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Abstract. Weconducted a cluster-randomized trial in 48 rural villages of Ethiopia to assess the effect of community-led
total sanitation (CLTS)on thediarrhea incidenceofchildren. Twenty-four villageswere randomlyassigned to the intervention
group and the other 24 were assigned to the control group. A CLTS intervention was implemented from January 2016
through January 2017. Baseline data collection was conducted during October andNovember 2015. At baseline, 906 chil-
dren were recruited and followed-up until January 2017. These 906 children were randomly selected among all children in
the 48 villages. To determine the 7-day period prevalence of diarrhea, four household-based surveys were conducted by
independent data collectors at 3, 5, 9, and 10 months after the CLTS was initiated. To determine the incidence and longi-
tudinal prevalence, the presence of daily diarrhea presence was recorded for 140 days using diary methods. The loss to
follow-up rates were 95% for period prevalence and 93% for incidence and longitudinal prevalence. The incidence ratio
and longitudinal prevalence ratio were 0.66 (95% confidence interval [CI], 0.45–0.97; P 5 0.03) and 0.70 (95% CI,
0.52–0.95; P 5 0.02) after adjusting for clustering and stratification. The relative risk of period prevalence was 0.66 (95%
CI, 0.45–0.98; P 5 0.04) at 3 months after initiation. Improved toilet coverage increased from 0.0% at baseline to 35.0%
at 10 months in the intervention villages, whereas it increased from 0.7% to 2.8% in the control villages. Adherence to
the intervention was comparable with that of previous studies; therefore, we suggest that the findings of this study are
replicable.

BACKGROUND

Diarrhea was the third leading cause of disability-adjusted
life-years (DALYs) among children younger than 5 years in
2016.1 Unsafe sanitation accounted for nearly half of the esti-
mated 1.6 million diarrhea-specific deaths.2,3

The Sustainable Development Goals (SDGs) aim to ensure
access to sanitation for all by 2030.4 However, in 2017 an esti-
mated 673million peoplewere still defecating in theopen, and
approximately 2 billion people lacked basic sanitation facili-
ties.5 In Ethiopia, which is one of 10 countries with the highest
child death rate, diarrheawas the fourth leading cause of child
death in 2015, accounting for 9% of child mortality.6 Only 7%
of Ethiopians lived with access to basic or safely managed
sanitation facilities in 2017.5

Recent systematic reviews have found that improved sani-
tation has a protective effect against diarrhea.7,8 However,
the quality of the evidence was scored as low or very low.
Recent trials with robust designs have found little or no effect
of improved sanitation on diarrhea, with a few exceptions;
therefore, the ability of sanitation interventions to reduce diar-
rhea has been questioned.9–15

Community-led total sanitation (CLTS) strategies, based on
information indicating thatmerely providing toilets or subsidies
did not guarantee their use and often led to problemswith sus-
tainability emerged in Bangladesh in 2000.16 With the princi-
ples of neither subsidizing toilets nor prescribing toilet models,
CLTS focuses on collective behavior change to create open

defecation-free villages, enabling the community to become
aware of the sanitation situation and initiating the desire to
improve community-wide sanitation.17 CLTS has been imple-
mented inmore than60countries;more than30of these coun-
tries, including Ethiopia, have adopted it as national policy.18

The Ethiopian government developed a CLTS and hygiene
(CLTSH) policy in 2008.19 In addition to the key principle of
CLTS, CLTSH emphasizes the importance of improving
hygienicpractices.However, it hasbeenargued thatahygiene
component, including handwashing, has been a key element
of CLTS from its beginnings.20 Like CLTS, CLTSH interven-
tions include preparation and planning (pre-initiation), initia-
tion, post-initiation, verification, recognition, and scaling-up.
Despite the increase in CLTS, studies assessing its impact

on sanitation coverage or diarrhea rates of children are still
scarce. Some trials have explored the effects of India’s Total
Sanitation Campaign on the health of children based on sub-
sidies that were provided to some or all of the households in
the intervention areas.10,12,21 Other trials explored the effects
of an intervention combining sanitation improvements or
CLTS with other components such as sanitation market-
ing.22–24 Trials havealso investigated theeffect ofCLTSon toi-
let coverage and/or compared the effects of different
approaches.25–27 The interventions analyzed during all these
trials are a broad type of CLTS.18,20 We aimed to evaluate
the effects of CLTS on the diarrhea rates of children in a rural
area of Ethiopia with strict application of the typical principle
of CLTS (i.e., no subsidy provision). Twoother important char-
acteristics of this study were that we highlighted the impor-
tance of providing improved toilets, not merely stopping
open defecation, and that wemeasured the longitudinal prev-
alence and incidence of diarrhea aswell as period prevalence.
Although typical CLTS principles focus on ending open defe-
cation and sanitation in low-sanitation settings, this study
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highlights the importance of having improved toilets that
safely dispose excreta compared with the practice of open
defecation and basic sanitation facilities.

METHODS

Study design. We conducted a cluster-randomized trial in
48 rural villages (gotts) of the Cheha and the Enemor Ena
Ener districts (woreda) in the Gurage zone of the Southern
Nations, Nationalities, and Peoples’ Region (SNNPR) state of
Ethiopia between February 1, 2015 and February 23, 2017. A
phase-in design was adopted whereby a CLTS intervention
was implemented in 24 intervention villages during the first
phase; 24 control villages received comparable interventions
during the second phase. The study was approved by the
National Research Ethics Review Committee under the Minis-
try of Science and Technology, Federal Democratic Republic
ofEthiopia (NRERC3.10/032/2015;July29, 2015) and theLon-
don School of Hygiene & Tropical Medicine (LSHTM Ethics
Ref: 16260; February 22, 2019). This trial was registered
as an International Standard Randomized Controlled Trial
(ISRCTN82492848). The study protocol and rationale were
published previously (SupplementalMaterial 1).28 The analysis
used for this study adhered to the published study protocol.28

This trialwasperformedunder theumbrella of the Integrated
Water and Sanitation project funded by the Korean Interna-
tional Cooperation Agency (KOICA). The project comprised
CLTS interventions and the provision of piped water connec-
tions from springs to communities. All components related to
water improvementwere implementedafter theCLTStrialwas
completed.

