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Abstract. Studies assessing the impacts of school-based water, sanitation, and hygiene (WASH) interventions have
revealed inconsistent improvements in pupils’ health and educational outcomes. This may be in part due to suboptimal
project fidelity or adherence. As part of a matched-control trial of a comprehensive school-based WASH project in Mali,
we measured the degree to which schools met four prespecified WASH targets, comprised of 15 criteria, 0-3 years after
program implementation. We compared achievement of the targets and criteria between beneficiary and matched con-
trol schools, and compared achievement within beneficiary schools at baseline and at follow-up visits. We assessed the
“as-treated” associations between WASH target achievement and pupil diarrhea, respiratory symptoms, and absence.
Between 44% and 81% of beneficiary schools achieved each target. Although adherence was inconsistent across
schools, beneficiary schools, on average, met more WASH targets than matched control schools, and beneficiary
schools also met more WASH targets at follow-up than at baseline. Very few of the targets were individually associated
with health and absenteeism outcomes. Increasing achievement of multiple WASH targets together was associated with
a lower odds of pupils having diarrhea (P trend < 0.01) and having respiratory symptoms (P trend < 0.01), but was not
associated with roll-call absence (P trend = 0.14) or pupil-reported absence (P trend = 0.41). These results indicate that
a comprehensive WASH intervention and a focus on increasing adherence may help maximize the health effects of

school WASH programs, but that WASH alone might not be sufficient to decrease pupils’ absenteeism.

INTRODUCTION

Inadequate water, sanitation, and hygiene (WASH) causes
an estimated 83 million disability adjusted life years (DALYS)
annually, contributing to nearly one-third of DALYs associ-
ated with environmental risk." Schools can play an important
role in the transmission cycle; crowded and unsanitary school
WASH conditions have the potential to serve as foci for dis-
ease transmission. According to best estimates by The
United Nations Children’s Fund, only 51% of schools in low-
income settings have access to water, and 45% have ade-
quate sanitation facilities.? Access to microbiologically safe
water, hygienic sanitation facilities, and water and soap for
handwashing, along with sufficient behavior change, has the
potential to both limit transmission at the school and foster
improved WASH practices in future generations.

Although there is biological plausibility supporting the
health and educational benefits of providing WASH in schools,
evaluations of school WASH programs have shown mixed
results.®>® Improvements to WASH at schools have some-
times been shown to reduce diarrheal disease,®® acute respi-
ratory infections,'® soil-transmitted helminth reinfections,
and absence among pupils.®'? However, these effects are
often not consistent between studies and within studies they
are dependent on study context and/or the subgroup of
pupils under study.

Possible reasons for the mixed results of school WASH
trials may be weak program design (i.e., weak theory of
change), poor program fidelity (e.g., whether the program
achieved implementation targets), limited adherence (e.g.,
low level of engagement by beneficiaries), or weak evalua-
tion design and implementation. Very few rigorous studies
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have focused on evaluating these factors within school
WASH trials. Recent school WASH trials in Kenya investi-
gated intervention fidelity and adherence and found improve-
ments to WASH infrastructure, but usually not to optimal
levels.*"®7'5 The lack of consistent evidence of impact may
also be that pupils’ health and education are influenced by
many other factors that are not related to the WASH condi-
tions in schools, such as socioeconomic factors. Further,
without proper pupil behaviors and operation and mainte-
nance of facilities, WASH programs may be insufficient in
breaking the transmission cycle and may even increase
exposure to fecal pathogens.'? In addition, some school
WASH programs target only one WASH intervention, such
as handwashing, and a more comprehensive program may
be necessary to fully disrupt the disease transmission cycle.

Another related reason for these mixed results may relate
to the measure of effect. Most trials report the intention-to-
treat (ITT) results—the average effect of the intervention on
the outcome without regard to the achievement of project
outputs and outcomes, or fidelity and adherence.'® However,
it is known that if fidelity of the project or adherence to an
intervention is poor, the ITT results may not reflect the true
effect of the intervention on the outcomes for adherers.'”
As-treated, per-protocol, or instrumental variable analyses
are better suited to measure the contribution of fidelity and
subsequent adherence. Recent secondary analyses have been
used to supplement previous WASH trials, and show that
the pupils attending the more adherent schools were those
who were less likely to have diarrhea or to be absent.'*®

A comprehensive school-based WASH project—the
Dubai Cares Initiative in Mali for WASH in schools (DCIM)—
was carried out in over 900 primary and secondary schools
in Mali between 2011 and 2014. Results from an ITT analy-
sis showed beneficiary schools had lower rates of self-
reported diarrhea and respiratory infection symptoms and
absence due to diarrhea, but higher rates of roll-call
absence compared with the control schools.® The purpose
of this article is to report on project fidelity and adherence
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vis-a-vis achievement of predetermined WASH perfor-
mance output and outcome targets, and to conduct an
as-treated analyses to quantify the extent to which the
achievement of these WASH targets—both individually and
collectively—impacted children’s diarrhea, respiratory infec-
tion symptoms, and absence.

