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Abstract

Diarrhoea and respiratory diseases are common and cause substantial morbidity and
economic loss globally. The objectives of this thesis are to identify risk factors for diarrhoea
and respiratory illness, to understand the usage and impact of a range of interventions for
prevention of these illnesses and to understand consistency of reported health data to assess

the impact of interventions.

To address the specific objectives, data were used from three different studies:

a) A follow-up study of an RCT conducted in low-income communities of Bangladesh in
2010 which assessed motivators and barriers of the sustained use of a CrystalPUR siphon

water filter;

b) A non-blinded RCT with three different groups [cholera-vaccine-only; vaccine-plus-
behaviour-change (promotion of hand-washing with soap plus chlorination of drinking water
at compound level); and control], conducted from 2011-2013 in Bangladesh among >60,000
households, which examined the impacts of water treatment and hygiene interventions on
diarrhoea-associated hospitalisation and on reported respiratory illness, and which also
examined the consistency of reported diarrhoea data used to assess impact of interventions on
health. In this third study, reported diarrhoea data were collected through two different
surveys and were compared: ‘census’ data were collected every six months from each
household, and ‘monthly-survey’ data were collected every month from a different subset of
randomly selected households. Reported data were also compared with objectively measured

diarrhoea associated-hospitalisation in the same study.
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c¢) A double-blinded randomized controlled trial (RCT) which prospectively and concurrently

assessed risk factors for diarrhoea, respiratory and dermal illnesses in South Australia from

June-2007 to August-2008;

The key findings of this thesis and their interpretations are summarised below:

From the follow-up study of the RCT conducted in 2010 in Bangladesh,
approximately a quarter of households were using the CrystalPur siphon water filter
regularly during the three-month follow-up visit, but regular usage decreased to
approximately one-fifth during the six-month follow-up visit. The positive predictors
of regular filter usage were: willingness to pay >US$1 for filters, positive attitude
towards filter use, reporting boiling drinking water at baseline and Bengali ethnicity.
Frequently reported barriers to regular filter use were considering filter use an
additional task, filter breakage and time required for water filtering. Given the low
regular usage rate and the hardware-related problems reported, the contribution of
siphon filters to improving water quality in low-income urban communities in
Bangladesh is likely to be minimal.

In the large scale RCT that was conducted in Bangladesh from 2011 to 2013, no
impact of interventions was observed on objectively assessed diarrhoea-associated
hospitalisation or reported respiratory illness. However, those who actually had a
hand-washing station with soap and water had less respiratory illness. One of the most
important underlying reasons for lack of intervention impact on diarrhoea and
respiratory illness was low uptake of behavioural interventions in this large scale trial.
This indicates the difficulty of bringing behaviour change interventions to scale.
Additionally from this non-blinded RCT it was found that rates of reported diarrhoea
data collected through two different surveys were inconsistent. Lower reported

diarrhoea prevalence was reported by the group which received vaccine-plus-
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behaviour-change compared to the control group when the monthly survey data were
analysed, but this difference in prevalence between the groups was not found using
the 6 monthly census data. This emphasizes the importance of assessing objective
outcomes along with reported outcomes from non-blinded trials.

e The study conducted in South Australia identified that the risk of having diarrhoea
and respiratory illness was similar among childcare/kindergarten attendees.
Swimming in public pools/spas in the current or previous week was associated with
diarrhoea, respiratory and dermal symptom complexes, conferring similar risk for
each. Household clustering of diarrhoea and respiratory symptoms was common, and
clustering of respiratory symptoms correlated with number of individuals per
household. This simultaneous examination of risk factors for three health outcomes

provided novel comparative results useful for prioritizing prevention strategies.

Cost effective water, sanitation and hygiene (WASH) interventions such as treating water at
point-of-use or improving hygiene behaviour are still not adequately reaching the poor who
need them the most. Upscaling effective low-cost interventions is essential if WASH targets
are to be met by 2030. Findings from this thesis could potentially help future researchers to
improve selection and implementation of water treatment and hygiene interventions at the
community level and could also help to better facilitate allocation of resources in preventing
diarrhoea and respiratory illness. Further research is necessary to understand the reasons for
poor uptake of the pre-tested effective interventions and how behaviour change interventions
with high quality could be delivered at a larger scale. Community-level interventions that are
affordable and prevent infection from multiple pathogens by reliably separating faeces from

the environment, food and water remain important areas for future research.
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Chapter 1: Thesis overview

This thesis comprises of nine chapters to address the objectives. The chapters are outlined in

Figure 1, followed by brief overview of each of the chapters.

Figure 1: Outline of thesis structure

*Thesis overview

eIntroduction

*Methods and data source

*Results: Explaining low rates of sustained use of Siphon water filter: Evidence from

it follow-up of a randomised controlled trial in Bangladesh )

*Results: Impact of adding hand-washing and water disinfection promotion to oral cholera

vaccination on diarrhoea-associated hospitalisation )

N
*Results: Inconsistency in Diarrhea Measurements when Assessing Intervention Impact in

ool aNon-Blinded Cluster-Randomized Controlled Trial )

. . . . \
*Results: An assessment of the impact of a large-scale hand washing interventions on

reported respiratory illness )

*Results: Risk Factors for Community-Based Reports of Gastrointestinal, Respiratory, and|

i Dermal Symptoms: Findings From a Cohort Study in Australia )

N
*Discussion and Conclusion

Chapter9
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Chapter 1 provides the outline and the overview of the thesis

Chapter 2 discusses the rationale and objectives of this thesis.



Chapter 3 provides a brief description of the sources of the data that I have used in the thesis
to address different objectives. In this chapter, I include description of the study settings,
study designs and enrolment participants in the study. This chapter also provides a brief
description of different statistical methods used for data analysis. In addition, detailed

analysis processes to address different objectives are discussed in the relevant chapters.

Chapter 4 presents findings from a study that revisited households that bought or were
provided with a siphon water filter at the end of a randomised controlled trial to measure the
filter’s sustained use and to understand motivators and barriers to sustained use in the

medium term (up to six months).

Chapter 5 reports finding of a pre-specified secondary outcome from a large scale
randomised trial (conducted among ~60,000 low-income households of metropolitan Dhaka,
Bangladesh), namely to examine effects of an intervention to promote hand-washing with
soap and drinking water disinfection in addition to oral cholera vaccination on diarrhoea-
associated hospitalization. This study provided us an opportunity to understand impact of a
large scale hygiene behaviour change intervention in combination with cholera vaccine on an

observable health indicator, namely diarrhoea-associated hospitalisation.

Chapter 6 aims to compare reported diarrhoea data collected through two separate survey
methods, each of which was conducted on the same study population throughout the study
period. The study explores whether data collected by two different data collection teams at
different time points, from different households, using a similar but non-identical question
substantially affects the overall measured reported diarrhoea for children aged <5 years. In

this chapter, I also present comparisons of reported diarrhoea data with observed diarrhoea-



associated hospitalization rate for children <5 years to explore the consistency of reported

data within a study in assessing intervention impact.

Chapter 7 presents findings of an assessment of impact of less intense hand-washing
promotion on reported respiratory illness as a secondary outcome from among >60,000 low-
income households enrolled in a cluster-randomised trial conducted in Bangladesh. In this
study, I also examine whether the presence of soap and water at primary hand-washing
stations is associated with a reduction in respiratory illness, irrespective of the intervention

assignment of participants.

Chapter 8 aims to identify risk factors associated with diarrhoea, respiratory and dermal
symptoms concurrently at the community level among a prospective cohort in a high-income

country, Australia.

Chapter 9 is the final chapter which brings together the findings of Chapter 4 to 8. This
chapter discusses the key results and conclusion from this research, strengths and limitations,

implication of the findings for policy and practice, and scope for future research.



Chapter 2: Introduction

2.1 Chapter overview

Chapter 2 discusses the rationale and objectives of this thesis. In brief, this chapter gives
an overview of the burden of diarrhoea and respiratory illness globally and especially in
low-income countries such as Bangladesh. In this chapter, I also discuss usage and impact
of a range of interventions on diarrhoea and respiratory illnesses in low-income
communities and consistency of reported health data to assess the impact of interventions.
For preventive measures to be effective in reducing diarrhoea and respiratory diseases, the
design of interventions must be context specific, and it is crucial to understand relevant
risk factors in varying settings. Consequently, to broaden my understanding about the risk
factors for diarrhoea and respiratory illness in high-income countries, I also assessed risk
factors for these diseases in the Australian context.

Finally, in this chapter I discuss the specific objectives of the thesis.

2.2 Burden of diarrhoea and respiratory infections globally

and in low-income countries

Diarrhoea and respiratory illnesses are common and cause substantial mortality, morbidity
and economic loss globally (1-5). Over the last few decades there has been substantial
reduction in diarrhoea related mortality globally (6, 7). The systematic analysis for the
Global Burden of Disease Study 2017, published in the Lancet recently, shows that from
the year 2007 to 2017 the age standardised deaths from diarrhoea has reduced by 30.2%
(8). A systematic review of diarrhoea incidence in low and middle income countries in
1990 and 2010 showed that the estimated incidence declined from 3.4 episodes/child year

in 1990 to 2.9 episodes/child year in 2010 (3). The authors concluded that that diarrhoea
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incidence rates have declined slightly over time, but the total burden on the health of each
child is still tremendous due to multiple episodes per year. Similarly mortality from lower
respiratory infections in all age groups between the year 2007-2017 has reduced by 21.1%
and from upper respiratory infections by 42.1% (8). Mortality from pneumonia in children
<5 years of age has reduced from 1.7 million cases globally in 2000 to 1.3 million cases in
2011 (9). Nevertheless, respiratory infections remains as the major cause of death in
children worldwide. In 2016, globally, the five leading causes of total years of life lost

included diarrhoea and lower respiratory infections (10).

A higher proportion of these diseases and case fatalities occur in low-income countries
compared to middle and high income countries (9, 11). For example, the incidence of
pneumonia in low- and middle-income countries is estimated at 0.22 episodes per child
year, compared to 0.015 episodes per child year in high-income countries (12). A cross
sectional survey conducted during April and September 2010 in Dhaka Bangladesh among
a population at high risk of diarrhoea reported that the prevalence of diarrhoea was 44.2
per 1000 persons among children <5 years of age (13). The burden of acute respiratory
infection, particularly pneumonia, is also high in Bangladesh, where >10 million new cases

of pneumonia occur in children <5 years of age annually (14).

Both of these infectious diseases, especially when recurrent, can contribute to under-
nutrition and can adversely influence child development and human capital through
different pathways (15, 16). Evidence from observational studies suggest that recurrent
episodes of diarrhoea is associated with higher risk of stunting among children (15, 17-20),
and this subsequently can lead to cognitive deficits later in life (21-23). The underlying

pathophysiology could be that recurrent enteric infections reduce absorption of nutrients



through the intestinal tract and lead to growth faltering. Another major cause of growth
faltering of children in low-income countries is environmental enteric dysfunction (EED).
EED refers to an incompletely defined syndrome of inflammation, reduced absorptive
capacity, and reduced barrier function in the small intestine (24-26). EED develops in early
infancy presumably from ingestion of faecal microbes because of living in an environment

with poor access to water, sanitation, and hygiene (WASH) services.

2.3 Pathogens causing diarrhoea and respiratory infections

and the disease transmission pathways

Diarrhoea is usually a symptom of an infection in the intestinal tract. The World Health
Organization (WHO) defines diarrhoea as the passage of three or more loose or liquid
stools per day (27). Diarrhoea can be caused by different microorganisms (28). The Global
Enteric Multicenter Study (GEMS), which was a 3-year, prospective, age-stratified,
matched case-control study of moderate-to-severe diarrhoea in children aged 0-59 months
residing at four sites in Africa and three in Asia aimed to identify the aetiology and
population-based burden of paediatric diarrhoeal disease (29, 30). The study reported that
the commonest causes of moderate-to-severe diarrhoea were due to four pathogens:
rotavirus, Cryptosporidium, enterotoxigenic Escherichia coli producing heat-stable toxin
(ST-ETEC; with or without co-expression of heat-labile enterotoxin), and Shigella. Other
pathogens were important in selected sites (eg, Aeromonas, Vibrio cholerae O1,
Campylobacter jejuni). The GEMS study assessed sanitation and hygiene at the household
level and not at individual level. The sanitation and hygiene indicators in this study were of
access, not behaviour (except child faeces disposal) and access does not always equate
with use. The study concluded that interventions such as vaccination targeting specific

pathogens and zinc supplementation could substantially reduce burden of moderate to



severe diarrhoea. However, non-severe diarrhoea episodes occurring at the community
level are also of substantial public health importance because of their high prevalence and
associated health consequences. The Interactions of Enteric Infections and Malnutrition
and the Consequences for Child Health and Development Project (MAL-ED) study, a
multisite birth cohort study at eight sites in South America, sub-Saharan Africa, and

Asia, aimed to estimate pathogen-specific burdens of non-severe diarrhoea in children aged
0—24 months at the community level between the year 2009-2014 (31, 32). In this study,
stool samples were analysed for a broad range of enteropathogens using culture, enzyme
immunoassay, and PCR. The study reported that Norovirus GII [Attributable Fraction (AF)
5-2%], rotavirus (AF: 4-8%), Campylobacter spp (AF: 3-5%), astrovirus (AF: 2:7%),

and Cryptosporidium spp (AF: 2:0%) exhibited the highest attributable burdens of
diarrhoea in the first year of life. The major pathogens associated with diarrhoea in the
second year of life were Campylobacter spp (AF: 7-9%, 3-1-12-1), norovirus GII (AF:
5-4%, 2-1-7-8), rotavirus (AF: 4-9%, 4-4-5-2), astrovirus (AF: 4:2%, 3-5-4-7),

and Shigella spp (AF: 4:0%, 3-6—4-3). The study reported that rotavirus diarrhoea burden
was substantially decreased at sites where rotavirus vaccine had been introduced. However
based on their overall findings on the number and diversity of pathogens associated with
community diarrhoea, the authors concluded that single pathogen interventions might not

have a substantial impact on total diarrhoeal incidence across multiple populations.

Diarrhoea-associated pathogens can be transmitted through multiple complex
environmental pathways such as contaminated food or drinking water, contaminated
environment, flies or from person-to-person as a result of poor hygiene (33-36). A recent
study conducted in rural Bangladesh aimed to identify faecal transmission pathways in the

household environment associated with prospectively measured child diarrhoea and found



that higher levels of E. coli on child hands are strongly associated with subsequent
diarrhoeal illness rates among children (37). Another study conducted in rural Bangladesh
in 2013-2014 reported that faecal transmission of pathogens in the domestic environment
occurred despite having ~97% coverage with on-site sanitation (38). This could be due to
contamination of the environment with animal faeces (39) and/or underutilization of
existing sanitation facilities and on-going open defecation (40). A recent comparison of
respondent-reported and sensor-recorded latrine utilisation measures in rural Bangladesh
shows that the reported latrine use was exaggerated (40). A retrospective analysis of data
from 145 low- and middle-income countries concluded that in 2012 an estimated 502,000
diarrhoea-associated deaths were due to inadequate drinking water, 280,000 deaths were

due to inadequate sanitation and 297,000 deaths were due to inadequate hand hygiene (41).
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Figure 2: Modified F diagram showing disease diarrhoea pathogen transmission pathways

(the red highlighted areas are the focus of interventions in this thesis)

Pathogens causing respiratory illness include both bacteria and viruses. Predominant

pathogens causing severe respiratory infection globally among children <5 years



include Streptococcus pneumoniae (causes an estimated 18% of severe cases and 33% of
deaths) (9, 42); Haemophilus influenzae type b (Hib) (estimated to account for 4% of
severe episodes and 16% of deaths) and influenza virus (causes approximately 7% of
severe episodes and 11% of deaths) (9, 43). Additionally, globally an estimated 100 million
cases of viral pneumonia occur in children annually. The most common viruses that have
been identified as causative agents both in developed and developing countries are,
respiratory syncytial virus (RSV), influenza virus, rhinovirus, human metapneumovirus,
human bocavirus, and parainfluenza viruses (42, 44). Other less common viruses include,

adenovirus, enterovirus and coronaviruses (44).

In Bangladesh, after introducing the Haemophilus influenzae type b (Hib) conjugate
vaccines in the national immunization programme 2009, the burden of bacterial pneumonia
reduced significantly (45). The pneumococcal (PCV) vaccine has also been introduced in
the national immunization programme in Bangladesh. The impact of this vaccine on
childhood pneumonia in Bangladesh is yet to be assessed (46). However, severe respiratory
infections caused by other pathogens remains high in this country. For example a study
was conducted prospectively at the community level and in the hospitals of 67 villages in
Bangladesh during June to October, 2010 among children <5 years of age to understand
incidence of severe acute respiratory virus infections (47). The researchers tested swabs for
respiratory syncytial virus (RSV), influenza viruses, human metapneumoviruses,
adenoviruses and human parainfluenza viruses 1-3 (HPIV) by real-time reverse
transcription polymerase chain reaction. The study reported that respiratory viruses and
particularly RSV (RSV was associated with 7.9 hospitalizations/100,000 person week;
among non-hospitalised cases, RSV was associated with 10.8 illnesses/100,000 person

week), were commonly associated with severe acute respiratory infections. This suggests



that similar to diarrhoeal diseases, interventions targeting single respiratory pathogen may
not be enough to have substantial impact on preventing total burden of respiratory illness

incidence globally.

Respiratory infections are predominantly transmitted via infected droplets, but some
viruses infecting the respiratory tract can also be spread from one person to another by
hand contact (48, 49). Risk factors that have been identified for severe respiratory
infections include poor nutrition, lack of breastfeeding, exposure to indoor air pollution,

HIV infection, premature birth, overcrowding and poor living circumstances (50-53).

2.4 Diarrhoea and respiratory infections in high-income

countries

Both diarrhoea and respiratory infections are more prevalent but not limited to low-income
countries. Scallan et al reported on cross-sectional telephone surveys conducted in
Australia, Canada, Ireland, and the United States over 12 month periods between the year
2000 and 2002. In the four weeks prior to interview, at least one episode of diarrhoea was
reported by 7.6% of respondents in Canada, 7.6% in the United States, 6.4% in Australia,
and 3.4% in Ireland in all age groups (54). Diarrhoea prevalence was highest among
children <5 years of age and lowest among adults >65 years of age (54). Chen et al
reported that in 2008-2009 the incidence of acute respiratory infection in Australia was 3-2
cases/person per year in all age groups and was highest in young children and lowest in
older people (55). The risk factors for these infections and disease transmission pathways
can vary according to contexts and therefore the preventive measures have to be context

specific. In high-income countries, some of the risk factors for these diseases include
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young age, attending an educational institution outside the home, and having another
household member who is unwell (56-62). In the United States 31 major pathogens cause
~9.4 million episodes of foodborne illness each year (63). Most illnesses are caused by
norovirus (58%), followed by nontyphoidal Salmonella spp. (11%), Clostridium
perfringens (10%), and Campylobacter spp. (9%) (63). Burden of waterborne diseases are
relatively light in high-income countries but continue to exist due to deteriorating public
drinking water distribution system, a limited, passive waterborne disease surveillance
system and increasing numbers of unregulated private water systems (64). For respiratory
infections, factors such as air pollution and smoking are also important (65). Exploration of
epidemiological associations for symptomatic episodes of diarrhoea, respiratory or dermal
complaints via a prospective, community-based approach has been performed infrequently,
and no previous study has examined risk factors for all three morbidity outcomes
concurrently. Identifying and assessing these risk factors for all three disease symptoms
from the same cohort within the same time period enables comparison of the strengths of
associations and thus provides a new and useful public health perspective. In Chapter 3.3,

I have discussed a study methodology that helped me to address this knowledge gap.
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2.5 Interventions to reduce burden of diarrhoea and

respiratory infections

There is a range of interventions available worldwide for prevention of diarrhoea and
respiratory illness. While discussion of all these interventions is beyond the scope of this
thesis, two main aspects of intervention are Water, sanitation and hygiene (WASH)
promotion and vaccination.

The choice of vaccines for preventing moderate to severe diarrhoea and respiratory
infections for a context depends on the incidence and prevalence of the specific
microorganism in that particular context. In low-income countries including Bangladesh,
one of the major bacterial pathogens causing moderate to severe diarrhoea is V. cholerae
Ol. In Bangladesh an estimated 300,000 severe cases and 1.2 million infections occur each
year (66). In cholera-endemic areas, including Bangladesh, cholera vaccine has been
demonstrated to reduce morbidity and mortality from cholera disease including all-cause
diarrhoea-associated hospitalisation when the burden of cholera was high (67-69).
However, considering the evidence of substantial heterogeneity in pathogen-specific
burdens of non-severe diarrhoea at the community level, the effect of vaccination against a
single pathogen such as cholera on total diarrhoeal incidence at the community level might
be limited (36). Besides, in the areas where cholera is not endemic, the vaccine may have
little to offer. For example the 2010 cholera epidemic in Haiti by Vibrio cholerae O1 after
more than a century reminds us of the importance of management of water and sewage to
prevent cholera spread (70). Therefore, one aspect of the focus of my work is the
prevention of diarrhoeal disease in low-income communities of Bangladesh using the
cholera vaccine with or without simultaneous education regarding hand washing behaviour

and promotion of water treatment. I have also focused on assessing the impact of hand
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hygiene interventions on respiratory illness at the community level, which until recently

has been poorly studied (71, 72).

2.5.1 Cholera vaccine

Over 30 years ago a study in Matlab, Bangladesh demonstrated that oral cholera vaccine
which contains whole cells of Vibrio cholerae O1 together with recombinant B subunit
(WC/rBS now commercially known as Dukoral) could prevent cholera (69). This vaccine
is licensed in over 50 countries including Bangladesh. Analyses of the herd protective
effects of this killed oral cholera vaccine trial showed that a greater than 90% reduction in
cholera disease burden can be achieved despite having only moderate (~50% - 60%) level
of coverage (73). The identification of the herd protective effect renewed interest in
identifying affordable cholera vaccine delivery strategies that could reach those in the
greatest need, such as the rural poor and urban slum dwellers. The WHO now recommends
Dukoral for both endemic and epidemic cholera (74). However, two disadvantages limit
broader use of Dukoral. First, it is prohibitively expensive, for example in Bangladesh it is
sold for the equivalent of ~US$15 per dose (75). Second, Dukoral needs to be administered
with a buffer, which complicates large-scale deployment. Another whole killed cholera
vaccine, which is based on somewhat similar bacterial components as Dukoral (excluding
cholera toxin) but also contains V. cholerae O139 is produced in Vietnam and is used
extensively there for public health practice (76). The vaccine production specialists at the
International Vaccine Institute (IVI), working with VaBiotech, reformulated the vaccine so
that it meets WHO guidelines. The reformulated vaccine, which contains different strains
from the original Vietnamese vaccine and uses different production techniques and
analytical assays, has proven to be safe and immunogenic in both children and adults. The

technology for vaccine manufacturing has been transferred by the IVI to Shantha
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Biotechnics in India, a company with WHO-prequalified products. The vaccine was
licensed in India in February 2009 and is now available for general use in the country (77).
Advantages of the Shantha vaccine (ShanChol™) include that its cost is lower (US$1.85 in
India), and does not require administration with buffer thus making it more feasible for use
in mass vaccination programs in resource poor settings. This newer whole killed cholera
vaccine has proven to be safe and effective, but the Government of Bangladesh spends
only 26 dollars per person per year on health (78). Thus, a vaccine that costs US$1.85 per
dose and requires two doses for protection that lasts only a few years, and would have to be
given outside of the standard childhood vaccine schedules, may not be sufficiently cost
effective for the Government of Bangladesh to implement. The cost-effectiveness of the
vaccine could be markedly improved by providing the vaccine to those persons who are at
highest risk of cholera, rather than dispensing it to the whole population. By focusing on
the highest risk population defined by geographic location, which may have a incidences of
cholera three or more times higher than the general population, the overall cost of the
program will decrease and the cost-effectiveness of the intervention will improve. A study
was designed by the International Centre for Diarrhoeal Disease Research, Bangladesh
(icddr,b) researchers in the year 2011 in Bangladesh for evaluating the feasibility and
effectiveness of a mass cholera vaccination program (by using the ShanChol™) in a high
incidence urban area in reducing diarrhea due to Vibrio cholera 01 (68). 1 used data from
that study to address some of the objectives relevant to my thesis, which I have elaborated

later (Chapters 5-7).

2.5.2 Water treatment, sanitation and hygiene interventions and their
impact on health

To prevent transmission of infectious diseases the optimum long-term solution in low-

income countries would be to build and maintain water and sanitation infrastructure that
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consistently separates faecal waste from environment, water and food supplies. But for
complex reasons, including limited supply, poor governance, and low water tariffs leading
to lack of funding, achieving this goal in the short-term is infeasible (79). Mclntosh et a/
identified poor governance and low water tariffs as core problems (79). These lead to
failure to invest in wastewater collection and treatment and implement legislation
pertaining to pollution, overexploitation of groundwater, low water supply and sanitation
service coverage, intermittent water supply, poor construction etc. They suggest that these
problems cannot be solved in isolation and can only be addressed after the core problems
have been resolved (79). Considering these complexities in achieving the long-term goal,
interim approaches for immediate implementation to reduce infectious disease burden

would be useful in these countries.

Many impact evaluations examine the effects of water, sanitation and hygiene
interventions on health outcomes in low-income countries. A number of reviews have been
done to examine the results of these studies systematically, using literature review, meta-
analysis and/or meta-evaluation (80-87). Systematic review and meta-analysis of efficacy
studies have demonstrated that in settings where diarrhoea is a leading cause of death,
persons who live in households that regularly treat their drinking water with a
microbiologically effective approach or who are encouraged to regularly wash their hands
with soap have less diarrhoea than persons living in non-intervention households (88, 89).
A recent systematic review of 44 studies evaluating the effects of WASH interventions on
childhood diarrhoea in children 0-5 years old showed that various WASH interventions
reduced diarrhoea risk between 27% and 53% (90). A meta-analysis and meta-regression
of 135 systematic reviews (done between 1970 to 2016) shows that household connections

of water supply and higher levels of community coverage for sanitation was particularly
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impactful in reducing diarrhoea (91). In another recent systematic review and meta-
analysis it was found that sanitation is protective against diarrhoea, active trachoma,
schistosomiasis, and height-for-age, but had no protective effect for other anthropometric
outcomes (92). However, a systematic review investigating the impact of sanitation on
indicators of faecal-oral transmission of enteric pathogens (faecal pathogens in drinking
water, hand contamination, sentinel toys, household and latrine surfaces and soil, flies and
observation of human faeces around home) found little or no effect of sanitation
interventions on the transmission pathways (93). The underlying reason could be that the
faecal indicators were not specific enough to identify the sources of pathogens and there

was no correlation of the indicators with the presence of pathogens.

The recent WASH Benefits randomised control trial that was conducted among 5551
households enrolled from 720 clusters in rural Bangladesh, aimed to assess whether water
quality, sanitation, and hand washing interventions alone or combined with nutrition
interventions had any impact on reported diarrhoea and linear child growth (94). The
authors concluded that with high adherence to the assigned interventions, hand washing
intervention alone and combined with water and sanitation interventions reduced diarrhoea
in young children (95, 96). Nutritional supplement improved linear growth in this study but
there was no benefit of adding water, sanitation, and handwashing interventions with
nutrition (95). However, the WASH Benefits randomised trial conducted in Kenya, having
similar interventions, did not reduce childhood diarrhoea or improve growth, even when
adherence was at least as high as has been achieved by other programmes (97). A recent
review of both of these studies argued that in both countries, most trial participants already
had access to basic latrines and most participants already had an improved drinking water

source at baseline (98). The reviewers argued that the tested WASH interventions might
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have a much greater effect on pathogen transmission among populations where open
defecation and poor water supply are widespread (98). The results of these two well
designed trials raised the question whether reducing environmental contamination through

WASH might be key to tackling the persistent challenge of childhood stunting.

Two studies were examining the effect of WASH interventions on growth in populations
with high baseline levels of open defecation in Zimbabwe (99) and Mozambique (100) at
the time the results of the WASH Benefits trials were published. The findings from the
MapSan health impact trial that was conducted in Mozambique is yet to be published. The
Sanitation Hygiene Infant Nutrition Efficacy (SHINE) trial, which is a cluster-randomized,
community-based trial in two rural districts of Zimbabwe with high baseline levels of open
defecation, investigated the independent and combined effects of protecting babies from
faecal ingestion and optimizing nutritional adequacy of infant diet on length and
haemoglobin at 18 months of age (99). In this study, faecal ingestion was minimised by
providing WASH interventions consisting of construction of ventilated improved pit
latrine, provision of handwashing stations, liquid soap, drinking water treatment with
chlorine, and play space plus hygiene counselling. The results showed that optimising
nutritional adequacy of infant diet improved the primary outcomes of interest. However,
the WASH interventions did not have any impact on the primary outcomes and neither
intervention reduced prevalence of diarrhoea at 12 or 18 months (101). The researchers
concluded that implementation of elementary WASH interventions (i.e. provision of point-
of-use water chlorination, handwashing stations not connected to water supply, and
improved pit latrines, with promotion of hygiene behaviour) together with nutritional
interventions will not reduce stunting more than implementation of nutritional

interventions alone in rural areas of low-income countries (101). Pickering et al reviewed
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the results of WASH Benefits and SHINE trial and recommended that future research in
the WASH sector should focus on developing and evaluating interventions that are
radically more effective in reducing faecal contamination in the domestic environment than

the interventions that were implemented in these trials (96).

Following the WASH Benefits trials, Johri et el studied whether a water quality
intervention could improve child growth in a rural Indian setting with higher levels of
circulating pathogens than the original WASH Benefit trial sites (102). In this study 40.6%
of the households received drinking water meeting the Sustainable Development Goal
(SDQG) # 6.1 quality standards (no E. coli in 100 ml of drinking water based on
microbiological testing). The evidence on the relationship of drinking water meeting SDG
6.1 norms to length-for-age and weight-for-age was inconclusive, and there was no
apparent relationship with stunting or wasting (102). However, indicator organisms such as
E. coli/coliform may not correlate with pathogen occurrence and could be present in a

water sample when there is no risk and vice versa.

In 2011, a cluster-randomised trial assessed the effect of community-led total sanitation
programme implemented by the Government of Mali on child health (103). The study
reported that access to toilets substantially increased after implementation of programme
and child growth improved, particularly in children <2 years (103). A recent systematic
review on impact of WASH interventions in children (age <18 years) on growth, non-
diarrheal morbidity and mortality shows that there is low- to very-low quality of evidence
to suggest decrease in prevalence of wasting, stunting and underweight in children from
low- and middle-income countries (71). However, there is very low to moderate quality

evidence that WASH interventions (especially hygiene intervention) are associated with
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lower risk of non-diarrhoeal morbidity (fever, respiratory infections, intestinal helminth
infection and school absenteeism). The reasons for low to moderate evidence for WASH
interventions could be due to paucity of randomised controlled trials in the area of
environmental research and the inability to blind most environmental interventions, rather
than interventions actually not being effective. Additionally, the important reasons why a
microbiologically effective POU water treatment product may not prevent disease could be
due to exposure to pathogens through multiple pathways other than the one that is
addressed by the POU water treatment product and poor compliance to use the product
(104). The authors concluded that the potential health benefits supports the ongoing efforts

for provision of safe and adequate water supply, sanitation and hygiene (71).

The WHO recognizes the health contribution that household water treatment and safe
storage can make in prevention of waterborne diseases and recommends integration of it
along with other water, sanitation and hygiene interventions for the vulnerable groups

including children who are at risk of having pneumonia and diarrhoea (104).

Combined vaccination and WASH interventions to combat diarrhoea

To date it is unclear whether combining vaccination for a specific pathogen such as cholera
or rotavirus with WASH interventions (specifically POU water treatment interventions and
improving hand-washing behaviour) incrementally increases health benefits. In Chapter
3.2 of this thesis, I have discussed a study methodology that I used to address this gap in

the knowledge.
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POU water treatment interventions

There is a variety of POU water treatment products available on the market. For example
some of the chemical products that rely on chlorine for disinfection, include: liquid sodium
hypochlorite, sodium dichloroisocyanurate tablets (branded as Aquatabs by Medentech,
Ltd.), a combined flocculant-disinfectant powdered mixture (branded as PUR® Purifier of
Water by the Procter & Gamble Company) etc. Non-chemical based water treatment
products/methods include solar irradiation, varieties of water filters such as a siphon-driven
porous ceramic filter (branded as the CrystalPur Filter by Enterprise Works/VITA),
ceramic candle filters, bio-sand water filters and boiling. A meta-analysis of 31 studies
conducted on POU water treatment products yields a pooled estimate of 42% (95% CI:
33—-50%) reduction in diarrhoeal disease risk (105). However much of the evidence is from
efficacy trials conducted among small population over short time periods. Besides,
household water treatment products such as chlorine based products or a water filter are
very rarely used by the global poor (106). For example, a study conducted in urban Dhaka
in 2009 promoting chlorine-based products detected residual chlorine in only ~8% of
households (107). The taste and smell of chlorine-treated water is a commonly reported
barrier (108). Other barriers include problem with supply chain of the water treatment
products leading to not having access, unavailability of replacement parts for filters etc.
Even with continued promotional activities and having access to products, most users do

not sustain use (109-111).

Only a few studies have reported good uptake of POU water treatment products. For
example a non-blinded randomised controlled trial conducted in rural Bangladesh in 2011-
2012 aimed to assess whether improving the microbiological quality of tube well drinking

water by household water treatment and safe storage would reduce diarrhoea in children <2
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years (112). In this study, sodium dichloroisocyanurate tablets were promoted as the water
disinfection product at the point of use. The study reported that 83% of the households in
the chlorine arm that had water in the intervention container at the time of the visit, had
free chlorine residual over the minimum CDC (Centres for Disease Control and
Prevention) recommended value of 0.2 mg/L (112). Another recent study that reported
good uptake of POU water treatment intervention is the WASH Benefits Bangladesh trial
(94). In this study the water technologies that were used as intervention product, comprised
of household-level chlorination with sodium dichloroisocyanurate tablets (Aquatabs™
Medentech, Wexford, Ireland) coupled with 10 L safe storage in a covered, narrow-mouth
container. The hand-washing intervention households received hand-washing stations and

soapy water bottle with a regular supply of detergent sachets to make soapy water.

Residual chlorine was detected in 76% of the intervention households (113). Observed
hand-washing with soap was more common after toilet use (range: 67%—74% of

events, p <0.05) and after cleaning a child’s anus (range: 61%—72%, p <0.05) compared to
other intervention (range 34-39%) and control households (range 26-29%) (113). In this
efficacy trial, the intervention products were supplied to study participants free of charge
and community health workers promoted the behavioural recommendations intensely. The
health workers visited the intervention households at least once weekly in the first

6 months and then once in every two weeks throughout the study period to promote
behavioural interventions. Such intense behaviour promotion may not be feasible for larger

scale promotion of WASH interventions.

The behavioural recommendations in the WASH Benefit trial were developed based on the

Integrated Behavioural Model for Water, Sanitation, and Hygiene (IBM-WASH) model,
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which is a theory and evidence based behavioural framework (114). Adoption of evidence
based behavioural research and theories are still scarce in developing and promoting
WASH behavioural interventions. A systematic review of behaviour change research on
POU water treatment interventions in middle and low income countries reported that only
1.7% (26/1551) of their reviewed papers described behaviour research on POU water
treatment adoption; most of the research often lacked intervention descriptions and seldom
used behaviour theories (115). The authors recommended that more behavioural research is
necessary to understand factors that motivate or inhibit water treatment behaviour change.
A recent study conducted within a cluster randomised controlled trial in Amhara, Ehiopia,
discussed the importance of assessing collective efficacy (CE) when implementing WASH
interventions to change behaviour of study participants (116). CE is a combination of
cognitive and socio-structural aspects which facilitate people’s shared beliefs in their
collective ability to execute actions related to a common goal (117). The authors discussed
that one possible explanation for low uptake and sustained adoption of WASH
interventions could be due to low CE. They developed and validated a metric to assess
factors related to CE, which could be applied for better designing and targeting community

level interventions in the future (116).

To date, few studies have explored the reasons contributing to and reducing sustained use
of POU water treatment products (118-121). Understanding motivators and barriers to
sustained use is crucial to designing effective future programs for household safe water
products. In Chapter 3.1 of this thesis, I elaborate on a study methodology that was aimed
at assessing motivators and barriers for sustained use of a water filtration device that was
popular among the study participants of a low-income community of Bangladesh at the

time of the study.
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Handwashing interventions

Even though the focus of many hand-hygiene interventions has been to reduce diarrhoea,
data from a systematic review and two meta-analyses show that hygiene behaviour change
including hand-washing with soap has also been effective in reducing respiratory illness
(72, 84, 122). However, similar to POU water treatment interventions, hand-hygiene
practices (washing hands with soap) are sub-optimal, despite benefits for both diarrhoea
and respiratory infection prevention. A systematic review of 42 studies estimated that 19%
of the world population washes hands with soap after contact with excreta (123).
Structured observations of residents of rural Bangladesh found that only 1% of people
washed their hands with soap before eating and before feeding a child and only 14%
washed their hands with soap after defecation (124). Wolf et el recently reported global,
regional and country estimates for hand-washing with soap after potential faecal contact
(125). Data from 77 countries shows that one in four persons does not have a designated
hand washing facility, but even among those with access, hand washing with soap is poorly
practiced. People with access to designated handwashing facilities are about twice as likely
to wash their hands with soap after potential faecal contact as people who lack a facility

(125).

A study conducted in both urban and rural areas of Bangladesh reported that in 81% of the
observed events the participants coughed or sneezed into air (i.e uncovered) and in 11%
into their hands. No one washed their hands after coughing or sneezing into their hands
(126). Another study developed and implemented cough etiquette intervention at four
elementary schools. The study reports that 92% (n=58) of the students coughed/sneezed
into open air at baseline (127). Five (8%) students coughed/sneezed in their hands, which

they did not subsequently wash with soap and water.
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Most previous efficacy studies reporting the impact of intense implementation of hygiene
behaviour change on respiratory illness have been small, involving up to 6,000 people (84,
122). However, the impact of implementing hygiene promotion programs on respiratory
illness on a large scale is still unclear (128, 129). Accurately assessing hand-washing
behaviours is problematic. Self-reported hand-washing consistently overestimates observed
behaviour (124, 130, 131). Direct observation of hand-washing by trained staff is both
highly resource-intensive and also biased, as the presence of an observer alters hand-
washing behaviour (132, 133). Assessment of hand-washing behaviour through a low cost
proxy measure such as presence of soap and water in a designated hand-washing station is
a practical alternative, and has been associated with lower rates of respiratory illness in

some settings, but not in others (134-137).

Assessing impact of hand-washing interventions on respiratory illness is problematic too.
The commonly used indicator to assess impact of hand-washing interventions in most of
the studies is self-reported or carer-reported respiratory illness and therefore study findings
may be subjected to reporting bias. Only a few studies have objectively measured the
impact of hand-washing on confirmed respiratory infections (138, 139). For example,
Cowling et al objectively measured transmission of respiratory infection by using reverse-
transcription polymerase chain reaction (RT-PCR) of nasal and throat swabs and reported
that hand hygiene interventions prevented household transmission of influenza virus (139).
In Chapter 3.2, I discuss a large scale randomised controlled trial that attempted to
understand the impact of hand hygiene interventions on carer or self-reported respiratory

illness.
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2.6 Scaling up of water, sanitation and hygiene interventions

to combat diarrhoea and respiratory infections

The 2030 Agenda for Sustainable Development, adopted by the 193 members states of the
United Nations, include Sustainable Development Goal (SDG) #6 which is to ensure
availability and sustainable management of drinking water, sanitation and hygiene services
for all (140). This reflects the increased attention on water and sanitation issues in the
global political agenda. According to the report, globally an estimated approximately 2.1
billion people still need improvement of water quality services who lack water accessible
on premises, available when needed and free from contamination (140). The least
developed countries have the lowest coverage for hand washing facilities. An estimated
only ~27% of the population in least developed countries has access to soap and water for
hand-washing on premises (140). A systematic review and meta-analysis on impact of
latrine coverage and latrine use showed only modest impact of interventions in increasing
coverage and use (141). Upscaling of known effective and affordable water, sanitation and
hygiene interventions is essential for improving global health (142). It is therefore
important to understand the impact of water treatment and hygiene behaviour change
interventions on diarrhoea and respiratory illness implemented at larger scale (142), as
whether these approaches are effective when implemented on a larger scale is still unclear

(143, 144),

A project, Sanitation, Hygiene Education and Water Supply in Bangladesh (SHEWA-B)
aimed to improve hygiene, sanitation and water supply for 20 million people in rural
Bangladesh (128). During the first two years of the intervention period, the focus was to
improve water sanitation and hygiene behaviour through interpersonal communication and

group discussions. By the end of this two years the presence of water, soap or ash in
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convenient hand-washing location had increased from a baseline level of 47% to 63% post
intervention (145). The national hand washing promotion program in Peru, targeting ~28
million people, found no effect of a mass media intervention on hand washing behaviour.
Combining the mass media campaign with more intense training and promotional activities
at the community level increased the share of households with hand washing facilities by
4.9% (129). Importantly, neither SHEWA-B nor the Peru national hand-washing program
resulted in a measurable reduction in childhood diarrhoea or respiratory illness (128, 129).
Poor uptake of behaviour change interventions may be related to difficulties of delivering
the behaviour change intervention with high quality at a large scale (146, 147). Another
problem is that efficacy studies are artificial experiments conducted, with study
participants generally being given the intervention materials free of cost and with regular
encouragement given to use them. In real world situations, scaling up of WASH
interventions without providing the intervention materials to people for free and without
prompting them on use, the sustainable uptake of WASH interventions is often poor.
Highlighting this point is an efficacy study conducted in rural Guatemala to understand the
impact of flocculant-disinfectant on diarrhoea. In this study, the intervention households
had 39% less diarrhoea compared to the control. Three weeks after the study was complete,
national marketing of the flocculant-disinfectant was extended in the region where the
efficacy study was conducted. Six months later the researchers returned to the study
households and found that only 5% of the study households had purchased the flocculant-
disinfectant within the preceding two weeks of interview, despite efficacy of the product
being demonstrated in that community (146). Another evaluation of one of the longest
running national POU water treatment programme on liquid sodium hypochlorite in

Zambia showed that among the households in the districts that received considerable social
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marketing and had the highest per capita sales at the time of evaluation, only 13% of the

households had residual chlorine in drinking water (148).

In this thesis in Chapter 3.2, I discuss a study methodology that I used to explore whether
WASH interventions that are known to be effective in reducing diarrhoea and respiratory
illness in small-scale efficacy trials had an impact on these illnesses when these were

implemented at a larger scale.

2.7 Difficulty in assessing impact of behavioural interventions

on health outcomes

Assessing the impact of behavioural interventions on health outcomes such as diarrhoea is
difficult. One of the commonly used indicators to assess effectiveness of these behavioural
interventions is 'reported' health outcomes (83, 149). For example a systematic review of
45 cluster randomized controlled trials for assessing effectiveness of improving water
quality to reduce diarrhoea found that the primary outcome in most of these studies was
reported diarrhoea (150). Concerns raised regarding reliability of reported diarrhoea
include courtesy bias (151, 152), imperfect and biased recall (153-158), and surveillance
fatigue (159-161). Additionally there is concern about the reliability of measuring
subjective health outcomes in non-blinded trials due to observer bias (162). Due to these
concerns, in some non-blinded trials a reduction of diarrhoea by even 50% may not
necessarily be due to a true intervention effect (87). To overcome this, it is now
recommended that in studies where blinding is not possible, there should be at least one
objectively assessed outcome - for example, complementing disease reporting with

microbiological testing of stool for specific micro-organisms or observing diarrhoea-
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associated hospital admissions - even if the primary outcome is subjective (163).
Alternatively, validation studies for estimating the degree of bias should be incorporated to
improve data interpretation (85). Epidemiologists are now also proposing routine use of
negative controls in observational studies to detect bias due to unmeasured confounding
(164). However, there are difficulties associated with application of this recommendation
in large-scale behavioural intervention trials aimed at reducing diarrhoea. Additionally, no
large scale behavioural trial has assessed the same reported health outcome through two
different types of survey data collected concurrently from the same study population, and
compared results with an objectively measured outcome. In this thesis in Chapter 3.2,
have discuss a study methodology that I used to understand if reported health outcome data
is reliable in assessing intervention impact and consider optimal ways of collecting

reported health outcome data to minimise reporting bias.

2.8 Objectives

The objectives of this thesis are to understand the usage and impact of a range of
interventions on diarrhoea and respiratory illnesses in low-income communities in
Bangladesh, and to understand whether reported health data can be used to assess the
impact of interventions. Additionally I have examined the risk factors for diarrhoea,
respiratory and dermal diseases in the Australian context, to contrast with those observed
in a low-income country such as Bangladesh.
More specifically the objectives of this thesis are:

a) To measure the sustained use of a POU water treatment intervention product

(siphon water filter) and study motivators and barriers to sustained use in the

medium term (up to six months)

28



b)

d)

To examine the effects of an at-scale intervention to promote hand-washing with
soap and drinking water disinfection in addition to oral cholera vaccination on
diarrhoea-associated hospitalisation

To examine the effects of an at-scale intervention to promote hand-washing with
soap on reported respiratory illness.

To explore the consistency in intervention impact evaluation based on reported
diarrhoea. More specifically, to compare whether reported diarrhoea data among
children aged <5 years using similar case definitions and collected over the same
time period in the same study population but via two separate surveys, by different
data collection teams, at different specific time points, and from different
households affected the overall interpretation of intervention effects on measured
health outcomes.

To identify risk factors associated with diarrhoea, respiratory and dermal diseases

concurrently at the community level among a prospective cohort in Australia
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Chapter 3: Methods and data sources

This chapter provides an overview of the study settings, study design and methods used in
this research. The chapter also provides a brief description of the data sources, and the
statistical methods used to analyse the data to address the research objectives. Of note, |
discuss further details of the methods for each of the objectives in the relevant chapters
(Chapter 4-8).

It is important to clarify that, in this thesis [ used data from three different studies. Thus, a
brief description of the methodology of each of these studies and my contribution to each

is given below:

3.1 Research objective 1: Measuring siphon water filter’s
sustained use and study motivators and barriers to

sustained use in the medium term (up to six months)

Water treatment to reduce microbial contamination is considered important to reduce the
burden of diarrhoea in low-income settings where source or stored water can be commonly
contaminated. However, there is evidence that household water treatment products such as
chlorine based products or a water filter are very rarely used by the global poor despite its
proven benefits (106). To date, limited information is available on the reasons contributing
to and reducing sustained use of POU water treatment products (118-121). Understanding
motivators and barriers to sustained use is crucial to designing effective future programs

for household safe water products.
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In this chapter, I have discussed about a study that was designed to follow up participants
of a randomised control trial that ended in 2009 to assess siphon water filter’s sustained

use and to identify motivators and barriers to sustained use.

I designed this study with the help of my colleagues in icddr,b (International Centre for
Diarrhoeal Disease Research Bangladesh) and implemented the study in the field. I also
prepared the data collection tools, supervised data collection, ensured data safety, analysed
the data and finally published the paper. I have briefly mentioned about the methodology

of this study below:

3.1.1 Data source and methods:

These are described in detail in the published paper (165).

