated with sus-
tained high prevalence for S. mansoni in some PHS villages in western Kenya despite repeated
high annual treatment coverage compared to villages that responded (R) to the annual MDAs.

Methods
Study area and population

Villages for inclusion into this study were purposively selected from villages that participated in
our previous Schistosomiasis Consortium for Operational Research and Evaluation (SCORE)
studies. This preventive chemotherapy-based operational research study was undertaken to
control schistosomiasis in this region by implementing school-based and village-wide annual
mass drug administration (MDA) in varying treatment regimens for 5 consecutive years (2011-
2015) in 150 Kenyan villages situated on or near the eastern shore of Lake Victoria [11]. Six vil-
lages with the greatest decrease in S. mansoni prevalence (Responder villages or R) and another
six where prevalence remained persistently high (persistent hotspots or PHS) were selected for
inclusion. The specific definition used was the following: a persistent hotspot was defined as a
village that had either 25-49% or > 50% prevalence at baseline and having > 10% prevalence in
year 5 if starting prevalence was 25-49% or > 25% if starting prevalence was > 50%. Conve-
nience sampling was then used to identify 50 adults from 50 households in each of the 12 vil-
lages. Informed consent was obtained from study participants prior to enrolment into the
study. A pre-designed and tested questionnaire was administered to the participants and a sin-
gle stool and urine sample was collected for testing at the KEMRI laboratory.

Community entry and stakeholder meetings

In order to create Programme ownership and solicit support, stakeholder meetings were held
to galvanize interest, support and participation in the study. Before the study commencement,
the study team visited the villages and held sensitization meetings with head teachers, commu-
nity health volunteers and village elders. The health teachers in the study schools were invited
to a training workshop and were instructed on the collection of samples, what records and
reports were needed for the study, and how to recognize serious adverse events (SAEs) associ-
ated with treatment. The phone numbers of the field coordinator and the study nurse were
given to the head teacher so that any side effects associated with treatment could be attended
to expeditiously.

Mapping of schools and water contact sites

In all primary schools participating in the study, water contact sites were mapped using hand-
held smart phones on the Commcare platform. Water contact sites were selected on the basis
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of observation of places where people consistently go to collect water, wash clothes, bathe,
swim or play (young children) and where there were car washing and sand harvesting activi-
ties. Only one GPS point was collected in each school, taking the GPS reading in the center of
the school. GPS coordinates on the water bodies were confirmed by following a random sam-
ple of 9-12 year olds. The shortest distance from a school or village to a documented transmis-
sion site was calculated using QGIS Version 2.18.

Migration pattern

Data on migration pattern into and out of the villages was collected using key informant inter-
views with the village elders to understand the level of itinerancy in the villages.

Water, Sanitation and Hygiene (WASH) surveys

Quantitative cross-sectional surveys on behavioral characteristics using interviewer-based
semi-structured questionnaires were administered to assess water usage/contact patterns and
open defecation. The level of sanitation at the school, household and community within the
villages was determined. The WASH Questionnaire was administered to the head teacher or
designated teacher for the WASH survey in schools. Questionnaires were also administered to
the household head and pupil. Questionnaires were administered to 15 households per village,
50 pupils per school and 1 head teacher per school.

Parasitological assessment

Single stool samples from 50 school children aged 9-12 year old and 50 adults in each village
were analyzed by the Kato-Katz technique [26] and 4 slides were microscopically examined for
eggs of S. mansoni and soil-transmitted helminths (Ascaris lumbricoides, Trichuris trichiura
and hookworms). Approximately 41.7 mg of faeces were used for each slide. Eggs were
counted and expressed in eggs per gram (EPG) by two independent microscopists and any dis-
crepancy in results of the two were reconciled by comparing to results of a third independent
and more experienced microscopist. Examination of slides for hookworm eggs was performed
within 1 hour of slide preparation. For all other helminths, slides were allowed to clear for at
least 24 hours and eggs were counted within one month. Intensity of infection for each hel-
minth was categorized according to the World Health Organization (WHO) proposed thresh-
olds [5].

Individuals who tested positive for schistosomiasis and STH were treated by a qualified
study nurse following the recommended dosage by the WHO using a dose pole for praziquan-
tel. These individuals were reached through the help of the community health volunteer in
their respective villages.

Analyses of urine samples

Urine samples (50 from children and 50 from adults) were tested for positivity and band inten-
sity using the point-of-care circulating cathodic antigen (POC-CCA) test (Rapid Medical
Diagnostics, Pretoria, South Africa, Batch # 170622073) for detection of S. mansoni antigen.
Briefly, two drops of urine were added to the well of the testing cassette and allowed to absorb.
The assay was allowed to develop for 20 min, at which time the results were then read. The test
was considered invalid if an internal control band did not appear or if the test was left to
develop for more than 25 min after addition of the urine before being read. To score the inten-
sity of the POC-CCA assay results, the intensity of the test band was compared to that of the
control band. Positive results were given a score of “Trace” if the band was barely visible, 1+ if
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the test band was readily visible but less intense than the control band, 2+ if the test band was
of equal intensity as the control band, and 3+ if the test band was more intense than the control
band. All urine samples were also tested for haematuria using dipsticks to account for the pos-
sibility that blood in urine may cause false positives.