Study setting. The target areas of the project, the Cheha
and Enemor Ena Ener districts, are located 185 km southwest
of Addis Ababa. The populations of each district in 2014 were
133,233and204,937, respectively. Both districts arepredom-
inantly rural, with 90% of the land used for farming, and the
major sources of income were crop production and livestock
farming. Coffee, khat, and oilseeds are among the major
cash crops, and eucalyptus tree plantations for income are
also common.29 The Gurage ethnic group accounted for
more than 80% of the population in the area, thereby giving
their name to the Gurage administrative zone. The majority
of the population (64%) was Muslim and 33%were Ethiopian
Orthodox.29

The study areas had a specific context regarding the base-
line sanitation coverage, with distinct differences from the
general characteristics of low coverage described for many
previous trials.10–13 The residentsof thevillagewereoccasion-
ally encouraged to build a toilet by health extension workers,
particularly when visiting health centers or health posts.
According to thebaselinesurvey report, thecoverageof a sim-
ple pit toilet was fairly high (73%) even before the project
started, but many of the toilets were very unhygienic and
poorly constructed.30 This situation involving the fairly high
coverage of simple pit toilets is not atypical for many other
rural settings in sub-Saharan African countries, including
Kenya.9 Therefore,wehighlighted the importanceof improved
household toilets during this trial. Open defecation based on
direct observation was not especially common, and the pro-
portion of residents who disposed their children’s feces in
the toilet was high (73%).30 Handwashing practices were
common before eating and before food preparation, but not

after cleaning a child’s buttocks and before feeding a child
(Table 1).

Participants. A preliminary survey was conducted in
August 2014 in 212 villages to assess water and sanitation
coverage. We purposely selected 48 villages among the 212
villages of the two districts based on the lowest level of water
andsanitation coverage. Theproject teamperformed field vis-
its to check the accessibility of each village and excluded
those that were difficult to access with a vehicle. If two
selected villages were located next to each other, then we
replaced one of the twowith another village. The local author-
ity requested that thesamenumberof study villages shouldbe
allocated in every sub-district (kebele: administrative unit
immediately above a village); therefore, two villages were
selected from each sub-district.
We listed all households with at least one child younger

than 5 years in all eligible villages and randomly selected
25 households from each village using SPSS version 21
software (IBMCorp., Armonk, NY). The average population
size and number of households per village were 351 and
73, respectively. There were 3,532 households in 48 vil-
lages; of these, 1,129 (32%) had at least one child younger
than 5 years.
The caregivers of selected households were visited by enu-

merators to register. If a caregiver was absent, then the enu-
merators revisited two more times. If a caregiver was absent
three consecutive times or more, or if the caregiver refused
to enroll in the study, then we enrolled a neighboring house-
hold. The eligibility criteria for households were the following:
having a child younger than 60months and agreeing to partic-
ipate in the study by providingwritten informed consent. Of all
the children younger than 5 years in a household, we regis-
tered only the youngest child. The study participants were
recruited in the Cheha and the Enemore districts between
October 17 and November 27, 2015.

Randomization and masking. To minimize the possibility
of selection bias, we identified and recruited villages before
randomization. Randomization was performed during a com-
munity lottery ceremony by community leaders in each
district. The allocation ratio was 1:1, with 24 villages in the
intervention group and 24 villages in the control groups. If
the two villages in a kebele happened to be allocated to the
same arm during the lottery, then we asked community lead-
ers to perform the lottery again until the two villages were
finally assigned to different arms. Enumerators were not
informed of the allocation to an intervention or control village;
however, because some components of the interventionwere
visible, particularly toilet construction, they could not be
masked to their intervention status.

Procedures. The CLTS intervention was performed in
accordance with the Ethiopian government policy from Janu-
ary 2016 through January 2017 (see Supplemental Text 1 for
details of the intervention, such as selection criteria, demo-
graphic profiles and core tasks of CLTS promoters; benefits,
training, and supervision of CLTS promoters; selection and
training of CLTS facilitators; and the dates of CLTS initiation).
No financial ormaterial subsidieswere provided for construct-
ing household toilets.
A co-founderofCLTSH trained theCLTS facilitators. A team

of trained CLTS facilitators comprising officials from the dis-
trict health office, health professionals from health centers,
and health extension workers visited the villages for pre-initiation
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to introduce themselves to and build rapport with the village
members and to arrange the initiation schedule.
The facilitators performed the initiation process in the 24

intervention villages; this process required 1 day per village
between February 11 and March 18, 2016.
The core components of the CLTS initiation process were

appliedwith theaimsof thecommunity realizing theoutcomes
of open defecation practices and igniting shame or disgust.16

