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Key Messages

n We compared the performance of a well-constructed
latrine with a pit of 2 m or more depth, slab of any
material, drop-hole cover, wall, roof, door, and
handwashing facilities (water and soap observed)
with a poorly constructed one, missing 1 or more of
these features or having only a pit latrine with a
slab, on interrupting the fecal-oral transmission
pathway and reducing child diarrhea.

n Children living in households with a well-constructed
latrine were less likely to have diarrhea than those
living in households with a poorly constructed one.

n In villages with 50% or more of households having
well-constructed latrines and 70% or more of
households having a pit latrine with a slab (high
coverage), children living in a household with no
latrine or a poorly constructed one were less likely
to contract diarrhea than those with no latrine or
a poorly constructed one in a village with low
coverage.

Key Implications

n Policymakers should advocate for universal
health coverage of water, sanitation, and hygiene
interventions to confer herd protection against
disease transmission.

n Future research should investigate the relationship
between latrine design and health outcomes.

ABSTRACT
In sanitation policies, “improved sanitation” is often broadly de-
scribed as a goal with little rationale for the minimum standard
required. We conducted a secondary analysis of data collected
as part of a cluster randomized controlled trial in rural Ethiopia.
We compared the performance of well-constructed and poorly
constructed pit latrines in reducing child diarrhea. In addition,
we explored whether having a well-constructed household latrine
provides indirect protection to neighbors if cluster-level coverage
reaches a certain threshold. We followed up children aged youn-
ger than 5 years (U5C) of 906 households in rural areas of the
Gurage zone, Ethiopia, for 10 months after community-led total
sanitation interventions. A study-improved latrine was defined as
having all the following: pit of ≥2 m depth, slab of any material,
drop-hole cover, wall, roof, door, and handwashing facilities
(water and soap observed). U5C in households with a study-
improved latrine had 54% lower odds of contracting diarrhea
than those living in households with a latrine missing 1 or more
of the characteristics (adjusted odds ratio [aOR]¼0.46; 95% con-
fidence interval [CI]¼0.27, 0.81; P¼.006). Analyses were adjusted
for child age and sex, presence of improved water for drinking, and
self-reported handwashing at 4 critical times. The odds of having di-
arrhea among those with an improved latrine based on the World
Health Organization/UNICEF Joint Monitoring Program (JMP) defi-
nition (i.e., pit latrines with slabs) were not substantially different
from those with a JMP-unimproved latrine (aOR¼0.99; 95%
CI¼0.56, 1.79; P¼.99). Of U5C living in households without a
latrine or with a study-unimproved latrine, those in the high-
coverage villages were less likely to contract diarrhea than those
in low-coverage villages (aOR¼0.55; 95% CI¼0.35, 0.86;
P¼.008). We recommend that academic studies and routine
program monitoring and evaluation should measure more latrine
characteristics and evaluate multiple latrine categories instead of
making binary comparisons only.

INTRODUCTION

Disposing of human excreta into the ground has
beenpracticed for thousands of years.1 Proper dispos-

al of excreta improves human health and quality of life,
contributing to socioeconomic development.2–5 Pit latrines
are the most common form of sanitation in many coun-
tries.6 In 2017, 3.1 billion people were reported to use
improved on-site sanitation facilities, and an estimated
701 million people used unimproved on-site sanitation
facilities, including pit latrines without a slab or platform
for their excreta disposal.6 Pit latrines are a commonly
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recommended sanitation system for populations
likely to be constructing household latrines using
locally available and affordable materials.7 This is
particularly the case in remote rural areas, where
community-led total sanitation (CLTS) interven-
tions are being carried out without any material
or financial subsidies.7

Pit latrines are considered to be the first rung of
the sanitation ladder above open defecation, from
which people can continue climbing to higher levels
of service.7 The key reasons for uptake of pit latrines
in many low-income countries lie in the following
features: pit latrines are simple to construct, do
not require flushing water, are easy to operate and
maintain, are easy to use for the disposal of various
bulky anal cleansingmaterials, anddonot cost a lot.1

To dispose of human excreta safely, the pit content
should not come into direct contact with humans,
insects, or animals.8,9

In accordance with these trends, many sub-
Saharan African countries adopted and promoted
pit latrines.10,11 A pit latrine with a slab has been
considered an improved latrine by UNICEF since
2008. However, some have highlighted the impor-
tance of hygienic latrines beyond the “improved
sanitation” defined by the Millennium Development
Goals.12–14 Against this backdrop, a number of coun-
tries in sub-Saharan Africa have adopted policies for
sanitation improvements, but therewas little empha-
sis on theminimum standard of pit latrines required
for disrupting the transmission of fecal-oral patho-
gens, with the exception of a few countries.1,15,16

For example, the Kenya government released a san-
itation policy highlighting the importance of accessi-
bility to safe sanitation facilities, which provided a
range of sanitation technology options. According
to this policy, theminimum requirement is “at least
an upgraded pit latrine,” examples of which included
“provision of super structures, covering of the pit
opening/squat hole with a suitable cover, plastering
of the latrine floorwith cement and introductionof a
vent pipe to improve the hygiene conditions of the
latrine.”17 In Sudan’s sanitation policy, by contrast,
latrine design was not highlighted within specific
strategies, although it did outline the sanitation lad-
der, including improved facilities.18

Despite the prevailing view of latrine improve-
ment as an intervention that promotes health, it
should be kept in mind that latrines could, in fact,
play a role in transmitting disease if they are badly
constructed.19 For example, some low-quality
latrines taken up after CLTS interventions have
sometimes been criticized as involving “fixed point
open defecation” by collecting excreta in one place
nearer the household but still accessible to animals/

flies.20 In this regard, achieving the open defecation-
free status, as it is generally defined, might end up
disseminating fixed-point open defecation practices
if CLTS implementers are not cautious about latrine
design. Thus, we need to understand the minimum
standard of pit latrine design for sanitation interven-
tions to help interrupt the transmission of diseases.
Although there are different types of pit latrines, it is
currently unclear which latrine characteristics help
disrupt fecal-oral transmission.1,21,22 According to
a review of the performance of pit latrines, despite
theirwidespread application anduse across the globe,
the relationship between latrine type or design and
performance on health outcomes has not been
thoroughly assessed.1 Previous studies havemainly
focused on latrine coverage, not categorizing latrines
by type or design.