Assessment of fecal occult blood as proxy for intestinal morbidity

Fecal occult blood (FOB) was used as a proxy for intestinal morbidity associated with S. man-
soni in 320 stool samples. FOB was detected using a chromatographic FOB detection test (Mis-
sion TestH, Acon Laboratories, San Diego, CA), following the manufacturer’s instructions.
Briefly a small amount of feces was homogenised in a liquid buffer provided in the kit after col-
lection. Two drops of stool suspension were applied to a test cassette and results visually read
after five minutes and categorized as negative (-) and positive (+).

Data analyses

Data were entered and transmitted to a central server using phone-based Dimagi Commcare
application and data cleaning including consistency and accuracy checks were performed.
Data analysis was performed using STATA version 14.0. Presence of schistosomiasis, demo-
graphic, socioeconomic, environmental and behavioral characteristics in hotspots and
responding villages were treated as categorical variables and presented as frequencies and
percentages.

Chi-square test for independence was used to examine the significance of the associations
and differences in frequency distribution of variables. Odd ratios (OR) and 95% confidence
intervals (CI) from univariate logistic regression were used to evaluate the strength of associa-
tion for variables that were significant in the chi-square test of association. Backward elimina-
tion technique was employed to arrive at the final multivariate logistic regression model,
beginning with a model containing all the plausible predictors of schistosomiasis and sequen-
tially dropping the variables starting with those that were least significant until the final model
where all predictors had a P-value < = 0.15. This final model was then used to identify the fac-
tors significantly associated with PHS/R villages while adjusting for confounders. All tests were
considered significant at P < 0.05.

Ethical considerations

The study was reviewed and approved by KEMRT’s Scientific and Ethics Review Unit (SERU),
protocol # 3267. Adults and parents or guardians of children participating in the study pro-
vided written informed consent. School children also provided informed assent.

Results
Characteristics of study participants

Overall, a majority of the adult population had attained primary education as their highest
education level. This trend was similar in the PHS villages and R villages. Most participants in
the PHS villages were business owners (29%) followed by farming activities. This was slightly
different in the responding villages as farming accounted for 49% while business activities
accounted for 25% (Table 1). On average, there were 122454 girls and 131+55 boys in each of
the schools. The student population in schools within PHS villages was considerably higher in
comparison to those in R villages (Table 1).
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Table 1. General characteristics of the study population.

Adult population-n (%)

Level of Education
None
Primary not completed
Primary education
Secondary not completed
Secondary education
Post-secondary/college
Main source of Income
Farming
Salaried work
Own Business
Fishing
Skilled labor
Student population
Enrolments in Schools-Mean+ = (Std..Dev)

https://doi.org/10.1371/journal.pone.0253115.t001

Overall, n = 600 (%) PHS villages n = 300 (%) R villages n = 300 (%)

56 (9.3) 24 (8.0) 32(10.7)
226 (37.7) 98 (32.7) 128 (42.7)
171 (28.5) 92 (30.7) 79 (26.3)
61 (10.2) 30 (10.0) 31 (10.0)
67 (11.2) 46 (15.3) 21 (7.0)

19 (3.2) 10 (3.3) 9 (3.0)
229 (38.2) 83 (27.9) 146 (48.8)

20 (3.3) 13 (4.3) 7(2.3)
162 (27.0) 86 (28.9) 76 (25.3)
94 (15.7) 67 (22.3) 27 (9.0)
79 (13.2) 39 (13.0) 40 (13.3)

_________ 18 +(75.00= | 207 4(600)= | 109+(540)=
160 +(70.0) = 205+ (51.0) = 116 +(57.0) =

Parasitological outcomes

As expected, based upon our selection criteria, we confirmed that the prevalence of S. mansoni
by Kato-Katz was more than double (P < 0.0001) in the PHS relative to the R villages, whereas
the prevalence of soil-transmitted helminths was similar between the PHS and R villages
(Table 2). There was a higher proportion of moderate and heavy S. mansoni infections in PHS
relative to R villages (Table 2).

The trend for higher S. mansoni prevalence in PHS was also evident when the data was ana-
lyzed by age group (Fig 1). For the SAC population, all PHS villages had higher S. mansoni
prevalence compared to R villages, whereas for the adult population, this held true except for
one village (Mumbo) in the R arm located in Siaya County which had high S. mansoni preva-
lence of 54%.

In the PHS villages, Seka Kagwa had the highest S. mansoni prevalence (72.0%) and Got
Kachieng’ the lowest prevalence (18%) among adults, whereas Minya village had the highest
prevalence (66%) and Kamser Seka the lowest prevalence (20%) among SAC (Fig 2). In the R
villages, Mumbo and Konyach had the highest prevalence (54% each) and Ginga the lowest
prevalence (10%) among adults, whereas Ginga had the highest prevalence (12%) and Kotieno
Gumba and Konyach the lowest prevalence (2% each) among SAC (Fig 2).

A similar trend of higher S. mansoni prevalence in PHS (74.5%) relative to R villages
(47.2%) was observed when comparisons were made based on POC-CCA analyses. The preva-
lence of S. mansoni by POC-CCA was almost double (P < 0.0001) in the PHS relative to the R
villages (Table 2). In general, there was a higher proportion of 2+ and 3+ intensity of infection
as depicted by POC-CCA in the PHS relative to R villages (Table 2). All traces were considered
positive following the manufacturer’s recommendations.

