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Abstract

Community-led total sanitation (CLTS) is an intervention that strives to end the practice of
open defaecation. This study measured the effectiveness of CLTS in Nyando District by exam-
ining the association between community open defaecation-free (ODF) status and childhood
diarrhoeal illness. A cross-sectional study design was used among households with children
⩽5 years old to ascertain information on acute diarrhoea in the past year (outcome), sanita-
tion and health behaviours. Water testing was conducted to determine Escherichia coli and
turbidity levels for 55 water sources. Data were obtained from 210 parents or caregivers
from an ODF community and 216 parents or caregivers in a non-ODF community. The
non-ODF participants reported a non-significant 16% increased risk of diarrhoea compared
with the participants from the ODF community. Children’s HIV positivity (adjusted preva-
lence ratio (aPR) = 2.29; 95% CI 2.07–2.53), unsafe child stool disposal (aPR = 1.92; 95% CI
1.74–2.12) and low household income (aPR = 1.93; 95% CI 1.46–2.56) were associated with
diarrhoea, in the non-ODF community. The ODF location had a higher percentage of E.
coli in the drinking water compared with the non-ODF location (76.7% vs. 60%).
Diarrhoeal disease rates in children ⩽5 years old did not differ by whether a latrine interven-
tion was implemented. Water sampling findings suggest water safety may have decreased the
effectiveness of the CLTS’ improvement of childhood diarrhoea. Improved water treatment
practices, safe stool disposal and education may improve the CLTS intervention in ODF com-
munities and therefore reduced the risk of childhood diarrhoea.

Introduction

Diarrhoeal disease accounts for between 7% and 13% of deaths in children under-5 in Kenya
[1]. In a 2015 Millennium Development Goal assessment conducted for Kenya, 15% of rural
areas practiced open defaecation, and 36% had unimproved sanitation facilities [2].

Latrine construction is a major component of sanitation improvement in developing coun-
tries. Community-led total sanitation (CLTS) is a latrine construction intervention programme
with a goal of establishing behavioural change to achieve and sustain open defaecation-free
(ODF) status in communities to reduce diarrhoeal illness [3–6]. An ODF environment reduces
diarrhoeal illness by enforcing proper faecal disposal methods, improving water quality and
decreasing human-to-human pathogen transmission [7, 8].

Risk factors and aetiology information for childhood diarrhoea and CLTS is limited in
sub-Saharan Africa. Previous studies cited malnutrition, HIV status, breastfeeding, water fetch-
ing distance, poor hygiene or diet, younger age and caregiving as likely factors that increase the
spread or severity of diarrhoeal disease [9–14]. Few studies have evaluated water quality differ-
ences between ODF and non-ODF communities in CLTS areas in sub-Saharan Africa.
Determining risk factors for morbidity and mortality due to diarrhoeal disease is an important
factor for evaluating CLTS’ effectiveness.

We designed an epidemiological study to examine the relationship between communities
with 100% latrine usage (ODF) and non-usage communities (non-ODF) to estimate diar-
rhoeal disease prevalence in children ⩽5 years old in order to determine the success of the
CLTS intervention programme, and how this may be influenced by water safety and sanitation
and hygiene practices. Identifying risk factors for diarrhoea in children in latrine intervention
communities allows for improvement in programme implementation and sustainability for the
future.
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Methods

Study area and population

This cross-sectional study was conducted in Ahero township, which
is located in Nyando District near Lake Victoria in Kisumu County,
Kenya [15]. The district lies in the eastern part of the lowlands sur-
rounding the Nyando Gulf and is prone to flooding, leading to epi-
demics of cholera and diarrhoea [15, 16]. The area is rural, with
high poverty levels [15, 17]. Kisumu County has the nation’s high-
est under-5 mortality rate (82 deaths per 1000 live births) and the
second highest infant mortality rate (50 deaths per 1000 live
births). The past 2 weeks under-5 diarrhoea prevalence was the
second highest in the nation (18.9%). In Kenya, 66.3% of the
population in rural areas reported using an unimproved toilet
facility that does not conceal excreta from human contact, while
41.5% reported utilizing an unprotected drinking-water source
that does not protect from contamination [18, 19].

The study was approved by the University of Illinois at Chicago
Institutional Review Board and the Maseno University Ethics Review
Committee. All participants provided verbal informed consent.

Data collection methods and instruments

The Ahero township’s Ministry of Public Health and Sanitation
(MOPHS) identified locations with designated ODF or
non-ODF status. The ODF area had a total of three sub-locations
and the non-ODF community had two sub-locations. We con-
ducted simple random sampling stratified by sub-location for rep-
resentativeness. We visited each household selected, and those
with children age ⩽5 years with a parent or long-term caregiver
present to respond to the questionnaire were eligible for entry.
Households were excluded if there was no child ⩽5 years old pre-
sent or if caregivers refused to participate. If a household member
refused study entry or was ineligible, we continued to the nearest
household [20]. If there was more than one child ⩽5 years present
and resident in the household, simple random selection using a
random number generator function on a calculator was used to
choose one child. Latrine use was not assessed for children too
young ( < 5 years) to use toilets by themselves.