Meanwhile, sanitation interventions have been
thought to provide herd-protective effects.23 Herd
protection refers to the indirect protection provided
to peoplewho did not have a latrine. If herd protec-
tion effect exists, children living in a household
without a latrine in a village with high latrine cov-
erage are less likely to have diarrhea than those
without a latrine in a village with low coverage
because having a household latrine provides indi-
rect protection to those who do not have a house-
hold latrine in a village with high latrine coverage.

However, this concept has not been thoroughly
investigated in the field of sanitation, and empirical
studies exploring the herd protection offered by
sanitation interventions are scarce.24–27 Some stud-
ies have attempted to investigate herd protection
against infectious diseases, childhood nutrition, or
mortality from drinking water, sanitation, and/or
hygiene interventions.28–37 Some studies suggested
that sanitation coverage provides an indirect effect
against some diseases, such as trachoma andmalaria,
and on nutritional outcomes. Studies investigating
herd protective effects of water and sanitation on
child diarrhea are scarce, and few studies exam-
ined externalities of sanitation coverage by latrine
type.28–30,38–43

Fuller et al. estimated the herd protection effect
of sanitation improvements using hypothetical
mathematical modeling.23 They highlighted the
knowledge gap in empirical research assessing the
herd protective effects of sanitation interventions. A
recent study on the spill-over effects of sanitation
also has pointed out the knowledge gap on the herd
protective effects of water and sanitation interven-
tions.44 In another recent study by Contreras et al.,
higher community sanitation coverage was associ-
atedwith improved child health, including diarrheal
reduction, but coverage with exclusively hygienic

Although there
are different types
of pit latrines, it is
currently unclear
which latrine
characteristics
help disrupt fecal-
oral transmission.
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latrineswasnot associatedwith any outcome,which
warrants further study.45 We aimed to investigate
whether relatively well-designed pit latrines con-
ferred greater health benefits than poorly con-
structed ones. We compared the performance of
well-constructed and poorly constructed pit latrines
on reducing child diarrhea. We also explored to
what extent indicators of fecal-oral transmission
pathways, such as the presence of feces or flies
around the pit hole, are associated with latrine de-
sign or structure. In addition, we explored whether
children living in a household without a latrine or
with a poorly structured latrine in a village with
high coverage are less likely to have diarrhea than
those living in a household without a latrine or
with a poorly structured latrine in a village with
low coverage.

METHODS
Study Design and Data Collection
This is a secondary analysis of data collected along-
side a cluster randomized controlled trial (cRCT)
that was conducted in 2 districts in Ethiopia to in-
vestigate the effect of CLTS on child diarrhea. The
study protocol of the cRCT was published previ-
ously,46 as were studies on the health and economic
effects of the CLTS intervention.47,48 The trial was
conducted from January 2016 to January 2017.
The 7-day period prevalence of child diarrhea based
on parental reports was assessed 3 months before
and 3, 5, 9, and 10months after the CLTS triggering.
The same dataset for evaluating the health and eco-
nomic effects of the CLTS intervention was used for
this study. In total, 906 households enrolled in this
study in 2015, representing 25.7% of all house-
holds and 80.2%of households with at least 1 child
aged younger than 5 years (U5C) in 48 villages. Of
those enrolled, 865 (95.5%) were followed up at
12–13months after enrollment.

Study Area
The study areas were the Cheha and Enemore Ena
EnerDistricts,whichare located185kmto the south-
west of Addis Ababa, the capital city of Ethiopia. The
population of each district was 133,233 and 204,937,
respectively, in 2014. Crop production, including cof-
fee, khat, and oil seeds, is themajor income source in
these districts. Guragenya are the predominant eth-
nic group, and Muslims and Ethiopian Orthodox
Christians comprise 64%and33%of the population,
respectively.

Sampling and Sample Size
The sample size to design the cRCT was estimated
using the formula developed by Hayes and Bennett

to design the cRCT study.49 The formula produced
48 villages and 1,200 households for the trial. Two-
stage sampling was employed to select subjects.
Forty-eight villages were selected from 212 villages
based on having the lowest water and sanitation
coverage before the intervention.46 We then listed
all the households with at least 1 U5C in 48 villages
and selected 25 households from each village
using SPSS version 21 (IBM Corp., Armonk, NY,
USA) before the baseline survey. We recruited
1,070 households in 48 villages at baseline, which
decreased to 906 households before the first round
of follow-up because some of the registered chil-
dren were found to be duplicated or living in the
same household.

Intervention
CLTS activities (pre-triggering, triggering, post-
triggering, and open defecation-free declaration
and verification) were conducted in 24 inter-
vention villages for 10 months in 2016–2017
(Supplement 1).46,47 Pre-triggering and trigger-
ing were conducted in February and March 2016,
and open defecation-free declaration and verification
were carried out in February 2017. Pre-triggering and
triggering took 1 day per village, respectively. Post-
triggering activities were done for 10 months after
the triggering. CLTS promoters were recruited from
every village to mobilize village residents and en-
courage them to take up household latrines using
locally available and affordable materials. No finan-
cial ormaterial subsidies were provided to any village
residents.