Urine dipstick results. There was no significant difference in microhematuria results
between PHS and R villages (Table 2).
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Table 2. Prevalence of Schist

i and soil-transmitted helminths in PHS and R villages in western Kenya.

PHS villages n = 600 R villages n = 600 P-value
By Kato-Katz n, (%) n, (%)
Schistosoma mansoni prevalence 262 (43.7) 121 (20.2) <0.001*
Light 150 (25.0) 89 (14.3)
Moderate 84 (14.0) 21(3.5) 0.005*(by p<0.05)
Heavy 27 (4.5) 10 (1.7)
Intensity (epg)" 73.8 + 200.6 222+ 96.0 <0.001*
One or more soil-transmitted helminth 25 (4.2) 28 (4.7) 0.673
Hookworm 7(1.2) 8(1.3) 0.795
Ascaris lumbricoides 5(0.8) 5(0.8) 1.000
Trichuris trichiura 15 (2.5) 15 (2.5) 1.000
By POC-CCA
Schistosoma mansoni 447 (74.5) 283 (47.2) <0.0001*
Trace 184 (30.7) 140 (23.3)
+ 94 (15.7) 68 (11.3) <0.0001
++ 109 (18.2) 46 (7.7)
+++ 60 (10.0) 29 (4.8)
Urine dipstick 39 (6.5) 36 (6.0) 0.721

Intensity of infection expressed as arithmetic mean # SD.

*Statistically significant.

'Intensity of infection expressed as arithmetic mean = SD.

https://doi.org/10.1371/journal.pone.0253115.t002

Intestinal morbidity

Of the 320 stool samples tested for intestinal morbidity using FOB, 35 (10.9%) were positive
for traces of blood.

Migration into and out of villages

Movement into the villages was reported to be majorly driven by festivals (27.5%) and other
reasons such as gatherings by local administration (Chief’s barazas), fishing, funerals and
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Fig 1. Prevalence of Schistosoma mansoni for PHS and R villages by Kato-Katz in 2018.
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sports (32.5%). In the PHS such movements into PHS villages were majorly attributed to atten-
dance of Chief’s barazas, fishing, funeral and sports (37.5%) while in the R villages they were
due to attendance of markets (31.3%) and festivals (25.0%). However, there was no significant
difference in the movement into PHS and R villages (y* = 1.8888, P = 0.756). On average,
about 75 people and about 50 people come to PHS and R villages, respectively, for various rea-
sons, although there was no significant difference in the number of people moving into PHS
and R villages (Z = -0.236; P = 0.8131) (Table 3).

Movement from all the villages as a whole was primarily related to attendance at festivals
(32.5%) and markets (27.5%). There were some differences when analyzing the villages by
PHS and R. In the PHS villages such movements were mainly related to attendance of markets
(29.2%) and festivals (29.17%) while in the R villages they were mainly driven by attendance of
festivals (42.7%). There was no significant difference in the reasons for movement out of the
villages when PHS and responding villages were compared (y* = 0.9994, P = 0.801).

On average, 50 people per month come to and from these villages for the various reasons
noted above with about 40 people in PHS and 75 in R villages. Although there were more peo-
ple moving into and out of R villages compared to PHS villages, there was no significant differ-
ence from PHS and R villages (Z = 0.838, P = 0.4020) (Table 3).

Water, sanitation and hygiene at the household level

Sources of water. Overall, 77.3% of the study population had latrines in their compounds.
Moreover, latrine coverage was higher within R villages compared to PHS villages (83.7% ver-
sus 71.0%) (Table 4). With regard to the source of water for domestic use, a majority of the
study population reported to be using surface water and unprotected springs (60.5% and
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Table 3. Migration into and out of the PHS and R villages.

Overall PHS villages R villages P-value
MOVEMENT INTO THE VILLAGE-n (%)
Reasons for movement into the village
Market 10 (25.0) 5(20.8) 5(31.3) 0.756
Festival 11 (27.5) 7 (29.2) 4(25.0)
Permanent relocation 6 (15.0) 3(12.5) 3(18.8)
Other reasons e.g. Barazas, fishing, funerals, sports 13 (32.5) 9 (37.5) 4(25.0)
Approximate number of people moving into village-Median (Range) 50 (20-200) 50 (25-200) 75 (10-200) 0.8131
MOVEMENT FROM THE VILLAGE
Reasons for movement from the village
Market 11 (27.5) 7(29.2) 4(28.6) 0.801
Festival 13 (32.5) 7(29.2) 6(42.9)
Permanent relocation 6 (15.0) 4(16.7) 2 (14.3)
Other reasons e.g. Barazas, fishing, funerals, sports 8(5.0) 3(30.0) 1(11.1)
Approximate number of people moving out of village—Median(Range) 50 (20-100) 40 (14-110) 75 (30-100) 0.4020

https://doi.org/10.1371/journal.pone.0253115.t003

11.3%, respectively) for bathing and (47.8% and 10.3%, respectively) for drinking; 81.5%
reported to visit surface water sources at least daily (Table 4).

