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M du Preez 012 841 3950 Wouter le Roux 012 841 2189
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CONSENT TO PARTICIPATE IN SODISWATER RESEARCH STUDY
Title of research study:

Solar Disinfection of Drinking Water for use in Developing Countries or in Emergency Situations
Short Title: SODISWATER
| have been provided with an information sheet about this study. The information on the sheet has been

explained to me. | understand what is involved in the study, and | agree to take part. | understand that |
am free to withdraw from the study at any time.

Signature of Householder: Date:
Name:

Signature of Researcher: Date:
Name:

Signature of Witness: Date:
Name:
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Bottles disinfecting in the sun ... ... and 6 hours later safe to drink.
This poSter reports on the South African The aim of the study was to determine whethei drinking water disinfected in a bottle by the sun
part of a research project funded hy the improved the health of young chitdren, The numbcr of times the children had dysentery (bloody
European Commiission that also took place in diarrhoea) or non-bloody diarrhoea was used to indicate their health. A person has diarrhoea
Kenya and Zimbabwe when they produce three loose stools in one day.
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The study included 649 households with children between & months b =]
— and 5 years old. 348 chlidren were given SODIS bottles to put in Lhe sun =3
B || and drink from (thesce were Lhe ‘test group'). Another 438 children drank [l
El | their usual water {these were the ‘control jioiip') [75]
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Child carers were asked 10 fill in a
paper ‘diarrhoeal diary’ which recorded
their children’s stoals every day,
Including whether ar not it contained
blood {which indicates dysentery).

Measuring welght, helght and length

All children were visited four times over a penod of one year [i.e every three manths) Therr weights and
heights {or lengths in very young children) were measured and samples of the household storage water

and SODIS bottle water were collected. Data were captured on small handheld computers and
downloaded onto the main database each day. The waler samples were analysed in a laboratory for the
bacterium £, coli which can cause dysentery and non-bloody diarrhoea,

Analysing for E. coli in the laboratory

|| The health of those children who drank SODIS water was
compared with the health of those children wha did not.

In South Africait was found thal when people used the SODIS
melhod properly it reduced Uhe number of umes Ue children had
dysentery. Those that did not use il properly did not have this
health benefit. It may be that the South African parlicipants

| thought their water was already of good quality and therefore did
not fecl that the 50DIS method was necessary

| 2. Water was poured from slorage container {[compared to using a scoop); and

In South Africait was found that the risk of dysentery In the children was

less when:

1. Drinking waler from standpipes (compared wilh those drinking water from
other sources);

3. There was access to a flush toilet (compared with those who did not have
access (o a toilet),

This information, however, has nothing to do with drinking SODIS water, It

simply tells us aboul the normal dysentery risks when SODIS waler is not used.

The Results

In Kenya where the water was generally of worse
quahity and the people were much poorer, the SODIS

Helpful fieldworkers

method was shown to be very effective. It significantly
reduced the number of times the children had dysentery
and non-bloody diarrhoea.

Unfortunately, the weight, height and length data
were nol of good enough guality to establish whether or
nol they were affecled by drnking the SODIS water.
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Solar disinfection (SODIS) effectively improves the microbial
quality of drinking water for preventing diarrhea; however, the
effect of participant motivation has not been studied. This
1-year randomized controlled trial investigated the effect of
SODIS of drinking water and motivation on the incidence of
dysentery and nondysentery diarrhea among children of age 6
months to 5 years living in periurban communities in South
Africa. We compared 383 children in 297 households using SODIS
with 335 children in 267 households with no intervention. At
baseline 62.4% of the study households had stored water which
metWorld Health Organization guidelines for zero thermotolerant
coliforms per 100 mL. Dysentery was recorded using a
pictorial diary. Incidence of dysentery was significantly
associated with higher motivation, defined as 75% or better
completion of diarrhea data. Incidence rates were lower in those
drinking solar disinfected water (incidence rate ratio 0.64,

95% CI 0.39—1.0, P = 0.071} but not statistically significant.
Compared with the control, participants with higher motivation
achieved a significant reduction in dysentery (incidence rate
ratio 0.36, 95% CI 0.16—0.81, P = 0.014). However, there was no
significant reduction in risk at lower levels of motivation.