Analysis
We combined the treatment and control groups
and recategorized the households according to
the presence and type of a latrine at the household
level and coverage per type at the village level, re-
gardless of their allocation results in the trial. In
this study, a “study-improved latrine” was defined
as having all of the following: a pit of 2 m or more
depth, slab of any material, drop-hole cover, wall,
roof, door, and handwashing facilities (water and
soap observed).47,48 A “study-unimproved latrine”
was defined as missing 1 or more of these features.
At the same time, we also analyzed the performance
of an improved latrine based on the World Health
Organization/UNICEF Joint Monitoring Program
(JMP) definition, a pit latrine with a slab, which we
referred to as a “JMP-improved latrine.” We could
not carry out some measurements, including pit
depth, fly counts, and feces counts, due to the
heavy floods around the second round of the survey
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(at 5 months) and therefore were unable to catego-
rize latrines as improved or not. Thus, we excluded
the second round of data. We assessed the demo-
graphic and socioeconomic characteristics of care-
givers, household heads, and U5C. Village-wide
variables, such as the coverage of improved water
access, improved latrines, and handwashing at crit-
ical times, were also estimated. Improved latrine
and handwashing practices were measured at
every round of the household survey. For improved
water, the baseline value was analyzed, assuming
that it would remain the same for the 10-month
follow-up period because there was no intervention
for water source improvement during the CLTS
intervention period.

Improved water was defined according to the
JMP criteria.6 For handwashing practices, we defined
appropriate handwashing practices as when partici-
pants responded, unprompted, that they hadwashed
their hands with soap at all 4 of the following critical
times during the previous day: before preparing food,
after defecating, before feeding a child, and after
cleaning a child’s anus.

Primary Outcomes by Latrine Type
First, we compared the diarrhea prevalence of chil-
dren living in households with a study-improved
latrine with those in households with a study-
unimproved latrine. We also compared the diar-
rhea prevalence of children living in households
with a study-unimproved latrine with those in
households without any latrine. We focused on
investigating whether the diarrhea prevalence
was different between children according to the
presence of a study-improved or study-unimproved
latrine in their household. Second,we compared the
presence of feces and flies around the pit hole
between study-improved and study-unimproved
latrines. Feceswere counted on the spot by enumera-
tors. Flies were caught by a glue trap of the same
length that was put around a pit hole for 30minutes.
Similarly, we assessed latrine utilization using 4 dif-
ferent proxy indicators that were directly observed:
thepresenceofwet feces, awornpath from thehouse
to the latrine, the absence of a spider web at the front
part of the latrine, and the presence of odor.

We analyzed village-level coverage of improved
water, sanitation, and hygiene practices as categorical
variables for the primary analysis, not as continuous
variables, because herd protection was expected to
occur when the coverage exceeded a certain thresh-
old level, based on previous studies in the literature.23

When designing the study protocol, we set the
threshold of high coverage at 66%, referring to a

previous trial.37 In this study, we adjusted the
threshold to 50% in terms of the operational defi-
nition of improved latrine (study-improved) and
70% in terms of improved latrine according to
the JMP definition (JMP-improved) because only
a few clusters reached 70% or above at 10 months
of follow-up in terms of operational definition of
improved latrine (study-improved) in this study.
In what follows, “study-improved latrine” refers
to the operational definition of an improved la-
trine in this study, and “JMP-improved latrine”
refers to the improved latrine according to JMP
criteria. For drinkingwater and handwashing prac-
tices, we also set the threshold at 70%, referring to
previous studies.23

Herd Protection
Tomeasure herd protection, we followed the frame-
workproposed byHalloran et al.50 The direct effect is
described as the relative reduction in disease of vil-
lagemembers who directly received an intervention
compared with those who did not receive the inter-
vention. In their study, the direct effect is denoted by
Di/D0, where Di represents the risk of diarrhea in
children in households that took up improved sani-
tation, and D0 represents the risk in those without
an improved latrine.Herd protection (indirect effect)
is denoted by D0_high/D0_low, where D0_high repre-
sents the risk of diarrhea in the children in house-
holds without improved latrine in high-coverage
communities, and D0_low represents the risk in those
without an improved latrine in low-coverage com-
munities. We separated D0 into Dun and Dno, where
Dun represents the risk of diarrhea in children in
households that took up a latrine but not an im-
proved one, and Dno represents the risk of diarrhea
in those without any type of latrine. We analyzed
both D0_high/D0_low and Dun_high/Dun_low. We could
not analyze Dno_high/Dno_low because there were
too few households without any latrines in high-
coverage communities (Figure 1).

For assessing direct and indirect effects, we
used generalized estimating equations to explore
a population-averaged effect. For assessing herd
protection, we maintained those with an unim-
proved or no latrine in the dataset while dropping
all other subjects and estimated the effect of high
coverage in the marginal model. By doing so, we
could compare 2 children with an unimproved or
no latrine, 1 living in a community of high cover-
age and the other of low coverage, according to
the thresholds previously reported. The same
methods were applied also for assessing the direct
effect. Exchangeable covariance matrix, log link,
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and robust standard errors were used for the gen-
eralized estimating equations. We adjusted for the
key confounding factors, including child age and
sex, the presence of improved water for drink-
ing, and appropriate handwashing at 4 critical
times (before preparing food, after defecating,
before feeding a child, and after cleaning a child’s
buttocks).

Multilevel Modeling of the Coverage Effect
To further understand the herd protection offered
by village-level coverage, multilevel logistic re-
gression analysis was applied, in which repeat
observations of the same individual (survey
time) were the first level, individuals were the
second level, and villages were the third level.
We fitted 6 different models. Model 1(level 1
with only time variable) was used as the baseline
model to decompose the total variance of diar-
rhea between the individual and village level.
This was selected as the baseline model because
an intercept-only model (null model) overestimates
the variance at the occasion level and underesti-
mates the variance at the subject level.51

Model 2 contained only individual-level fac-
tors, whereas model 3 only included village-level
variables. We extended these single-level factors
to form models 4, 5, and 6 by accommodating
individual- and village-level variables.We estimated
a fixed slope for the coefficient of an improved
latrine in model 5, whereas a random slope was
used in model 6.

Measures of association (fixed effects).
Odds ratios weremeasured to assess the associations
between individual-level variables and the preva-
lence of diarrhea with 95% confidence intervals
and their P-values after adjusting for potential con-
founders at both the individual and village levels.