Results for univariate logistic regression for association between water, sanitation and
hygiene between PHS and R villages for data from household heads is presented in Table 5.
Latrine coverage was more widespread in R villages than PHS villages. R villages were associ-
ated with more than 2 times higher odds of having latrines (OR = 2.092; 95% CI 1.410-3.105;
P < 0.0001). In addition, a higher percentage of the residents of R villages used protected
water sources for both bathing (34.0% vs 4.7%) and drinking (56.3% vs 18.7%). R villages were
associated with higher odds of using protected water sources for bathing (OR = 10.5; 95% CI
5.850-18.93; P < 0.0001) and drinking (OR = 5.62; 95% CI 3.885-8.132; P < 0.0001). 87.3% of
the residents from PHS villages visited surface water sources at least on a daily basis as com-
pared to their counterparts from R villages where only 75.7% visited the sites. R villages there-
fore were associated with lower odds of visiting such sites (OR = 0.454; 95% CI 0.295-0.699;

P < 0.0001) (Table 5).

All variables that were non-significant in the univariate analysis were removed from the
model building process, which then proceeded using a forward model building technique.
Starting with a model containing only an intercept, variables were added to the model one ata
time based upon significant contribution relative to the contribution of the other variables.
The analysis included 600 adults; Odds ratios adjusted for all variables are included in the
Table. The results indicated that the factors associated with the PHS villages were: absence of
latrines (OR = 2.25; 95% CI = (1.43-3.53); P = 0.000); use of unprotected bathing water sources
(OR =5.05; 95% CI = (2.38-10.73); P = 0.000); use of unprotected drinking water sources
(OR = 3.58; 95% CI = (2.24-5.74); P = 0.000) and poverty (OR = 2.34; 95% CI = (1.58-3.47);
P =0.000) (Table 6).

Knowledge and practice on schistosomiasis among adult population

57.0% of the adult population had ever heard of schistosomiasis, however a marginally higher
proportion of those from R villages had ever heard of the disease (58.0%) compared to their
counterparts from PHS villages (56.0%); this difference was however not statistically signifi-
cant (P = 0.621) (Table 7).
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Table 4. Descriptive statistics on water, sanitation and hygiene in study villages based on village data from household heads.

Overall (n = 600) PHS villages (n = 300) R villages (n = 300)
Latrine present 464 (77.3) 213 (71.0) 251 (83.0)
Source of bathing water
Unprotected spring 68 (11.3) 50 (16.7) 18 (6.0)
Protected spring 0 0 0
Unprotected dug well 53 (8.8) 42 (14.0) 11 (3.7)
Protected dug well 18 (3.0) 1(0.3) 17 (5.7)
Hand pump/tube well/borehole 38 (6.3) 9(3.0) 29 (9.7)
Surface water (river/ stream, dam, lake, canal) 363 (60.5) 194 (64.7) 169 (56.3)
Public piped water/tap/standpipe 38 (6.3) 1(0.3) 37(12.3)
Rain water collection 9 (1.5) 3(1.0) 6 (2.0)
In home piped water/tap/standpipe 13 (2.2) 0 13 (4.3)
Mobile water tanker 0 0 0
Source of drinking water
Unprotected spring 62 (10.3) 47 (15.7) 15 (5.0)
Protected spring 5(0.8) 1(0.3) 4(1.3)
Unprotected dug well 26 (4.3) 24 (8.0) 2(0.7)
Protected dug well 14 (2.3) 0 14 (4.7)
Hand pump/tube well/borehole 54 (9.0) 15 (5.0) 39 (13.0)
Surface water (river/ stream, dam, lake, canal) 287 (47.8) 173 (57.7) 114 (38.0)
Public piped water/tap/standpipe 91 (15.2) 22 (7.3) 69 (23.0)
Rain water collection 48 (8.0) 17 (5.7) 31(10.3)
In home piped water/tap/standpipe 13 (2.2) 1(0.3) 12 (4.0)
Mobile water tanker 0 0 0
Visit at least one surface water source 487 (81.5) 260 (86.7) 227 (75.7)
Weekly Number of times of contacting surface water Mean(Std.dev) 9.6 (9.5) 11.2 (10.9) 7.9 (7.3)
Number of times accompanied by child 2.2(3.6) 2.6 (3.8) 1.7 (3.3)

https://doi.org/10.1371/journal.pone.0253115.t004

With regards to knowledge about ways in which humans get infected with schistosomiasis,
overall 31.0% cited correct ways and this translated to 54.2% of those in PHS villages and
54.6% of those in R villages); this difference was however also not statistically significant
(P =0.470). Of all the 342 adults who reported having ever heard of schistosomiasis, 99.4%
regarded health facilities as the right place to seek treatment in case of an infection, while only
0.6% regarded drug shops as a suitable place to obtain schistosomiasis medication.

Water, sanitation and hygiene at the school level

Sources of water. The main sources of drinking water in schools were rain water (83.3%)
and surface water (50%). Rainwater was also the mostly used water source for drinking among

Table 5. Univariate logistic regression on the nature of water, sanitation and hygiene in study villages from household heads.

