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Abstract

Background: Handpumps are used by millions of people as their main source of water. Although handpumps represent only a
basic form of water provision, there have been continuous efforts to improve the performance of these systems as they are likely
to remain in use for many years to come. The introduction of a professional maintenance service in southern Kenya has shown
an order of magnitude improvement in operational performance over community-based management, with 90% of handpump
faultsrepaired within 3 days of being reported. One driver behind these effortsis the assumption that amore reliable water supply
will lead to areduction in water-related disease. However, it isnot clear if operational improvementslead to health gains. Despite
limited empirical evidence, some modeling studies suggest that even short periods of drinking contaminated water can lead to
disproportionate negative health impacts.

Objective: Theaim of this study wasto assess whether the improvementsin operational performance from the rapid professional
maintenance of rural handpumps lead to improved household health outcomes.

Methods: From a sample of households using handpumps as their primary water source in Kwale County, Kenya, we measured
the 2-week prevalence of World Health Organization—defined diarrhea in children, reported by the adult respondent for each
household. We compared the rates before and after a period during which the households' handpumps were being professionally
maintai ned. We then conducted a cross-sectional analysis, fitting logistic regression model swith reported diarrhea asthe dependent
variable and speed of repair as the independent exposure of interest, adjusting for household socioeconomic characteristics;
dwelling construction; and Water, Sanitation, and Hygiene (WASH)-related factors. We fitted an additional model to examine
select interactions between covariates.

Results: Reported diarrheain children was lower in househol ds whose pumps had been repaired within 24 hours (adjusted odds
ratio 0.35, 95% CI 0.24-0.51). This effect was robust to the inclusion of multiple categories of covariates. No reduction was seen
in households whose pump repairs took more than 24 hours. Analysis of interaction terms showed that certain interventions
associated with improved WA SH outcomes were only associated with reductionsin diarrheain conjunction with socioeconomic
improvements.

Conclusions: Only pump repairs consistently made within 24 hours of failure led to areduction in diarrheain the children of
families using handpumps. While the efficacy of reduction in diarrheais substantial, the operational challenges of guaranteeing
same-day repairs limits the effectiveness of even best-in-class pump maintenance. Maintenance regimes that cannot bring
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handpump downtimes close to zero will struggle to generate health benefits. Other factors that reduce diarrhea prevalence have
limited effect in isolation, suggesting that WASH interventions will be more effective when undertaken as part of more holistic

poverty-reduction efforts.

(JMIR Public Health Surveill 2024;10:e42462) doi: 10.2196/42462
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Introduction

In rural areas with no grid electricity or limited funds to run
diesel generators, many communities depend upon handpumps
to access shallow groundwater for their daily water needs.
Groundwater, in contrast to surface water, is more likely to be
available year-round and less likely to require treatment to be
potable [1]. Despite efforts throughout the period of the
Millennium Development Goals and now in response to
Sustainable Development Goal (SDG) 6.1, “safely managed
water for all,” millions of people will till be relying on water
from handpumps beyond 2030. While “safely managed”
water—as defined by the World Health Organization
(WHO)/United Nations Children's Fund (UNICEF) Joint
Monitoring Programme (JMP) as the use of “an improved
drinking water source which is located on premises, available
when needed, and free of fecal and priority chemical
contamination”—remainsthe goal for water servicesfor all, the
size of the task and difficulty in achieving this goal has been
acknowledged through the IMP Service Ladder’s inclusion of
an interim service level of “basic” water, the category that
includes most handpumps [2].

There are many reasons for aspiring to the goal of safely
managed water for all. One of the main drivers of thisgoa—and
Water, Sanitation, and Hygiene (WASH) interventions more
generally—has been the understanding that disease morbidity
can bereduced through better water service provision [3]. Piped
water to the home, the most usual conception of safely managed
water, is associated with lower morbidity, in particular of
diarrheal disease [4]. However, with 26% of the world's
population—and 73% in sub-Saharan Africa—still lacking
safely managed water and the achievement of SDG 6.1 unlikely
at current rates of progress[5], it isimportant to understand the
health implications of having only abasic water supply, asthese
are at risk of contamination [6], which can lead to diarrheal
disease[7].