Using data from Kenya’s Demographic Health Survey, we esti-
mated a self-reported 16.2% prevalence of diarrhoea in children
⩽5 in the exposed (non-ODF) group [17]. We calculated a neces-
sary enrolment of 396 subjects (198 children in each group) to
detect a 9% absolute reduction in diarrhoea prevalence in the
unexposed (ODF) group [7, 21–24]. This expected difference
was a mid-point estimate based on the literature review of similar
studies that found between no difference and a 64% reduction in
diarrhoeal disease prevalence in children ⩽5 [21–28].

A standardised questionnaire collected: demographics factors,
food handling, hygiene practices, latrine usage behaviours, diet,
breastfeeding, co-morbidities, treatment, livestock proximity,
diarrhoea in the past year and factors related to diarrhoea ill-
nesses. The questionnaire was available in English, Kiswahili
and Dholou. The survey was administered by MOPHS employees
who were native speakers of the local languages.

Data collection method for laboratory analysis

Water samples were collected during interviews from study loca-
tions. Participants were asked where they obtain their drinking
water and we sampled the corresponding sources. Sampling sources
included public taps, boreholes, dug wells, springs, rainwater, ponds,

rivers and streams [29]. Sampling procedures followed the Standard
Operating Procedures for Determination of Total Coliforms and
Escherichia coli in water using the 24 h Colilert methodology.
Deviations from the procedure included the usage of Aquagenx
Compartment Bag Tests (CBT) for the detection of E. coli [30].
An electronic turbidity meter was used to measure turbidity in
nephelometric turbidity units (NTU, HF Scientific, model 2000).
Per cent unsafe, median turbidity and per cent untreated were cal-
culated for the sampled water sources within the five sub-locations
(three ODF, two non-ODF) in order to apply the ecological-level
results to the individual-level survey data. Water safety was dichot-
omised as safe (0 coliforms/100 ml) or unsafe (⩾1 coliform/
100 ml) for analysis due to minimal variation of E. coli-level con-
tamination across the WHO’s original six health risk groupings
among our collected samples. Sampled types of water sources
were categorised according to the specific type, using unprotected
and protected as the WHO identifies [29]. Sampled turbidity levels
were grouped according to the WHO’s drinking-water recommen-
dation of ⩽5 NTU as ‘low’ and >5 NTU as ‘high’ levels.

Statistical analysis

The outcome for analysis was acute diarrhoea in the one past year,
dichotomised as yes vs. no. Acute diarrhoea was defined as having
three or more loose/watery stools within a 24 h period [9]. The
primary explanatory variable was ODF status, examined as
‘ODF’ or ‘non-ODF’. Univariate analysis and descriptive statistics
were computed. The frequency distribution of categorical vari-
ables by ODF status were compared using χ2 tests. Modified
Poisson regression with robust variance was used to approximate
the log-binomial model to calculate prevalence ratios to measure
the association between ODF status and having acute diarrhoea
in the past year, with water safety, water source factors, latrine
usage behaviours, demographic factors, hygiene and child’s HIV
status. Variables with a P-value < 0.10 were entered in a multivari-
able model. The latrine availability variable was removed from the
model due to collinearity with the ODF variable. Backwards selec-
tion was conducted to determine which variables to retain in the
model, using an α level of ⩽0.05 for statistical significance. All
analyses were conducted using SAS Version 9.3 software.

Results

Study population

From 23 June 2015 to 7 July 2015, 426 households were surveyed
via parents (87%) or caregivers (13%) of children ⩽5 years old. Of
those surveyed, 210 were located in the ODF location and 216 were
located in the non-ODF location. The response rate was nearly
99.8%. Latrines were located within 10 min walk of household
clusters for 97% of ODF households and 76% of non-ODF house-
holds (P < 0.001). Overall, 82.6% were mothers to the child
respondent, respondents were 13.9% HIV positive, 79.1% with pri-
mary school educational attainment, 79.0% reporting <2000 KSH
per month household income and 39.5% employed as farmers.
The population of respondent’s children ⩽5 years was 51.6%
female and 48.4% male, with an age range of <1 month to 5
years old (mean = 33 months; ±14.5 S.D.) and 4.9% HIV positive.

Factors associated with diarrhoea

Overall, survey respondents reported that 27.9% of children ⩽5
years old had diarrhoea for at least 3 days duration in the past
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Table 1. Characteristics of subjects by reported diarrhoea status

Variablesa
‘Yes’ diarrhoea past
year, N = 118% (n)

‘No’ diarrhoea past
year, N = 304% (n) P-value

Open defaecation-free community status 0.136

No (non-ODF) 30.9 (67) 69.1 (148)

Yes (ODF) 24.9 (51) 75.1 (156)

Water safety by sub-location 0.043

Sub-location 5, non-ODF: per cent unsafe (42.9), median turbidity (2.2), per cent untreated (0.0) 42.4 (28) 57.6 (38)

Sub-location 4, non-ODF: per cent unsafe (66.7), median turbidity (2.0), per cent treated (5.6) 26.0 (39) 74.0 (111)

Sub-location 3, ODF: per cent unsafe (70.0), median turbidity (3.7), per cent treated (10.0) 19.4 (13) 80.6 (54)