METHODS

Study setting. The DCIM program was implemented in
916 primary and secondary schools in six of Mali’'s nine
regions, including Bamako District, Koulikoro, Gao, Mopti,
Timbuktu, and Sikasso; however, an armed conflict began
in March 2012 and the program was discontinued in Timbuktu,
Gao, and parts of Mopti regions. The project was implemented
by CARE Mali, Oxfam GB, Save the Children US, UNICEF-
Mali, and WaterAid Mali, and was financially supported by
the Dubai Cares Foundation.

Core activities of the project are listed in Table 1. The com-
prehensive WASH program included water supply, sanitation,
WASH supplies, and information, education, and communi-
cation activities. The program was adapted over time, so that
lessons learned from earlier phases of implementation were
applied to improve the program as it progressed. Over the
4 years of program implementation, improvements were made
to the design of the latrines and handwashing stations as well
as approaches for hygiene promotion among children. Most
of the partners also shifted to using a community-led total
sanitation approach to engage the surrounding communities.
Performance monitoring data were collected following the
completion of program activities to inform on the program’s
success in creating sustained improvements in the school
WASH environments.

Study sample. Our study sample consisted of 100 benefi-
ciary schools and 100 matched control schools that were
used in the previously reported ITT analysis. The inclusion
criteria for beneficiary schools participating in the study were
that they were primary schools scheduled to receive the
DCIM intervention by June 2013 and located in parts of Mali
that were not part of the armed conflict (i.e., not in Timbuktu
and Gao regions or unstable areas within Mopti region).
Matched control schools were selected based on educational
district, water and sanitation access, and enroliment size.
Within each school, 20 boys and 20 girls from grades 3-6
were systematically sampled from class registers and the

TaBLE 1

same pupils were followed until study completion. Pupils
who left the cohort (7.4%) during the school year were
replaced with other pupils in the same class using systematic
random sampling. Pupils who advanced into the seventh
grade at the end of the first school year (11.4%) were
replaced with incoming third graders. Further details on
matching and selection are available elsewhere.®

Data collection. The evaluation took place between
January 2013 and May 2014, with a baseline collection
occurring between December 2010 and April 2011 among
schools initially selected for the intervention. As discussed
earlier, an armed conflict resulted in a shift of the study site
and impacted the availability of baseline data in the schools
included in our evaluation.® Enumerators performed four to
six unscheduled visits to each school following the comple-
tion of all intervention activities. At each visit, enumerators
conducted observations of school WASH facilities, interviews
with the school director, pupil surveys, and a roll call in all
classes. Data were entered on Android-enabled devices
using Open Data Kit software.'® All pupil surveys were
administered in that pupil’s local language. No compensation
was given for participation in the study.

WASH performance targets. Four main program targets
relating to water supply, sanitation, handwashing, and WASH
supplies were set by the partners. Each target was com-
posed of three to five criteria, for a total of 15 criteria (listed
in Table 2). These targets and criteria included factors asso-
ciated with program fidelity (e.g., provision of water points,
latrines, and supplies) as well as adherence by the schools
(e.g., making handwashing containers and soap available,
maintaining latrine cleanliness, repairing broken water points).
Fidelity here is defined as the delivery of program outputs,
whereas adherence is defined as the behaviors of beneficia-
ries in taking up and maintaining behaviors.

Health and educational outcomes. We assessed several
health and educational outcomes: 1) roll-call absence in the
previous week (any absence versus none), 2) pupil-reported
absence in the past week (any versus none), 3) pupil-
reported diarrhea in the past week (any versus none), and
4) pupil-reported respiratory infection symptoms in the pre-
vious week (any versus none).