The contribution of diarrheal disease to the worldwide disease
burden is falling but remains substantial [8]. Diarrhea itself
contributes to the burden of disease for individuals and
consequently to the global burden of disease estimates. Diarrhea
isthe cause of 1.31 million deaths worldwide, with 303,045 of
those being of children under 5 years of age in sub-Saharan
Africa; for that same demographic, diarrhea also causes 27
million disability-adjusted life years (DALYs) [9], which
corresponds to approximately one in every seven DALYS.
Diarrhea interacts with nutrition, reducing nutrient absorption
[10,11]; therefore, this figure may significantly underestimate
the disease burden from diarrheaby up to 39%[12]. Again, this
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isespecially egregiousin children, asundernutrition can produce
long-term, nonrecoverable negative impacts on physical and
cognitive development [13-16], with associated long-term
economic and welfare impacts and related policy implications
[17,18].

Community-based management, the model by which local
communities are responsible for the repair and maintenance of
their pumps, became the default management model for rural
water supply in the late 1970s, with mixed success[19-24], and
an estimated one in four handpumpsin sub-Saharan Africaare
out of action today [25]. Since the 2000s, there has been
increasing interest in professional management models more
akin to how urban piped water systems are run, whether directly
by governments or subcontracted to a water service provider
[26-29]. More recent evidence indicates that communities do
have a preference for private sector involvement in service
provision over community management or direct government
provision, but only if service performanceis high [30-32].

We here present results obtained from a cross-sectional survey
following the introduction of a professiona handpump
maintenance service in Kwale County in southern Kenya. The
service was initially funded by a research program that was
investigating whether the intervention of arapid, professional
repair service, supported by data measuring handpump use using
sensors attached to the pumps [33], could result in repairing
handpumps faster than had been the case under
community-based management. Therapid repair servicereduced
average pump downtimesfrom approximately 1 month to afew
days, an improvement that is valued by households and
communities [34-37]. This study examined whether this
improvement in service performance also led to heal th benefits.
Although there islimited empirical evidence to inform service
decisions, some studies suggest that even the shortest periods
of drinking contaminated drinking water can lead to
disproportionate negative health impacts [38,39], implying a
threshold effect with a nonlinear relationship between quality
of service and the health benefits of that service. Obtaining
empirical evidence about this relationship would inform both
local operational decisions and wider WASH policy, and in
doing so shed light on the role of handpumps in meeting SDG
6.1.

We hypothesized that shorter pump downtimes resulting from
the professional maintenance service would be associated with
lower rates of child diarrhea. We examined this by combining
data on pump failures and subsequent repairs, generated by the
pump mechanics, with self-reported child diarrhea data from
households that were surveyed before the repair service was
introduced and after 18 months of the service. To overcomethe
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challenges associated with an observational study, we analyzed
the data using two complementary techniques. The first
technique compared child diarrhea preval ence (during a 2-week
period) in the same households before and after the repair
service was introduced to control for time-invariant household
characteristics. The second approach involved a cross-sectional
analysis comparing households reporting diarrhea with those
not reporting diarrhea, adjusting for household characteristics
gathered at the same time as the self-reported diarrhea data.

Methods

Study Area

This study took placein Kwale County, located on the southern
coast of Kenyabetween Mombasaand the border with Tanzania.

This region covers an area of around 8300 km? and has a
population of 720,000 that is82% rural, with the seventh-highest
poverty rate among Kenya's 47 counties. The study area was
limited to the Msambweni and Matuga subcounties closer to
the coast, covering an area of around 2200 km?. The coastal
climate has a bimodal rainfall pattern with an average annual
precipitation of 1400 mm with significant interannual variability.

Thomson et al

Within the study area there is heterogeneity both in
socioeconomic characteristics and physical geography. We
simplified the study area into three geographical zones for the
purposes of analysis (see Figure 1) [36]. In the area in and
around the urban center of Ukunda, the population density is
higher and there are more alternative sources of water available
during handpump breakdowns. There is also easier access to
medical facilitiesin this area. Inland, where shallow wells are
supplemented by deeper boreholes drawing water from
sandstone, the population isless dense and livestock ownership
is more common. Being more sparsely popul ated makes access
to other sources of water more challenging; however, the deeper
boreholes into the sandstone enable better source protection
relative to shallow wells and improve the likelihood of a given
handpump producing uncontaminated water. Thisisin contrast
to the coastal strip where the population is still rural but the
density is higher. Alternative nonsurface water sources in the
form of other handpumps and shallow wellsarerelatively close
by. However, this proximity of other sources, combined with
the high population density and the fact that the wells in this
area are mostly shallow and were hand-dug into the karstic
coral, make source protection extremely difficult in this area.