Solar disinfection was not significantly associated with
nondysentery diarrhea risk overall (P = 0.419). A statistically
significant reduction in dysentery was achieved only in households
with higher motivation, showing that motivation is a significant
determinant for measurable health gains. Failure of three-
quarters of participants to achieve a significant reduction in
dysentery suggests that research into effective implementation
is required.

Introduction

Although diarrhea is a preventable and treatable disease, 1.8
million people die of it annually. The majority of these deaths
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are children under 5 years of age (I}. The World Health
Organization estimates that in 94% of cases diarrhea is
preventable by increasing the availability of clean water and
improving sanitation and hygiene (2). In South Africa, the
provision of drinking water has been the primary focus of
the government for the past decade. Improved water sources
are available to 99% of the urban population and 78% of the
rural population (3). Access to water in periurban areas is
mainly through standpipes and in rural areas mainly through
the provision of protected boreholes that in some areas are
connected to standpipes. Access to improved sources is,
however, not guaranteed. Interruptions in the water supply
often leave people with no choice other than using unpro-
tected water sources (4). Aging water treatment infrastructure
and poor maintenance periodically contribute to the provi-
sion of water of poor microbial quality in both rural and
periurban areas (4). The lack of in-house water encourages
storage of water, leading to postcollection contamination
(5, 6), resulting in fecal contamination known to increase
between source and point of consumption (7).

The prohibitive cost of universally supplying piped water
has made household water treatment (HWT) an attractive
alternative worldwide. Reviews of the effectiveness of HWT
methods (8, 10) have confirmed that in-home interventions,
such as filtration (11— 16), chlorination (17), a combination
of flocculation and chlorination (18), and solar disinfection
(19-22), can reduce the incidence of diarrhea substantially.
The fundamental principles of one of the simplest and
cheapest HWT techniques, solar disinfection (SODIS) was
first discussed in 1877 by Downes and Blunt (23). Acra and
his colleagues from the American University of Beirut laid
the foundations for the further development of solar ir-
radiation of water and oral rehydration solutions in 1980
(24, 25). More recent laboratory studies (26—31) have
consistently shown that exposing water to sunlight results in
significant reduction in microbial contamination. However,
there is only limited data from controlled field trials to show
that this reduction in bacterial levels translates into a
reduction in risk of disease in people. Three published trials
reported that solar disinfection was associated with a
significant reduction in the risk of diarrheal disease in children
aged five and under (19) and in older children (20), and a
further trial reported a significant reduction of risk of cholera
in children (21). A study by Rose and his colleagues in India
in children under five (22) reported areduction in risk, despite
86% of the children drinking water other than the solar
disinfected water. Regretfully, Rose does not specify the
frequency with which test children consumed nonsolar
disinfected water, so the true impact of this study is difficult
to gauge.

Previous studies have several deficiencies. All published
trials have been carried out on children; there are no trials
of the effect of solar disinfection in populations of adults at
high risk of water-borne diseases. The Kenyan trials were all
carried out in populations drinking heavily contaminated
water with high levels of disease risk. Furthermore, since the
control group participants stored water indoors, the effect
of this improved storage may have caused an under-
estimation of the true benefit of solar disinfection (19).
Importantly, the trial methodology did not allow for the
differentiation between dysentery, which has serious health
consequences, and nondysentery diarrhea. This is an im-
portant weakness, as Gundry and his colleagues reported
that dysentery in children in rural South Africa and Zimbabwe
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is dependent upon fecal contamination of source water, while
nondysentery diarrhea was uncorrelated with water quality
(32).

Recently, a trial of solar disinfection by Miusezahl and
his colleagues in a setting of very low compliance failed to
show a statistically significant reduction in diarrheal disease,
although a reduction in diarrhea was observed for both the
test and control communities (33). The study was randomized
at the community level so that community-level efforts to
enhance adoption and behavior change as well as the realities
of a scale-up program implementation could be captured in
full. Despite intensive health promotion activity, compliance
with SODIS in this trial was the lowest reported in any SODIS
study at 32%, and the relative risk of diarrhea was 0.81 (95%
confidence interval 0.59—1.12). Bhutta (34) pointed out that
itwas uncertain if the negative results reported by M#usezahl
and his colleagues represented a failure of the intervention
or of the delivery strategy. For this reason, it is important to
examine the effect of user motivation on the efficacy of solar
disinfection.