Sub-location 2, ODF: per cent unsafe (75.0), median turbidity (1.7), per cent treated (16.7) 25.0 (14) 75.0 (42)

Sub-location 1, ODF: per cent unsafe (87.5), median turbidity (17.5), per cent treated (12.5) 28.9 (24) 71.1 (59)

Where do you get your drinking water? <0.001

Natural 51.0 (50) 49.0 (48)

Tap 13.7 (13) 86.3 (82)

Well 24.2 (55) 75.8 (172)

Time to fetch drinking water from household 0.140

>15 min 29.1 (23) 70.9 (56)

10 to <15 min 34.3 (34) 65.7 (65)

5 to <10 min 27.9 (46) 72.1 (119)

<5 min 18.4 (14) 81.6 (62)

Do you treat your drinking water? 0.756

No 29.5 (18) 70.5 (43)

Yes 27.6 (99) 72.4 (260)

Child HIV status <0.001

HIV negative 27.1 (81) 72.9 (218)

HIV positive 66.7 (14) 33.3 (7)

Don’t know 22.6 (23) 77.5 (79)

Last month income (Kenyan shillings) <0.001

None 56.3 (40) 43.7 (31)

Less than 2000 21.0 (54) 79.0 (203)

More than 2000 27.6 (24) 72.4 (63)

Did you wash hands after last stool 0.053

No 45.2 (14) 54.8 (17)

Yes 25.9 (91) 74.2 (261)

Don’t know 33.3 (13) 66.7 (26)

Occupation 0.133

Farmer 23.3 (38) 76.7 (125)

Other 30.1 (74) 69.9 (172)

Highest education level obtained 0.010

No education 44.4 (20) 55.6 (25)

Some education 26.2 (96) 73.8 (271)

Electricity in household 0.973

No 26.7 (100) 73.3 (274)

Yes 26.5 (9) 73.5 (25)

(Continued )
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year (Table 1). The occurrence of diarrhoea did not differ by loca-
tion (ODF = 25% vs. non-ODF = 31%, P = 0.171). The mean age
of children and distribution of gender did not differ by diarrhoea
status (Table 1). In the context of water sources, a greater propor-
tion of respondents reporting diarrhoea in their children collected
water from natural sources (51.0%), compared with tap (13.7%)
and wells (24.2%) (P < 0.001). The prevalence of diarrhoea was
higher among HIV-positive (66.7%) than HIV-negative (27.3%)
children (P < 0.001). The prevalence of reported diarrhoea was
higher among children whose household had no income vs.
higher income (56.3% vs. 27.6%, P < 0.001), and among those
whose caretaker reported ‘no education’ compared with those
with some education (44.4% vs. 26.2%, P = 0.010). Respondents
without latrines were more likely to report diarrhoea in their chil-
dren than those with latrines (56.9% vs. 23.4%, P < 0.001). The
reported prevalence of diarrhoea was high for those disposing
stools of on the ground (50%) and burying stools in the yard
(47.1%), compared with 22% for respondents who reported
throwing stools in the latrine (P < 0.001).

Characteristics of non-ODF vs. ODF respondents

Compared with the ODF residents, respondents from the
non-ODF community had lower monthly income, less education

and less electricity (P < 0.05, each; Table 2). Respondents in the
non-ODF location were more likely to be HIV positive compared
with the ODF location (7.9% vs. 1.9%; P = 0.013). The majority of
respondents fetched water from well sources for both locations,
though this was higher among non-ODF than ODF participants
(48.9% vs. 59.1%, P = 0.012; Table 4). Respondents from the
non-ODF community more frequently reported no handwashing
(10.2%) compared with the ODF community (4.3%; P = 0.041). A
greater proportion of respondents in the non-ODF community
reported burying children’s stools in the yard (20.8%) and dispos-
ing children’s stools on the ground (10.2%) compared with the
ODF (yard = 11.9%; ground = 6.7%; P = 0.017). A higher propor-
tion of respondents in the non-ODF location reported not having
a latrine (23.6%) compared with the ODF location (3.3%; P <
0.001).

Water quality by location, safety, turbidity and water source
type

Fifty-five water samples were collected from the ODF (N = 30)
and non-ODF locations (N = 25). Overall, the ODF location had
a higher proportion of unsafe water (76.7%) compared with the
non-ODF location (60%), though this was not statistically signifi-
cant (P = 0.187). Turbidity levels (high vs. low) did not differ by

Table 1. (Continued.)

Variablesa ‘Yes’ diarrhoea past
year, N = 118% (n)

‘No’ diarrhoea past
year, N = 304% (n)

P-value

Latrine availability (⩽10 min from household cluster location) <0.001

No 56.9 (33) 43.1 (25)

Yes 23.4 (85) 76.7 (279)

Young child stool disposal (⩽3 years) <0.001

Bury in yard 47.1 (33) 52.9 (37)

Put on the ground 50.0 (18) 50.0 (18)

Throw in the latrine 22.0 (54) 77.9 (191)

Child >3 years old 11.8 (2) 88.2 (15)

Don’t know 20.4 (11) 79.7 (43)

Currently breastfeeding 0.397

Yes, currently breastfeeding 26.5 (31) 73.9 (88)

No, child <3 years old 25.2 (35) 74.8 (104)

