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Water Filter and/or Hygiene–Sanitation Educational Interventions
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Abstract. Safe domestic potable water supplies are urgently needed to reduce childhood diarrheal disease. In
periurban neighborhoods in Cochabamba, Bolivia, we conducted a cluster randomized controlled trial to evaluate the
efficacy of a household-level hollow fiber filter and/or behavior change communication (BCC) on water, sanitation, and
hygiene (WASH) to reduce the diarrheal disease in children less than 5 years of age. In total, 952 households were
followed for a period of 12 weeks post-distribution of the study interventions. Households using Sawyer PointONE filters
had significantly less diarrheal disease compared with the control arm during the intervention period, which was
shown by diarrheal prevalence ratios of 0.21 (95% confidence interval [95% CI] = 0.15–0.30) for the filter arm and
0.27 (95% CI = 0.22–0.34) for the filter and WASH BCC arm. A non-significant reduction in diarrhea prevalence was
reported in the WASH BCC study arm households (0.71, 95% CI = 0.59–0.86).

INTRODUCTION

The lack of sustainable access to safe water and sanitation
services along with poor hygiene practices result in high mor-
tality rates, impoverishment, and diminished opportunities
for many people in low-income countries of the world.1,2

Although the provision of water, sanitation, and hygiene
interventions (WASH) is complex and multifaceted, safe
domestic water is important to effective WASH-related ini-
tiatives. The Millennium Development Goal (MDG) target of
halving the global proportion of those people without sustain-
able access to safe water down to 12% has been met 5 years
ahead of the 2015 goal.3 However, many of the world’s
poorest nations, notably those nations in sub-Saharan Africa,
will still fall short of this goal. Today, the lack of access to safe
water remains a serious concern for nearly 783 million per-
sons, and by 2015, when these global objectives are supposed
to be met, there will still be approximately 600 million persons
without access.3

Diarrheal disease is the primary health threat that results
from poor water quality. About 3.61% of the total disability-
adjusted life year (DALY) global burden of disease is attrib-
uted to diarrhea, which is the cause of some 1.45 million
deaths annually.4,5 Most of these deaths are among children
under the age of 5 years, with diarrhea being the second
largest cause of mortality in this age cohort worldwide.6

As of 2010, 71% of the rural population in Bolivia had
access to improved drinking water sources (51% piped on
premises and 20% other improved), which shows progress
compared with 57% (33% piped on premises and 24% other
improved) in 2000.2 However, statistics from 2004 in
periurban Cochabamba (specifically in Districts 8 and 14)
show that only 11.2% of households possessed piped infra-
structure in 2004.7,8 In these districts, 71.8% of people

receive water delivered by tanker trucks that are filled from
artesian wells/cisterns located at the northern toe slope of the
Cochabamba valley.7,8

Diarrheal surveillance conducted across Bolivia in 1998,
2003, and 2008 revealed that diarrhea prevalence for children
under 5 years of age, the highest risk age group, has been on
the rise: 19.2%, 22.4%, and 31.3%, respectively. The diarrhea
prevalence in the Department of Cochabamba was 36.2% in
2008; this department includes the city of Cochabamba and
the surrounding towns and communities. For the same period
across Bolivia, there was little difference in diarrhea preva-
lence between households (with children under 5 years old)
with and without improved municipal drinking water sources
(31.0% and 32.5%, respectively).9

Safe domestic potable water supplies that are low in cost
and easy to maintain are needed if a sustainable impact is to
be made on childhood diarrheal disease in poor communities
in low-income countries.10 Treatment of water against micro-
bial contamination is vital to reducing morbidity in these
communities. In areas where municipal sanitation and water
supply infrastructure are lacking or in poor condition, house-
hold-level point-of-use (POU) water filtration can provide a
safe, inexpensive solution.11 A wide variety of household fil-
ters are available on the market today, but few are low cost
and easily maintained. Filters that use ultraviolet light or
ozone are effective against microbial pathogens but require
electricity, which makes them non-applicable or too costly in
many settings. Several studies have examined the effective-
ness of gravity-fed filters, particularly biosand and ceramic
filters.12–16 However, long-term use of biosand filters has
been met with limited success in transient communities
because of high maintenance requirements. Although ceramic
filters are effective, they can be cumbersome, difficult to
clean, and susceptible to fracturing during distribution because
of their fragility (Montes O, Fundación contra el Hambre-
Bolivia, personal communication).12 Recently, the Sawyer
Corporation and Messiah College partnered to design a
gravity-fed biological filter system that uses a locally available
receptacle that is easily maintained by household members.