Briefly, a randomised trial conducted in 2009 enrolled 800 mothers, each having at least
one child <5 years of age, from a low-income urban community of the Mirpur area of
urban Dhaka, Bangladesh. In that study 600 households were given randomly-ordered two-
month free trials of four water treatment products: dilute liquid chlorine (sodium
hypochlorite solution, marketed locally as Water Guard), sodium dichloroisocyanurate
tablets (branded as Aquatabs), a combined flocculant-disinfectant powdered mixture (the
PUR Purifier of Water), and a silver-coated ceramic siphon filter. Consumers also received
education on the dangers of untreated drinking water. Details of the education and

marketing interventions can be found in our previous publication (107).

In the final survey round of the randomised trial, the researchers measured willingness-to-
pay (WTP) for each of the four water treatment products using a Becker-DeGroot-

Marschak (BDM) procedure (166). Within two weeks of the end of the randomised trial,
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the researchers revisited the households that were willing to buy the filter. Based on their
previously reported willingness-to-pay information that was collected through the BDM
procedure, researchers gave these participants the opportunity to buy the product at their
stated price. Thus, some participants received the siphon filter free of cost (if the envelope

had zero as its price) and others paid up to US $5.

In March 2010, three months after receiving the filter and then again in June 2010, six
months after receiving the filter, follow-up surveys were conducted among the households
which received siphon filters. In August 2010 field workers collected qualitative data
through group discussions and in-depth interviews to understand the motivators and
barriers of sustained filter usage. During the follow-up period, there were no promotion

activities to encourage filter use.

The data set that I used for the purpose of addressing the objective included information
from both the randomised controlled trial (final survey round), the two follow up surveys
that were conducted after the final survey round of the randomised trial and the qualitative

data that were collected through group discussions and in-depth interviews.

3.1.2 Intervention device:

The CrystalPur siphon filter is an economical (expected retail US$7) and microbiologically

effective POU water treatment product (Figure 3) (167).
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Figure 3: The CrystalPur Siphon filter

Figure 4: Study participant using CrystalPur Siphon filter

In a laboratory environment, this silver-impregnated filter removes logio 4.4 — 5.5 of E.
coli bacteria. The filter has a flow rate of approximately 3-5 litres per hour (168, 169). The
filter requires two water vessels. Users place the ceramic candle filter inside the upper
vessel and fill it with water. Filtered water then flows to a lower vessel (Figure 4 and 5)

(170).
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Figure 5: The CrystalPur Siphon filter set-up (source: Tanzaniaqua, 2008)

We did not provide these water vessels with the filter, so users had to provide their own.
When the bulb is pumped, water starts to flow. The cloth pre-filter catches large particles
before they reach the ceramic element, and this cloth filter can be washed by hand (171).
When debris builds up within the ceramic filter element, the flow rate decreases. The study
participants were provided instructions explaining how both backwashing and scrubbing
can clean the ceramic element and restore the flow rate. To prevent recontamination of the
filtered water, the intervention staff also recommended that users collect treated water in
clean pots with clean hands and, at the end of each day, that they empty any extra water

from the lower container into the upper container to avoid long-term storage.
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3.1.3 Data collection and analysis

The data collection tool that we used in this study has been included in appendix 2.1.
The data collection methods included both quantitative (face-to-face interviews using
paper-based questionnaires) and qualitative methods (focus group discussions). Please see
Chapter 4 that includes the published paper for detailed descriptions of the survey

methods used in this study.

We used STATA statistical software (Version 10) for the quantitative analysis. For
qualitative data analysis the qualitative team of this study made summaries of each
interview after transcribing the audio recordings into English. They then manually
analysed the data by compiling them under themes, such as the barriers and motivators
related to filter use. They then examined the similarities, differences and connections
between each theme. Details of these surveys and how data were analysed could be found

in the published paper included in Chapter 4 (165).

3.1.4 Ethics approval

The researchers obtained informed consent from an adult study participant from each
household. De-identified data were used for the analysis. The study protocol was reviewed
and approved by the Ethical Review Committee of icddr,b (Research protocol number:
2008-032). I applied for and received an ethics application exemption from the Monash

University.
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3.1.5 Funding

This study was funded by the Blum Center for Developing Economies and the Institute for
Research on Labor and Employment at the University of California, Berkeley, SIDA, and

the P&G Fund of the Greater Cincinnati Foundation.

3.2 Research objectives 2 to 4:

Data from the ‘Introduction of cholera vaccine in Bangladesh’ (ICVB) study was used. I
was one of the lead research investigators in this study. My main role was to oversee the
quantitative data collection for assessing uptake of the behavioural intervention in this
study. I also participated in designing the behavioural interventions that were implemented
in the study, prepared the data collection instruments, provided feedback in data collection
procedure, performed data analysis for addressing some the pre-specified secondary

objectives of this study. I have provided a brief description of method of this study below.

3.2.1 Study setting

The study was conducted in Mirpur area of urban Dhaka, Bangladesh. Mirpur has an
estimated population of 2.5 million persons. icddr,b’s Dhaka hospital treats more patients
from Mirpur than from any other part of Dhaka. Mirpur is divided into 16 wards of the
Dhaka City Corporation. Of those wards 2, 4, 5, 6, 14 and 16 had the highest incidence of
cholera (Figure 6). In low-income communities in Mirpur, households are commonly
organised into compounds where individual households rent a small room and several

households share a common water source, kitchen and toilets.
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Cholera Hospitalization Rate of Mirpur Area, Dhaka

Legend

—— Ward Boundary
I River/Canal/lLake
Chaolera Hospitalization Rate
[ Low (<2/1000)

[ moderate (2-4/1000)
Il High (>4/1000)

Figure 6. Cholera hospitalization rate at the icddr,b hospital, from different wards in
Mirpur, Dhaka (2008-2010)

The icddr,b researchers observed that most of the cholera patients were coming from
overcrowded households with low per capita income, poor sanitation, unsafe water use,
sharing of source of water and poor living conditions (Figure 7). People meeting these
criteria of living condition were indicated as ‘high risk group’ for having cholera in the rest

of the thesis.

Figure 7: Study context (low-income communities of Mirpur area of urban Dhaka)
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The researchers commissioned a census of the high cholera incidence wards in Mirpur
using a personalized software program in the personal digital assistant (PDA) system. First,
the census team purchased high resolution (0.6m) satellite images of Mirpur and used those
images to create digital maps of buildings and other structures in the target wards. The
digitized maps were updated by ground truthing. The census team visited each building
and ascertained whether or not people were living in the building. If people resided in the
building the census team assessed whether the residential structures were overcrowded,
had poor sanitation and drainage, unhealthy living conditions, shared water among several
families to assess high risk groups. Based on this survey, the team assessed whether the
people living in the building/structure were a high risk group or not. If the residence met
these criteria, the census team collected verbal consent from the respondent and other
information of the household. Finally, the research team enumerated over 310,000 high

risk residents from the target wards (Figure 8).

Study participants for both objective 1 and 2-4 were selected from Mirpur area of urban
Dhaka. There is a possibility that some of the study participants from study/objective-1
were selected in the ICVB study. However, the original RCT for objective/study-1 had
only 400 participants compared to the ICVB study, which had ~310,000 participants.
Besides, these studies were conducted a few years apart. Therefore, even if there was some
overlap of selection of study participants in these studies, it is unlikely to have affected the

results of objectives 2-4 of the ICVB study.
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Figure 8: The study area in Mirpur in the Dhaka City, Bangladesh. The ward numbers are

given inside the ward boundary.

3.2.2 Cluster formation and randomisation

The study population included 90 clusters (neighbourhoods) in these areas of high cholera
incidence in Mirpur. A 30 meter buffer zone was created around each cluster which was
equivalent to several buildings or space in most of the maps from the adjoining cluster to
avoid contamination. An estimated 20% of the people were excluded in the buffer zone
from the initially selected 310,000 population, thus the study retained about 240,000.
Using the GIS maps the researchers drew clusters with approximate populations of 2700.

Within the cluster, the study team identified potential vaccination sites.
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Once the clusters were identified, they were randomly assigned to group 1, group 2, and
group 3. A statistician from outside icddr,b used a random number generator to assign
group 1, group 2, and group 3 to the 3 study groups (Figure 9):

a) cholera vaccine alone;

b) cholera vaccine and behaviour change (water treatment and handwashing

promotion); and

¢) control group that continued standard habits and practices.

Group
— [ cholera vaccine

~ | Cholera vaccine + Hand-wash & safe drinking water

< | No intervention

S ——

|
|

0 250 500 1,000 Meters
Tttt |

Figure 9: The geographic clusters of the three groups of study
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3.2.3 Interventions

a) Cholera vaccine

The researcher used the killed whole cell oral cholera vaccine, ShanChol manufactured by
Shantha Biotechnics for the study (172, 173). The vaccine was registered in India and was
prequalified by WHO. Vaccine was transported from the manufacturer to a designated cold
room arranged for this study where it was stored. Temperature for the vaccine was
maintained at 2-8°C for the study. During vaccination, vaccinators shook the vial well to
disperse the cellular contents and then opened it to feed all its content to the recipient.
Each participant over the age of one year and non-pregnant females living in communities
randomized to receive vaccine was offered two doses of the vaccine in two rounds at least

14 days interval at no charge.

b) Behaviour change interventions (Water treatment and handwashing promotion)
The hand washing and water treatment intervention included distribution of enabling
hardware and interpersonal counselling aided by support print materials. The behaviour
change strategy was guided by the Integrated Behavioural Model for Water Sanitation and
Hygiene (IBM-WASH) theoretical framework (Figure 10) (114, 174). In the study area,
several households often shared a common water source, kitchen and toilets, therefore the
hand-washing and water treatment intervention hardware were mostly provided at the
compound level, though the behavior change communication messages were delivered

both at compound and household levels.
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Figure 10: The Integrated Behavioural Model for Water, Sanitation, and Hygiene (IBM-

WASH)
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Dushtha Shasthya Kendra (DSK), a non-governmental organization with considerable

experience working on water, sanitation and hygiene in Mirpur and other areas of Dhaka,

delivered the water treatment and handwashing promotion intervention. Community health

workers visited each of the compounds and discussed the objectives of the intervention



within one month of the time of cholera vaccination. The community health worker offered

a hand washing station that is a 30 L water tank with a tap and soap/soapy water (Figure 11

and 12). The idea of the handwashing station was to bring together soap and water that

people need to wash their hands and to put this in a place that makes it convenient for

handwashing, especially for handwashing after defecation. A formative research was

conducted prior to designing the handwashing station for this trial with an aim to identify a

locally feasible and acceptable handwashing station that enabled frequent handwashing

(174). The community health worker negotiated with compound residents to decide where

the handwashing station would be set up and how they would manage refilling the

reservoir when it becomes empty.

—»| Bucket with tap

Soapy water

v

bottle

Bowl for collecting rinse

\4

water after hand-washing

Figure 11: Hand-washing station (includes bucket with tap, bowl, and soapy water bottle)
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Figure 12: Study participant washing hands using soapy water

Community health workers showed residents how to make soapy water (175). A half
centimetre diameter hole was drilled into the top of an empty 750 ml to 1.5 L plastic water
or soda bottle. These bottles could be purchased for 2 to 3 Taka. Half of a sachet of
powdered detergent would be added to the bottle, and the bottle would be filled %4 full with
water. The hole at the top of the cap would then be plugged with the thumb and the bottle
shaken to dissolve the detergent. Soapy water could be made inexpensively in the
communities. Each of the households in the compound were be given a soapy water bottle
and a first sachet of soap to demonstrate its use. All households in the compound were
encouraged to either make soapy water or purchase bar soap for regular handwashing. The
compound members were responsible for refilling the water in handwashing station, and

purchasing soap or detergent for making soapy water.

Hand-washing communication messages encouraging handwashing after defecation and

before preparing food were delivered to compound residents. Messages included the health

44



benefits of hand-washing with soap, hand-washing as a way to avoid missing days at work
because of illness, hand-washing as a way to nurture the healthy development of children,
religious importance of personal cleanliness and hand-washing as a way to be a clean
person (Figure 13 shows example of hand-washing behaviour change communication
materials used in the study). Community health workers visited each compound at least
three times during each of the first two months to troubleshoot any difficulties with the

hand-washing station and to encourage adoption of the handwashing habit.

icddrb )

Page-17

@icddrb @)

Page-21

Figure 13: Example of hand-washing behaviour change communication materials used in

the study
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Two months after the handwashing promotion was initiated community health workers
returned to each compound to promote household water treatment. The researchers phased
in the behaviour change interventions, because in the pilot studies this was more effective
than simultaneously presenting all interventions. The hand-washing intervention was quite
popular in the study, and helped to build relationship with the intervention compounds, a
relationship that was helpful when working on the somewhat more difficult water
treatment intervention. The water treatment included both hardware and a software
component. The hardware for water treatment was a chlorine dispenser (Figure 14) that is a
reservoir which contained liquid sodium hypochlorite and dispensed a measured dose of
the dilute sodium hypochlorite into a 10 litre water vessel. The study participants were
instructed to keep the water vessel covered after treating it with liquid sodium
hypochlorite. In pilot studies, over half of household members living in compounds where
the chlorine dispenser was installed had detectable free chlorine in their drinking water on
unannounced follow-up visits. The community health workers identified and marked the

10 litre water storage vessels in the original study households to minimise any confusion of
the study participants. The desired chlorine residual to be maintained in household
drinking water was between 0.2-0.5 mg/L. Presence of residual chlorine in stored drinking
water was tested in randomly selected households every month using colorimetre (HACH
LANGE GmbH, USA). Each drinking water station in a compound included one chlorine
dispenser. The community health workers negotiated with compound residents on the
location for the chlorine dispenser. The community health workers explained that the water
taste different when it is treated with chlorine, but this was an indicator of safe water. The
community health worker encouraged all members of the compound to drink the treated

water.
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Figure 14: Point-of-use water treatment hardware (Chlorine dispenser)

Community health workers used messages and approaches that were developed in the pilot
project before the main study started. Messages included the health benefits of water
treatment including avoiding cholera, drinking treated water as a strategy to avoid missing
days at work because of illness, providing treated water to your children as a way to
nurture their healthy development, and treating drinking water as a way to avoid drinking
other people's germs (Figure 15 shows example of behaviour change communication
material used in the study). Community health workers visited each compound at least
three times during each of the first two months after placement of the chlorine dispenser to
troubleshoot any difficulties with the chlorine dispenser and to encourage regular use of

treated water.
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Figure 15: Example of POU water treatment behaviour change communication

intervention material used in the study

Within 4 weeks of vaccination, hand washing and water treatment interventions were
implemented, hand washing in the first two months followed by water treatment in the next
two months. After the initial four months of water and hygiene intervention, the
community health worker reduced the frequency of compound visits to once per month.
Community health workers refilled chlorine dispensers with sodium hypochlorite every

one or two months depending on consumption.
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3.2.4 Data sources

a) Census update

After cluster formation and randomisation, a team of approximately 30 data collectors,
recruited by icddr,b, collected census data every six months from each house in the study
area. During census updates, workers went to every household in the cluster and took
consent from the family to participate in the study. The primary aim of the census was to
collect information on births, deaths and in-and-out migration of individuals in the study
area. During each visit, data collectors also asked respondents about each family member,
including children <5 years, to ascertain whether anyone had had ‘diarrhoea within last 48
hours’. Interviewers explained that >3 loose stools within 24 hours would be considered as
an episode of diarrhoea. Then the workers updated PDA based census information. At the
time of the census update or when a new household moved into the study community, a
verbal consent for participation in the surveillance was obtained and documented in the
PDA questionnaire. On average, each data collector visited ~30 households each day,
usually requiring ~15 minutes for completion of data collection from each household.
During the census survey every resident in the households included in the study in different
clusters was given a bar coded ‘ICVB card’ to track them during their icddr,b hospital

visits for diarrheal incidence.

During the census update, card distribution and also during vaccination sessions, informed
written consent was taken from the study population in the vaccine clusters for their

participation in the vaccination program and study activities.
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i) Disease Surveillance

a)

b)

Surveillance at the icddr,b hospitals in Mohakhali and Mirpur

All patients admitted to the hospital with diarrhoea were included in routine
hospital surveillance. A diarrhoeal visit was defined as a visit by a patient who had
in the 24 hour before presentation, three or more loose or liquid stool (self-
reported/caregiver-reported), according to WHO criteria (27). The diarrhoeal
disease surveillance for the ICVB project was conducted at icddr,b hospitals at
Mohakhali and Mirpur for the patients coming from Mirpur study areas (wards # 2,
4,5, 6,14, 16). Clinical staff at each of the two hospitals evaluated each patient at

the hospital triage area and provided treatment as is the routine procedure.

If the patient had an ICVB card, it was scanned using a bar code scanner. The front
desk staffs also verified and confirmed his/her identity by asking name, age, family
members, address etc. In case of unavailability of ICVB card, there was an option
in in the computer data management system of icddr,b to search a particular patient
identification (PID) number for the study participants; this search was done on
basic parameters such as name, age/date of birth, area of residence, police station,

sex or village.

Surveillance at other health facilities in the ICVB study area in Mirpur

Even though the majority of severe diarrheal patients from Dhaka city seek care at
the icddr,b hospitals, the researchers included Governmental and non-governmental
hospitals/clinics with inpatient facilities in the Mirpur area which could be visited
by the study population for diarrhoeal treatment. Health staff of these facilities were
oriented /informed/motivated about ICVB study objectives and activities by the

icddr,b clinicians. Two staffs from each of these facilities were directly responsible
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for dealing with the patients from the ICVB sites and also were part of the ICVB
field team. These persons were specially trained in completing the questionnaires.
These hospitals/clinics were under surveillance by the ICVB study staff. One
surveillance staff was present at each health facility throughout the day to facilitate
proper reporting of diarrheal cases from the study area. Study patients were
identified by use of ICVB cards. To ensure that the researchers were not missing
any study participant, all patients from the study wards in addition had
demographic and clinical data recorded in a structured questionnaire similar to the
one used at the icddr,b hospitals. Data were checked and verified and entered into

the computerized database of the ICVB study.

ii) Household water treatment and hand-washing assessment

A separate cadre of 11 icddr,b workers, with a separate supervisory structure from those
who delivered the intervention or collected census data, evaluated hand-washing and
home water treatment behaviour. Using the census data, 200 study participants in the
behaviour change plus cholera intervention group, 100 study participants in the cholera
intervention group and 100 study participants in the control non-intervention group
were randomly selected each month for more detailed assessment. This assessment was
unannounced and began 4 weeks before any water treatment and hand-washing
intervention had been initiated. This monthly assessment of 200 intervention households
was designed to be low enough to be logistically manageable, but to provide
representative real-time trend data on intervention uptake. Measurements included the
presence of soap and water in the most convenient place to wash hands (124, 176), the
presence of residual chlorine in drinking water and microbiological water quality using
low cost HaS testing, and the occurrence of diarrhoea or respiratory disease among

members of the household in the preceding two days. Interviewers also explained that
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>3 loose stools within 24 hours would be considered to constitute diarrhea. Data
collectors were instructed to collect information on diarrhea at the beginning of the
interview to reduce bias, as asking about diarrhea and intervention products occurred at

the same visit.
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3.2.5 Data Safety Monitoring Plan (DSMP)

An adverse event was defined as an untoward medical event (diarrhoea, vomiting, abdominal
pain/cramps or any other local and systemic symptoms) with an onset up to 14 days after
receipt of a vaccine dose which might or might not be associated with the vaccine. At the
vaccination sessions after each dose, recipients were asked to wait for half an hour at the
site, where one staff member monitored any immediate adverse event following vaccination.
All vaccines were asked to consult the icddr,b hospital in Mirpur for any untoward effect

after vaccination.

3.2.6 Data collections tools

I have attached the data collection tools used in this study in Appendix 3

3.2.7 Data analysis

I used Stata version 14 for analysing the data.
I have described analysis techniques in the relevant papers that were published and in the

relevant chapters (Chapter 5-7).

3.2.8 Sample Size Calculation

The primary outcome of this study was assessing feasibility and effectiveness of oral
cholera vaccine in cholera endemic area in low-income communities of Bangladesh.
Before the study began, it was estimated that ~100,000 patients were visiting the icddr,b
Dhaka hospital per year, 17,000 were from Mirpur and 5,500 of these had cholera. There
were about 2.5 million residents in Mirpur at the time of the study; thus, the incidence of
cholera requiring hospitalization at icddr,b was 2.2 per 1,000 persons per year. However,
the rate of cholera varies from year to year. The researchers conservatively considered the
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rate of this slum area of Dhaka city similar to the rate in the slums of Kolkata, India that
describe the rate is 1.6/1000/year (177). icddr,b previous hospital data showed that 6 wards
in Mirpur had high cholera hospitalization rates (hospitalization rate in the 6 wards in the
study area that have been chosen for the study ranges from 2-6/1000 for the last five years;

5 of the wards have rates of >4/1000 population per year).

Methods used

The sample size for the cluster design is computed based on the method described
elsewhere (178). There were three groups in this study:

a) cholera vaccine alone;

b) cholera vaccine and behaviour change; and

¢) control group that continued standard habits and practices

Each group included k clusters of 7 individuals randomly assigned to each group i, where

1 =1 denoted experimental group and i = 2 denoted control group. The aim was to test the

HO:P]:PZ

hypothesis at the one-sided a level of significance with power 1 — 3, wherepl

A A

and B were estimated by B and £ , respectively, where these estimates were computed
over all individuals in each group. Let Za, Z3 denoted the critical values of the standard
normal distribution corresponding to the error rates o and [, respectively. Then the

required number of subjects per intervention group was given approximately by

o (Z,+2Z,)*[P.(1—B)+P,(1—P)][1+(m—1)p]

2
(A -P) , where p is the intracluster

correlation (ICC).

55



Alternative hypotheses for the sample size calculations were specified in terms of an
“overall protective effect” (OPE) equal to one minus the incidence rate ratio versus the
control group. This was meant to include all effects of the intervention and its
implementation, including incomplete uptake and herd immunity. Each group included 30
clusters, so all estimated sample sizes had been rounded up to the nearest multiple of 30
before correction for attrition. Alternative hypotheses for the sample size calculations were
specified in terms of an “overall protective effect” (OPE), which was equal to one minus
the incidence rate ratio between intervention and control groups. This was meant to include
all effects of the intervention and its implementation, including incomplete uptake and herd

immunity. The sample size calculations are given in Appendix 4.

3.2.9 Ethics

Informed consent from an adult study participant was obtained from each household. The
study protocol was reviewed by human subject committee at icddr,b, and the International

Vaccine Institute.

3.2.10 Funding

This study was funded by the Bill & Melinda Gates Foundation.
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3.3 Research objective 5: Identifying risk factors associated
with diarrhoea and respiratory symptoms at the

community level among a prospective cohort

My role in this study was to analyse secondary data that were collected from a double-
blinded, randomized, controlled trial conducted in South Australia from June 2007 to

August 2008 (179).

3.3.1 Data source and methods:

The details about the data source and methods of this study have already been published
(179, 180). In short, in this trial weekly diaries were provided to 300 families to collect
health data over a 12 month period. Eligibility criteria for inclusion was related to the main
study hypothesis, which was to determine whether consumption of untreated rainwater
contributed to gastroenteritis. The criteria included: using untreated rainwater from an
above-ground tank as the usual drinking water source; having at least four eligible
household members (including at least 2 children aged 1 to 15 years); home ownership or
stable rental history (12 months or more in current home); and having a reasonable
command of English. Households were randomly allocated to receive real or sham water
treatment devices to treat rainwater for drinking; real devices removed microorganisms
from the water, sham devices did not (180). The study families completed a health diary
each week which included reporting of symptoms related to gastrointestinal (GI),
respiratory and dermal complaints. They also provided exposure information regarding
recreational swimming activities, pet ownership, and childcare/school attendance, as well

as health-seeking behaviour.
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Definitions

Having GI symptoms was defined as people reporting either passing a loose stool or
vomiting at least once within 24 hours. People were considered to have respiratory
symptoms if they had either sore throat or runny nose or cough. If people reported either

rash, generalized itching or dermal infection, they were defined as having dermal

symptoms.

Information of each of these symptom complexes were collected each week.

Recreational swimming settings were defined as a public pool/spa, a private pool/spa, an
ocean/beach, or a river/lake/dam. Participants were asked to record whether they had swum
during the week, and in which setting. No information was recorded regarding the length
of swimming, how many times the participant had entered the water, or whether the

participant had put his/her head underwater.

Clusters for GI, respiratory and dermal symptoms were defined as development of GI,
respiratory or dermal symptoms in more than one household member in the same or
consecutive weeks. Each cluster was considered to have ended if two weeks elapsed with
no symptoms reported by any member of the household. Participants could appear in more
than one cluster over the period of observation. Sporadic GI, respiratory and dermal

symptoms were defined as cases that occurred outside of a cluster.

3.3.2 Data management:

Completed health diaries were mailed to the Study Centre (Monash University) every 4
weeks. Diaries were scanned, and the accuracy and completeness of data was verified

using the Cardiff Teleform software (version 10.1, 2006; Vista, California, USA) before
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data entry into a Microsoft Access® database. Reporting participants were telephoned for

clarification if information was missing or ambiguous.

3.3.3 Data analysis:

All calculations were performed using Stata version 11.1.
Different statistical techniques such as descriptive analysis, linking data and log-binomial
regression adjusted for clustering were used for analysing these data. I have described

about how we analysed the data in details in the published paper and in Chapter 8.

3.3.4 Ethics Approval:

During enrolment, written informed consent was obtained from all adult household
members and from parents and guardians on behalf of children. This study received
approval from the Monash University Standing Committee on Ethics in Research
Involving Humans (SCERH; 2006/555EA) and the South Australia Department of Health

Human Research Ethics Committee.
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Chapter 4: Explaining low rates of
sustained use of Siphon water filter:
Evidence from follow-up of a randomized

controlled trial in Bangladesh

4.1 Chapter overview

Low-cost point-of-use (POU) drinking water treatment technologies such as filters or
chlorine can substantially reduce reported diarrheal disease in low-income countries — when
they are used. However, even with continued promotional activities, most users do not sustain
use. To date, few studies have explored the reasons contributing to and reducing sustained
use of POU products. Understanding motivators and barriers to sustained use is crucial to
designing effective future programs for household safe water products. This chapter presents
findings from a study that revisited households that bought or were provided with a siphon
filter at the end of the randomized trial. In this study we measured the filter’s sustained use

and identified motivators and barriers to sustained use in the medium term (up to six months)

The findings from this study have been published in the Tropical Medicine and

International Health.
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Abstract OBJECTIVE To assess sustained siphon filter usage among a low-income population in Bangladesh
and study relevant motivators and barriers.
METHODS After a randomised control trial in Bangladesh during 2009, 191 households received a
siphon water filter along with educational messages. Researchers revisited households after 3 and
6 months to assess filter usage and determine relevant motivators and barriers. Regular users were
defined as those who reported using the filter most of the time and were observed to be using the
filter at follow-up visits. Integrated behavioural model for water, sanitation and hygiene (IBM-
WASH) was used to explain factors associated with regular filter use.
RESULTS Regular filter usage was 28% at the 3-month follow-up and 21% at the 6-month follow-
up. Regular filter users had better quality water at the 6-month, but not at the 3-month visit. Positive
predictors of regular filter usage explained through IBM-WASH at both times were willingness to pay
>US$1 for filters, and positive attitude towards filter use (technology dimension at individual level);
reporting boiling drinking water at baseline (psychosocial dimension at habitual level); and Bengali
ethnicity (contextual dimension at individual level). Frequently reported barriers to regular filter use
were as follows: considering filter use an additional task, filter breakage and time required for water
filtering (technology dimension at individual level).
coNcLUSION The technological, psychosocial and contextual dimensions of IBM-WASH contributed
to understanding the factors related to sustained use of siphon filter. Given the low regular usage rate
and the hardware-related problems reported, the contribution of siphon filters to improving water
quality in low-income urban communities in Bangladesh is likely to be minimal.

keywords siphon water filters, usage barriers, integrated behavioural model for water, sanitation and
hygiene, Bangladesh

improving global public health is now being questioned

Introducti .
neroduction [8, 9]. To date, few studies have explored the reasons

Low-cost point-of-use (POU) drinking water treatment contributing to and reducing sustained use of POU prod-
technologies such as filters or chlorine can substantially ucts [10-14]. Attributes of technology such as ease of
reduce reported diarrhoeal disease in low-income coun- use, cost compared to boiling water, effectiveness in

tries — when they are used [1-4]. However, even with reducing diarrhoea and persuasive communication mes-
continued promotional activities, many users do not sus- sages were related to increase in regularly using solar dis-
tain use [5-7]. In fact, the usage of these technologies has infection of drinking water (SODIS) [10, 11, 14];

been so low that the effect of POU water treatment on durability and ease of use were positively related to

© 2014 John Wiley & Sons Ltd |
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higher usage of a water filter [13]. Taste and smell were
barriers to sustained use of chlorine-based products [12].
Identifying these motivators and barriers to sustained use
is crucial not only for designing effective future programs
for household safe water products but also for under-
standing the future usage pattern of these products. The
benefits of our understandings can be further maximised
by explaining these behaviours in a systematic way using
theoretical frameworks. One of such theoretical frame-
works is the integrated behavioural model for water, san-
itation and hygiene (IBM-WASH) [15]. The IBM-WASH
framework not only integrates and explains the different
behavioural factors related to water, sanitation and
hygiene, which are often discussed only partially through
other conceptual frameworks, it also explains other
important factors such as the technology aspect of a
product or contextual factors related to behaviour in
resource poor settings more succinctly [16-19].

In Bangladesh, a randomised controlled trial conducted
in 2009 introduced four low-cost household water treat-
ment technologies to a low-income urban population
along with educational and marketing messages. Siphon
filters were used more commonly than the three chlorine-
based products [20].

This study revisited households that bought or were
provided with a siphon filter at the end of the rando-
mised trial. We aimed to measure the filter’s sustained
use and studied motivators and barriers to sustained use
in the medium term (up to 6 months). We used the
IBM-WASH theoretical framework to explain the
identified predictors and barriers of sustained use of
siphon filter.

Methods
Study context and participants

The 2009 randomised trial enrolled 800 mothers, each
with at least one child <5 years of age, from a low-
income urban community of the Mirpur area of Dhaka,
Bangladesh. Of these participants, we randomly selected
600 to participate in a set of rotating free trials. This
‘free-trial group” was followed for 8 months for assess-
ment of preference and uptake of four successively pro-
vided POU water treatment technologies: three chemical
disinfectants and the siphon filter (described below).
Before each of the four free-trial rounds, intervention
staff explained in detail about how the local water could
be contaminated with germs, and thus how it could make
people sick [21]. Details of the education and marketing
interventions can be found in our previous publication
[20].

Of the 755 caregivers who were still enrolled in the
final round of the randomised trial, 744 of their neigh-
bours with at least one child <5 years at home were also
recruited to understand the influence of peers in adoption
of household water treatment products. All these neigh-
bour households received similar educational messages as
was given to the intervention households before being
offered purchase of the POU product of their choice.

The study participants were either from Bengali or
Bihari ethnic groups. The Biharies, who speak both Urdu
and the local language, Bengali, are descendants of fami-
lies migrated from Bihar and north Indian states and
remained in Bangladesh when it became an independent
country in 1971 [22].

The siphon filters offered were different from the vari-
ety of other water filters available in the local market of
Dhaka. Therefore, when the free-trial group started using
the filter, intervention staff provided both demonstrations
and written instructions on its use and maintenance. For
the control households and the neighbours, neither of
whom had a free trial, intervention staff provided this
information prior to measuring willingness to pay.

In the final survey round of the randomised trial,
researchers measured willingness to pay (WTP) for each
of the four water treatment products using a Becker-
DeGroot-Marschak (BDM) procedure [23]. In the BDM
procedure, respondents were told that the name of a ran-
domly chosen product and its price was contained in a
sealed envelope and was not known to the enumerator.
For the filters, the envelope prices ranged from a high of
$5 (a bit below the retail cost, which would be about $7)
to zero (that is, receiving the filter for free).

Enumerators then asked respondents if they would buy
the filter at any of several prices (e.g. $1, $2, and so
forth). The enumerator then opened the envelope. If the
respondent had agreed to pay a price that was equal to
or above the envelope price, they were allowed to buy
the filter at the envelope price. Because a respondent’s
stated willingness to pay affected only whether they could
buy the filter, but not its actual price (as that price was
predetermined by whatever price was in the envelope),
this procedure gives incentives for respondents to report
their true willingness to pay (For details on the assump-
tions underlying incentive compatibility, and evidence as
to the imperfect but approximate realism of those
assumptions, see reference [24]).

Two weeks after the end of the randomised trial, the
researchers revisited the households that were willing to
buy the filter, but were unable to buy it either because
the filter was not the randomly selected auctioned prod-
uct assigned to them in the BDM procedure or because
their WTP was below the envelop price. Based on their

© 2014 John Wiley & Sons Ltd
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previously reported willingness to pay information,
researchers gave these participants the opportunity to buy
the product at their stated price rather than the envelop
price. Thus, some participants received the siphon filter
free of cost (if the envelope had zero as its price) and oth-
ers paid up to US $5.

Follow-up surveys to assess sustained filter use

In March 2010, 3 months after receiving the filter and
then again in June 2010, 6 months after receiving the fil-
ter, follow-up surveys were conducted among households
which received siphon filters. In August 2010, field work-
ers collected qualitative data through group discussions
and in-depth interviews to understand the motivators and
barriers of sustained filter usage. During the follow-up
period, there were no additional promotion activities to
encourage filter use. A flow diagram on study activities is
shown in Figure 1.

The siphon filter

The CrystalPur siphon filter is a low-cost (expected retail
US$7) POU water treatment product (Figure 2) [20]. In a
laboratory environment, this silver-impregnated filter
removes logig 4.4-5.5 of Escherichia coli bacteria. The
filter has a flow rate of approximately 3-5 I/h [25, 26].

The filter requires two water vessels. Users place the
ceramic candle filter inside the upper vessel and fill it
with water. Filtered water then flows to a lower vessel
(Figure 3) [27]. We did not provide these water vessels
with the filter, so users had to provide their own vessels.
When the bulb is pressed, water starts to flow. The cloth
pre-filter catches large particles before they reach the
ceramic element, and this cloth filter can be washed by
hand [28].

When debris builds up within the ceramic filter ele-
ment, the flow rate decreases. The instructions explained
how both backwashing and scrubbing can clean the cera-
mic element and restore the flow rate. The enumerators
also explained this process.

To prevent recontamination of the filtered water, the
intervention staff also recommended that users collect
treated water in clean pots with clean hands and, at the
end of each day, that they empty any extra water from
the lower container into the upper container to avoid
long-term storage.

Data collection

Quantitative surveys. For each of the 755 participants in
the randomised trial group, interviewers collected

© 2014 John Wiley & Sons Ltd

65

information about drinking water treatment practices and
preference for water treatment products before partici-
pants began any free trials. Interviewers collected similar
information on their 744 neighbours prior to measuring
their willingness to pay for the filter.

Interviewers administered structured questionnaires via
face-to-face interviews with all study participants to col-
lect information on reported water treatment practices
and barriers for filtering their water during both follow-
up surveys. During the 3-month follow-up, the interview-
ers asked respondents who self-reported at least occasion-
ally using the filter 12 items about attitudes towards filter
usage and the perceived health benefits of filtering water
(Table 1). Responses to questions on attitudes were col-
lected using 5-point Likert items that ranged from
‘strongly agree’ to ‘strongly disagree’.

During both surveys, the interviewers visually inspected
each filter and recorded whether the filter was currently
being used. Specifically, they recorded water moving
through the filter or the upper pot being wet and lower
pot having water or vice versa.

To assess bacterial contamination of stored drinking
water, interviewers tested water samples from each
home both at 3 and at 6 months with an H,S test [29,
30]. The H,S test is based on the fact that enteric bacte-
ria reduce sulphur to hydrogen sulphide, which forms a
black iron sulphide precipitate in the presence of ferrous
iron. However, some bacteria that reduce sulphur are
not organisms found in the gastrointestinal tract, and it
is possible for non-biological processes to also reduce
sulphur to hydrogen sulphide. In addition, the H,S test
does not quantify the number of bacteria or genus and
species [29].

Qualitative study. We used a convenience sampling
method to select 11 informants for in-depth interviews
and 15 informants for two group discussions from the 38
households that were using the filter regularly in the 6-
month follow-up survey. Among these 38 households, 17
were irregular/non-users of filters at the time of the 3-
month follow-up survey. The participants were a mix of
both Bengali and Bihari ethnic groups. Four field
researchers with experience in qualitative data collection
interviewed the participants on motivators and barriers
of sustained use of the CrystalPur siphon filter.

The group discussions and the in-depth interviews were
conducted in the local Bengali language following an
interview guideline. Each interview lasted 45-90 min and
data were captured with a digital audio recorder. In
group discussions, the qualitative research team per-
formed a ranking exercise with participants focusing on
the motivators and barriers of regular filter use that
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Main trial (end-line survey)

RCT households (N = 755); neighbour households (N = 744)

Assessment of willingness to pay by Becker-

—>
DeGroot-Marschak (BDM) procedure

Vv
Won in the BDM procedure and Did not win in the BDM procedure but wanted to
received the filters during end- buy the filter. They were given a chance to buy
line survey the filter 2 weeks after the end-line survey

!

191 Households received siphon water filter

along with educational messages

!

Follow-up-1; three months after main trial 179 households

who received the siphon filters were visited

!

Follow-up-2; six months after main trial 178 households

who received the siphon filters were visited

!

Qualitative data collection (in-depth interviews and group

discussions) among 38 households after the follow-up sur-

veys were over

Figure | Flow diagram of study activities.

participants reported during the in-depth interviews. In Data analysis
the ranking exercise, the participants identified and prior-
itised the reasons for both using and not using the filter
regularly.

Quantitative data analysis. Data were analysed using
STATA statistical software (version 10). Respondents

4 © 2014 John Wiley & Sons Ltd
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Figure 3 The CrystalPur siphon filter set-up (source: Tanzani-
aqua, 2008).

were classified as regular users if they self-reported that
they used the filter most of the time after collecting
water, and if the interviewers observed the filter in use at
the time of interview. People were classified as non-users
if they reported never using the filter in the 3 months
prior to the date of interview. People who met neither
the criteria for regular users nor the criteria for non-users
were classified as irregular users.

We compared the proportion of households with con-
taminated drinking water at home between the filter users
(both regular and irregular) and non-users. We calculated
means and standard deviations of the responses to each
of the 12 Likert-scale items that assessed the respondents’
perceived value, convenience and other strengths and
weaknesses of the filter at individual level during the

© 2014 John Wiley & Sons Ltd
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3-month follow-up. We defined score direction of an item
as positive or negative depending on whether the item
assessed the positive or negative aspects of filter use. We
used factor analysis to construct a continuous variable
from these 12 Likert-scale items and named it as ‘attitude
towards using the filter’ [31]. We used Kaiser—-Meyer—Ol-
kin measure to check sampling adequacy for performing
factor analysis. For the factor analysis, we used principal
factor solution approach on the correlation matrix for
the individual items (i.e. standardised item scores). We
then performed varimax rotation. Based on the scree
plot, we identified factors that jointly explained 85% of
total variation. We calculated Cronbach’s alpha to assess
the internal consistency of the attitude scale towards
using the filter [31]. We analysed data using both univari-
ate and multiple logistic regression analysis to identify
the variables predicting regular filter usage. On explor-
atory analysis, explanatory variables with a P-value of
<0.1 from the univariate analyses were included in the
multiple logistic models. We estimated the effect of pre-
dictors on ‘regular filter usage’ by calculating odds ratios
(ORs), 95% confidence intervals (Cls) and corresponding
P-values. We considered the ‘willingness to pay’ variable
both in categorical and in continuous (data presented in
Appendix 1) scales in separate regression models to check
robustness of the analysis.

Qualitative data analysis. The qualitative team made
summaries of each interview after transcribing the audio
recordings into English. They then manually analysed the
data by compiling it under themes, such as the barriers
and motivators related to filter use. They then examined
the similarities, differences and connections between each
theme.

After analysing the data, we applied the IBM-WASH
framework to the factors that we identified as predictors
and barriers of siphon filter usage.

Ethics clearance

We obtained informed consent from an adult study par-
ticipant from each household and maintained the confi-
dentiality of the data throughout the study period and
during analysis. The study protocol was reviewed and
approved by the Ethical Review Committee of icddr,b.

Results
Adoption and sustained use of filters

Among the 1499 respondents in the RCT who partici-
pated in the BDM procedure, 71% (7 = 1059) reported a
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Table | Descriptive results for individual questionnaire items on attitude by filter user groups during the 3-month follow-up survey,

Dhaka, Bangladesh*

Regular users Irregular users P-value of
Multi-item measurement of attitude Score difference
towards using the filter direction Mean SD+ n Mean SD+ n in means
Using the water filter makes me feel Positive 4.98 0.14 50 4.66 0.81 96 0.01
‘T am a person who takes good care of her children’
Using the water filter makes me feel ‘I am a modern Positive 4.96 0.20 50 4.55 0.87 96 <0.01
person who does not drink untreated water’
Using the water filter makes me feel ‘I am treating Positive 4.10 1.47 50 3.78 1.51 96 0.22
water like a rich person’
Using the water filter makes me feel ‘T am setting Positive 4.40 1.11 50 4.27 1.07 96 0.49
a good example for my community so that they
also follow me in treating their drinking water’
Using the water filter makes me feel T am Positive 4.94 0.24 50 4.57 0.79 96 <0.01
improving my health’
Using the filter to treat water is an effective way Positive 4.96 0.20 50 4.71 0.86 96 0.04
of preventing diarrhoea
I am proud that I own a water filter that I use Positive 4.78 0.46 50 4.48 0.73 96 0.01
to treat my drinking water
I am satisfied with using the filter Positive 4.82 0.39 50 4.52 0.68 96 <0.01
Using the filter is easy Positive 4.92 0.27 50 4.12 1.12 96 <0.01
I am happy that I purchased or received the filter Positive 4.78 0.42 50 4.50 0.65 96 <0.01
Using the filter to clean drinking water makes Negative 4.80 0.81 50 4.79 0.75 96 0.95
the water taste bad
Using the filter to clean drinking water makes Negative 4.78 0.82 50 4.73 0.84 96 0.72

the water smell bad

*Higher numbers indicate more positive attitudes towards using the filters.

+SD (Standard Deviation).

positive willingness to pay (US$ >0) for the siphon filter.
Of those reporting positive willingness to pay, only 13%
(n = 191) received the filter. As willingness to pay was
not related to the filter transaction price, some house-
holds paid for the filter and others received it free of
charge. Of the 191 households, we interviewed 179
(94%) for the 3-month follow-up and 178 (93%) for the
6-month follow-up.

The majority of the households (88%) receiving siphon
filters had access to piped drinking water supply
(Table 2), although water was only available intermit-
tently. The proportion of households that purchased or
received the filter free of charge was similar for those
who had or did not have direct experience of using this
particular filter in the randomised trial (Table 2).

At the 3-month follow-up visit, 146 of 179 respondents
(82%) reported ever using the filter and 28% (n = 50)
had used it regularly during the 3 months they had
owned it. Regular usage decreased to 21% (n = 38) at
the 6-month follow-up visit, thus a decline of 7% points
in 3 months. However, 45% (n = 17) of the regular users
at the 6-month follow-up were identified as irregular or
non-users during 3-month follow-up.

During the 3-month follow-up, fewer regular users had
contaminated drinking water at home, as determined by
the H,S test performed among the regular, irregular and
non-users, but the differences were not statistically signifi-
cant (uncontaminated water: 26% vs. 22% and 26% vs.
18%; Table 3). However, the regular filter users had sig-
nificantly better quality water at home at the 6-month
follow-up visit than both the irregular and non-users
(uncontaminated water: 50% vs. 16% and 50% uvs.

26%; Table 3).

Applying IBM-WASH theoretical framework to the
identified factors affecting siphon filter usage

All the predictors and barriers fitted well into the technol-
ogy, psychosocial and contextual dimensions of the IBM-
WASH framework either at individual or at habitual level.

Technology dimension at individual level: willingness to
pay

Reporting willingness to pay more than US$ 1 for the
filters predicted regular filter usage at the follow-ups (at

© 2014 John Wiley & Sons Ltd

68



Tropical Medicine and International Health

VOLUME 00 NO 00

N. Najnin et al. Sustained use of siphon filters

Table 2 Socio-demographic characteristics of participants who did or did not purchase/receive the CrystalPur filters, Dhaka, Bangla-

desh*

Socio-demographic

Purchased or received the filters

Did not receive or purchase the filters P-value of difference

characteristics N =191 (%) N =1308 (%) in means/proportions
Age (mean, SD) 28 (7.9) 28 (7.9) 0.76
Female 97 97 1.00
Bengali ethnicity 70 58 <0.01
Respondent’s education
No formal education 38 42 0.29
Below primary 38 39 0.79
Some secondary & above 24 19 0.10
Income per household (monthly)t
<4000 taka 35 32 0.41
4001 to 10 000 taka 50 54 0.30
>10 000 taka 15 13 0.45
Source of water supply
Piped water 88 82 0.04
Deep tubewell 8 16 <0.01
Other 4 3 0.5
Shared water source 86 91 0.03
Had past experience of using the filter 43 37 0.11
WTP >US$ 1 49 35 <0.001
WTP (Mean US$) 1.5 1.0 <0.001
Has a positive WTP 100 66 <0.001
Envelope price (Mean US$) 0.4 0.7 0.001
(among those with positive WTP)
Self-report boil drinking water 37 32 <0.001

(at baseline, prior to receiving
filter or starting any free trial)

WTP, willingness to pay.

*Sample = participants in the randomised trial (both the sample who received the free trials and their neighbours).

+US$ 1 = 69 taka (2009 conversion rate).

Table 3 Water quality of participants using or not using the filters after 3 months and 6 months of receiving it, Dhaka, Bangladesh,

2010
H,S test negative (no detectable
contamination) P-value of difference ~ P-value of difference
in water quality in water quality
Follow-up time Regular usage  Regular Irregular Self-reported  among regular among regular and
point rate user users non-user* and irregular users non-users
3-month follow-up  28% (50/179)  26% (13/50)  22% (21/96) 18% (6/33) 0.59 0.40
(N=179)
6-month follow-up ~ 21% (38/178)  50% (19/38)  16% (8/51) 26% (23/89)  0.001 0.01
(N =178)

*People who reported not using the filter within the last 3 months from the date of interview.

3-month follow-up: OR: 2.6; 95% CI: 1.2, 5.8; at 6-
month follow-up: OR: 2.9; 95% CI: 1.0, 5.3; Table 4).
Recall of the prices paid for the filter was always less
than or equal to reported willingness to pay. We also
considered the willingness to pay on a continuous scale
in the regression model which showed that higher

© 2014 John Wiley & Sons Ltd
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willingness to pay was associated with regular filter usage
at both time points (data presented in Appendix 1).