Measures of variation (random effects).
We explored random effects by assessing village-
level variance, the median odds ratio (MOR), intra-
cluster correlation, proportional change in variance
(as a percentage), and upper and lower interval
odds ratios (IORs).52,53

Model fitness test. The deviance, defined as
�2�LN (likelihood), indicates the model fit of the
data, where LN is the natural logarithm and likeli-
hood is the value of the likelihood function at con-
vergence. The lower the deviance, the better the
model fits. In this study, all the models we com-
paredwere nested,meaning amore generalmodel
can derive a more specific model by removing
some parameters. In the 2 nested models, the dif-
ference in the deviances follows a chi-square dis-
tribution. We performed the likelihood ratio test
to explore the difference in the deviance between
the 2 models.

We used the following equation for estimating
the proportional change in community variance:

ðPCVCÞ : PCVC ¼ ðVC-1 � VC-2Þ=VC-1

where VC-1 is the community variance in the empty
model andVC-2 is the community variance in another
model. For example, comparing model 1 with model

FIGURE 1. Indirect Effect of Improved Latrines on Risk of Diarrhea in Children

Abbreviations: Di, risk of diarrhea in children in households that took up improvement sanitation; Dno, risk of diarrhea in children without
any type of latrine; Dun, risk of diarrhea in children in households that took up a latrine but not an improved one, JMP, World Health
Organization/UNICEF Joint Monitoring Program.
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2, if PCVC is 0.3, then 30% of the community vari-
ance in the empty model is attributable to the com-
munity factors considered.52,53

Ethical Approval
We obtained ethical approval from the National
Research Ethics Review Committee of the
Ethiopian Government (NRERC 3.10/032/2015;
July 29, 2015). This trial was registered as an
ISRCT (ISRCTN82492848, March 13, 2015).
Informed consent for enrollment was obtained from
caregivers in written form.

RESULTS
Table 1 provides both the individual characteris-
tics of household members who participated in
this study over 1 year and details on village-wide
coverage of improved water, sanitation, and hy-
giene. At 10 months of follow-up after the CLTS
triggering, 166 (19.2%) households in 48 villages
had completed the construction of an improved
household latrine meeting all the study criteria, and
97 (11.2%) used an improved latrine overall (based
on direct observation on wet feces). Overall, the
average age of the youngest U5C in the 906 house-
holdswas24months (standarddeviation, 16months).
Of 906 household heads, 58% were Muslim and
37%were Christian. Farmers accounted for 80% of
household heads’ occupation (data not shown).

The majority of caregivers had not graduated
from primary school. At baseline, only a small pro-
portion of people (17.8%) reported they washed
their hands with soap at all 4 critical times (after
defecating, before food preparation, after cleaning
child’s buttocks, and before feeding child). There
were 10 of 48 villages with an improved latrine cov-
erage of 50% or above at 10 months after the
triggering. The number of households in the
high-coverage group (i.e., 50% or above in terms
of study-improved latrine) was 0 at baseline but
reached 158 (18.3%) at 10 months. The number
of villages with a high coverage level of improved
water was 16 of 48 villages at baseline, and we as-
sumed that this figure would remain unchanged
because no interventions were done during the
trial.

Table 2 shows that children living in house-
holds with access to a study-improved latrine
were less likely to contract diarrhea than their
counterparts with a study-unimproved latrine.
The U5C in households with a study-improved
latrine had an over 50% lower odds of contracting
diarrhea than those living in households with a
study-unimproved latrine adjusting for child age

and sex, the presence of improved water for drink-
ing, and appropriate handwashing at 4 critical
times (adjusted odds ratio [aOR]¼0.46; 95% confi-
dence interval [CI]¼0.27, 0.81; P¼.006) The aOR
of contracting diarrhea among children living in
households with a study-unimproved latrine com-
pared with those without any latrine indicated
a smaller reduction in the odds (aOR¼0.76;
95% CI¼0.40, 1.44; P¼.40). Supplement Table S1
shows that the odds of having diarrhea among those
with a JMP-improved latrine were not significantly
different from thosewith a JMP-unimproved latrines
that did not meet the criteria of improved latrine
based on JMP definition (aOR¼0.99; 95% CI¼0.56,
1.79; P¼.99) (Figure 2).

As shown in Table 3, study-improved latrines
also showed better performance for the transmis-
sion pathway of fecal-oral contamination. The
odds of the presence of flies around the pit hole
were much smaller in study-improved latrines
than in study-unimproved latrines, and the same
was true for the presence of feces around the pit
hole. Compared to poorly constructed latrines, bet-
ter latrines showed lower odds of the presence of
feces and flies around the pit hole (aOR¼0.50;
95% CI¼0.33, 0.75; P¼.001; aOR¼0.05; 95%
CI¼0.03, 0.10; P<.001, respectively). For latrine
use, we detected no significant difference between
those who had a study-improved latrine and those
who did not regarding the 4 proxy indicators
(Table 4).

We divided the 48 villages into high-coverage
and low-coverage groups. Table 5 shows the mag-
nitude of the indirect effect (herd protection) and
direct effect of a study-improved latrine. Of the
children living in households without a latrine or
with a study-unimproved latrine, those in the
high-coverage villages (70% or more coverage of
a JMP-improved latrine) were less likely to con-
tract diarrhea than those in low-coverage villages
(aOR¼0.55; 95% CI¼0.35, 0.86; P¼.008). The
odds of contracting diarrhea among children who
lived in a householdwith a study-improved latrine
in high-coverage areas were 67% lower than
those of children who lived in a household with a
study-unimproved latrine in a low-coverage area
(aOR¼0.33; 95% CI¼0.14, 0.79; P¼.01).

We found similar pattern for direct and indirect
effects when we changed the definition of high-
coverage areas to “communities with the coverage
of 50% or above in terms of a study-improved
latrine” although we found no statistical differ-
ence (Supplement Table S2).