Overall (n = 600) PHS villages (n = 300) R villages (n = 300) OR (95% C.I) P-value
Latrine present 464 (77.3) 213 (71.0) 251 (83.7) 2.09 (1.410-3.105) <0.0001
Source of bathing water
Protected water source 116 (19.3) 14 (4.7) 102 (34.0) 10.52 (5.85-18.93) <0.0001
Source of drinking water
Protected water source 225 (37.5) 56 (18.7) 169 (56.3) 5.62 (3.885-8.132) <0.0001
Visit at least one surface water source 487 (81.2) 260 (87.3) 227 (75.7) 0.45 (0.295-0.699) <0.0001
https://doi.org/10.1371/journal.pone.0253115.t005
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Table 6. Multivariate analysis of the relation between PHS villages and other indicators in the adult population.

Characteristic Adj.OR 95% CI P-value
Presence of latrine

Yes 1.0 -

No 2.25 1.43-3.53 <0.001
Protected bathing water source

Yes 1.0 -

No 5.05 2.38-10.73 <0.001
Protected drinking water source

Yes 1.0 -

No 3.58 2.24-5.74 <0.001
Visit surface water sources

No 1.0 -

Yes 1.66 0.92-3.00 0.095
Socio-Economic Status

Less Poor 1.0 -

Poorest 2.34 1.58-3.47 <0.001

https://doi.org/10.1371/journal.pone.0253115.t006

the students (50%), the average distance from the school to the main water source was 170
+177.12 meters (Table 8).

The main source of drinking water was rain water (100%) and surface water (66.7%) for
PHS and rainwater (66.7%) for R schools (Table 8).

In schools in the PHS villages, unprotected dug well (33.3%) and surface water (33.3%)
were mostly used while in the schools in the R villages rain water was mainly used (66.7%). In
addition, schools in PHS villages were further away from main water source (270 + 201.84
meters) as compared to those in R villages (70 + 45.61 meters), (P<0.0001).

50% of the pupils use protected water sources while at school and a majority of these were
from schools within R villages (66.7%) as compared to those from PHS villages (33.3%). Thus,
those from schools in R villages were associated with higher odds of using protected water
sources as compared to those from PHS schools (OR = 5.0; 95% CI 3.4,7.3; P < 0.001)

(Table 9).

All variables at school level that were non-significant in the univariate analysis were
removed from the model building process, which then proceeded using a forward model
building technique. Starting with a model containing simply an intercept, variables were
added to the model one at a time based upon significant contribution relative to the

Table 7. Knowledge and practice on schistosomiasis among adult population.

Overall (n = 600) PHS Villages (n = 300) R Villages (n = 300) P-value

Ever heard of Bilharzia 342 (57.0) 168 (56.0) 174 (58.0) 0.621
Knowledge on ways of infection (n=342) (n=168) (n=174)

Correct ways 186 (31.0) 91 (54.2) 95 (54.6) 0.470

Incorrect ways 105 (54.4) 56 (33.3) 49 (28.2)

Don’t know 51 (14.9) 21 (12.5) 30 (17.2)
Right place to seek treatment (n=342) (n=168) (n=174)

Health facility 340 (99.2) 168 (100) 172 (98.9) 0.324

Drug shop 2(0.6) 0 2 (1.15)

Traditional healer 0 0 0

https://doi.org/10.1371/journal.pone.0253115.t007
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Table 8. Descriptive statistics on water, sanitation and hygiene in study villages based on data from school heads.

Overall (n = 600) PHS villages (n = 300) R villages (n = 300) P-value
Source of drinking water in the school-n (%)
Unprotected dug well 50 (8.3) 50 (16.7) 0 <0.0001
Surface water 400 (66.7) 250 (83.3) 150 (50.0) <0.0001
Public piped water 50 (8.33) 0 50 (16.7) <0.0001
Rain water collection 450 (75.0) 300 (100.0) 150 (50.0) <0.0001
In school piped water 50 (8.3) 0 50 (16.7) <0.0001
Mostly used drinking water source-n (%)
None 50 (8.3) 50 (16.7) 0 <0.0001
Unprotected dug well 100 (16.7) 50 (16.7) 50 (16.7)
Public piped water 50 (8.3) 0 50 (16.7)
Surface water 150 (25.0) 100 (33.3) 50 (16.7)
Rain water collection 200 (33.3) 100 (33.3) 100 (33.3)
In school piped water 50 (8.3) 0 50 (16.7)
Distance from main water source—Mean (Std.Dev) (metres) 369.1(807.2) 669.2 (1057.9) 69 (73.5) <0.0001
Latrine type
Pit latrine without slab or pit 300 (50.0) 150 (50.0) 150 (50.0) 1.0000
Ventilated improved pit latrine (VIP) 300 (50.0) 150 (50.0) 150 (50.0)
Number of holes-Mean (Std.Dev) 9(3.0) 9(3) 10 (3) 0.0348
Number of functional girls’ latrine-Mean (Std.Dev) 5(1) 5(1) 5(1) 1.0000
Number of functional boys’ latrine-Mean (Std.Dev) 5(2) 4(2) 4(2) 1.0000
Presence of latrines for young children—n (%) 200 (33.3) 150 (50.0) 50 (16.7) <0.0001
Presence of traces of open defecation-n (%) 200 (33.3) 50 (16.7) 150 (50.0) <0.0001

https://doi.org/10.1371/journal.pone.0253115.t008

contribution of the other variables. The analysis included 600 SAC; Odds ratio adjusted for all
variables included into the Table.