We conducted a randomized, unblinded controlled trial
of solar disinfection in a periurban area in the Gauteng
Province of South Africa from October 2007 to November
2008. This was one of a series of trials funded by the EU
(contract no. FP6-2006-INCO-DEV-3-031650) and the Irish
government (HRB project no. GHRA-2006-001) which were
carried out in South Africa, Zimbabwe, Kenya, and Cambodia
as part of the SODISWATER project (see www.rcsi.ie/sodis).
The circumstances of this South African trial, carried out in
areas of high social deprivation and low social cohesion,
resulted in a wide range of compliance with the data collection
protocol, allowing us to test the relationship between
participant motivation and the effectiveness of solar disin-
fection in preventing childhood dysentery.

Participants and Methods
Ethics Statement. Ethical approval was obtained from the
Faculty of Health Sciences Research Ethics Committee of
the University of Pretoria, South Africa. Permission to conduct
the study was obtained from the National and Regional
Departments of Health and local community leaders.
Eligible Households. Those with no in-house piped water
and with at least one resident child aged 6 months to 5 years
were identified using local information provided by com-
munity health workers operating and residing in the areas.
A sample frame of eligible households was numbered
consecutively. Households were randomly allocated to
control and SODIS groups using a table of random numbers.
This table was not available to field workers until after the
sample frame was drawn up. Written informed consent was
obtained from the household head or carer of the children
of the participating households after details of the study were
explained to them. Children participating in the study with
severe diarrhea were referred to local clinics or district
hospitals where treatment s free. Oral rehydration salts were
provided to carers of children with persistent diarrhea. Four
graduate project field cocoordinators completed a course
onresearch ethics prior to the study. Field staff were recruited
from the local community and were provided with a manual
describing all the project procedures and were thoroughly
trained about SODIS, the scope and aim of the project, ethical
conduct, data capturing on hand-held computers, and
evaluation of the correctness of data on diarrhea incidence
reported daily by parents or carers. All field staff were fluent
in both English and the local language in the study area.
Field staff visited households every 2 weeks to collect and
distribute diarrheal diaries, to assist with difficulties expe-
rienced with completion of the diaries, and to encourage
households to do SODIS. Water sample collection and

additional unannounced visits took place under the supervi-
sion of the field coordinators.

Study Sites. This trial was conducted in four periurban
subdistricts, Soshanguve, Legonyane, Fafung and Kwar-
riekraal, in the Tshwane Municipality of the Gauteng
Province, South Africa. The sites were selected on the basis
of their reliance upon a better quality water for drinking
water than undertaken by previous studies (19, 20) and
practice of storing water in the home. Gauteng has a
population of approximately 10.5 million people of whom
roughly 1 million are aged under five (35). Access to piped
water, either in the house or outside the yard, is available to
97.7% of the inhabitants (36). The majority of the people live
in two- to five-roomed houses, mostly constructed of brick
with corrugated iron roofs. Most households in the Sos-
hanguwe area used chlorinated standpipe water but many
also had boreholes in their yards. During interruptions in
the water supply, households had recourse to water from
their own borehole or that of their neighbor. These boreholes
are at ground level with the borehole opening fortified with
a cement edge. The water table in the Soshanguwe area is
very high, which caused an increase in turbidity (turbidity
was not measured but visually observed) during the summer
rainfall period. Contamination from external sources included
plastic and tin scooping buckets, fastened to pieces of string
or wire, used for scooping water from the boreholes. The
buckets were rinsed with the first scoop of water from
the borehole but seldom washed with soap and water. The
boreholes were covered with pieces of scrap corrugated iron
that did not prevent contamination from dust or mud
entering during rain storms. Legonyane, Fafung, and Kwar-
riekraal are provided with drinking water by standpipes
receiving untreated groundwater pumped into 10 000 L
holding tanks from where it is distributed to the community.
The water originated from protected boreholes. In Sos-
hanguwe, stand pipes are situated between 10 and 500 m
distances from the homes, and 10 L containers are filled as
often as three times a day in some households. Taps in the
remaining three areas, Legonyane, Fafung, and Kwarriekraal,
are inconveniently sited and encourage storage of bigger
volumes of water in mainly wide-mouthed open containers.