*Address correspondence to Erik D. Lindquist, Department of Bio-
logical Sciences, Messiah College, Suite 3030, 1 College Avenue,
Mechanicsburg, PA 17055. E-mail: quist@messiah.edu
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The Sawyer PointONE (Sawyer Corporation, Safety Harbor,
FL) is a POU filter that allows water to gravitationally flow into
a 0.1-mm porous hollow fiber membrane bundle (Figure 1).
This filter is attached to a hose that is coupled to a bucket in
which unfiltered water is housed. An independent study testing
three filter units in triplicate found that this filter system was
successful in removing 5 log all protozoan parasites (Giardia
lamblia and Cryptosporidium parvum) and 6 log bacteria
(Klebsiella terrigena) tested in the laboratory.17 Filter flow
rates reported by the Sawyer Corporation range from 32.8 to
99.2 L/hour depending on variables such as head pressure,
altitude, and unit variability.18 Filter clogging can also affect
flow rates. However, a backflow syringe that is provided with
each unit makes cleaning easy and intuitive.
This paper presents findings from a cluster randomized

controlled trial of two WASH interventions conducted in
periurban, low-income communities on the periphery of
Cochabamba, Bolivia. The primary objective was to evaluate
the efficacy of using the PointONE Filter and/or disseminat-
ing WASH behavior change communication in significantly
lowering the diarrhea prevalence among children under
5 years of age compared with a control group not receiving
these interventions. The target cohort consisted of children
under 5 years of age residing in the study catchment area.
Adherence to the prescribed intervention was measured during
the study period by using reported filter usage as a non-direct
proxy of water treatment behaviors.

MATERIALS AND METHODS

Setting. The study population was located within eight
economically depressed and ethnically marginalized (indige-
nous) periurban zones southeast and adjacent to the city
of Cochabamba (located in the Cochabamba Department
of Bolivia). Study sites were selected that lacked treated
municipal water and sanitation through piped infrastructure
(water mains and sewer lines). Because these periurban
communities fall outside the zone of Cochabamba’s munici-
pal water supply, most households have water delivered by
private providers using tanker trucks. These providers draw
water from artesian wells located at the toe slope of the
precordillera that flanks Cochabamba to the northeast.
The present study was conducted in collaboration with the
Fundación contra el Hambre–Bolivia (Food for the Hungry)
in areas where they had existing community partnerships.

Study design. The study design was a cluster randomized
controlled trial with four study arms: (1) a control arm that
received teachings on life skills (e.g., budget and family
skills) not related to water and sanitation; (2) an arm that
received a PointONE Filter and a 30-L bucket (with lid) with
training on use and maintenance (filter arm); 3) an arm that
received WASH behavior change communication (BCC),
including basic water treatment training (i.e., boiling exclud-
ing filtration; WASH BCC arm); and (4) an arm that
received a PointONE Filter and 30-L bucket (with lid) plus
WASH education (filter and WASH BCC arm). Six to fif-
teen households with qualifying children were arranged into
care groups, each with their own care group volunteer
(CGV) that was trained to educate household representa-
tives in their respective treatment/control arm lessons and
collect monthly data during intervention surveillance. CGVs
were recruited through Food for the Hungry. Sizes of indi-
vidual care groups varied because of three factors: geo-
graphic proximity of participant households, local density
of qualifying households, and availability of a CGV (leader)
within locally grouped households. Between four and nine
care groups were then arranged into a larger geographically
based cluster (within the same neighborhood). Each study
arm consisted of four treatment clusters, with a total of
16 treatment clusters for the study. By the beginning of the
intervention phase, 1,196 households were assigned to the
four study arms (Figure 2). After geographically based
treatment clusters were constructed, control and interven-
tion types were randomly assigned until four of each type
were achieved. There were four geographic zones. Each
zone was divided into four neighborhoods that were ran-
domized to the four treatment arms. The randomization
was done at the neighborhood level. Treatment was assigned
with a random number generator. Randomization was used
to ensure that the populations were similar across study
arms (Table 1).
Power calculation.Our power calculation was conducted in

G*Power 3.1.3. Based on national statistics provided by Coa
and Ochoa,9 we estimated that the diarrheal prevalence for
the control area would be 35%.19 We anticipated that the
difference in diarrhea prevalence attributed to the interven-
tion in each of our study arms would be 20% based on the
work by Clasen and others.20 To calculate a 20% difference
in diarrhea prevalence between each of our intervention and
control arms with a power of 80% and a type 1 error of 0.05,

Figure 1. (A) The PointONE Filter produced by the Sawyer Corporation attached to a bucket with a lid was used in this study. (B) A
transparent version of hollow fiber filter cartridge located within the filter casing. (C) A PointONE Filter bucket system in use and modeled for
depiction in the filter training manuals used in the study.
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we calculated that we would need a sample size of 300 house-
holds in each our arms; therefore, our total sample size would
need to be 1,200 households.20