Figure 1. Map of the study areain Kwale County, Kenya, with the locations of handpumps marked in zones defined in Katuva et al [36]. Red indicates

coastal, green indicates inland, and blue indicates Ukunda.
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Handpump Repair Service

The professional repair service was set up in Kwale as part of
a project examining whether professional handpump
maintenance, aided by better data on handpumps, could lead to
reduced pump downtimes [33,40]. A waterpoint mapping
exercisewas undertaken in August 2013, recording thelocation
and functionality of the handpumps in the study area, along
with basic information about pump repair and management
arrangements. A total of 626 pumps were found, with 351
identified as having been functional during the previous 12
months. We then set up an officein Msambweni, near the center
of the study area, and recruited two experienced pump fundis
(mechanics) and a manger. Two hundred handpumps were
offered a free maintenance service, which corresponded to all
of the functioning handpumps in a smaller geographical area
across Msambweni and Matuga subcounties. The service started
in February 2014 and continued until the end of 2015.

We provided the mechanics with motorbikes, tools, and a stock
of spare partsto be ableto quickly respond to handpump failures
and complete most repairs during a single visit to the pump.

Figure 2. Timeline of activities that generated data used in this study.

' August = February
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When repairs required more labor, such as removing rising
mains, the communities provided pro-bono support to the
mechanics. Toward the end of 2015, we spun the repair service
out from the research program, establishing it as an independent
locally owned entity, named FundiFix. At this point,
communities were given the opportunity to continue receiving
the maintenance service through paying a heavily subsidized
monthly fee [41].

Data Sources

The study timeline is schematically summarized in Figure 2.
Building on the mapping exercise completed in August 2013,
a more extensive household survey was conducted in October
and November 2013. A total of 2508 householdswho had access
to a functioning handpump were surveyed, randomly selected
from those using each of the 351 functional handpumps
identified during the earlier waterpoint mapping exercise.
Household selection was made by the enumerator team leader,
selecting a direction and distance from the pump for each
enumerator based on athrow of asix-sided die. A mean of 7.1
households were interviewed per handpump.

Handpump repair service

| 2013 2014

2015

: October, November

- Household survey #1

The survey questionnaire included questions on household
makeup and demographics; socioeconomic status, including
key consumption and wealth indicators; basic self-reported
health indicators for each household member; water use,
collection, and storage; and waterpoint institutional
arrangements, payment policies, and behavior. These questions
were asked of one respondent for each household. For this study,
we used the presence or absence of diarrheareported for children
in the household in the 2 weeks prior to the survey as the
primary outcome measure; the other items were considered as
covariatesintheanalysis. The only variable used from the 2013
survey was self-reported diarrhea in the 2 weeks prior to the
survey.

A second household survey was conducted in March, April,
and May of 2015. Thiswas arepeat of the first survey, theaim
being to see what had changed for the communitiesin the study
area during the time of the project, specificaly in relation to
the pump repair service. The two surveys were matched: 59%
were matched by household and respondent, 30% were matched
by household but not respondent, and the remaining 11%
represent cases where a different family/household was living
in the dwelling. All the socioeconomic data used in this study
were from the 2015 survey as these data represented the
households’ situation during the time they were receiving the
free repair service. At the time of this survey, the maintenance
service had been operational for at least 12 months.

https://publichealth.jmir.org/2024/1/e42462
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: March, April, May

_ Household survey #2

The two mechanics and their manager who were providing the
handpump maintenance service kept detailed records of repairs
undertaken, the most significant details being when the
breakdown was first identified, when they attended, and when
the repair was completed. These records yielded the time and
duration of pump outages. Over the whole period, 599 repairs
were completed on 169 pumps. The time between abreakdown
being reported and repaired varied due to factors such as the
complexity of the required repair, the geographical remoteness
of the pump, and other logistical or operational constraints. The
majority of repairs (90%) were completed within 3 days of a
breakdown—the stated target of the service—and 44% were
repaired within 24 hours of the fault being reported.