The annual incidence of diarrhea in children under 5 years
old was 120 per 1000 children in the Soshanguwe district
and 380 per 1000 children in the remaining four subdistricts
in 2005/6 (37) Gauteng has a high incidence (29.9% in 2008)
of HIV and AIDS, undermining the traditional social support
system of the extended family (38). As a result, smaller
children are often cared for by siblings, grandparents, aunts,
or uncles. Migration of mothers, both within the study area
and out of'it, in the pursuit of work or financial support was
common and caused the loss of a number of children from
the study.

Sampling and Surveillance. The primary health outcome
of the study was days on which the child had dysentery,
defined, according to Baqui, as any loose stool which
contained blood or mucus (39). Nondysentery diarrhea was
defined as three or more loose or watery stools during a
period of 24 h. Diarrhea was recorded using pictorial diaries
(sample shown in Supporting Information Figure 1) which
record the child’s stools for a month (40).

Households were selected 3 months before the main
survey follow-up to ensure a well-established SODIS-related
health effect. Follow up started in December 2008 and ended
in December 2009. The parents or carers in every participating
household were given verbal and written information on the
disease concept and a simple explanation of the solar
disinfection process and its effect on the microbial quality
of their drinking water and subsequently the health of their
children. They were trained in the use of SODIS and the
completion of diarrhea diaries. Baseline household informa-
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tion with regard to basic hygiene, sanitation, and water use
practices was also collected. Two 2-L polyethylene tereph-
talate (PET) bottles were provided for each child in the
intervention group. Carers in the intervention group were
instructed to fill one bottle and place it in full, unobscured
sunlight for a minimum of 6 h every day. In practice most
bottles were exposed for longer than 6 h since parents or
guardians usually adhered to a “first thing in the morning,
last thing in the evening” regime. Consequently, each child
in the intervention group drank from a bottle which had
been solar exposed on the previous day. Treated water was
consumed on the day after exposure and never allowed to
stay in the container for more than 48 h so that the possibility
of regrowth of partially inactivated bacteria was minimized.
Carers were advised that where possible children in the
intervention group should drink directly from the bottle rather
than filling a cup or other container, which may have
presented a risk of recontamination of the solar disinfected
water. Carers for each child in the control group were not
provided with SODIS bottles and instead were instructed to
maintain their usual practices. The main survey took place
over a 1 year period during which diarrheal incidence was
recorded daily for both control and test children using a
pictorial daily diarrhea diary (sample shown in Supporting
Information Figure 1) that was completed by the caregiver
for each child and collected on a monthly basis. Water from
the storage containers and SODIS bottles was collected every
3 months in commercially available 100 mL sample bottles
containing sodium thiosulfate to neutralize any residual
chlorine in the water. Samples were transported on ice and
analyzed on the same day using the Colilert-18 Quantitray,
most probable number (MPN) method (41). Quantitrays
record a maximum Escherichia coli count of >200.5/100 mL
and a minimum of less than 1/100 mL. Field data were
captured using hand-held computers and scanable barcodes
to link records. The data were downloaded into a database
and checked for completeness and consistency before
analysis.

Diarrheal diaries were collected on a monthly basis, and
water sampling visits were carried out every 3 months to test
water quality in the SODIS (intervention) and storage (control
and intervention) containers. Intervention group caregivers
were asked (i) whether they were using SODIS and (ii) whether
it was possible to collect a water sample from the SODIS
bottle that was in use. Field staff regularly reminded the SODIS
group about the technique and inquired if they were still
using the technique. Motivation was measured by calculating
the proportion of days on which diarrhea diaries had been
recorded. This measure allowed calculation of motivation
for both intervention and control household, allowing us to
test whether associations between motivation and the effect
of SODIS in the intervention households were attributable
to socio-demographic correlates of motivation by testing for
a similar relationship between motivation and disease rates
in the control households. Motivation was initially examined
by dividing participants into those who completed diarrheal
diaries for less than 25% of the trial days, 25%—50%,
50%—75%, and 75%—~100%. However, analysis revealed no
differences between the first three groups in the effect of
SODIS, and accordingly, we classified motivation as low (less
than 75% of diarrheal diary information completed) and high
(75% or more complete).