No, child >3 years old 31.7 (51) 68.3 (110)

Child age in years 0.407

<1 13.0 (3) 86.9 (20)

1 31.2 (19) 68.9 (42)

2 31.5 (34) 68.5 (74)

3 29.3 (34) 70.7 (82)

4 28.1 (23) 71.9 (59)

5 16.7 (4) 83.3 (20)

Gender of child 0.582

Male 26.4 (52) 71.2 (148)

Female 28.9 (60) 73.6 (145)

Note: Not all cells sum to N due to missing data; missing data ranged from 0.01% to 0.04%.
aDiarrhoea defined as three or more loose/watery stools within a 24 h period [31].
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Table 2. Characteristics of subjects by location

Variables
ODF,

N = 209% (n)
Non-ODF,

N = 216% (n) P-value

Water safety by sub-location <0.001

Sub-location 5, non-ODF: per cent unsafe (42.9), median turbidity (2.2), per cent untreated (0.0) 0.0 (0) 30.6 (66)

Sub-location 4, non-ODF: per cent unsafe (66.7), median turbidity (2.0), per cent treated (5.6) 0.0 (0) 69.4 (150)

Sub-location 3, ODF: per cent unsafe (70.0), median turbidity (3.7), per cent treated (10.0) 32.9 (69) 0.0 (0)

Sub-location 2, ODF: per cent unsafe (75.0), median turbidity (1.7), per cent treated (16.7) 26.7 (56) 0.0 (0)

Sub-location 1, ODF: per cent unsafe (87.5), median turbidity (17.5), per cent treated (12.5) 40.0 (84) 0.0 (0)

Where do you get your drinking water? 0.012

Natural 22.5 (47) 24.2 (52)

Tap 28.7 (60) 16.7 (36)

Well 48.9 (102) 59.1 (127)

Time to fetch drinking water from household 0.371

>15 min 19.7 (41) 18.7 (40)

10 to <15 min 20.6 (43) 26.2 (56)

5 to <10 min 43.1 (90) 35.9 (77)

<5 min 16.8 (35) 19.2 (41)

Do you treat your drinking water? 0.567

No 13.4 (28) 15.4 (33)

Yes 86.7 (181) 84.6 (182)

Child HIV status 0.013

HIV negative 74.3 (156) 66.7 (144)

HIV positive 1.9 (4) 7.9 (17)

Don’t know 23.8 (50) 25.5 (55)

Last month income (Kenyan shillings) 0.005

None 19.2 (39) 14.9 (32)

Less than 2000 54.4 (111) 69.3 (149)

More than 2000 26.5 (54) 15.8 (34)

Did you wash hands after last stool 0.041

No 4.3 (9) 10.2 (2)

Yes 87.6 (184) 79.6 (172)

Don’t know 8.1 (17) 10.2 (22)

Occupation 0.112

Farmer 35.8 (73) 43.3 (90)

Other 64.4 (132) 56.7 (118)

Highest education level obtained 0.035

No education 7.9 (16) 14.5 (31)

Some education 92.1 (186) 85.5 (183)

Electricity in household <0.001

No 84.5 (174) 98.5 (203)

Yes 15.6 (32) 1.5 (3)

Latrine availability (⩽10 min from household cluster location) <0.001

No 3.3 (7) 23.6 (51)

Yes 96.7 (203) 76.4 (165)

(Continued )
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location (ODF = 58.3%, non-ODF = 41.7%, P = 0.623). However,
the ODF community had a higher proportion of unprotected
water pumps (56.7%) compared with the non-ODF (24.0%) com-
munity (P = 0.009). One hundred per cent of unprotected water
sources were unsafe (>1 coliform/100 ml) compared with 39.1%
of safe protected pumps (P < 0.001). Water samples from unpro-
tected pumps had higher turbidity compared with protected
pumps (high: 75.0% vs. 8.7%; P < 0.001). In general, higher tur-
bidity levels correlated with unsafe water, while lower turbidity
levels correlated with safe water (P = 0.002), which supports find-
ings from E. coli measures (Table 3).

Results of multivariable analysis: factors associated with
diarrhoea

Covariates with P-value < 0.10 included: child’s HIV status, hand
washing after last stool, educational attainment, household cluster
latrine availability, disposal of child’s stool, household income and
drinking-water source. In the crude analysis, children had a non-
significant increased risk for diarrhoea if they lived in the
non-ODF location compared with the ODF location (prevalence
rate ratio (PRR) = 1.26; 95% CI0.87–1.95) (Table 4). After adjust-
ing for child’s HIV status, stool disposal and household income,
the non-ODF community had a non-significant 16% higher risk
of diarrhoea compared with the ODF community (adjusted
PRR = 1.16, 95% CI 0.91–1.49). Additionally, HIV-positive chil-
dren were more than twice as likely to have (adjusted PRR =
2.29, 95% CI 2.07–2.53) increased risk of diarrhoea compared

with HIV-negative children. Respondents who reported burying
children’s stools in yards or putting stools on the ground had a
92% (95% CI 1.74–2.12) and 56% (95% CI 1.13–2.17) increased
risk of diarrhoea, respectively, compared with subjects who
throw children’s stools in latrines. Households with no income
had a 93% (95% CI 1.46–2.56) increased risk of diarrhoea com-
pared with households with income of more than 2000 KSH
per month (Table 4).