Roll-call absence was collected on all pupils and was
defined as absence at the time of the roll call. Pupil-
reported absence was collected by asking present pupils
from grades 3—6 whether they had been absent half a day

Core program activities

Domain

Activity

Water supply

Installation or rehabilitation of water points so that there was at least one improved water

point on the school compound. Improved water point classified as a borewell or covered

well with a pump.
Sanitation

Installing or rehabilitating latrines so that there was at least one improved latrine for every

70 boys and girls. Improved latrine classified as a pit latrine covered with a concrete slab
and disabled-friendly access.

WASH supplies

Each school provided with a hygiene kit including handwashing and drinking water containers,

anal cleansing kettles, trash bins, brooms, handwashing soap, bleach, and disinfectant.
Materials were provided one time only.

Information, education, communication
and capacity-strengthening activities

Promotion of good WASH practices and behavior change at school and within the community;
training on hygiene promotion to teachers and school management committees;

establishment of school hygiene clubs or children’s government; and establishment of
management systems to ensure sustained financing, monitoring, and maintenance.

WASH = water, sanitation, and hygiene.
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TaBLE 2
Mean WASH performance target data for beneficiary schools and matched control schools

Beneficiary schools

Matched control schools

Follow-up %% (SD)

Baseline %1 (SD)

% change* P Follow-up %§ (SD) % changet Pt

Number of schools
% of visits where schools met
all four targets
% of visits where schools met
water supply target: functional,
improved water point on
school grounds
% of visits where a water point
was on school grounds, any
% of visits where a water point
was on school grounds, improved
% of visits where a water point
was on school grounds, functional
% of visits where schools met
sanitation target: at least
one improved latrine that is clean
and with no cracks in floors/walls/
ceiling for every 70 pupils and
latrines are sex segregated
% of visits was a pupil latrine
was on school grounds, any
% of visits where there was
at least one improved latrine
per 70 pupils
% of visits where there was
at least one clean improved
latrine per 70 pupils
% of visits where there was at
least one improved latrine with
no cracks in floors/walls/ceiling
per 70 pupils
% of visits where there were
sex-segregated latrines
% of visits where schools met
handwashing target: at least one
handwashing container with water
and soap available to pupils
% of visits where a handwashing
container was present
% of visits where a handwashing
container was present with water
% of visits where a handwashing
container was present with soap
% of visits where schools met WASH
supplies target: All WASH
supplies present
% of visits where a drinking water
container was present
% of visits where a kettle was present
% of visits where detergent or
bleach was present
% of visits where soap was present

100
23 (34)

81 (34)

90 (30)
90 (30)
82 (34)

44 (42)

97 (15)

71 43)

54 (41)

69 (42)

74 (38)

59 (36)

81 (33)
74 (36)
57 (36)

76 (29)

96 (15)

98 (9)
86 (24)

88 (21)

94

50 (50)
41 (50)
45 (50)
11 (31)

79 (41)

56 (50)

n/a§

n/a§

26 (44)

20 (41)

39 (49)
n/a§
n/a§

9 (28)

37 (49)

23

45

40

49

37

33

18

15

48

39

42

65

47

61
49

51

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

0.02

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
< 0.01

< 0.01

100

59 (48)
56 (50)
47 (46)

5(18)

83 (35)

39 (45)

21 (35)

34 (44)

14 (30)

5(18)

9 (24)
8 (22)
5(18)

9 (23)

57 (44)

53 (44)
27 (38)

21 (33)

23

37

31

34

35

39

15

32

33

35

60

54

72

66

52

65

39

45
59

67

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01
< 0.01

< 0.01

SD = standard deviation; WASH = water, sanitation, and hygiene.

*Comparing beneficiary schools between follow-up and baseline. P values based on linear regression models accounting for repeated observations within schools.
1 Comparing beneficiary schools to matched control schools at follow-up. P values based on linear regression models controlling for the effect of the matching cluster.
tPercentages were calculated by aggregating averages across rounds for individual schools and then taking the mean within each intervention arm.

§Baseline information was not available for some individual criteria.

or more in the previous week, with pupils from the sub-
sample who were absent that day also noted as absent.
Diarrhea and respiratory infection were both collected by
asking present pupils from grades 3-6 whether they had
diarrhea or respiratory infection symptoms in the past week.
The case definition of diarrhea was three or more loose/
watery stools in a 24-hour period.'® Pupils reporting any
cough, runny nose, stuffy nose, or sore throat were defined
as having respiratory infection symptoms.

Analysis. All data were analyzed using STATA, version
14 (StataCorp, College Station, TX). We first discuss the
analysis measuring the performance of the program on
achieving WASH performance targets, and then the analysis
measuring the impact of achievement of these WASH tar-
gets on health and educational outcomes.