Village members walked through the village from one side to
the other and visited open defecation sites and different types
of toilets along theway and experienced the disgusting sights
and smells (transect walk). Villagemembers drew a map illus-
trating the sanitation situation of the village, defecation areas,

and dwellings. They were asked to discuss where the dirtiest
area was in their village (defecation area mapping). They cal-
culated the amount of feces they produced per day, per
week, per month, and per year, and how much they spent to
treat diarrhea, dysentery, cholera, andother diseases attribut-
able to open defecation (calculations of shit and medical
expenses). They were offered a glass of water in which a hair
that had touched some feces was dipped and were informed
that they could ingest eachother’s feces via the contaminated
legs of a fly (the glass of water exercise).
At the beginning of the intervention, one or two people from

each intervention village were selected as CLTS promoters to
conduct post-initiation activities. If the number of households

TABLE 1
Baseline characteristics of the intervention and control groups

Intervention Control
N 5 455 N 5 451

n or Mean % or SD n or Mean % or SD

Female caregivers 446 98.0% 446 98.9%
Age of caregivers 29.9 6 29.6 5.3
Education of caregivers

None 289 66.4% 289 66.4%
1–4 grades completed 52 12.0% 64 14.7%

Male household head 427 93.8% 435 96.5%
Age of household head 37.2 7.9 37.5 7.4
Gurage household head 431 99.1% 433 99.5%
Religion of household head

Muslim 242 55.6% 286 65.7%
Christian 189 43.4% 149 34.3%

Monthly income of household head, ETB 829.7 641.5 934.6 739.5
Female child 226 49.7% 224 49.7%
Age of child, months 24.4 16.3 24.1 15.3

Improved water for drinking 319 72.7% 347 76.9%
Reported handwashing practices

Before eating 411 90.3% 388 86.0%
After defecating 295 64.8% 286 63.4%
Before food preparation 378 83.1% 356 78.9%
After cleaning child’s buttocks 118 25.9% 140 31.0%
Before feeding a child 164 36.0% 169 37.5%

Child has diarrhea, 7-day period
prevalence

101 22.2% 77 17.1%

Household has a toilet, self-report 341 74.9% 364 80.7%
Toilet structure, direct observation

Pit 320 70.3% 342 75.8%
Slab 313 68.8% 336 74.5%
Hole cover 57 12.5% 54 12.0%
Wall 178 39.1% 184 40.8%
Roof 143 31.4% 140 31.0%
Door 35 7.7% 42 9.3%
Handwashing facility with soap 39 8.6% 36 8.0%
Pit depth, m 1.64 0.870 1.79 0.740
Improved toilet* 0 0.0% 3 0.7%
Partially improved or better toilet† 55 12.1% 50 11.1%

Toilet utilization
Direct observation, composite‡ 100 25.2% 109 24.7%

Cleanliness
Presence of flies
Presence of feces around pit hole 76 16.7% 102 22.6%

Open defecation
Feces inside household compound 73 16.0% 63 14.0%
Feces outside household compound 83 18.2% 68 15.1%

Disposal of feces
Into toilet 322 70.8% 340 75.4%
Open field 76 16.7% 55 12.2%
ETB5 Ethiopian Birr.
* An improved toilet was defined as having a pit deeper than 2 m, a pit hole cover, slab, wall, door, roof, and a handwashing facility with soap.
†A partially improved toilet was defined as having a pit, a pit hole cover, and slab.
‡Composite: presence of wet feces, footprint, and odor and absence of spiderwebs.
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in a villagewas 70ormore, then twopromoterswere selected.
Their main task was to encourage community members to
build an improved toilet in their ownwayusing locally available
materials based on information gathered through community
meetings and household visits. It was recommended that
they should visit households every week to encourage toilet
uptake. For a toilet to protect against the transmission of fecal
matter, the following components were recommended: dig-
ging a pit hole with a depth of 2 m or more; installing a slab
and a pit hole cover; constructing a wall, door, and roof; and
installing a handwashing facility with soap. During this study,
we defined an improved toilet as having all of these compo-
nents. This is a more stringent definition of an improved toilet
than that of the Joint Monitoring Program (JMP) of the World
Health Organization (WHO)/United Nations International
Children’s Emergency Fund (UNICEF).5

In principle, CLTS does not prescribe toilet types. During
many CLTS interventions, particularly where open defecation
practices are common, the usual approach involves convinc-
ing people to build any toilet first and then to continue to
improve it.20 However, during this trial, community members
in the study areas were encouraged to build improved toilets
because the coverage of simple pit toilets was already high
and open defecation was not as common as in many other
rural settings in sub-Saharan African countries.9 Materials
for toilet components were not prespecified because locally
available and affordable materials could be diverse.
TheCLTS facilitators andproject coordinators trainedCLTS

promoters for 4 days inApril to teach themhow tobuild toilets,
which toilet componentsare recommended,and theappropri-
atemessages to deliver. After the training, the promoters pro-
moted toilet improvement and followed-up with the toilet
construction progress. The Gurage zone office, the SNNPR
state of Ethiopia, and the Re-shaping Development Institute
(ReDI; a development nongovernment organization based in
Korea) implemented the project.