27% (n = 48) of the respondents received the filter free
of charge as a result of zero envelop price in the auction.
There were no statistically significant differences in regu-
lar filter use between people who received it free of
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Table 4 Factors associated with regular vs. irregular usage 3 and 6 months after receiving the filter*

3-month follow-up

6-month follow-up

Univariate logistic
regression

Predictors OR (95% CI)

Multiple logistic
regression
OR (95% ClI)

Univariate logistic
regression
OR (95% CI)

Multiple logistic
regression
OR (95% CI)

Willingness to pay >US$ 1
Attitude towards using the filter
(at 3-month follow-up)t

Boil drinking water 2.4 (1.2,4.9)
(self-report at baseline)
Ethnicity (Bihari) 0.5 (0.2, 0.8)

2.6 (1.2, 5.8) 2.9 (1.4, 6.3) 2.2 (1.0, 5.3
4.3 (1.9, 9.8) 1.9 (1.0, 3.8) 2.1 (1.0, 4.7
2.4 (1.1, 5.2) 2.3 (1.1, 4.9) 2.0 (1.0, 4.7)
0.6 (0.2, 1.3) 0.1 (0.02, 0.4) 0.1 (0.03, 0.6)

*Sample = Respondents with regular or irregular filter usage at 3 and 6 month surveys.
tConsidering the exposure variable ‘attitude at 3-month follow-up (3 months after receiving filter)’ in the logistic regression model of

6-month follow-up (6 months after receiving filter).

Multivariable regression was also run comparing regular filter users with irregular plus non-users (excluding ‘attitude’ variable as not
measured on non-users). Similarly, significant results for willingness to pay >US$ 1, boiling and ethnicity were found at both time

points.

charge and those who purchased it (at 3-month follow-
up: OR: 1.6; 95% CI: 0.7, 3.3; at 6-month follow-up:
OR: 0.7; 95% CI: 0.3, 1.6).

Technology dimension at individual and habitual level:
attitude towards using the filter

Having a positive attitude towards using the filter during
the 3-month follow-up strongly predicted filter use during
that follow-up (OR: 4.5; 95% CI: 1.7, 12.2), although
the association was weaker at 6-month follow-up (OR:
2.7595% CI: 0.9, 7.9) (Table 4).

The Cronbach’s alpha of the variables that were used
to construct the ‘attitude towards using the filter’ variable
was 0.8, revealing a high degree of internal consistency
of the attitude scale [32].

The qualitative data collected from the regular filter
users further supported the relationship between having
positive attitude towards the filter and regular usage. The
most frequent reason (86%) respondents gave for filter
use was the health benefits. Respondents mentioned that
their children became ill with diarrhoea, dysentery, jaun-
dice and vomiting less often than when they did not use
a water filter.

Another frequently mentioned (28%) reason for regular
use of the filter was the poor quality of the local water
supply: when available, it usually came out of the tap
looking murky and brownish. The filter improved the
clarity of their drinking water, which made respondents
more confident that it was safe.

Participants also liked the taste and smell of filtered
water (43%). Some of the respondents had experience
with chlorine-based water treatment products either as

part of the randomised trial or through previous exposure
to chlorine-based products distributed by other non-gov-
ernment organisations. They reported that water treated
with those products had an unpleasant smell.

Some respondents (50%) mentioned that their children
preferred the taste of filtered water over the source water,
which motivated them to continue to use it. Some
respondents (21%) preferred filtering water over boiling
drinking water because filtering felt easier than boiling.
As one of the mothers explained, Boiling is tough work
... it required time. First we had to take the pot full of
water to the burner and had to boil it for long then had
to wait for getting the cold water ... for these reasons
sometimes we don’t boil drinking water or we drink
source water directly while boiled water is not available
... Filtering water is easier than boiling . ..

Most low-income Dhaka residents have unmetered gas
connections, so boiling involves only a time cost, but no
financial input. For those without unmetered gas, boiling
is expensive. As another informant said: We do not have
a gas connection ... Wooden fuel costs 5-7 taka [$0.10]
per kilogram ... Now we do not have to pay for boiling
drinking water as we have a filter . ..

Psychosocial dimension at habitual level: existing water
treatment habit

The 37% of respondents (z = 67) who reported boiling
drinking water at baseline were more likely to use the fil-
ter regularly during both the 3-month and the 6-month
follow-up surveys (at 3-month follow-up: OR: 2.4; 95%
CL: 1.1, 5.2; at 6-month follow-up: OR: 2.0; 95% CI:
1.0, 4.7; Table 4).

© 2014 John Wiley & Sons Ltd

70



Tropical Medicine and International Health

VOLUME 00 NO 00

N. Najnin et al. Sustained use of siphon filters

Contextual dimension at individual level: ethnicity

A higher share of Bengali participants purchased or
received the filter than Bihari participants (15% vs. 10%;
P < 0.01). The higher rate of acquiring the filter was due
to a greater propensity to report a positive WTP (63 %
vs. 37%) and higher mean WTP (US$ 1.8 vs. US$ 1.0,

P =0.001).

Being Bihari (not Bengali) also predicted lower filter
use (at 3-month follow-up: OR: 0.6; 95% CI: 0.2, 0.8; at
6-month follow-up: OR: 0.1; 95% CI: 0.03, 0.6;

Table 4). Other demographic factors such as education
and household assets were not predictors of regular filter
use and therefore were not included in the regression
model.

Barriers to regular filter use (technology dimension of
IBM-WASH)

Respondents’ open-ended responses about why they were
not using the filter during both quantitative follow-up
surveys were predominantly that using the filter is an
additional task and that they experienced hardware prob-
lems (Table 5). A higher share of non-boilers at baseline
identified using the filter as an additional task compared
to the boilers (at 3-month follow-up: 59% vs. 41%,

P = 0.2; at 6-month follow-up: 79% vs. 21%,

P < 0.001).

Table 5 Reasons reported by the irregular and the non-users for
not using the filter regularly (in response to open-ended ques-
tions asked during the follow-up surveys)

3-month follow- 6-month follow-

Reported barriers up 7 =129 (%) upn=141 (%)

Additional task 17 (13) 28 (20)

Drink boiled water 21 (16) 20 (14)

Filter was broken 13 (10) 20 (14)

Had to wait too long 14 (11) 17 (12)
to have safe water

Do not have a place/ 13 (10) 15 (11)
container to set the filter

Did not feel it is 9 (7) 17 (12)
necessary to use

Filter was clogged 6 (5) 4 (3)

Did not like the taste/small 5 (4) 2 (1)
of filter-treated water

Did not know/forgot the 5(4) 2 (1)
instructions to use

Too complicated to use 2 (2) 0 (0)

Other responses* 17 (13) 12 (9)

*Other reported barriers include: mothers had to be alert all the
time so the children do not break it; the filter needs extra space;
doctor advised to boil water instead of using the filter.

© 2014 John Wiley & Sons Ltd
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Exploration of qualitative data collected from the
regular filter users suggests that the most often reported
barrier to regular use of the filter was the time required
to filter the water. This barrier particularly affected large
families that needed a larger volume of drinking water.
As one of our 42-year-old informants who was a handi-
crafts worker said: We are 10-12 persons in our family.
The amount of filtered water was not adequate; the flow
rate of water was also slow. Along with filtered water we
had to drink source water directly ... In this situation,
what we could do other than drinking source water
directly?

Many respondents who lived in small rooms with no
large common area also reported that lack of space to set
the filter was a barrier. Some of those who were non-
boilers at baseline felt that using the filter was an added
task to their daily chores.

Discussion

While correctly utilised POU products can improve water
quality, health benefits require sustained, consistent and
widespread usage. The randomised trial found that the
CrystalPur siphon filter was the most popular POU water
treatment product, but the maximum self-reported rate of
use of this product was still only 29% during the trial
[20]. After receiving the CrystalPur siphon filters at the
end of the randomised trial (either at a cost or for free),
approximately a quarter of households were using it reg-
ularly during the 3-month follow-up visit, but regular use
dropped to approximately one-fifth by the 6-month fol-
low-up visit. Other studies have similarly reported that
sustained use of POU water treatment intervention
declines with time. In Bolivia, there was an approxi-
mately 20% decline in use of water filtration device after
9 months of implementation [33]. An assessment of a
household-scale water filtration device provided at no
cost to residents in rural Cambodia showed a decline in
sustained usage at a rate of 2% per month after the
implementation was over [34]. We found regular filter
usage declined by 7% from months 3 to 6, and the usage
rate after 3 months among our study participants was
much lower than in the Bolivian and Cambodian studies.
We have explained the identified barriers and motiva-
tors related to regular filter usage through IBM-WASH
framework. The technology dimension of the framework
explained the commonly reported barriers to regularly
using the filter. In this study, hardware problems were
one of the most frequently reported barriers to regular fil-
ter use during both follow-up surveys. About 3% of the
filters broke every month, a barrier to regular usage
noted in several other studies [33, 34]. Another important
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barrier was the burden of treating the water, reported as
‘an additional task’. During qualitative in-depth inter-
views, some respondents elaborated that using the filter
increased their workload and took up precious time. In
low-income settings, women spend a substantial amount
of time on household tasks, including collecting water for
innumerable household uses, often from shared water
sources which require queuing for long periods [35].
Another commonly reported barrier in the surveys
included long wait times for obtaining the filtered water,
which is consistent with findings from other studies [34].

However, some of the factors related to the other tech-
nology dimensions of IBM-WASH framework, such as
the perceived cost/value of the filter and having a positive
attitude towards the attributes of the filter, were strong
motivators for people for regularly using the product.

Willingness to pay for a product represents the respon-
dent’s perceived cost/value for a product, which is an
important component of technology dimension of IBM-
WASH framework. In our study, higher WTP for the fil-
ters measured using the BDM procedure was a predictor
of using the filter regularly [36]. It is possible that charg-
ing positive prices in the auction that was designed fol-
lowing the BDM procedure selected those who did not
value the product [37]. As the auction mechanism was
incentive compatible and presuming that the participants
understood the rules properly, their reported WTP rather
than the actual price they paid should reveal their true
valuation for the product, and we did indeed find that
continuation of filter use occured regardless of the final
transaction price. Higher WTP for the filter (even if some
ultimately received it for free) could be associated with
greater use if individuals perceive that the technology is
of higher quality [38]. While WTP informs about con-
sumer valuations for the filter, respondents’ usage behav-
iour in line with their WTP also provides information
about price responsiveness of demand and could be infor-
mative for choosing a pricing mechanism that would
ensure maximal uptake of the ‘hardware’ to maximise
associated health benefits.

The technology dimension of IBM-WASH model at
individual level also predicted regular filter usage in terms
of respondents’ positive attitudes towards using the filter.
Our selection of items to construct ‘attitude’ were related
to perceived value and strengths and weakness of the
siphon filter. Attitudes sometimes precede behaviour [39],
sometimes follow behaviour [40], and sometimes have a
reciprocal relationship with behaviours [41-46]. We
found that regular filter users had higher positive atti-
tudes towards using the filter during the 3-month follow-
up than irregular users. We also found that higher
positive attitudes during the 3-month follow-up weakly

10

predicted regular filter usage at the 6-month follow-up.
The positive correlation is consistent with a study in
Zimbabwe that found favourable attitudes predicted sus-
tained water treatment using solar water disinfection
[47].

The appropriateness of selected items to measure atti-
tude through quantitative data was confirmed through
our qualitative exploration. Our regular user informants
focused on the health benefits of using the siphon filter
because they perceived their children suffered less often
from various gastro-intestinal illnesses. They expressed
satisfaction in taking good care of their children. They
also liked the taste and smell of filter-treated water. The
only benefit that the regular users mentioned during qual-
itative data collection that we did not include in the
quantitative data collection tool on measuring attitude
was ‘relief from the hassle of treating water through
boiling’.

Psychosocial dimension of IBM-WASH framework at
habitual level was represented by reporting of boiling
water at baseline, which was another important predictor
for regular filter use. In other contexts, an increased
awareness and involvement with water issues predicts
early adoption and regular use of a water treatment tech-
nology [48]. Before receiving the filter over a quarter of
the participants reported, they boiled their water [20].
Greater use could also be related to greater interest in
improving household water quality, which is supported
by the presence water boilers at baseline. Our qualitative
data suggest that participants who boiled their water pre-
viously found the filter a reduction in effort. In contrast,
previous non-boilers perceived using the filter as an addi-
tional and time-consuming task.

The important relationship of contextual dimension of
IBM-WASH framework with usage of an intervention
was explained through the relationship of ‘ethnicity’ with
filter usage. Bengali respondents used the filter more regu-
larly than Bihari respondents. The underlying reasons for
this correlation are unclear but could be due to cultural
differences, as the Bihari ethnic group resembled their
Bengali neighbours on education, income and the other
baseline characteristics we measured. This result is consis-
tent with lower use of the POU products by Bihari during
free trials in the previous study [20].

The proportion of households that purchased or
received the filter was similar among people who did or
did not have past experience of using this particular filter
in the randomised trial. This result is consistent with the
findings from the randomised trial where we found no
evidence of increased interest to purchase POU products
among households that had the free trials compared to
their neighbours [23]. In this context, creating a
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sustainable market for the CrystalPur siphon filter is unli-
kely to be feasible. If experience does not encourage peo-
ple to buy a product, there is less possibility that the
product will be widely used. This conclusion is reinforced
by the finding of high rate of non-use among people who
were willing to buy this product.

People who were regular filter users at the time of visit
had better quality water at home than the people who
were not using the filter regularly, although the results
were statistically significant only for the 6-month follow-
up. As has been reported in other studies, filtered water
is prone to recontamination without safe storage. Thus,
proper handling and storage before consumption needs to
be considered [27]. It is possible that those who remained
regular filter users developed good handling technique
given that a much higher proportion of water among
users from this period had a negative H,S test.

Our study has a number of limitations. First, the design
of the CrystalPur is different from filters commonly avail-
able in the market, and therefore, the measure of sustain-
ability may not apply to other filters. Second, we
collected qualitative information on barriers of using the
filter only from the regular users, whereas in the quantita-
tive survey, we focused on irregular users and non-users
for identifying barriers. Therefore, the reported barriers
revealed through the qualitative data may not be relevant
for those who were irregular or non-users, the group for
whom information would be most useful for shaping
interventions to promote sustained use. However, during
the survey, we found some of the irregular and non-users
of filter in the 3-month follow-up became regular filter
users in the 6-month follow-up. Therefore, some of the
regular users providing qualitative data were previously
irregular or non-users, and the qualitative data were
therefore not strictly confined to regular filter users.

In summary, among our study participants who would
have benefitted from this particular POU water treatment
technology, few were willing to purchase it at a price
near the retail price during the randomised trial [20]. Of
the people who had received it for free or purchased it,
only a minority had positive attitudes towards using the
filter and continued regular use. Considering the hard-
ware-related problems reported by study participants and
the low level of market demand for the filter, the contri-
bution of the CrystalPur filter to improving water quality
in low-income urban communities in Bangladesh is likely
to be minimal, despite its efficacy in improving water
quality. This study adds to the considerable evidence that
only a small minority of low-income households practice
efficacious household water treatment [5-7, 49]. Unless
future products result in higher demand and increased
uptake among the population at highest risk for adverse
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health outcomes, POU water treatment device such as
siphon water filter is likely to contribute little to reducing
the global burden of disease caused by poor water
quality.
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Appendix |

Factors associated with regular vs. irregular usage 3 and 6 months after receiving the filter*

3-month follow-up 6-month follow-up
Univariate logistic Multiple logistic Univariate logistic Multiple logistic
regression regression regression regression
Predictors OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Willingness to pay (taka)f 1.004 (1.001, 1.008) 1.005 (1.001, 1.010) 1.004 (1.001, 1.008) 1.003 (1.0, 1.007)
Attitude towards using 3.2 (1.6, 6.5) 4.3 (1.9, 9.8) 1.9 (1.0, 3.8) 2.1 (1.0, 4.7)
the filter (at 3-month follow-up)i
Boil drinking water 2.4 (1.2, 4.9) 2.8 (1.3, 6.2) 2.3 (1.1, 4.9) 2.1 (0.9, 4.8)
(self-report at baseline)
Ethnicity (Bihari) 0.5 (0.2, 0.8) 0.6 (0.2, 1.6) 0.1 (0.02, 0.4) 0.1 (0.03, 0.6)

*Sample = Respondents with regular or irregular filter usage at 3 and 6 month surveys.

11 USD = 68.4 Bangladesh taka (year 2009 money conversion rate).

tConsidering the exposure variable ‘attitude at 3-month follow-up (3 months after receiving filter)’ in the logistic regres-
sion model of 6-month follow-up (6 months after receiving filter).

Corresponding Author Nusrat Najnin, Department of Epidemiology and Preventive Medicine, School of Public Health and Pre-
ventive Medicine, Monash University, Melbourne, Australia. E-mail: nusrat.najnin@monash.edu

© 2014 John Wiley & Sons Ltd 13
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Chapter 5: Impact of adding hand-washing
and water disinfection promotion to oral
cholera vaccination on diarrhoea-

associated hospitalization

In chapters 5-7, I have presented the findings from the randomised controlled trial,
‘Introduction of cholera vaccine in Bangladesh’ (ICVB). I have included the published

papers relevant to the chapters at the end of each chapter.

Chapter 5 focuses on examining effects of an intervention to promote handwashing with
soap and also drinking water disinfection in addition to oral cholera vaccination, on
diarrhoea-associated hospitalization in the ICVB study. Chapter 6 compared whether data
collected using two different survey methodologies, carried out by different data collection
teams to elicit reported diarrhoea, impacted on the interpretation of intervention effects on
reported diarrhea among children aged <5 years in the ICVB study. I also compared the
reported diarrhoea data with objectively measured diarrhoea-associated hospitalisation rates
for children <5 years in the same study. Finally, in chapter 7, I reported on an assessment of

the impact of hand-washing promotion on reported respiratory illness from the ICVB study.

5.1 Chapter overview

Hand washing and point-of-use water treatment interventions have been effective in
preventing diarrhoea in small-scale efficacy studies. It is still unclear whether these
approaches are effective when implemented on a larger scale. It is also unclear whether

combining cholera vaccination with behaviour-change interventions incrementally
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increases health benefits. In this chapter, I have presented results from a cluster-
randomised controlled trial that we conducted in 2011 among ~60,000 low-income
households of metropolitan Dhaka, Bangladesh with an aim to examine effects of a large
scale intervention to promote hand-washing with soap and drinking water disinfection in
addition to oral cholera vaccination on an observable outcome namely diarrhoea-
associated hospitalization. I found that neither cholera vaccination alone nor cholera
vaccination combined with behaviour-change intervention efforts promoting hand washing
and water treatment measurably reduced diarrhoea-associated hospitalisation in this highly
mobile population, during a time when cholera accounted for a small fraction of diarrhoea
episodes. One of the most important reasons for the lack of impact of the behavioural
intervention in this study may have been because of the low uptake. Therefore, developing
better behavioural interventions that increase water treatment and hand-washing remain
important in areas where marginal improvement is possible. Based on my study findings I
conclude that, while the low rate of cholera and high rate of population migration accounts
for the limited impact of oral cholera vaccination, the failure of the drinking water and
hand-washing interventions underscores the need for investment in research to improve
the effectiveness of community wide interventions that separates human faeces from the

environment, food and water supply of low income country residents.

The findings from this study have been published in the International Journal of

Epidemiology.
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Abstract

Background: Information on the impact of hygiene interventions on severe outcomes is lim-
ited. As a pre-specified secondary outcome of a cluster-randomized controlled trial among
>400 000 low-income residents in Dhaka, Bangladesh, we examined the impact of cholera
vaccination plus a behaviour change intervention on diarrhoea-associated hospitalization.
Methods: Ninety neighbourhood clusters were randomly allocated into three areas:
cholera-vaccine-only; vaccine-plus-behaviour-change (promotion of hand-washing with
soap plus drinking water chlorination); and control. Study follow-up continued for 2 years
after intervention began. We calculated cluster-adjusted diarrhoea-associated hospital-
ization rates using data we collected from nearby hospitals, and 6-monthly census data
of all trial households.

Results: A total of 429 995 people contributed 500 700 person-years of data (average
follow-up 1.13 years). Vaccine coverage was 58% at the start of analysis but continued to
drop due to population migration. In the vaccine-plus-behaviour-change area, water plus
soap was present at 45% of hand-washing stations; 4% of households had detectable

©The Author 2017. Published by Oxford University Press on behalf of the International Epidemiological Association 2056
This is an Open Access article distributed under the terms of the Creative Comgggns Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits

unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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chlorine in stored drinking water. Hospitalization rates were similar across the study
areas [events/1000 person-years, 95% confidence interval (Cl), cholera-vaccine-only: 9.4
(95% CI: 8.3-10.6); vaccine-plus-behaviour-change: 9.6 (95% CI: 8.3-11.1); control: 9.7
(95% CI: 8.3-11.6)]. Cholera cases accounted for 7% of total number of diarrhoea-
associated hospitalizations.

Conclusions: Neither cholera vaccination alone nor cholera vaccination combined
with behaviour-change intervention efforts measurably reduced diarrhoea-associated
hospitalization in this highly mobile population, during a time when cholera accounted
for a small fraction of diarrhoea episodes. Affordable community-level interventions
that prevent infection from multiple pathogens by reliably separating faeces from the
environment, food and water, with minimal behavioural demands on impoverished

communities, remain an important area for research.

Key words: Vaccine, hand-washing, water treatment, diarrhoea, hospitalization

Key Messages

intervention areas during the period of the analysis.

been because of the low uptake.

* Neither cholera vaccination alone nor cholera vaccination combined with hand-washing and water treatment promo-
tion measurably reduced diarrhoea-associated hospitalization.

* The possible reasons for lack of impact of cholera vaccine alone on all-cause diarrhoea hospitalization were: cholera
incidence was too low during the study period; and high migration rate diluted cholera vaccination coverage of the

* The reason for the lack of impact of the behavioural intervention on diarrhoea-associated hospitalization may have

¢ Affordable community-level interventions that prevent infection from multiple pathogens by reliably separating faeces
from the environment, food and water in impoverished communities remain an important area for research.

Introduction

Diarrhoeal diseases continue to be a major cause of mor-
bidity and mortality in low-income countries, including
Bangladesh.'™ In Bangladesh, parents of approximately
36% of the children < § years of age, who suffer from diar-
rhoea, seek care from a hospital or health care centre.’

Water, sanitation and hygiene interventions can effect-
ively interrupt transmission of gastrointestinal pathogens to
reduce diarrhoea.® The optimum long-term solution in low-
income countries would be to build and maintain a water
and sanitary infrastructure that consistently separates faecal
waste from water and food supplies but, for complex rea-
sons including limited supply, poor governance and low
water tariffs leading to lack of funding, achieving this goal
in the short term is not feasible.” Therefore, interim
approaches for immediate implementation to reduce disease
burden would be useful.

One option for preventing diarrhoea is vaccination for
specific gastrointestinal pathogens. In cholera-endemic
areas, cholera vaccine has been demonstrated to reduce mor-
bidity and mortality from cholera disease including all-cause
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diarrhoea-associated hospitalization when the burden of
cholera was high.5™'* Two other rigorously evaluated low-
cost approaches to prevent diarrhoeal disease include treat-
ment of water at point of use and promoting hand-washing
with soap.'®'* In rural Bangladesh, only 1% of people wash
their hands with soap before eating or feeding children and
only 14% wash their hands with soap after defecation."
Boiling is the usual method for water treatment in urban
areas especially where gas supply is available, but in a study
conducted in urban Bangladesh only 37% boiled their
water. '

Efficacy studies focusing on promoting water treatment
at point of use and hand-washing with soap have targeted
up to 4000 households in various countries where diar-
rhoea is a leading cause of death.'>'* However, whether
these approaches are effective when implemented on a
larger scale is unclear.'”'® Additionally, the efficacy of
such interventions has been assessed mainly through poten-
tially biased self-reported diarrhoea episodes rather than
using an observable measurement to determine reduction
in hospitalization rates for diarrhoea.'” It is also unclear
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Vaccination®

*Cholera vaccination startedon 17/02/2011 and ended on 01/04:2011

**For data analvsis, we defined the behavioural intervention start date as 24/09/2011, which was the midpoint between

the start and end-date of the hand-washing interv
Figure 1. Study timeline.

whether combining vaccination with behaviour-change
interventions incrementally increases health benefits.

In 2011, we conducted a cluster-randomized controlled
trial that continued over 2 years among ~60 000 low-income
households of metropolitan Dhaka, Bangladesh.” This cur-
rent paper reports a pre-specified secondary outcome, namely
to examine effects of an intervention to promote hand-
washing with soap and also drinking water disinfection in
addition to oral cholera vaccination, on diarrhoea-associated
hospitalization. We hypothesized that participants in the
cholera vaccine-only intervention area would have lower
hospitalization rates compared with the control. We also
hypothesized that the combination of cholera vaccine plus
hand-washing and point of use water treatment would
further lower hospitalization rates for diarrhoea, compared
with the vaccine-only intervention or control area.

Methods

Trial design, context and participant selection

We conducted a cluster-randomized controlled trial in
diarrhoea-prone communities of urban Dhaka. Details
of the study methods have been published previously
(ClinicalTrials.gov Registration number: NCT01339845).”
The study areas were divided into 90 geographical clus-
ters, each surrounded by a 30-m buffer zone to limit
contamination of the interventions across clusters. Twelve
governmental and non-governmental hospitals/clinics with
inpatient facilities in and around the study area, and which
were accessible to study participants, were included in the
study. For the purpose of this study, data were collected
from these hospitals/clinics to identify diarrhoea-associated
hospitalization of the study participants.

Randomization

Ninety clusters were randomly assigned into three groups:
(i) cholera vaccine alone (denoted as ‘vaccine-only’);
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(i) combined cholera vaccine and behaviour-change inter-
vention (denoted as ‘vaccine-plus-behaviour-change’); and
(iii) control group which continued standard habits and
practices. Blinding of the study investigators and partici-
pants was not possible.

Intervention

Vaccine
The WHO pre-qualified the Shanchol™

(ShanthaBiotechnics) as safe and effective against chol-
20,21

vaccine
era and it was approved for research purposes in this
study. Details of vaccine transportation, storage and ad-
ministration have been reported.” Two vaccine doses were
administered at least 14 days apart at no cost to non-
pregnant participants aged > 1 year. Vaccination was done
between 17 February 2011 and 1 April 2011 (Figure 1).

Hand-washing and water treatment behavioural
intervention

The hand-washing and water treatment intervention
included distribution of enabling hardware and interper-
sonal counselling aided by support print materials. The be-
haviour change strategy was guided by the Integrated
Behavioural Model for Water Sanitation and Hygiene
(IBM-WASH) theoretical framework.?>*> Where house-
holds were organized into compounds with several house-
holds sharing a common water source, kitchen, and toilets,
hardware enabling hand-washing and water treatment was
provided at the compound level. The interpersonal coun-
selling targeted people at both compound and household
levels.

Dushtha Shasthya Kendra (DSK), a non-governmental
organization, delivered the behavioural intervention and
hardware. Within 3 months of cholera vaccination, com-
munity health promoters visited each compound and rolled
out the hand-washing intervention, with the point of use
water treatment intervention rolled out 3 months later.
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Figure 2. Hand-washing station [includes bucket with tap, bowl, and soapy water (a) and point of use water treatment hardware including chlorine

dispenser and instruction sheets (b)].

Hand-washing hardware, provided free of charge, con-
sisted of a bucket with a tap, a bowl where rinse water
could accumulate, and a soapy water bottle (Figure 2a).
Soapy water was prepared by mixing a commercially avail-
able powdered detergent with 1.5 I of water in a plastic bot-
tle with a hole punched in the cap.”* Promoters encouraged
all households to either purchase inexpensive detergent sa-
chets (~US$0.03) to make soapy water, or purchase bars of
soap (~US$ 0.35). They encouraged all household members
to wash hands regularly, especially after defaecation and
before preparing food, and carefully explained all salient
benefits. The latter were based on literature review and site-
specific formative research, guided by the IBM-WASH
theoretical framework.”>** The water treatment hardware
consisted of a chlorine dispenser containing liquid sodium
hypochlorite (Figure 2b).?* Study participants were encour-
aged to add chlorine to their own water vessels, which were
marked to match the dispensed chlorine dosage with the
size of the vessel. Benefits were again explained.

Promoters visited each compound at least three times
during each of the first 2 months after placement of each
hardware type. After full implementation, the frequency of
visits was reduced to twice per month. During visits, along
with promoting behavioural interventions, hardware-
related problems (breakage/leakage) were addressed.

Study timeline

For data analysis, we defined the intervention outcome-
monitoring start date as 24 September 2011 (Figure 1). We
terminated follow-up for all individuals on 31 August
2013 or, if they had died or permanently out-migrated,
their final date of assessment; during this monitoring
period, study participants in the vaccine-plus-behaviour-
change area (including in-migrants) continuously received
the behaviour-change interventions.
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Measurements

The pre-specified outcome of interest was the rates of hospital
admission for diarrhoea of any clinical severity. We also con-
ducted an exploratory analysis of the impact of the interven-
tions on severe diarrhoea hospitalization. Severe diarrhoea
was defined by the presence of at least two of the following
signs and symptoms: sunken eyes, dry tongue, thirst, irritabil-
ity, less active than usual, skin pinch going back slowly, low
volume radial pulse along with inability to drink, or absence
of radial pulse. The number of diarrhoea-associated hospital-
izations (defined as > 3 loose/liquid stools within 24 h?°) was
collected through hospital surveillance. The number of
person-years observed was estimated based on information
collected through 6-monthly census updates, during which
data collectors visited each house in the study areas to obtain
information on births, deaths and migrations of individuals.’

Each month, a separate survey was conducted among a
different set of 200 randomly selected study participants in
the vaccine-plus-behaviour-change area, and 100 participants
in each of the vaccine-only and control areas, to determine
uptake of the hand-washing and water treatment interven-
tions. Unannounced home visits assessed intervention uptake
by examining for the presence of soap/soapy water and water
in the most convenient place for hand-washing. Presence of
residual chlorine in stored drinking water was tested using
colorimetre (HACH LANGE GmbH, USA).

Statistical methods

Primary analysis

Using 6-monthly census data, we compared baseline
demographic characteristics of study participants across
the three intervention areas, and identified individuals who
in- or out-migrated into the study area after outcome-
monitoring commencement. Since the behavioural inter-
ventions were geographically based, people could not take
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the intervention-enabling hardware with them following
migration out of the vaccine-plus-behaviour-change area.
Conversely, people migrating into the vaccine-plus-
behaviour-change area gained access to interventions. Our
analysis accumulated person-years for each individual in a
time-dependent manner according to their time at risk in
each trial area. Specifically, when a person moved from one
trial area to a different trial area, or migrated for the first
time into the overall study area, we waited 14 days before
beginning to allocate their person-time to the in-migrated
trial area so that the effect of their previous exposures could
be reduced and their new exposure established. Once a per-
son migrated out of the overall study area altogether, we
stopped accumulating his/her person-time. We allowed
multiple hospitalizations per individual by continuing accu-
mulation of person-years after hospitalization.

We calculated the diarrhoea-associated hospitalization in-
cidence by counting the number of admissions from each
study area during the outcome-monitoring period, and
summed the person-time that study participants contributed
to each trial area. We adjusted hospitalization incidence rates
for the cluster-randomized trial design, and the potential mul-
tiple hospitalizations per individual using robust standard
errors applied at the cluster level. To calculate the hazard
ratio for diarrhoea-associated hospitalization of any severity,
we compared incidence of hospitalization for diarrhoea in the
vaccine-plus-behaviour-change area with the control and to
the vaccine-only areas using Cox proportional hazards regres-
sion with cluster-robust standard errors. Results were ad-
justed for age, sex, education and pre-intervention individual-
level hospitalizations.

We divided the 2-year outcome-monitoring period into
quartiles (term 1 to term 4) to examine the consistency of
the intervention effect on incidence of hospitalization over
time, using intervention”quartile interaction terms in the
Cox proportional hazards regression models. We assessed
effect modification of the intervention by age in a similar
manner with interaction terms.

Supplementary analyses
These included:

i. an analysis restricted to individuals who resided in the
study area at the outcome-monitoring start date and
remained in their original intervention area for the
entire study duration; this analysis excluded new
in-migrations after the outcome-monitoring start date;

ii. an analysis allocating all person-time to the trial area of
each individual at the outcome-monitoring start date, re-
gardless of later migrations to other areas, and excluding
in-migration after the outcome-monitoring start date.

Details regarding sample size calculations for the pri-
mary study outcome have been published elsewhere.’
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Ethics

Informed consent from an adult study participant was
obtained from each household. The study protocol was
reviewed by Human Subject Committee at icddr,b, and the
International Vaccine Institute.

Results

Participant characteristics and migration

During the 6-12 months before the outcome-monitoring
started, 314 748 people lived in the study area (Table 1).
Demographic characteristics were similar across the three
areas except educational status, self-reported drinking
water treatment practices, and presence of sanitary latrines
which were slightly higher in the vaccine-plus-behaviour-
change area (Table 1).

We identified 429 995 people who were in the study area
at some time point during the outcome-monitoring period
and contributed to 500 700 person-years of data; of them,
177 299 people left the study area before outcome-
monitoring ended (Figure 3). The median duration of resi-
dence in the same house was 12 months. During intervention
period, ~4% people (n=17 951) changed areas, but despite
migration, the three areas remained balanced by demo-
graphic characteristics (data not shown).

Intervention uptake

Two-dose vaccine coverage during mass immunization was
~65%,” but dropped to ~58% 6 months later, at the start
of our analysis, due to population migration. Data from
24-monthly surveys collected from a subset of 7542 house-
holds showed that soap/soapy water and water was present
at 45% (1729/3886) houscholds of the primary hand-
washing stations of the vaccine-plus-behaviour-change area,
22% (438/1965) of the vaccine-only and 28% (556/1991) of
the control area. Residual chlorine, indicating uptake of
the chlorine dispenser, was present in the stored drinking
water of 4% (160/3886) of households in the vaccine-plus-
behaviour-change area and none in the other two areas.

Presence of indicators for both hand-washing and point
of use water treatment interventions were ~4% higher
among people who stayed in the study area for at least
1 year after the intervention started, compared with those
who migrated in or out or both.

Diarrhoea-associated hospitalization rates

During the outcome-monitoring period, the overall diarrhoea
hospitalization rate for the primary analysis was 9.6/1000
person-years (95% CI: 8.8-10.4). The hospitalization rate
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Table 1. Demographic characteristics across the intervention areas before outcome-monitoring started®®

Demographics Vaccine-only Vaccine-plus-behaviour-change ~ Control area
area (n=109700) % area (n=107134) % (n=97914) %
Age (mean, SD) 23.3 (15.6) 23.4 (15.5) 23.4(15.7)
<Syears 13.1 13.2 13.3
>5-15 years 19.6 19.2 19.9
>15-50 years 61.9 62.2 61.1
>50 years 5.5 5.5 5.7
Sex (male) 48.2 48.7 48.7
Educational status
No formal education (includes children < Syears) 43.8 41.4 43.9
Below primary 17.4 17.5 17.6
Primary and some secondary 30.8 31.7 30.0
Above secondary 8.0 9.4 8.5
Number of people in a family (median, interquartile range) 5(2) 5(2) 5(2)
Number of months living in this house (median, interquartile 12 (57) 12 (57) 12 (56)
range)
Characteristics of households Vaccine Vaccine-plus-behaviour-change  Control
area (n=27341) % area (n=26794) % area (n=24393) %
Source of drinking water (WASA supply water)® 99.9 99.7 99.9
Treat drinking water (yes) 52.6 58.7 54.6
Boil water 51.5 56.4 53.1
Filter water 0.7 1.2 0.9
Chemical treatment 0.4 1.1 0.6
Distance from source of drinking water to the kitchen in 457 (457) 457 (457) 457 (457)
centimeters (median, interquartile range)
Shared kitchen (yes) 89.6 93.0 87.6
Shared toilet (yes) 96.7 96.0 95.8
Type of toilet (direct observation)
Sanitary latrine with or without flush 70.5 81.3 78.5
Non-sanitary 28.5 17.9 21.3
Use open space 1.0 0.8 0.2
Waste disposal (fixed place) 81.8 84.7 79.3
House construction material
Roof
Corrugated iron 87.1 84.5 83.2
Brick/concrete 12.8 15.4 16.7
Bamboo/wood/other 0.1 0.1 0.1
Floor
Brick/concrete 90.3 90.4 91.5
Bamboo/wood/other 9.7 9.6 8.5
Wall
Corrugated iron 28.2 23.9 26.0
Brick/concrete 68.4 73.9 70.1
Bamboo/wood/other 3.4 2.2 3.9
Number of rooms in the house (mean, SD) 1.1 (0.4) 1.2 (0.5) 1.2(0.5)
Monthly rent paid (median, interquartile range) (Us$)4 25.8(12.9) 25.8(12.9) 25.8 (12.2)
Monthly household expenditure (median, interquartile range) 103.0 (51.3) 105.6 (52.2) 104.3 (49.6)
(US$)
Monthly average savings (median, interquartile range) (US$) 0(3.8) 0(2.6) 0(3.1)

WASA, Water and Sewerage Authority; BDT, Bangladeshi Taka.

“Unique person identification (ID); some categories do not sum to 100% because of rounding.

PPre-intervention period data were used in this table to: (i) avoid migration issues that occurred during intervention period and possibly could have changed the
demographics across the intervention/control areas; and (ii) to assess pre-intervention period drinking water treatment and hygiene status.

“Other sources of drinking water include well, bottled water, water vendor and pond/canal/river.

41 USD = 77.7 BDT (average exchange rate during 2012).
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237,216 people were in the study area on
outcome-monitoring start date

l ,

l

80,161 people were in Vaccine-only area 80,634 people were in Vaccine-plus-behaviour-change 76,421 people were in control area on
on outcome-monitoring start date area on outcome-monitoring start date outcome-monitoring start date
36,946 people migrated out before 38,204 people migrated out before 32,989 people migrated out before
outcome-monitoring ended outcome-monitoring ended outcome-monitoring ended
36,546 migrated in aftes A igra in a i i -
ar ed in after 32,978 people. mlgrated in after 32,7.56 migrated in after outcome

outcome-monitoring started outcome-monitoring started monitoring started
26,451 people both in and out 22,665 people both in and out 20,039 people both in and out
migrated during outcome- “—— migrated during outcome- N a— migrated and during outcome- [
monitoring time period monitoring time period monitoring time period
5,172 people changed intervention 5,049 people changed intervention 7,730 people changed intervention

L . —>
areas areas areas

v ! v

Data were analysed for 153,942 individuals
contributing to 176,100 person year

Data were analysed for 147,222 individuals
contributing to 167,100 person year

Data were analysed for 139,548 individuals
contributing to 157,500 person year

Figure 3. Participant flow during the study outcome-monitoring time period.

Table 2. Hospitalization rates and person-years during outcome-monitoring period by treatment areas (cluster-adjusted)®

Study areas Number of Number of Number of Hospitalizations/1000 Hazard ratio  P-value*
people person-years (1000) hospitalizations person-years (95% CI) (95% CI)

Control 145821 164.0 1600 9.7 (8.3-11.6) 1.0 -

Vaccine-only 149839 169.6 1586 9.4 (8.3-10.6) 0.96 (0.78-1.17)  0.69

Vaccine-plus-behaviour-change 147222 167.1 1596 9.6 (8.3-11.1) 0.98 (0.79-1.22) 0.85

“Primary analysis
*P-value for comparison with control.

was comparatively similar across the areas (vaccine-only 9.4/
1000 person-years; vaccine-plus-behaviour-change 9.6/1000
person-years; control 9.7/1000 person-years) (Table 2). The
results remained similar after considering people migrating
from vaccine-only/vaccine-plus-behaviour-change areas to
control areas as remaining vaccinated (Supplementary Table
1, available as Supplementary data at IJE online). The hospi-
talization rate was also relatively similar across the different
areas over terms 1 to 4 (interaction between areas and terms:
P=0.67) (Table 3). No interaction was present between
areas and age (data not shown). During the period, 47%
(n=2270) of diarrhoea-associated hospitalizations were due
to severe diarrhoea. Although the severe-diarrhoea-associated
hospitalization rates were slightly lower in the vaccine-plus-
behaviour-change area, the 95% ClIs overlapped each other
[severe diarrhoea hospitalization rate: vaccine-only 4.7/1000
person-years (95% CI: 4.1-5.6); vaccine-plus-behaviour-
change 4.1/1000 person-years (95% CI: 3.4-5.0); control
4.7/1000 person-years (95% CI: 3.9-5.8)].
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Hospitalization rates were higher among children
aged < 5 years compared with the other age groups (Figure
4). The P-value for three-way interaction between inter-
vention/control areas, intervention period and age was
0.12, indicating no rate differences by age over time be-
yond that expected by chance. The hospitalization rates
among study participants > 1 year of age (excluding chil-
dren <1 year from the time of vaccination and onwards)
were similar across the study areas during the outcome-
monitoring period (Supplementary Table 2, available as
Supplementary data at IJE online).

The hospitalization rate among the subgroup of people
who remained in the same location for the entire interven-
tion period was slightly lower in the vaccine-plus-
behaviour-change area compared with other areas, but the
95% ClIs overlapped each other—hospitalization rate:
vaccine-only 9.4/1000 person-years (95% CI: 8.3-10.7);
vaccine-plus-behaviour-change  9.0/1000  person-years
(95% CI: 7.6-10.6); control 9.7/1000 person-years (95 %
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Table 3. Diarrhoea-associated hospitalization rates? and hazard ratios® before and during outcome-monitoring period by intervention and control areas (primary analysis)

Outcome-monitoring period

Hospitalizations/1000 person-years

Study areas

Before outcome-monitoring start date

Term 4 24/03/2012

to 31/08/2013

Term 3 24/09/2012
to 23/03/2013

Term 2 24/03/2012
to 23/09/2012

0-6 months before Term 124/09/2011

6—12 months

to 23/03/2012

outcome-monitoring
monitoring started started® 24/03/2011

24/09/2010 to

before outcome-
23/03/2011

Hazard Hospitalizations/ Hazard
ratio

Hospitalizations/

Hazard
ratio

Hospitalizations/

Hazard
ratio

Hospitalizations/

to 23/09/2011

ratio

1000 person-

1000 person-

1000 person-

1000 person-

95% Cl years 95% CI years 95% CI years 95% CI

years

10.2 7.6 11.0

12.7 9.6

2.4

All study areas

combined

1.0

11.2

1.0

7.9

1.0

10.3

1.0

13.7 9.8

1.2
3.2

2.8

Control

10.9 0.97 (0.7-1.4)

1

0.99 (0.7-1.4)

10.1 0.98 (0.8-1.2)
1

0.90 (0.7-1.2)

8.8
0.2

12.5

Vaccine-only

0.95 (0.7-1.3)

7.1 0.90 (0.6-1.3) 0.7

1.01 (0.8-1.2)

1 1.04 (0.8-1.4) 0.4

12.1

Vaccine-plus-

behaviour-

change

“Results are cluster-adjusted.

PResults are only cluster-adjusted. Results that are adjusted for age, sex, education, toilet type, pre-intervention period hospitalizations and cluster were almost similar to the unadjusted results (data not shown).

“Cholera vaccine was delivered during this period.
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CI: 8.3-11.5). The absolute and relative rates of hospital-
ization using the supplementary analysis (ii) were only neg-
ligibly different from the primary analysis (Supplementary
Table 3, available as Supplementary data at IJE online).

Discussion

This study reports an observable measure of the impact of
combined hand-washing and point of use water treatment
intervention plus cholera vaccination on hospitalization
for diarrhoeal disease, examined through a large-scale,
community-based intervention trial. Despite using an ef-
fective cholera vaccine and culturally adapted behaviour-
change interventions, we found no significant impact of
combined vaccine-plus-behaviour-change intervention on
rates of hospitalization with diarrhoea or hospitalization
with severe diarrhoea.

In an earlier study, cholera vaccine reduced all-cause se-
verely dehydrating diarrhoea-associated hospitalization.®
In the current study, in an earlier analysis vaccination
reduced the incidence of diarrhoea attributable to V. chol-
erae,” yet we did not observe any significant impact of
cholera vaccine alone on all-cause diarrhoea hospitaliza-
tion, presumably because the cholera incidence was too
low during the study period to make a detectable contribu-
tion to overall hospitalization rates for all-cause diarrhoea.
Indeed, the culture-confirmed cholera cases accounted for
~7% of total number of cases of diarrhoea-related hospi-
talization, well below the years immediately preceding
the study.” In countries like Bangladesh where cholera is
endemic, the magnitude of cholera incidence can vary from
year to year.”” Additionally, the high migration rate
diluted cholera vaccination coverage of the intervention
areas, thus reducing the impact of vaccine on diarrhoea-
associated hospitalization.

The vaccine-plus-behaviour-change area received inter-
vention hardware and instructions to wash their hands and
treat their drinking water, in addition to receiving cholera
vaccine. The corresponding behaviour-change strategy
was tested in a pilot study to estimate acceptability before
roll-out in the main trial.?* Chlorinating water and
hand-washing promotion have been effective in reducing
self-reported diarrhoeal diseases in small-scale efficacy

3 .. o epe
1314 However, we observed no statistically signifi-

studies.
cant overall or age-specific impact on hospitalization
outcomes.

One reason for the lack of impact of the behavioural
intervention may have been because of the low uptake. We
ideally would have examined diarrhoea hospitalization
rates among those who had good intervention uptake
versus those who did not, but we could not link the inter-

vention uptake data that was collected from only a small
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;‘ L

Rate per 1000 person-years

Term-1 Term-2 Term-3 Term-4
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Rate per 1000 person-years
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Figure 4. Hospitalization rates for different age groups across the intervention areas* during outcome-monitoring period**.
*The P-value of interaction between areas, time and age was 0.12. **Term 1: 24 September 2011 to 23 March 2012; term 2: 24 March 2012 to 23
September 2012; term 3: 24 September 2012 to 23 March 2013; term 4: 24 March 2013 to 31 August 2013.

sub-sample of the study population to the hospitalization
data. Identifying and reporting details of the reasons for
poor uptake of these previously tested interventions will be
assessed and reported separately, but may be related to
difficulty of delivering the behaviour change intervention
with high quality on a large scale.'”>'®

Our indicator of hand-washing behaviour uptake was
the presence of soap and water at the primary hand-
washing station. Among the vaccine-plus-behaviour-
change population, the hand-washing indicator was only
17% points (45% vs 28%) higher than in the control area.
Even though this is a commonly used indicator to assess
hand-washing uptake,'>*® it does not ensure that people
actually wash their hands or use soap. Based on the pres-
ence of residual chlorine in drinking water, only 4% people
used the chlorine dispenser. This was disappointing but
not entirely unexpected, as the pilot study had also shown
low uptake and hardware-related problems which were
unresolved when the vaccine became available and main
trial commenced. Low uptake of chlorine-based water
treatment products has been reported in similar con-
texts.!”*” For example, a study conducted in urban Dhaka
in 2009, promoting chlorine-based products detected re-
sidual chlorine in only ~8% of households.”” The taste
and smell of chlorine-treated water is a commonly reported
barrier.’® Moreover, a large number of the study partici-

pants migrated out of the study area before completion of

89

the 2-year follow-up, thereby limiting the consistency of
participants’ exposure to the intervention. However our
analysis, restricted to people who stayed in the study area
for the entire study period, also showed no reduction in
diarrhoea hospitalization, despite a slightly higher uptake
of interventions compared with those who migrated.
The hospitalization rate was comparatively lower during
the 6-12 months preceding theintervention period. The
reason for this is unknown, but it could be due to vari-
ations in diarrhoea rate at the community level over time
or to delays before the surveillance was fully capturing all
cases.