The DCIM intervention was not fully implemented in all of
the sample beneficiary schools until the third round of data
collection that took place in October 2013, and so we only



MALI SCHOOL WASH TRIAL AS-TREATED ANALYSIS

use data from rounds 3-6 in this analysis. Individual schools’
performance at meeting the WASH target indicators often
varied between data collection rounds. Our goal of collecting
these indicators at multiple time points was to be able to
have an overall picture of how often these schools were
adhering to the interventions. To fulfill this purpose, we
aggregated the data from all of the rounds under study and
created a proportion variable. For this variable, a value of one
(or 100%) represents total achievement of a single WASH tar-
get or criterion at all rounds, a value of zero represents no
achievement at all rounds, and values between zero and one
represented varied achievement across the study rounds. We
use these aggregate variables in each of our analyses.

Impact of the program on achievement of WASH
targets. WASH performance targets and criteria were assessed
for associations between beneficiary schools at baseline and
follow-up as well as between beneficiary schools and control
schools at follow-up. For the comparison between benefi-
ciary schools at baseline and follow-up, mixed-effects linear
regression models were used, including random intercepts in
the models to account for repeated measures over time. For
the comparison between beneficiary and control schools at
follow-up, mixed-effects linear regression models controlling
for the matching cluster were used. Results were stratified by
implementation year to determine program sustainability. Point
estimates, absolute percentage differences, and P values are
reported for each comparison.

Impact of the WASH targets on health and educational
outcomes. We used the four standardized WASH perfor-
mance targets as our “exposure” variables of interest. We also
sought to understand the aggregate effects of achievement of
multiple WASH targets, rather than just to each separately. In
our analyses, we calculated the sum of each of the previously
discussed aggregated WASH targets to create an ordinal vari-
able with integers ranging from 0 to 4. For this WASH target
variable, a value of four represents achievement of each of the
four WASH targets across all rounds of data collection, a value
of zero represents no achievement of any of the WASH targets
across all rounds, and values between zero and four represent
varying achievement across rounds and/or across targets.

To adjust for non-WASH factors that might also be associ-
ated with our outcomes of interest, we included a number of
control variables in our models. The control variables were
the educational district matching cluster, time of year, school
enrollment, urban or rural zone, pupil grade, and pupil sex.
All confounder variables were specified a priori.

We used multilevel, mixed-effects logistic regression models
to assess the association between each of the four WASH
performance targets and each of the outcomes, controlling

Number of schools
N
o

0 1 2 3 4 5 6 7

Number of criteria met

Ficure 1.
follow-up rounds).

8

9

987

for the covariates listed earlier and accounting for clustering
of pupils within schools and repeated measures of pupils over
time. We also used similarly adjusted multilevel, mixed-effects
logistic regression models to assess the association between
the overall WASH target variable and each of the outcomes.
The overall WASH target variable was included in the models
using indicator variables to calculate estimates for each
adherence level. A separate model was also run including the
ordinal variable to calculate a P trend. We included random
intercepts in the models to account for clustering of pupils
within schools and of repeated measures of students over
time. The models were used to produce adjusted odds ratio
(OR) estimates for each of the associations of interest.

Ethical approval. Ethical approval was obtained by Emory
University’s Institutional Review Board (Atlanta, GA), the Mali
Ministry of Education, and the Center National de la
Recherche Scientifique et Technique (Bamako, Mali). We
obtained “in loco parentis” consent from the school director
and the school management committee in each school. All
pupils why received a survey gave verbal assent. The trial
was registered at ClinicalTrials.gov (NCT01787058).

RESULTS

Achievement of WASH targets. Baseline data were
available for 94 of the beneficiary schools; six of the benefi-
ciary schools were enrolled in the program following base-
line data collection. Half of the beneficiary schools received
the complete DCIM intervention in 2013, 26% in 2012, and
23% in 2011.

At follow-up, beneficiary schools were more likely to
meet each of the targets and criteria for drinking water
supply, sanitation, handwashing, and WASH supplies
compared with both the beneficiary schools at baseline
and the matched control schools. On average, beneficiary
schools met all four WASH targets and 15 corresponding
criteria at 23% of follow-up observations. None of the
control schools or the beneficiary schools at baseline met
all of the targets. Figure 1 shows the number of control
and beneficiary schools that met different counts of the
criteria averaged across the follow-up visits. The distribu-
tions for the beneficiary and control histograms were
distinct, with beneficiary schools meeting an average of
12.2 (95% confidence interval [Cl] = 11.7-12.6) criteria
while control schools met 5.5 (95% CI = 4.9-6.1).