Table 6 shows the analysis results of multilevel
models. Based on the model fit test, the model
containing both individual- and village-level
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TABLE 1. Basic Characteristics of Participants and Their Community, Two Districts, Rural Ethiopia

Baseline
3 months,
June 2016

9 months,
December 2016

10 months,
January 2017

Individual/household variable

Caregiver

Age, mean (SD), years 29.7 (5.6)

Education, % (n/N)

None 63.8 (578/906)

1–4 grade completed 12.8 (116/906)

5–8 grade completed 12.6 (114/906)

Gender, female 98.5 (892/906)

Household head, % (n/N)

Ethnicity, Guragenya 95.4 (864/906)

Religion

Muslim 58.3 (528/906)

Christian 37.3 (338/906)

Child

Age, mean (SD), months 24.2 (15.8)

Sex, female, % (n/N) 50.3 (456/906)

Improved water, % (n/N) 73.5 (666/906)

Improved latrine, % (n/N) 0.3 (3/906) 12.4 (102/822) 15.4 (127/824) 19.2 (166/865)

Handwashing (4 times), % (n/N) 17.8 (162/906) 12.2 (100/822) 19.2 (158/824) 21.4 (185/865)

Collective variables

High coverage of improved watera, % (n/N)

Household 70.6 (640/906)

Cluster 33.3 (16/48)

High coverage of study-improved latrineb, % (n/N)

Householdc 0 (0/906) 6.6 (54/822) 10.6 (87/824) 18.3 (158/865)

Cluster 0.0 (0/48) 8.3 (4/48) 10.4 (5/48) 20.8 (10/48)

50%–59% 0d 2 1 4

60%–69% 0 0 1 2

70%–79% 0 1 2 3

80%–89% 0 1 1 1

High coverage of handwashinge, % (n/N)

Household 0.0 (0/906) 6.7 (55/822) 5.6 (46/824) 11.1 (96/865)

Cluster 0.0 (0/48) 8.3 (4/48) 6.3 (3/48) 12.5 (6/48)

Abbreviation: SD, standard deviation.
a High coverage is 70% or more of improvedwater (piped water into dwelling, plot or yard; public tap/standpipe; tubewell/borehole; protected dugwell; protected spring;
and rainwater).
b High coverage is 50% or more of improved latrine, defined as having a pit of≥2m depth, slab of any material, drop-hole cover, wall, roof, door, and handwashing facilities
(water and soap observed).
c Households in the villages of high coverage of a study-improved latrine.
d Number of villages in each category of coverage.
e High coverage is 70% or more handwashing (washing hands at before preparing food, after defecating, before feeding a child, and after cleaning a child’s buttocks).
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variables had the best fit, andmodel 6with a random
slope for an improved latrine was finally selected.
Based on the results of fixed effects, when compar-
ing 2 children with similar predicted risk, 1 living in
a community of higher latrine coverage and the oth-
er of lower coverage, the odds of having diarrhea
decreased by 62% for the former (95% CI¼6%,
84%). However, this model could explain only
7% of the variance in diarrhea in the baseline
model at the cluster level (proportional change in
variance of model 6 compared with model 1), and
the IOR-80% for diarrhea was large, from 0.34 to
6.22. According to the results in the random
effects, when comparing the odds of 2 randomly
chosen children having diarrhea (1 from a high-
coverage community and the other from a low-
coverage community), the middle 80% of the
odds ratio will lie between 0.34 and 6.22. The MOR
quantifying the variation between communities
by comparing 2 persons from 2 randomly chosen,
different communities was 2.14, suggesting there
are considerable between-community variations.

DISCUSSION
This study suggests that children living in house-
holds with a study-improved latrine were less likely

tohavediarrhea than thosewith a study-unimproved
latrine and those with a JMP-improved latrine. In
addition, study-improved latrines had herd-protective
effects when the level of coverage was high (study-
improved latrine coverage was 50% or more).
Children living in a household without a latrine
or with a study-unimproved latrine in a village with
high coverage were less likely to contract diarrhea
than those without a latrine or with a study-
unimproved latrine in a village with low coverage.
The 2 attributes most commonly missing from
JMP-improved latrines that prevented them from
being categorized as “study-improved” were drop-
hole cover and pit-depth at 10 months (Supplement
Table S3).

Latrine use was not substantially different
between members of households with a study-
improved and study-unimproved latrine based on
direct observations. In this regard, a possible expla-
nation for the lower odds of contracting diarrhea
among children living in a household with a study-
improved latrine than in those living in a household
with a study-unimproved latrine could be a reduc-
tion in the chances of direct contact with feces via
hands or feet or indirect contact via flies inside or
around the latrine due to the improved status of a
latrine rather than increased latrine use. We found

TABLE 2. Performance of Latrines on Child Diarrheal Prevalence by Type of Latrine

Absence of Latrinea
Presence of Latrine, but Not a

Study-Unimproved Oneb
Presence of a Study-
Improved Latrine

Unadjusted Adjusted Unadjusted Adjusted

Allc aOR (95% CI) 1.0 0.73 (0.39, 1.39) 0.76 (0.40, 1.44) 0.46 (0.26, 0.80) 0.46 (0.27, 0.81)

P-valued — .34 .40 .006 .006

3 months, June
2016

% (n/N) 17.54 (10/57) 15.08 (100/663) 15.08 (100/663) 7.84 (8/102) 7.84 (8/102)

aOR (95% CI) — 0.91 (0.19, 4.29) 1.33 (0.26, 6.79) 0.27 (0.05, 1.32) 0.26 (0.04, 1.51)

P-value — .91 .73 .11 .13

9 months,
December 2016

% (n/N) 21.43 (9/42) 11.60 (76/655) 11.60 (76/655) 6.30 (8/127) 6.30 (8/127)

aOR (95% CI) — 0.23 (0.02, 2.36) 0.20 (0.02, 2.18) 0.50 (0.03, 8.83)

P-value — 0.22 0.19 0.64

10 months,
January 2017

% (n/N) 17.07 (7/41) 9.42 (62/658) 9.42 (62/658) 4.22 (7/166) 4.22 (7/166)

aOR (95% CI) — 0.66 (0.22, 1.95) 0.68 (0.24, 1.95)

P-value — .45 .48

Abbreviations: CI, confidence interval; aOR, adjusted odds ratio.
a Reference: absence of latrine (adjusted for individual variables: child’s age and sex, presence of an improved water source, handwashing behavior at 4 critical
times).
b Reference: presence of a latrine but not a study-improved one (adjusted for individual variables: child’s age and sex, presence of improved water source, hand-
washing behavior at 4 critical times).
c All the data of June, December, and January were pooled.
d Blanks in the crude and adjusted analysis: the regression model did not converge.