Outcomes.Theprimary outcomeswere the incidence, lon-
gitudinal prevalence, and 7-day period prevalence of diarrhea
in children. The duration of diarrhea in children was also mea-
sured. Wemeasured diarrhea only for the youngest child. The
longitudinal prevalence and duration of diarrhea in children
were recorded by caregivers using the diarymethod. Diarrhea
calendars were distributed to 906 households in May 2016,
and caregivers were asked to mark “O” or “X” on each date
of thecalendar according to thepresenceor absence, respec-
tively, of a daily diarrhea episode.When distributing the calen-
dar, the CLTS promoters educated the caregivers regarding
how to record the daily presence of diarrhea for the registered
child whowas the youngest child younger than 5 years in their
householdat the timeof enrollment. Thenameof the youngest
child was written on every page of the calendar. Having three
or more stools within 24 hours was defined as diarrhea; this
was also indicated as a picture in the diarrheal calendar (Sup-
plemental Material 2).
The CLTS promoters were trained to visit households

weekly to check the recording status and encourage care-
givers to continue recording correctly. CLTS promotors in
the intervention villages also visited control villages to check
and encourage caregivers in the same kebele to record daily
diarrhea on the calendar. Apart from this encouragement to
continue keeping diarrhea records, no other activities were
conducted in the control villages. Data collection of daily

diarrhea records was performed by independent enumera-
tors. The 7-day prevalence of diarrhea was recorded by inde-
pendent data collectors during four rounds of household sur-
veys based on the caregiver’s recall in June, August, and
December 2016, and in January 2017.
Immediately before the first round of the survey in June

2016, 36 enumerators were trained for 4 days by monitoring
and evaluation specialists of the project team, district health
officials, and an independent CLTS specialist who was the
master trainer of CLTS. For the survey, 45 mobile devices
(Y520-U22; Huawei, Shenzhen, China) were purchased and
Akvo, a nonprofit software development organization based
in theNetherlands,wascontracted to develop anapp to collect
data for this particular study and to train enumerators how to
use the technology. The secondary outcomes were defined
as toilet coverage and toilet use. An intermediary outcome of
fecal–oral contamination was also assessed by counting the
number of feces inside and outside the household compound
andassessing thenumberofflies (usingaglue trapplacedadja-
cent to thepit hole for30minutes). The toiletconstructionstatus
was directly observed by enumerators. Each component of the
toilet structures (pit, slab, pit hole cover, wall, roof, door, and
handwashing facility) was photographed by enumerators dur-
ing every round of the survey. To assess whether the toilet
was being used, enumerators checked for the presence of a
worn path to the toilet, spiderwebs at the entrance, fresh feces
inside the pit, and odor. In addition, direct observations of the
presence of human feces inside and outside the household
compound were made.

Statistical analysis. The sample size of the trial was calcu-
lated as follows. First, the sample size for longitudinal diarrhea
prevalencewas calculatedbased on a preliminary survey indi-
cating that the longitudinal prevalence was 18 days per 100
child-weeks and the coefficient of variation of the true longitu-
dinal prevalence was 0.21. Assuming 80% study power, a
ratio of longitudinal prevalence of 0.79 or less, and 24 weeks
of follow-up for 25 children in each village, the calculation
resulted in 23 clusters per each arm.31

Second, sample size calculations for 7-day diarrheal preva-
lence were based on a 30% relative reduction in the interven-
tion group and a 24% diarrhea prevalence in the comparison
group that was estimated based on a preliminary survey in
2015. Assuming a type I error (a) of 0.05, 80% study power
(100%*(12b)), 20% loss to follow-up, and a coefficient of var-
iation of 0.15, the calculations resulted in 24 clusters for each
arm, each with 25 children (design effect: 2.14).22 Therefore,
we selected a sample size of 600 households in each arm of
24 villages.
The assessment of the effects of CLTSon reducing diarrhea

in children was conducted on an intention-to-treat basis. We
used a negative binomial regression random-effects model
to assess the incidence ratio and the longitudinal prevalence
ratio of diarrhea; we accounted for intra-village and intra-
individual correlations and adjusted for stratification by
kebele. We used generalized estimating equations (GEE)
with a log link and exchangeable correlation matrix to assess
the relative risk (RR) of the 7-dayperiodprevalence of diarrhea
in children and 95% confidence intervals (CIs) adjusting for
clustering at the village level and stratification by kebele.
Longitudinal prevalence refers to the number of days with

diarrhea. For the incidence of diarrhea, we used episodes
with intervals of 2 or more days. Therefore, for this study, a
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period of 2 or more days without diarrhea was used to distin-
guish one episode from another, as has been suggested to
separate distinct episodes in areas where diarrhea is com-
mon.32 Therefore, two children with the same longitudinal
prevalence (e.g., 7daysofdiarrheaover thecourseof 2weeks)
could have had different diarrhea incidence rates. For exam-
ple, one child could have had two episodes (e.g., for the first
2 days diarrhea occurred, followed by no diarrhea for the
next 7 days, and then diarrhea occurred again for the next 5
days), whereas the other child could have had only one epi-
sode (e.g., for the first 7 days, the child had diarrhea every sin-
gle day, but then the child had no diarrhea for the next 7 days).
We illustrated the daily diarrhea cases of the intervention and
control groups for 140 days during the CLTS intervention. The
first day of the daily diarrhea records started on June 3, which
was approximately 3 months after the CLTS initiation.
An adjusted analysis was not prespecified during the study

protocol. We conducted sensitivity analyses by adjusting for
potential residual imbalances in factors such as baseline diar-
rhea, the education level of the caregiver, household income
level, the religion of the household head, the age of the care-
giver, the age and sex of the child, and the type of drinking
water source.For theadjustedanalysis,we referred toamodel
of risk categories used by a previous study to predict diarrhea
in children.33 We did not include handwashing practices and
toilet utilization because we think that these variables are
mediators between the variables we already included in the
adjusted analysis and diarrhea.
Weestimated the risk difference of secondary or intermedi-

ary outcomes (theproportionof householdswith an improved
toilet and presence of human feces inside or outside a house-
hold compound) using ordinary least squares linear regres-
sion with robust standard errors and accounting for corre-
lated outcomes within villages. As an additional analysis,
we performed a GEE analysis to find RRs for the secondary
outcomes. As a supplementary analysis, we calculated the
RRs of fly counts using a negative binominal regression anal-
ysis and aggregation of fly counts around the pit hole at the
village level and using the number of households with any
type of toilet in a village as exposure.Weperformedmultilevel
mixed-effect linear regression to calculate the mean differ-
ence in diarrhea duration. All standard errors were adjusted
for clustering.