In conclusion, we observed limited public health im-
pact, by the combination of oral cholera vaccine and be-
havioural interventions to improve drinking water quality
and hand-washing behaviour, on the rate of hospitalized
diarrhoea in the setting under study. Developing better be-
havioural interventions that increase water treatment and
hand-washing remain important in areas where marginal
improvement is possible. Whereas the low rate of cholera
and high rate of population migration account for the lim-
ited impact of oral cholera vaccination, the failure of the
drinking water and hand-washing intervention underscores
the need for investment in research to improve the pace
and effectiveness of community-wide interventions that
separate human faeces from the environment, food and
water supply of low-income country residents.
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Supplementary data are available at IJE online.
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Supplementary-Table-1: Hospitalisation rates and person years during outcome-monitoring period by
treatment areas (cluster-adjusted)*

Study areas No. of No. of No. of Hospitalizations/ Hazard ratio P-
people person hospitalization 1000 person- (95% CI) value**
years years (95% CI)
(1000)
Control 139,584 157.5 1531 9.7 (8.3,11.5) 1.0 -
Vaccine-only 153,942 176.1 1655 9.4 (8.3,10.6) 0.97 (0.79, 1.17) 0.74
Vaccine-plus- 147,222 167.1 1596 9.6(8.3,11.1) 0.98 (0.79, 1.22) 0.88
behaviour-
change

*analysis considering people migrating from vaccine-only/vaccine-plus-behaviour-change areas to control
area remained vaccinated and were considered in the vaccine-only area during the analysis
**P-value for comparison with Control area

Supplementary-Table-2: Hospitalisation rates among study participants =1 year of age during outcome-
monitoring period by treatment areas (cluster-adjusted)*

Study areas Hospitalizations/ Hazard ratio P-value**
1000 person-years (95% CI)
(95% CI)
Control 5.5(4.5,6.7) 1.0 -
Vaccine-only 5.1(4.3,6.1) 0.94 (0.73, 1.21) 0.63
Vaccine-plus-behaviour-change 4.8 (3.9, 5.9) 0.88 (0.67, 1.15) 0.35

* Analysis restricted among people who were 1 year of age at the time of vaccination and onwards
**P-value for comparison with Control area

Supplementary-Table-3: Overall hospitalisation rates and person years by study area using
supplementary analysis (ii)* (cluster adjusted)

Study area No. of No. of No. of Hospitalizations/ Hazard ratio P-value
people person hospitalization 1000 person- (95% CI)

years years

(1000) (95% CI)
Control 82,538 107.3 933 8.7(7.4,10.3) 1.0 -
Vaccine-only 87,794 112.5 897 8.0(7.0,9.1) 0.92 (0.75, 1.13) 0.42
Vaccine-plus- 89,124 111.5 930 8.3(7.1,9.8) 0.96 (0.78, 1.20) 0.71
behaviour-
change

*Allocating all person time to the trial area of each individual at the intervention start date, regardless of later
migrations to other areas, and excluding in-migration after the intervention start date
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Chapter 6: Inconsistency in diarrhoea
measurements when assessing intervention
impact in a non-blinded cluster randomised

controlled trial

6.1 Chapter overview

Interventions that improve quality of drinking water, sanitation and hygiene behaviour can
potentially break the transmission cycle to reduce diarrhoea. Reported diarrhoea is one of the
commonly used indicators to assess effectiveness of these behavioural interventions.
However, a number of concerns have been raised regarding reliability of reported diarrhoea,
including courtesy bias (151, 152), poor recall (153-158) and surveillance fatigue (159-161).
Additionally there is concern about the reliability of measuring subjective health outcomes in
non-blinded trials due to observer bias. To overcome this, it is now recommended that in
studies where blinding is not possible, there should be at least one objectively assessed
outcome even if the primary outcome is subjective. To my knowledge no large scale
behavioural trial so far have assessed the reported diarrhoea data through two different
representative surveys from the same study population during the same study period and
compared them with an objectively measured outcome to assess consistency of reported
diarrhoea data. In this chapter I discussed results from a cluster randomised trial that was
conducted on ~60,000 households to compare reported diarrhoea data collected through two
different survey methods.The ‘census’ data were collected from each household every six
months for updating household demographic information. The ‘monthly-survey’ data were

collected every month from a subset of randomly selected study households for monitoring
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uptake of behavior-change interventions. I also compared reported diarrhoea with observed
diarrhoea-associated hospitalisation for children aged <5 years to understand consistency of
reported data in assessing impact of intervention on health. In this study, the impact of
interventions was detected through reported diarrhoea data in one of the surveys but not in
the other. Even though not perfect but the best possible objective health outcome that was
available in this study was “observed diarrhoea-associated hospitalization”. There was no
impact of intervention present on observed diarrhoea associated hospitalisation. Although the
reasons for the different observed treatment effect in the survey data was unclear, this chapter

highlights the importance of assessing objective outcomes from non-blinded trials.

The findings of this chapter have been published in the American Journal of Tropical

Medicine and Hygiene.
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Inconsistency in Diarrhea Measurements when Assessing Intervention Impact in a Non-Blinded
Cluster-Randomized Controlled Trial
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Abstract. To explore the consistency in impact evaluation based on reported diarrhea, we compared diarrhea data
collected through two different surveys and with observed diarrhea-associated hospitalization for children aged <5 years
from anon-blinded cluster-randomized trial conducted over 2 years in urban Dhaka. We have previously reported that the
interventions did not reduce diarrhea-associated hospitalization for children aged < 5 years in this trial. We randomly
allocated 90 geographic clusters comprising > 60,000 low-income households into three groups: cholera vaccine only,
vaccine plus behavior change (cholera vaccine and handwashing plus drinking water chlorination promotion), and control.
We calculated reported diarrhea prevalence within the last 2 days using data collected from two different survey methods.
The “census” data were collected from each household every 6 months for updating household demographic information.
The “monthly survey” data were collected every month from a subset of randomly selected study households for mon-
itoring the uptake of behavior change interventions. We used binomial regression with a logarithmic link accounting for
clustering to compare diarrhea prevalence across intervention and control groups separately for both census and monthly
survey data. No intervention impact was detected in the census (vaccine only versus control: 2.32% versus 2.53%; P =
0.49; vaccine plus behavior change versus control: 2.44% versus 2.53%; P = 0.78) or in the vaccine only versus control in
the monthly survey (3.39% versus 3.80%; P = 0.69). However, diarrhea prevalence was lower in the vaccine-plus-
behavior-change group than control in the monthly survey (2.08% versus 3.80%; P = 0.02). Although the reasons for
different observed treatment effects in the census and monthly survey data in this study are unclear, these findings

emphasize the importance of assessing objective outcomes along with reported outcomes from non-blinded trials.

INTRODUCTION

Diarrhea is among the top five leading causes of total years
oflife lost globally." Itis still amajor cause of child mortality and
morbidity in low-income countries.?® Most of the pathogens
that cause diarrhea are transmitted via the fecal-oral route.®"”
Interventions that improve the quality of drinking water, sani-
tation, and hygiene (WASH) behavior can potentially interrupt
transmission and reduce diarrhea.®~"" One of the commonly
used indicators to assess effectiveness of these environ-
mental interventions is reported diarrhea.'®'2 For example, a
systematic review of 45 cluster-randomized controlled trials
for assessing effectiveness of improving water quality for di-
arrhea reduction shows that the primary outcome in all of
these studies was reported diarrhea.'? Data collectors usually
collect this information by regularly visiting study households
and asking an adult participant to recall diarrhea episodes
experienced by household members within recent days or
weeks. '® Measuring diarrhea objectively such as by observing
diarrhea-associated hospital admissions or by complement-
ing disease reporting with microbiological testing of stool for
specific microorganisms is prone to less subjective reporting
bias, and hence is a preferred way of measuring diarrhea
compared with reported outcomes.’* However, these ap-
proaches require larger study sizes to capture these less
common outcomes and are more complex and costly, and so

* Address correspondence to Nusrat Najnin, Department of Epidemi-
ology and Preventive Medicine, School of Public Health and Pre-
ventive Medicine, Monash University, 553 St Kilda Rd., Melbourne,
VIC 2004, Australia. E-mails: nusrat.najnin@monash.edu or nnajnin@
gmail.com
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are deployed less commonly.'®'® Concerns raised regarding
reliability of reported diarrhea include courtesy bias,2%2" im-
perfect and biased recall,?22” and surveillance fatigue.2830 In
addition, there is concern about the reliability of measuring
subjective health outcomes in non-blinded trials due to ob-
server bias.®' A systematic review of 21 randomized clinical
trials with blinded and non-blinded assessment of the same
binary outcome showed that the non-blinded assessors of
subjective binary outcomes generated substantially biased
effect estimates.®? Because of these concerns, in some non-
blinded trials, a reduction of diarrhea by even 50% may not
necessarily be due to a true intervention effect.®3 To overcome
this, it is now recommended that in studies where blinding is
not possible, there should be at least one objectively assessed
outcome even if the primary outcome is subjective.'* Alter-
natively, validation studies for estimating the degree of bias
should be incorporated to improve data interpretation.3*

In 2011, we conducted a cluster-randomized trial over 2
years among > 60,000 low-income households in urban
Dhaka, Bangladesh, to evaluate the impact of oral cholera
vaccine along with handwashing and water treatment inter-
ventions in reducing diarrhea, including cholera.®®36 In this
study, non-blinded assessors collected reported diarrhea
data using similar construction of questions for children
aged <5 years using two separate surveys, each of which was
conducted on the same study population throughout the
study period; data on diarrhea-associated hospitalization
were also collected for children aged < 5 years. We have
previously reported that neither cholera vaccination alone nor
cholera vaccination combined with behavior change in-
tervention efforts measurably reduced observed diarrhea-
associated hospitalization among children aged < 5 years.*®
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In this current study, we aimed to compare whether data col-
lected using two different survey methodologies, carried out
by different data collection teams to elicit reported diarrhea,
impacted on the interpretation of intervention effects on mea-
sured reported diarrheaamong children aged <5 years. We also
compared the reported diarrhea data with objectively mea-
sured diarrhea-associated hospitalization rates for children
aged < 5 years in the same study. We hypothesized that in
this non-blinded trial, the interpretation of impact evaluation
based on reported diarrhea data collected through two differ-
ent surveys for children aged < 5 years will be similar.

MATERIALS AND METHODS

Trial design, study setting, and participants. We analyzed
data from a cluster-randomized control trial conducted in
densely populated (~17,000 people living/km?) low-income
communities of the Mirpur area of urban Dhaka between 2011
and 2013. In these communities, households are commonly
organized into compounds (usual number of households in a
compound: ~20-25; range: 2-100), with individual families
often renting a small room and several households sharing a
common water source, kitchen, and toilet. Details regarding
the trial design, participant selection, and interventions have
been described previously.3®%® Briefly, we applied criteria
including low per-capita income, sharing water source, poor
sanitation, and poor living conditions to select high-risk,
diarrhea-prone study areas, which were then divided into 90
geographic clusters. Each cluster was surrounded by a 30-m
buffer zone to limit contamination of the interventions across
clusters. A statistician external to the International Centre for
Diarrhoeal Disease Research, Bangladesh (icddr,b), randomly
assigned the geographic clusters into three study groups:
1) cholera vaccine alone group (denoted as “vaccine-only”
group hereafter); 2) combined cholera vaccine and behav-
ior change communication intervention group (denoted as
“vaccine-plus-behavior-change” group hereafter); and 3) control
group (continued standard habits and practices).

Study interventions and blinding. The study interventions
were as follows: 1) cholera vaccine: two doses of killed whole-
cell, oral cholera vaccine, ShanChol™ (Shantha Biotechnics-
Sanofi, India), were administered 14 days apart to participants
who were non-pregnant and children aged > 1 year; and 2)
promotion of handwashing with soap and drinking water chlori-
nation, both implemented at the compound level near the shared
water source. Behavior change interventions to improve hand-
washing and point-of-use water treatment included enabling
both hardware and behavior change communication messages.
Hand-washing hardware consisted of a 30-L water tank with a
tap, abowl where rinse water could accumulate, and soap/soapy
water.>” Point-of-use water treatment hardware consisted of a
chlorine dispenser containing liquid sodium hypochlorite. The
behavior change strategy was developed following the In-
tegrated Behavioral Model for WASH theoretical framework.>®
Dushtha Shasthya Kendra (DSK), a nongovernmental organiza-
tion with considerable experience working on WASH issues in
Mirpur, delivered the behavioral interventions.

Blinding was not possible in this study because of the nature
of the interventions.

Data collection. Two different teams of icddr,b employees
having similar employment status and educational qualifica-
tions worked independently of each other to collect reported

diarrhea data concurrently among children aged < 5 years
from the same study population over the 2-year study period.
Two different surveys were used:

a. Census: A team of approximately 30 data collectors collected
census data every 6 months from each house in the study
area. The primary aim of census was to collect information on
births, deaths, and in- and out-migration of individuals in the
study area. During each visit, data collectors also asked re-
spondents about each family member, including children
aged < 5 years, to ascertain whether anyone had had “di-
arrhea within last 48 hours.” Interviewers explained that > 3
loose stools within 24 hours would be considered to consti-
tute diarrhea.

The census data collection team members were recruited
and trained by the icddr,b researchers who were responsible
for overseeing cholera vaccine-related activities in the field.
Most of the data collectors in this team had experience
working on vaccine trials. The training continued for 4 weeks
for this group. On average, each data collector visited ~30
households each day, usually requiring ~15 minutes for
completion of data collection from each household.

b. Monthly survey: 400 households were randomly selected
each month from the most updated census database. This
random selection was carried out at the household level and
not at the cluster level. Each month ateam of approximately
11 data collectors collected data from a different set of 200
randomly selected study households in the vaccine-plus-
behavior-change group, and 100 households in each of the
vaccine-only and control groups. The sample size calcu-
lation was carried out for the primary aim of the original
study and not for this sub-study. The monthly assessment
of 400 households was designed to be low enough to be
logistically manageable, but to provide representative real-
time trend data on intervention uptake. This selection pro-
cess was predefined in the study protocol.

The main goal of monthly surveys was monitoring of uptake of
behavioral interventions. This involved asking questions about
hand-washing and drinking water treatment behaviors, observ-
ing hand-washing practices among study participants, spot-
checking for the presence of soap and water at hand-washing
stations and for liquid chlorine in chlorine dispensers, and spot-
checking for the presence of residual chlorine in stored drinking
water using Hach colorimeter (HACH LANGE GmbH, Germany) if
the households reported treating water with chlorine. Data col-
lectors also asked the respondents about each of the family
members, including children aged < 5 years, to determine if they
had “diarrhea within last 2 days.” Interviewers also explained
that > 3 loose stools within 24 hours would be considered to
constitute diarrhea. Data collectors were instructed to collect
information on diarrhea at the beginning of the interview to re-
duce bias, as asking about diarrhea and intervention products
occurred at the same visit. The study households were typically
arranged as compounds, and because data collectors visited
randomly selected households from these compounds every
month, they visited some of the compounds several times during
the 2-year study period. The time interval between the visits in
these compounds varied from a few days to a few months.

The monthly data collectors were recruited and trained by
icddr,b researchers who were responsible for quantitative
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assessment of uptake of the behavioral interventions. These
researchers were also involved in designing and implementing
the behavioral interventions. Most data collectors had pre-
vious experience in collecting behavioral intervention-related
data. This team received training for 2 weeks before data
collection started. In a typical day, they were able to interview
~4 householders, usually requiring ~45-90 minutes for com-
pletion of each interview.

c. A separate team of data collectors collected information on
diarrhea-associated hospitalization for children aged < 5
years from 12 governmental and nongovernmental study
hospitals/clinics with inpatient facilities in and around the
study area. Details of this study have been reported
previously.3%36

Qualitative data collection on the training and field ex-
perience of census and monthly survey data collection
teams. We conducted two group discussions among seven
census data collectors and six monthly survey data collectors
in the local Bengali language. Our aim was to understand the
similarities and differences in their training and data collection
procedures, focus of data collection, and data collection ex-
periences in the field that could have affected the reported
diarrhea data collected by them. The group discussions lasted
for ~45-60 minutes, and data were captured with a digital
audio recorder. We also interviewed data collection supervi-
sors from each team separately for cross-checking the in-
formation provided by the data collectors.

Study timeline. For all data analyses, we considered the
study period from October 2011 to July 2013. During this time,
both cholera vaccine and behavior change interventions had
already been implemented.

Data analysis of diarrhea reporting. Because of the case
definition that we used in both surveys, diarrheal illness of any
severity, including cholera cases, might have beenincluded in
the analysis. We calculated and compared reported diarrhea
prevalence for children aged <5 years across intervention and
control groups separately for both census and monthly survey
data. To compare the overall and intervention group-specific
reported diarrhea prevalence in census and in monthly sur-
veys, we used binomial regression with a logarithmic link to
calculate differences in prevalence with robust standard errors
to account for clustering.

Data analysis of diarrhea-associated hospitalization.
Details about data analysis related to diarrhea-associated
hospitalization for children aged < 5 years have been pub-
lished elsewhere.3® In short, from the census data, we identi-
fied people who migrated in or out of the study area during
the study period. We calculated the incidence of diarrhea-
associated hospitalization for children aged < 5 years during
the study period by counting the number of admissions in
each group, and by summing the person-time that study
participants contributed for each trial group. We adjusted the
hospitalization incidence for the cluster-randomized design of
the trial using robust “sandwich” variance estimators.

Qualitative data analysis. We summarized each interview
after transcribing the audio recordings into English. We then
manually analyzed the data by compiling under themes, such
as training experience for collecting data, focus of data col-
lection, field experience in collecting data including frequency
of visits in compounds, and involvement of data collectors
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with study participants in dealing with problems related to
behavior change intervention materials. We then examined
the similarities, differences, and connections between each
theme.

Ethical consideration. An adult study participant from
each household provided informed written consent. Confi-
dentiality was maintained by keeping data anonymous
throughout the study period and during analysis. The In-
stitutional Review Board of the International Vaccine Institute,
and the Research Review Committee and the Ethical Review
Committee of icddr,b, Dhaka, Bangladesh, reviewed and ap-
proved the study protocol. The study was registered at
ClinicalTrials.gov (Registration number: NCT01339845).

RESULTS

Data from 22 monthly surveys and four census surveys were
analyzed.

Demographic and household characteristics of enrolled
study participants were similar across the groups, except for
the presence of sanitary latrines (latrine with piped sewer
system/septic tank, pit latrine with slab plus water seal, pit
latrine with slab and no water seal but with lid, ventilated im-
proved pit latrine, dual pit latrine, or composting toilet), which
was slightly lower in the vaccine-only group (Table 1). The age-
stratified distribution of study participants was similar across
the groups in both census and monthly surveys (Supplemental
Tables 2 and 3).

Reported diarrhea prevalence. The control group had the
highest diarrhea prevalence in both census and monthly sur-
veys during the study period. Diarrhea prevalence was lower in
the vaccine-plus-behavior-change group than the control
group in the monthly survey (2.08% versus 3.80%; P = 0.02)
but not in census data (2.44% versus 2.53%; P = 0.78)
(Table 2). Diarrhea prevalence was slightly lower in the
vaccine-only group than in the control group in both census
and monthly surveys, but the difference was not statistically
significant (Table 2).

Diarrhea prevalence in each quarter over the 2-year study
period was mostly higher in the monthly survey than census in
the vaccine-only and control groups, but not in the vaccine-
plus-behavior-change group (Figure 1). However, the 95% Cls
of the census and monthly survey diarrhea prevalence in each
quarter across all groups mostly overlapped each other
(Figure 1), indicating that the diarrhea prevalence in the census
was not very different from the prevalence in the monthly
surveys during the study period.

Hospitalization rate for children aged < 5 years. Results
on objectively measured diarrhea-associated hospitalization
rate for children aged < 5 years have been published else-
where.®® Briefly, we observed no impact of interventions on
the diarrhea-associated hospitalization rate (hospitalization
rate ingroups: vaccine only: 39.3/1,000 person-years; vaccine
plus behavior change: 43.3/1,000 person-years; control: 39.4/
1,000 person-years) (Supplemental Table 1).

Qualitative feedback on data collectors’ training and
field experience. In the group discussions, both census and
monthly survey data collectors mentioned that the trainers first
discussed the research objectives with them and then dis-
cussed each of the items from the questionnaires until the data
collectors were clear about all aspects. The data collectors
then practiced mock interviews with each other and piloted
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TaBLE 1

Characteristics of individuals and households across the intervention groups during the study period (October 2011-July 2013)*

Vaccine-only grou

P
(n = 142,879) (%)

Vaccine-plus-behavior-change group Control group

Characteristics of individuals (n =140,202) (%) (n=137,451) (%)
Age, mean (SD) (years) 22.8 (15.4) 22.8 (15.3) 22.8 (15.5)
<5 14.7 14.7 14.8
>5-15 18.3 17.8 18.5
>15-50 62.1 62.6 61.5
> 50 4.9 49 5.2
Gender (male) 48.3 48.7 48.6
Educational status
No formal education (includes children 44.3 40.7 42.9
aged < 5 years)
Below primary 17.0 17.0 17.0
Primary and some secondary 30.6 324 30.9
Above secondary 8.1 9.9 9.3
No. of people in a family (median, 5 (4-6) 5 (3-6) 5 (4-6)
interquartile range)
No. of months living in this house (median, 5 (2-36) 6 (2-36) 6 (3-36)
interquartile range)
Vaccine group Vaccine-plus-behavior-change Control group
Characteristics of households (n=42,217) (%) group (n = 42,215) (%) (n =39,738) (%)
Source of drinking water (municipal piped 99.9 99.8 99.9
water supply)t
Treat drinking water (yes) 53.2 64.2 56.2
Boil water 52.0 58.7 54.8
Filter water 0.8 1.2 0.9
Chemical treatment 0.4 43 0.4
Shared kitchen (yes) 91.6 95.0 91.2
Shared toilet (yes) 97.2 96.6 96.6
Type of toilet (direct observation)
Sanitary latrine with or without flusht 72.8 85.3 84.0
Non-sanitary 27.2 14.8 16.0
Waste disposal (fixed place) 84.1 88.3 83.4
House construction material
Roof
Corrugated iron 85.0 81.7 79.7
Brick/concrete 14.8 18.7 20.2
Bamboo/wood/other 0.2 0.1 0.1
Floor
Brick/concrete 92.0 92.7 92.9
Bamboo/wood/other 8.0 7.3 71
Wall
Corrugated iron 28.6 21.9 24.8
Brick/concrete 69.2 76.6 72.5
Bamboo/wood/other 23 1.4 2.6
No. of rooms in the house, mean (SD) 1.1(04) 1.1(0.4) 1.1(0.4)

* Unique person/household identification number; some categories do not sum to 100% because of rounding.

1 Other sources of drinking water include well, bottled water, water vendor, and pond/canal/river.

1 Latrine with piped sewer system, septic tank, pit latrine with slab plus water seal, pit latrine with slab and no water seal but with lid, ventilated improved pit latrine, dual pit latrine, or composting toilet.

the questionnaires in the field. If they had feedback about any
item in the questionnaire, the trainers addressed this by dis-
cussing or revising it. Finally, when they were clear and con-
fident about the data collection instrument, they began data
collection for the study. Both census and monthly survey data
collectors received extensive training about how to identify the
correct households in the study area using the geographic
information system. In addition, the census team was also
trained on identifying and updating household information if
there was any in- or out-migration in the study area. If a new
data collector joined the team, that person was given similar
training by the same trainers, and then he/she was attached
with another data collector in the field for several days until the
person was confident enough to collect data on his/her own.

Data collectors from both teams always introduced them-
selves as icddr,b employees to the study participants. The
census data collectors, who visited each of the study house-
holds only once every 6 months, mentioned that before each

census round as the area where they would conduct the sur-
vey would change for each of the data collectors. According to
the field supervisor, this was practiced to avoid repeated
mistakes (if there were any) made by the same data collector in
the same area throughout the study period. It was unlikely
that the same census data collector visited the same house-
hold or the compound twice in a year.

By contrast, for the convenience of some of the monthly data
collectors, some of the areas for data collection were fixed.
Although they visited a household only once during the whole
study period, sometimes they had to go back to the same
compound to interview a different household several times. As
one of the data collectors mentioned, “We never visited the
same household twice throughout the study period but some-
times we had to visit different households within the same
compound several times. Depending on random selection of
households sometimes we had to visit the same compound
twice in a week for interviewing different households.”
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and monthly survey data (October 2011-July 2013)
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TABLE 2
Reported diarrhea prevalence within last 2 days of interview among children aged < 5 years across intervention and control groups from census

Intervention vs. control groups
in census,* % of difference in
prevalence; 95% Cl; P-value

Diarrhea prevalence from

Groups census, % (n/N) (95% Cl)

Diarrhea prevalence from
monthly surveys, %
(n/N) (95% Cl)

Intervention vs. control groups in
monthly surveys,” % of difference
in prevalence; 95% CI; P-value

All study groups 2.43 (6,081/250,514) -

2.87 (171/5,949) -

combined (2.19,2.69) (2.26, 3.65)
Vaccine-only group 2.32 (1,981/85,484) Prevalence 0.2% lower in 3.39 (53/1,564) Prevalence is 0.4% lower in
(1.91,2.81) vaccine-only group than (2.06, 5.53) vaccine-only group than

control; —0.0080,

0.0039; 0.49
Vaccine-plus-behavior-
change group

2.44 (2,028/83,075)
(2.03, 2.94)

Prevalence 0.1% lower in
vaccine-plus-behavior-
change group compared

control; -0.0244, 0.0162; 0.69

2.08 (59/2,832)
(1.39,3.12)

Prevalence is 1.7% lower in
vaccine-only group than control;
-0.0320, -0.0023; 0.02

to control; —0.0068,

0.0051;0.78
2.53 (2,072/81,955) -
2.12,3.01)

Control group

3.80 (59/1,553) -
(2.67,5.37)

* Results are adjusted for cluster-randomized design.

Data collectors from both teams asked study participants
about diarrhea within the last 48 hours (census) or 2 days
(monthly surveys) in a similar way. Both teams explained to
the study participants how they should count the 48 hours
or 2-day period from the time of interview and mentioned
that > 3 loose stools within 24 hours would be considered
as diarrhea.

Vaccine-only group

According to both census and monthly survey data col-
lectors, the study participants were aware that the intervention
products were distributed in the community by icddr,b
through the DSK. Several data collectors from the census
team mentioned that study participants from the control or
vaccine-only group sometimes asked them why they were
not given the behavior change intervention products. Study

Vaccine-plus-behaviour-change group
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participants from the vaccine-plus-behavior-change group
sometimes would request that census data collectors convey
messages to the DSK personnel about product-related
problems (breakage/leakage) or requirements (running out of
liquid chlorine). In response, the data collectors would tell
themto directly talk to the DSK personnel, but that if they came
across any DSK personnel during data collection, they would
convey the message. The monthly survey team similarly re-
ceived both complaints and compliments about behavior
change intervention products. Study participants expected
monthly data collectors to fix hardware-related problems, or
convey messages to DSK personnel to come and fix the
problem. The monthly data collectors conveyed these mes-
sages to two of the icddr,b field staff who worked directly with
the DSK managing hardware-related problems in the field.

DISCUSSION

In this study, we observed an impact of the behavior change
intervention on reported diarrhea for children aged < 5 years
in the monthly survey but not in the census group. Similar to
diarrhea prevalence data collected through census surveys,
there was no impact of the intervention on objectively assessed
diarrhea-associated hospitalization. This may suggest that the
reported diarrhea prevalence data collected through the census
may be more reliable than the data collected through the
monthly surveys. However, this interpretation assumes that
there is correlation between diarrhea hospitalizations and less
severe, community-based self-reported diarrhea. This as-
sumption may or may not be correct, given the seasonal pat-
terns of different pathogens that may produce diarrhea of
different severity at the community level.®

The reasons for observing the impact of the intervention
in the monthly surveys are unclear but could be due to bias
rather than an actual intervention effect. The presence of ob-
server bias in non-blinded studies has been frequently re-
ported. Hrébjartsson and others®' conducted a systematic
review of randomized clinical trials with both blinded and non-
blinded assessment of same subjective measurement scale
outcomes with an aim to assess the presence of observer bias
and reported that the non-blinded assessors exaggerated the
pooled effect size by 68%. In our study, the monthly survey
team was directly supervised by researchers involved in de-
veloping and implementing the behavioral interventions,
and the focus of this team was assessing the uptake of be-
havioral interventions. Given the non-blinded nature of this
study, these assessors may have been predisposed to expect
lower diarrhea prevalence in the intervention group, and
consciously or unconsciously may not have recorded in-
formation on diarrhea.*® By contrast, the census data collec-
tors may have been comparatively more neutral in collecting
diarrhea data considering the vaccine implementation team
of researchers supervised them and their focus of data col-
lection was updating household demographic information
rather than assessing the uptake of behavior change inter-
ventions. However, group discussions with the monthly sur-
vey data collectors did not reveal any information on perceived
pressure to indicate the presence of observer bias; so if this
bias was operating, it may have been unconscious.

Other possible explanations for the difference in the cen-
sus and monthly survey data include minor differences in
methodology, framing of the questions to collect information

on diarrhea, and sampling variability. For the monthly surveys,
data collectors did not visit households more than once within
the study period, but may have visited the same compound
several times even within a week. As our interventions were
mostly implemented at the compound level, it is possible that
repeated visits to the same compound within a short time
interval combined with the considerable amount of time spent
assessing behavioral intervention uptake may have alerted
some participants to the fact that reduced diarrhea was a
“desirable outcome” of the intervention. This could have
influenced reporting of diarrhea because of social desirability
bias,*!"*? Hawthorne effect,*>** or courtesy bias.?°

In census and monthly surveys, a similar recall period and
diarrhea case definition were used, although the framing of the
recall period was slightly different (diarrhea within the last
2 days in monthly surveys and within 48 hours in the census).
However, it is unlikely that this created any difference in di-
arrhea prevalence measurement because both data collector
teams similarly explained how they counted “2 days” or “48
hours” period at the time of interview. In both surveys, we
specified diarrhea as being defined as > 3 loose stools within
24 hours, which is similar to what has been suggested by the
WHO*® and has been adopted in many other studies.*¢=*° As
two different teams collected data from different study par-
ticipants at different time points, sampling variability could be
another possible reason for differences in the intervention
impact on reported diarrhea.

Collecting information on reported diarrhea is an easy and
inexpensive way of assessing the impact of behavioral inter-
ventions, but this presumes that such data are sufficiently
valid to support inference. Our study findings add further ev-
idence of the subjectivity of self-reported diarrhea in non-
blinded trials that can affect assessment of the intervention
impact.®® Keeping the data collection interview period brief
and avoiding assessing health outcome and intervention up-
take at the same time could minimize the risk of bias. These
study findings highlight theimportance of measuring objective
outcomes when assessing non-blinded trials and comparing
these with subjective outcome measures.
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Supplementary table 2: Age stratified distribution of participants in the census survey*

Age Vaccine-only Vaccine plus behavior change Control
N=142,879 N=140,202 N=137,451
% % %
<1 year 7.0 7.2 7.2
>1 to <2 years 1.9 1.9 1.9
>2 to <3 years 2.0 1.9 2.0
>3 to <4 years 1.9 1.9 1.9
>4 to <5 years 1.9 1.8 1.8
>5 years 85.3 85.3 85.2

* Some categories do not sum to 100% because of rounding

Supplementary table 3: Age stratified distribution of participants in the monthly-
survey*

Age Vaccine-only Vaccine plus behavior change Control
N=13,914 N=27,059 N=14,236
% % %
<1 year 3.5 3.7 33
>1 to <2 years 2.0 1.6 2.1
>?2 to <3 years 1.9 1.8 1.9
>3 to <4 years 2.2 1.9 2.1
>4 to <5 years 1.7 1.6 1.7
>5 years 88.6 89.4 89.0

* Some categories do not sum to 100% because of rounding

107



Chapter 7: An assessment of the impact of a
large-scale hand washing interventions on

reported respiratory illness

7.1 Chapter overview

The impact of large-scale community-based hygiene promotion interventions on respiratory illness is
poorly understood. This chapter reports about an assessment of impact of hand-washing promotion
on reported respiratory illness from a cluster-randomised controlled trial conducted in Bangladesh.
Details about the interventions and how these were delivered in the study community have been
reported in chapter 3 of this thesis and also in the published paper that I have included in chapter 7.3.
In short, hand washing intervention hardware included a bucket with a tap, a soapy water bottle and a
bowl to collect rinse water after washing hands. Soapy water was prepared by mixing a
commercially available sachet of powdered detergent (~US$ 0.03) with 1.5L of water in a plastic
bottle with a hole punched in the cap. The hand washing station hardware was provided free of
charge to intervention compounds. In this study I found that the intervention group had more hand-
washing stations with soap and water present than controls (45% vs. 25%; p<0.001). However, even
with uptake of hand-washing intervention among 45% of households in the intervention group, I
found no impact of the intervention on reported respiratory illness. However, those who actually had
a hand-washing station with soap and water had less illness. Based on the study findings I concluded
that improving the effectiveness of hand-washing promotion in achieving sustained behavior change

could result in health benefits.

This paper has been published in the American Journal of Tropical Medicine and Hygiene.
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Impact of a Large-Scale Handwashing Intervention on Reported Respiratory lliness: Findings from
a Cluster-Randomized Controlled Trial
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Abstract. We assessed theimpact of handwashing promotion on reported respiratory iliness as a secondary outcome
from among > 60,000 low-income households enrolled in a cluster-randomized trial conducted in Bangladesh. Ninety
geographic clusters were randomly allocated into three groups: cholera-vaccine-only; vaccine-plus-behavior-change
(handwashing promotion and drinking water chlorination); and control. Data on respiratory iliness (fever plus either cough
or nasal congestion or breathing difficulty within previous 2 days) and intervention uptake (presence of soap and water at
handwashing station) were collected through monthly surveys conducted among a different subset of randomly selected
households during the intervention period. We determined respiratory illness prevalence across groups and used log-
binomial regression to examine the association between respiratory illness and presence of soap and water in the
handwashing station. Results were adjusted for age, gender, wealth, and cluster-randomized design. The vaccine-plus-
behavior-change group had more handwashing stations with soap and water present than controls (45% versus 25%;P <
0.001). Reported respiratory illness prevalence was similar across groups (vaccine-plus-behavior-change versus control:
2.8% versus 2.9%; 95% confidence interval [Cl]: —0.008, 0.006; P = 0.6; cholera-vaccine-only versus control: 3.0%
versus 2.9%; 95% CI: -0.006, 0.009; P = 0.4). Irrespective of intervention assignment, respiratory illness was lower among
people who had soap and water present in the handwashing station than among those who did not (risk ratio,gjusted: 0.82;
95% Cl: 0.69-0.98). With modest uptake of the handwashing intervention, we found no impact of this large-scale
intervention on respiratory illness. However, those who actually had a handwashing station with soap and water had less
illness. This suggests improving the effectiveness of handwashing promotion in achieving sustained behavior change

could result in health benefits.

INTRODUCTION

Acute respiratory infections continue to be a major cause of
mortality in low-income countries.’? Many respiratory infec-
tions are transmitted via infected droplets, but some viruses
including the respiratory syncytial virus infecting the re-
spiratory tract can also be spread from one person to another
by hand contact.>* The focus of many hand hygiene inter-
ventions has been to reduce diarrhea, but data from a sys-
tematic review and a meta-analysis show that hygiene
behavior change, including handwashing with soap has also
been effective in reducing respiratory illness.>® The com-
monly used indicator to assess health impact of handwashing
interventions in most of these studies is self-reported or
caregiver-reported respiratory illness and, therefore, study
findings may be subjected to reporting bias. Few studies have
objectively measured the impact of handwashing on respi-
ratory illness.””® For example, Cowling et al. objectively
measured transmission of respiratory infection by using
reverse-transcription polymerase chain reaction of nasal and
throat swabs and reported that hand hygiene interventions
prevented household transmission of influenza virus.® De-
spite benefits for both diarrhea and respiratory infection
prevention, hand hygiene practices (washing hands with
soap) are suboptimal. A systematic review of 42 studies es-
timated that 19% of the world population washes hands with

* Address correspondence to Nusrat Najnin, Department of Epidemi-
ology and Preventive Medicine, School of Public Health and Pre-
ventive Medicine, Monash University, 553 St. Kilda Rd., Melbourne,
VIC 3004, Australia. E-mail: nusrat.najnin@monash.edu

soap after contact with excreta.® Structured observations of
residents of rural Bangladesh found that only 1% of people
washed their hands with soap before eating and before
feeding a child and only 14% washed their hands with soap
after defecation.'® Most previous efficacy studies reporting
the impact of intense implementation of hygiene behavior
change onrespiratory illness have been small, involving up to
6,000 people.>® Upscaling known effective interventions is
essential for improving global health'; however, the impact
of implementing hygiene promotion programs on respiratory
illness on a large scale is still unclear.'®'3

Accurately assessing handwashing behaviors is problem-
atic. Self-reported handwashing consistently overestimates
observed behavior.'%*'® Direct observation of handwashing
by trained staff is both highly resource intensive and also bi-
ased, as the presence of an observer alters the handwashing
behavior.'®7 Assessment of handwashing behavior through
alow-cost proxy measure such as presence of soap and water
in a designated handwashing station is a practical alternative
and has been associated with lower rates of respiratory illness
in some settings, but not in others.'8-2"

We conducted a cluster-randomized controlled trial in
2011-2013 among > 60,000 low-income households of met-
ropolitan Dhaka, Bangladesh. The primary aim of the study
was to evaluate the impact and feasibility of a mass cholera
vaccination program in reducing diarrhea due to Vibrio chol-
erae in a high-incidence urban area. We have reported already
that vaccination reduced the incidence of diarrhea attributable
to V. cholerae in this community.2? This present article reports
a prespecified secondary outcome of the trial to examine ef-
fects of an at-scale intervention under real-world conditions to
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promote handwashing with soap on reported respiratory ill-
ness. We hypothesized that scaling up a community-based
handwashing intervention could reduce respiratoryillness. We
also examined whether the presence of soap and water at
primary handwashing stations was associated with a re-
duction in respiratory iliness, irrespective of intervention as-
signment of participants.

METHODS

Trial design and participant selection. We conducted a
cluster-randomized controlled trial in low-income communi-
ties of the Mirpur area of urban Dhaka. Details of the study
methods including participant selection procedures have
been published elsewhere.?? In short, the criteria that we used
to select high-risk, cholera-prone study areas were low per
capita income, poor sanitation, unsafe water use, sharing of
water source, and poor living conditions. The study area was
divided into 90 geographic clusters, with 30 m buffer zones
around each cluster created to prevent contamination of the
intervention across clusters. The selection criteria enabled
having homogenous study participants across the clusters.

Interventions. Handwashing and water treatment
promotion. Handwashing and point-of-use water treatment
promotion interventions both included hardware and behavior-
change-communication activities and messages that were
developed based on the integrated behavioral model for water
sanitation and hygiene theoretical framework.2®2?* Details
about the interventions and how these were delivered in the
study community have been reported elsewhere?® In short,
handwashing intervention hardware included a bucket with a
tap, soapy water bottle,2® and a bow! to collect rinse water after
washing hands (Figure 1).2° Soapy water was prepared by
mixing a commercially available sachet of powdered detergent
(~US$ 0.03) with 1.5 L of water in a plastic bottle with a hole
punched in the cap. The handwashing station hardware was
provided free of charge to intervention compounds, but par-
ticipating compounds had to supply either their own bar soap
(~US$ 0.35) or detergent sachets to make the soapy water. The
behavior-change intervention also included point-of-use water
treatment. The water treatment intervention hardware con-
sisted of a dispenser containing liquid sodium hypochlorite.?®

Study participants used their own water vessels for treating
water.

A nongovernmental organization, Dushtha Shasthya
Kendra (DSK), delivered the behavioral intervention through
community health promoters. In the study area, several
households often shared a common water source, kitchen,
andtoilets; therefore, we mostly provided the handwashing and
water treatment intervention hardware at the compound level,
although the behavior-change-communication messages
were delivered both at compound and household levels. Within
3 months of cholera vaccination, the community health pro-
moters visited each compound, discussed the trial, delivered
the handwashing intervention, and specifically encouraged
household members to wash their hands after defecation, after
cleaning child’s anus, and before preparing food. The point-of-
use intervention was rolled out 3 months later. During the initial
2 months after placement of each type of hardware, the pro-
moters were instructed to visit each compound at least three
times. After this period, the frequency of compound visits was
reduced to twice monthly. The promoters also managed any
problems related to intervention hardware.

Vaccine. The choleravaccinethat was used in the study was
ShanChol™ (Shantha Biotechnics-Sanofi, India), which is a
killed whole cell, oral vaccine approved by the WHO as safe
and effective against cholera.?”?® Details of vaccine trans-
portation, storage, and administration to the study population
have been previously reported.?

The study interventions that are not the focus of this article
include point-of-use water treatment intervention and cholera
vaccine. Details about these interventions including uptake
have been described elsewhere.?22°

Randomization and allocation concealment. Ninety
clusters were randomly allocated into three groups: 1) a
cholera-vaccine-alone group (denoted as “vaccine-only”
group hereafter), 2) a combined cholera-vaccine and behavior-
change-communication intervention group (denoted as
“vaccine-plus-behavior-change” group), and 3) a control group
who continued regular habits and practices.??

Allocation concealment was not possible in this study be-
cause of the nature of interventions.

Measurements. The outcome of interest for this analysis
was the prevalence of reportedrespiratory illness. During each

—> Bucket with tap

y

» Soapy water bottle

Bowl for collecting rinse water
after handwashing

4

Ficure 1. Handwashing station (includes bucket with tap, bowl, and soapy water bottle). This figure appears in color at www.ajtmh.org.

113



744 NAJNIN AND OTHERS

month of the 2-year intervention period, data collectors visited
a different set of 200 randomly selected study participants in
the vaccine-plus-behavior-change group, and 100 participants
in both the vaccine-only and control groups. They visited each of
these households to collect information on respiratory illness,
diarrhea, jaundice, and injuries within the 2 days before interview
for each household member. These data collectors and the
community health promoters from the DSK who delivered the
behavior-change intervention products to the study participants
worked independently of each other.

We classified people as having respiratory illness if they
reported having fever plus either cough or nasal congestion or
fever plus breathing difficulty.’> These unannounced home
visits also assessed intervention uptake by observing the
presence of soap/soapy water and water in the most conve-
nient place for handwashing.

In an exploratory analysis, we compared the prevalence of
respiratory illness among people who had soap/soapy water
and water present in the primary handwashing station with
those who did not, irrespective of intervention assignment.

During the study period through a separate six-monthly
census survey, data collectors obtained information on births,
deaths, and migrations of individuals from each house in the
study area.??

Study timeline. For data analysis, we defined the behavioral
intervention start date as September 24, 2011 (midpoint be-
tween the start and end dates of the handwashing intervention
rollout). The behavior-change intervention and respiratory ill-
ness follow-up ceased on August 31, 2013 (Figure 2).

Statistical methods. We did not expect any direct asso-
ciation between cholera vaccine and respiratory illness.
Therefore, respiratory illness prevalence in the vaccine-only
group was expected to be similar to that in the control group.
However, to preserve design-based scientific inference
leveraging the randomized assignment of interventions (as
prespecified before the trial), we chose to keep the vaccine-
only group and the control group separate and compare them
with vaccine-plus-behavior change group for our outcome of
interest.

We compared baseline demographic characteristics of
study participants across the three groups. The overall prev-
alence of respiratory illness across the follow-up period was
calculated for each group, and we used binomial regression
with a logarithmic link to calculate risk ratios (RR) directly and
confidence intervals (Cl) comparing groups, with robust
standard errors to account for clustering.?° To examine the
consistency of the intervention effects on the prevalence of
reported respiratory illness over time, we divided the 2-year
period of the intervention into quartiles (term 1 to term 4) and
reported the prevalence for each quartile.

Vaccination

Census start start date: int ti int ti
dat mtervention intervention
e 17/02/2011 start date: end date:
1/04/2010 end date: 24/09/2011 31/08/2013
01/04/2011

*Behavioural

We performed an exploratory analysis to evaluate the re-
lationship between presence of soap and water in the hand-
washing station and respiratory illness prevalence, regardless
of the allocated intervention arm. We calculated respiratory
iliness prevalence according to the presence or absence of
soap/soapy water and water in the primary handwashing
station. We estimated RRs adjusting for age, and wealth of
study participants, type of fuel used for cooking, and gender of
respondents. We constructed a wealth index using principal
component analys,is,.30 In the wealth index, we included
household construction materials, education of respondents,
and ownership of specific durable goods that are commonly
used in Bangladesh and are considered to be discrimina-
tory.®! We used the first factor from the principal component
analysis, as this has been reported to best capture economic
status.®? Based on their wealth score, we divided households
into quintiles and adjusted for wealth quintile in the log-binomial
regression models. Supplementary analyses adjusted for the
first three principal components but results differed negligibly
from using the first component only.

Ethics. Both verbal and written informed consent were
obtained from each study participant before intervention and
data collection started. Signature (or thumbprint, if illiterate) of
the participants and parents/guardian of a child was obtained
before their enroliment in the study. Informed written consent
was again obtained from an adult study participant from each
household before data were collected in each survey. The
International Centre for Diarrheal Disease Research, Bangla-
desh ethics and research review committees approved the
methods of consent gathering for this study. Data were kept
anonymous throughout the study period and during analysis
to maintain confidentiality. The study was registered at
ClinicalTrials.gov (registration number: NCT01339845).