School performance at meeting each of the targets and
their criteria is shown in Figure 2. At follow-up, beneficiary
schools were most likely to meet the water supply target
(81%) followed by the WASH supplies (76%) and

M Beneficiary schools
OControl schools

10 11 12 13 14 15

Distribution of the number of WASH criteria met at beneficiary and control schools (number of criteria is averaged across all
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Ficure 2. Mean percentage of schools that met WASH performance targets and criteria.

handwashing (59%) targets, with fewest schools meeting
the sanitation target (44%, Table 2). Ten percent of benefi-
ciary schools did not receive a water point, while at a fur-
ther 8% of observations a water point was present, but it
was nonfunctional. At 29% of observations, beneficiary
schools did not have a sufficient number of accessible
latrines to meet the predetermined ratio of 70 pupils per
latrine, at 26% of observations schools did not maintain
sex separation in the latrines, and a lack of cleanliness
among existing latrines was found at 17% of observations.
At 26% of observations, beneficiary schools lacked
handwashing water and, although schools had soap at 88%
of observations, soap was present at handwashing con-
tainers only 57% of observations. Fourteen percent of the

o 100%
@
=
2 80%
S
" w 60%
[}
gz
29 40%
5 8
X 20%
¥
<
0%

All targets Water target Sanitation Handwashing
target

time beneficiary schools did not have bleach or detergent for
cleaning and soap was not present at 12% of observations.
Figure 3 presents the rare at which beneficiary schools
achieved the WASH performance targets by the year of
implementation, and can provide some insight into the sus-
tainability of the program. Schools where the program was
implemented in 2013 met all four targets 32.7% of the time,
twice as often as schools where the program was
implemented in 2012 (11.5%) or 2011 (15.9%). The 2013
schools also performed somewhat better at meeting the
sanitation (2013, 53.9%; 2012, 28.5%; 2011, 40.9%),
handwashing (2013, 63.9%; 2012, 54.5%; 2011, 51.8%),
and WASH supplies (2013, 82.5%; 2012, 68.9%; 2011,
68.8%) targets. Schools where the program was implemented

m2011
002012

2013

WASH
supplies
target

target

Ficure 3. Mean percentage of beneficiary schools that met WASH performance targets at follow-up by the year of program implementation.
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in 2011 performed best at meeting the water supply target
(2013, 79.1%; 2012, 77.2%; 2011, 90.0%), likely due to the
fact that not all schools in the later groups received water
points due to budgetary and environmental restrictions.

Impact of the WASH targets on health and educational
outcomes. Absence. When considering the WASH targets
individually, only handwashing was associated with a higher
odds of roll-call absence (OR = 1.37; 95% CI = 1.01-1.84;
P = 0.04; Table 3), whereas the other three targets were not
associated with roll-call absence. Achievement of a greater
number WASH targets was not associated with differences
in roll-call absence (P trend = 0.14). Pupils attending those
schools that met all of the WASH targets had similar odds
of absence as pupils in schools that met none of the tar-
gets (OR = 1.06; 95% CI = 0.81-1.39; P = 0.65). We found
no associations between any of the WASH targets, individ-
ually or collectively, and pupil-reported absence.

Diarrhea. Only the sanitation target was associated with a
lower odds of diarrhea (OR = 0.68; 95% Cl = 0.50-0.93;
P = 0.02; Table 4), whereas the other three targets were not
associated with diarrhea. Increasing achievement of all of
the WASH targets together was strongly associated with a
lower odds of diarrhea among pupils (P trend < 0.01).
Pupils attending schools that met all of the WASH targets
had a lower odds of diarrhea than pupils attending schools
that met none of the targets (OR = 0.65; 95% CIl = 0.47—-
0.92; P = 0.01).