Discussion

Summary of findings

Unexpectedly, there was no association between living in an ODF
community and childhood diarrhoea status. Our findings suggest
that water safety may have offset the relationship between ODF
status and diarrhoeal status due to a higher likelihood of unsafe
water consumption in the ODF community. Children’s HIV posi-
tivity, parents safely disposing of young children’s stools and low
household income were positive risks for diarrhoea. In the context
of modifiability, improved water treatment and safe stool disposal
practices may reduce the risk of childhood diarrhoea in the
non-ODF community. Safe water treatment practices may
improve the CLTS intervention in ODF communities.

Explanation of results

Patil et al. conducted a cluster-randomised controlled trial of total
sanitation campaign (TSC) to reduce open defaecation and

Table 2. (Continued.)

Variables ODF,
N = 209% (n)

Non-ODF,
N = 216% (n)

P-value

Young child stool disposal (⩽3 years) 0.017

Bury in yard 11.9 (25) 20.8 (45)

Put on the ground 6.7 (14) 10.2 (22)

Throw in the latrine 60.5 (127) 55.6 (120)

Child >3 years old 6.2 (13) 2.3 (5)

Don’t know 14.8 (31) 11.1 (24)

Currently breastfeeding <0.001

Yes, currently breastfeeding 19.6 (42) 37.3 (78)

No, child <3 years old 64.3 (90) 23.9 (50)

No, child >3 years old 38.3 (82) 38.8 (81)

Child age in years 0.404

<1 4.6 (10) 6.1 (13)

1 16.0 (33) 13.7 (29)

2 24.8 (51) 27.9 (57)

3 29.6 (61) 26.4 (56)

4 17.0 (35) 22.6 (48)

5 7.8 (16) 4.3 (9)

Gender of child 0.125

Male 45.9 (91) 54.0 (107)

Female 53.6 (113) 46.5 (98)

Note: Not all cells sum to N due to missing data; missing data ranged from 0.01% to 0.04%.
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various adverse health behaviours including water quality, com-
pared with a group without TSC, in 80 rural Indian villages
from 2009 to 2011. Similar to our study where we found no sig-
nificant difference in child health after comparing intervention
communities, there was no improvement in the rates of diarrhoea
associated with intervention (7.4% intervention vs. 7.7% control).
In contrast to our study’s findings, reports of safe faeces disposal
increased as a result of the intervention (27% intervention vs. 18%
control; P-value < 0.001) [7]. Authors attribute intervention fail-
ure to variability in household latrine coverage (5–79% coverage),
and variability in reported frequency of open defaecation in the
intervention group (ranging from 32% to 97%) [7]. Also in con-
trast to our findings, a cluster-randomised controlled trial con-
ducted in Nyanza Province, Kenya, in 2008 by Garrett et al.
found that an improved latrine intervention led to a 69% reduc-
tion in caregiver reported diarrhoeal episodes over an 8-week per-
iod [21]. Compared with our 92% increased risk of diarrhoea in
respondents who disposed of stools in latrines to those who dis-
posed of stools unsafely, a case–control study of environmental
determinants and acute childhood diarrhoea in Ethiopia found

an even higher (OR 3.35) odds of diarrhoea among children
whose families disposed of infant faeces improperly [32]. A
more recent large cluster-randomised trial assessing the CLTS
programme in Mali found no difference in diarrhoea prevalence
between the intervention and control groups, although compared
with our study, the latrine using community only had 65% latrine
coverage. The authors did detect a six-percentage point reduction
in stunting in children <2 years old, indicating an improvement in
child health [28]. In comparison to our twofold increased risk of
diarrhoea in HIV-infected children, HIV-infected mothers were
less likely to have improved latrine facilities compared with
HIV-uninfected mothers from a study in Botswana that con-
cluded an increased mortality rate for children <24 months old
[33]. These studies demonstrate the variable impact of latrine
interventions on childhood diarrhoeal health. Most studies asses-
sing latrine intervention and child diarrhoeal health are caregiver-
reported. Previous randomised trials have been unable to detect a
difference in children’s health between the CLTS/water sanitation
hygiene intervention and non-intervention groups, citing con-
founding due to intervention communities not obtaining

Table 3. Characteristics of water samples

Location and water safety based on Escherichia coli concentration

Open defaecation status Safe (E. coli ⩽0 MPN/100 ml) % (n) Unsafe (E. coli ⩾1 MPN/100 ml) % (n) P-value

(Non-ODF) 40.0 (10) 60.0 (15) 0.187

(ODF) 23.3 (7) 76.7 (23)

Location and type of water source

Open defaecation status Natural % (n) Unprotected pump % (n) Protected pump % (n) Treated % (n) P-value

(Non-ODF) 16.0 (4) 24.0 (6) 56.0 (14) 4.0 (1) 0.009

(ODF) 0.0 (0) 56.7 (17) 30.0 (9) 13.3 (4)

Location and turbidity level

Open defaecation status Low (⩽5 NTU) % (n) High (>5 NTU) % (n) P-value

(Non-ODF) 60.0 (15) 40.0 (10) 0.623

(ODF) 53.3 (16) 46.7 (14)