RESULTS

The census team identified a total of 237,216 people re-
siding in the study area on the behavioral intervention start
date. Among them, 80,161 were in the vaccine-only group,
80,634 were in the vaccine-plus-behavior-change group, and
76,421 were in the control group (Figure 3).2° For the monthly
assessments, data collectors visited 7,842 households con-
sisting of 52,237 people during the intervention period. Among
these households, 1,965 (consisting of 13,148 individuals)
were from the vaccine-only, 3,886 (consisting of 25,566 indi-
viduals) were from the vaccine-plus-behavior-change, and
1,991 (consisting of 13,523 individuals) were from the control
group (Figure 3). Demographic characteristics were similar
across all groups apart from educational status of respon-
dents, presence of a sanitary latrine, and monthly income,

**Behavioural

Ficure 2. Study timeline. *For data analysis, we defined the behavioral intervention start date as September 24, 2011, which was the midpoint
between the start and end dates of the handwashing intervention rollout. Data collection on respiratory iliness and handwashing intervention uptake
started from September 2011. **We ceased follow-up of the respiratory illness assessment at this time point.
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237,216 people were in the study area on
outcome-monitoring start date

l

\4

l

80,161 people were in vaccine-only area
on outcome-monitoring start date

80,634 people were in vaccine-plus-behavior-change

area on outcome-monitoring start date

76,421 people were in control area on
outcome-monitoring start date

36,946 people migrated out before

38,204 people migrated out before

32,989 people migrated out before

outcome-monitoring ended

outcome-monitoring ended

\ 4

outcome-monitoring ended

36,546 migrated in after
outcome-monitoring started

32,978 people migrated in after
outcome-monitoring started

32,756 migrated in after outcome-
monitoring started

26,451 people both in and out
migrated during outcome- <
monitoring time period

22,665 people both in and out
migrated during outcome- <
monitoring time period

20,039 people both in and out
migrated during outcome- g
monitoring time period

5,172 people changed intervention
areas areas

5,049 people changed intervention

7,730 people changed intervention
areas

A 4

Data were analysed for 1,965 households
consisting of 13,148 individuals

Data were analysed for 3,886 households
consisting of 25,566 individuals

Data were analysed for 1,991 households
consisting of 13,523 individuals

Ficure 3. Participant flow during study period.

which were slightly higher in the vaccine-plus-behavior-
change group (Table 1). The pre-intervention period de-
mographic characteristics were also similar across groups,
suggesting homogenous distribution of study participants.?®

Intervention uptake. Uptake of behavior-change interven-
tions was modest as previously reported.2® In short, during the
intervention period, interviewers identified the presence of
soap/soapy water and water (either reserved in a container or
available at the tap) at 45% (1,729/3,886) of primary handwashing
stations in vaccine-plus-behavior-change group compounds, in
22% (438/1,965) of the vaccine-only group compounds, and in
28% (556/1,991) compounds of the control group.

Prevalence of respiratory illness across interven-
tion groups. The overall reported respiratory illness preva-
lence (all intervention and age groups combined) within the
last 2 days of interview was 2.9% (1,494/52,237 surveyed
individuals). Respiratory iliness prevalence was similar across
the groups (vaccine-plus-behavior change versus control:
2.8% [708/25,566] versus 2.9% [388/13,523], 95% Cl: —0.008,
0.006; P = 0.6; vaccine-only versus control: 3.0% [398/13,148]
versus 2.9%; 95% CI: —0.006, 0.009; P = 0.4). On univariate
regression analysis (adjusted for the cluster design), the prev-
alence of respiratory illness in the intervention groups was
similar to that in the control group (vaccine-plus-behavior-
change versus control: RR: 0.97; 95% CI: 0.76, 1.22; vaccine-
only versus control: RR: 1.06; 95% ClI: 0.82, 1.35). The results
remained unchanged after adjusting these for age and wealth of
study participants, and gender of respondent (data not shown).
Even though the reported respiratory illness prevalence de-
creased in all groups over time, there was no difference in
illness prevalence across intervention and control groups
during the intervention period (Figure 4).
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Children < 5 years of age had the highest respiratory illness
prevalence compared with children of other age groups. Even
though reported respiratory iliness among children < 5 years
was comparatively lower in the vaccine-plus-behavior-change
group compared with other groups (Table 2), the difference
was not statistically significant (vaccine-plus-behavior-change
group versus control: 6.7% versus 7.4%; 95% Cl: -0.03, 0.02;
P = 0.4 and vaccine-only group versus control group: 7.1%
versus 7.4%; 95% Cl: -0.03, 0.03; P = 0.7).

Presence of soap/soapy water and water in hand-
washing station and prevalence of respiratory disease.
Overall (all groups combined), 35% (2,723/7,842) of the
households had either soap or soapy water with water present
in the primary handwashing station. People who had soap/
soapy water and water present in the handwashing station
reported lower respiratory illness prevalence (2.4% versus
3.0%, P < 0.001; RRynadjusted = 0.80, 95% CI: 0.67, 0.95). The
prevalence of having respiratory illness was approximately
18% less among people who had soap/soapy water and water
present in handwashing station after adjusting for possible
confounders (age and wealth of study participant, type of fuel
used for cooking, gender of respondent, and cluster-randomized
design of the trial): (RRagjustea: 0.82, 95% CI: 0.69, 0.98). The
association of the presence of soap/soapy water plus water and
respiratory illness did not vary by age.

DISCUSSION

This study presents the impact of a large-scale community-
based handwashing intervention trial on respiratory illness.
We found no impact of the handwashing intervention on overall
or age-specific reported respiratory illnesses. However, people



746 NAJNIN AND OTHERS

TABLE 1

Demographic characteristics of individuals and households across the intervention groups during the study intervention period (September

2011-August 2013)*

Characteristics of individuals

Vaccine-only group (n = 13,148) %

Vaccine-plus-behavior-change group (n = 25,566) % Control group (n = 13,523) %

Age (mean, SD) (years) 24 (15.9)
<5 11
>5t015 21
>15to 50 62
> 50 6

Characteristics of households

Vaccine-only group (n = 1,965) %

Gender of the respondent (female) 82
Educational status of respondent
No formal education 37
Below primary 16
Primary and some secondary 45
Above secondary 1
Source of drinking water (WASA supply 80
water)t
Toilet shared among families 91
House construction material
Roof
Corrugated iron 85
Brick/concrete 14
Bamboo/wood/other 1
Floor
Brick/concrete 92
Bamboo/wood/mud/sand/other 8
Wall
Brick/concrete 71
Bamboo/wood/corrugated iron/ 29
other
Type of fuel used for cooking
Natural gas 72
Wood/husk/charcoal/kerosene 22
Other (electric heater) 6
Monthly income (median, interquartile 141 (97)
range) (US$1)

25 (15.9) 24 (16.0)
11 11
20 22
63 61
6 6
Vaccine-plus-behavior-change group (n = 3,886) % Control group (n =1,991) %
84 85
34 38
17 16
47 45
2 1
82 85
90 90
83 83
17 17
0.2 0.2
94 94
6 6
77 71
23 29
84 77
12 17
4 5
155 (90) 141 (90)

* Some categories do not sum to 100% because of rounding.

1 Other sources of drinking water include well, tube well, bottled water, water vendor, and pond/canal/river.

1 1 USD = 77.6568 Bangladesh taka (average exchange rate during 2012).

who had soap/soapy water plus water present at their hand-
washing station, irrespective of intervention allocation, had
lower prevalence of respiratory iliness.

There are two potential explanations for the lack of impact of
the handwashing intervention in this large-scale trial. First, it is
possible that study participants followed the hand hygiene
recommendations but that washing hands with soap does not
reduce the burden of respiratory ilness in these communities.
However, evidence from a systematic review and from a meta-
analysis of small-scale efficacy studies suggests that washing
hands with soap can effectively reduce respiratory illness in
similar contexts.>® An alternate and more likely explanation is
that there was insufficient uptake of the recommended
handwashing behavior to interrupt respiratory pathogen
transmission. This explanation is supported by the observa-
tion that people who actually had soap and water present at
their handwashing station, regardless of intervention assign-
ment, had lower respiratory iliness prevalence. Our findings
suggest that even though handwashing can effectively reduce
respiratory illness in this context, in this large-scale trial, the
intervention did not improve handwashing behavior suffi-
ciently to measurably impact on respiratory illness.

The indicator of uptake for handwashing behavior in our
study, namely, the presence of soap/soapy water plus water in
the primary handwashing station, was 17% higher (45% ver-
sus 28%) in the vaccine-plus-behavior-change intervention

group compared with the control group. Even though this in-
crease seems low compared with some efficacy studies
with more intense promotion of handwashing behavior,33*
the handwashing intervention uptake was not much higher
in our study compared with those of other large-scale
interventions. 2 For comparison, a project, Sanitation, Hygiene
Education, and Water Supply in Bangladesh (SHEWA-B), aimed
to improve hygiene, sanitation, and water supply for 20 million
people in rural Bangladesh.'? During the first 2 years of the
intervention period, the focus was to improve water sanitation
and hygiene behavior through interpersonal communication
and group discussions. By the end of this 2 years intervention
period, the presence of water, soap, or ash in convenient
handwashing location had increased up to 16% from baseline
(baseline 47% versus postintervention 63%).%° Similarly, the
national handwashing promotion program in Peru, targeting
~28 million people, found no effect of a mass media inter-
vention on handwashing behavior and combined the mass
media campaign, although with more intense training and
promotional activities at the community level increased the
share of households with handwashing facilities by 4.9%."
Neither SHEWA-B nor the Peru national handwashing pro-
gram resulted in ameasurable reduction in childhood diarrhea
or respiratory illness.'?>'® However, both SHEWA-B and
the Peru national handwashing program were externally fun-
ded programmatic interventions targeting millions of people
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Ficure 4. Reported respiratory illness prevalence within last 2 days across the groups during the intervention period (September 2011-August
2013). *Intervention time period (presented in quarters) started from quarter 2. This figure appears in color at www.ajtmh.org.

compared with our trial focusedin one neighborhood of alarge
city. The reasons for poor uptake of this pretested intervention
will be assessed and reported separately, but maintenance
and management difficulties related to provision of shared
handwashing facilities in intervention compounds may have
contributed.

It is possible that the high-population migration rate in this
study reduced the impact of the behavior-change intervention
and so prevented an observable impact on respiratory illness
risk. We have previously reported that large numbers of study
participants moved outside the study area within the 2-year
study period, and this might have limited the consistency of
participants’ exposure to the hygiene behavior intervention.2®
Uptake of the intervention was marginally (~4 %) higheramong
people who stayed in the study area for at least 1 year after the
intervention started compared with those who migrated in or
out.2® However, among people whose respiratory outcome
was analyzed, we do not know how many were recent immi-
grants into the study areas and so could not directly explore
the relationship between migration and respiratory illness.

In our study, the households that had soap and water pre-
sent in the handwashing station irrespective of intervention

TaBLE 2
Reported respiratory iliness prevalence within last 2 days of interview
according to age and intervention groups during intervention period
(September 2011-August 2013)

All intervention Vaccine-plus-
groups Vaccine-only behavior- Control
combined group change group group
Age (N=52,237)% (1=13,148)% (n=25566)% (n=13,523) %

< 5years 7.0 71 6.7 74
>5to <15 years 19 2.1 1.7 2.0
> 15to < 50 years 25 2.6 2.5 2.4
> 50 years 2.6 2.8 2.6 23
All age groups 2.9 3.0 2.8 2.9

combined
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assignment experienced less respiratory infection. The pres-
ence of soap and water in the handwashing station does not
necessarily ensure that participants actually washed their
hands or used soap. However, evidence suggests that people
are more likely to wash their hands at key times if they have
soap and water present in the handwashing station.'%¢ An
association between this surrogate measure of handwashing
behavior and interruption in disease transmission has been
observed in other studies that showed fewer child respiratory
infections among participants with access to water for
washing hands in the house.'®1® This protective effect of the
presence of soap/soapy water and water in handwashing
stations on respiratory iliness that we observed in this study
was for the overall study population rather than for any specific
age group. Because these handwashing indicators are com-
mon among households with higher socioeconomic status'®
and women in this context have been observed to practice
better respiratory hygiene compared with men,3” we adjusted
the results for both wealth and gender; the results remained
significant. However, it was not possible to adjust for un-
measured confounders, such as intervention families taking
more care to maintain a handwashing facility or providing
better care for their children. In addition, one of the pathways
that handwashing interventions may reduce the risk of re-
spiratory disease is by preventing diarrhea that predisposes to
subsequent respiratory infection.®33° Because the interven-
tion did not substantially impact diarrhea-related hospitaliza-
tion rates by study groups,2® this complementary pathway to
reduce respiratory infections was less likely to be active.

Our study has several limitations. The focus of the behav-
ioral messages for washing hands was related mainly to def-
ecation and food preparation events, as the goal of the main
study was aimed at reducing diarrhea in the community rather
than respiratory diseases. Even though hands have a poten-
tial role in transmission of respiratory viruses,*%4! focused
behavioral interventions targeting reducing transmission of
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respiratory pathogens might be more effective in reducing
illness prevalence. In fact, respiratory hygiene is often poorly
practiced in low- and middle-income Bangladesh communi-
ties.®” A study conducted in Bangladesh reported that in 81%
of the observed events, the participants coughed or sneezed
into air (i.e., uncovered), and in 11% into their hands. No one
washed their hands after coughing or sneezing into their
hands.®” Another limitation is that it is possible that the in-
tervention impacted on severe respiratory illness such as
pneumonia but not on milder forms of self-reported respiratory
symptoms at the community level that we assessed. Because
severe respiratory infections represent the greatest public
health burden, future evaluations would ideally assess this
outcome.

Although the association of having soap and water present in
the handwashing station and lower respiratory infection sug-
gests that continued effort to develop low-cost strategies to
improve population handwashing practices has the potential to
improve child health, the interventions deployed in this trial did
not impact respiratory illness. Changing handwashing behavior
among large populations remains difficult, and so, such efforts
should be rigorously evaluated so that the global community can
learn from ongoing efforts and attempt to develop and optimize
sound strategies.
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Chapter 8: Risk Factors for Community-Based
Reports of Gastrointestinal, Respiratory, and
Dermal Symptoms: Findings from a Cohort

Study in Australia

8.1 Chapter overview

Few studies have examined epidemiologic associations for symptomatic episodes of gastro-
intestinal (GI), respiratory, or dermal complaints via a prospective, community-based approach,
but no previous study has examined risk factors for all three morbidity outcomes concurrently. In
this chapter I have explored epidemiological associations for symptomatic episodes of diarrhoea,
respiratory or dermal complaints via a prospective, community-based approach. I have examined
risk factors for all three morbidity outcomes concurrently. I found that attendance at childcare or
kindergarten was similarly associated with GI and respiratory symptoms. Recreational swimming
in public pools was an equally strong risk factor for GI, respiratory, and dermal symptoms.
Clustering of symptoms within households was common for GI and respiratory symptoms,
although more respiratory clusters were seen. Prospectively assessing risk factors for three
symptom complexes together in one cohort during same time period is new and enabled us to
compare risk ratios and strengths of associations for different risk factors. These comparative data

will be helpful in prioritizing prevention strategies for various health outcomes.

The findings described in this chapter have been published in the Journal of Epidemiology.
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ABSTRACT

Background: Although gastrointestinal (GI), respiratory, and dermal symptoms are common, few studies have
conducted concurrent and comparative prospective analyses of risk factors for these 3 morbidity outcomes.
Methods: We used data from a community-based randomized controlled trial among 277 South Australian families
to analyze GI (diarrhea, vomiting), respiratory (sore throat, runny nose, cough) and dermal (rash, generalized itch,
dermal infection) symptoms.

Results: Log-binomial regression analysis revealed similar risks of GI (adjusted risk ratio [RR], 1.65; 95% ClI,
1.05-2.58) and respiratory (RR, 1.68; 95% CI, 1.31-2.15) symptoms among childcare/kindergarten attendees.
Swimming in public pools/spas in the current or previous week was associated with all 3 symptom complexes,
conferring similar risk for each (RR for GI: 1.33; 95% CI, 0.99—1.77; respiratory: 1.20; 95% CI, 1.04—1.38; dermal:
1.41; 95% CI, 1.08-1.85). Pet ownership was not associated with symptoms. Household clustering of GI and
respiratory symptoms was common, and clustering of respiratory symptoms correlated with number of individuals
per household.

Conclusions: This simultaneous examination of risk factors for 3 health outcomes yielded new comparative data
that are useful for developing prevention strategies.

Key words: risk factors; respiratory symptoms; gastrointestinal symptoms; dermal symptoms; swimming; swimming

pools; household clustering

INTRODUCTION

Gastrointestinal (GI), respiratory, and dermal diseases are
common and cause substantial morbidity and economic
loss."™* Each of these 3 symptom complexes has a number
of underlying causes and can be associated with infection
or other (noninfectious) problems such as allergy. Some
underlying etiologic causes for these symptoms have known
risk factors. For example, previously reported risk factors for
GI and respiratory infections include young age, attending
an educational institution outside the home, and having
another household member who is unwell.>~!! For respiratory
infections, factors such as air pollution and smoking are also
important.'> However, few studies have examined epidemio-
logic associations for symptomatic episodes of GI, respiratory,
or dermal complaints via a prospective, community-based

approach, and no previous study has examined risk factors for
all 3 morbidity outcomes concurrently.

We attempted to identify risk factors associated with GI,
respiratory, and dermal symptoms at the community level
among a prospective cohort. Identifying and assessing these
risk factors for all 3 disease symptoms from the same cohort
within the same time period enables comparison of the
strengths of associations and thus provides a new and useful
public health perspective.

METHODS

Study participants and data collection

As part of a double-blinded, randomized, controlled trial
conducted in South Australia from June 2007 to August 2008,
weekly diaries were given to 300 families (37% of the total

Address for correspondence. Nusrat Najnin, PhD candidate, Infectious Disease Epidemiology Unit, Department of Epidemiology and Preventive Medicine, School
of Public Health and Preventive Medicine, Monash University, The Alfred Centre, 99 Commercial Road, Melbourne, Vic 3004, Australia (e-mail:

nusrat.najnin@monash.edu).
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number of households initially approached) to collect health
data during a 12-month period. The details of the participant
recruitment process are available elsewhere.!® Eligibility
criteria for inclusion related to the main study goal, which
was to determine whether consumption of untreated rainwater
contributed to gastroenteritis. The criteria included: using
untreated rainwater from an above-ground tank as the usual
drinking water source, having at least 4 eligible household
members (including at least 2 children aged 1-15 years),
home ownership or stable rental history (=12 months in
current home), and having a reasonable command of English.
Households were randomly allocated to receive real or sham
water treatment devices to treat rainwater for drinking; real
devices removed microorganisms from the water, while sham
devices did not. Full details on the study and methods used
have been reported previously.'* In brief, the study families
completed a health diary each week, which included reporting
of symptoms related to GI, respiratory, and dermal complaints.
They also provided exposure information regarding recrea-
tional swimming activities, pet ownership, and childcare/
school attendance, as well as health-seeking behavior.

Definitions

We defined a GI symptom as passing a loose stool or vomiting
at least once within a 24-hour period. We considered people to
have respiratory symptoms if they had a sore throat, runny
nose, or cough. A report of rash, generalized itching, or
dermal infection was defined as having dermal symptoms.
Rather than collect information for each of these symptom
complexes daily, we collected information on the overall
presence or absence of each type of clinical event during the
course of each week.

A recreational swimming setting was defined as a public
pool/spa, a private pool/spa, an ocean/beach, or a river/lake/
dam. Participants were asked to record whether they had
swum during the week and in which setting. No information
was recorded regarding duration of swimming, number of
times the participant entered the water, or whether the
participant had put his/her head underwater.

A cluster of GI, respiratory, and dermal symptoms was
defined as development of GI, respiratory, or dermal
symptoms, respectively, in more than 1 household member
in the same or consecutive weeks. Each cluster was
considered to have ended if 2 weeks elapsed with no
symptoms reported by any household member. Participants
could appear in more than 1 cluster over the period of
observation. Sporadic GI, respiratory, and dermal symptoms
were defined as cases that occurred outside of a cluster.

Data management

Completed health diaries were mailed to the study center
(Monash University) every 4 weeks. Diaries were scanned,
and the accuracy and completeness of data were verified using
Cardiff Teleform software (version 10.1, 2006; Vista, CA,
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USA) before data entry into a Microsoft Access database.
Reporting participants were telephoned for clarification if
information was missing or ambiguous.

Data analysis

The number of weeks with valid information was determined
for each of the 3 symptom complexes and for information on
swimming exposure. Analyses of the effect of swimming in
different settings during the current or previous week on
incident events in relation to the 3 symptom complexes
during the current week were performed using log-binomial
regression to estimate risk ratios (RRs),'” accounting for
family clustering using robust standard errors and adjusting
for age, sex, season, and swimming in different settings. To
estimate incident rather than prevalent events, the analyses
were restricted to weeks when each individual did not
experience the symptom complex of interest in the prior
week. Associations of risk factors with being in a symptom
cluster versus a sporadic event or no event were also
estimated using log-binomial regression accounting for
family clustering. Each independent variable was evaluated
for confounding and effect modification. Two-sided P values
less than 0.05 were considered statistically significant. All
calculations were performed using Stata version 11.1.1¢

Ethical considerations

During enrollment, written informed consent was obtained
from all adult household members and from parents and
guardians on behalf of children. This study received approval
from the Monash University Standing Committee on Ethics in
Research Involving Humans (SCERH; 2006/555EA) and the
South Australia Department of Health Human Research Ethics
Committee.

RESULTS

The original study comprised 300 households with 1352
residents. We excluded 23 households who failed to return any
health diaries (21 households) or had missing demographic
information (2 households). Ultimately, our analysis included
277 households comprising 1237 participants. The households
who failed to return health diaries and were therefore excluded
from the analysis and the households that were included in
the analysis had similar demographic characteristics. A
comparison of gastroenteritis rates between groups with real
or sham water treatment devices showed no significant
difference, indicating that drinking untreated rainwater did
not contribute appreciably to health outcomes.'* Therefore,
results from both sham and real filter groups were combined,
and this cohort was considered generally representative of
households with young children.

The mean age of the study participants was 24.1 years
(age range: 0.6-78.6 years); 11% (n=132) of the study
participants were children aged 5 years or younger. The
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numbers of male and female participants in the study were
similar (Table 1). Among the total of 1237 study participants,
54% (n = 674) were attending an educational institution (child
care/kindergarten, primary/secondary school, university) at
the time of the study.

Children attending child care/kindergarten were at higher
risk of GI (RR, 1.65; 95% CI, 1.05-2.58) and respiratory

Table 1. Demographic characteristics of study participants,
Adelaide, Australia (June 2007-August 2008)
Characteristics n=1237 (%)

Age

<5 years 132 (11)

>5 to <15 years 489 (40)

>15 years 616 (50)

Sex

Male 626 (51)

Female 611 (49)

Educational status
Currently attending an educational institution

Attending childcare/preschool 98 (8)
Primary 406 (33)
Secondary 139 (11)
College/university 31 (3)
Education completed?

Primary 7(1)
Secondary/commercial/technical 250 (20)
College/university 273 (22)

@Data missing for 38 (3%) participants.
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symptoms (RR, 1.68; 95% CI, 1.31-2.15) as compared
with all others (Table 2). The risk of reporting dermal
symptoms showed no such association. The similarity in
the strength of the association of childcare/kindergarten
attendance with GI and respiratory symptoms suggests that
such attendance is an equally strong risk factor for these
health outcomes.

Overall, 77% (n=957) of the study participants reported
swimming at least once during the study period. There was no
difference in swimming status between males and females
(51% vs 49%; P: 0.22). Among those who reported having
swum at least once, many swam in more than 1 setting.
Overall, 75% (n=722) swam in a public pool or spa, 62%
(n=591) swam in a private pool or spa, 56% (n = 538) swam
in the ocean, and 22% (n = 210) swam in a river, dam, or lake.
The largest proportion of swimmers were those aged 5 to 15
years (45%; n=433). Fewer people swam during winter as
compared with the other seasons.

Among those who swam at least once, swimming in a
public pool/spa during the current and/or previous week was
significantly associated with all 3 symptom complexes, as
compared with swimming in other settings and not swimming,
in univariate regression analysis. These associations remained
significant after adjusting for potential confounders (Table 2).
The strengths of the associations of public pool/spa exposure
with dermal (RR, 1.41; 95% CI, 1.08-1.85), GI (RR, 1.33;

Table 2. Association of attendance at childcare, school, or other educational institution, pet ownership, and swimming exposure
during the previous or current week with Gl, respiratory, and dermal symptoms, Adelaide, Australia (June 2007—August

2008°?) (n = 1237)

Unadjusted Adjusted®

Attending institution outside home

Risk ratio 95% CI Risk ratio 95% CI P value
Gl
Attending child care/kindergarten® 2.51 2.02, 3.12 1.65 1.05, 2.58
Having a pet at home? 0.98 0.68, 1.41 — —
Swimming in any setting 1.24 0.98, 1.56 1.19 0.94, 1.52 0.149
Swimming in public pool/spa® 1.5 1.15, 2.04 1.33 0.99, 1.77 0.057
Swimming in private pool/spa® 0.75 0.55, 1.03 0.83 0.60, 1.15 0.251
Swimming in ocean and/or river® 0.94 0.68, 1.31 0.99 0.70, 1.39 0.948
Respiratory
Attending child care/kindergarten® 2.52 2.09, 3.03 1.68 1.31,2.15
Having a pet at home* 1.1 0.83, 1.47 — —
Swimming in any setting 1.06 0.92, 1.22 1.09 0.97, 1.23 0.153
Swimming in public pool/spa® 1.34 1.13, 1.58 1.20 1.04, 1.38 0.014
Swimming in private pool/spa® 0.71 0.58, 0.87 0.98 0.80, 1.20 0.842
Swimming in ocean and/or river® 0.77 0.62, 0.95 0.92 0.72,1.18 0.517
Dermal
Attending child care/kindergarten® 2.74 1.71, 4.39 0.96 0.52,1.77
Having a pet at home® 1.45 0.81, 2.60 — —
Swimming in any setting 1.82 1.43, 2.33 1.59 1.26, 2.01 <0.001
Swimming in public pool/spa® 2.07 1.50, 2.87 1.41 1.08, 1.85 0.013
Swimming in private pool/spa® 1.16 0.74, 1.80 1.16 0.77,1.74 0.471
Swimming in ocean and/or river® 1.08 0.76, 1.52 1.42 0.95, 2.14 0.088

Abbreviation: Gl, gastrointestinal.
2All analysis accounted for clustering by household.
PRisk ratios adjusted for age, sex, season, and household clustering.

°Comparator group: Attending primary school or a higher educational institution or not attending any educational institute.

9Dogs, cats, birds, and fish.

€Adjusted for swimming in other settings; comparator group: swimming in other settings and non-swimmers.

125

J Epidemiol 2014,24(1):39-46



42 Risk of Gl, Respiratory, Dermal Symptoms

Table 3. Demographics of individuals within and outside a Gl symptom cluster, Adelaide, Australia (June 2007-August 20082)

(n=1235)

People with sporadic

People with no

. . b

Demographic characteristics Peo;ilzggcl;ster Gl symptoms Gl symptoms R;s:o/rag? P value
n=355 (%) n=211 (%) n=669 (%) (95% CI)

Sex

Male 169 (48) 104 (50) 352 (53) 1.00

Female 186 (52) 107 (51) 317 (47) 1.13 (0.96, 1.32) 0.131

Age

<5 years 78 (22) 22 (10) 32 (5) 2.49 (2.01, 3.05) <0.001

5 to 15 years 131 (37) 87 (41) 270 (40) 1.13 (0.93, 1.37) 0.208

>15 years 146 (41) 102 (48) 367 (55) 1.00 —

Attending educational institution

Attending child care/kindergarten 60 (17) 15 (7) 23 (3) 2.32 (1.89, 2.86) <0.001

Attending primary school or higher 147 (41) 100 (47) 328 (49) 0.97 (0.80, 1.18) 0.76

educational institution

Not attending any educational institution 148 (42) 96 (46) 318 (48) 1.00 —

Abbreviation: Gl, gastrointestinal.

aCluster was defined as >1 person in a household having Gl symptoms during the current or previous week.
bRisk ratio for being in a cluster vs not being in cluster (people with sporadic and no Gl symptoms combined), using binary regression adjusted for

clustered family design.

95% CI, 0.99-1.77), and respiratory symptoms (RR, 1.2; 95%
CI, 1.04-1.38) were similar. In multivariable analysis,
swimming in any setting was associated only with dermal
symptoms. We found no significant association of swimming
exposure in a private pool/spa or in an ocean/river/lake/dam
with any disease symptoms of interest (Table 2). Moreover,
if we restricted the multivariable regression analysis to
swimming in the previous week only, only swimming in a
public pool and respiratory symptoms were significantly
associated (P =0.022). Corresponding analysis restricted to
swimming and having symptoms during the same week
showed that dermal symptoms were associated with
swimming in any setting (P =0.003) and swimming in a
public pool/spa (P=0.029), and that GI symptoms were
associated with swimming in a private pool/spa (P =0.018).
We found no association of GI, respiratory, or dermal
symptoms with pet (cat/dog/fish/bird) ownership (Table 2).

Of the 45% (n = 561) of participants who had GI symptoms
during the study period, 63% (n =355) were part of a cluster
and 37% (n=211) were sporadic cases. There was a total of
287 GI symptom clusters, distributed among 124 (45%) of
households. The mean number of GI clusters per household in
those recording at least 1 cluster was 2.3 (median 2, maximum
15), and the mean number of symptomatic weeks among
individuals in a GI cluster(s) was greater than that among
those who were never part of a cluster (2.5 vs 1.5, P <0.001).
We found no correlation between number of members per
household and number of study participants in a GI cluster
(P=0.11). Those in at least 1 GI cluster were younger (mean
20.3, median 11.4 years) than those not in a GI cluster (mean
25.7, median 16.6 years, P <0.001).

Overall, 80% (n = 987) of study participants had respiratory
symptoms, among whom 94% (n = 929) were part of a cluster
and 6% (n=84) were sporadic cases. The 1568 respiratory
symptom clusters reported involved 240 households (87%).

J Epidemiol 2014,24(1):39-46

People in a respiratory cluster(s) reported more weeks with
symptoms than did sporadic cases (mean 4.8 vs 1.8,
P <0.001). The mean number of respiratory clusters per
household was 6.5 (median 5, maximum 33), and there was a
correlation between number of household members and total
number of participants involved a cluster (P <0.001). The
mean ages for those in (22.9 years) and outside (27.9 years)
a cluster were different (P <0.001).

Of the 31% (n = 273) of study participants who had dermal
symptoms during the study, 39% (n=107) were part of
a cluster and 61% (n=166) were sporadic cases. There
were 107 dermal symptom clusters affecting 39 (14%) of
households. More symptomatic weeks were reported by those
in a dermal cluster(s) (mean, 5.8 weeks vs 3.4 for sporadic
cases, P=0.012). The maximum number of dermal clusters
per household was 28 (mean 4.7, median 2). There was no
correlation between number of household members and
number of people in a cluster (P =0.124). The mean age for
individuals in a cluster (17.3 years) was lower than that for
those not in a cluster (24.8 years) (P <0.001).

For all 3 symptom complexes, the identified risk factors for
being part of a household cluster were age under 5 years and
attendance at a child care/kindergarten (Tables 3, 4 and 5).

DISCUSSION

To our knowledge, this is the first prospective longitudinal
cohort study to examine risk factors associated with
community reports of GI, respiratory, and dermal symptoms
concurrently. Among our study participants, those who
attended childcare or kindergarten were more likely to suffer
from respiratory symptoms, even after adjustment for age.
People swimming in public pools or spas had an increased
risk of reporting all 3 symptom complexes, and household
clusters of GI and respiratory symptoms were common.
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Table 4. Demographics of individuals within and outside a respiratory symptom cluster, Adelaide, Australia (June 2007—August

2008°?) (n = 1235)

People with sporadic

People with no

. _ People in cluster : . Risk ratio®
Demographic characteristics =929 (%) respiratory symptoms  respiratory symptoms (95% Cl) P value
n=84 (%) n =220 (%)

Sex
Male 465 (50) 39 (46) 121 (55) 1.00 —
Female 464 (50) 45 (54) 101 (46) 1.02 (0.96, 1.10) 0.457
Age
<5 years 118 (13) 7(8) 7 (3) 1.24 (1.15, 1.34)  <0.001
5to 15 years 369 (40) 38 (45) 82 (37) 1.05 (0.99, 1.11) 0.102
>15 years 442 (48) 39 (46) 1433 (60) 1.00 —
Attending educational institution
Child care/kindergarten 87 (9) 7 (8) 4 (2) 121 (1.11,1.32)  <0.001
Attending primary school or higher 432 (47) 44 (52) 100 (45) 1.03 (0.97, 1.09) 0.84
educational institution
Not attending any educational institution 410 (44) 33 (39) 118 (53) 1.00 —

@Cluster was defined as >1 person in a household having respiratory symptoms during the current or previous week.
bRisk ratios for being in a cluster vs not being in cluster (people with sporadic and no respiratory symptoms combined), using binary regression

adjusted for clustered family design.

Table 5. Demographics of the individuals within and outside a dermal symptom cluster, Adelaide, Australia (June 2007—August

20082) (n = 1235)

People with sporadic

People with no

; ; ‘b
Demographic characteristics Peop_le1 (|)n7 cI;ster dermal symptoms dermal symptoms Rslas5ko/rag<|) P value
n= (%) n=166 (%) n=962 (%) (95% CI)

Sex
Male 49 (46) 76 (46) 499 (52) 1.00 —
Female 58 (54) 90 (54) 463 (48) 1.21 (0.83, 1.77) 0.33
Age
<5 years 24 (22) 34 (21) 74 (8) 3.39 (2.04, 5.62) <0.001
5 to 15 years 50 (47) 74 (45) 364 (38) 1.91 (1.31, 2.77) 0.001
>15 years 33 (31) 58 (35) 524 (55) 1.00 —
Attending educational institution
Child care/kindergarten 18 (17) 28 (17) 52 (5) 2.37 (1.68, 4.62) 0.002
Attending primary school or higher 52 (49) 83 (50) 440 (46) 1.37 (0.93, 2.02) 0.1
educational institution
Not attending any educational institution 37 (35) 55 (33) 470 (49) 1.00 —

aCluster was defined as >1 person in a household having dermal symptoms during the current or previous week.
bRisk ratios for being in a cluster vs not being in cluster (people with sporadic and no dermal symptoms combined) using binary regression, adjusted

for clustered family design.

Attending childcare or kindergarten was previously re-
ported as a risk factor for GI and respiratory symptoms.>!720
Our results support those findings but additionally suggest
that childcare/kindergarten attendance increases the risks of
these health outcomes by approximately 60%. One likely
reason for the vulnerability to illness among young children
attending childcare is close contact with other infected
children (and/or staff) in a crowded environment,
particularly as hygiene measures may be compromised in
this setting. We observed no strong association between
dermal symptoms and attendance at educational institutions,
consistent with the premise that transmission of contagious
dermal symptoms is less likely. We also found that keeping
any kind of pet at home was not a risk factor for any of the 3
symptoms of interest. This is supported by studies conducted
in other settings.?!>

Recreational swimming is another recognized risk factor
for GI, respiratory, and dermal symptoms,”®2® although no
previous study examined whether there is a differential impact
in relation to type of swim setting for all 3 symptom
complexes. We found that recreational swimming in any
body of water was significantly associated only with dermal
symptoms. However, swimming in a public pool/spa was an
identified risk factor for GI, respiratory, and dermal symptoms
(adjusted RRs for all 3 symptom complexes, 1.2-1.4).
Outbreaks of gastroenteritis associated with swimming in
a public pool or spa are reported frequently,?>** but the
relationship between sporadic gastroenteritis and swimming
is complex, as it reflects factors such as the background
pathogen load in the source water, the likelihood of water
contamination due to fecal pathogen excretion by other
swimmers,?' the impact of any disinfection procedures (eg,
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chlorination) on pathogen concentration,*? and the volume of
water ingested by the swimmer.

While it is important to treat pool water with disinfectants
to kill microorganisms and reduce the chance of disease, these
chemical products and/or their by-products might contribute
to respiratory and dermal symptoms by inducing an allergic
reaction.?®333% However, swimming in a private pool, which
would also involve chemical disinfectants (albeit at potentially
lower concentrations), was not significantly associated with
symptoms.

The final aspect examined was the frequency of clustered
symptoms among household members. Although presence of
concurrent symptoms among householders was reported
previously,* %35 many of the relevant studies were
performed in the setting of a community outbreak or as a
follow-up of a laboratory-confirmed case of an individual
pathogen®— rather than in a prospective community-based
study. In the present study, clusters of dermal symptoms
affected 31% of households, as compared with 45% and 80%
for GI and respiratory symptoms, respectively. For all 3
symptom types, being in at least 1 cluster was associated with a
higher mean number of weeks with symptoms, as compared
with sporadic cases. The 2 demographic characteristics most
strongly associated with being in any type of cluster were age
younger than 5 years and attending childcare or kindergarten,
which confirms the findings of previous research conducted in
a variety of settings.®”3%4? Respiratory symptoms were most
common overall, and clustering of respiratory symptoms was
also more common in larger households. These findings may
reflect the comparative transmissibility of respiratory, GI, and
dermal pathogens.

In contrast to earlier reports of family clustering of GI and
respiratory symptoms, which gathered evidence from known
outbreaks or laboratory surveillance data, our prospectively
collected data are more likely to reflect levels of community-
based clustering. However, we were not able to examine
the underlying reasons for clustering of symptoms within
families, which could be due to common exposure, secondary
spread, simultaneous occurrence of unrelated sporadic cases,
or (for noninfectious etiologies) familial sensitivity. For
example, clustered dermal symptoms do not necessarily
reflect pathogen transmission and may be due to atopy
within families.

Our study has several limitations. First, we relied on self-
reported data over a 1-year time period. It is possible that
response fatigue may have meant some people did not report
all symptoms, which may have resulted in under-reporting and
therefore underestimation of the strength of association for
some risk factors. Second, we collected information on the
presence or absence of different symptoms using broad
symptom-based case definitions. Therefore, the results must
be interpreted with caution, as not all symptoms were
necessarily serious or infectious. Nevertheless, they are
indicative of the frequency and burden of each of the 3
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symptom types in the community. Third, our case definition
of swimming considered swimming during the current and/or
previous week and GI, respiratory, and dermal symptoms
during the current week. Consideration of the current week
in our case definition means that we measured exposure
(swimming) and outcome in the same week; thus, we
cannot be entirely certain that exposure preceded outcome.
Additionally, we measured weeks, rather than days, with
symptoms and therefore cannot precisely define the start and
end points of episodes. Finally, our findings may not be
generalizable across whole communities. We deliberately
enrolled selected English-speaking households in South
Australia with at least 2 children aged 1 to 15 years.
Therefore, our results reflect the demographics of those
included, namely, young families living in urban Adelaide.
While the results may thus not be applicable to all other
populations, they are nevertheless likely to be relevant for
families in urban areas of developed countries.

In summary, in a prospective cohort of 277 Australian
families, we confirmed and extended previous reports of risk
factors for illness by performing a prospective community-
based study that simultaneously examined respiratory, GI,
and dermal health complaints. Attendance at childcare or
kindergarten was similarly associated with GI and respiratory
symptoms. Recreational swimming in public pools was an
equally strong risk factor for GI, respiratory, and dermal
symptoms. Clustering of symptoms within households was
common for GI and respiratory symptoms, although more
respiratory clusters were seen. Prospectively assessing risk
factors for 3 symptom complexes together in 1 cohort during
1 time period is new and enabled us to compare risk ratios
and strengths of associations for different risk factors. These
comparative data are helpful in prioritizing prevention
strategies for various health outcomes.
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Chapter 9: Discussion and Conclusions

9.1 Chapter overview

In this chapter I aimed to highlight the key findings from the previous chapters (Chapter 4 to 8), and
to discuss implication of these findings on future research in preventing diarrhoea and respiratory
illness. I also briefly discussed the strengths and the limitations of the research that I undertook for

each of the objectives. Finally, this section presents the conclusions of this thesis.

9.2 Discussion (Summary of key findings, potential implications,
recommendations for future research and strengths and limitations

of each objectives)

To date billions of people still lack access to safe water and sanitation, resulting in deaths, missed
education and reduced productivity. To achieve the 2030 Agenda for Sustainable Development
(SGD) #6, it is important to ensure availability and sustainable management of drinking water,
sanitation and hygiene services for all (140). About 2.1 billion people still need improvement of
water quality services (140). The definition of the new global SDG indicator ‘proportion of
population using safely managed drinking water services’ includes improved drinking water source
that is not only located in premises and available when needed but also compliant with faecal and
chemical standard. Hand-washing with soap and water is one of the hygiene measures that is widely
recognized as a top priority for reducing transmission of diseases. The low-income countries have
the lowest coverage for hand-washing facilities (140). The SGD 6 synthesis report on 2018 reported
that almost 60% of countries do not have data available for most of global SDG 6 indicators,

suggesting a major knowledge gap.
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Systematic reviews and meta-analysis of previous efficacy studies showing positive impact of
promoting water treatment at POU and hand-washing with soap on diarrhoea targeted only small
number of households in various countries (88, 89). Whether these approaches are effective when
implemented on a larger scale is still unclear (128, 129). Upscaling effective interventions to
improve drinking water quality, sanitation and hygiene behaviour and sustained use of these
interventions especially in resource poor settings are key to achieve the SGD 6. POU water treatment
is recognised as the most cost effective approach to provide access to safe water for the global poor
who are at higher risk of suffering from waterborne diseases (104). While correctly utilized POU
water treatment interventions can improve water quality, public health benefits require more
sustained, consistent and widespread usage. Schmidt et al reviewed the evidence on acceptability,
scalability, adverse effects, and non-health benefits as the main criteria to establish the evidence that
is needed before scaling up of POU water treatment interventions (87). They concluded that
widespread promotion of POU water treatment intervention is still premature given the available
evidence and recommended further studies to assess acceptability of POU water treatment products
are needed before these can be recommended to policy makers and implementers (87).

I have discussed the summary of key findings, potential implications, recommendations for future

research and strengths and limitations of each objectives below:

Objective 1

In this thesis, to address objective 1, I examined sustained use and associated motivators and barriers
of a particular POU water treatment product (CrystalPur siphon filter) in a low-income urban
community in Bangladesh to understand if this product would be ideal for scaling up in that context.
I have briefly mentioned the results in Chapter 4 and details of this study findings and
interpretations can be found in the published paper that I have included in Chapter 4.3 (165).

Briefly, the study described by Luoto et al. provided 600 households in poor communities in Dhaka,
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Bangladesh randomly-ordered two-month free trials of four water treatment products: dilute liquid
sodium hypochlorite solution (marketed locally as Water Guard), sodium dichloroisocyanurate
tablets (branded as Aquatabs), a combined flocculant-disinfectant powdered mixture (the PUR
Purifier of Water), and a silver-coated ceramic siphon filter (107). The reason for choosing the
CrystalPur siphon filter as an intervention product in this study was that it is an economical
(expected retail US$7) and microbiologically effective POU water treatment product (167).
Households reported highest usage of the filter in this trial, suggesting it was one of the most popular
water treatment products among the participants. After receiving the CrystalPur siphon filters at the
end of this randomised trial (either at a cost or for free, as determined by the BDM auction
procedure; discussed in Chapter 3), approximately a quarter of households were using it regularly
during the three-month follow-up visit, but regular usage decreased to approximately one-fifth
during the six-month follow-up visit.

Other studies have similarly reported that sustained use of POU water treatment intervention declines
with time. In Bolivia, there was an approximately 20% decline in use of water filtration device after
9 months of implementation (181). An assessment of a household water filtration device provided at
no cost to residents in rural Cambodia showed a decline in sustained usage at a rate of 2% per month
after the implementation was over (182). We found regular filter usage declined by 7% from months
3 to 6, and the usage rate after 3 months among our study participants was much lower than in the
Bolivian and Cambodian studies. Positive predictors of regular filter usage at both times were:
reporting boiling drinking water at baseline; willingness to pay >US$1 for filters at auction; positive
attitude towards filter use; and Bengali (not Bihari) ethnicity. Frequently reported barriers to regular
filter use were: filter breakage, considering filter use an additional task, and time required for water
filtering. Given the low regular usage rate and the hardware-related problems reported by study
participants, contribution of the siphon filter to improving water quality in low-income urban
communities in Bangladesh or other similar contexts is likely to be minimal. This study adds to the

considerable evidence that only a small minority of low-income households practice efficacious
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household water treatment (109-111, 183). Unless future products result in higher demand and
increased uptake among the population at highest risk for adverse health outcomes, point of use
water treatment will contribute little to reducing the global burden of disease caused by poor water
quality. This study also confirmed that the CrystalPur water filter would not be a suitable POU water
purifying product to be promoted at a larger scale in Bangladesh. I have discussed the specific
strengths and limitations of this study in details in the published paper included in Chapter 4. In
short, one of the strengths of this study is that we explored the reasons contributing to and reducing
sustained use of POU water treatment products in this study. To date, only few studies have explored
this. We also explored motivators and barriers to sustained use in this study, which is crucial for
designing effective future programs for household safe water products. One of the main limitations
of this study was generalisability of the result. The design of the CrystalPur water filter is different
from water filters commonly available in the market and therefore the measure of sustainability may

not apply to other water filters.

Objective 2

Scaling up of WASH interventions remain difficult. Evaluations of several large-scale WASH
intervention trials and programs have reported limited health impacts and incomplete intervention
uptake (184-188). Additionally, in the small-scale trials the efficacy of such interventions has been
assessed mainly through potentially biased self-reported disease episodes rather than using an
objective measurement. It is also unclear from literature whether combining vaccination with WASH
interventions incrementally increases health benefits. The second objective of this thesis was to
assess whether large scale implementation (includes >60,000 households) of a POU water treatment
(liquid sodium hydrochloride) and hand hygiene intervention (washing hands with soap and water) in
combination with cholera vaccination could effectively reduce objectively assessed diarrhoea-
associated hospitalisation in a randomised controlled trial, known as the ICVB trial in low-income

communities of Bangladesh. I have presented the detailed relevant results in Chapter 5 and in
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published paper (189). In short, despite using an effective cholera vaccine and culturally adapted
behaviour change interventions, in this study I found no significant impact of combined vaccine-
plus-behaviour-change intervention on rates of hospitalisation among participants of all age group or
children <5 years of age with diarrhoea or hospitalisation with severe diarrhoea. One of the possible
reasons was, cholera incidence being too low during the study period in the study community to
make a detectable contribution to overall hospitalisation rates for all-cause diarrhoea. In fact the
culture confirmed cholera cases accounted for ~7% of total number of cases of diarrhoea-related
hospitalisation at the time of study (68). The low cholera rate during the study period could be due to
people not seeking care from the study hospitals. However, the possibility of this is low because, all
the study hospitals including the icddr,b hospitals were within the study catchment areas and the
icddr,b hospitals are renowned locally for cholera treatment. Another reason could be vaccinated
people migrating to the control group area, or herd immunity from cholera vaccine. Even though a 30
meter buffer zone was created around each cluster in this study to avoid contamination of the
intervention, this might not have been enough of a buffer to truly reduce vaccine contamination (e.g.,
herd protection due to the vaccine). However, during the intervention period only ~4% people
changed study areas, suggesting spillover effect is unlikely to have affected intervention impact.
Other possible reasons were low uptake of behaviour change interventions and high population
migration rate in the study area. Data collected from a subset of households in this study showed that
the indicator of uptake of hand washing intervention (presence of soap and water at primary hand-
washing station) was present at ~45% of the households and the indicator of uptake of POU water
treatment intervention (presence of residual chlorine in stored drinking water) was present at 5%

households.

Low uptake of chlorine-based water treatment products has been reported in similar contexts (107,
146). For example, a study conducted in urban Dhaka in 2009 promoting chlorine-based products

detected residual chlorine in only ~8% of households (107). The taste and smell of chlorine-treated
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water is a commonly reported barrier (108). The reasons for poor uptake of these previously-tested
interventions may be related to difficulty of delivering the behaviour change intervention with high
quality at a large scale (146, 147). A recent evaluation of one of the largest WASH programs in
history the Sanitation Hygiene Education and Water Supply in Bangladesh (SHEWA-B) program,
targeting approximately 20.4 million beneficiaries from 2007 to 2012 also reported the difficulty of

maintaining program quality while scaling up (190).