Blinding and Conceal ment

Efforts were made to ensure blinding and concealment when
collecting the data. The enumerators were blinded to the
intervention as, other than being aware that the mechanicswere
operating in the area as part of another University of
Oxford—funded research project, they had no knowledge of
which pumps had been repaired. While the households were
certainly not blinded to whether or not they had had arepair, it
would not have been readily apparent to participants that the
guestions about their household members' health were to be
linked to the repairs, because the health questions were part of
a large questionnaire and questions about the pump were
intentionally asked in alater section of the survey than the health
guestions.
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Mirroring the enumerators, the mechanics had very little
knowledge of the household surveys. They were aware that the
first household survey had taken place and that the second was
occurring, and that it was broadly connected to their work, but
they were not in any way involved in the survey. Treatment
allocation—in this case, pump repair by the mechanics—could
not be entirely randomized given that chance and other factors,
measurable or otherwise, will have led to pump breakdown;
however, the mechanics responses to reported breakdowns
were unpredictable and not influenced by the enumerators or
research team.

Inclusion Criteria

A total of 1451 households used pumps that were offered the
free repair service. Out of these, 294 were excluded as our
mechanics had not made arepair to their handpumps during the
trial period. A further 182 were excluded as it was reported
during the household survey that the reference handpump was
not their primary water source. Finally, 135 were excluded as
there were no children reported in the household, leaving a
sample of 840 households served by 139 pumps. These pumps
received 412 repairs, of which 41% were repaired within 1 day
and 39% more within 2 days. The longest repair time was 11
days. Inthe self-controlled analysis, an additional 89 households
were excluded because the families living in the dwelling had
changed between the two surveys.

Statistical Analysis

Using the data from the second household survey, we first
performed bivariate analysis to test the relationship between
speed of pump repairs and self-reported diarrhea. We then used
the household-matched data from the first survey to compare
the period prevalence of diarrheareported in 2013 against repair
performance measured in 2015. Thiswasto determine whether
any relationship between the outcome and exposure was due to
time-invariant characteristics of the household that were
somehow correlated to the speed of repairs and not due to the
repair service itself.

We then performed a cross-sectiona analysis, fitting
multivariablelogistic regression models of self-reported diarrhea
using the data from the 2015 household survey to adjust for
covariates that have been shown to affect diarrhea period
prevalence in the WASH-related literature. We fitted a series
of multivariable regression modelsthat iteratively adjust for an
additional thematic block of covariates: (1) socioeconomic
factors, (2) dwelling factors, and (3) WASH factors (see the

Thomson et al

Results for detailed factors). Additionally, we fitted a model
withinteraction termsto further exploreresults of thefirst three
models, which was al so guided by the WA SH-rel ated literature.
Standard errors were adjusted for clustering using the three
geographical  zones to control  for  potentialy
unobserved/unquantified factors that are hypothesized to be
correlated among households within each zone [42]. Because
multiple householdstypically share ahhandpump, the handpump
was another potential analytical unit for the clustering of
standard errors between households. Asarobustness check, we
performed an additional analysisthat clustered errors by pump
instead of geographical zone.

All statistical analyses were undertaken with Stataversion 14.2
(StataCorp, College Station, TX, USA).

Ethical Consider ations

This research was conducted with permission from Kenya's
National Council for Science and Technology and with ethics
approval from the University of Oxford’s Central University
Research Ethics Committee (CUREC reference: SOGE C1
13-125). Informed consent was given by al research
participants, al of whom were aged 18 years or over.

Results

Unadjusted Analysis

Bivariate logistic regression models did not provide evidence
of any association between households reporting diarrhea and
the number of repairs performed on their respective handpumps
or the time elapsed since the most recent repair. However, this
analysis did reveal an association between the speed of repairs
(or pump downtime) and reported diarrhea (Table 1). Pumps
consistently repaired within 24 hours upon a breakdown,
irrespective of the number of repairs, were associated with a
lower reported diarrhea rate. This effect disappeared when
analyzed against longer repair times (Table 2).

The analysis comparing the same exposure of rapid repairsin
2015 but with the outcome of self-reported disease from the
same household in 2013 (ie, when the repair service could not
have had any influence) showed no effect. This suggests that
the disease reduction was not due to unobserved time-invariant
household characteristics that were somehow correlated with
the speed of repairs. Rates of reported diarrheawere comparable
between the two surveys: 8.2% in 2013 (dry season) and 9.8%
in 2015 (wet season).

Table 1. Bivariatelogistic regression anaysis of child diarrheawith number and speed of repairs.

I ntervention/exposure Unadjusted odds ratio (95% CI) Analysistype
Number of repairs (2015) 0.95 (0.85-1.07) Cross-sectional
Days since last repair (2015) 1.00 (1.00-1.00) Cross-sectional
Pump repairswithin 24 hours
2015 0.40 (0.27-0.58) Cross-sectional
2013 1.01 (0.44-2.29) Self-controlled
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Table 2. Relative risk of households reporting child diarrheafor different repair speeds.