Type of water source and water safety based on E. coli concentration

Type of water source Safe (E. coli ⩽0 MPN/100 ml) % (n) Unsafe (E. coli ⩾1 MPN/100 ml) % (n) P-value

Natural 0.0 (0) 100.0 (4) <0.001

Unprotected pump 0.0 (0) 100.0 (23)

Protected pump 60.9 (14) 39.1 (9)

Treated 60.0 (3) 40.0 (2)

Type of water source and turbidity

Type of water source Low (⩽5 NTU) % (n) High (>5 NTU) % (n) P-value

Natural 0.0 (0) 100.0 (4) <0.001

Unprotected pump 21.7 (5) 78.3 (18)

Protected pump 91.3 (21) 8.7 (2)

Treated 100.0 (5) 0.0 (0)

Turbidity and water safety based on E. coli concentration

Turbidity Safe (E. coli ⩽0 MPN/100 ml) % (n) Unsafe (E. coli ⩾1 MPN/100 ml) % (n) P-value

High (>5 NTU) 8.3 (2) 91.7 (22) 0.002

Low (⩽5 NTU) 48.4 (15) 51.6 (16)
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universal or 100% latrine uptake, latrines not adhering to sanita-
tion standards, variation in E. coli contamination and human
hygiene behaviours when comparing groups, potential increases
in E. coli pathogen presence upon introduction of latrines in com-
munities, and overall difficulties of obtaining community ODF
status due to complications of latrine construction and mainten-
ance practices [7, 21, 28, 32, 33].

Recommendations

Based on the study’s findings, public health officers should promote
home-based water treatment interventions, in both communities.
Officers should conduct education sessions to ensure community

members are using proper methods to chlorinate or boil water.
Introducing alternativemethods for water treatment, solar disinfec-
tion, biosand or ceramic filters and plant treatment, may be another
option to be sure that water is sanitised effectively [34–38]. Public
health officers should also emphasise safe disposal of children’s
faeces as a component of the intervention.Despite finding nodiffer-
ence in diarrhoeal rate by intervention location, latrine construction
should still be supported in the non-ODF location considering the
non-ODF location had a slight increase in risk compared with the
ODF. Ideally, the combination of latrines, proper water treatment
and safe stool disposal practices should reduce the risk of diarrhoea
in the communities. Interventions may have more critical impact
for children with HIV.

Table 4. Multivariable analysis of variables associated with diarrhoea status

Crude PRR (95% CI) Adjusted PRRa (95% CI) N = 415

Open defaecation-free community status

Yes Ref Ref

No 1.26 (0.87–1.95) 1.16 (0.91–1.49)

Child HIV status

HIV negative Ref Ref

HIV positive 2.46 (2.12–2.86) 2.29 (2.07–2.53)

Don’t know 0.83 (0.46–1.49) 0.93 (0.55–1.58)

Wash hands after last stool

Yes Ref NA, not in final model

No 1.75 (1.31–2.33)

Don’t know 1.29 (0.96–1.73)

Highest education level obtained

Some education Ref NA, not in final model

No education 1.70 (1.10–2.62)

Latrine availability (⩽10 min from household cluster location)

Yes Ref NA, not in final model

No 2.44 (2.10–2.83)

Young child stool disposal (⩽3 years)

Throw in latrine Ref Ref

Bury in yard 2.13 (1.59–2.89) 1.92 (1.74–2.12)

Put on the ground 2.27 (1.66–3.10) 1.56 (1.13–2.16)

Child >3 years old 0.53 (0.22–1.29) 0.51 (0.26–1.00)

Don’t know 0.92 (0.53–1.61) 0.80 (0.47–1.37)

Last month income (KSH)

More than 2000 Ref Ref

None 2.04 (1.58–2.64) 1.93 (1.46–2.56)

Less than 2000 0.76 (0.57–1.02) 0.67 (0.56–0.82)

Where do you get your drinking water?

Tap Ref NA, not in final model

Natural 3.73 (1.62–8.60)

Well 1.77 (0.70–4.48)

Ref, reference category; PRR, prevalence rate ratio; CI, confidence interval.
aAdjusting for ODF as a primary explanatory variable and all covariates presented.
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Strengths and weaknesses

We achieved the desired sample size of the study and were
adequately powered to detect modest differences in diarrhoea by
non-ODF vs. ODF location. Water quality testing acted as a bio-
logical measure and environmental indicator for contamination
and helped explain why the diarrhoeal rates observed were similar
by community. Water data were collected at the ecological level,
which was appropriate given that the majority of households in
Nyando constituency do not have private water source access.

Selection bias may have occurred in the way ODF and non-
ODF locations were selected due to jurisdiction restriction of
the MOPHS. These restrictions resulted in a higher prevalence
of latrine coverage in the non-ODF group than anticipated
(76% non-ODF vs. 97% ODF). Higher latrine coverage in the
non-ODF community may have resulted in a smaller effect size
when comparing the risk of diarrhoea disease in the non-ODF
vs. the ODF. Our interviewing process occurred from 10am to
4pm during the week. This time frame may have caused us to
miss children who were in school, which may have skewed our
sample to children ⩽3 who are too young to go to school.