Eligibility and enrollment. Between November and
December of 2009, the aforementioned neighborhoods were
canvassed by the study team in partnership with community
leaders and directors to identify children who met our eligi-
bility criteria. To be included, children needed to (1) be less
than 60 months of age, (2) live in squatter or low-income
rental housing, (3) receive their primary drinking/household
water from a non-municipal source, and (4) live in a house-
hold that lacked access to a direct municipal sewer line.
Enrollment was limited to one child per household, and signed
consent was obtained for each household primary caregiver.
Each participating household’s location was mapped using

Google Earth v. 5.2 to facilitate study arm placement and
follow-up and track long- or short-form survey designation.
Interventions. In this study, we examined POU water puri-

fication using a Sawyer PointONE hollow fiber filter and
BCC on key WASH messages. The following study arms
were used in the experimental design. (1) Filter: participants
in this study arm received a Sawyer PointONE filter and a
30-L bucket (with lid) as well as weekly lessons by CGVs
on the assembly, use (for drinking and cooking), cleaning,
and long-term maintenance of the filter. If damage occurred
to a system component during the study, then a replacement
was provided. (2) WASH BCC: weekly WASH messages
from CGVs on personal and family hygiene, sanitation, boil-
ing and chlorine-based water treatments (excluding filtra-
tion), vitamin A, hygienic food preparation and cleaning,
and parasite prevention were provided to this study arm.
(3) Filter and WASH BCC: this study arm covered all
equipment training and messaging used in the aforemen-
tioned filter and WASH BCC arms of the study. (4) Con-
trol: participants received weekly messages from CGVs on
life skills and attitudes, such as household budgeting, value

of children, responsibility to care for children, principles in
family unity, and basic environmental stewardship. Given
that drawing people into a social network may help behaviors
to spread more extensively through that network, it was
decided that the control arm should use a care group struc-
ture similar to the other intervention arms but not include
promotion of water and sanitation behavior.21–24

In addition to the intervention-specific lessons given above,
every study participant was taught basic lessons on diarrheal
transmission (biological versus cultural beliefs-based), pre-
vention and treatment, prevention of dehydration, and how
to feed a sick child. At the close of the study, control and
education intervention arm participants who completed the
study term received filters, buckets, lids, and education on
their use.
Measurements. Health technicians conducted a pre-

intervention baseline Knowledge Practices and Coverage
(KPC) survey of each household’s primary caregiver between
January 18 and March 3, 2010. This survey collected the
following information: sociodemographic information, water
source at home, and caregiver water treatment practices.
The intervention phase began for the three treatment arms

of the study on March 15, 2010. From April to July of 2010,
2-week recall data on the presence of diarrhea and filter
usage (in filter intervention arms) were gathered from each
primary caregiver of a child enrolled in the study and reported
to CGVs at the beginning of the second week of each month.
All intervention arm households received their respective
interventions (filters and/or WASH BCC) from CGVs by
May of 2010. Therefore, our analysis is based on May to
July of 2010.
Data forms for KPC and monthly intervention surveys

were collected using Pocket PC Creations v. 5.0 for rapid
and consistent data entry into handheld personal computers
(HP iPAQ 110 Windows Mobile Handheld) and directly
downloaded into a Microsoft Access 2007 project database.

Figure 2. Intervention assignment and completed follow-up using CONSORT 2010 (CONsolidated Standards Of Reporting Trials).
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Fieldworkers and CGVs. All study staff used in the present
study were recruited by Fundación contra el Hambre–Bolivia
(Food for the Hungry). Three health technicians, one moni-
toring and evaluation technician, and one field supervisor
received training in adult educational methods, barrier analy-
sis, use of Quality Improvement and Verification Checklists
(QIVCs), interviewing techniques, and the Care Group
Model.25,26 Staff also received periodic refresher training on
these topics.
CGVs were originally selected during meetings held in the

community. Groups of constituent caregivers met to select
their CGV. Participation as a CGV was voluntary, and the
CGV was free to resign at any time during the study. During
the meetings, staff explained the roles and responsibilities
involved and then assisted community members in voting for
their CGV. The following criteria were used in CGV selec-
tion: female, a third-grade education minimum, ability to read
and write, had one child participating in the study, and had an
interest in learning about health. If a CGV resigned, study
staff gathered the group together to select a replacement or
asked another caregiver in the care group to take on the CGV
leader role.
All CGVs received a 12-session training module by trained

study health technicians. Health technicians taught CGVs
how to present the educational modules, which included