RESULTS

A total of 1,737 households (1,301 children younger than 5
years) comprised the intervention villages and 1,795 house-
holds (1,339 children younger than 5 years) comprised the
control villages at baseline.
At the time of the first recruitment, the study population

included 1,070 children younger than 5 years (539 in the inter-
vention group and 530 in the control group). At the time of the
second visit, to cross-check the adequacy of the registration,
84 registered childrenwere excludedbecause theywere living
inother villagesor unidentifiedand80 registeredchildrenwere
excluded because they were double-entered (i.e., living in the
same households); therefore, 906 households (mean, 25 chil-
dren per village; SD, 14 children per village) remained regis-
tered (455 households from the intervention group and 451
households from the control group). We were able to follow-
up 409 children (90%) and 433 children (96%) in the

intervention and control groups, respectively, to determine
the incidence and longitudinal prevalence of diarrhea for the
full 140 days (Figure 1A). Follow-up data were collected from
June 9, 2016 through January 23, 2017. For period preva-
lence, four rounds of follow-up surveys were performed at 3,
5, 9, and10monthsafter theCLTS initiationbetweenFebruary
11 and March 18, 2016. A total of 439 (96%) and 426 (94%)
households in the intervention and control groups, respec-
tively,were followed-upat10monthsafter the initiation (Figure
1B).We foundnosignificantdifferences in socioeconomicand
demographic characteristics of the caregivers and children
who were retained in the trial and those who were lost to
follow-up (Supplemental Table 1).
Table 1 presents the baseline characteristics of participants

according to their treatment group. The socioeconomic and
demographic characteristics of caregivers and household
heads, as well as the handwashing practices of caregivers,
were similar across groups. The coverage of improved water
and sanitation was lower in the intervention group than in the
control group at baseline (P5 0.02).
Table 2 shows the effects of the intervention on the inci-

dence and longitudinal prevalence of diarrhea in children
based on calendar records. There were 202 cases (481 days
of diarrhea) in the intervention group and 298 cases (773
days of diarrhea) in the control group during the 140 days of
follow-up (Table 2 and Figure 2). The corresponding incidence
ratio and the longitudinal prevalence ratio were 0.66 (95% CI,
0.45–0.97; P5 0.03) and 0.70 (95% CI, 0.52–0.95; P5 0.02),
respectively, after adjusting for clustering and stratification.
The effects of the intervention on the duration of diarrhea in
children is shown in Table 3. The results of the CLTS interven-
tion on diarrhea duration were deemed compatible with there
being no effect (95% CI,20.8 to 0.4 days; P5 0.48).
Table 4 shows that the 7-day period prevalence of diarrhea

in children based on the caregiver’s recall decreased from
22.2% at baseline to 11.8% at the 3-month follow-up and to
7.7% at the 10-month follow-up in the intervention group.
The prevalence increased from 17.1% at baseline to 17.2%
and decreased to 9.9% at the same time points in the control
group. The RRs of period prevalence adjusted for clustering
effects and stratification were 0.66 (95%CI, 0.45–0.98; P5 0.04)
at 3months and 0.75 (95%CI, 0.35–1.60;P5 0.45) at 10months
after initiation. Pooling the four rounds of follow-up surveys
indicated that the overall RR of period prevalence was 0.83
(95% CI, 0.60–1.13; P 5 0.23). Except for during the first 3
months, there was no significant impact on the prevalence
of diarrhea in children. All the effects on longitudinal preva-
lence, incidence (Supplemental Table 2), and period preva-
lence appeared to wane over time.
Table 5 shows that themean proportion of households with

an improved toilet increased from 0.0% at baseline to 35.0%
at 10months after theCLTS initiation in the intervention group
villages; however, it increased from 0.5% to 2.8% in the con-
trol group villages (risk difference, 32.3%; 95% CI,
19.1–45.4%; P , 0.001; see Supplemental Tables 6 and 7
for the results at 3, 5, 9, and 10 months).
At the 10-month follow-up, 4 of the 24 intervention villages

had improved toilet coverage of 70%or greater. In the control
villages, no community hadcoverage of 30%or greater. Own-
ership of a partially improved household toilet (defined as hav-
ing a pit, pit hole cover, and slab) in this study increased from
11.9% at baseline to 69.0% at 10 months after the CLTS
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initiation in the intervention group compared with the corre-
sponding rates of 11.6% at baseline and 15.0% at follow-up
in the control group (risk difference, 53.8%; 95% CI,
43.2–64.3%; P , 0.001). The coverage of any type of toilet
was already high at baseline and continued to increase in both
arms. Based on direct observations, the coverage of any type

of toilet at baseline in the intervention villages was 70.3%, and
it increased to 99.5% at 10 months after the CLTS initiation;
the corresponding values in the control group were 75.8% at
baseline and 90.8% at 10 months after the CLTS initiation.
During the 10-month follow-up, all caregivers who had any

type of toilet in the intervention and control groups reported

FIGURE 1A. (A) Flow diagram of the longitudinal prevalence of diarrhea in children.
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that they were using the toilet (99.5% versus 90.8% in the
intervention group and control group, respectively; risk differ-
ence, 8.7%; 95%CI, 3.8–13.6%;P, 0.001). The toilet utiliza-
tion rate based on direct observations, however, was far less
than that based on self-reports. We found no consistent pat-
tern of the effect of the intervention on toilet utilization