Respiratory symptoms. None of the WASH targets were
individually associated with respiratory symptoms, although
all were in the preventive direction (Table 4). However, when
considered collectively, increasing achievement of all of the

TaABLE 3

ORs comparing achievement of WASH targets among pupils attend-
ing 200 Malian primary schools

aOR (95% Cl) P P trend

Roll call absence
WASH components model* n/a
Sanitation target 0.97 (0.76-1.22)  0.77

Water supply target 0.90 (0.73-1.10) 0.32

Handwashing target 1.37 (1.01-1.84) 0.04

WASH supplies target 0.98 (0.74-1.30)  0.91
Achievement of WASH 0.14

targets model*

0 targets met

> 0—1 targets met 0.94 (0.76-1.18)  0.62

> 1-2 targets met 0.90 (0.72-1.14)  0.39

> 2-3 targets met 1.18 (0.94-1.49) 0.14

> 3—-4 targets met 1.06 (0.81-1.39) 0.65
Pupil-reported absence

Referent

WASH components model* n/a
Sanitation target 0.96 (0.74-1.24) 0.76
Water supply target 1.04 (0.84-1.31)  0.69
Handwashing target 0.79 (0.57-1.09) 0.15
WASH supplies target 1.13 (0.83-1.53)  0.43

Achievement of WASH 0.41
targets model*
0 targets met
> 0—1 targets met
> 1-2 targets met
> 2-3 targets met
> 3—4 targets met

Referent

0.85 (0.67-1.08)  0.19
0.90 (0.70-1.15)  0.40
0.91 (0.71-1.17)  0.47
0.83 (0.62-1.11)  0.20

aOR = adjusted odds ratio; Cl = confidence interval; WASH = water, sanitation,
and hygiene.

*The adjusted model controlled for educational district matching cluster, time of year,

school enrollment, urban or rural zone, pupil grade, and pupil sex, and for clustering
of pupils within schools and for repeated measures of pupils over time.

TaBLE 4

ORs comparing achievement of WASH targets and health outcomes
among pupils attending 200 Malian primary schools

aOR (95% Cl) P P trend
Pupil-reported diarrhea
WASH components model* n/a
Sanitation target 0.68 (0.50-0.93) 0.02
Water supply target 0.81 (0.62-1.05) 0.11
Handwashing target 1.01 (0.68-1.49) 0.95
WASH supplies target 0.96 (0.67-1.38) 0.83
Achievement of WASH < 0.01
targets model*
0 targets met Referent
> 0-1 targets met 0.77 (0.58-0.12) 0.06
> 1-2 targets met 0.58 (0.43-0.78) < 0.01
> 2-3 targets met 0.56 (0.42-0.75) < 0.01
> 3-4 targets met 0.65 (0.47-0.92) 0.01
Pupil-reported respiratory
symptoms
WASH components model* n/a
Sanitation target 0.97 (0.75-1.25) 0.80
Water supply target 0.97 (0.79-1.21) 0.79
Handwashing target 0.80 (0.58-1.11) 0.18
WASH supplies target 0.89 (0.66—-1.20) 0.47
Achievement of WASH < 0.01
targets model*
0 targets met Referent

> 0-1 targets met
> 1-2 targets met

1.16 (0.92-1.47)  0.22
0.96 (0.74-1.23) 0.73
> 2-3 targets met 0.84 (0.66-1.07) 0.17
> 3-4 targets met 0.75 (0.56-1.00) 0.04
aOR = adjusted odds ratio; Cl = confidence interval; WASH = water, sanitation,
and hygiene.
*The adjusted model controlled for educational district matching cluster, time of year,

school enrollment, urban or rural zone, pupil grade, and pupil sex, and for clustering of
pupils within schools and for repeated measures of pupils over time.

WASH targets together was associated with a lower odds
of pupils having respiratory symptoms (P trend < 0.01).

DISCUSSION

In our assessment of program fidelity and adherence, we
found that beneficiary schools had improved WASH environ-
ments compared with the control schools. Although benefi-
ciary schools were found to meet all four WASH targets (and
15 criteria) at only 23% of follow-up visits on average, the
beneficiary schools exhibited considerable gains in WASH
access compared both to the matched control schools and
to the beneficiary schools at baseline. Beneficiary schools
appeared to face some challenges in sustaining their WASH
programs over time, as schools that received the intervention
in 2013 (closer in time to the 2013-2014 evaluation period)
met more WASH targets than schools that received the inter-
vention in 2012 and 2011. We also observed that increased
access and adherence to the WASH targets was important
for improving health, but not absence, and particularly with
fidelity and adherence to multiple WASH targets together.