The strength of this study is that it reports an objective measure of the impact of combined hand-
washing and POU water treatment intervention plus cholera vaccination on hospitalisation for
diarrhoeal disease examined through a large scale, community-based intervention trial. To my
knowledge, no other large-scale study previously reported this. One of the limitations of this study is
that [ used a proxy indicator for assessing hand-washing behaviour uptake, which was the presence
of soap and water at the primary hand-washing station. Even though this is a commonly used
indicator to assess hand-washing uptake (124, 176), it does not guarantee that people actually wash
their hands or use soap. Another limitation was high population migration in the study area, which is
common in low-income communities of urban Dhaka. Approximately 58% of the study participants
migrated out of the study area before completion of the two-year follow-up and thus limited the
consistency of participants’ exposure to the intervention. However, our analysis restricted to people
who stayed in the study area for the entire study period also showed no reduction in diarrhoea
hospitalisation, despite a slightly higher uptake of interventions compared to those who migrated.
While the low rate of cholera and high rate of population migration accounts for the limited impact
of oral cholera vaccination in this study, the failure of the drinking water and hand washing
intervention underscores the need for investment in research to improve the effectiveness of
community wide interventions that separates human faeces from the environment, food and water

supply of low income country residents.
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Objective 3

Evidence shows that hygiene behaviour change intervention including hand washing with soap that
have been promoted to prevent diarrhoea have also been effective in reducing respiratory illness in a
range of settings (84, 122). Using the ICVB study data, to address the third objective of this thesis, I
also attempted to examine effects of an at-scale intervention under real-world conditions to promote
hand-washing with soap on reported respiratory illness. I hypothesized that upscaling a community
based hand-washing intervention to reduce diarrhoea could also reduce respiratory illness. The thesis
also examined whether the presence of soap and water at primary hand-washing stations was
associated with a reduction in respiratory illness, irrespective of intervention assignment of
participants. The detailed study findings have been presented in Chapter 7 in a published paper
(191). Briefly, there was no impact of the hand washing intervention on overall or age-specific
reported respiratory illnesses though uptake of the hand-washing intervention was modest compared
to other large scale hygiene promotion programmes. The uptake indicator for hand-washing
behaviour in this study, namely the presence of soap/soapy water plus water in the primary hand-
washing station, was 17% higher (45% vs. 28%) in the vaccine-plus-behaviour-change intervention
group compared to the control group. Even though this increase seems low compared to some
efficacy studies with more intense promotion of hand-washing behavior (192, 193), the hand-
washing intervention uptake was not much lower in our study compared with other large-scale
interventions (128, 129). For comparison, a project, Sanitation, Hygiene Education and Water
Supply in Bangladesh (SHEWA-B) aimed to improve hygiene, sanitation and water supply for 20
million people in rural Bangladesh (128). During the first two year of the intervention period the
focus was to improve water sanitation and hygiene behaviour through interpersonal communication
and group discussions. By the end of this two years intervention period the presence of water, soap
or ash in convenient hand-washing location had increased up to 16% from baseline (145). Similarly
the national hand washing promotion program in Peru, targeting ~28 million people, found no effect

of a mass media intervention on hand washing behaviour and combined the mass media campaign,
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though, with more intense training and promotional activities at the community level increased the
share of households with hand washing facilities by 4.9% (129). Neither SHEWA-B nor the Peru
national hand washing program resulted in a measurable reduction in childhood diarrhea or
respiratory illness (128, 129). However, both SHEWA-B and the Peru national hand washing
program were externally funded programmatic interventions targeting millions of people compared

with the ICVB trial focused in one suburb of a large city.

In the ICVB trial people who had soap/soapy water plus water present at their hand-washing station
(an indicator of hand washing behaviour uptake in this study), irrespective of intervention allocation,
had lower prevalence of respiratory illness. Evidence suggests that people are more likely to wash
their hands at key times if they have soap and water present in the hand-washing station (124, 176).
An association between this surrogate measure of hand-washing behaviour and interruption in
disease transmission has been observed in other studies that showed fewer child respiratory
infections among participants with access to water for washing hands in the house (134, 135). The
findings of this thesis suggestes that because hands have a role in transmission of respiratory viruses
(194, 195), focused behavioural interventions targeting reducing transmission of respiratory
pathogens might be more effective in reducing illness prevalence. Although the association of having
soap and water present in the hand-washing station and lower respiratory infection suggests that
continued effort to develop low cost strategies to improve population hand washing practices has the
potential to improve child health, the interventions deployed in this trial did not impact respiratory
illness. Changing handwashing behavior among large populations, remains difficult, and so such
efforts should be rigorously evaluated so that the global community can learn from ongoing efforts

and attempt to develop and optimize sound strategies.

One of the strengths of this study is that it was conducted on ~240,000 people. Most previous

efficacy studies reporting the impact of intense implementation of hygiene behaviour change on
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respiratory illness have been on small number of people (up to ~6,000). One of the limitations of this
study is that the focus of the behavioural messages for washing hands was related mainly to
defecation and food preparation events, as the goal of the main study was aimed at reducing

diarrhoea in the community rather than respiratory diseases.

Objective 4

In Chapter 2.7 of this thesis, I have discussed the difficulty in assessing impact of behavioural
intervention on health outcome such as diarrhoea. There is concern about the reliability of measuring
reported health outcome due to observer bias in non-blinded trials (162), courtesy bias (151, 152)
imperfect and biased recall (153-158) and surveillance fatigue (159-161). Objective 4 of this thesis
was to compare data collected using two different survey methodologies, carried out by different
data collection teams to elicit reported diarrhoea impacted on the interpretation of intervention
effects on measured reported diarrhoea among children aged <5 years. In this thesis, I also had the
opportunity to compare the reported diarrhoea data with objectively measured diarrhoea-associated
hospitalisation rates for children <5 years in the same study. I have previously reported that the
interventions did not reduce diarrhoea-associated hospitalisation for children <5 years of age in the
ICVB trial. In Chapter 3.2, I have discussed the study methodology that I used to address this
objective. The source of data was the ICVB trial, where non-blinded interviewers collected reported
diarrhoea data using similarly constructed questions for children aged <5 years using two separate
surveys (census and monthly-survey), each of which was administered on the same study population
throughout the study period. The ‘census’ data were collected from each household every six months
for updating household demographic information. The ‘monthly-survey’ data were collected every
month from a different subset of randomly selected study households for monitoring uptake of
behaviour-change interventions. Data on diarrhoea-associated hospitalisation were also collected for

children aged <5 years. I hypothesised that in this non-blinded trial, the interpretation of impact
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evaluation based on reported diarrhoea data collected through two different surveys for children aged
<5 years will be similar. The details on study findings could be found in Chapter 6 that includes the
paper that has been published in the American Journal of Tropical medicine and Hygiene.
Briefly, no intervention impact was detected in the census or in the monthly-survey for vaccine-only
versus control. However, diarrhoea prevalence was lower in the vaccine-plus-behaviour-change
group compared to control measured in the monthly-survey. The reasons for observing impact of the
intervention in the monthly-survey is unclear but could be due to bias rather than an intervention

effect.

Presence of observer bias in non-blinded studies has been frequently reported. Hrébjartsson and
colleagues conducted a systematic review of randomized clinical trials with both blinded and non-
blinded assessment of same subjective measurement scale outcomes with an aim to assess presence
of observer bias and reported that the non-blinded assessors exaggerated the pooled effect size by
68% (162). In the ICVB trial, the monthly-survey team was directly supervised by researchers
involved in developing and implementing the behavioural interventions and the focus of this team
was assessing the uptake of behavioural interventions. Given the non-blinded nature of this study,
these assessors may have been predisposed to expect lower diarrhoea in the intervention group, and
consciously or unconsciously may not have recorded information on diarrhoea (196). By contrast,
the census data collectors may have been comparatively more neutral in collecting diarrhoea data
considering the vaccine implementation team of researchers supervised them and their focus of data
collection was updating household demographic information rather than assessing the uptake of
behaviour interventions. However, group discussions with the monthly survey data collectors did not
reveal any information on perceived pressure to indicate the presence of observer bias, so, if this bias

was operating, it may have been unconscious.
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Other possible explanations for the difference in the census and monthly-survey data include minor
differences in methodology, framing of the questions to collect information on diarrhoea and
sampling variability. For the monthly surveys, data collectors did not visit households more than
once within the study period, but may have visited the same compound several times even within a
week. As the ICVB trial interventions were mostly implemented at the compound level, it is possible
that repeated visits to the same compound within a short time interval combined with the
considerable amount of time spent assessing behavioural intervention uptake, may have alerted some
participants to the fact that reduced diarrhoea was a ‘desirable outcome’ of the intervention. This
could have influenced reporting of diarrhoea because of social desirability bias (197, 198), or

courtesy bias (199).

The strength of this study is that to our knowledge no other study previously assessed inconsistency
of reported diarrhoea data in assessing intervention impact from the same study by comparing data
from two representative surveys and objectively collected data. It is possible that the interventions
actually had impact on mild diarrhoeal episodes at the community level, which was reflected in
monthly-survey data, but not on moderate to severe diarrhoea that required hospitalisation. This
statement could be supported if we could compare the reported diarrhoea data with stool pathogen
data collected from the community, which was not done in this study. This is one of the limitations

of this study.

The findings of this study add further evidence of the difficulty of interpreting self-reported

diarrhoea in non-blinded trials, difficulties that can affect assessment of the intervention impact (87).
Avoiding assessing health outcome and intervention uptake at the same time may reduce risk of bias.
These study findings highlight the importance of measuring objective outcomes when assessing non-

blinded trials and comparing these with subjective outcome measures.
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Objective 5

Risk factors of diarrhoea and respiratory illnesses are context specific. Therefore when designing
preventive measures, one has to consider context. In Chapter 2.4 of this thesis, I have discussed the
rationale for concurrent examinations of risk factors of diarrhoea, respiratory and dermal diseases
from the same cohort within the same study period in a high-income country, namely Australia.
Details about the study methodology could be found in Chapter 3.3 of this thesis and I have
included the published paper in Chapter 8. Briefly, risks of gastro-intestinal (GI) and respiratory
symptoms were similar among childcare/kindergarten attendees in this study. Swimming in public
pools/spas in the current or previous week was associated with all three symptom complexes,
conferring similar risk for each. Pet ownership was not associated with symptoms. Household
clustering of GI and respiratory symptoms was common, and clustering of respiratory symptoms

correlated with number of individuals per household.

Attending childcare or kindergarten has been previously reported as a risk factor for GI and
respiratory symptoms (56, 200-203). These results support previous findings, but additionally
suggest that childcare/kindergarten attendance increases the risks of both health outcomes by
approximately 60%. It was also found that keeping any kind of pet at home was not a risk factor for
any of the three symptoms of interest. This is supported by studies conducted in other settings (204-

208).

Recreational swimming is another recognised risk factor for GI, respiratory and dermal symptoms
(209-211), although no previous study has examined whether or not there is a differential impact of
the type of swim setting for all three symptom complexes. This study identified that swimming in a
public pool/spa was an identified risk factor for GI, respiratory and dermal symptoms, with the
adjusted risk ratios for all three symptoms complexes being between 1.2-1.4. Outbreaks of

gastroenteritis associated with swimming in a public pool or spa are reported frequently (212, 213),
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but the relationship between sporadic gastroenteritis and swimming is complex, reflecting factors
such as the background pathogen load in the source water, the likelihood of water contamination due
to faecal pathogen excretion by other swimmers (214), the impact of any disinfection procedures
(e.g. chlorination) on the pathogen concentration (215), and the volume of water ingested by the
swimmer. While it is important to treat pool water with disinfectants to get kill microorganisms and
reduce the chance of disease, these chemical products and/or their by-products might contribute to
respiratory and dermal symptoms by inducing an allergic reaction (211, 216, 217). However
swimming in a private pool, which would also involve chemical disinfectants (but perhaps at a lower

concentration) was not found to be significantly associated with symptoms.

This study also examined the frequency of clustered symptoms among household members.
Although concurrent symptoms among householders has been reported previously (59-61, 218),
many relevant studies have been performed in the setting of either a community outbreak or as
follow-up of a laboratory confirmed case of an individual pathogen (219-222) rather than in a
prospective community-based study. Clusters of dermal symptoms affected 31% of households,
compared to 45% and 80% for GI and respiratory symptoms, respectively. For all three symptom
types, being in at least one cluster was associated with a higher mean number of weeks with
symptoms than for sporadic cases. The two demographic characteristics found to be most strongly
associated with being in any type of cluster were age <5 years and attending childcare or
kindergarten, again supporting previous research conducted in a variety of settings (57, 58, 222-225).
Respiratory symptoms were most common overall, and clustering of respiratory symptoms was also
more common with larger household size. These findings may reflect the comparative

transmissibility of respiratory, GI and dermal pathogens.

I have discussed the limitations of this study in the published paper. Briefly, this study relied on self-

reported data over a one year time period. Response fatigue may have meant some people did not
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report all symptoms, which may have resulted in under-reporting and therefore underestimation of
the strength of association of some risk factors. The study deliberately enrolled selected English-
speaking households living in urban areas in South Australia with at least two children aged 1-15
years. While the results may therefore not be applicable to all other populations, they are

nevertheless likely to be relevant for families in urban areas of high-income countries.

Prospectively examining the risk factors for three different symptom complexes together through one
cohort during one time period is novel and has enabled me to compare the risk ratios and strength of
association for different risk factors. Comparative data such as this study has provided is helpful in

prioritising prevention strategies for various health outcomes.

9.3 Conclusions

Access to WASH services is essential not only for ending diarrhoea and other water related
preventable deaths, but also for improving nutrition, social well-being and economic productivity in
low- and middle-income countries. Water-related diseases disproportionately affect vulnerable
populations that do not have access to basic WASH services. Scaling up of low-cost effective WASH
interventions is important in eliminating WASH related inequalities and to meet SDG WASH targets
by 2030. However, findings of this thesis show that despite knowing about proven benefits of
WASH interventions in improving health, usage of these interventions by the poor often do not
sustain due to complex reasons. It also suggests that promoting WASH interventions especially POU
water treatment interventions at larger scale remains difficult. Even though uptake of hand-washing
intervention was among 45% of households in the intervention group in this thesis, the null effect of
WASH interventions on both observed and reported diarrhoea is consistent with the evidence from

large body of observational and efficacy studies that I have discussed about in chapter 2 of this
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thesis. Findings from my thesis show that the WASH interventions, especially the POU water
treatment intervention, implemented primarily at the compound level at scale in low-income

communities are unlikely to be effective in reducing diarrhoea.

Considering results of the ICVB trial in my thesis, future research should focus on interventions that
are more effective in reducing diarrhoea than the interventions that were implemented in this thesis.
Recent interpretation of the WASH interventions effects from the WASH Benefits and SHINE trials
indicates that, all published trials on contextually appropriate POU water chlorination and hand
washing promotion that had less than fortnightly contact between the hygiene promoters and the
study participants, have not found reductions in diarrhoea (96). However, for WASH trials/programs
at scale, such as the ICVB trial that I included in this thesis, this level of contact is infeasible. Based
on my findings from this thesis, I concur with the statement from Pickering et al that, handwashing
and point-of-use water chlorination programmes are unlikely to reduce diarrhoea in low- and middle-
income countries unless innovative means of achieving very high adherence to interventions are
identified that are feasible for programme implementation (96). This thesis also did a prospective
concurrent and comparative exploration of risk factors for diarrhoea, respiratory and dermal diseases
in Australian context. This simultaneous examination of risk factors for three health outcomes
provided comparative results that would be useful for prioritizing prevention strategies in selective

contexts.

Findings of this thesis may help future researchers to improve selection and implementation of water
treatment and hygiene interventions at the community level and could help to better facilitate
allocation of resources in preventing diarrhoea and respiratory illness. Marginalised people will
continue to be left behind unless WASH solutions are culturally acceptable, sustainable and
convenient. Community level WASH interventions that are affordable and prevent infection from

multiple pathogens by reliably separating faeces from the environment, food and water remain
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important areas for future research until people living in poverty have achieved the long term goal of
accessing contamination free safe water supply and hygiene facilities available to them whenever

needed.

146



References

Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global, regional, and national
causes of child mortality: an updated systematic analysis for 2010 with time trends since 2000.
The Lancet. 2012;379(9832):2151-61.

Morris JG. Cholera—Modern Pandemic Disease of Ancient Lineage. Emerging Infectious
Diseases. 2011;17(11):2099-104.

Walker CLF, Perin J, Aryee MJ, Boschi-Pinto C, Black RE. Diarrhea incidence in low-and
middle-income countries in 1990 and 2010: a systematic review. BMC public health.
2012;12(1):220.

Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, Bassani DG, et al. Global, regional, and
national causes of child mortality in 2008: a systematic analysis. The lancet.
2010;375(9730):1969-87.

Najnin N, Sinclair M, Forbes A, Leder K. Community based study to compare the incidence
and health services utilization pyramid for gastrointestinal, respiratory and dermal symptoms.
BMC health services research. 2012;12(1):211.

WHO. Global Health Observatory Data Repository Geneva2012 [cited 2018]. Available

from: : http://apps.who.int/eho/data/?theme=main.

Fund; UNCs. Level and trends in child mortality. 2013.

Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and
national age-sex-specific mortality for 282 causes of death in 195 countries and territories,
1980-2017: a systematic analysis for the Global Burden of Disease Study 2017. The Lancet.
2018;392(10159):1736-88.

Walker CLF, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta ZA, et al. Global burden of

childhood pneumonia and diarrhoea. The Lancet. 2013;381(9875):1405-16.

147



10.

11.

12.

13.

14.

15.

16.

17.

Naghavi M, Abajobir AA, Abbafati C, Abbas KM, Abd-Allah F, Abera SF, et al. Global,
regional, and national age-sex specific mortality for 264 causes of death, 1980&#x2013;2016:
a systematic analysis for the Global Burden of Disease Study 2016. The
Lancet.390(10100):1151-210.

Das JK, Salam RA, Bhutta ZA. Global burden of childhood diarrhea and interventions. Current
opinion in infectious diseases. 2014;27(5):451-8.

Rudan I, O'Brien KL, Nair H, Liu L, Theodoratou E, Qazi S, et al. Epidemiology and etiology
of childhood pneumonia in 2010: estimates of incidence, severe morbidity, mortality,
underlying risk factors and causative pathogens for 192 countries. Journal of global health.
2013;3(1):010401-.

Chowdhury F, Khan IA, Patel S, Siddiq AU, Saha NC, Khan Al, et al. Diarrheal Illness and
Healthcare Seeking Behavior among a Population at High Risk for Diarrhea in Dhaka,
Bangladesh. PLOS ONE. 2015;10(6):e0130105.

Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H. Epidemiology and etiology
of childhood pneumonia. Bulletin of the World Health Organization. 2008;86(5):408-16.
Black RE, Allen LH, Bhutta ZA, Caulficld LE, de Onis M, Ezzati M, et al. Maternal and child
undernutrition: global and regional exposures and health consequences. The Lancet.
2008;371(9608):243-60.

Bowen A, Agboatwalla M, Luby S, Tobery T, Ayers T, Hoekstra RM. Association between
intensive handwashing promotion and child development in karachi, pakistan: A cluster
randomized controlled trial. Archives of Pediatrics & Adolescent Medicine.
2012;166(11):1037-44.

Guerrant RL, Schorling JB, McAuliffe JF, De Souza MA. Diarrhea as a Cause and an Effect of
Malnutrition: Diarrhea Prevents Catch-up Growth and Malnutrition Increases Diarrhea
Frequency and Duration. The American Journal of Tropical Medicine and Hygiene.

1992;47(1_Suppl):28-35.

148



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Checkley W, Buckley G, Gilman RH, Assis AMO, Guerrant RL, Morris SS, et al. Multi-
country analysis of the effects of diarrhoea on childhood stunting. International Journal of
Epidemiology. 2008;37(4):816-30.

Kossmann j, Nestel P, Herrera M, El-Amin A, Fawzi W. Undernutrition and childhood
infections: a prospective study of childhood infections in relation to growth in the Sudan. Acta
Paediatrica. 2007;89(9):1122-8.

Esrey SA. Water, Waste, and Well-Being: A Multicountry Study. American Journal of
Epidemiology. 1996;143(6):608-23.

Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, et al. Maternal and child
undernutrition: consequences for adult health and human capital. The Lancet.
2008;371(9609):340-57.

Guerrant RL, Oria RB, Moore SR, Oria MOB, Lima AAM. Malnutrition as an enteric
infectious disease with long-term effects on child development. Nutrition Reviews.
2008;66(9):487-505.

Berkman DS, Lescano AG, Gilman RH, Lopez SL, Black MM. Effects of stunting, diarrhoeal
disease, and parasitic infection during infancy on cognition in late childhood: a follow-up
study. The Lancet. 2002;359(9306):564-71.

Haghighi P, Wolf PL, Durie P. Tropical Sprue and Subclinical Enteropathy: A Vision for the
Nineties. Critical Reviews in Clinical Laboratory Sciences. 1997;34(4):313-41.

Prendergast A, Kelly P. Enteropathies in the developing world: neglected effects on global
health. The American journal of tropical medicine and hygiene. 2012;86(5):756-63.

Crane RJ, Jones KD, Berkley JA. Environmental enteric dysfunction: an overview. Food and
nutrition bulletin. 2015;36(1 Suppl):S76-87.

WHO. The treatment of diarrhoea: a manual for physicians and other senior health workers.

2005.

149



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Saeed A, Abd H, Sandstrom G. Microbial aetiology of acute diarrhoea in children under five
years of age in Khartoum, Sudan. Journal of Medical Microbiology. 2015;64(4):432-7.
Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S, et al. Burden
and aetiology of diarrhoeal disease in infants and young children in developing countries (the
Global Enteric Multicenter Study, GEMS): a prospective, case-control study. The Lancet.
2013;382(9888):209-22.

Liu J, Platts-Mills JA, Juma J, Kabir F, Nkeze J, Okoi C, et al. Use of quantitative molecular
diagnostic methods to identify causes of diarrhoea in children: a reanalysis of the GEMS case-
control study. Lancet (London, England). 2016;388(10051):1291-301.

Platts-Mills JA, Babji S, Bodhidatta L, Gratz J, Haque R, Havt A, et al. Pathogen-specific
burdens of community diarrhoea in developing countries: a multisite birth cohort study (MAL-
ED). The Lancet Global Health. 2015;3(9):e564-¢75.

Platts-Mills JA, Liu J, Rogawski ET, Kabir F, Lertsethtakarn P, Siguas M, et al. Use of
quantitative molecular diagnostic methods to assess the aetiology, burden, and clinical
characteristics of diarrhoea in children in low-resource settings: a reanalysis of the MAL-ED
cohort study. The Lancet Global health. 2018;6(12):¢1309-¢18.

WHO. Diarrhoeal disease. 2013, http://www.who.int/mediacentre/factsheets/fs330/en/.

Kawata K. Water and other environmental interventions—the minimum investment concept.
The American Journal of Clinical Nutrition. 1978;31(11):2114-23.

Eisenberg JNS, Scott JC, Porco T. Integrating Disease Control Strategies: Balancing Water
Sanitation and Hygiene Interventions to Reduce Diarrheal Disease Burden. American Journal
of Public Health. 2007;97(5):846-52.

Wagner EG, Lanoix LN. Excreta disposal for rural and small communities. WHO, editor.
Geneva, Switzerland. : World Health Organization; 1958.

Pickering AJ, Ercumen A, Arnold BF, Kwong LH, Parvez SM, Alam M, et al. Fecal Indicator

Bacteria along Multiple Environmental Transmission Pathways (Water, Hands, Food, Soil,

150



38.

39.

40.

41.

42.

43.

44,

45.

Flies) and Subsequent Child Diarrhea in Rural Bangladesh. Environmental Science &
Technology. 2018;52(14):7928-36.

Ercumen A, Pickering AJ, Kwong LH, Arnold BF, Parvez SM, Alam M, et al. Animal Feces
Contribute to Domestic Fecal Contamination: Evidence from E. coli Measured in Water,
Hands, Food, Flies, and Soil in Bangladesh. Environ Sci Technol. 2017;51(15):8725-34.
Delahoy MJ, Wodnik B, McAliley L, Penakalapati G, Swarthout J, Freeman MC, et al.
Pathogens transmitted in animal feces in low- and middle-income countries. International
Journal of Hygiene and Environmental Health. 2018;221(4):661-76.

Delea MG, Nagel CL, Thomas EA, Halder AK, Amin N, Shoab AK, et al. Comparison of
respondent-reported and sensor-recorded latrine utilization measures in rural Bangladesh: a
cross-sectional study. Trans R Soc Trop Med Hyg. 2017;111(7):308-15.

Pruss-Ustun A, Bartram J, Clasen T, Colford JM, Jr., Cumming O, Curtis V, et al. Burden of
disease from inadequate water, sanitation and hygiene in low- and middle-income settings: a
retrospective analysis of data from 145 countries. Tropical medicine & international health :
TM & TH. 2014;19(8):894-905.

Gilani Z, Kwong YD, Levine OS, Deloria-Knoll M, Scott JAG, O’Brien KL, et al. A Literature
Review and Survey of Childhood Pneumonia Etiology Studies: 2000—-2010. Clinical Infectious
Diseases. 2012;54(suppl 2):S102-S8.

Zar HJ, Madhi SA, Aston SJ, Gordon SB. Pneumonia in low and middle income countries:
progress and challenges. Thorax. 2013;68(11):1052.

Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumonia. Lancet (London,
England). 2011;377(9773):1264-75.

Baqui AH, El Arifeen S, Saha SK, Persson L, Zaman K, Gessner BD, et al. Effectiveness of
Haemophilus influenzae type B conjugate vaccine on prevention of pneumonia and meningitis
in Bangladeshi children: a case-control study. The Pediatric infectious disease journal.

2007;26(7):565-71.

151



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Baqui AH, McCollum ED, Saha SK, Roy AK, Chowdhury NH, Harrison M. Pneumococcal
Conjugate Vaccine impact assessment in Bangladesh. 2018;2:21.

Nasreen S, Luby SP, Brooks WA, Homaira N, Al Mamun A, Bhuiyan MU, et al. Population-
based incidence of severe acute respiratory virus infections among children aged <5 years in
rural Bangladesh, June-October 2010. PLoS One. 2014;9(2):e89978.

Gwaltney JM, Moskalski PB, Hendley JO. Hand-to-hand transmission of rhinovirus colds.
Annals of Internal Medicine. 1978;88(4):463-7.

Hall CB, Douglas RG, Geiman JM. Possible transmission by fomites of respiratory syncytial
virus. Journal of Infectious Diseases. 1980;141(1):98-102.

Ghimire M, Bhattacharya SK, Narain JP. Pneumonia in South-East Asia Region: public health
perspective. The Indian journal of medical research. 2012;135(4):459-68.

Wonodi CB, Deloria-Knoll M, Feikin DR, DeLuca AN, Driscoll AJ, Moisi JC, et al.
Evaluation of risk factors for severe pneumonia in children: the Pneumonia Etiology Research
for Child Health study. Clin Infect Dis. 2012;54 Suppl 2:S124-31.

Gray DM, Zar HJ. Community-acquired pneumonia in HIV-infected children: a global
perspective. Current opinion in pulmonary medicine. 2010;16(3):208-16.

Dherani M, Pope D, Mascarenhas M, Smith KR, Weber M, Bruce N. Indoor air pollution from
unprocessed solid fuel use and pneumonia risk in children aged under five years: a systematic
review and meta-analysis. Bull World Health Organ. 2008;86(5):390-8c.

Scallan E, Majowicz SE, Hall G, Banerjee A, Bowman CL, Daly L, et al. Prevalence of
diarrhoea in the community in Australia, Canada, Ireland, and the United States. International
Journal of Epidemiology. 2005;34(2):454-60.

Chen Y, Kirk MD. Incidence of acute respiratory infections in Australia. Epidemiology and

Infection. 2013;142(7):1355-61.

152



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Reves RR, Morrow AL, Bartlett AV, Caruso CJ, Plumb RL, Lu BT, et al. Child Day Care
Increases the Risk of Clinic Visits for Acute Diarrhea and Diarrhea Due to Rotavirus.
American Journal of Epidemiology. 1993;137(1):97-107.

Gotz H, Jong BD, Lindbéck J, Parment PA, Hedlund KO, Torven M, et al. Epidemiological
Investigation of a Food-borne Gastroenteritis Outbreak Caused by Norwalk-like Virus in 30
Day-care Centres. Scandinavian Journal of Infectious Diseases. 2002;34(2):115-21.
Thompson SC. Giardia lamblia in children and the child care setting: A review of the literature.
Journal of Paediatrics and Child Health. 1994;30(3):202-9.

Leder K, Sinclair M, Forbes A, Wain D. Household clustering of gastroenteritis. Epidemiol
Infect 2009;137(12):1705-12.

Cauchemez S, Donnelly CA, Reed C, Ghani AC, Fraser C, Kent CK, et al. Household
Transmission of 2009 Pandemic Influenza A (HIN1) Virus in the United States. New England
Journal of Medicine. 2009;361(27):2619-27.

Van Gemert C, Hellard M, McBryde ES, Fielding J, Spelman T, Higgins N, et al.
Intrahousehold transmission of pandemic (HIN1) 2009 virus, Victoria, Australia. Emerg Infect
Dis. 2011;17(9):1599-607.

Karsten C, Baumgarte S, Friedrich A, von Eiff C, Becker K, Wosniok W, et al. Incidence and
risk factors for community-acquired acute gastroenteritis in north-west Germany in 2004.
European Journal of Clinical Microbiology & Infectious Diseases. 2009;28(8):935-43.

Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson M-A, Roy SL, et al. Foodborne
illness acquired in the United States--major pathogens. Emerging infectious diseases.
2011;17(1):7-15.

Threats.; [oMUFoM. Global Issues in Water, Sanitation, and Health: Workshop Summary.
Washington (DC): National Academies Press (US); 2009.

Graham NM. The epidemiology of acute respiratory infections in children and adults: a global

perspective. Epidemiologic reviews. 1990;12:149-78.

153



66.

67.

68.

69.

70.

71.

72.

73.

74.

Ahmed T. Vaccination against cholera and ETEC diarrhea and interventions to improve
vaccine immune responses: Institute of Biomedicine. Department of Medical Microbiology and
Immunology; 2009.

Clemens J, Harris J, Khan M, Ali M, Yunus M, Khan M, et al. Impact of B subunit killed
whole-cell and killed whole-cell-only oral vaccines against cholera upon treated diarrhoeal
illness and mortality in an area endemic for cholera. The Lancet. 1988;331(8599):1375-9.
Qadri F, Ali M, Chowdhury F, Khan Al, Saha A, Khan IA, et al. Feasibility and effectiveness
of oral cholera vaccine in an urban endemic setting in Bangladesh: a cluster randomised open-
label trial. The Lancet. 2015;386(10001):1362-71.

Clemens JD, Sack DA, Harris JR, van Loon F, Chakraborty J, Ahmed F, et al. Field trial of
oral cholera vaccines in Bangladesh: results from three-year follow-up. The Lancet.
1990;335(8684):270-3.

Piarroux R, Barrais R, Faucher B, Haus R, Piarroux M, Gaudart J, et al. Understanding the
cholera epidemic, Haiti. Emerg Infect Dis. 2011;17(7):1161-8.

Gera T, Shah D, Sachdev HS. Impact of Water, Sanitation and Hygiene Interventions on
Growth, Non-diarrheal Morbidity and Mortality in Children Residing in Low- and Middle-
income Countries: A Systematic Review. Indian pediatrics. 2018;55(5):381-93.

McGuinness SL, Barker SF, O'Toole J, Cheng AC, Forbes AB, Sinclair M, et al. Effect of
hygiene interventions on acute respiratory infections in childcare, school and domestic settings
in low- and middle-income countries: a systematic review. Tropical medicine & international
health : TM & IH. 2018;23(8):816-33.

Ali M, Emch M, von Seidlein L, Yunus M, Sack DA, Rao M, et al. Herd immunity conferred
by killed oral cholera vaccines in Bangladesh: a reanalysis. Lancet. 2005;366(9479):44-9.
WHO. Summary of the WHO Position Paper on Cholera vaccines: WHO position paper —

August 2017. WHO, 2017.

154



75.

76.

T7.

78.

79.

80.

81.

82.

83.

84.

Ltd.; HP. Dukoral Oral Suspension 2019 [cited 2019 8/11/2019]. Available from:
https://medex.com.bd/brands/15205/dukoral.

Anh DD, Lopez AL, Tran HTM, Cuong NV, Thiem VD, Ali M, et al. Oral cholera vaccine
development and use in Vietnam. PLoS medicine. 2014;11(9):e1001712-e.

Islam MT, Chowdhury F, Qadri F, Sur D, Ganguly NK. Trials of the killed oral cholera
vaccine (Shanchol) in India and Bangladesh: Lessons learned and way forward. Vaccine. 2019.
United Nations Development Programme. Human Development Report 2009. New York:
Palgrave Macmillan; 2009.

MclIntosh AC. Asian Water Supplies: Reaching the Urban Poor: a Guide and Sourcebook on
Urban Water Supplies in Asia for Governments, Utilities, Consultants, Development Agencies,
and Nongovernment Organizations: Asian Development Bank; 2003.

Esrey SA, Potash JB, Roberts L, Shiff C. Effects of improved water supply and sanitation on
ascariasis, diarrhoea, dracunculiasis, hookworm infection, schistosomiasis, and trachoma.
Bulletin of the World Health Organization. 1991;69(5):609-21.

Fewtrell L, Kaufmann RB, Kay D, Enanoria W, Haller L, Colford JM. Water, sanitation, and
hygiene interventions to reduce diarrhoea in less developed countries: a systematic review and
meta-analysis. The Lancet Infectious Diseases. 2005;5(1):42-52.

Curtis V, Cairncross S. Effect of washing hands with soap on diarrhoea risk in the community:
a systematic review. Lancet Infectious Diseases. 2003;3(5):275-81.

Clasen T, Schmidt W-P, Rabie T, Roberts I, Cairncross S. Interventions to improve water
quality for preventing diarrhoea: systematic review and meta-analysis. Bmj.
2007;334(7597):782.

Aiello AE, Coulborn RM, Perez V, Larson EL. Effect of hand hygiene on infectious disease
risk in the community setting: a meta-analysis. American journal of public health.

2008;98(8):1372-81.

155



85.

86.

87.

88.

89.

90.

91.

92.

93.

Arnold BF, Colford JM. Treating water with chlorine at point-of-use to improve water quality
and reduce child diarrhea in developing countries: a systematic review and meta-analysis. The
American journal of tropical medicine and hygiene. 2007;76(2):354-64.

Ejemot-Nwadiaro RI, Ehiri JE, Meremikwu MM, Critchley JA. Hand washing for preventing
diarrhoea. Cochrane database of systematic reviews. 2008(1).

Schmidt W-P, Cairncross S. Household Water Treatment in Poor Populations: Is There Enough
Evidence for Scaling up Now? Environmental Science & Technology. 2009;43(4):986-92.
Clasen T, Schmidt WP, Rabie T, Roberts I, Cairncross S. Interventions to improve water
quality for preventing diarrhoea: systematic review and meta-analysis. BMJ (Clinical research
ed. 2007;334(7597):782.

Ejemot R, Ehiri J, Meremikwu M, Critchley J. Hand washing for preventing diarrhoea.
Cochrane database of systematic reviews (Online). 2008(1):CD004265.

Darvesh N, Das JK, Vaivada T, Gaffey MF, Rasanathan K, Bhutta ZA, et al. Water, sanitation
and hygiene interventions for acute childhood diarrhea: a systematic review to provide
estimates for the Lives Saved Tool. BMC Public Health. 2017;17(4):776.

WolfJ, Hunter PR, Freeman MC, Cumming O, Clasen T, Bartram J, et al. Impact of drinking
water, sanitation and handwashing with soap on childhood diarrhoeal disease: updated meta-
analysis and meta-regression. Tropical medicine & international health : TM & IH.
2018;23(5):508-25.

Freeman MC, Garn JV, Sclar GD, Boisson S, Medlicott K, Alexander KT, et al. The impact of
sanitation on infectious disease and nutritional status: A systematic review and meta-analysis.
Int J Hyg Environ Health. 2017;220(6):928-49.

Sclar GD, Penakalapati G, Amato HK, Garn JV, Alexander K, Freeman MC, et al. Assessing
the impact of sanitation on indicators of fecal exposure along principal transmission pathways:

A systematic review. Int J Hyg Environ Health. 2016;219(8):709-23.

156



94.

95.

96.

97.

98.

99.

100.

Arnold BF, Null C, Luby SP, Unicomb L, Stewart CP, Dewey KG, et al. Cluster-randomised
controlled trials of individual and combined water, sanitation, hygiene and nutritional
interventions in rural Bangladesh and Kenya: the WASH Benefits study design and rationale.
BMJ open. 2013;3(8):¢003476-¢.

Luby SP, Rahman M, Arnold BF, Unicomb L, Ashraf S, Winch PJ, et al. Effects of water
quality, sanitation, handwashing, and nutritional interventions on diarrhoea and child growth in
rural Bangladesh: a cluster randomised controlled trial. The Lancet Global Health.
2018;6(3):e302-el15.

Pickering AJ, Null C, Winch PJ, Mangwadu G, Arnold BF, Prendergast AJ, et al. The WASH
Benefits and SHINE trials: interpretation of WASH intervention effects on linear growth and
diarrhoea. The Lancet Global Health. 2019;7(8):e1139-e46.

Null C, Stewart CP, Pickering AJ, Dentz HN, Arnold BF, Arnold CD, et al. Effects of water
quality, sanitation, handwashing, and nutritional interventions on diarrhoea and child growth in
rural Kenya: a cluster-randomised controlled trial. The Lancet Global Health. 2018;6(3):e316-
e29.

Cumming O, Curtis V. Implications of WASH Benefits trials for water and sanitation. The
Lancet Global health. 2018;6(6):e613-e4.

Sanitation Hygiene Infant Nutrition Efficacy Trial T, Humphrey JH, Jones AD, Manges A,
Mangwadu G, Maluccio JA, et al. The Sanitation Hygiene Infant Nutrition Efficacy (SHINE)
Trial: Rationale, Design, and Methods. Clinical infectious diseases : an official publication of
the Infectious Diseases Society of America. 2015;61 Suppl 7(Suppl 7):S685-S702.

Brown J, Cumming O, Bartram J, Cairncross S, Ensink J, Holcomb D, et al. A controlled,
before-and-after trial of an urban sanitation intervention to reduce enteric infections in
children: research protocol for the Maputo Sanitation (MapSan) study, Mozambique. BMJ

Open. 2015;5(6):e008215.

157



101.

102.

103.

104.

105.

106.

107.

Humphrey JH, Mbuya MNN, Ntozini R, Moulton LH, Stoltzfus RJ, Tavengwa NV, et al.
Independent and combined effects of improved water, sanitation, and hygiene, and improved
complementary feeding, on child stunting and anaemia in rural Zimbabwe: a cluster-
randomised trial. The Lancet Global Health. 2019;7(1):e132-e47.

Johri M, Sylvestre M-P, Koné GK, Chandra D, Subramanian SV. Effects of improved drinking
water quality on early childhood growth in rural Uttar Pradesh, India: A propensity-score
analysis. PloS one. 2019;14(1):¢0209054-¢.

Pickering AJ, Djebbari H, Lopez C, Coulibaly M, Alzua ML. Effect of a community-led
sanitation intervention on child diarrhoea and child growth in rural Mali: a cluster-randomised
controlled trial. The Lancet Global Health. 2015;3(11):e701-e11.

World Health Organization. Considerations for Policy Development and Scaling-Up

Household Water Treatment and Safe Storage with Communicable Disease Prevention Efforts.

2012; available at: https://www.who.int/water_sanitation_health/water-

quality/household/Report DiscussionsonHWTSIntegration Health Final.pdf?ua=1.

Waddington H, Snilstveit B, White H, Fewtrell L. Water, sanitation and hygiene interventions
to combat childhood diarrhoea in developing countries. New Delhi: International Initiative for
Impact Evaluation. 2009.

Rosa G, Clasen T. The global prevalence of boiling as a means of treating water in the home.
In: Brown J, Outlaw T, Clasen TF, Jiangyong WSM, editors. Safe Water for All: Harnessing
the Private Sector to Reach the Underserved. Washington , DC: International Finance
Corporation. Available:

http://www.ifc.org/ifcext/sustainability.nsf/AttachmentsByTitle/p SafeWaterReport/FILE/IFC

_WaterReport.pdf. 2009.

Luoto J, Najnin N, Mahmud M, Albert J, Islam MS, Luby S, et al. What point-of-use water
treatment products do consumers use? Evidence from a randomized controlled trial among the

urban poor in Bangladesh. PloS one. 2011;6(10):e26132.

158



108.

109.

110.

111.

112.

113.

114.

115.

Ram PK, Kelsey E, Rasoatiana RRM, Rakotomalala O, Dunston C, Quick RE. Bringing safe
water to remote populations: an evaluation of a portable point-of-use intervention in rural
Madagascar. American journal of public health. 2007;97(3):398.

Luby SP, Mendoza C, Keswick BH, Chiller TM, Hoekstra RM. Difficulties in Bringing Point-
of-Use Water Treatment to Scale in Rural Guatemala. Am J Trop Med Hyg. 2008;78(3):382-7.
Olembo L, Kaona F, Tuba M, Burnham G. Safe Water Systems: An Evaluation of the Zambia
Clorin Program (Final report) Washington DC: US Agency for International Development,
2004.

Stockman LJ, Fischer TK, Deming M, Ngwira B, Bowie C, Cunliffe N, et al. Point-of-use
water treatment and use among mothers in Malawi. Emerg Infect Dis. 2007;13(7):1077-80.
Ercumen A, Naser AM, Unicomb L, Arnold BF, Colford JM, Jr., Luby SP. Effects of source-
versus household contamination of tubewell water on child diarrhea in rural Bangladesh: a
randomized controlled trial. PLoS One. 2015;10(3):e0121907.

Parvez SM, Azad R, Rahman M, Unicomb L, Ram PK, Naser AM, et al. Achieving optimal
technology and behavioral uptake of single and combined interventions of water, sanitation
hygiene and nutrition, in an efficacy trial (WASH benefits) in rural Bangladesh. Trials.
2018;19(1):358.

Dreibelbis R, Winch PJ, Leontsini E, Hulland KR, Ram PK, Unicomb L, et al. The integrated
behavioural model for water, sanitation, and hygiene: a systematic review of behavioural
models and a framework for designing and evaluating behaviour change interventions in
infrastructure-restricted settings. BMC Public Health. 2013;13(1):1015.

Fiebelkorn AP, Person B, Quick RE, Vindigni SM, Jhung M, Bowen A, et al. Systematic
review of behavior change research on point-of-use water treatment interventions in countries
categorized as low- to medium-development on the human development index. Social science

& medicine (1982). 2012;75(4):622-33.

159



116. Delea MG, Sclar GD, Woreta M, Haardorfer R, Nagel CL, Caruso BA, et al. Collective
Efficacy: Development and Validation of a Measurement Scale for Use in Public Health and
Development Programmes. International journal of environmental research and public health.
2018;15(10):2139.

117. Bandura A. Exercise of Human Agency Through Collective Efficacy. Current Directions in
Psychological Science. 2000;9(3):75-8.

118. Rose A, Roy S, Abraham V, Holmgren G, George K, Balraj V, et al. Solar disinfection of
water for diarrhoeal prevention in southern India. Arch Dis Child 2006;91:139-41.

119. Rainey RC, Harding AK. Acceptability of solar disinfection of drinking water treatment in
Kathmandu Valley, Nepal. Int J Environ Res Public Health. 2005;15:361-72.

120. Ram PK, Kelsey E, Rasoatiana, Miarintsoa RR, Rakotomalala O, Dunston C, et al. Bringing
Safe Water to Remote Populations: An Evaluation of a Portable Point-of-Use Intervention in
Rural Madagascar. Am J Public Health 2007;97:398-400.

121. Albert J, Luoto J, Levine D. End-User Preferences for and Performance of Competing POU
Water Treatment Technologies among the Rural Poor of Kenya. Environmental Science &
Technology. 2010;44(12):4426-32.

122. Rabie T, Curtis V. Handwashing and risk of respiratory infections: a quantitative systematic
review. Tropical Medicine & International Health. 2006;11(3):258-67.

123. Freeman MC, Stocks ME, Cumming O, Jeandron A, Higgins JPT, Wolf J, et al. Hygiene and
health: systematic review of handwashing practices worldwide and update of health effects.
Tropical Medicine & International Health. 2014;19(8):906-16.

124. Halder AK, Tronchet C, Akhter S, Bhuiya A, Johnston R, Luby SP. Observed hand cleanliness
and other measures of handwashing behavior in rural Bangladesh. BMC Public Health.

2010;10(1):545.

160



125.

126.

127.

128.

129.

130.

131.

132.

133.

WolfJ, Johnston R, Freeman MC, Ram PK, Slaymaker T, Laurenz E, et al. Handwashing with
soap after potential faecal contact: Global, regional and country estimates for handwashing
with soap after potential faecal contact. 2018.

Nasreen S, Azziz-Baumgartner E, Gurley E, Winch P, Unicomb L, Sharker M, et al. Prevalent
high-risk respiratory hygiene practices in urban and rural Bangladesh. Tropical Medicine &
International Health. 2010;15(6):762-71.

Sultana F, Nizame FA, Southern DL, Unicomb L, Winch PJ, Luby SP. Pilot of an Elementary
School Cough Etiquette Intervention: Acceptability, Feasibility, and Potential for
Sustainability. Am J Trop Med Hyg. 2017;97(6):1876-85.

Huda TMN, Unicomb L, Johnston RB, Halder AK, Sharker MAY, Luby SP. Interim
evaluation of a large scale sanitation, hygiene and water improvement programme on
childhood diarrhea and respiratory disease in rural Bangladesh. Social Science & Medicine.
2012;75(4):604-11.

Galiani S, Gertler PJ, Orsola-Vidal A. Promoting handwashing behavior in Peru: The effect of
large-scale mass-media and community level interventions: The World Bank, Washington DC;
2012.

Manun'Ebo M, Cousens S, Haggerty P, Kalengaie M, Ashworth A, Kirkwood B. Measuring
hygiene practices: a comparison of questionnaires with direct observations in rural Zaire.
Tropical Medicine & International Health. 1997;2(11):1015-21.

Curtis V, Cousens S, Mertens T, Traore E, Kanki B, Diallo I. Structured observations of
hygiene behaviours in Burkina Faso: validity, variability, and utility. Bulletin of the World
Health Organization. 1993;71(1):23-32.

Pedersen DM, Keithly S, Brady K. Effects of an observer on conformity to handwashing norm.
Perceptual and Motor Skills. 1986;62(1):169-70.

Ram PK, Halder AK, Granger SP, Jones T, Hall P, Hitchcock D, et al. Is structured observation

a valid technique to measure handwashing behavior? Use of acceleration sensors embedded in

161



134.

135.

136.

137.

138.

139.

140.

soap to assess reactivity to structured observation. The American Journal of Tropical Medicine
and Hygiene. 2010;83(5):1070-6.

Luby SP, Halder AK. Associations among handwashing indicators, wealth, and symptoms of
childhood respiratory illness in urban Bangladesh. Tropical Medicine & International Health.
2008;13(6):835-44.