(Supplemental Table 6). Toilet utilization was not significantly
different at 10 months after the CLTS initiation (January
2017)between the twogroupsbasedon thecomposite indica-
tor comprising the presence of wet feces, footprints, and odor
and absence of spiderwebs. The intervention had an effect on
contamination pathways, as shown by some indicators. We

FIGURE 1B. (B) Flow diagram of the period prevalence of diarrhea in children.
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recorded a declining trend in the presence of feces inside and
in the immediate surroundings of the household compound
(within 10 feet) in the intervention group compared with the
control group. The fly count also decreased in the intervention
groupcomparedwith that of thecontrol group. Theproportion
of households with human feces inside the household com-
pound decreased from 16% at baseline to 1.6% in the inter-
vention group; however, it decreased from 14% to 7.4% in
the control group (risk difference, 26.1%; 95% CI, 211.4%
to20.8%; P5 0.03) at the 9-month follow-up (Supplemental
Table 6). The number of flies around the pit hole of a toilet was
fewer in the intervention group than in the control group (RR,
0.60, 95% CI, 0.45–0.78, and P , 0.001 at 9 months; RR,
0.39, 95% CI, 0.31–0.49, and P, 0.001 at 10 months).

DISCUSSION

Our findings provide evidence that the CLTS intervention in
rural areas of Ethiopia reduced the incidence and longitudinal
prevalence of diarrhea in children and increased the coverage
of an improved household toilet from 3 to 10 months after
CLTS initiation. This study also found that the sanitation inter-
vention reduced exposure to transmission pathways of
fecal–oral contamination in terms of fly count. However, there

wasnoclear evidenceof theeffect on7-dayperiodprevalence
over longer follow-up durations beyond 3 months and the
duration of diarrhea. We also detected no effect on the use
of household toilets.
The effect size of the CLTS interventions in this study was

consistent with that of recent systematic reviews of the effect
of sanitation improvements on diarrhea in children (e.g., RR,
0.75; 95% CI, 0.63–0.88; P , 0.001 reported by the latest
study).7,8

Our results build on those of previous trials and explain the
lack of impact during previous trials of sanitation interven-
tions.9–13 The majority of previous trials reporting no effects
of sanitation improvements suggested that the absence of
an effect might have been caused by insufficient coverage
and use of toilets.9–13 Previous studies suggested that the
absence of an effect of a sanitation intervention could be
explained by the possibility that household sanitation
improvements alonewere insufficient tomitigate transmission
of fecal pathogens, or that the toilets were ineffective at con-
taining excreta.9,11 In particular, previous researchers
expressed concerns that handwashing practices, food
hygiene, andprotectionagainst contaminationof animal feces
could not be managed solely by improving household sanita-
tion. The importance of these components cannot be

FIGURE 2. Dailyprevalenceofdiarrheabasedoncalendar records (oneunit of x-axis5 1day; the first dayon the x-axis is at 3monthsafter theCLTS
initiation). This figure appears in color at www.ajtmh.org.

TABLE 2
Effects of the CLTS intervention on the incidence and longitudinal prevalence of diarrhea (based on calendar records)

Intervention Control 95% CI P value

Total days of diarrhea 481 (334*/147†) 773 (551*/222†)
Total episodes 202 (138*/64†) 298 (220*/78†)
Total children 409 433
Person-days 49,571 52,467
Incidence (per 100 days) 0.4 0.5
Incidence ratio‡ 0.66 0.45–0.97 0.03
Incidence ratio§ 0.66 0.45–0.97 0.04
Longitudinal prevalence (per 100 days) 1.0 1.5
Longitudinal prevalence ratio‡ 0.70 0.52–0.95 0.02
Longitudinal prevalence ratio§ 0.70 0.51–0.95 0.02
The separated incidence and longitudinal prevalence by period are presented in Supplemental Table 2. An additional analysis adjusting for more variables is described in Supplemental Table 3.
* Theresults for thefirst62daysoftheentire140days.TheCLTS initiationwasperformed inFebruaryandMarch2016.Starting inJune3,2016, thepresenceofdiarrhea inchildrenwasrecordedfor140

days until January 23, 2017. There was a 3-month interval in the diary records to avoid caregiver fatigue.
† The results for the next 78 days of the entire 140 days
‡Adjusted for clustering effect and stratification (kebele).
§ Adjusted for clustering effect and stratification (kebele), household head’s religion, income, caregiver’s age and education level, child’s age and sex, and type of water source.
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overstated; however, this study suggests that improvements
in household sanitation alone could have protective benefits
against diarrhea in children. Interestingly, a profound effect
of a sanitation intervention was reported in this study even
though the proportion of toilet use was not different between
the treatment arms. However, the absence of a difference in
the use of any type of toilet between the groups indicated
that the rate of use of an improved or a partially improved toilet
was higher in the intervention arm than in the control arm. The
fact that therewasnear-universal coverageof any typeof toilet
and a sizeable proportion of quality toilets, or at least partially
improved toilets, andmorewidespreaduseof improved toilets
might have contributed to reducing diarrhea. We believe that
the improved toilet status was one of the most plausible fac-
tors contributing to diarrhea reduction. Clear evidence in this
regard is the significant reduction in the fly count around pit
holes in the intervention group compared with the control
group. This finding is consistent with the results of a previous
study that reported that the incidence ratio of diarrhea was
0.77 (95% CI, 0.67–0.89; P 5 0.007) during the fly seasons
after controlling flies compared with the control group.34