The results indicated that the schools within PHS villages were associated with increased
odds of: using water from unprotected water sources for drinking (OR = 4.38; 95% CI = (1.98-
9.72); P = 0.000); decreased odds of defecating in latrine while at home (OR = 0.35; 95% CI =
(0.12-1.00); P = 0.050); inconsistent use of school latrines (OR = 10.49; 95% CI = (5.21,21.14);
P =0.000); inability to meet WHO latrine-pupil ratio (OR = 6.56; 95% CI = (2.94-14.64);

Table 9. Univariate logistic regression on the nature of water, sanitation and hygiene in study schools from school children.

Overall (n = 600) PHS villages (n = 300) R villages (n = 300) OR (95% C.I) P-value

Main source of drinking water at school-n (%)

Protected water source 200 (33.3) 50 (16.7) 150 (50.0) 5.0 (3.4-7.3) <0.001
Latrine usage-n (%)

Urinate in latrine while at school 594 (99.0) 298 (99.3) 296 (98.7) 0.5 (0.1-2.7) 0.421

Defecate in latrine while at school 595 (99.2) 297 (99.0) 298 (99.3) 1.5 (0.2-9.1) 0.656

Always use latrine while at school 356 (59.3) 105 (35.0) 251 (83.7) 9.5 (6.5-14.0) <0.001

Urinate in latrine while at home 381 (63.5) 181 (60.3) 200 (66.7) 1.3 (0.9-1.8) 0.107

Defecate in latrine while at home 523 (87.2) 248 (82.7) 275 (91.7) 2.3(1.4-3.8) 0.001
Meet WHO latrine-pupil ratio-n (%)

For boys (1:50) 350 (58.3) 100 (33.3) 250 (83.3) 10.0 (6.8-14.7) <0.001

For girls (1:25) 150 (25.00) 0 150 (50.00) - <0.001
Share latrine with other members of the household 265 (47.5) 146 (48.7) 119(39.7) 0.6 (0.4-0.8) 0.001
https://doi.org/10.1371/journal.pone.0253115.t009
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P =0.000); sharing latrines with other members of the household (OR = 2.16; 95% CI = (1.15-
4.06); p = 0.016); decreased odds of bathing in unsafe water bodies (OR = 0.4; 95% CI =
(0.19,0.86); P = 0.019); playing in unsafe water bodies (OR = 8.30; 95% CI = (2.81,24.81);

P =0.000); swimming in unsafe water bodies (OR = 8.76; 95% CI = (4.35-17.67); P = 0.000);
visiting surface water sources on a daily basis, (OR = 7.94; 95% CI = (2.92-21.64); P = 0.000)

(Table 10).

Table 10. Multivariate analysis of the relation between PHS villages and other indicators in the school children

population.
Characteristic Adj.OR CI (95%) P-value
Main source of drinking water at school
Protected 1.00 -
Unprotected 4.38 1.98-9.72 <0.0001
Defecate in latrine while at home
Yes 1.00 -
No 0.35 0.12-1.00 0.050
Consistent use of school latrines
Yes 1.00 -
No 10.49 5.21-21.14 <0.0001
Meet WHO latrine-pupil ratio (for boys)
Yes 1.00 -
No 6.56 2.94-14.64 <0.0001
Share latrine with other members of the household
No 1.00 -
Yes 2.16 1.15-4.06 0.016
Number of days missed in the past 2 weeks
Zero days 1.00 -
1-2 days 0.60 0.28-1.25 0.168
3-5 days 0.92 0.20-4.23 0.916
>5 days 4.24 0.90-19.97 0.068
Bathe in water bodies
No 1.00 -
Yes 0.4 0.19-0.86 0.019
Wash clothes in water bodies
No 1.00
Yes 1.55 0.76-3.16 0.231
Fetch water from water bodies
No 1.00 -
Yes 1.44 0.65-3.18 0.366
Play in water bodies
No 1.00 -
Yes 8.3 2.81-24.51 <0.0001
Swim in water bodies
No 1.00 -
Yes 8.76 4.35-17.67 <0.0001
Weekly Frequency of visiting water contact sites
Once/twice a week 1.00 -
More than twice 1.30 0.66-2.54 0.445
Daily 7.94 2.92-21.64 <0.0001
https://doi.org/10.1371/journal.pone.0253115.t1010
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Table 11. Water contact patterns in schools.

Have water body near school/home
Activities on water body
Bathing
Washing clothes/dishes
Fishing
Crossing
Fetching water
Playing
Swimming
Frequency of visiting water contact sites
Daily
Once/Twice a week

More than twice per week

https://doi.org/10.1371/journal.pone.0253115.t011

Overall (n = 600) PHS Villages (n = 300) R Villages (n = 300) P-value
505 (84.2) 268 (89.3) 237 (79.0) 0.001
413 (68.8) 228 (76.0) 185 (61.7) <0.0001
387 (64.5) 217 (72.3) 170 (56.7) <0.0001

18 (3.0) 7 (2.3) 11 (3.7) 0.338
4(0.7) 3(1.0) 1(0.3) 0.316
388 (64.7) 222 (74.0) 166 (55.3) <0.0001
118 (19.7) 109 (36.3) 9(3.0) <0.0001
188 (31.3) 151 (50.3) 37 (12.3) <0.0001

264 (44.0) 156 (58.7) 108 (47.0) 0.002
178 (29.7) 77 (28.9) 101 (43.9)
54 (9.0) 33 (12.4) 21 (9.1)

Water contact pattern. 84.2% of the students had at least one surface water body close to
their home/school. This translated to 89.3% of those in schools within PHS villages and 79.0%
of those in schools within R villages.