Luby SP, Halder AK, Huda TMN, Unicomb L, Johnston RB. Using Child Health Outcomes to
Identify Effective Measures of Handwashing. American Journal of Tropical Medicine and
Hygiene. 2011;85(5):882-92.

DiVita M, Khatun-e-Jannat K, Islam M, Cercone E, Rook K, Sohel B, et al., editors. Impact of
Intensive Handwashing Promotion on Household Transmission of Influenza in a low income
setting: preliminary results of a randomised controlled clinical trial. 2011 ASTMH Conference
Abstract; 2011.

Kamm KB, Feikin DR, Bigogo GM, Aol G, Audi A, Cohen AL, et al. Associations between
presence of handwashing stations and soap in the home and diarrhoea and respiratory illness, in
children less than five years old in rural western Kenya. Tropical Medicine & International
Health. 2014;19(4):398-406.

Simmerman JM, Suntarattiwong P, Levy J, Jarman RG, Kaewchana S, Gibbons RV, et al.
Findings from a household randomized controlled trial of hand washing and face masks to
reduce influenza transmission in Bangkok, Thailand. Influenza and Other Respiratory Viruses.
2011;5(4):256-67.

Cowling BJ, Chan K, Fang V], et al. Facemasks and hand hygiene to prevent influenza
transmission in households: A cluster randomized trial. Annals of Internal Medicine.
2009;151(7):437-46.

Nations U. Sustainable Development Goal 6 Systhesis Report 2018 on Water and Sanitation;

Available at: http://www.unwater.org/publications/executive-summary-sdg-6-synthesis-report-

2018-on-water-and-sanitation/. 2018.

162



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Garn JV, Sclar GD, Freeman MC, Penakalapati G, Alexander KT, Brooks P, et al. The impact
of sanitation interventions on latrine coverage and latrine use: A systematic review and meta-
analysis. Int J Hyg Environ Health. 2017;220(2 Pt B):329-40.

Victora CG, Hanson K, Bryce J, Vaughan JP. Achieving universal coverage with health
interventions. The Lancet. 2004;364(9444):1541-8.

Luby SP, Mendoza C, Keswick BH, Chiller TM, Hoekstra RM. Difficulties in bringing point-
of-use water treatment to scale in rural Guatemala. The American journal of tropical medicine
and hygiene. 2008;78(3):382-7.

Olembo L, Kaona F, Tuba M, Burnham G. Safe water systems: An evaluation of the Zambia
CLORIN Program (Final Report) Washington, DC: U.S. Agency for International
Development through the Environmental Health Project 2004.

Luby SP, Unicomb L, Islam S, Mahmud ZH, Bhuiya A, Halder AK, et al. SHEWA-B
Programme Health Impact Study Report - Unicef. UNICEF, 2014.

Luby SP, Mendoza C, Keswick BH, Chiller TM, Hoekstra RM. Difficulties in bringing point-
of-use water treatment to scale in rural Guatemala. The American journal of tropical medicine
and hygiene. 2008;78(3):382-7.

Olembo L, Kaona FA, Tuba M, Burnham G. Safe water systems: An evaluation of the Zambia
Clorin program. Johns Hopkins University Mimeograph. 2004.

Lynnette O, A KF, Mary T, Gilbert B. Safe water systems: An evaluation of the Zambia Clorin
program. 2004.

Ejemot RI, Ehiri JE, Meremikwu MM, Critchley JA. Cochrane review: Hand washing for
preventing diarrhoea. Evidence-Based Child Health: A Cochrane Review Journal.
2009;4(2):893-939.

Clasen TF, Alexander KT, Sinclair D, Boisson S, Peletz R, Chang HH, et al. Interventions to

improve water quality for preventing diarrhoea. The Cochrane Library. 2015.

163



151.

152.

153.

154.

155.

156.

157.

158.

159.

Schmidt W-P, Amold BF, Boisson S, Genser B, Luby SP, Barreto ML, et al. Epidemiological
methods in diarrhoea studies—an update. International journal of epidemiology.
2011;40(6):1678-92.

Ercumen A, Naser AM, Unicomb L, Arnold BF, Colford Jr JM, Luby SP. Effects of source-
versus household contamination of tubewell water on child diarrhea in rural Bangladesh: a
randomized controlled trial. PloS one. 2015;10(3):e0121907.

Melo MCNd, Taddei JAdA, Diniz-Santos DR, May DS, Carneiro NB, Silva LR. Incidence of
diarrhea: poor parental recall ability. Brazilian Journal of Infectious Diseases. 2007;11(6):571-
9.

Alam N, Henry FJ, Rahman MM. Reporting Errors in One-Week Diarrhoea Recall Surveys:
Experience from a Prospective Study in Rural Bangladesh. International Journal of
Epidemiology. 1989;18(3):697-700.

BOERMA JT, BLACK RE, SOMMERFELT AE, RUTSTEIN SO, BICEGO GT. Accuracy
and Completeness of Mothers' Recall of Diarrhoea Occurrence in Pre-School Children in
Demographic and Health Surveys. International Journal of Epidemiology. 1991;20(4):1073-80.
Feikin DR, Audi A, Olack B, Bigogo GM, Polyak C, Burke H, et al. Evaluation of the optimal
recall period for disease symptoms in home-based morbidity surveillance in rural and urban
Kenya. International Journal of Epidemiology. 2010;39(2):450-8.

Ramakrishnan R, Venkatarao T, Koya P, Kamaraj P. Influence of recall period on estimates of
diarrhoea morbidity in infants in rural Tamilnadu. Indian journal of public health.
1998;43(4):136-9.

Zafar SN, Luby S, Mendoza C. Recall errors in a weekly survey of diarrhoea in Guatemala:
determining the optimal length of recall. Epidemiology and infection. 2010;138(2):264.
Colford JM, Wade TJ, Sandhu SK, Wright CC, Lee S, Shaw S, et al. A Randomized,
Controlled Trial of In-Home Drinking Water Intervention to Reduce Gastrointestinal Illness.

American Journal of Epidemiology. 2005;161(5):472-82.

164



160.

161.

162.

163.

164.

165.

166.

167.

168.

Hellard ME, Sinclair MI, Forbes AB, Fairley CK. A randomized, blinded, controlled trial
investigating the gastrointestinal health effects of drinking water quality. Environmental Health
Perspectives. 2001;109(8):773.

Genser B, Strina A, Teles CA, Prado MS, Barreto ML. Risk factors for childhood diarrhea
incidence: dynamic analysis of a longitudinal study. Epidemiology. 2006;17(6):658-67.
Hrobjartsson A, Thomsen ASS, Emanuelsson F, Tendal B, Hilden J, Boutron I, et al. Observer
bias in randomized clinical trials with measurement scale outcomes: a systematic review of
trials with both blinded and nonblinded assessors. Canadian Medical Association Journal.
2013.

Wood L, Egger M, Gluud LL, Schulz KF, Jiini P, Altman DG, et al. Empirical evidence of bias
in treatment effect estimates in controlled trials with different interventions and outcomes:
meta-epidemiological study. Bmj. 2008;336(7644):601-5.

Arnold BF, Ercumen A, Benjamin-Chung J, Colford JM, Jr. Brief Report: Negative Controls to
Detect Selection Bias and Measurement Bias in Epidemiologic Studies. Epidemiology
(Cambridge, Mass). 2016;27(5):637-41.

Najnin N, Arman S, Abedin J, Unicomb L, Levine DI, Mahmud M, et al. Explaining low rates
of sustained use of siphon water filter: evidence from follow-up of a randomised controlled
trial in Bangladesh. Tropical Medicine & International Health. 2015;20(4):471-83.

Luoto J, Mahmud M, Albert J, Luby S, Najnin N, Unicomb L, et al. Learning to Dislike Safe
Water Products: Results from a Randomized Controlled Trial of the Effects of Direct and Peer
Experience on Willingness to Pay. Environmental Science & Technology. 2012;46(11):6244-
51.

Luoto J, Najnin N, Mahmud M, Albert J, Islam MS, Luby S, et al. What Point-of-Use Water
Treatment Products Do Consumers Use? Evidence from a Randomized Controlled Trial among
the Urban Poor in Bangladesh. PLoS ONE. 2011;6(10):e26132.

Basic Water Needs Foundation. Siphon Filter Fact Sheet. 2008.

165



169.

170.

171.

172.

173.

174.

175.

176.

177.

Wubbels GH, Duran I, Willemse P. Removal Efficiency of Silver Impregnated Ceramic Filters:
A Study of the Removal of Pathogenic Bacteria. Waterlaboratorium Noord, 2008.

Barnes D, Collin C, Ziff S. The Biosand Filter, Siphon Filter, and Rainwater Harvesting:
Strategic recommendations for new water treatment technologies and safe water storage to
pure home water. Massachusetts Institute of Technology, 2009.

Ziff SE. Siphon filter assessment for Northern Ghana: Massachusetts Institute of Technology;
2008.

WHO. Cholera vaccines: WHO position paper. Releve epidemiologique hebdomadaire /
Section d'hygiene du Secretariat de la Societe des Nations = Weekly epidemiological record /
Health Section of the Secretariat of the League of Nations. 2010.

Sur D, Kanungo S, Sah B, Manna B, Ali M, Paisley AM, et al. Efficacy of a low-cost,
inactivated whole-cell oral cholera vaccine: results from 3 years of follow-up of a randomized,
controlled trial. PLoS Neglected Tropical Diseases. 2011;5(10):e1289.

Hulland KR, Leontsini E, Dreibelbis R, Unicomb L, Afroz A, Dutta NC, et al. Designing a
handwashing station for infrastructure-restricted communities in Bangladesh using the
integrated behavioural model for water, sanitation and hygiene interventions (IBM-WASH).
BMC Public Health. 2013;13(1):877.

Amin N, Pickering AJ, Ram PK, Unicomb L, Najnin N, Homaira N, et al. Microbiological
Evaluation of the Efficacy of Soapy Water to Clean Hands: A Randomized, Non-Inferiority
Field Trial. The American Journal of Tropical Medicine and Hygiene. 2014;91(2):415-23.
Luby SP, Halder AK, Tronchet C, Akhter S, Bhuiya A, Johnston RB. Household
characteristics associated with handwashing with soap in rural Bangladesh. The American
Journal of Tropical Medicine and Hygiene. 2009;81(5):882-7.

Deen JL, von Seidlein L, Sur D, Agtini M, Lucas ME, Lopez AL, et al. The high burden of
cholera in children: comparison of incidence from endemic areas in Asia and Africa. PLoS

neglected tropical diseases. 2008;2(2):e173.

166



178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Donner A, Klar N. Design and Analysis of Cluster Randomization Trials in Health Research.
New York: Oxford University Press; 2000. 192 p.

Rodrigo S, Sinclair M, Cunliffe D, Leder K. Effectiveness and cost of recruitment strategies
for a community-based randomised controlled trial among rainwater drinkers. BMC Medical
Research Methodology. 2009;9(1):51.

Rodrigo S, Sinclair M, Forbes A, Cunliffe D, Leder K. Drinking rainwater: A double-blinded,
randomized controlled study of water treatment filters and gastroenteritis incidence. American
journal of public health. 2011;101(5):842-7.

Clasen TF, Brown J, Collin SM. Preventing diarrhoea with household ceramic water filters:
assessment of a pilot project in Bolivia. International journal of environmental health research.
2006;16(3):231-9.

Brown J, Proum S, Sobsey MD. Sustained use of a household-scale water filtration device in
rural Cambodia. ] Water Health. 2009;7(3):404-12.

Rosa G, Clasen T. Estimating the Scope of Household Water Treatment in Low- and Medium-
Income Countries. The American Journal of Tropical Medicine and Hygiene. 2010;82(2):289-
300.

Galiani SG, Paul Orsola-Vidal, Alexandra. Promoting Handwashing Behavior in Peru: The
Effect of Large-Scale Mass-Media and Community Level Interventions2012.

Chase CD, Quy-Toan. Handwashing Behavior Change at Scale: Evidence from a Randomized
Evaluation in Vietnam2012.

Cameron LS, Manisha Olivia, Susan. Impact Evaluation of a Large-Scale Rural Sanitation
Project in Indonesia2013.

Patil SR, Arnold BF, Salvatore AL, Briceno B, Ganguly S, Colford JM, Jr., et al. The effect of
India's total sanitation campaign on defecation behaviors and child health in rural Madhya

Pradesh: a cluster randomized controlled trial. PLoS Med. 2014;11(8):e1001709.

167



188.

189.

190.

191.

192.

193.

194.

195.

Clasen T, Boisson S, Routray P, Torondel B, Bell M, Cumming O, et al. Effectiveness of a
rural sanitation programme on diarrhoea, soil-transmitted helminth infection, and child
malnutrition in Odisha, India: a cluster-randomised trial. The Lancet Global health.
2014;2(11):e645-53.

Najnin N, Leder K, Qadri F, Forbes A, Unicomb L, Winch PJ, et al. Impact of adding hand-
washing and water disinfection promotion to oral cholera vaccination on diarrhoea-associated
hospitalization in Dhaka, Bangladesh: evidence from a cluster randomized control trial.
International Journal of Epidemiology. 2017;46(6):2056-66.

Benjamin-Chung J, Sultana S, Halder AK, Ahsan MA, Arnold BF, Hubbard AE, et al. Scaling
Up a Water, Sanitation, and Hygiene Program in Rural Bangladesh: The Role of Program
Implementation. Am J Public Health. 2017;107(5):694-701.

Najnin N, Leder K, Forbes A, Unicomb L, Qadri F, Ram PK, et al. Inconsistency in Diarrhea
Measurements when Assessing Intervention Impact in a Non-Blinded Cluster-Randomized
Controlled Trial. Am J Trop Med Hyg. 2019;101(1):51-8.

Luby SP, Agboatwalla M, Painter J, Altaf A, Billhimer W, Keswick B, et al. Combining
drinking water treatment and hand washing for diarrhoea prevention, a cluster randomised
controlled trial. Tropical Medicine & International Health. 2006;11(4):479-89.

Luby SP, Agboatwalla M, Feikin DR, Painter J, Billhimer W, Altaf A, et al. Effect of
handwashing on child health: a randomised controlled trial. The Lancet. 2005;366(9481):225-
33.

Ansari S, Springthorpe V, Sattar S, Rivard S, Rahman M. Potential role of hands in the spread
of respiratory viral infections: studies with human parainfluenza virus 3 and rhinovirus 14.
Journal of Clinical Microbiology. 1991;29(10):2115-9.

Collignon PJ, Carnie JA. Infection control and pandemic influenza. Medical Journal of

Australia. 2006;185(10):S54.

168



196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

Ruxton GD. Allocation concealment as a potentially useful aspect of randomised experiments.
Behavioral Ecology and Sociobiology. 2017;71(2):31.

Nederhof AJ. Methods of coping with social desirability bias: A review. European journal of
social psychology. 1985;15(3):263-80.

Van de Mortel TF. Faking it: social desirability response bias in self-report research. Australian
Journal of Advanced Nursing, The. 2008;25(4):40.

Schmidt WP, Arnold BF, Boisson S, Genser B, Luby SP, Barreto ML, et al. Epidemiological
methods in diarrhoea studies-an update. International Journal of Epidemiology.
2011;40(6):1678-92.

Garrett V, Bornschlegel K, Lange D, Reddy V, Kornstein L, Kornblum J, et al. A recurring
outbreak of Shigella sonnei among traditionally observant Jewish children in New York City:
the risks of daycare and household transmission. Epidemiol Infect. 2006;134:1231-6.

Denny FW, Collier AM, Henderson FW. Acute Respiratory Infections in Day Care. Review of
Infectious Diseases. 1986;8(4):527-32.

Fleming DW, Cochi SL, Hightower AW, Broome CV. Childhood Upper Respiratory Tract
Infections: To What Degree Is Incidence Affected by Day-Care Attendance? Pediatrics.
1987;79(1):55-60.

Fairchok MP, Martin ET, Chambers S, Kuypers J, Behrens M, Braun LE, et al. Epidemiology
of viral respiratory tract infections in a prospective cohort of infants and toddlers attending
daycare. Journal of Clinical Virology. 2010;49(1):16-20.

Heyworth JS, Cutt H, Glonek G. Does Dog or Cat Ownership Lead to Increased Gastroenteritis
in Young Children in South Australia? Epidemiology and Infection. 2006;134(5):926-34.
Neimann J, Engberg J, Mabak K, Wegener HC. A Case-Control Study of Risk Factors for
Sporadic Campylobacter Infections in Denmark. Epidemiology and Infection.

2003;130(3):353-66.

169



206.

207.

208.

209.

210.

211.

212.

213.

214.

Hatakka K, Piirainen L, Pohjavuori S, Poussa T, Savilahti E, Korpela R. Factors associated
with acute respiratory illness in day care children. Scandinavian Journal of Infectious Diseases.
2010;42(9):704-11.

Bornehag CG, Sundell J, Hagerhed L, Janson S, the DBHSG. Pet-keeping in early childhood
and airway, nose and skin symptoms later in life. Allergy. 2003;58(9):939-44.

Montefort S, Muscat HA, Caruana S, Lenicker H. Allergic conditions in 5—8-year-old Maltese
schoolchildren: Prevalence, severity, and associated risk factors [ISAAC]. Pediatric Allergy
and Immunology. 2002;13(2):98-104.

Dale K, Wolfe R, Sinclair M, Hellard M, Leder K. Sporadic Gastroenteritis and Recreational
Swimming in a Longitudinal Community Cohort Study in Melbourne, Australia. American
Journal of Epidemiology. 2009;170(12):1469-77.

Font-Ribera L, Villanueva CM, Nieuwenhuijsen MJ, Zock J-P, Kogevinas M, Henderson J.
Swimming Pool Attendance, Asthma, Allergies, and Lung Function in the Avon Longitudinal
Study of Parents and Children Cohort. Am J Respir Crit Care Med. 2011;183(5):582-8.
Font-Ribera L, Kogevinas M, Zock J-P, Nieuwenhuijsen MJ, Heederik D, Villanueva CM.
Swimming pool attendance and risk of asthma and allergic symptoms in children. European
Respiratory Journal. 2009;34(6):1304-10.

Kappus KD, Marks JS, Holman RC, Bryant JK, Baker C, Gary GW, et al. An outbreak of
Norwalk gastroenteritis associated with swimming in a pool and secondary person-to-person
transmission. American Journal of Epidemiology. 1982;116(5):834-9.

Smith A, Reacher M, Smerdon W, Adak GK, Nichols G, Chalmers RM. Outbreaks of
Waterborne Infectious Intestinal Disease in England and Wales, 1992-2003. Epidemiology and
Infection. 2006;134(6):1141-9.

World Health Organization. Guidelines for Safe Recreational Water Environments. Geneva,

Switzerland: World Health Organization,, 2003.

170



215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

Martins MT, Sato MIZ, Alves MN, Stoppe NC, Prado VM, Sanchez PS. Assessment of
microbiological quality for swimming pools in South America. Water Research.
1995;29(10):2417-20.

Massin N, Bohadana AB, Wild P, Héry M, Toamain JP, Hubert G. Respiratory symptoms and
bronchial responsiveness in lifeguards exposed to nitrogen trichloride in indoor swimming
pools. Occupational and Environmental Medicine. 1998;55(4):258-63.

Bernard A, Nickmilder M, Voisin C. Outdoor swimming pools and the risks of asthma and
allergies during adolescence. European Respiratory Journal. 2008;32(4):979-88.

Chang LY, Chen WH, Lu CY, Shao PL, Fan TY, Cheng AL, et al. Household transmission of
Pandemic (HIN1) 2009 Virus, Taiwan. Emerg Infect Dis. 2011;17(10):1928-31.

Ethelberg S, Olsen KEP, Gerner-Smidt P, Mglbak K. Household Outbreaks among Culture-
confirmed Cases of Bacterial Gastrointestinal Disease. American Journal of Epidemiology.
2004;159(4):406-12.

Newman RD, Zu S-X, Wuhib T, Lima AAM, Guerrant RL, Sears CL. Household
Epidemiology of Cryptosporidium parvum Infection in an Urban Community in Northeast
Brazil. Annals of Internal Medicine. 1994;120(6):500-5.

Perera J, Lucas GN. Cryptosporidiosis--oocyst shedding and infection in household contacts.
Ceylon Med J. 1990;35(1):11-4.

Parry SM, Salmon RL. Sporadic STEC O157 infection: secondary household transmission in
Wales. Emerg Infect Dis. 1998;4(4):657-61.

Werber D, Mason BW, Evans MR, Salmon RL. Preventing Household Transmission of Shiga
Toxin—Producing Escherichia coli O157 Infection: Promptly Separating Siblings Might Be the
Key. Clinical Infectious Diseases. 2008;46(8):1189-96.

McCarthy N, de Jong B, Ziese T, Sjolund R, Hjalt C-A, Giesecke J. Epidemiological
explanation of an outbreak of gastro-enteritis in Sweden in the absence of detailed

microbiological information. European Journal of Epidemiology. 1998;14(7):711-8.

171



225. Perry S, de la Luz Sanchez M, Hurst PK, Parsonnet J. Household transmission of

gastroenteritis. Emerg Infect Dis. 2005;11(7):1093-6.

172



Appendices

Appendix 1: Other peer reviewed Paper.......c.ovviiiiiiiiiii i 174
Appendix 2: Data collection tools used in the study peer reviewed paper................ 208
Appendix 3: Sample size calculations for the ICVB Project ... 335
Appendix 4: Ethical Approval Letters............ovuiiiiiiiiiiiiiii i 337

173



Appendix 1: Other peer reviewed paper

Appendix 1.1: Microbiological Evaluation of the Efficacy of Soapy Water to Clean
Hands: A Randomized, Non-Inferiority Field trial..........................oll. 175
Appendix 1.2: Reliability and Validity of Measures for Investigating the Determinants of
Health Behaviors Among Women With a History of Gestational Diabetes ...... 184
Appendix 1.3: Effectiveness of a large-scale handwashing promotion intervention on

handwashing behaviour in Dhaka, Bangladesh ............................l, 193

174



Am. I. Trop. Med. Hyg., 91(2), 2014, pp. 415-423
doi:10.4269/ajtmh.13-0475
Copyright © 2014 by The American Society of Tropical Medicine and Hygiene

Microbiological Evaluation of the Efficacy of Soapy Water to Clean Hands:
A Randomized, Non-Inferiority Field Trial
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Abstract. We conducted a randomized, non-inferiority field trial in urban Dhaka, Bangladesh among mothers to
compare microbial efficacy of soapy water (30 g powdered detergent in 1.5 L water) with bar soap and water alone.
Fieldworkers collected hand rinse samples before and after the following washing regimens: scrubbing with soapy water
for 15 and 30 seconds; scrubbing with bar soap for 15 and 30 seconds; and scrubbing with water alone for 15 seconds. Soapy
water and bar soap removed thermotolerant coliforms similarly after washing for 15 seconds (mean log;, reduction =
0.7 colony-forming units [CFU], P < 0.001 for soapy water; mean log;o reduction = 0.6 CFU, P = 0.001 for bar soap).
Increasing scrubbing time to 30 seconds did not improve removal (P > 0.05). Scrubbing hands with water alone also reduced
thermotolerant coliforms (mean log;, reduction = 0.3 CFU, P = 0.046) but was less efficacious than scrubbing hands
with soapy water. Soapy water is an inexpensive and microbiologically effective cleansing agent to improve handwashing

among households with vulnerable children.

INTRODUCTION

Each year, approximately 600,000 children < 5 years old,
mostly from low-income countries, die of diarrhea.! Hand-
washing with soap after defecation and handling feces and
before preparing and eating food can reduce the risk of diar-
rhea.>~* In both rural and urban communities of Bangladesh,
people rarely wash their hands with soap at recommended
times.>® In a study among rural Bangladeshi caregivers, fewer
than 1% used soap and water for handwashing before eating
and/or feeding a child, and only 33% of caregivers and 14%
of all household members were observed washing both hands
with soap after defecation.’

Barriers to washing hands with soap in low-income commu-
nities include the high cost of soap relative to household
income, the concern that soap left out at a common hand-
washing place could be stolen, and the concern that children
could play with or waste the bar soap.” ! A study from 68 sub-
districts of Bangladesh suggested that rural residents who live
in households with either water or soap at the handwashing
place were two times as likely to wash both hands with soap
after contact with feces as those residents who did not
have soap or water conveniently available.!? In addition,
Bangladeshi urban households from the wealthiest quintile
were more likely to have soap consistently at handwashing
stations (odds ratio [OR] = 1.9, 95% confidence interval [95%
CI] = 1.4-2.4) and wash their hands with soap at critical times
(adjusted OR [OR,g] = 1.4, 95% CI = 1.1-1.7)."” A number
of research studies from Bangladesh have shown that the cost
of soap is a barrier to its use.””"' These findings suggest that
overcoming economic barriers to maintaining access to soap
in the home could increase handwashing frequency.

Soapy water is a mixture of powder detergent in water,
previously introduced as a handwashing agent in Kenya and
Peru in 2008.'*'> Soapy water is currently being piloted in

*Address correspondence to Nuhu Amin, Water Sanitation and
Hygiene Research Group, Centre for Communicable Diseases, Interna-
tional Centre for Diarrhoeal Disease Research, Bangladesh, 68 Shaheed
Tajuddin Ahmed Sarani, Mohakhali, Dhaka-1212, Bangladesh. E-mail:
nuhu.amin@icddrb.org
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low-income rural'® and urban'” communities in Bangladesh'®
for acceptability and feasibility. To make soapy water, 30 g
powdered detergent (Wheel, Unilever, Dhaka, Bangladesh)
is mixed in any 1.5 L container, such as a reused water/soda/
juice bottle. Preliminary qualitative research suggests that
soapy water is popular because of its low cost and ease of
preparation.'® In Bangladesh, a 30 g sachet of powder laundry
detergent costs US$0.03 compared with a common bar of soap
(Lux, Unilever, Dhaka, Bangladesh), which costs US$0.35.
The cost of freshly prepared soapy water is US$0.09 (detergent
US$0.03 + plastic bottle US$0.06), and the cost of refilling an
existing bottle is only US$0.03. Therefore, the lower cost
of soapy water compared with bar soap and the fact that it
can be kept in a reused plastic bottle may allow households
to ensure the availability of a cleansing agent for handwashing
at home. In addition, soapy water may be less likely to be
stolen than bar soap because of its low cost.!®

However, there are no data on the microbial efficacy
of handwashing with soapy water in field settings. In a low-
income urban area in Dhaka, Bangladesh, we conducted a
randomized, non-inferiority field trial to compare the efficacy
of soapy water with the efficacy of bar soap and water alone
for removing thermotolerant coliforms and Clostridium
perfringens from hands. We also compared the efficacy of
soapy water and bar soap using two different hand scrubbing
times (15 and 30 seconds).

METHODS

A non-inferiority trial seeks to determine whether a new
treatment (soapy water) is not worse than a reference treat-
ment (bar soap) by more than an acceptable amount."”

Selection and enrolment of respondents. We conducted this
study from July to September of 2011 in the Mirpur area of
urban Dhaka among mothers with at least one child < 5 years
old recruited from an ongoing observational study unrelated
to hand hygiene.”® The study area was selected for the
handwashing trial, because this area represents the other
low-income urban slums of Bangladesh with high levels
of environmental contamination. Using the Microsoft Excel
random number generator, one of the investigators (N.A.)
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randomly selected 84 mothers from a participant list of the
ongoing observational study. Using the same randomization
technique, N.A. assigned 28 mothers each (from 84 selected
mothers) to one of three different handwashing sequences
using the three different cleansing agents (Figure 1). All
selected mothers used three cleansing agents (soapy water
[30 g powdered detergent in 1.5 L water], bar soap [Lux], and
water alone; one agent per each visit).

Selection of hands and first scrubbing time. The investiga-
tor N.A. prepared 420 slips of paper, where hand selection
(right versus left) and duration of scrubbing (15 or 30 seconds)
were marked. The slips were placed within a envelope and
shuffled to assure that no one can identify which envelope
contains which hand and rubbing time. The fieldworker col-
lected the required number of paper slips everyday in an enve-
lope and as needed during that day, selected one slip at random
to determine the hand with which each mother would start the
assigned handwashing sequence; because the level of microbial
hand contamination could differ in the left versus right hand,®
we deemed it important to avoid bias that might result from
systematically selecting either the right or left hand for hand
rinse sampling. The fieldworker used the opposite hand of the
mother on the subsequent visit to avoid the selection of the
same hand. The same hand was not sampled two times,
because the pre-wash hand rinse sampling method was similar
to washing with water alone, and such pre-treatment would
limit our ability to compare the efficacy of washing hands with
soap/soapy water versus water alone.”' The fieldworker also

AMIN AND OTHERS

used the paper slips to randomly assign a scrubbing time
of 15 or 30 seconds for both soapy water and bar soap and
used only a 15 second scrubbing time for water alone. We used
15 and 30 seconds scrubbing times to ensure that the recom-
mended scrubbing time was included.?? A 15 second scrubbing
time was close to the observed average hand scrubbing time
of 12.5 seconds found in a study in urban Kamalapur, Dhaka®
and the observed average hand scrubbing time of 14 seconds
found in the United Kingdom.*® Thirty seconds of scrubbing
was the maximum scrubbing time observed after receiving the
soap intervention in the Kamalapur study.’® The fieldworker
visited each mother five times to collect a total of 10 hand rinse
samples from each mother (Figure 1).

During the first visit with the mother, fieldworkers described
the study and after obtaining informed consent, administered a
questionnaire on demographic characteristics and principle
household water sources. During each of the five visits with
the mother, fieldworkers collected information about recent
hand hygiene practices, contact with feces from either their
own defecation or cleaning a child who had defecated, and use
of a cleansing agent for handwashing within the preceding
1 hour. The fieldworkers also observed hand cleanliness for
both hands. We assigned hand cleanliness scores to three areas
of the hand: fingernails, palms, and fingers. Fingernails
included the fingernails, the skin under the fingernails, the skin
directly surrounding the fingernails, and the cuticles. The palms
included the inner surface of the hands not including the
fingers, and the fingers included the base (proximal phalanges),
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FIGURE 1.

Study design flowchart.
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middle portion (middle phalanges), finger pads, and side of the
fingers. Using pictorial cue cards, fieldworkers assessed the
visible appearance of these three areas of both hands using a
three-point scale: clean (observed part of the hand is clean as
would appear after someone washes their hands or takes a
bath), unclean (no dirt is visible on the hand, but part of the
hand appears unclean), and dirty (visible dirt/mud/soil/ash
or any other material).?!

Hand rinse sample collection. After observing hand clean-
liness, fieldworkers opened a sealed opaque envelope con-
taining a paper slip indicating the random assignment of
either the right or left hand for collecting a pre-wash hand
rinse sample and either a 15 or 30 second scrubbing time with
soapy water, bar soap, or water alone (Figure 1).

Before the prescribed handwashing, fieldworkers collected
a pre-wash hand rinse sample by having the mother insert the
selected hand into a sample collection bag (19 x 38 cm; Nasco
Whirl-Pak, Fort Atkinson, WI) containing 200 mL sterile
Ringer’s solution and asking her to rub her fingers against
her palm for 15 seconds. Then, fieldworkers massaged the
inserted hand from the outside of the bag for an additional
15 seconds to ensure that all parts of the hand were fully
immersed in the Ringer’s solution. They closed the sample
collection bag and immediately placed it into a cold box that
was maintained at < 10°C with ice packs.**

After the pre-wash hand rinse sample was collected,
fieldworkers showed a standard handwashing technique using
a pictorial cue card (Supplemental Figure 1). They then
requested that the mother wash both her hands with the hand
cleansing agent as determined by the randomization. If the
respondent was assigned to wash hands with soapy water, the
mother wetted both of her hands with 10 mL water, and
fieldworkers poured 20 mL soapy water solution onto the
mother’s hands. The mother scrubbed both her hands for the
assigned duration (15 or 30 seconds), and then, fieldworkers
poured 500 mL water over the mother’s hands to rinse away
the foam of the soapy water. Fieldworkers used a stopwatch
to record the time of hand rinsing.?? If the respondent was
assigned to wash her hands with bar soap, she wetted her
hands with 10 mL water and used a 100 g bar of soap to create
foam. Fieldworkers then followed the same scrubbing and
rinsing procedure as with soapy water. If the respondent was
assigned to wash hands with water alone, fieldworkers poured
water over the mother’s hands while she scrubbed them for
15 seconds. The water used for hand wetting, scrubbing, and
rinsing with soapy water, bar soap, and water alone was from
the Dhaka municipal water supply collected from the house-
hold into a provided clean container.

After handwashing with the prescribed cleansing agent,
fieldworkers collected a hand rinse sample from the hand that
was not tested in the pre-wash hand rinse sample using
similar techniques.

Municipal water testing. We tested samples from the
Dhaka municipal water supply, the main source of water in
the study participants’ households, to determine the amount
of indicator bacteria in the water that would be used for
handwashing and other purposes. The field team used conve-
nience sampling to select 10 households from five geographi-
cally different areas for source water testing. Fieldworkers
collected a 100 mL water sample in a Whirl-Pak bag from
the primary water source. If water was not available during
the assigned visit from the primary water source, they col-
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lected a water sample from the household’s stored water.
Fieldworkers sealed the water sample bag and immediately
placed it into a cold box.

Soapy water solution testing. The fieldworkers used conve-
nience sampling to collect five water samples in five different
1.5 L plastic bottles from five different households (Water
Supply and Sewerage Authority [WASA] tap or hand pump)
and prepared the soapy water using the same recipe.
Fieldworkers collected a 100 mL water sample in a Whirl-
Pak bag from each soapy water bottle and immediately placed
it into a cold box. The soapy water samples were tested to
assess the load of thermotolerant coliforms in the WASA
water after mixing the detergent powder.

Laboratory procedures. The International Center for Diar-
rheal Disease Research, Bangladesh (icddr,b) laboratory
received the rinse water samples within 6 hours of collection
and conducted a microbiological evaluation of each hand
rinse sample using membrane filtration and the drop plate tech-
nique to detect thermotolerant coliforms and C. perfringens.®*
Thermotolerant coliforms are commonly used as indicators
of fecal contamination in handwashing evaluations.> 2’
C. perfringens is a potential alternative biomarker of fecal con-
tamination that persists in the environment for a longer period
than other indicator organisms, such as Escherichia coli (a subset
of fecal coliforms).?® We chose to use thermotolerant coliforms
to allow for comparison with other studies and selected
C. perfringens to assess its use as a stable indicator of fecal
contamination on hands.

For thermotolerant coliforms, 20 mL pre-wash and 50 mL
post-wash hand rinse samples were filtered separately through
0.22-um pore size membrane filters (Millipore Corp., Bedford,
MA). Different volumes of hand rinse samples were filtered,
because the pre-wash samples were more contaminated. The
filter papers were then placed on plates of media prepared with
mFC agar (Difco, MD). At the same time, 100 pL. each hand
rinse sample was taken directly from the sample bag using a
micropipette (Labsystem, Australia) and inoculated onto the
mFC agar plates using the drop plate technique.”*! The plates
were then inoculated at 44°C for 18-24 hours. After incuba-
tion, characteristic blue colonies were counted as thermo-
tolerant coliforms expressed as colony forming units (CFU)
per hand (200 mL rinse solution). When the number of colo-
nies was too numerous to count on the filter paper, the colonies
enumerated by the drop plate technique were used to calculate
CFU per hand.

To assess the concentration of C. perfringens, 20 mL pre-
wash and 50 mL post-wash hand rinse samples were passed
through 0.22 um pore size membrane filters, placed onto
plates containing modified C. perfringens medium (mCP;
Oxoid, England), and incubated in an anaerobic jar at 44°C.
After 24 hours, yellow colonies, characteristic of C. perfringens,
were presumptively counted as C. perfringens. The yellow
colonies were then exposed to 30% ammonium phosphate;
the colonies that turned dark pink were confirmed as
C. perfringens, and the count was expressed as CFU per hand.

Because the volume filtered differed for the pre- versus
post-wash hand rinses, the lower limit of detection by mem-
brane filtration was 10 CFU per hand for the pre-wash hand
rinse samples and 4 CFU per hand for the post-wash hand
rinse samples. The upper detection limit for all samples by
drop plate technique was 100,000 CFU per hand. Levels
of hand contamination with thermotolerant coliforms and
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C. perfringens were log;o-transformed to compare mean CFU
per hand between groups.

From the municipal water and soapy water samples col-
lected, 20 mL water was filtered through a 0.22 pm membrane
filter, which was placed onto an mFC agar plate to test for
thermotolerant coliforms. Then, the same procedure as for
the hand rinse samples was followed.

SAMPLE SIZE CALCULATION
AND STATISTICAL ANALYSIS

The concentration of bacteria was calculated as the number
of CFU per hand and then converted to log;y counts for
analysis. Non-inferiority involves selecting a meaningful dif-
ference between two groups that would indicate that they are
different, and then calculating the sample size necessary to
detect this difference. To achieve 80% power for detection
of a non-inferiority difference margin of 0.50 log;, CFU
between bar soap and soapy water, we calculated a required
sample size of 84 mothers.>* Therefore, we collected 420
paired hand rinse samples (five pre- and five post-treatment
pairs for two different scrubbing times of 15 and 30 seconds)
and analyzed them separately using the same regression
model. After log;y transformation, we used paired ¢ tests to
evaluate the mean differences between the concentrations
of indicator organisms in the pre-wash and post-wash hand
rinses for each of the hand cleansing regimens. To estimate
the difference between log;,-transformed bacterial counts
between pre- and post-wash (15 versus 30 seconds) and
also the difference between handwashing agents, we used
linear regression, where the dependent variable was the
log,o-transformed bacterial counts and independent variables
were timing of hand rinse (pre- or post-wash), type of
handwashing agent (soapy water or bar soap), and interaction
between them. We also calculated the difference between
the differences using the same regression model. To account
for repeated measures (i.e., multiple hand rinse samples from
the same mother), we used robust SEs to estimate 95% CIs.
We used STATA 10 (StataCorp LP, College Station, TX)
for analysis.

All participants provided written informed consent. The
study protocol was reviewed and approved by the Ethics
Review Committee of icddr,b.

RESULTS

Household characteristics. We enrolled 84 participants into
the study. The characteristics of the randomly assigned groups
of mother were comparable (Supplemental Table 1). The
mean age of the enrolled mothers was 26 years (SD = 0.5,
range = 18-38 years). They completed a mean 3 years of
formal education and lived in households with a mean of five
members. Among 84 participating households, 82 (98%)
households had water supplied by the Dhaka municipality.
All 10 source water samples taken were contaminated with
thermotolerant coliforms (mean log;, = 3.2 CFU/100 mL,
range = 2.3-5.2 log;p CFU/100 mL), but 5 soapy water
solution samples were free from thermotolerant coliforms
(0 CFU/100 mL).

Reported hand hygiene behavior. Reported hand hygiene
behavior within the last 1 hour and the level of visible hand

contamination (dirty, unclean, and clean) before washing
were similar across all mothers, regardless of the cleansing
agent used. One-third of the mothers reported that at least
one hand came into contact with feces after they either defe-
cated or cleaned a child who had defecated; about one-third
reported not washing their hands within the last 1 hour. More
than 90% of mothers reported washing their hands with soap
after defecation and cleaning a child’s anus, but only 18%
of mothers reported washing hands with soap before eating
and/or feeding a child. On observation, 75% of study partici-
pant’s hands were visibly clean, with the palms of both hands
being visibly cleaner than the fingernails (Table 1).

Fieldworkers collected 840 (100%) hand rinse samples
(420 pre-wash [210 right and 210 left hands] and 420 post-
wash [210 right and 210 left hands| samples). More than 90%
of the pre-wash hand rinse samples were contaminated with
thermotolerant coliforms, and more than 70% were contami-
nated with C. perfringens; the mean log;y concentration was
similar across groups for both organisms (Table 2). Right
hands (N = 210) were more contaminated with thermo-
tolerant coliforms in the pre-wash samples (mean log differ-
ence of right hands minus left hands = 0.36 CFU, 95% CI =
0.10-0.61, P = 0.0058), but in the post-wash samples, right and
left hands (N = 210) were equally contaminated (mean log;,
difference of right hands minus left hands = —0.08 CFU, 95%
CI =-0.29-0.14, P = 0.48). The concentrations of C. perfringens
in both pre-wash and post-wash samples were equal for both
right and left hands.

Microbiological effectiveness. Scrubbing hands for 15 sec-
onds with soapy water reduced thermotolerant coliforms to a
similar degree as observed with washing with bar soap (mean
log;o reduction = 0.7 CFU per hand, 95% CI = 0.44-0.92, P <
0.001 for soapy water and mean log;, reduction = 0.6 CFU per
hand, 95% CI = 0.24-0.95, P = 0.001 for bar soap). There
were also significant reductions in the concentrations of
C. perfringens (mean log;o reduction = 0.8 CFU per hand,
95% CI = 0.65-1.0, P < 0.001 for soapy water and mean log;g
reduction = 0.8 CFU per hand, 95% CI= 0.64-1.0, P < 0.001
for bar soap) after scrubbing hands with soapy water and bar
soap for 15 seconds. We calculated that it took an average of
12 seconds (range = 10-15 seconds, SD = 0.07) to remove the
foam produced during scrubbing for both the soapy water and
bar soap. Washing hands with water alone for 15 seconds
also reduced the load of thermotolerant coliforms on hands
(mean log reduction = 0.3 CFU per hand, 95% CI = 0.004—
0.57, P =0.047) but to a lesser degree than washing with soapy
water or bar soap. The reduction of thermotolerant coliforms
was significantly higher after scrubbing with soapy water com-
pared with scrubbing with water alone (log;o mean difference
of thermotolerant coliforms between soapy water and water
alone = —0.4 CFU per hand, 95% CI = —-0.76-0.02, P = 0.038)
but not significantly higher in reducing C. perfringens (logo
mean difference of C. perfringens between soapy water and
water alone = —(0.15 CFU per hand, 95% CI = -0.40-0.09, P =
0.22). Increasing the scrubbing time from 15 to 30 seconds
with either soapy water or bar soap did not significantly
increase the microbiological effectiveness of removing fecal
indicator organisms (Table 2).

Adjustment for visible hand contamination (visibly clean
versus visibly dirty hands) before handwashing did not signif-
icantly change the effectiveness of the handwashing agents
in removing fecal indicator organisms (Table 3).
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DISCUSSION

Soapy water has been developed and promoted as a low-
cost alternative to bar soap for handwashing in Kenya,'*
Bangladesh,'™® and Peru.” In a study conducted by icddr,
b, a family of five members used a 1.5 L mixture of soapy
water in 8-10 days on average for handwashing near the

latrine and 14-15 days near the kitchen (Alam FN, personal
communication). This time is similar to the mean use time
for a bar of soap (13 days).*® In our study, soapy water per-
formed as well as bar soap at reducing thermotolerant coli-
forms and C. perfringens on hands in a low-income urban
community with a highly contaminated water supply. We
tested for C. perfringens, because it would indicate that soapy

TaBLE 1
Reported hand hygiene behavior within the previous 1 hour and appearance of mother’s hands immediately before sample collection in Mirpur,

Dhaka in 2011

Reported and observed behavior

Reported hand(s) contact with feces (self or child’s) within last 1 hour
Reported handwashing within 1 hour preceding pre-wash hand rinse sampling

Hand(s) reported washed within the previous 1 hour
Right hand
Left hand
Both hands

Handwashing agent used within the last 1 hour (multiple responses allowed)

After defecation
Any soap and water (soap, soapy water, or detergent)
Water only
Other
After toileting
Any soap and water
Water only
After cleaning child’s anus
Any soap and water
Water only
Other
During bathing
Any soap and water
Water only
Before eating and feeding
Any soap and water
Water only
After household or kitchen works
Any soap and water
Water only
How many times hand(s) was washed within the previous 1 hour
No handwashing
One time
Two times
More than two times
Appearance of right hand: fingernails
Dirtyt
Uncleanf
Clean§
Appearance of right hand: palms
Dirty
Unclean
Clean
Appearance of right hand: fingers
Dirty
Unclean
Clean
Appearance of left hand: fingernails
Dirty
Unclean
Clean
Appearance of left hand: palms
Dirty
Unclean
Clean
Appearance of left hand: fingers
Dirty
Unclean
Clean

Soapy water Bar soap Water alone Total
(N=168)*n (%) (N =168)*n (%) (N=84)n (%) (N=420)n (%)
61 (36) 51 (30) 24 (29) 136 (32)
129 (77) 128 (76) 67 (80) 324 (77)
5(4) 9(7) 1(15) 15 (4)
3(2) 5(4) 1(1.5) 9(2)
121 (94) 114 (89) 65 (97) 300 (71)
27 (96) 19 (83) 13 (100) 59 (92)
1(4) 3(13) 0 4 (6)
0 1(4) 0 1(2)
6 (14) 1(4) 3(19) 10 (12)
37 (86) 24 (96) 13 (81) 74 (88)
36 (86) 35 (92) 17 (100) 88 (91)
6 (14) 1(3) 0 7(7)
0 2(5) 0 2(2)
14 (88) 9 (90) 4 (100) 27 (90)
2(12) 1(10) 0 3(10)
7(13) 11 (24) 3(18) 21 (18)
46 (87) 34 (76) 14 (82) 94 (82)
52 (58) 38 (45) 25 (57) 115 (53)
37 (42) 46 (55) 19 (43) 102 (47)
39 (23) 40 (24) 17 (20) 96 (23)
36 (21) 51 (30) 31 (37) 118 (28)
42 (25) 42 (25) 18 (22) 102 (24)
51 (31) 35 (21) 18 (21) 104 (25)
16 (10) 5(3) 8(10) 29 (7)
63 (38) 69 (41) 25 (30) 157 (37)
89 (53) 94 (56) 51 (61) 234 (56)
4(2) 1(0.6) 1(1) 6(1)
33 (20) 14(8) 7(8) 54 (13)
131 (78) 153 (91) 76 (91) 360 (86)
5(3) 1(0.6) 1(1) 7(2)
32(19) 22 (13) 9 (11) 63 (15)
131 (78) 145 (86) 74 (88) 350 (83)
16 (10) 9(5) 13 (15) 38 (9)
78 (46) 72 (43) 27 (32) 177 (42)
74 (44) 87 (52) 44 (52) 205 (49)
5(3) 1(0.6) 2(2) 8(2)
34 (20) 15(9) 9 (11) 58 (14)
129 (77) 152 (90) 73 (87) 354 (84)
4(2) 1(0.6) 2(2) 7(2)
34 (20) 27 (16) 10 (12) 71 (17)
130 (77) 140 (83) 72 (86) 342 (81)

*Data collected at two different visits: 15- and 30-second scrubbing times; N = (84 x 2).
+Dirty: Visible dirt/mud/soil/ash or any other material.
$Unclean: No dirt is visible on the hand, but part of the hand appears unclean.

§Clean: Observed part of the hand is clean (as it would appear after someone washes their hands or takes a bath).
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water also works well on hardier organisms. Handwashing
with water alone also worked well in reducing C. perfringens,
indicating that the removal of these organisms may be mostly
a physical process from the friction of rubbing hands together.