In addition, the increase in the proportions of household toi-
lets with slab or handwashing facilities in the intervention
groupmight have reduced thepossibility of contactwith feces
via hands or feet, although these proportions were not mea-
sured. The handwashing practices of caregivers after

defecating were somewhat better in the intervention group
at 3 months after the CLTS initiation (Supplemental Table 8).
Furthermore, the handwashing practices of caregivers at five
critical times (before eating, after defecating, before food
preparation, after cleaningachild’sbuttocks, andbefore feed-
ing a child) tended to be slightly higher comparedwith those in
the control group. However, the difference was minimal. The
decrease in the presence of human feces inside or outside
the household compound could also be another reason for
diarrhea reduction in the intervention group. Similarly, animals
might have been less likely to transmit pathogens of human
feces in the intervention group because of the increase in
the coverage of toilets with a wall.35–37 Another reason for
the absence of an effect during other trials may have been
related to the frequency of measurements.32 During previous
trials, diarrhea measurements were performed only once or
a few times.9–11,13 A typical measurement point during previ-
ous trials was 12 months after the intervention. We assessed
diarrhea cases throughout the rainy (June–August) and dry
seasons. Diarrhea-related illness was measured at 140 time
points from 3 months to 10 months after the CLTS initiation.
If we had assessed diarrhea prevalence only at 10 months
after the initiation, thenwewould not have been able to detect
the effects of the CLTS intervention during this study.
Trials in Kenya and Zimbabwe encouraged households to

shift from unimproved to improved sanitation.9,13 However,
during those studies, the investigators applied a compound-
based approach rather than a community-based intervention,
and the community-wide coverage of improved toilets
remained low at follow-up, even though the rate was very
high among the households that received the intervention.
Although Ngure et al. argued that children younger than 2
years are mostly exposed to fecal contamination within
household compounds, this tendency might be highly
context-dependent; therefore, a compound-level sanitation
intervention might not be sufficient to protect children from
exposure to fecal contamination, particularly when only a
small proportionofhouseholds inacommunity receivesasan-
itation intervention, as in the trials in Kenya and Zimba-
bwe.9,13,38 Herd protection from sanitation interventions or
external effects of community-wide sanitation coverage was
suggested by previous studies.39,40

During the first CLTS trial to assess an effect on diarrhea in
children, the proportion of households with a household toilet
was65% in the intervention group, butmost of the toiletswere
unimproved.11 During our study, the proportion of household
toiletswitha slab reached99%at10monthsafter the initiation
(Supplemental Table 6). We found a consistent pattern of a

TABLE 4
Effects of the CLTS intervention on the 7-day period prevalence

Period prevalence

CLTS Control Relative risk* 95% CI P Relative risk† 95% CI P

Overall 0.83 0.60–1.13 0.23 0.78 0.56–1.10 0.16
3 months (June 2016) 11.8% (51/433) 17.2% (72/419) 0.66 0.45–0.98 0.04 0.60 0.39–0.93 0.02
5 months (August 2016) 17.3% (68/394) 17.5% (72/412) 0.98 0.68–1.39 0.89 0.89 0.61–1.29 0.54
9 months (December 2016) 10.5% (44/418) 11.8% (53/451) 0.87 0.52–1.48 0.62 0.87 0.50–1.49 0.61
10 months (January 2017) 7.7% (34/439) 9.9% (42/426) 0.75 0.35–1.60 0.45 0.63 0.28–1.43 0.27

An additional analysis adjusting for more variables is described in Supplemental Table 5.
*Adjusted for clustering effect, stratification (kebele).
†Adjusted for clustering effect, stratification (kebele), baseline prevalence of diarrhea, household head’s religion, income, caregiver’s age and education level, child’s age and sex, and type ofwater

source.

TABLE 3
Effects of the CLTS intervention on diarrhea duration (based on

calendars)

Diarrhea episodes with an interval of $ 2 days

Intervention Control

Total episodes 202 298
Total children 409 433
Duration of diarrhea

1 day 90 (45%) 124 (41%)
2 days 56 (28%) 91 (31%)
3 days 32 (16%) 36 (12%)
4 days 13 (6%) 18 (6%)
. 4 days 11 (5%) 29 (10%)

Mean duration, days 2.4 2.6
Mean difference, days* 20.2

95% CI 20.8 to 0.4
P value 0.48

Mean difference, days† 20.2
95% CI 20.8 to 0.4
P value 0.58
An additional analysis adjusting for more variables is described in Supplemental Table 4.
* Adjusted for clustering effect and stratification (kebele).
†Adjusted for clustering effect and stratification, household head’s religion, income,

caregiver’s age and education level, child’s age and sex, and type of water source.
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smaller number of feces around holes and lower fly counts in
improved toilets compared with unimproved toilets within
the villages that received the intervention (Supplemental Table
9). It is worth noting that even the partially improved toilets in
this study were categorized as an improved toilet according
to the WHO/UNICEF Joint Monitoring Program.5 It has been
hypothesized that sanitation coverage must be greater than
a certain threshold for adequate prevention of transmission
of pathogens in diarrhea. We think that the effect of the
CLTS intervention on the reduction in diarrhea in children dur-
ing this studymight havebeencausedbynearly universal cov-
erage of improved toilets based on the WHO/UNICEF
definition.5

A substantial reduction in cases of diarrhea in children was
observed over time in the control group. A possible explana-
tion was contamination of the intervention; improvements in
sanitation coverage and transmission pathways were
observed in the control group (e.g., the presence of feces
inside or outside a household compound, ownership of an
improved or partially improved toilet, safe disposal of child-
ren’s feces). Another possible explanation for the reduction
in diarrhea cases in the control villages is the reduced risk of
diarrhea-related illness during the dry season (September–
May), although opposing findings have been reported.41,42

Daily diarrhea episodesdecreasedover time in the interven-
tion and the control groups. We inferred that seasonal varia-
tion and the increased coverage of partially improved toilets,
even in the control group, could have contributed to this
change. We noticed that the reduction in diarrhea in the inter-
ventiongroupwasmore substantial during theearlier periodof
the CLTS intervention in terms of longitudinal prevalence and
incidence (Supplemental Table 2). This is consistent with the
fact that the coverage of improved and partially improved toi-
lets increasedmore substantially during the early period of the
intervention, as shown by increases of 26.6% and 42.4% in
improved and at least partially improved toilet coverage for
the first 3 months compared with increases of 8.4% and
14.5% during the next 7-month period (Supplemental
Table 6).