peer learning sessions, where health promotion materials
were presented to other CGVs for practice. Health techni-
cians took this opportunity to observe the health promotion
skills of the CGVs and provide them with feedback. For
each study arm, CGVs were given a session outline and
educational materials in the form of flip charts. Each CGV
taught using these materials during her biweekly home visits
or care group meetings.
Data analysis. Our study objective was to determine if the

filter and WASH BCC interventions were effective in signifi-
cantly lowering the diarrhea prevalence in our study popula-
tion compared with the control group. The main outcome in
the present study is the percentage of surveillance visits for
each child where a caregiver reported a child having a diar-
rhea episode in the past 2 weeks. This percentage was calcu-
lated by dividing the number of surveillance visits when
diarrhea was reported by the total number of surveillance
visits for each child. For this analysis, only surveillance visits
in May, June, and July of 2010 were included, because not all
study households received the intervention in the first surveil-
lance visit in April of 2010. We also calculated the monthly
diarrhea prevalence for each study arm by dividing the num-
ber of surveillance visits when diarrhea was reported by the
total number of surveillance visits for each study arm. To
determine the diarrhea prevalence ratios for each of the three

Table 1

Population characteristics by study arm

Control (N = 220) Education (N = 246) Filter (N = 235) Filter and education (N = 203)

Age of child, months ± SD (range) 20 ± 8.9 (4–38) 21 ± 9.0 (2–38) 20 ± 9.0 (3–40) 19 ± 8.7 (3–38)
Percent female, % 45 50 51 45
Primary language spoken by household, %
Aymara 3 2 4 4
Spanish 59 44 59 36
Quecha 38 54 37 60

Caregiver years of education, %
None 7 12 10 18
1–5 24 35 21 21
5–10 33 31 32 34
Greater than 10 36 22 37 26

Floor type in household, %
Concrete 84 77 84 77
Title 14 5 11 8
Brick 0 1 0 3
Dirt 2 17 5 10
Other 1

Main source of drinking water, %
Rain water collection < 1 < 1 0 0
Water coolers 12 6 7 6
Tanker truck 83 92 84 91
No water given < 1 < 1 < 1 1
Piped water in the dwelling 3 0 6 0
Piped water outside of dwelling < 1 < 1 2 0
Public tap 0 0 < 1 0
Dug well 0 0 < 1 < 1
Surface water 0 0 0 < 1
Other < 1 < 1 < 1 1

Reported water treatment, %
Boil 71 61 70 64
Use of bleach or chlorine 0 0 1 0
Use of commercial water treatment product 3 < 1 0 1
Ceramic filter, sand filter, or biofilter 0 0 0 0
Solar disinfection 3 < 1 2 2
Straining through cloth 0 < 1 < 1 < 1
Sedimentation of water (allowing to stand before drinking) 0 0 0 < 1
Other 0 0 0 < 1

Loss to follow-up, % 7 8 4 14
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intervention arms compared with the control group, we used
generalized estimating equations (GEEs) with a Poisson
regression to account for clustering within study geographic
clusters.27 Although we measure diarrhea prevalence over
time, we summarized diarrhea for each child over the study
period before analysis. We use GEEs to approximate the prev-
alence ratios between study arms, which are close but not
exactly the same as from the raw data, because GEEs account
for the geographic clustering between children. We do not rely
on the estimates of variability fromGEEs, because the number
of clusters is too small. Two-sided Wilcoxon rank sums using
the exact method were calculated to determine if there were
significant differences between the three study intervention
arms and the control arms. GEEs could not be used to deter-
mine these P values because of the low variance estimate
attributable to the small number of study clusters. These vari-

ance estimates can be too low when the number of geographic
clusters is not large, and they are not reliable enough for P

values to be calculated.28 All analyses were performed using
SAS, version 9.3 (SAS Institute Inc., Cary, NC).
Filter usage. Filter usage data were gathered for each con-

stituent household for each month of the 4 intervention
months. Household caregivers reported filter usage estimates
to CGVs with the following categories: never, seldom, some-
times, almost always, or always.
Focus group. Household primary caregivers (N = 40) living

in the Uspha Uspha community provided researchers with
opinions about the PointONE filter in a focus group study in
June of 2010.
Ethics. The study protocol was approved by the Messiah

College Institutional Review Board. Signed informed consent
forms were obtained from all study respondents. All house-
hold primary caregivers that wanted to end their participation
in the study were allowed to do so at any time, and they were
provided an opportunity to decline participation at the begin-
ning of every CGV or study personnel visit. All requisite
permissions were obtained from governmental authorities

before the enrollment phase of the study commenced.