Statistical Methods. Sample size was estimated on the
basis of comparison of two Poisson event rates in the presence
of significant clustering. Since neither the underlying rates
of dysentery nor the strength of clustering effects within
households were known in advance, we carried out a series
of calculations based on rates of 1-10 days of dysentery per
year and on different degrees of clustering effects. The
projected sample of 1000 children was chosen as offering a
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90% power to detect a 10% reduction in risk where the
underlying rate was five episodes per child per year and
clustering effects were strong (p = 0.2). The sample provided
more than 90% power to detect a 20% reduction in incidence
for all rates of two episodes per child per year or greater.

Data were analyzed with Stata/SE, Release 11. E. coli
counts from the intervention and control groups, expressed
in log to the base 10 units, were compared using interval
regression, which allows estimation of means for data in
which some values are above or below detection limits.
Samples in which no E. coli were observed were classed as
<1/100 mL, and samples in which the maximum detectable
value (200.5 ctu/100 mL) was observed were classified as
200.5 or greater. Stata’s robust variance estimation routines
for clustered data, implemented in the svy procedures, were
used to adjust for the effects of the multistage sample design.
Data were stratified on district (four levels) with the primary
sample unit identified as village (19 units) and the second-
stage sample unit of household.

Initial analysis confirmed that incidence rates of dysentery
were overdispersed, making a Poisson regression inap-
propriate. Generalized negative binomial regression was used
to calculate incidence rate ratios. Generalized negative
binomial regression allows for variation in disease rates
between individuals who have the same risk factor profile
and allows this variation to be modeled as a function of
predictor variables.

Results

Study Participants and Households. Baseline data for the
subdistricts, Soshanguwe, Legonyane, Fafung, and Kwar-
riekraal, are provided in Supporting Information Table 1. A
total of 649 households were recruited with 386 children in
the control group and 438 in the intervention group. Of the
total of 824 children, 402 were male and 421 female. All
households used in-house storage containers of which the
majority were wide mouthed (594, 91.5%). The number of
participating households dependent on standpipes was 323.
Eighty-three households used unprotected boreholes and
232 protected boreholes. The remaining sources consisted
of 10 protected springs and one dug well. Toilet access ranged
between 72.6% and 93.3% among the four subdistricts. Many
households had pit latrines in their yards (570, 88.2%). These
were often shared with up to 18 people including household
members, back yard tenants, and neighbors.

Hand-washing practices and access to a toilet did not
differ between intervention and control groups (y? test, all
P > 0.05). There was a significant difference between
intervention and control in terms of access to a flush toilet
rather than a pitlatrine, with more of those in the intervention
group having access (P < 0.001). There was no difference in
the distribution of water sources between the groups (3 test,
P =0.345).

Water Quality. Overall 62.4% of the samples from the
study households met World Health Organization guidelines
for zero thermotolerant coliforms per 100 mL (42), and a
further 21.8% had levels under 10 per 100 mL. Interval
regression using loge-transformed values revealed no sig-
nificant difference in geometric mean values between SODIS
and control (P = 0.176).

Loss to Follow-up. A total of 121 children were lost to
follow-up during the study, leaving data available for analysis
for 335 children in the control group and 383 in the
intervention group. Reasons given for loss to follow-up
included the following: (i) seven children died; no cause of
death for any was available; (i) nine children were in
households that moved out of the study area; and (iii)
caregivers of the remaining 105 children lost interest and
chose not to continue participation.

Diarrhea Incidence. Data were available on 383 children



in 297 households randomized to solar disinfection and 335
controls in 267 households. The median number of days for
which diarrheal data had been recorded was 182 (25th
percentile 122, 75th percentile 274). Control and intervention
groups did not differ in the average quantity of data (P =
0.415, least-squares regression, adjusted for clustering within
households). The annual incidence of dysentery in the control
group was 4.9 days (95% CI 4.6—5.3) in the control group and
2.5 days (95% CI 2.3—2.7) in the intervention group.

SODIS and Incidence of Dysentery. The effect of SODIS
on the incidence of dysentery was examined using a
generalized negative binomial regression model, as described
in the methods section. Extra-Poisson variation in incidence
of dysentery was significantly associated with the proportion
of 360 days of completed diarrhea diaries and was also
significantly greater in one of the four districts, Kwarriekraal.
Incidence rates were lower in households drinking water
from a standpipe than from any other source (IRR 0.38, 95%
CI 0.12—1.2, P = 0.091) and lower in those drinking solar
disinfected water (IRR 0.64, 95% CI 0.39—-1.0, P = 0.071),
though both effects were of borderline statistical significance.