Most students visited the surface water bodies to bathe (68.8%), to wash clothes (64.5%)
and to fetch water (64.7%); majority of those in PHS schools visited such water bodies to bathe
(76.0%), to wash clothes (72.3%) and to fetch water (74.0%); whereas those in R villages also
went to such water sources to bathe (61.7), to wash clothes (56.7%) and to fetch water (55.3%)
(Table 11).

With regards to frequency of visiting environmental water sources, 44.0%, 29.7% and 9.0%
visited such sources daily, weekly and more than twice a week, respectively. A higher propor-
tion of those from PHS villages visited such water bodies daily as compared to those from R
villages (58.7% vs. 47.0%, P = 0.002) (Table 11).

Latrine coverage in schools and homes from the pupil questionnaire. The available
latrine types were pit latrine without slab/pit (50%) and Ventilated Improved Pit (VIP) latrine
(50%); the average number of holes in the latrines were 9+3; the number of functional latrines
were 51 and 412 for the girls and boys respectively; Only 16.67% of the schools had latrines
for young children whereas there were traces of open defecation in 33.33% of the schools
(Table 8).

Schools within PHS villages mainly had Ventilated Improved Pit latrine (66.7%) while
those in R villages mostly had pit latrine without slab/pit (66.67%). Surprisingly, schools within
PHS villages had more number of holes than those in R villages (9£3 vs 8+2, P = 0.0009);
latrines for young children were only present in PHS (33.33%) schools and open defecation
traces were only found in R villages (66.67%) (Table 8).

Out of the 600 students interviewed, 99% reported to be urinating in the school latrines
while at school (99.3% and 98.7% in the PHS and R schools respectively); 99.3% reported to be
defecating in the school latrine while at school (100% and 98.7% in schools in the PHS and R
villages respectively). 53% reported to be consistently using the school latrines while at school
(29.3% and 76.7% in schools in the PHS and R villages respectively); 56.3% reported to be uri-
nating in the home latrines while at home (52.0% and 60.7% in schools in the PHS and R vil-
lages respectively). 84% reported to be defecating in the home latrines while at home (74.7%
and 93.3% in schools in the PHS and R villages respectively). The students from schools within
R villages were associated with increased odds of consistently using latrines while at school
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and of defecating in home latrines while at home, (OR = 9.5; 95% CI, 6.5-14.0; P<0.001 and
OR =2.3;95% CI, 1.4-3.8; P = 0.001 respectively) (Table 9).

66.7% of the schools met the WHO recommended latrine-pupil ratio for boys (33.3% and
100% of the schools within PHS and R villages respectively) while 33.3% of the schools met the
WHO recommended latrine-pupil ratio for girls (0% and 66.67% of the schools within PHS
and R villages, respectively). Schools within R villages were 10 times more likely to meet WHO
pupil-latrine standard as compared to those in PHS villages (OR = 10.0; 95% CI, 6.0-14.7;
P<0.001). Therefore, schools within PHS villages had poor latrine to pupil ratio as compared
to schools in R villages with regards to the recommended latrine-pupil ratio standard
(Table 9).

47.5% of the students who had latrines at home, shared the latrines with other members of
their respective household, this corresponded to 48.7% of those in PHS villages and 39.7% of
those in R villages. Moreover, R villages were associated with reduced odds of latrine sharing
than PHS villages (OR = 0.6; 95% CI = 0.4-0.8; P = 0.001).

Discussion

In this cross-sectional, school-based and community-wide study of children and adults in PHS
and responding villages, where mass chemotherapy has been implemented for several years,
we found higher prevalence of S. mansoni in the PHS relative to the R villages. Our data sug-
gests that this sustained higher S. mansoni prevalence in PHS villages is likely driven by,
among other things, frequency of use of unprotected water sources and low latrine coverage.
We observed a lower latrine coverage ratio in the PHS relative to R villages, and surprisingly,
only 33% of schools in the PHS villages met the WHO threshold for boy: latrine coverage,
while none met the girl: latrine ratio requirement.

The prevalence and intensity of S. mansoni remained high in PHS compared to R villages, a
result that is consistent with our previous work [11].

Evidence suggests that PHS villages may take longer to realize reductions in S. mansoni
infections and infection intensity. To address this, more frequent chemoprophylaxis or addi-
tional interventions tailored to local settings need to be implemented in such areas. A possible
explanation for the hotspot’s existence and persistence includes the presence of super-spread-
ers, differences in snail populations (such as numbers of snails or differences in snail species)
[11]. The shoreline adjacent to the PHS villages is along the main body of Lake Victoria,
whereas the responding villages are distributed around the Winam Gulf. The differences in the
ecology of these two areas could influence the numbers or relative distribution of appropriate
intermediate host snail species, which could result in differences in the force of transmission
between the two areas One additional factor could be the role of persistent non-compliant
individuals who routinely miss out on MDA for whatever reasons. Our ongoing studies are
designed to explore these possibilities.