RESULTS

The study cohort consisted of a total of 1,196 households
with at least one child residing in the home that was less than
5 years of age. Fifty-three percent of the respondents were
female, and the median age was 20 months (range = 4–
40 months). A CONSORT 2010 diagram of study enrollment
and participation is provided in Figure 2 (CONsolidated Stan-
dards Of Reporting Trials). Of 1,196 households that began
the intervention phase of the study, 97 households were lost
because of emigration. In total, 195 households were excluded
from the final analysis: 164 households were excluded,
because they were missing two or more household visits
between May and July of 2010, and 31 households were
excluded, because more than one child was enrolled in the
household. Selected pre-intervention baseline KPC character-
istics for all households profiled by the respective study arm
are presented in Table 1. Fifty-three percent of households in
our intensive KPC survey reported no sanitation option in
their home. Flush toilet connected to a septic tank was
reported in 25% of households, pit latrine without a slab was
reported in at 13% of households, and pit latrine with a slab
was reported in at 9% of households. There were no signifi-
cant differences observed across study arms. Likewise, the
location of toilets and latrines ranged from 11% inside or
attached to the dwelling and 77% detached from the dwelling
but inside the dwelling property to 11% outside of the dwell-
ing property and < 1% indicated as other. Demographic fea-
tures of the study participants, such as caregiver and child
ages and sex ratios, were similar across control and filter
intervention groups, and they are profiled in Table 1. The loss
of 97 (10.7%) participants to emigration in 4 months reflects
the transient nature of the study communities. The reason for
the slightly higher loss to follow-up in the filter and BCC arm
is unknown.
Diarrheal disease prevalence and stratified diarrhea preva-

lence ratios are specified in Figure 3 and Table 2 and were
based on CGV reported monthly reported data. The diarrhea
prevalence ratio (DPR) effect estimate compared with the

Figure 3. Diarrhea prevalence by study month. Percent prevalence for each study arm is shown above each point. Dashed black line = filter
and WASH BCC arm; solid black = filter arm; dashed gray = WASH BCC arm; solid gray = control arm.
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control group for the filter arm was 0.15 (95% confidence
interval [95% CI] = 0.10–0.22) or a mean reduction in diar-
rheal disease of 85% after controlling for clustering within
geographic clusters. Additionally, the filter and WASH BCC
arm DPR effect estimate was 0.22 (95% CI = 0.16–0.30) or a
78% mean reduction in diarrheal disease. The lower mean
reductions in diarrhea prevalence were significant for both
the filter and filter and WASH BCC study arm households
compared with the control arm households; both had identical
P values of 0.0286 using the Wilcoxon rank sums with the
exact method.
Filter usage. We defined a filter user as someone who

reported using the filter always or almost always in a given
intervention month. Of participant households in the filter
arm, 97% reported being filter users, and 90% reported being
filter users in the WASH BCC and filter arm. The reason for
the higher filter usage in the filter arm compared with the
WASH BCC and filter arm is unknown.
Focus group. Commonly stated positive feedback regarding

the water filter included ease of use, clearer appearance of
water, and better taste and smell than their source water.
Many stated that they believed that the filter was more effec-
tive and advantageous in purifying water than traditionally
boiled or chemically treated methods. Participants made
important design recommendations, such as having a cleaner-
looking filter hose, a tethered filter spout cap, and a stronger
filter storage hook.

DISCUSSION

This study represents the first cluster-based randomized
controlled trial on the use of household-level hollow fiber
POU water filters (Sawyer PointONE) in the field. Results
from this factorial design study show statistically signifi-
cant reductions in diarrheal disease among children less than
5 years of age in filter and filter and WASH BCC study arm
households compared with control households. Although a
reduction in diarrhea prevalence was observed in the WASH
BCC arm households, differences were not statistically signif-
icant. Likewise, no additional reductions in diarrheal disease
were observed in filter and WASH BCC households com-
pared with the households that only had the filter.
Piped treated municipal water delivery is still an impor-

tant developmental goal for low-income populations. How-
ever, the Sawyer PointONE POU filter seems to be an
effective interim tool for use in communities using microbial-
contaminated water sources. Compared with ceramic candle
filters (i.e., Katadyn 2110070), the PointONE filter costs less:
$216 for the ceramic filter compared with $60 for the
PointONE filter. The PointONE filter also has the added
benefit of being easy to transport and install, making it a

good option in combating waterborne disease in emergency
settings. In addition, the PointONE filter has a manufacturer-
specified 10-year minimum lifespan. Filter usage has an inher-
ent environmental benefit over boiling water, which places
high demand on collecting firewood and in turn, degrades
puna, forests, and scrubland habitat, contributing to habitat
loss pressures for endemic birds and native plants.29