Relationship between Motivation and the Incidence of
Dysentery. Overall, 25.3% of participants kept diarrheal
diaries for 75% or more of the days of the trial, with no
difference between controls and intervention groups (each
25.3%). Afurther 37.4% kept diaries for 50%—75% of the days,
20.1% for 25%—50% of the days, and 17.2% for fewer than
25% of the days. Overall, those who had the poorest level of
data recording had the highest annual incidences of dysentery
with rates of 12.9 days per year in those not on standpipe
water sources and 4.8 in those on standpipe sources. Those
in the intermediate categories had significantly lower inci-
dence rate ratios: 0.32 (P = 0.038) and 0.35 (P = 0.042) in
those recording 25%~50% and 50%—75%, respectively. Those
recording 75% or more days had an incidence rate ratio of
0.47 (P = 0.132 compared with the lowest group).

Adjusted for these effects, those in the SODIS group with
the highestlevel of motivation (75% or more of data recorded)
had a significantly lower incidence of dysentery (incidence
rate ratio 0.36, 95% CI 0.16-0.81, P = 0.014). Examination
of the other motivation categories revealed no significant
effect of SODIS at lower levels of motivation.

Nondysentery Diarrhea. The variation in risk of non-
dysentery diarrhea was investigated. Solar disinfection was
not significantly associated with risk overall (P = 0.419) nor
was having water taken from a standpipe (P = 0.109). There
was no significant effect of motivation on risk (P = 0.150),
nor was there evidence that those with 75% or more
compliance with data recording had a reduced risk compared
with controls (P = 0.415).

Correlates of Motivation. We examined factors associated
with motivation. Among the controls, there was no relation-
ship between the level of motivation and storage water
quality. In the SODIS group, interval regression showed 0.8
log;o units higher levels of E. coli in storage water of the
high-motivation group compared with the mean counts
higher than those with less than 75% compliance with data
recording (P < 0.001). Likewise, there was no relationship
between access to a flush toilet and high motivation in the
control group (P=0.639), but in the SODIS group, the highly
motivated were less likely to have access to a flush toilet
(oddsratio 0.1, P=0.002). Finally, we examined the difference
between storage water quality and water quality measured
in the SODIS bottles. We classified effective solar disinfection
as a reduction of 1 logj unit in bacterial concentration or
better. In the 200 follow-up water quality analyses in which
bacteria were detected in the storage water, the quality of
water in the SODIS bottle was improved in 20% of low
motivation households and 34% of high motivation house-
holds. Overall, the highly motivated were more likely to

achieve this than the other households in the SODIS group
(odds ratio 2.2, P = 0.034 adjusted for clustering by
household).

Discussion

In comparison with other household water treatment tech-
niques, solar disinfection has been neglected in the research
literature. Of 33 trials reviewed by Clasen (9), only three
assessed solar disinfection. The first two published trials
demonstrated statistically significant reductions in the
incidence of diarrhea and severe diarrhea among Maasai
children (19, 20). However, these studies failed to distinguish
between dysentery and other types of diarrhea. Finally, as
noted by Clasen, the provision of water storage bottles to the
control groups in these trials may have improved water
quality, thus underestimating the effect of solar disinfection
(9). In addition, the method of data recording did not allow
the calculation of incidence rates. The subsequent study by
Rose and his colleagues (22) reported a significant reduction
in incidence of diarrhea, with an incidence rate ratio of 0.64,
corresponding to a preventable fraction of 36%. However,
the study did not distinguish between dysentery and other
types of diarrhea.

Significant doubt was recently cast upon the effectiveness
of solar disinfection by the publication of a large trial in
Bolivia by Méusezahl and his colleagues (33). Despite
intensive health promotion intervention in 11 communities,
compliance with SODIS was very low, and the SODIS group
did not show a statistically significant reduction in incidence
of diarrhea. The trial result is difficult to interpret, as pointed
out in an accompanying editorial by Bhutta (34). The failure
could have been a failure of SODIS to reduce risk, or a failure
of the intervention to produce sufficient compliance with
SODIS to achieve a reduction in risk.