A past 4-day incidence was originally ascertained to avoid
recall limitations. Following analysis, the overall past 4-day inci-
dence was 8%, with no difference when comparing non-ODF
vs. ODF communities (7.9% vs. 8.1%; P = 0.923). Therefore, the
prevalence of diarrhoea in the past year variable was utilised to
have optimal power for multivariable analysis.

Health behaviour survey questions related to hand washing,
stool disposal, water treatment and latrine usage may be subject
to providing socially desirable responses. However, we used direct
observation from the interviewer (e.g., latrine presence), to
strengthen the validity of data. Diarrhoea rates may have been
underestimated due to the inability to collect valid latrine usage
data in children <5.

Conclusion

Diarrhoeal disease rates in children ⩽5 in Nyando constituency of
western Kenya did not differ by whether a latrine intervention was
implemented. However, this may be due to more unsafe water and
hygiene practices in the ODF location. We recommend water
treatment interventions and educational interventions for
improved sanitation practices to reduce the rates of diarrhoeal dis-
ease among children ⩽5. Without additional water treatment edu-
cation and safe stool disposal practices, the CLTS initiatives may
be ineffective.

Acknowledgements. We thank the families who participated in this study,
and all of the staff of the Ministry of Public Health and Sanitation Ahero
who contributed, especially Tom Omullo, John Mboya, Oduor Reagan, and
Lameck Abok. We also thank Millicient Ogosi, Walter Agingu, and other
Nyanza Reproductive Health Society staff for facilitating the Maseno
University IRB submission, and providing a laboratory for water quality test-
ing. The research in this publication was supported by the Douglas Passaro
Global Horizons Award.

Author contributions. CB developed research question; study hypothesis
and design; study protocol development; supervised field study team;
conducted data collection; data analysis; interpretation of results; wrote first
draft of the manuscript. SDM advised research questions, study hypothesis
and design, protocol development, data collection methods, data analysis,
interpretation of results, manuscript drafting, review, revision; general onsite
study logistics. NM was involved in field/onsite supervision; advised data
collection procedures; review and revision of the manuscript. IH advised
design and development of laboratory methods and procedures; contributed

to the interpretation of results; review and revision of the manuscript. PM
assisted field/onsite supervision; assisted data collection procedures; review
and revision of the manuscript. RB assisted with general onsite logistics;
utilised laboratory facilities; assisted with onsite ethical review process;
review and revision of the manuscript. RH consulted study protocol design; con-
tributed to the interpretation of results; review and revision of the manuscript.

References

1. Carvajal-Velez L, et al. (2016) Diarrhea management in children under
five in sub-Saharan Africa: does the source of care matter. BMC Public
Health 16(1), 830.

2. Victoria C, et al. (2016) Countdown to 2015: a decade of tracking pro-
gress for maternal, newborn, and child survival. The Lancet 387(10032),
2049–2059.

3. Kar K and Chambers R (2008) Handbook on Community-led Total
Sanitation. London: Plan UK, p. 51.

4. Mirasse A (2009) Comparing rural sanitation campaigns in Mozambique:
lessons and considerations for achieving sustainable results [report]. SNV
Netherlands Development Organization, p. 5.

5. Bongartz P, et al. (2010) Tales of shit: community-led total sanitation in
Africa participatory learning and action: an overview. International
Institute for Environment and Development 61, 27–50.

6. Mukherjee N, Robiarto A and Saputra E (2012) Achieving and sustaining
open defecation free communities: learning from east Java. [Report]Water
and Sanitation Program. Washington, DC: World Bank.

7. Patil R, et al. (2014) The effect of India’s total sanitation campaign on
defecation behaviors and child health in rural Madhya Pradesh: a cluster
randomized controlled trial. PLoS Medicine 11(8), e1001709.

8. Mara D, et al. (2010) Sanitation and health. PLoS Medicine 7(11),
e1000363.

9. Arvelo W, et al. (2010) Case-control study to determine risk factors for
diarrhea among children during a large outbreak in a country with a
high prevalence of HIV infection. International Journal of Infectious
Diseases 14(11), 1002–1007.

10. Gascon J, et al. (2000)Diarrhea in children under 5 years of age from Ifakara,
Tanzania: a case-control study. Journal of Microbiology 12, 4459–4462.

11. Kahabuka C, Kvâle G and Hinderaker G (2012) Factors associated with
severe disease from malaria, pneumonia and diarrhea among children in
rural Tanzania – a hospital-based cross-sectional study. BMC Infectious
Disease 12(21), 219.

12. O’Reilly C, et al. (2012) Risk factors for death among children less than 5
years old hospitalized with diarrhea in rural Western Kenya, 2005–2007: a
cohort study. PLoS Medicine 9, e1001256.

13. Peter G and Nkambule E (2012) Factors affecting sustainability of rural
water schemes in Swaziland. Physics and Chemistry of the Earth 50–52,
196–104.

14. Rao K, et al. (1959) Protein and malnutrition in South India. Bulletin of
the World Health Organization 20(4), 603–639.

15. Brooks T, et al. (2006) Surveillance for bacterial diarrhea and antimicro-
bial resistance in rural western Kenya, 1997–2003. Clinical Infectious
Diseases 43(4), 393–301.