In the present intervention, we did not observe a signifi-
cant impact of the WASH BCC study arm. The findings
suggest that the distribution of the filter alone was sufficient
to reduce diarrhea outcomes. This finding is consistent with
metaregressions by Brown and others,30 Stauber and others,31

and Hunter32 on filter interventions conducted in Asia
using ceramic water purifiers (CWPs) and biosand filters
(BSFs).30–32 Results from this study suggest that hollow fiber
filters can reduce diarrhea prevalence in children under the
age of 5 years an additional 6–13% compared with 72%
reported in a study on CWPs in Bolivia.14 Compared with
the DPR values reported in a study in Cambodia on CWPs
(0.58, 95% CI = 0.41–0.82) and iron-rich CWPs (0.65, 95%
CI = 0.46–0.93), the diarrheal disease prevalence reductions
associated with the PointONE filter seem to be notewor-
thy.30 Likewise, in another Cambodian study on BSF inter-
ventions, a 22% reduction in prevalence of diarrhea was
observed, still markedly lower than the effect sizes reported
with the PointONE filter.31 Lastly, in a meta-analysis on 33
reports from 21 different countries conducted by Clasen and
others,21 chlorination and flocculation disinfection studies
estimating the intervention effect in children under 5 years
of age using longitudinal prevalence ratios showed that they
were less effective (0.91, 95% CI = 0.82–1.02 and 0.42, 95%
CI = 0.13–1.37, respectively). Intervention expenses vary
depending on the technologies and level of human resources
required, and therefore, it is important for healthcare and
social work organizations to weigh the costs and benefits of
using the filter alone or with educational modules.
There are several limitations to the present study. One

limitation is the short duration of the study intervention
period of 3 months. A future study should be conducted for a
longer period of time to assess the sustainability of this filter
technology over time. A second limitation is the small amount
of geographic clusters in the present study. If the number of
clusters had been larger, we would have been able to use GEEs
to detect significant differences between our study arms and
adjust for study covariates, such as sociodemographic charac-
teristics in the study population. A third study limitation is that
the same CGVs that administered the study interventions col-
lected diarrheal surveillance data, which could result in differ-
ential reporting bias, potentially leading to underreporting of
diarrhea in the intervention versus the control arms. A fourth
study limitation is that we used a 2-week recall on the presence

Table 2

Diarrheal disease prevalence and intervention effect estimates

Study arm
May 2010 diarrhea

period prevalence (%)
June 2010 diarrhea

period prevalence (%)
July 2010 diarrhea

period prevalence (%)
Diarrhea prevalence over

12-week period (%)
Diarrhea prevalence
ratio (95% CI)* P value†

Control (N = 220) 49 39 42 43 − −

WASH BCC (N = 246) 61 20 14 30 0.71 (0.59–0.86) 0.0857
Filter (N = 235) 10 10 6 9 0.21 (0.15–0.30) 0.0286
Filter and WASH
BCC (N = 203)

16 11 9 12 0.27 (0.22–0.34) 0.0286

*Calculated using a GEE using a Poisson distribution adjusted for study clusters.
†P values were calculated using Wilcoxon scores (rank sums) with the exact method (two sided).
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of diarrhea and did not collection information on the number
of episodes or the severity or duration of episodes. It has been
established that recall periods beyond 2 days can underreport
events.33–36 Because of this tendency, we measured diarrheal
disease prevalence conservatively, and therefore, the effect
sizes given in this study are likely underestimates. Lastly, an
important design limitation is the lack of study blinding with
the implementation of a placebo/sham filter study arm. Mem-
bers of the research team and the local administration of Food
for the Hungry–Bolivia voiced many logical and ethical reser-
vations to this aspect of the study design.37 Therefore, there
exists a potential for participant-level reporting bias in the
intervention study arms.

CONCLUSION

The findings from the present study suggest that the Sawyer
PointONE filter can be an effective tool to reduce diarrheal
prevalence in children under the age of 5 years. Additional

research is needed to evaluate this filter in different settings
globally. A longer longitudinal study would also be helpful in
providing a stronger evidential base for the sustainability of
the interventions’ efficacy. Also, implementation in diverse
environmental settings (such as areas with disparate rainfall
regimes) and diverse cultural settings (such as areas with
different water, sanitation, and hygiene practices) would be
helpful. Likewise, a comparative rapid assessment of water-
borne disease prevalence in disaster relief populations with
groups using Sawyer PointONE hollow fiber filters, other
POU filters (e.g., ceramic candles), and chemical treatment
(e.g., Aquatab and chlorine-based treatments) could be of
additional use.
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Rodolfo Calani and José Sanchez of Food for the Hungry–Bolivia
provided key monitoring and evaluation leadership and preliminary
data analyses.

Financial support: Funding for this study was provided to Food for
the Hungry–USA by Sawyer Products Inc., the manufacturers of
PointONE Filter.