I ntervention/exposure Number of households ~ Householdsreporting diarrhea,  Rateratio P value

n (%)

All pump repairs completed within 24 hours 123 7(5.7) reference N/A2

All repairs completed within 48 hours (with some 171 23(13.5) 2.36 .02

over 24 hours)

Repairs taking over 48 hours to complete 546 69 (12.6) 222 .02

3N/A: not applicable.

Cross-Sectional Analysis

The cross-sectional analysis revealed possible predictors of
reporting diarrhea. Table 3 shows the odds ratios for diarrhea
against other household information gathered during the 2015
survey, along with summary statistics for those characteristics.
The quality of dwelling construction was associated with lower
reported diarrheain children, as were having afemale head of

household and cultivating crops. Apparent risk factors were
those related to higher household occupancy and having no
regular income. The WA SH-related factors of higher per-person
water collection and having an improved toil et were apparently
protective. Of note, 1.5 jerrycans of water were collected for
each household member per day, corresponding to 30-35 liters
per person, with few househol dstreating water either by adding
chlorine (eg, Waterguard) or by boiling.

Table 3. Bivariate logistic regression analysis of associations of household characteristics with reporting child diarrhea (12% of 840 households) from

the survey conducted in March-May 2015.

Household characteristic

Number of repairs

Repairs within 24 hours

Improved floor

Improved roof

Improved walls

Improved toilet

Female head

Primary religion Islam

Household head completed secondary school
Number of people per household
Sleeping roomsin dwelling

Number of people per bedroom

No regular income

Own animals

Grows crops

Distance from handpump (m)
Distance from health dispensary (km)
Distance from nearest market (km)
Soap observed

Water treated

Water storage in the dry season (days)
Water storage in the wet season (days)

Number of jerrycans per person per day

Unadjusted odds ratio (95% CI) P vaue Percentage or mean
0.95 (0.85-1.07) 42 2.7
0.40 (0.27-0.58) <.001 15%
0.37 (0.22-0.61) <.001 35%
0.53(0.31-0.89) .02 34%
0.52 (0.39-0.71) <.001 46%
0.56 (0.38-0.81) .002 55%
0.65 (0.46-0.92) .01 39%
1.03(0.71-1.49) 14 85%
0.96 (0.56-1.63) .87 30%
1.11 (1.09-1.13) <.001 54
0.91 (0.87-0.95) <.001 31
1.27 (1.26-1.29) <.001 20
1.41 (1.18-1.69) <.001 43%
1.08 (0.57-2.06) .81 35%
0.89 (0.67-1.18) 42 74%
1.00 (1.00-1.00) 64 136
0.96 (0.84-1.10) 57 18
1.05 (1.03-1.06) <.001 50
0.65 (0.36-1.19) A7 75%
0.87(0.38-1.98) 73 10%
1.10 (0.96-1.27) 17 18
1.02 (0.91-1.15) .69 2.7
0.68 (0.64-0.72) .001 153

Multivariable Analysis of Self-Reported Diarrhea

Table 4 presents the adjusted odd ratios (AORS) and 95% Cls
of iterative mixed-effects multivariable logistic regression

https://publichealth.jmir.org/2024/1/e42462

models of child diarrhea: model 1 begins with socioeconomic
factors, model 2 introduces a block of dwelling-related factors,
and then model 3 introduces ablock of WASH-related factors.
The protective effect of handpump repairs consistently made
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within 24 hours remained robust acrossall multivariable models.
Of the socioeconomic factors, having a female head of
household (AOR 0.54, 95% CI 0.36-0.82; P=.004) and growing
crops (AOR 0.67, 95% CI 0.48-0.95; P=.02) were associated
with lower reported diarrhea across all models. Having no
income (AOR 1.36, 95% Cl 1.11-1.69; P=.003) and being
further from the market (AOR 1.10, 95% CI 1.07-1.13; P<.001)
were associated with higher odds of child diarrhea. Having more
people in the household was also associated with reporting
diarrhea (AOR 1.12, 95% CI 1.04-1.21; P=.003), although this
was possibly an artifact of aggregating all cases of child diarrhea
inthe household into abinary variable; nevertheless, an alternate
analysiswith the number of children inthe household produced
a similar result. Among the WA SH-related factors, having an
improved toilet was associated with lower diarrhea (AOR 0.61,
95% CI 0.44-0.84; P=.002). The effect of the dwelling
characteristics was less consistent across the three models. As
a robustness check, we also refitted these models with errors

Thomson et al

clustered by pump, rather than by geographical zone, but we
observed no substantive differences from the results presented
in Table 4.