Unfortunately, the measure of compliance used by
Mausezahl and his colleagues is difficult to interpret. It was
measured using “four different subjective and objective
indicators” (33). The authors state that “Judgement criteria
for this main compliance indicator study included observing
regular SODIS practice and bottles exposed to sun or ready
todrinkin the kitchen and being offered SODIS-treated water
uponrequest.” Itis, therefore, unclear as to what their stated
compliance rate of 32% reflects. However, it is notable that
their compliance indicator was not correlated with risk of
diarrhea, suggesting that either (a) it was too imprecise a
measure of compliance to show a graded association or (b)
that even the most compliant households failed to comply
sufficiently to show any effect on disease. However, the
finding underlines the importance of understanding the role
of participant motivation in the effectiveness of SODIS.

Ttis against this background that we analyzed the current
study, one of a number of field trials of solar disinfection
that we are carrying out in Africa and Asia. We selected this
trial precisely because of its potential to cast light on the
question posed by Bhutta (34) as to whether SODIS itself
failed to reduce diarrhea under real life conditions or if the
trial by Médusezahl and his colleagues had simply failed to
achieve the necessary levels of participant motivation.

Previous reports have attempted to measure compliance
with SODIS as a determinant of effectiveness by noting, for
example, if SODIS bottles are in place in the sunlight when
a field worker makes an unannounced visit (22) as well as
self-reporting by carers (33) However, this suffers from a
number of drawbacks. The first, and most serious, drawback
is that these measures cannot distinguish between the effects
of a generally higher level of health consciousness and of
health-promoting behavior in the compliant households and
the effects of SODIS in particular. [t may be that households
who are more likely to use the SODIS bottles also differ in
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other factors associated with risk of diarrheal disease,
including hygiene behavior, social status, and environmental
characteristics. The second problem is that in our experience
it is seldom possible to make an unannounced visit to an
entire community. On occasion we have observed that within
minutes of the arrival of the field worker, their presence is
known, and bottles appear on roofs where no bottles were
evident moments earlier. Field worker observation on a small
number of such visits may be a poor proxy for measuring
actual compliance over the much longer periods of time
involved in SODIS trials. Finally, as a measure of the
motivational level of a community, it provides little informa-
tion on whether SODIS would be an effective intervention,
since it can only be assessed after the implementation of
SODIS.

What is needed is a measure of motivation that can be
used with both control and intervention households and that,
ideally, can be used to determine both the incidence of
diarrhea and the level of motivation in the community. If we
could identify those communities with a significant level of
dysentery and those households with sufficient health
motivation to benefit from the introduction of SODIS we
could implement SODIS in a targeted way.

In our analysis we use a measure of motivation that has
the advantage of being calculable for both the intervention
and control group. This is important, as households with
poor compliance with SODIS may differ in baseline risk of
disease from those with good compliance due to differences
in socio-demographic, environmental, and health behavioral
factors. Consequently, any attempt to examine the effects of
compliance must adjust for these differences. By using
compliance with diarrhea recording as an index of participant
motivation, we defined a measure that could be used for
both intervention and control arms, Examination of the data
showed that baselinerisk of dysentery was higher in the poorly
motivated households, regardless of whether they were
randomized to SODIS or control groups.

Our data agree with the findings of Mdusezahl, that where
low levels of motivation are achieved, solar disinfection of
drinking water does not deliver a worthwhile reduction in
risk of dysentery in children. However, even in the socially
deprived setting in which the trial was conducted, almost a
quarter of households achieved 75% compliance or better,
and children in these households showed a marked reduction
in the rate of dysentery over a period of a year.

Although substantial health gains have been confirmed
for HWT interventions, acceptance and sustained use are
common problems in communities where interventions are
initiated. In this study, acceptance of the protocol was initially
high but decreased with time in spite of reminding partici-
pants to use their bottles and explaining the importance of
disinfected water for healthy living. Meierhofer and Landolt
(43) indicated that study site selection should preferably be
based on, aimong other factors, the need for water treatment,
the felt need for clean water, and the health status of the
community. Anecdotal information from the South African
SODIS study confirmed that disinfection of drinking water
was not considered necessary by the population who had
access to water of reasonable microbial quality. Diarrhea is
also not considered as a very serious disease among children.