Disclaimer: None of the authors have any direct link to or financial
interest with Sawyer Products Inc. Data collection, results, analyses,
and write up were completed independent of input of personnel,
subsidiaries, or component manufacturers of/for Sawyer Products
Inc. Research and design projects by Messiah College students and
faculty have provided feedback to Sawyer Products Inc., specifically
with respect to the PointONE Filter. Messiah College receives no
revenues from the sale of the PointONE Filters.

Authors’ addresses: Erik D. Lindquist, Department of Biological Sci-
ences, Messiah College, Mechanicsburg, PA, E-mail: quist@messiah
.edu. C. M. George and Jamie Perin, Department of International
Health, Program in Global Disease Epidemiology and Control, Johns
Hopkins Bloomberg School of Public Health, Baltimore, MD,
E-mails: cmgeorge@jhsph.edu and jperin@jhsph.edu. Karen J.
Neiswender de Calani, FH Guatemala, Guatemala City, Guatemala,
E-mail: kcalani@fh.org. W. Ray Norman, School of Science, Engi-
neering and Health, Messiah College, Mechanicsburg, PA, E-mail:
rnorman@messiah.edu. Thomas P. Davis Jr, Food for the Hungry–
USA, Phoenix, AZ, E-mail: tdavis@fh.org. Henry Perry, Department
of International Health, Health Systems Program, Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD, E-mail:
heperry@jhsph.edu.

This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES

1. Bartram J, Cairncross S, 2010. Hygiene, sanitation, and water:
forgotten foundations of health. PLoS Med 7: 1–9.

2. United Nations Children’s Fund and World Health Organization,
2012. Progress on Drinking Water and Sanitation: 2012 Update.
New York, NY: United Nations Children’s Fund.

3. United Nations, 2012. The Millennium Development Goals Report
2012. Available at: http://www.un.org/millenniumgoals/pdf/MDG
%20Report%202012.pdf. Accessed September 28, 2013.

4. Institute for Health Metrics and Evaluation (IHME), 2012.
Global Burden of Disease Study 2010. Global Burden of
Disease Study 2010 (GBD 2010) Results by Risk Factor 1990–
2010. Seattle, WA: Institute for Health Metrics and Evalua-
tion (IHME).

5. World Health Organization, 2010. GLAAS 2010: UN-Water
Global Annual Assessment of Sanitation and Drinking-
Water: Targeting Resources for Better Results. Geneva: World
Health Organization.

6. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, Bassani
DG, Jha P, Campbell H, Walker CF, Cibulskis R, Eisele T, Liu
L, Mathers C, 2010. Global, regional, and national causes of
child mortality in 2008: a systematic analysis. Lancet 375:
1969–1987.

7. Centro de Documentación e Información Bolivia, 2007.Datos del
Distrito 8. Cochabamba, Bolivia: Centro de Documentación e
Información Bolivia.

8. Centro de Documentación e Información Bolivia, 2007.Datos del
Distrito 14. Cochabamba, Bolivia: Centro de Documentación e
Información Bolivia.

9. Coa R, Ochoa LH, 2009. Encuesta Nacional de Demografı́a y
Salud: ENDSA 2008. La Paz, Bolivia: Ministerio de Salud
y Deportes.

10. United Nations Children’s Fund and World Health Organization,
2009. Diarrhoea: Why Children Are Still Dying and What Can
Be Done. New York, NY: United Nations Children’s Fund, 68.

11. World Health Organization, 2011. Evaluating Household Water
Treatment Options: Health-Based Targets and Microbiological
Performance Specifications. Geneva:World Health Organization.

12. Stauber CE, Elliott MA, Koksal F, Ortiz GM, DiGiano FA,
Sobsey MD, 2006. Characterisation of the biosand filter for
E. coli reductions from household drinking water under con-
trolled laboratory and field use conditions. Water Sci Technol
54: 1–7.

13. Stauber CE, Ortiz GM, Loomis DP, Sobsey MD, 2009. A ran-
domized controlled trial of the concrete biosand filter and its
impact on diarrheal disease in Bonao, Dominican Republic.
Am J Trop Med Hyg 80: 286–293.

14. Clasen TF, Suntura O, Cairncross S, 2004. Reducing diarrhea
through the use of household-based ceramic water filters: a
randomized, controlled trial in rural Bolivia. Am J Trop Med
Hyg 70: 651–657.

15. Clasen TF, Brown J, Collin SM, 2006. Preventing diarrhoea with
household ceramic water filters: assessment of a pilot project in
Bolivia. Int J Environ Health Res 16: 231–239.

196 LINDQUIST AND OTHERS

www.ajtmh.org


16. Duke WF, Nordin RN, Baker D, Mazumder A, 2006. The use and
performance of BioSand filters in the Artibonite Valley of Haiti:
a field study of 107 households. Rural Remote Health 6: 570.