Study-improved
latrines had herd-
protective effects
when the level of
coveragewas
high.
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that the odds of feces or fly presence around the
pit hole were consistently lower in study-
improved latrines than in study-unimproved
latrines. Similarly, the number of flies was also
lower in study-improved latrines than in study-
unimproved ones.

The importance of an improved latrine, even
relative to other types of pit latrines, has been
highlighted in several studies.1,22 The finding that
study-improved latrines had more health benefits
than study-unimproved latrines in the category of
pit latrines is consistentwith a previous study done
in theDemocraticRepublic ofCongo.54Nakagiri et al.
investigated the association between diarrhea and
each specific component of a latrine, such as the pit
depth, slab, pit-hole cover, and wall.22 According to
their study, pit depth and the presence of a slabwere
associated with diarrhea reduction by directly dis-
rupting fecal-oral transmission. The herd-protective
effect of the sanitation intervention was consistent
with previous simulationmodeling studies.23

We could not overcome the typical limitations
of the 7-day period prevalence of diarrhea ascer-
tainment solely based on caregivers’ reports, which
entails several biases, such as reporting bias, recall
bias, and social desirability bias.

For latrine use, we used observation results us-
ing 4 different proxy indicators; however,we cannot
rule out any possibility that the 4 different proxy

indicators may not fully represent their actual use
of a latrine. Further research is needed to determine
towhat extent these indicators adequately represent
the actual use of latrines.

Measuring latrine use continues to be a chal-
lenge. Efforts to use electronic motion sensors have
shown promise in a study in Orissa, but implemen-
tation is costly.55 A low-cost measurement method
of assessing latrine use needs to be developed to be
employed at a large scale and a lower cost, for exam-
ple by using survey tools that camouflage the true
purpose of a studymeasuring latrine use.56

The fact that we could not detect significant
differences in 4 distinct indicators of latrine use indi-
cates that the possible explanation for the better
health benefits of a study-improved latrine lies in
the improved status of the latrine structure rather
than in increased household latrine use alone.

In this study, we used IOR and MOR because
the usual odds ratio interpretation is incorrect for
quantifying associations between variables at the
cluster level and outcomes at the individual level.
The variable of interest, community-level coverage,
does not vary between individuals within the com-
munity, and we thus have to compare persons with
different random effects. The IOR indicates the in-
terval that 80% of odds ratios of having diarrhea lie
between 2 randomly chosen children with identical
individual covariates, 1 from a high-coverage village

FIGURE 2. Performance of a Latrine on Child Diarrheal Prevalence by Type of Latrine

Abbreviation: JMP, World Health Organization/UNICEF Joint Monitoring Program.
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TABLE 3. Performance of Latrines on Transmission Pathways by Type of Latrine

Presence of Feces
Around Pit-Hole

Presence of Flies
Around Pit-Hole

Number
of Flies

Presence of
Study-Unimproved

Latrine

A Study-
Improved
Latrine

Presence of
Study-Unimproved

Latrine

A Study-
Improved
Latrine

Presence of
Study-Unimproved

Latrine

A Study-
Improved
Latrine

All aOR (95% CI) 1.0 (reference) 0.50 (0.33, 0.75) 1.0 (reference) 0.05 (0.03, 0.10) 1.0 (references) –0.35 (–0.40, –0.29)

P-value .001 <.001 <.001

3 months, June 2016a % (n/N) 241/660 27/102

% 36.5% 26.5%

aOR (95% CI) 0.60 (0.04�8.67)

P-value .71

9 months, December 2016 % (n/N) 23.4 (153/655) 19.0 (19/127) 83.5 (545/653) 48.4 (61/126) 10.6 (0.6) 2.1 (0.4)

Mean (SD) 10.6 (0.6) 2.1 (0.4)

aOR (95% CI) 0.45 (0.16, 1.24) 0.05 (0.01, 0.30) –0.34 (–0.42, –0.27)

P-value .12 .001 <.001

10 months, January 2017 % (n/N) 22.6 (149/658) 8.4 (14/166) 83.0 (546/658) 32.5 (54/166)

Mean (SD) 6.9 (0.3) 1.5 (0.3)

aOR (95% CI) 0.25 (0.06, 0.94) 0.16 (0.11, 0.23) –0.41 (–0.49, –0.34)

P-value .04 <.001 <.001

Abbreviations: CI, confidence interval; aOR, adjusted odds ratio; SD, standard deviation.
a Blanks in some column in June: flies were not counted.

TABLE 4. Latrine Use by Type of Latrine

Wet Feces No Spider Web Worn Path Odora

Presence of
Study-Unimproved

Latrine

Presence of
Study-Improved

Latrine

Presence of
Study-Unimproved

Latrine

Presence of
Study-Improved

Latrine

Presence of
Study-Unimproved

Latrine

Presence of
Study-Improved

Latrine

Presence of
Study-Unimproved

Latrine

Presence of
Study-Improved

Latrine

3 months,
June 2016

% (n/N) 45.3 (300/663) 57.8 (59/102) 45.3 (300/663) 59/102 45.3 (300/663) 57.8 (59/102)

OR (95% CI) 1.07 (0.53, 2.15) 1.06 (0.53, 2.15) 1.07 (0.53, 2.16)

P-value .85 .85 .85

9 months,
December 2016

% (n/N) 64.3 (421/655) 68.5 (87/127) 65.5 (429/655) 63.0 (80/127) 84.7 (555/655) 83.5 (106/127) 70.4 (461/655) 65.4 (83/127)