16. Nyakundi H, Mwanzo I and Yitambe A (2010) Community perceptions
and response to flood risks in Nyando District, Western Kenya. Jàmbá:
Journal of Disaster Risk Studies 3(1), 346–366.

17. Tiondi E (2000) On Women, Environmental and Development: A Sub-
Saharan African and Latin American. Doctoral Dissertation, University
of South Florida.

18. Kenya National Bureau of Statistics (KNBS) (2010) Kenya Demographic
and Health Survey 2008–2009.

19. Kenya National Bureau of Statistics (KNBS) (2015) Kenya Demographic
and Health Survey 2014.

20. Bennett S, et al. (1991) A simplified general method for cluster-sample
surveys of health in developing countries. World Health Statistics Quarterly.
Rapport Trimestriel De Statistiques Sanitaires Mondiales 44(3), 98–106.

21. Garrett V, et al. (2008) Diarrhoea prevention in a high-risk rural Kenyan
population through point-of-use chlorination, safe water storage, sanitation,
and rainwater harvesting. Epidemiology and Infection 136(11), 1436–1471.

Epidemiology & Infection 1087

https://doi.org/10.1017/S0950268818000924 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268818000924


22. Clasen T, et al. (2014) Effectiveness of a rural sanitation programme on
diarrhoea, soil-transmitted helminth infection, and child malnutrition in
Odisha, India: a cluster-randomised trial. The Lancet Global Health 2
(11), 645–653.

23. Dean G, Sullivan M and Soe M (2006) OpenEpi: Epidemiologic Statistics
for Public Health, Version 3.

24. Azurin C and Alvero M (1974) Field evaluation of environmental sanita-
tion measures against cholera. Bulletin of the World Health Organization
51(1), 19.

25. Aziz K, et al. (1990) Reduction in diarrhoeal diseases in children in rural
Bangladesh by environmental and behavioural modifications. Transactions
of the Royal Society of Tropical Medicine and Hygiene 3(1), 433–438.

26. Daniels L, et al. (1990) A case-control study of the impact of improved
sanitation on diarrhoea morbidity in Lesotho. Bulletin of the World
Health Organization 68(4), 455.

27. Tiwari K, et al. (2009) Intermittent slow sand filtration for preventing
diarrhoea among children in Kenyan households using unimproved
water sources: randomized controlled trial. Tropical Medicine &
International Health 14(11), 1374–1382.

28. Pickering J, et al. (2015) Effect of a community-led sanitation interven-
tion on child diarrhoea and child growth in rural Mali: a cluster-
randomised controlled trial. The Lancet Global Health 3(11), 701–711.

29. Joint Monitoring Programme for Water Supply and Sanitation (JMP)
(2015) Improved and Unimproved Water and Sanitation Facilities.

30. Aquagenx (2015) Safe Water for Anyone, Anywhere, Anytime.
31. Guarino A, et al. (2014) European Society for Pediatric Gastroenterology,

Hepatology, and Nutrition/European Society for Pediatric Infectious
Diseases evidence-based guidelines for the management of acute gastro-
enteritis in children in Europe: update 2014. Journal of Pediatric
Gastroenterology and Nutrition 59(1), 132–152.

32. Wanazahun G and Bezatu M (2013) Environmental factors associated
with acute diarrhea among children under five years of age in Derashe
district, Southern Ethiopia. Science Journal of Public Health 1(3), 119–124.

33. Zash R, et al. (2016) HIV-exposed children account for more than half of
24-month mortality in Botswana. BMC Pediatrics 16(1), 103.

34. Meierhofer R and Wegelin M (2002) Solar Water Disinfection: A Guide
for Application of SODIS. [report]. Duebendorf: Water and Sanitation in
Developing Countries at the Swiss Federal Institute of Aquatic Science
and Technology.

35. Centre for Affordable Water and Sanitation Technology (CAWST) (2009)
Biosand Filter Manual: Design, Construction, Installation, Operation, and
Maintenance. Alberta.

36. Oates P, Shanahan P and Polz M (2003) Solar disinfection (SODIS):
simulation of solar radiation for global assessment and application for
point-of-use water treatment in Haiti. Water Research 37(1), 47–54.

37. Sustainable Sanitation andWater Management (2017) Water Purification.
38. World Health Organization (2017) Household Water Treatment

Technologies. Geneva, Switzerland: Treatment Technologies.

1088 C. Babb et al.

https://doi.org/10.1017/S0950268818000924 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268818000924

	Evaluation of the effectiveness of a latrine intervention in the reduction of childhood diarrhoeal health in Nyando District, Kisumu County, Kenya
	Introduction
	Methods
	Study area and population
	Data collection methods and instruments
	Data collection method for laboratory analysis
	Statistical analysis

	Results
	Study population
	Factors associated with diarrhoea
	Characteristics of non-ODF vs. ODF respondents
	Water quality by location, safety, turbidity and water source type
	Results of multivariable analysis: factors associated with diarrhoea

	Discussion
	Summary of findings
	Explanation of results
	Recommendations
	Strengths and weaknesses

	Conclusion
	Acknowledgements
	References