We built on the full model (model 3) by introducing interaction
terms between the following pairs of covariates: having no
income and growing crops, a female household head and the
presence of soap, and having an improved floor and improved
toilet. These interactions are presented in Table 5. Having no
regular income and not growing cropswasthe largest risk factor
for reporting diarrhea. Strikingly, if a household was growing
crops, it had no additional odds of reporting diarrhea if it had
no regular income. Conversely, the benefit of having soap in a
household seemed only to accrue to households headed by a
woman, in which case the odds of reporting diarrhea reduced
substantially. Finally, having an improved floor substantially
reduced the odds of reporting diarrhea in households with an
improved toilet, but provided no added benefit to those without.

Table 4. Mixed-effects logistic regression models of self-reported diarrhea, adjusted for blocks of covariates, using 2015 household survey data and

handpump repair data from 2014 and 2015.

Characteristic Adjusted odds ratio (95% Cl)
Model 1 Model 2 Model 3
Repairs within 24 hours 0.38 (0.24-0.62) 0.38 (0.23-0.62) 0.34 (0.22-0.52)

Socioeconomic factors
No regular income
Grows crops
People per household
Female head
Distance from market (km)
Dwelling factors

Improved roof

Improved walls
Improved floor

Number of bedrooms

WASHP factors
Improved toilet
Soap observed
Jerrycans per person per day
Water treated

1.34 (1.12-1.60)
0.73 (0.50-1.07)
1.14 (1.12-1.26)
0.63 (0.45-0.89)
1.06 (1.04-1.09)

1.34 (1.11-1.61)
0.67 (0.45-0.98)
1.15 (1.09-1.20)
0.58 (0.37-0.91)
1.07 (1.03-1.10)

0.65 (0.32-1.30)

0.99 (0.76-1.29)
0.42 (0.21-0.85)
1.03 (0.99-1.07)

1.36 (1.11-1.69)
0.67 (0.48-0.95)
1.12 (1.04-1.21)
0.54 (0.36-0.82)
1.10 (1.07-1.13)

0.74 (0.38-1.44)

0.99 (0.69-1.42)
0.50 (0.22-1.14)
1.07 (1.04-1.09)

0.61 (0.44-0.84)
0.59 (0.32-1.08)
0.86 (0.69-1.07)
0.98 (0.40-2.41)

3ot included in model.
BwASH: Water, Sanitation, and Hygiene.
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Table 5. Mixed-effects logistic regression model of self-reported diarrhea with interactions, using 2015 household survey data and handpump repair

data from 2014 and 2015.
Characteristic Odds ratio (95% Cl) P value
Main effects
Repairs within 24 hours 0.36 (0.24-0.55) <.001
Distance from market (km) 1.09 (1.06-1.13) <.001
Improved roof 0.73 (0.36-1.48) .32
Improved walls 0.96 (0.69-1.33) .92
People per household 1.11 (1.03-1.20) .02
Number of bedrooms 1.06 (1.03-1.10) .02
Jerrycans per person per day 0.85 (0.69-1.05) A2
Water treated 1.01 (0.42-2.46) 98
Interactions
Income and crops
Regular income and grows crops 1.00 (0.69-1.45) .86
No regular income and grows crops 1.10 (0.68-1.79) .63
No regular income and does NOT grow crops 2.30 (1.85-2.86) <.001
Household head and soap
Male head and soap observed 0.79 (0.43-1.44) 40
Female head and soap NOT observed 0.89 (0.62-1.30) 41
Female head and soap observed 0.32 (0.26-0.38) <.001
Standard of floor and toilet
Improved floor and NO improved toilet 0.80 (0.33-1.91) 51
Unimproved floor and improved toilet 0.72 (0.53-0.98) .03
Improved floor and improved toilet 0.29 (0.13-0.65) <.001

Discussion

Principal Findings

This study revealed an association between the speed of pump
repairs and child diarrhea morbidity. Only households whose
pumps were consistently repaired within 24 hours of afailure
reported a significant reduction in child diarrhea. This finding
is consistent with modeling work that suggests that even the
briefest time without high-quality water can lead to
disproportionate health impacts[38,39], but the microbiological
pathway very likely does not fully explain the higher likelihood
of self-reported ilinessfor pumpsthat wererepaired lessrapidly.
Thelag time between pump failure and survey completion varied
considerably, ranging from the day beforethe survey took place
to pumps that were repaired when the maintenance service
started over 1 year before the survey look place and had
remained functional ever since. In these latter cases, direct
microbiological causality between pump downtime and illness
isunlikely.