17. Hydreion LLC (Missoula, MT), 2005. Microbiological Testing
of the Sawyer 7/6B Filter. Report No. S05-03. Available at:
http://sawyer.com/wp-content/uploads/2013/12/field-micro.pdf.
Accessed January 29, 2013.

18. Sawyer Corporation, 2013.What Can I Expect as a Flow Rate from
My PointONEFilter. Available at: http://sawyer.com/wp-content/
uploads/2013/12/flow-full1.pdf. Accessed January 29, 2013.

19. Faul F, Erdfelder E, Lang AG, Buchner A, 2007. G*Power 3: a
flexible statistical power analysis program for the social, behav-
ioral, and biomedical sciences. Behav Res Methods 39: 175–191.

20. Clasen T, Schmidt WP, Rabie T, Roberts I, Cairncross S, 2007.
Interventions to improve water quality for preventing diar-
rhoea: systematic review and meta-analysis. BMJ 334: 782.

21. Christakis NA, Fowler JH, 2007. The spread of obesity in a large
social network over 32 years. N Engl J Med 357: 370–379.

22. Christakis NA, Fowler JH, 2008. The collective dynamics
of smoking in a large social network. N Engl J Med 358:
2249–2258.

23. Fowler JH, Christakis NA, 2008. Estimating peer effects on
health in social networks: a response to Cohen-Cole and
Fletcher; Trogdon, Nonnemaker, Pais. J Health Econ 27:
1400–1405.

24. Fowler JH, Christakis NA, 2008. Dynamic spread of happiness
in a large social network: longitudinal analysis over 20 years
in the Framingham Heart Study. BMJ 337: a2338.

25. Davis TP, 2004. Barrier Analysis Facilitator’s Guide: A Tool for
Improving Behavior Change Communication in Child Survival
and Community Development Programs. Washington, DC:
Food for the Hungry.

26. Laughlin M, 2004. The Care Group Difference: A Guide to
Mobilizing Community Based Volunteer Health Educators.
Baltimore, MD: World Relief.

27. Liang KY, Zeger SL, 1986. Longitudinal data analysis using
generalized linear models. Biometrika 73: 13–22.

28. Emrich LJ, Piedmonte MR, 1992. On some small sample proper-
ties of generalized estimating equation estimates for multi-
variate dichotomous outcomes. J Stat Comput Simul 41: 19–29.

29. Dinerstein E, Olson DM, Graham DJ, 1995. A Conservation
Assessment of the Terrestrial Ecoregions of Latin America and
the Caribbean. Washington, DC: The World Bank.

30. Brown J, Sobsey MD, Loomis D, 2008. Local drinking water
filters reduce diarrheal disease in Cambodia: a randomized,
controlled trial of the ceramic water purifier. Am J Trop Med
Hyg 79: 394–400.

31. Stauber C, Printy E, McCarty F, Liang K, Sobsey M, 2011.
Cluster randomized controlled trial of the plastic biosand
water filter in Cambodia. Environ Sci Technol 46: 722–728.

32. Hunter PR, 2009. Household water treatment in developing
countries: comparing different intervention types using meta-
regression. Environ Sci Technol 43: 8991–8997.

33. Alam N, Henry FJ, RahamanMM, 1989. Reporting errors in one-
week diarrhoea recall surveys: experience from a prospective
study in rural Bangladesh. Int J Epidemiol 18: 697–700.

34. Boerma JT, Black RE, Sommerfelt AE, Rutstein SO, Bicego GT,
1991. Accuracy and completeness of mothers’ recall of diar-
rhoea occurrence in pre-school children in demographic and
health surveys. Int J Epidemiol 20: 1073–1080.

35. Schmidt WP, Luby SP, Genser B, Barreto ML, Clasen T, 2007.
Estimating the longitudinal prevalence of diarrhea and other
episodic diseases: continuous versus intermittent surveillance.
Epidemiology 18: 537–543.

36. Melo MC, Taddei JA, Diniz-Santos DR, May DS, Carneiro NB,
Silva LR, 2007. Incidence of diarrhea: poor parental recall
ability. Braz J Infect Dis 11: 571–579.

37. Emanuel EJ, Wendler D, Killen J, Grady C, 2004. What makes
clinical research in developing countries ethical? The bench-
marks of ethical research. J Infect Dis 189: 930–937.

REDUCING CHILDHOOD DIARRHEA USING HOLLOW FIBER WATER FILTERS 197


	A Cluster Randomized Controlled Trial To Reduce Childhood Diarrhea Using Hollow Fiber Water Filter And/Or Hygiene-Sanitation Educational Interventions
	Recommended Citation
	Authors

	TPM13568 190..197