OR (95% CI) 1.22 (0.38, 3.96) 0.56 (0.21, 1.54) 0.84 (0.33, 2.13) 0.76 (0.15, 3.76)

P-value .74 .27 .71 .74

10 months,
January 2017

% (n/N) 63.2 (416/658) 58.4 (97/166) 78.7 (518/658) 59.6 (98/166) 92.9 (611/658) 68.1 (113/166) 85.3 (561/658) 62.7 (104/166)

OR (95% CI) 1.52 (0.61, 3.78) 0.47 (0.16, 1.42) 0.55 (0.11, 2.77) 0.39 (0.14, 1.07)

P-value .36 .18 .47 .07

Abbreviations: CI, confidence interval; OR, odds ratio.
a Odor was not measured in June.
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and the other from a low-coverage village. The in-
terval contains 1, suggesting that the effect of cov-
erage is small compared to the cluster variability.
TheMORquantifies the variation between villages
by comparing 2 children with the same covariates
from 2 randomly chosen different villages. The
MOR in this study was 2.14, which suggests that
if a child moves to another village with a higher
probability of havingdiarrhea, the risk of contracting
diarrhea will increase 2.14 times. The final model in
the multilevel regression analysis explained only a
small percentage of the variance in diarrhea at the
village level. This points to the fact that there is still
large unexplained variance in child diarrhea at the
village level in our final model. We could not mea-
sure water quality, and handwashing behavior was
based on self-report. We infer that the unexplained
variance at the village level might have been reduced
if we could have included properly measured cover-
age of water quality and handwashing behavior. If
the coverage of a study-improved latrine reached
universal coverage, we could explain more variance
of child diarrhea at the village level, which warrants
further study.

We excluded coverage of improved water and
handwashing in the final model based on themodel
fit test results. Caution is needed when interpreting
the final model with no context variables of water
and handwashing. This study may not suggest that
water and handwashing coverage does not matter.
The reason that the finalmodel does not includewa-
ter and handwashing coverage may probably lie in
the method of measurement method of improved
water and handwashing. We could not measure
the coverage of clean water based on water quality

at the point of use. In addition, we relied on respon-
dent’s self-report for handwashing behavior instead
of direct observation. If we hadmeasured coverage of
cleanwater based onwater quality at the point of use
and observed handwashing behavior instead of rely-
ing on interviewees’ recall to estimate coverage of
handwashing, the final model might have included
community-level water and handwashing behavior
coverage, which also still need further research.

We assumed that improved water coverage
remained the same, as the observation period after
CLTS triggering in the trial was only 10 months,
and there was no water project in the study area.
However, we could not rule out any possibility
that it could get better or worse, which was not
reflected in our study.

For confounding variables in the adjusted analy-
sis, we referred to previous studies57,58 thatmodeled
risk categories to predict child diarrhea that sug-
gested that socioeconomic characteristics affect
diarrhea indirectly via water, sanitation/envi-
ronment, and hygiene/food. We controlled for
child age, sex, water, and handwashing beha-
viors in the adjusted analysis, but we could not
include food hygiene and childcare-related variables
due to the absence of data, which is a limitation of
this study.

We believe that this study has policy implica-
tions in terms of advocating for achieving universal
health coverage of water, sanitation, and hygiene.
This study also suggests that the potential of “im-
proved sanitation” in many existing studies may
have been frequently underestimated because the
quality was poor and the coverage, particularly of

TABLE 5. Magnitude of Indirect Effect and Direct Effect of Study-Improved Latrine

Low coverage High coverage

Comparison of study-
unimproved/no latrine in

high- and low-coverage areas

Comparison of study-
improved latrine in high-coverage

areas and all othersa

Absence of
a latrine

Presence of a latrine,
but not an

improved one
Absence of
a latrine

Presence of a latrine;
but not an

improved one
Improved
latrine aOR (95% CI) P-Value aOR (95% CI) P-Value

All 0.55 (0.35, 0.86) .008 0.33 (0.14, 0.79) .01

June
(3 months)

% (n/N) 20.5 (8/39) 17.6 (55/312) 11.1 (2/18) 12.8 (45/351) 9.0 (7/78) 0.68 (0.44, 1.04) .08 0.58 (0.28, 1.19) .14

December
(9 months)

% (n/N) 36.4 (4/11) 15.0 (3/20) 16.1 (5/31) 11.5 (73/635) 6.3 (8/127) 0.68 (0.29, 1.60) .37 0.27 (0.09, 0.78) .02

January
(10 months)

% (n/N) 50.0 (3/6) 23.1 (3/13) 11.4 (4/35) 9.1 (59/645) 4.2 (7/166) 0.40 (0.26, 0.62) <.001 0.22 (0.06, 0.85) .03

Abbreviations: CI, confidence interval; aOR, adjusted odds ratio.
a Study-unimproved or no latrine in low-coverage areas, based on 70% coverage of Joint Monitoring Program improved latrine.

This study
suggests that the
potential of
“improved
sanitation” in
many studiesmay
have been
frequently
underestimated
because the
quality of
improved latrines
was poor and the
coveragewas low
or did not reach a
sufficient level in
many trials.
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improved latrines, was low or did not reach a suf-
ficient level in many trials.59–62

We recommend that academic studies and rou-
tine monitoring and evaluation programs should
measure more latrine characteristics and compare
multiple latrine categories instead of just binary
comparisons.

The definition of an “improved latrine” should
be revisited, at least in the research domain, with a

focus on gathering more substantial evidence
through rigorous investigation. This is to ascer-
tain whether sanitation facilities can effectively
contain feces to prevent fecal contamination. The
revised definition should emphasize the latrine’s
performance or functionality in interrupting trans-
mission. Consequently, some latrines currently
classified as “improved latrines” might need to be
reclassified as “unimproved.”