In lieu of the presence of aconsistent microbiological pathway,
we would propose an additional behavioral explanation. If a
household has higher confidencein thereliability of their pump,
knowing that mechanical failures will be consistently fixed
within 24 hours, they may be less likely to immediately fall

https://publichealth.jmir.org/2024/1/e42462

back on using lower-quality alternative water sources as they
might in the case of an extended pump downtime. If househol ds
experience any variability in the speed of pump repairs, then
they are more likely to collect, store, and use water from less
wholesome aternative sources. These are unlikely to be
discarded once the pump is fixed, because there was atime or
financial cost in acquiring them, thus raising the potential for
ongoing waterborne disease exposure.

In addition to providing evidence that only rapidly repaired
handpumps lead to a reduction in child diarrhea, this study
highlights other factors that contribute to diarrheal disease in
rural households reliant on basic water services. Striking, but
unsurprising, are the socioeconomic effects, consistent with the
WASH literature: the poorer you are, the more likely you are
to experience water insecurity and consequently an increased
burden of water-related diseases. Growing crops mitigated the
impact of having no income; however, we do not have sufficient
information from this study to attribute this to the nutritional
benefit of growing food or because it generated occasional
income or barter opportunities, either being plausible.

Individual components of traditional WASH interventions and
programsdid not seem to provide abeneficia health effect when
considered in isolation. Our use of interaction terms (Table 5)
suggested that soap being available and observed at ahomewas
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only associated with a reduction in diarrhea in households
headed by women, suggesting that hygiene behaviorsin children
may be better taught or enforced in households headed by
women than by men. Similarly, the benefits of having an
improved toilet were magnified by having an improved floor
(ie, one made of cement or concrete). Such floors are easier to
clean, reducing thelikelihood of having human and animal feces
present in homes. These empirical data are consistent with
conceptual models that articulate a nonlinear relationship
between the reduction in fecal contamination and conseguent
reduction in diarrhea [43,44].

The adaptation strategy of collecting and drinking more unsafe
water in response to pump unreliability increases the risk of
water-related illnesses. However, this strategy is one that
households will rationally stick to unless there is compelling
and enduring evidencethat it isnot necessary. Thisis consistent
with studies on household preferences for rapid pump
maintenance [31,34], and was supported anecdotally by
conversations with people who were receiving the free repair
service. However, even the well-resourced maintenance service
linked to this study only fixed 15% of pumps within 24 hours
every time they broke down. Acknowledging the possible
selection bias in this study, community-managed handpumps
are even less likely to be consistently repaired within 24 hours.
Thisis not to discount the many other benefits from reducing
pump downtimes, it is simply that health cannot be assumed to
be one of them.

From an operational perspective, any pump maintenance service
that reduces downtimes by an order of magnitude would be
viewed as excellent in the rura water sector or even a
best-in-class option. This study demonstrated an association
between consistent, rapid handpump repairs and reduced child
diarrhea reported in the households that use these pumps,
suggesting that such a high level of service may aso lead to
better health outcomes. Any WASH intervention that achieves
areduction in diarrhea of over 50% would certainly be viewed
as a success. If professionalizing handpump operations and
maintenance to minimize pump downtimes can yield the health
impacts demonstrated in this small study, can it have a
substantial impact on the burden of disease?