Impact of WASH targets on health and educational
outcomes. Our findings revealed somewhat novel results
about the contributions of WASH on health and educational
outcomes than did the initial ITT analysis.® The ITT results
showed a significant preventive association between the
comprehensive intervention and diarrhea (OR = 0.71; 95%
Cl = 0.60-0.85; P < O.01).9 We observed in our as-treated
study that the sanitation component was the target the
most strongly associated with improved diarrhea outcomes.
We also observed that increasing achievement of multiple
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WASH components was associated with lower diarrhea.
For respiratory symptoms, the ITT analysis found a signifi-
cant association with the intervention (OR = 0.75; 95% CI =
0.65-0.86; P < 0.01).g In our as-treated analysis, we did not
find an association with any individual WASH targets; how-
ever, achievement of all WASH components was associated
with lower respiratory infection prevalence. Achievement of
targets within multiple WASH components may be important
for preventing both diarrhea and respiratory symptoms. This
points to the importance of interventions that address multi-
ple routes of transmission (i.e., WASH), an issue that has
been challenged in a review that found multiple interventions,
were no more effective than single interventions in commu-
nity settings,?® and is subject to an ongoing multicenter
study.2" We report elsewhere on the positive impact of the
intervention on reducing absence due to diarrhea and respi-
ratory infection®; as this was a secondary outcome of the
study, we did not further explore this analysis.

The ITT results revealed no association with pupil-reported
absence (OR = 0.93; 95% CIl = 0.79-1.09; P = 0.38), and
higher rates of roll-call absence among beneficiary schools
compared with the control schools (OR = 1.23; 95% CI =
1.06-1.42; P < O.O‘I).g We also did not find any associations
here between achievement of WASH targets and pupil-
reported absence. For roll-call absence, we observed that
only the handwashing target was associated with increased
absence, although it is not clear what the biological mecha-
nism might be that could explain this counter-intuitive find-
ing. We otherwise did not observe any associations or
trends between achievement of WASH targets and roll-call
absence. Taken together, the biological mechanism and
adherence trends for our as-treated results suggest plausibil-
ity of the associations between the WASH targets and diar-
rhea and respiratory symptoms, whereas the as-treated
results for the absence outcomes suggest that there was no
effect of the intervention on absence and that the previously
reported negative ITT results for roll-call absence may have
been due to something besides the interventions, such as
the limitations of the matched study design and civil unrest
that occurred throughout the study time period. Future
WASH evaluation studies that are found to have suboptimal
adherence may benefit from an as-treated, per-protocol, or
instrumental variable analysis to supplement the ITT results.

Achievement of WASH targets. Among the four pre-
determined WASH targets, water access was most frequently
attained. Only 10% of schools did not receive a water point,
a result confined to one program partner due to the hydro-
geological and budget constraints discussed earlier, pointing
to high level of program fidelity. Only 8% of school water points
were not functional at the time of observation, suggesting a
high level of construction quality and beneficiary adherence to
the maintenance of the water points. The rate of functionality of
the water point was high compared with national averages
from other sub-Saharan African contexts (70-80% 1-3 years
after construction).?? Where water points had been constructed
or rehabilitated in 2011, 3 years before the evaluation, over
90% of schools met the water access target, indicating that
the program ensured high access to water in that period and
sustained this result following the intervention.

Although WASH supplies were provided by the program
as a one-time donation, beneficiary schools were largely
able to maintain the presence of these supplies, particularly

durable items such as water containers and anal cleansing
kettles. Consumable supplies such as detergent and bleach
were less likely to be present, suggesting the need for
improvements in budgetary allocations for the recurrent
costs of consumable supplies. Schools where the program
was implemented in 2011 or 2012 were less likely to have
all elements of the WASH supply list, indicating a potential
lack of sustained replacement of supplies as they were
exhausted or damaged over time.

Handwashing containers were present in schools at 81%
of observations; however, schools did not always ensure
that these containers had water or soap nearby. Ensuring
that pupils had access to soap was a particular challenge;
although handwashing soap was observed to be present at
88% of beneficiary schools on average, soap was observed
next to a handwashing station only 57% of the time. These
results are in line with an in-progress review that reported
the functionality rate of school handwashing facilities as
being between 0% and 70%2° and somewhat better than a
trial in Kenya which found soap in 40% of schools, though
in Kenya soap was never provided directly by the program.”
In our study, the discrepancy between soap being present
at schools and being available to pupils may in part be due
to the practice of reserving soap in the school director’s
office to prevent loss or theft, which discourages pupils
from using soap for handwashing. Alternatively, there may
have been insufficient changes to norms and habits to influ-
ence either the teachers to put out the soap on a daily basis,
or for children to request soap when none was put out
for use. A slightly higher percentage of schools met the
handwashing target in the schools where the program had
been implemented in 2013 compared with 2012 and 2011,
indicating a potential drop-off in ensuring continued provision
of water and soap for pupil handwashing over time. Alterna-
tively, the implementing agencies may have improved their
strategies for promoting soap provision over the course of the
program, enabling better results.