TABLE 6. Results of Multilevel Analysis

Model 1
Model 2 Model 3

Model 4 Model 5 Model 6

Empty Model
Individual-Level

Variables
Community-Level

Variables

Individual and
Community-Level

Variables

Individual and
Community-Level

Variables

Individual and
Community-Level

Variables

Fixed parts fixed slope fixed slope random slope

Predictor, OR (95% CI)

Intercept 0.13 (0.08, 0.22) 0.48 (0.18, 1.28) 0.19 (0.09, 0.41) 0.47 (0.18, 1.25) 0.60 (0.20, 1.77) 0.36 (0.17, 1.23)

Time 0.81 (0.73, 0.91) 0.81 (0.73, 0.91) 0.84 (0.75, 0.94) 0.67 (0.55, 0.81) 0.67 (0.55, 0.82) 0.67 (0.5, 0.81)

Study, improved latrine 0.48 (0.27, 0.83) 0.60 (0.33, 1.07) 0.60 (0.33, 1.08) 0.40 (0.15, 1.13)

Improved water 0.88 (0.55, 1.41) 0.87 (0.54, 1.40) 0.95 (0.58, 1.56) 0.85 (0.52, 1.38)

Handwashing 1.03 (0.63, 1.69) 1.05 (0.64, 1.72) 1.11 (0.64, 1.91) 1.06 (0.63, 1.75)

Child’s sex 1.41 (0.89, 2.25) 1.44 (0.90, 2.29) 1.45 (0.91, 2.31) 1.47 (0.91, 2.36)

Child’s age 0.97 (0.96, 0.99) 0.97 (0.96, 0.99) 0.97 (0.96, 0.99) 0.97 (0.96, 0.99)

Coverage of study-improved latrines 0.43 (0.19, 0.98) 0.43 (0.19, 0.97) 0.43 (0.19, 0.98) 0.38 (0.16, 0.94)

Coverage of improved water - 0.67 (0.31, 1.42) - -

Coverage of handwashing - 0.90 (0.46, 1.75) - -

Random parts

Cluster-level variance 0.86 (0.15) 0.82 (0.14) 0.79 (0.14) 0.79 (0.14) 0.80 (0.14) 0.80 (0.14)

Individual-level variance 1.16 (0.16) 1.06 (0.16) 1.18 (0.16) 1.07 (0.16) 1.07 (0.16) 1.12 (0.17)

ICC-VPC 0.18 (ICC) 0.17 (ICC) 0.16 (VPC) 0.43 (VPC) 0.43 (VPC) 0.42 (VPC)

Explained variation Ref (cluster) 4.7% 8.1% 9.3% 7.0% 7.0%

(i.e., PCV in %) proportional
change in variance by the
new model

Ref (individual) 8.6% - 8.6% 7.8% 3.8%

Deviancea 1667.4 1644.6 1657.5 1639.1 1640.3 1635.1

Model fit test results,b chi-square
(P-value)

- 22.81 (P<.001) - 5.52 (P¼.14) 4.28 (P¼.04) 5.22 (P¼.02)

MOR 2.26 2.18 2.12 2.12 2.17 2.14

IOR upper, lower 6.42, 0.37 6.42, 0.37 6.54, 0.36 6.22, 0.34

Abbreviations: ICC, intra-cluster correlation; IOR, interval odds ratio; MOR, median odds ratio; PCV, proportional change in variance; VPC, variance partition
coefficient.
a The deviance: –2 � LN (likelihood), where likelihood is the value of the likelihood function at convergence, and LN is the natural logarithm.
b The likelihood ratio test (Model 4 of lower deviance was compared with Model 2 of larger value, which was not significantly different (P¼.14). Model 5 of lower
deviance was compared with Model 2 of larger deviance, which was significantly different (P¼.04). Model 6 has the lowest value of deviance was compared
with Model 5, which was significantly different (P¼.02). Hence, we finally selected Model 6.
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In numerous sanitation interventions, particu-
larly those involving CLTS, the importance of latrine
quality appears to have been neglected. Until now,
the emphasis on latrine quality or design has not
been adequately addressed. In fact, a key principle
in the conventional CLTS approach is not to make
suggestions regarding the latrine design. Dr. Kamar
Kar, the founder of CLTS, argued that placing em-
phasis on latrine design could lead to issues of in-
equality. He suggested that the most vulnerable
individuals within a community could become fur-
ther marginalized due to their difficulty in accessing
higher-quality latrines.7 His concern is understand-
able, as superior latrine facilities might incur costs
that these vulnerable individuals cannot afford.
However, if community members cannot reap the
benefits of a latrine, it is uncertain whether they
would be motivated to continue their climb up the
sanitation ladder. Instead, one could deduce that if
they experience no advantages from using a latrine,
theymight revert to their previous practices of open
defecation.63

Patil et al. argued that sanitation remains benefi-
cial, even if it does not have a direct effect on health,
due to its other social benefits, which might imply
that the quality of the latrine is of lesser importance.60

Ross et al. reported that a sanitation intervention in-
creased the quality of life in low-income settings.5

This claim warrants further empirical research in dif-
ferent settings to confirmwhether the proposed social
benefits extend to low-quality latrines deemed suffi-
cient inmany CLTS interventions.

We need to find better ways to roll out sanita-
tion interventions that can deliver high-quality
toilets, which interventions focusing on behavior
change seem unable to do.

Humphrey et al. advocated new and innova-
tive interventions “that are less dependent on be-
havior change and more efficacious in reducing
fecal exposure—a paradigm shift away from how
rural WASH programs are delivered.”64 Given the
low compliance rate with current sanitation inter-
ventions that emphasize behavior change, we
may need to rethink these interventions and seek
an appropriate approach toward achieving uni-
versal sanitation coverage.

CONCLUSION
This empirical study demonstrated the existence
of herd protection from a sanitation intervention
and confirmed the importance of reaching universal
coverage forwater, sanitation, and hygiene.We rec-
ommend that academic studies and routine program
monitoring and evaluation measure more latrine
characteristics and evaluate multiple latrine catego-
ries instead of making binary comparisons only.

Future research should investigate the relation-
ship between latrine design and health outcomes.
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