Only the pumps with the lowest downtimes were associated
with thislevel of health benefit. The 60% reduction in diarrhea
was only the best possible outcome for a best-in-class service.
The households using handpumps that had received very rapid
repair corresponded to only the 15% of pumpswhereall repairs
were completed within 24 hours. An efficacy of 60% trand ated
into an effectivenessin reducing diarrheamorbidity of lessthan
10% for al the households receiving the repair service. To
produce a hedth benefit, continuity of service must be
maintained with near-zero downtime. This level of service is
extremely difficult for professional service providers to
maintain, and there is scant evidence that community
maintenance can consistently achieve these performancelevels
[24,25,45,46]. FundiFix now operates a hybrid system of
reactive and preventative maintenance to maintain pump uptime.
Work is underway to use the sensors on the handpumps to
monitor the pumps' condition and predict failures with the aim
of eliminating pump downtime altogether [40,47].

https://publichealth.jmir.org/2024/1/e42462
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Limitations

This study’s primary outcome variable was self-reported
diarrhea, with enumeratorstrained to ask the question according
to the WHO definition. Self-reporting is known to have
limitations, and diarrhea is a crude proxy for water-related
diseases[48,49]. The use of self-reported diarrheain this study
does not in itself call into question the primary finding that
consistently rapid repairs are paramount to the delivery of health
benefits, but it does mean that caution should be used in
interpreting the effect size measured here. Asthe cross-sectional
element of the study was based around one survey, the primary
outcome variable was measured at timesthat varied with respect
to the primary exposure. This had advantages for blinding and
concealment, but limits the ability to attribute any observed
effect to a specific breakdown event. We can only speculate on
the extent to which the mechanism for the observed effect is
directly biological or behavioral.

Household matching between the two surveys was undertaken
rigorously, with unmatched househol ds excluded from analysis
where appropriate. The two surveys were 18 months apart and
the household characteristics were not necessarily identical
during each survey wave. Household composition may have
changed with births, deaths, or others joining or leaving the
household; household water budgets may also have changed as
members transitioned from child to adult roles, or from being
breastfed to directly consuming food and water, and other
factors.

The exclusion criteria used for this study necessarily restricted
the survey to households confirmed to have used pumps that
had received repairs from the free maintenance service. The
average downtime for handpumps across the study area prior
tothetrial was 27 days. It isplausiblethat the communitiesthat
chose not to engage with the repair service were those with
better repair arrangements and performance prior to the study,
introducing a possible selection bias. In addition, the method
of household selection was likely to have created a bias toward
householdsliving closer to the pump (the average distance from
a dwelling to its reference handpump was 136 meters and the
maximum was 739 meters). These issues do not affect the
internal validity of the study but may reduce external validity
and the wider inferences that can be made.

Most of these limitations were the result of using an
observational study design, which was linked to establishing
the local pump maintenance provider. While the findings may
be less widely generalizable, opportunistic operational studies
linked to local WASH programs—whether by governments,
private operators, or development agencies—have certain
benefits. Here, the findings are directly informing the service
provider’s operational management of handpumpsin this area.
By operating within existing and ongoing local programsin this
way, findings from such studies can feed directly into local
decision-making, and arethus more likely to have animmediate
and sustainable impact on local health outcomes [50]. In this
case, these findings—already shared with the maintenance
service provider—have underscored theimportance of reducing
pump downtimes to a minimum.
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Conclusions water service. For these, the management arrangements are

Implicit in the JMP's definition of “basic water” is the Often limited, back-up sources are most likely from an

assumption that improved sources of water are of higher quality uni mprov_ed source, and similar _hou%hold choi ces will haveto
than unimproved sources and would therefore be associated P& Madein response to an unreliable supply. This underscores
with the health benefits of lower diarrheal disease morbidity. tNe need to pursue on-premises, continuous supply.

Our findings suggest that handpumps may only produce health  These findings are also consistent with arich literature linking
benefits if service delivery can achieve the highest levels of  water-related diseasesto poverty. We found that soci oeconomic
performance, alevel of performance difficult to maintain even  factorswere more closely linked to household disease than some
under ideal operational circumstances. These findings provide  classic WASH factors, which taken in isolation did not reduce
empirical support to prior modeling of the relationship among  the incidence of child diarrhea. This implies that WASH
water service reliability, water quality, and health, which interventionswill be more effective when integrated into wider
suggests that even short periods of supply intermittency may  antipoverty and service delivery efforts, rather than implemented
have large adverse health impacts [38,39]. inisolation. Both of these findings support the current direction
of the WASH and Water Security research agenda, which
considers the key role water plays in other fields such as
education and nutrition, and emphasizes the wider systems of
service delivery, governance, and rights of which WASH
interventions are a part [51,52].

The required consistent reduction in downtimes needed is a
challenge for even FundiFix, a well-resourced and tightly
managed service provider that achieves higher uptimesthan are
typical in the sector. Our findings have implications beyond
handpumps and are potentially relevant to other forms of basic
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