In our study, a higher proportion of individuals accessed unprotected water sources for
both bathing and drinking in PHS relative to responding villages. Frequency of accessing
water sources was also higher in PHS, with swimming and playing being most pronounced
activities. Consistent with our findings, Nyati-Jokomo and Chimbari [27] found that frequent
contact with unprotected water sources for bathing and swimming were risk factors for schis-
tosomiasis among school children in Zimbabwe. Similarly, a separate study in Um-Asher area,
Khartoum, Sudan reported that source of drinking water was relatively associated with schisto-
somiasis [28]. Water contact patterns can vary considerably between households [29], let alone
entire villages. In general, most water contact takes place at the nearest sites to the homes with
frequency and duration of contact declining slowly with distance. Our findings would indicate
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the need for provision of potable water and piped water as key interventions to reduce trans-
mission in the PHS. However, provision of safe water in itself may not always produce
expected results. For instance, in some settings, other activities such as fishing, sand harvesting
and car washing account for considerable occupational water contact that safe water supplies
would not prevent transmission [30-32]. Furthermore, the proportion of water contact that
continues with safe water supplies may vary widely between different groups of people and
between settings, as a result of cultural, environmental and socioeconomic differences [33].
Fishing and sand harvesting are among the key occupational activities for communities
around Lake Victoria, and male adults from such PHS would be expected to receive the least
benefit from provision of safe water.

Our results on higher frequency of water contacts and associated higher S. mansoni preva-
lence are supported with evidence from other settings. Lima e Costa et al [34] found that indi-
viduals reporting water contact less than once a week had a smaller excess risk of
schistosomiasis than those reporting water contact at least weekly (OR 3.0, CI 1.3-6.6 in com-
parison to OR 4.3, CI 2.6-7.0). In China, Zhaowu et al. [35] found that reinfection was associ-
ated with the frequency of water contact, the type of water contact and the proximity of
residence to snail-infested water. Control interventions that center on water and sanitation
provision designed to either decrease contamination of water or decrease human contact with
contaminated water would be effective in reducing schistosomiasis in such hotspots.

We observed a higher latrine coverage in the R relative to PHS villages with only 33% of
schools in the PHS villages meeting the WHO threshold for boy: latrine coverage while none
in the girl: latrine ratio was met. Interestingly, presence of a VIP latrine with a slab in schools
within PHS villages seemed not to have a positive influence on reduction of prevalence in
these villages. Studies have shown that a pit latrine in itself is not sufficient and there are other
socio-cultural practices that may affect its use and consequently its effectiveness. Nevertheless,
with regards to overall latrine coverage, R villages were associated with more than 2 times
higher odds of having latrines (OR = 2.092; 95% CI 1.410-3.105) and this may be the key driv-
ing force. Counter-intuitively, traces of open defecation were observed only in schools in R
and not PHS villages. Whereas open defecation is known to increase the risk of infection [36],
this phenomenon may simply be related to poor health education among children in schools
in R villages and does not seem to play a significant role on transmission given the low S. man-
soni prevalence in R villages.

In general, our findings on WASH are consistent with those of Grimes and others (2014)
that found that people with safe water had significantly lower odds of a Schistosoma infection,
as did those with adequate sanitation. Properly constructed latrines are necessary in order to
promote hygiene in schools and among the community [37]. However, while faecal contami-
nation of the area can be reduced by the provision of adequate latrines, it is difficult to prevent
children and others from urinating in the water, indicating the need for health education. In
addition, construction of such latrines may be hampered by the high water table in such areas.
Such high water tables, coupled with black cotton soils and rock outcrops in these areas may
also hamper latrine construction and contribute to the low latrine coverage observed in hot-
spot villages. Whereas the distance between hotspot and responding villages might not be very
significant, there are certainly microgeographic variations in topography across villages.

Our suggestion that sustained higher S. mansoni prevalence in PHS villages is driven by
unprotected water sources and poor sanitation is supported by the unique dichotomy that
emerges when one considers the prevalence of infection for schistosomiasis and STH between
PHS and responding villages. While the S. mansoni prevalence was higher in the PHS, STH
prevalence was similar between the PHS and R villages, suggesting that access to unprotected
water sources, probably transmission sites where snail vectors were present explains this
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phenomenon and not just contaminated environments. Indeed, the impact of sanitation upon
schistosome transmission is dependent upon its ability to reduce fecal or urinary contamina-
tion of freshwater containing intermediate host snails, rather than contamination of the envi-
ronment in general. However, we cannot rule out the possible contribution of albendazole
administered through the annual Kenya National School-based Deworming Program
(NSBDP) on lowering the STH prevalence. Whereas the NSBDP provides both praziquantel
and albendazole to schools in endemic areas, MDA by albendazole covers a higher number of
schools compared to schools that receive both praziquantel and albendazole.

Conclusion

Unprotected water sources and low latrine coverage emerged as main contributing factors to
PHS villages for schistosomiasis in western Kenya. Efforts to increase provision of potable
water and improvement in latrine infrastructure are recommended to augment control efforts
in these persistent hotspot areas. Our findings add to the body of evidence [33,38,39] (Grimes
et al 2015; Utzinger et al. 2009; Freeman et al. 2013) emphasizing the need for multisectoral
and integrated approaches to the control of schistosomiasis and other neglected tropical dis-
eases (NTDs) especially in such persistent hotspot areas.
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