The decision to take part in the study by some households

may therefore have been driven by courtesy bias, also noted
duringbaseline information collection pertaining to hygiene
behavior. A lack of knowledge with regard the cause—effect
relationship between diarrhea and microbiologically con-
taminated water enhanced skepticisin about the effectiveness
of the sun to disinfect water. It was also impossible to prevent
children from exposure to other transmission routes of
infection, such as drinking water from other sources.

‘The uptake of an innovation is determined by the type
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of innovation; the nature of the social system within which
the innovation is diffused; the extent, type, and intensity of
the promotional efforts; and nature of the communication
channels used (44). Each of these factors contributes in
various degrees to a complex integrated process that has the
potential to succeed or partially succeed or vice versa (46).
Adopting an intervention such as SODIS to prevent some
future diarrhea event that may or may not happen holds
very little incentive in terms of observability of the results,
which contributes to the slow rate of adoption (45). Our study
highlights the need for a change from efficacy research to
effectiveness research and the identification of strategies to
identify the factors mostlikely to affect uptake of HWT within
specific settings and individual communities.
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Table 1. Baseline data for each sub-district and for the aggregate intervention and control

group
District
Characteristic Total Intervention Control
Soshanguwe | Legonyane Fafung Kwarrie-kraal
Adult hand washing practices
Before preparing food| 343(99.0%) | 196(97.5%) | 72(98.6%) | 30(100%) | 640(98.6%) | 333(98.2%) 307(99.0%)
Before eatingl 341(98.8%) | 195(97.0%) | 73(100%) 30(100%) | 639(98.5%) | 333(98.2%) 306(98.7%)
After using the toilef] 343(99.4%) 196(97.5%) | 73(100.0%) | 30(100%) | 642(98.9%) | 335(98.8%) 307(99.0%)
After changing nappy| 341(98.8%) | 191(95.0%) | 72(98.6%) | 30(100%) | 634(97.6%) | 332(97.9%) 302(97.4%)
Access to sanitation
Access to a toilell 283(82.0%) | 146(72.6%) | 63(86.3%) | 28(93.3%) ] 520(80.1%) | 267(78.8%) 253(81.6%)
Type of latrine
Use the bush 38(11.0%) 5 (2.5%) 11(15.1%) 0(0%) 54(8.4%) 28(8.3%) 26(8.4%)
Pit latrine 277(80.5%) | 194(96.5%) 71(97.3) 30(100%) | 572(88.3%) | 274(80.8%) 298(96.4%)
Fiush 65(18.9) 2(1.0%) 0(0%) 0(0%) 67(10.3%) 62(18.3) 5(1.6%)
VIP* latrine 1(0.3%) 1(0.05%) 0(0%) 0(0%) 2(0.3%) 1(0.3%) 1(0.3%)
Other 1(0.3%) 4(2.0%) 2(2.7%) 0(0%) 7(1.1%) 2(0.6%) 5(1.6%)
Type of water source
Standpipe 200(57.9%) | 93(46.3%) 19(26.0%) | 11(36.7%) | 323(49.8%) | 177(52.2%) 146(47.1%)
Borehole unprotected | 42(12.2%) 22(10.9%) 11(15.1%) 8(26.7%) | 83(12.8%) 42(12.4%) 41(13.2%)
Borehole protected 103(30.0%) 78(38.8%) 40(54.8%) 11(36.7) | 232(35.7%) | 113(33.3%) 119(38.4%)
Spring protected 0(0.0%) 7(3.5%) 3(4.1%) 0(0.0%) 10(1.5%) 7(2.1%) 3(0.2%)
Dug well protected 0(0.0%) 1(0.5) 0{(0.0%) 0(0.0%) 1(0.2) 0(0.0%}) 1(0.1%)
Storage container type
Plastic-wide mouth 292(84.6%) 199(99.0%) 73(100%) 30(100%) | 594(91,5%) | 303(89.3%) 291(93.9%)
Plastic narrow mouth 53(15.4%) 2(1.0%) 0(0%) 0(0%) 55(8.5%) 36(10.6%) 19(6.1%)

*VIP = Ventilation improved pit latrine