This study had several limitations. First, we relied on care-
givers’ reports or records of diarrhea in children and did not
conduct molecular measurements of infection; therefore, we
cannot rule out the possibility of bias. The inability to mask
the CLTS intervention was another limitation. Adequate dis-
posal of a child’s feces or handwashing behavior might have
been overstated. Similarly, the self-reported use of a house-
hold toilet was higher than the results of direct observations.
To overcome the social desirability bias, we relied on the
results of direct observations of toilet construction and utiliza-
tion. CLTS promoters in the intervention armmight have been
apotential contaminationchannel in thecontrol group through
their monthly checks and follow-up of diarrhea diaries. The
increases in partially improved toilets and handwashing facil-
ities in the control villages could be partially explained by this
factor.
This study reported that a number of indicators had

improvedmore at the 10-month follow-up than at earlier times
after the initiation, and itmaybepossible that theeffectson the
incidence and the longitudinal prevalence of diarrhea in chil-
dren could have been more pronounced with a longer
follow-up period if post-initiation activities had continued.
This possibility is especially compelling because the house-
holds with partially improved toilets were in the process of
constructing improved household toilets.43,44 However, this
does not guarantee that the outcomes can be sustained after
initiation activities are stopped . Previous studies suggested
that the effects of an intervention may wane over time,
particularly beyond 1 year after an intervention.9 We suggest
institutionalizing a routine system for continued sanitation
improvement after CLTS initiation that can be performed by
government officials and community health workers.44

Adherence to the intervention in terms of ownership of an
improved or partially improved toilet was comparable to that
of the majority of previous studies. However, caution is
needed when interpreting the generalizability of this study.
This trial was performed in rural areas with high coverage of
simplepit toiletsanda lowproportionofopendefecationprac-
tices even before the CLTS intervention. Highlighting

TABLE 5
Effects of the CLTS intervention on secondary and intermediate outcomes

Survey period

10 months after the CLTS initiation (January 2017)

Intervention Control RD/RR 95% CI P

Outcomes (N 5 439) (N 5 426)
Having a household toilet 437 (99.5%) 387 (90.8%) 8.7% 3.8–13.6% , 0.001
All types of toilet
Improved toilet* 154 (35.0%) 12 (2.8%) 32.3% 19.1–45.4% , 0.001
Partially improved toilet or better† 302 (69.0%) 64 (15.0%) 53.8% 43.2–64.3% , 0.001
Hand washing facility 207 (47.2%) 49 (11.5%) 35.6% 19.5–51.7% , 0.001

Toilet utilization/self-report 437 (99.5%) 387 (90.8%) 8.7% 3.8–13.6% , 0.001
Toilet utilization/use
Direct observations, composite‡ 162 (36.9%) 191 (44.8%) 28.6% 232.8% to 15.6% 0.47
Feces around pit hole 63 (14.4%) 100 (25.8%) 211.4% 228.8% to 25.9% 0.20
Feces in the compound 7 (1.6%) 30 (7.4%) 25.4% 211.8% to 0.9% 0.09
Feces outside compound 5 (1.1%) 24 (5.6%) 24.5% 29.4% to 0.4% 0.07
Fly number 3.9 (6.9) 7.6 (7.9) 0.39 0.31–0.49 , 0.001
Child feces disposal 436 (99.3%) 384 (90.10%) 2.6% 20.9% to 6.1% 0.14
Reported handwashing at five critical times 194 (44.2%) 143 (33.6%) 10.6% 212.6% to 33.8% 0.37
RD5 riskdifference;RR5 risk ratio forflycounts (aggregatedatvillage level).SeeSupplementalTable6 for the resultsat3,5,and9months.SeeSupplementalTable7 for the relative riskat3,5,9,and

10months.
* An improved toilet was defined as having a pit deeper than 2m, pit hole cover, slab, wall, door, roof, and a handwashing facility with soap. Toilet depth was notmeasured at the 5-month follow-up;

therefore, the proportion of improved toilets was not assessed
†A partially improved toilet was defined as having a pit, pit hole cover, and slab. This row includes both improved and partially improved toilets.
‡Composite: presence of wet feces, footprint, and odor and absence of spiderwebs.
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improved toilets from theonsetofCLTS interventionsmightbe
difficult in other contexts, particularly those where open defe-
cation practices are rampant and toilet coverage is low. The
relatively small number of clusters in this study compared
with other previous trials might have helped in the implemen-
tation of an intensive intervention, particularly during the post-
initiation period. Therefore, it remains unanswered whether
the findings of this study are replicable and relevant for
large-scale interventions, and whether similar improvements
and effects can be achieved at scale. Still, this trial provides
evidence that CLTS interventions with an emphasis on
improved household toilets are likely to reduce diarrhea in
children. Importantly, we reduced barriers against toilet con-
struction by encouraging community members to use locally
available and affordable materials and did not compromise
the improved status of toilets or neglect the principle of no
financial or material subsidies.
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