Nearly all beneficiary schools were observed to have latrines
available to pupils on the school grounds, again pointing to
high level of program fidelity. However, nearly 30% of benefi-
ciary schools exceeded the target ratio of 1 latrine per 70 pupils.
This was in part due to the practice of locking latrine doors,
which some schools undertake to prevent misuse or to
extend latrine life by alternating which latrines are used.
Latrines were not included in calculation of the target if they
were locked; even if keys are available to pupils on demand,
this practice can discourage the use of latrines. Schools also
faced challenges in ensuring latrine cleanliness and enforcing
separation of the latrines by sex. Stratified analyses by the
year of implementation suggest that the ability of schools to
sustain access to latrines varied over time.

Overall, schools where the DCIM intervention was
implemented in 2013 were twice as likely to meet all four
WASH performance targets as schools where the program
was implemented in 2011. This is unsurprising when con-
sidering that failure to meet even one of the 15 individual
criteria precludes a school from attaining this global stan-
dard, and the likelihood of encountering at least one case
of missing materials or broken infrastructure would increase
over time. Improved performance among schools in the 2013
cohort may also have been due to changes in implementa-
tion as the program progressed, suggesting the benefit from
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continuous learning and program improvement, and the abil-
ity of this program to do so.

Limitations. Our study had several limitations. The match-
ing, along with the inclusion of additional control variables in
the models, was done to minimize confounding; however,
there is still the possibility of confounding by unknown or
unmeasured confounders (as is the case for all nonrandomized
studies). A limitation of our study is that we did not have reli-
able baseline data, especially in control schools. The lack of
baseline data limits our ability to ensure equivalent groups
at baseline, control for differences in the outcome variable at
baseline, or to control for other baseline covariates in our
model. We did match on two key predictors, presence of
school toilets and access to water at the school. Although
there is biological plausibility supporting our second study
question—that is, to assess the associations between school
WASH adherence and health and educational outcomes—it
is alternatively possible that schools that adhere to WASH
may have been fundamentally different than nonadherent
schools in some way that was not accounted for in our
models. For example, this may have influenced the absentee-
ism results discussed earlier. For our other study aim—that
is, to assess the impact of the intervention on project fidelity
and WASH adherence—it is difficult to conceptualize any
potential confounder that could have led to such dramatic
and consistent increases across all 15 WASH criteria and all
four WASH targets (comparing beneficiary schools to both
the control group and to beneficiary schools at baseline).

Another limitation is that several of the health and educa-
tion outcomes were pupil reported, and so there is the possi-
bility of reporting biases, although we used short recall
periods and multiple measures of outcomes to mitigate these
biases. Finally, it is unclear how the civil unrest throughout
Mali might have affected our outcomes, especially absentee-
ism, during the study. Although this may appear to limit
external validity overall, this is also not the only WASH trial
to have happened during the midst of civil unrest” and so it
is probably important to understand the limitations of these
types of WASH interventions among all of the various con-
texts where they may be implemented.

CONCLUSION

Our results describe both WASH target achievements and
shortcomings comparing the DCIM beneficiaries to both
control schools and to the beneficiary schools at baseline.
The program achieved high levels of fidelity at achieving out-
puts such as provision of improved, functional water supply,
improved latrines, handwashing stations, and WASH sup-
plies, but more limited adherence among beneficiaries, such
as provision of soap at handwashing stations, enforcement
of the sex-segregated use of latrines, and latrine cleaning. A
critical gap across the WASH sector are innovative and
effective ways to ensure behavior change and habit forma-
tion among teachers and pupils to ensure adherence to toilet
maintenance and daily soap provision for students. There is
evidence of a slight decline in the sustainability of the WASH
program over the 3-year period covered by the study, indi-
cating the need for further improvements in ensuring that
schools have the motivation and resources to maintain their
WASH systems over time. We found that increased access
and adherence to multiple WASH components was impor-

tant for improving health but that there was no effect of the
intervention on pupil absence. These findings suggest that a
comprehensive WASH intervention and a focus on increas-
ing adherence may help maximize the health effects of
school WASH programs, but that WASH alone might not be
sufficient to decrease pupils’ absenteeism.
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