In Bangladesh, the average price of a common bar soap
(Lux) is US$0.35, whereas a mixture of soapy water costs US
$0.03. The 1.5 L plastic bottle (e.g., mineral water bottle or
soft drink/juice bottle), which costs US$0.06, could be reused
as long as it continues to hold water. Because we estimate that
soapy water lasts the same duration as soap (three bar soaps
or three soapy water bottles required per month per house-
hold), its use would cost only US$0.15 (three sachets of deter-
gent cost US$0.09 + one plastic bottle costs US$0.06) in the
first 1 month and US$0.09 for each subsequent 1 month.
This cost provides a savings of US$0.90 in the first 1 month
and US$0.96 for each subsequent 1 month compared with bar
soap. Households may find cost saving an added incentive for
adopting soapy water or having multiple bottles of soapy
water to use at different sites within the home, which may
facilitate handwashing at times of possible pathogen transmis-
sion to or from hands.'**

Our microbial evaluation showed that handwashing with
water alone also reduced the level of both thermotolerant
coliforms and C. perfringens on hands, although the reduction
was significantly lower than for handwashing with soapy
water (log;p mean difference of thermotolerant coliforms
between soapy water and water alone = -0.4 CFU per hand,
95% CI = -0.76 to -0.02, P = 0.038). A recent laboratory-
based study in the United Kingdom similarly found that the
presence of fecal bacteria was reduced by 23% by hand-
washing using water alone.”> A community-based observa-
tional study in Bangladesh reported that children who lived
in households where food preparers briefly washed their
hands with water alone experienced significantly less diarrhea
than children living in households where food preparers did
not wash their hands at all.* Other evaluations suggest that
washing hands with water alone can reduce the amount of
bacteria®?%3%3¢ but not to the same extent as bar soap. Con-
versely, Hoque and Briend,” from a small community-based
handwashing study in Dhaka, suggested that washing hands
with soap, mud, or ash significantly removed fecal coliforms
from hands, whereas washing with water alone did not. How-
ever, their study measured only presence or absence of fecal
coliforms. Our study enrolled nearly five times as many par-
ticipants and was designed to have sufficient power to detect
differences in microbial concentrations after washing hands
with soapy water, bar soap, and water alone.

Mothers in our study washed their hands with contami-
nated water (log;, mean of thermotolerant coliforms/100 mL
water = 3.2 CFU, range = 2.3-5.2). We did not evaluate
handwashing with contaminated water against handwashing
with uncontaminated water, but a community-based study
in Pakistan found that difference in the level of hand contam-
ination did not differ significantly for households provided
bacteria-free chlorinated water for handwashing versus
households that used heavily contaminated municipal water
for handwashing.®® These findings contrast with a study in
Uttarkhan, Bangladesh that suggested the hands of women
who washed their hands with highly contaminated pond
water (geometric mean of the count of fecal coliforms =
17,330/100 mL) were significantly more contaminated com-
pared with the hands of women who washed their hands with
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less contaminated tube well water (geometric mean of the
count of fecal coliforms = 32/100 mL).** Perhaps handwashing
with either soapy water or bar soap in our study would
have resulted in additional reduction of hand contamination
if the hands were washed using uncontaminated water.>>’
Although we only tested a small sample of municipal water,
our data suggest that even using moderately contaminated
water for handwashing can still reduce fecal contamination
from hands. More generally, our study supports that hand-
washing should be encouraged even when available water is
bacterially contaminated.

Effective handwashing to reduce bacteria from hands
depends on several factors: duration of handwashing, type
and volume of cleansing agent, and quality of water.?'*°2* A
US laboratory-based study, focusing on duration and type
of cleansing agent, found that antimicrobial soap reduced
Shigella flexneri significantly more at 30 seconds than 15 sec-
onds, but plain soap did not*' A US hospital-based study
found that washing hands with plain soap and water for 15 sec-
onds reduced bacterial counts on the skin by 0.6-1.1 log;,
whereas washing hands with plain soap and water for 30 sec-
onds reduced counts by 1.8-2.8 log;o.*® These differences
in hand contamination might be because of different study
contexts. A laboratory or hospital setting in a high-income
country is likely to be far less contaminated and have cleaner
water than the study area and municipal water in Bangladesh.
Scrubbing hands with soapy water, bar soap, or water alone
for longer than 15 seconds may be unlikely to remove addi-
tional bacteria when the water itself is contaminated.

Several studies used stopwatches to measure handwashing
duration®****~*' but did not explore the handwashing pro-
cess by separating scrubbing times and rinsing times. A range
of timings of both scrubbing and rinsing hands has been
recommended by previous studies.**”*’ We recommend a
15 second scrubbing time, because it was as effective as 30 sec-
onds in removing indicator organisms and is closer to the
duration of handwashing typically carried out by persons in
Bangladesh.® This time is below the 20 second scrubbing time
recommended by the Centers for Disease Control and Preven-
tion (CDC)* and United Nations Children’s Fund (UNICEF)*’
and may improve adherence to handwashing recommendations.

Visible appearance of hand cleanliness was not associated
with the level of hand contamination or the efficacy of soapy
water or bar soap in removing thermotolerant coliforms and
C. perfringens from hands. A similar result was found in a
handwashing intervention with hand sanitizer and liquid soap
in Dar es Salam, Tanzania, which suggested that the efficacy
of handwashing with soap was not associated with visible dirt
on the hands.”

There are important limitations to this study. First, we used
supervised handwashing regimens with pre-specified hand
scrubbing times and hand lathering motions.” Although this
prescriptive approach strengthens the internal validity of our
study, the reduction of microbial load by washing hands with
soapy water or bar soap may be different if community mem-
bers were to wash their hands for a shorter time or did not use
the comprehensive scrubbing motions that we promoted.
Additional research should explore the effectiveness of soapy
water when not directly supervising community members’
handwashing. Second, we used 500 mL municipal water
during the handwashing procedure to rinse away foam. In
settings where water is less plentiful, results may be different.
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Additional research is necessary to explore the effectiveness
of soapy water in settings where water is scarce. Third, viruses
and specific pathogens that can also cause diarrhea were not
measured in this study, and the efficacy of soapy water on
removal of these pathogens could differ.

Soapy water may be promoted as a low-cost but similarly
effective alternative to bar soap for cleaning hands to reduce
bacterial contamination and potentially reduce enteric dis-
ease transmission. This low-cost and readily available alterna-
tive may increase handwashing frequency, which ultimately
may reduce disease burden globally. This intervention may
be particularly appropriate for low-income communities,
where there are concerns about the cost of bar soap. Addi-
tional studies could explore the efficacy of soapy water in
removing viruses and assess the effect of handwashing with
soapy water on health outcomes, such as diarrhea and
respiratory diseases.
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Abstract

Aim. Assisting women with a history of gestational diabetes mellitus (GDM) to adopt healthy lifestyles is a priority for diabetes
prevention. The aim of this study was to develop and evaluate measures that can be used to assess the efficacy of behavior
change interventions in this group. Method. Measures of psychosocial influences on physical activity and diet were derived
from formative research and examination of established instruments. Item reduction by principal components analysis was
undertaken following telephone survey administration to 160 women with recent GDM, and the internal reliability and
construct validity of the derived scales were assessed. Test—retest reliability was assessed in another sample of 97 women.
Results. Scales with acceptable internal reliability were developed for physical activity outcome expectancies (a0 = .82),
perceived barriers (o0 = .75), encouragement (o. = .76) and self-efficacy (o0 = .82), weight control attitudes (oo = .90), and
diabetes-related fear (o =.70). Construct validity in relation to physical activity participation was found for the encouragement
and self-efficacy scales. The weight control attitudes scale showed construct validity in relation to fruit and vegetable intake.
The test—retest reliability of most scales was moderate to good (weighted k = 0.55-0.69). Conclusion. Reliable and valid
measures relevant to the psychosocial needs of women with GDM have been developed with a multiethnic population. These
will assist future evidence generation, particularly in relation to the adoption of physical activity, which has been a challenging
area of lifestyle intervention to date.

Keywords
gestational diabetes, health behaviors, measurement, reliability, validity

The development of strategies to motivate and enable healthy
behaviors is of vital importance for stemming the growing
burden of disease due to type 2 diabetes mellitus (T2DM).
Because of this, behavioral science has a valuable role to
play in building the knowledge base concerning the determi-
nants of the recommended actions for T2DM management
and prevention. Psychosocial influences make a particularly
important contribution to behavior change (Delamater et al.,
2001; Gonder-Frederick, Cox, & Ritterband, 2002), with
evidence showing that interventions that modify these can
achieve improvements in physical activity (Kahn et al.,
2002) and dietary intake (Ammerman, Lindquist, Lohr, &
Hersey, 2002).

In the arena of diabetes prevention and control, a priority
population group is women who first develop glucose intol-
erance during pregnancy, known as gestational diabetes mel-
litus (GDM). In 2013, it was estimated that globally 14% of

184

women with live births had GDM (International Diabetes
Federation, 2013), and numerous studies have reported that
women with this medical history have a markedly elevated
risk of developing T2DM later in life (Cheung & Byth, 2003;
Kim, Newton, & Knopp, 2002). There is a significant public
health opportunity to reduce the prevalence and costs of
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T2DM by identifying women with a history of GDM and
facilitating lifestyle changes (Bentley-Lewis, Levkoff,
Stuebe, & Seely, 2008; Marseille et al., 2013), and a growing
number of studies are testing the efficacy of strategies to
improve physical activity, dietary intake, and body weight
among this risk group (Cheung, Smith, van der Ploeg,
Cinnadaio, & Bauman, 2011; Ferrara et al., 2011; Hu et al.,
2012; Kim, Draska, Hess, Wilson, & Richardson, 2012;
Ratner, 2007; Reinhardt, van der Ploeg, Grzegrzulka, &
Timperley, 2012).

The design of effective strategies to prevent T2DM among
women with a history of GDM, as for other high-risk groups,
will require an understanding of the determinants of their
health behaviors (Kaiser & Razurel, 2013). To date, forma-
tive research undertaken with this group has identified fac-
tors such as time constraints, child care demands, stress, low
levels of motivation, and lack of knowledge as barriers to
physical activity and healthy eating (Downs & Ulbrecht,
2006; Hjelm, Berntorp, Frid, Aberg, & Apelqvist, 2008;
Kieffer, Sinco, & Kim, 2006; Kim, McEwen, Kieffer,
Herman, & Piette, 2008). Cross-sectional studies have found
that self-efficacy and social support are correlates and pos-
sible facilitators of these behaviors (Kim et al., 2008; Smith,
Cheung, Bauman, Zehle, & McLean, 2005; Zehle et al.,
2008). This research provides helpful directions for health
promotion programming, but falls short of what is required
to generate models of behavioral mediators among women
with a history of GDM that can be tested and refined (Peyrot,
2001). More rigorous definition and measurement of psycho-
social determinants is required for knowledge building
(Anderson, Funnell, & Hernandez, 2005) and for the evalua-
tion of interventions (Brown, Hume, & Chin, 2009; Nigg,
Allegrante, & Ory, 2002).

The predominant focus of measurement research in diabe-
tes has been the determinants of self-management behaviors
by people with T2DM, with psychometric properties being
reported for measures of knowledge, attitudes, support, psy-
chological distress, barriers, self-efficacy, and empowerment
(Caro-Bautista, Martin-Santos, & Morales-Asencio, 2014;
Colagiuri & Eigenmann, 2009). Very little attention has been
given to developing robust measures of the determinants of
prevention behaviors. Studies that have evaluated measures
of behavioral beliefs, normative beliefs, and control beliefs
related to physical activity (Blue, Marrero, & Black, 2008)
and healthful eating (Blue & Marrero, 2006) among adults at
risk of type 2 diabetes provide the leading examples of this
research so far. These measures were based on formative
research with adults who self-identified as at risk of type 2
diabetes (up to age 71 years), and while reported to have
good reliability and construct validity, they did not address
the needs and circumstances of younger women with parent-
ing responsibilities who have recently been diagnosed with
GDM. The aim of the study reported here was to investigate
the psychometric properties of measures that could be used
to strengthen diabetes prevention research among women

with a history of GDM, focusing on the determinants of
physical activity and healthful eating.

Method
Study Design

A two-stage study was conducted, with the first stage using
a cross-sectional analytic design to assess the internal reli-
ability and construct validity of the measures of behavioral
determinants. The second stage involved repeated adminis-
trations of the survey measures to determine their test-retest
reliability.

Study Participants

Study participants were recruited from the databases of
Diabetes in Pregnancy clinics conducted at Westmead,
Nepean, Blacktown, and Auburn hospitals in western
Sydney, Australia. Women who had a pregnancy during
which they were diagnosed with GDM within the preceding
6 to 36 months were eligible, while those who had developed
T2DM since their GDM pregnancy, or were pregnant at the
time of recruitment, were excluded. In Stage 1 of the study,
only English-speaking women were recruited, and in Stage
2, those who spoke English, Arabic, Cantonese, or Mandarin
were included. Arabic- and Chinese-speaking women com-
prise two of the largest language groups seen in diabetes in
pregnancy clinics in western Sydney. A total of 689 women
were invited to participate in the study: 496 in Stage 1 and
193 in Stage 2. None of those in Stage 1 participated in Stage
2. Ethical approval for the study was obtained from the
Sydney West Area Health Service Human Research Ethics
Committee.

Measures

Measures were developed using data collected from prelimi-
nary semistructured interviews with 57 women with recent
GDM from English-, Arabic-, and Chinese-speaking back-
grounds (Razee et al., 2010), and a review of items used pre-
viously to measure social and cognitive influences on
physical activity, including outcome expectations (Resnick
& Jenkins, 2000), barriers (Sallis et al., 1989), self-efficacy
(Marcus, Selby, Niaura, & Rossi, 1992), and social support
(Biddle, Goudas, & Page, 1994). While the selection of mea-
sures was guided by formative research, their relationship
with physical activity and dietary behaviors is explained by
several prominent theories of health behavior, namely, social
cognitive theory for self-efficacy, outcome expectations, and
perceived barriers (Bandura, 1998); social network theory
for social support (Heaney & Israel, 2002); theory of rea-
soned action for weight loss attitudes (Godin, 1993); and
protection motivation theory, for the perceived risk and
impact of diabetes (Wurtele & Maddux, 1987). An extensive
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list of draft items were assessed for face and content validity
by the authors, with a consensus approach used to exclude
items.

Twelve items were chosen to measure physical activity
outcome expectations. These required respondents to indi-
cate on the 5-point Likert-type scale their level of agreement
that the following were benefits of physical activity:
improved mood, enjoyment, reduced risk of diabetes, ability
to control weight, improved self-esteem, physical fitness,
meeting new people, lower stress, better general health,
greater energy, more time for self, and being a positive role
model for children.

Fourteen items were chosen to measure barriers to physi-
cal activity, with respondents asked to report how often on a
5-point scale (never to very often) the selected factors pre-
vented them from undertaking activity. These were lack of
motivation, lack of time, insufficient energy, not having an
activity partner, poor weather, poor health, lack of conve-
nient locations for activity, being overweight, work demands,
family demands, lack of money, not having child care assis-
tance, putting the needs of others first, and not having family
nearby to give assistance.

Self-efficacy for physical activity was measured by 10
items. Respondents were required to indicate their level of
confidence on a 4-point scale (very confident to not confi-
dent) to undertake physical activity when experiencing the
following situations: tiredness, not having time, poor
weather, feeling stressed, managing the care of a young
child, having other demands on time, extensive housework
duties, feeling alone, feeling lazy, and feeling depressed.

The measures of social support for physical activity com-
prised nine items. Respondents were asked to report how
often on a 5-point scale (never to very often) they received
the following types of support: being accompanied by family
or friends, assistance with child care, assistance with house-
hold chores, encouragement from friends, encouragement
from partner, encouragement from others in the family,
encouragement from health care professionals, encourage-
ment from complementary health providers, and encourage-
ment to keep up activity from family or friends.

Weight loss attitudes were measured by asking respon-
dents to indicate their level of agreement on a 5-point Likert-
type scale with 10 items reflecting their appraisal of the value
of weight loss. These items addressed optimism, attractive-
ness, self-respect, pride of family members, being able to eat
preferred foods, self-consciousness, respect of others, wear-
ing preferred clothes, accomplishing more, and feeling that
they ought to lose weight.

The measures of diabetes-related fear addressed per-
ceived impact (five items) and risk (four items), with respon-
dents asked to indicate their level of agreement on a 5-point
Likert-type scale with statements about the disease. Those
addressing impact were perception of harm, fear of the dis-
ease, worry about impacts on the child, worry about impacts
on personal health, and having a significant impact on their
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life. Statements related to risk concerned level of risk of the
disease, the effect of family history, potential to reduce risk
by personal action, and the potential to prevent diabetes
through medications.

In order to assess the construct validity of the psychoso-
cial measures, respondents were asked to self-report their
physical activity and dietary behaviors. Physical activity was
measured by the Active Australia Survey, which has estab-
lished concurrent validity with accelerometer recordings
(Timperio, Salmon, Bull, & Rosenberg, 2002). This widely
used instrument measures the frequency and duration of
walking and moderate- and vigorous-intensity leisure time
physical activity. Short food frequency questions (Marks,
Webb, Rutishauser, & Riley, 2001) were used to measure
fruit, vegetable, and high-fat food intake.

Procedures

In the first stage of the study, trained interviewers adminis-
tered the survey by telephone in English, which generally
took 30 to 40 minutes. In Stage 2, a revised instrument based
on the Stage 1 evaluation was used in repeated telephone
interviews, with a 4-week interval between administrations.
This survey was translated from English into both Arabic and
traditional Chinese, then back translated to English, by inde-
pendent accredited translators. Three trained native-speaking
interviewers administered the survey to English-, Arabic-,
and Chinese- (Mandarin or Cantonese) speaking women in
their preferred language. Each of these interviews lasted
approximately 20 minutes.

Statistical Analysis

Initial descriptive analysis of the data collected in Stage 1
examined the distribution of responses to each item, to iden-
tify those with ceiling effects (i.e., 90% to 100% agreement
with the statements). Interitem correlation matrices were
examined, and principal components analysis (PCA) was
undertaken to identify items that formed measurement scales
of the constructs. Scree plots were examined, with the break-
ing point in the plot line used to determine the number of
factors to retain, and minimum item loadings of 0.40 were set
to determine the structure of each factor. The internal reliabil-
ity of the derived scales was assessed using Cronbach’s alpha.

Multivariable regression modeling was undertaken using
the Stage 1 data to assess the construct validity of the psy-
chosocial determinants scales. The relationship between the
physical activity determinants scales and total self-reported
minutes of physical activity was examined. Modeling of the
weight loss attitudes and diabetes beliefs scales examined
the relationships between these variables and minutes of
total physical activity, daily serves of fruit and vegetables,
and daily serves of high-fat foods (high-fat meats, deep-
fried chips, fast-food meals, confectionary, crisps, and sweet
biscuits). Before multivariable linear regression modeling,
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Box-Cox transformations were performed to normalize the
distributions of the psychosocial and behavior variables. For
multivariable logistic regression the psychosocial variables
were recoded into tertiles (low, moderate, high), and the
behavior measures were recoded as dichotomous variables;
physical activity was categorized as >150 minutes per week,
or less; fruit and vegetable intake as >5 serves per day, or
less; and high-fat food intake as >1 serve per day, or less.
The covariates included in all multivariable models were
age (<30 years, 31-35 years, or >35 years), number of chil-
dren (1, 2, or 3 or more), body mass index (<25 kg/m?, 25.1-
30 kg/m%, or >30 kg/m?), educational attainment (up to
school year 10, completed high school or vocational col-
lege, or university level), and language spoken at home
(English or other).

The data collected in Stage 2 were used to assess the test—
retest agreement of the psychosocial determinants scales
derived from Stage 1. Spearman’s rank order correlation
coefficient (p) was used to assess agreement on the ordinal
scale score and weighted kappa (k) was used to assess agree-
ment in classification of respondents into the low, moderate,
and high tertiles of each scale. All analyses were performed
using IBM SPSS Statistics Version 20.0.0.

Results

There were 160 women recruited in Stage 1 (response rate
32%) and 97 women in Stage 2 (response rate 50%). As
shown in Table 1, the samples were similar in age, parity,
educational attainment, and self-reported body mass index.
In the Stage 2 sample, 54% of women were English-speaking,
28% spoke Arabic, and 18% spoke Mandarin or Cantonese.
Of the 97 women recruited for Stage 2, four could not be
contacted for the retest measurement.

Table 2 shows that there were six scales that met the
minimal internal reliability threshold of Cronbach’s a >.70.
The PCA identified six items for physical activity outcome
expectancies with loadings >0.40, six concerning barriers
to physical activity, four for encouragement to undertake
physical activity, nine for physical activity self-efficacy,
nine for weight loss attitudes, and four for diabetes-related
fear. The items excluded from each scale as a result of PCA
are listed below Table 2. It was notable that the outcome
expectancies scale was heavily skewed with almost 90% of
respondents achieving a score that indicated agreement on
all items. Because of the likely ceiling effects, this scale
was not included in the construct validity or retest reliabil-
ity analysis.

Retest reliability analysis with the Stage 2 sample found
significant agreement in responses to each of the five scales.
Table 2 shows that Spearman’s p ranged from 0.62 for physi-
cal activity self-efficacy to 0.91 for weight loss attitudes. The
weighted « showed that the tertile classification of respon-
dent self-efficacy had fair reliability; the classification of

Table I. Characteristics of Women With Past Gestational
Diabetes Mellitus in Stages | and 2 of the Study.

Stage | Stage 2

Characteristic (N=160) (N=97)
Age, M (SD), years 344 (5.3) 345(5.3)
Parity, n (SD) 23(1.2) 24 (1.4)
Education, n (%)

Did not complete high school 33 (21) 24 (26)

Completed high school 36 (22) 17 (18)

Trade/technical certificate or diploma 40 (25) 23 (25)

University 51 (32) 29 (31)
Weight status, n (%)

Normal weight (<25 kg/m?) 45 (28) 37 (40)

Overweight (25-30 kg/m?) 48 (30) 22 (24)

Obese (>30 kg/m?) 65 (41) 34 (36)

Not given 2(1) 0
Language spoken at home, n (%)

English 160 (100) 50 (54)

Arabic 0 26 (28)

Cantonese/Mandarin 0 17 (18)

barriers to physical activity and diabetes-related fear scale
had moderate reliability; and the reliability of the tertile clas-
sifications on the encouragement to be active and weight loss
attitudes scales was good.

In the construct validity analysis, the barriers to physical
activity score were not related to minutes of total physical
activity, and it was only those in the moderate barriers cate-
gory who were less likely than those in the low category to
undertake the recommended amount of 150 minutes/week of
moderate or vigorous activity (Table 3). The encouragement
for physical activity scale also did not have a linear relation-
ship with minutes of total activity; however, women in the
high tertile on this scale were more likely than those in the
low tertile to meet the physical activity recommendations
(adjusted odds ratio [AOR] =3.51, p <.01). The self-efficacy
scale showed a significant association with both the linear
and categorical measures of physical activity. Compared
with respondents in the low tertile of self-efficacy, those in
the moderate (AOR =2.71, p <.05) and high tertiles (AOR =
7.84, p < .01) were more likely to report the recommended
amount of physical activity.

Responses on the weight loss attitudes and diabetes-
related fear scales did not show associations with physical
activity participation. Weight loss attitudes were positively
related to the number of serves of fruit and vegetable con-
sumed each day, with those in the highest tertile more likely
than those in the lowest tertile (AOR = 3.37, p < .01) to
report consuming five or more serves of fruit and vegetables
per day. However, the weight loss attitudes scale was not
associated with the number of serves of unhealthy food con-
sumed. The diabetes-related fear scale did not show an asso-
ciation with the dietary measures.
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Table 2. Internal and Retest Reliability of Psychosocial Scales Related to Physical Activity, Weight Loss, and Diabetes.

Stage 2 retest reliability

(N=193)
Stage | internal reliability
Scales and item Factor loading (N = 160), Cronbach’s o Spearman’s p Weighted «®
Physical activity outcome expectations® .82 N/A N/A
Help control weight 0.88
Improve fitness 0.84
Improve self-esteem 0.69
Improve health 0.66
Reduce diabetes risk 0.60
Increase energy 0.57
Barriers to physical activity® — .75 0.70 0.55
Lack of time 0.58
Work demands 0.68
Family demands 0.71
Lack of help with child care 0.70
Putting needs of others in the family first 061
Not having your family nearby to help 0.63
Encouragement to be active® — 76 0.78 0.62
Receive encouragement 0.84
Friends encourage 0.69
Partner encourages 0.69
Other family members encourage 0.72
Physical activity self-efficacy® — .82 0.62 0.38
When feeling tired 0.65
When lack time 0.62
When feeling stressed 0.55
Dealing with demands of parenting 061
Dealing with other demands at home 0.79
When have household chores to do 0.74
When feeling alone 0.62
When feeling lazy 0.57
When feeling depressed 0.62
Weight loss attitudes® .90 091 0.68
Feel more optimistic 0.8l
Feel more attractive 0.83
Have more self-respect 0.75
Family would be proud 0.73
Less self-conscious 0.80
More respect form others 0.62
Wear nicer clothes 0.47
Would accomplish more 0.74
Should lose weight 0.80
Diabetes-related fear .70 0.75 0.59
Afraid of developing type 2 diabetes 0.73
Afraid of effect of GDM on child 0.73
Afraid of effect of GDM on own health 0.79
GDM had severe impact on life 0.56

Note. GDM = gestational diabetes mellitus.

*Excluded items: improved mood, enjoyment, meeting new people, lower stress, more time for self, being positive role model for children. "Excluded
items: lack of motivation, insufficient energy, not having activity partner, poor weather, poor health, lack of convenient locations, being overweight,
lack of money. “Excluded items: accompanied by family or friends, assistance with child care, assistance with household chores, encouragement from
health care professionals, encouragement from complementary health providers. “Excluded item: poor weather. *Excluded item: able to eat preferred
foods. Excluded items: perception of harm, level of risk of disease, effect of family history, can reduce risk by personal action, can prevent diabetes by
medications. (Agreement for classification into low, moderate, or high tertiles on scales.
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Table 3. Construct Validity of Physical Activity, Weight Loss, and Diabetes Scales in Relation to Physical Activity Participation and

Dietary Intake.

Total physical activity

Fruit and vegetable intake Unhealthy food intake

>150 minutes/

>5 serves/day, >| serve/day,

Minutes/week, week, adjusted Serves/day, adjusted odds Serves/day, adjusted odds

Scales B coefficient odds ratio B coefficient ratio B coefficient ratio
Barriers to physical activity -0.05

Moderate versus low 0.37*

High versus low 0.82
Encouragement to be active .14

Moderate versus low 2.00

High versus low 3.51%*
Physical activity self-efficacy 0.27#*

Moderate versus low 2.71*

High versus low 7.84%*
Weight loss attitudes -0.07 0.28** -0.02

Moderate versus low 0.79 241 0.88

High versus low 1.21 3.37% 0.97
Diabetes-related fear 0.02 0.02 0.08

Moderate versus low 1.19 1.10 1.24

High versus low 1.36 1.80 0.80

*p <.05. *p < 0I.

Discussion

In order to strengthen the evidence base for diabetes preven-
tion there is a need to develop measures of the determinants
of health behaviors that can be applied to the evaluation of
interventions. The present study is the first to systematically
develop measures that have direct relevance to the needs and
psychosocial characteristics of women with a history of
GDM. The measures developed are of particular value for
research and evaluation concerned with physical activity
participation, which has so far proved to be a challenging
area of intervention among this priority group (Cheung et al.,
2011; Ferrara et al.,, 2011; Kim et al., 2012; Mclntyre,
Peacock, Miller, Koh, & Marshall, 2012).

Interventions to promote health behaviors among women
with a history of GDM need to take into account the unique
barriers to change that these women face (Lipscombe et al.,
2014). The measures of barriers to physical activity devel-
oped in this study addressed factors identified as important in
previous studies and added items for the perceived obliga-
tion to put the needs of others first and not having family
members nearby who can offer assistance, that have been
found to be important issues in formative research among
women with a history of GDM (Razee et al., 2010). The
physical activity barriers scale had good internal and retest
reliability but did not show a consistent relationship with
time spent in physical activity. This suggests that while it
may be useful to evaluate progress in problem solving fol-
lowing counseling and support for physical activity adop-
tion, it does not appear to be suitable as a predictor of the
adoption of behavior changes.

Social support has been reported to be positively associ-
ated with levels of physical activity undertaken by women
with a history of GDM (Koh, Miller, Marshall, Brown, &
Mclntyre, 2010; Smith et al., 2005) and by women generally
(Eyler et al., 2002). In this study, principal components anal-
ysis of nine items concerned with social support for physical
activity found that only those related to emotional encour-
agement had acceptable scale properties. These items also
showed construct validity, demonstrating their value for
intervention research. Further research is warranted to better
understand the influence that other dimensions of social sup-
port may have on the lifestyle behaviors of women with a
history of GDM, including instrumental, informational, and
appraisal support (Heaney & Israel, 2002).

The self-efficacy measure addressed confidence about
physical activity when dealing with household demands
(parenting, domestic chores, other pressures at home) and
psychological distress (stress, loneliness, depression), with
the nine-item scale having very good internal reliability.
These items directly address influences on physical activity
reported by women with a history of GDM, building on
generic self-efficacy measures developed previously (Marcus
etal., 1992; Resnick & Jenkins, 2000; Sallis et al., 1989) and
on other self-efficacy measures used in diabetes research that
have concentrated on disease self-management (Rapley,
Passmore, & Phillips, 2003). The clear construct validity of
the scale, consistent with previous reports that self-efficacy
is strongly related to physical activity participation for
women with a history of GDM (Kim et al., 2008; Koh et al.,
2010; Smith et al., 2005), indicates that this scale will be a
useful tool in intervention research with this priority group.
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The physical activity outcome expectancies scale primar-
ily included items concerning the health benefits of activity.
While the scale had good internal reliability, there was a
strong positive skew in its distribution. Other researchers
have observed such a positive bias in physical activity bene-
fits measures (Carlson et al., 2012), reflecting widely held
beliefs about value of exercise. This highlights that such
scales are prone to ceiling effects.

The attitudes to weight loss scale had strong internal and
retest reliability, and this measure showed construct validity
in relation to fruit and vegetable intake. The scale did not,
however, show the expected negative association with fre-
quency of unhealthy food consumption. This may have been
because the measure of unhealthy eating, which was based
on frequency of consumption of selected food types, was not
a sufficiently sensitive measure of dietary fat intake. The atti-
tudes to weight loss scale also showed no relationship with
physical activity, which is consistent with previous findings
that even though women with a history of GDM are con-
cerned about weight control they place greater importance on
dietary intake than physical activity in relation to their health
status (Graco, Garrard, & Jasper, 2009).

The measure of diabetes-related fear was developed
because women with a previous diagnosis of GDM may be
motivated by a higher level of personal susceptibility to
future diabetes. While the measure had acceptable internal
and retest reliability, it did not have an independent associa-
tion with physical activity or dietary intake. Interestingly, a
study undertaken in the United States (Kim et al., 2007) with
a predominantly White and socioeconomically advantaged
sample of women with a history of GDM found similar
cross-sectional associations between diabetes fear and pre-
ventive behaviors. That study did, however, find that fear
was associated with a greater likelihood of forming plans to
modify behaviors, suggesting that awareness and concern
about future diabetes play a role in the formation of behav-
ioral intentions.

Strengths of this study were that measures were devel-
oped with a socially and ethnically diverse sample of women,
and the retest reliability of the measurement scales was tested
in English, Arabic, and Chinese languages. A limitation was
that the first stage of psychometric testing of the factor struc-
ture, internal reliability, and construct validity of the mea-
sures could be conducted in English only. A further limitation
was that self-reports, rather than objective measures of phys-
ical activity and dietary behaviors, were used to assess the
construct validity of the scales.

Currently the measurement instruments that have been
developed for the planning and evaluation of diabetes pre-
vention strategies are generic in nature. This study has identi-
fied scales that produce valid and reliable scores for
measuring emotional support and self-efficacy for physical
activity and attitudes to weight loss that will be useful in
future theory testing and investigation of the mediators of
health behaviors among women with a history of GDM. In
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addition, the scales developed to measure barriers to physical
activity and diabetes-related fear showed sufficient retest
reliability to indicate that the may be used as measures of the
impact of diabetes education interventions for this priority
group. Given that these scales primarily address determi-
nants of physical activity participation among women with a
history of GDM, there is scope for research for the develop-
ment and testing of measures concerned with the determi-
nants of dietary behaviors in this group.
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Abstract oBJECTIVE The behavioural effect of large-scale handwashing promotion programmes has been
infrequently evaluated, and variation in the effect over time has not been described. We assess the
effect of a large-scale handwashing promotion programme on handwashing outcomes in a community
setting in Dhaka, Bangladesh.

METHODS We analysed data from a cluster-randomised trial that included three arms: vaccine-and-
behaviour-change intervention (VBC), vaccine-only (V) and no intervention (Control). Data collectors
randomly selected different subsets of households each month during the study period and assessed:
(i) temporal variation in availability of soap and water at handwashing place; (ii) the use of water
and soap by participants when asked to demonstrate handwashing, and; (iii) handwashing behaviour
according to structured observation. We used log-binomial regression analyses to calculate prevalence
ratios (PRs) and 95% confidence intervals and compare outcomes by study arms.

RESULTS Data collectors surveyed 9325 households over 28 months. In VBC, there was a significant
positive trend on availability of water and soap from baseline to 9 months after the start of the
intervention (P-for-trends <0.001), and no significant trend during months 10-28 (P-for-

trend = 0.297). In the entire study period, availability of water and soap was higher in VBC (43%)
than in V (23%) (PR = 1.92; CI = 1.72, 2.15) and Control (28%) (PR = 1.53; CI = 1.38, 1.69)
households. There were no differences between study arms with regard to use of soap during
handwashing demonstrations. Observed handwashing with soap after toilet use was higher in VBC
(17%) than in V (8%) (PR = 1.47, CI = 0.58, 3.75) and Control (2%) (PR = 3.47, CI = 0.48, 23.33)
groups. At other possible pathogen transmission events, the prevalence of handwashing with soap
was <3%.

coNCLUSION VBC households maintained soap and water for handwashing, but the prevalence of
observed handwashing was low in all study arms. The results underscore the need to strengthen
scalable behaviour change approaches.

keywords Bangladesh, handwashing, intervention, behaviour, ICVB

organisations[8], yet there have been relatively few evalu-

Introduction : . .
ations of large-scale handwashing promotion programmes

Handwashing has a strong protective effect against infec- in the community setting [9-12]. Most previous evalua-
tious diseases, including diarrhoea [1,2] and cholera [3- tions have been of small-scale interventions and thus have
6]. However, handwashing remains infrequently prac- provided little insight for large-scale promotion efforts
ticed: a systematic review of 42 studies estimated that [13-16]. Previous studies also did not capture the effect
19% of the adults worldwide washed hands with soap of the intervention throughout the promotion period. For
after faecal contact [7]. example, assessment of an intervention programme in the
Handwashing promotion has become an increasing pri- community in Burkina Faso only included one cross-sec-
ority for governments and non-governmental tional survey at baseline period and one cross-sectional

© 2019 John Wiley & Sons Ltd |
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survey at 3 years after the start of the intervention [17].
An evaluation of a large-scale community WASH inter-
vention programme in Bangladesh only included observed
handwashing behaviour at baseline and at 18 months
after intervention [18], so the variation in the effect of
the intervention during the follow-up period was not
described. Assessment of such variation can provide
information on the extent and trend in the effect over
time, which can contribute to planning future interven-
tions to improve sustainability.

The Introduction of Cholera Vaccine in Bangladesh
(ICVB) study was a large-scale cluster-randomised field
effectiveness trial of cholera vaccine, water quality and
hand hygiene interventions on diarrhoeal disease. It was
conducted in the densely populated urban area of Mirpur
sub-district (thana), Dhaka [19]. The study had three arms:
vaccine with behaviour change intervention arm (VBC),
vaccine-only arm (V) and the control arm. The objectives
of the behaviour change intervention included increasing
water disinfection, maintenance of water and soap at the
handwashing station in the household and promoting
handwashing with soap at potential pathogen transmission
events. The ICVB study reported that the VBC arm and the
V arm had significantly lower risk of diarrhoea due to Vib-
rio cholera O1 (cholera) than the control arm, but neither
the risk of hospitalisation for cholera [19] nor for hospitali-
sation for all cause diarrhoea was significantly different
between the VBC and V arms [2]. A previous study showed
that during the study period, the proportion of households
in the VBC arm with water and soap available at the pri-
mary handwashing place was nearly double that of the
proportion in the V arm and the control arm [2]. However,
these differences warrant further exploration. Temporal
variation in the availability of water and soap in each study
arm has not been described, which could allow for a better
understanding of the factors associated with lack of effect
of the intervention on cholera and diarrhoea hospitalisa-
tions. In addition, the presence of soap and water at a
household’s primary handwashing place is an indirect
method of measuring handwashing compliance that can be
prone to inaccuracy [20]. Use of additional indicators of
handwashing, such as the use of water and soap during
handwashing demonstration and observed handwashing
behaviours using structured observation, can provide
insights for handwashing outcome measurements in future
programme evaluations.

We hypothesise that there are differences in handwash-
ing outcomes between the VBC arm and the V and Con-
trol arms. In this study, we assessed the effects of the
ICVB behaviour change programme on the following
handwashing outcomes: (i) temporal variations in avail-
ability of soap and water at a handwashing place; (ii) the
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use of water and soap by the participant when asked to
demonstrate handwashing, and (iii) observed handwash-
ing with soap at potential pathogen transmission events.

Methods
Study population

The method of the ICVB study, including participant
selection, has been previously described [19]. Mirpur is
comprised almost entirely by ethnic Bengalis. The total
area is 8.47 sq.km, and the estimated population of the
area in 2011 was 500 373 [21]. The method for the num-
ber of participating households in each study arm has
been described elsewhere [19], and the total sample size
was 78 780 households per study arm with three arms,
thus a total of 236 340 households in the study area. In
Dhaka City, including Mirpur, water demand exceeds the
supply and is highly dependent on ground water, which
makes water access and quality a problem [22].

Development of behaviour change intervention

The ICVB research team developed the handwashing
behaviour change plan guided by the Integrated Behav-
ioral Model for Water, Sanitation and Hygiene (IBM-
WASH) [23]. Guided by the model and extensive forma-
tive research [24,25], the behaviour change intervention
was designed to improve stable access to enabling tech-
nologies (handwashing stations and soapy water dis-
pensers) placed conveniently in or around the home,
increase handwashing skills of adults and children, build
family and community support in maintaining the hand-
washing stations and replenishing supplies, influence
community norms by modelling and supporting the beha-
viour in public, and provide periodic counselling and
problem solving by trained community health workers. In
Bangladesh, the cost of bar soap is perceived to be a bar-
rier to frequent handwashing with soap [20]; a bar of
soap costs 40 Taka (US $0.50) [26] in a country where
the minimum wage for a common occupation such as
garment factory work is $67 per month [27]. Soapy
water is a mixture of powder detergent soap and water
and is a microbiologically effective cleansing agent.[16]
The cost per hand wash by soapy water is significantly
less than the cost per hand wash by bar soap [24]
($0.20-$0.44 per 100 wash for bar soap vs. less than
$0.10 per 100 washes for soapy water) [28]. The beha-
viour change intervention also included provision of a
chlorine dispenser and encouragement to treat drinking
water, but this paper focuses only on the handwashing
promotion components.
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Randomisation procedure

The ICVB research team used a digital map of Mirpur to
divide the study area into 90 clusters (neighbourhoods) of
approximately 2700 residents each. The research team
then randomly allocated 30 clusters each to the vaccine-
only arm (V arm), the vaccine-plus-behaviour-change-
communication arm (VBC arm) and the Control arm
using a random number generator. Investigators also des-
ignated areas with the horizontal width of at least 30 m
between clusters as the Buffer zone in order to avoid spill-
over of the behaviour change intervention. Individuals
residing in the VBC clusters received killed whole cell oral
cholera vaccine followed by a handwashing promotion
programme. Individuals residing in the V clusters only
received the vaccine. Individuals residing in the Control
clusters and Buffer zone did not receive any intervention.

Eligibility and informed consent

Those eligible for this study included residents of build-
ings that the census team determined to be at high risk of
cholera: houses with poor sanitation and drainage,
unhealthy living conditions and a water source shared
among several families [29]. If the residence met these
criteria, the census team collected verbal consent from
every individual in the family to participate in the study.
Study team workers also informed the household that
they might or might not be included in the study inter-
ventions.

Behaviour change intervention delivery

The handwashing promotion programme was imple-
mented by community health workers from Dushtha
Shasthya Kendra, a Dhaka-based non-governmental
organisation. During the first 45 days, from July to
August 2011, Dushtha Shasthya Kendra community
health workers aimed to make initial visits to each of the
households in the VBC study arm three times. The first
visit served to inform household members about the pro-
ject and identify a main caretaker for the handwashing
area. The second visit involved giving each participating
household compound a bottle of soapy water and a
sachet of laundry soap powder to demonstrate the use
and maintenance of soapy water, as well as a handwash-
ing station to those compounds or households situated
outside of a compound structure that were lacking one.
The handwashing station consisted of a bucket with a
tap, a bowl to receive the rinse water spill and a soapy
water bottle (Figure 1) [2]. Community health workers
also taught the participants to make soapy water by
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mixing powdered detergent with 1.5 | of water in a plas-
tic bottle with a hole punched in the cap [2,19,24]. The
handwashing station was placed in the common area of
the participating household’s compound, and all of the
households in the compound were counselled to share the
handwashing station, including households that were
unrelated to each other. Participating households were
counselled to buy more soap powder sachets and make
soapy water on their own. During the third visit, field
staff checked and sought to resolve problems with the
handwashing stations and ensure that the handwashing
stations were functioning and filled with water. After the
initial 45 days, community health workers aimed to
make three successive visits over 3 months to counsel
compound residents on handwashing behaviour, and to
discuss and troubleshoot problems related to making and
maintaining soapy water. After the successive visits, there
were follow-up visits twice per month, and the activities
included working with various groups (women’s groups,
men’s groups, tea stall owners) to model handwashing
stations and handwashing behaviour in public, training
mother of children under § on how to teach handwash-
ing, teaching children aged 6-13 years about handwash-
ing, visits to pregnant women, and special or holiday
events in the community as part of periodic intensive
efforts, such as the Global Handwashing Day festivities.
Handwashing counselling and accompanying promotion
materials included the importance of handwashing at two
key times: after faecal contact and before food prepara-
tion. Bengali was the medium language for all interven-
tion activities. Details of the behaviour change
intervention components can be found in Table 1.

Figure | Handwashing station provided to households in the
behaviour change intervention arm, with water bucket, tap, bowl
to receive run-off and a bottle of soapy water, ICVB Study,
Dhaka, Bangladesh, 2012-13. Source: Najnin et al. (2017)[2].



Tropical Medicine and International Health

VOLUME 0O NO 00

W. Wichaidit et al.

Handwashing promotion effectiveness in Bangladesh

Table | Components of the behaviour change intervention, ICVB Study, Dhaka, Bangladesh, 2012-13

Title of activity

Intended audience

Details of the activity

Household visits
Initial household visit:
1st round

Initial household visit:
2nd round

Initial household visit:
3rd round

Successive visit: 1st round

Successive visit: 2nd round

Successive visit: 3rd round

Follow-up visits

Follow-up visits
Follow-up visits

Community activities
Courtyard/ compound
activity sessions

Courtyard/ compound
activity sessions

Courtyard/
compound-based fun
activities

Tea stall and club-based
activities (confined within
cluster)

Tea stall and club-based
activities (confined within
cluster)

Intensive Programme
(confined within clusters)

Household
members, residence
of urban
compound/clusters

Household
members, residence
of urban
compound/clusters

Pregnant women

Handwashing
station caretakers

‘Women’s groups

Pre-school children
(age 25 years)

Children’s group
(age 6-13 years)
Tea stall owners

Men’s group

Community

Introductory discussion to inform people about hardware, identify interested
groups among people who share latrines and kitchens, and encourage
interested groups to decide on a caretaker who will refill soapy water bottles
and ensure that handwashing stations are in place

Installation of hardware and orientation about proper use and maintenance

Ask about problems related to hardware

Counsel household members and motivate them to wash hands at critical
times, with handwashing demonstration

Observe household members’ handwashing practice, discuss hardware-related
problem, talk with handwashing station caretakers and monitor her or his
performance

Use game and fun, train the mother of under-five children on teaching
handwashing to the child

Follow-up on skills in handwashing station use and maintenance, identify and
solve hardware-related problem, caretaker schedule and performance

Communicate to motivate handwashing and handwashing device use, when
caring for the new child for early habit formation

Train caretakers on hardware maintenance (clean up handwashing station,
refill soapy water bottle)

Share knowledge, demonstrate key behaviours related to handwashing,
motivate women through counselling on environmental determinants of
behaviour change (location, product availability, effectiveness, ease, self-
efficacy, aesthetics, etc.) to improve target behaviours

Engage mothers and caregivers who learned how to teach and encourage
children to wash their hands, encourage children using soapy water bottles;
Place stickers at the handwashing station to grow children’s interest

Use child games, quizzes, flip charts, puppets (soapy water bottles, global
handwashing mascot, etc.) to teach children handwashing skills (age 6
13 years) and how to operate hardware and look after younger siblings (age
10-13 years)

Discuss how the new handwashing devices can help owners be perceived as
health/hygiene-conscious and improve sales. Tea stall owners provided with
handwashing station to display and use.

Group discussion to promote handwashing behaviours, motivate participation
in handwashing promotion, discuss resistance that may arise from men

Handwashing promotion activities during holidays or special events, for
example Global Handwashing Day, World Water Day, such as
demonstrations, poster making and information dissemination

Outcomes

Each month, research staff from icddr,b used the census
data to randomly select 200 households from the VBC
arm, 100 households from the V arm, 100 households
from the Control arm and 20 households from the Buffer

detailed outcome assessment. The number of households
for monthly data collection was determined based on the
need to provide continuous trend data in a logistically
manageable manner. The sampling frame was updated
every 6 months, and new census rounds were used for
random selection of households. These assessment visits

zone during parts of the follow-up period to make
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were unannounced. Field staff sought informed consent
for participation from an adult living in each sampled
household. Field staff then administered a questionnaire
on household demographics, duration of living in the
sampled compound, socioeconomic status, and health his-
tory; observed presence of soap/soapy water and water at
the primary handwashing place, that is, the place that
respondent identified that they most frequently washed
their hands; and asked the mother of a child aged

<5 years, or an adult member of the house if a child care-
giver was not present, to demonstrate how he or she nor-
mally washed their hands after defecation. The
consenting process and all questionnaire interviews were
conducted in Bengali. Data were collected from April to
May 2011 (baseline period) and monthly from September
2011 to October 2013 (follow-up period). Field staff col-
lected handwashing demonstration data from August
2012 to October 2013. Field staff also conducted house-
hold structured observation of handwashing behaviours
in a randomly selected subset of 326 households in VBC,
V and Control arms from 17 May 2013 to 6 July 2013.
Each structured observation session took approximately

3 h. Field staff asked for permission from the respondent
to observe the ‘daily activities’ of the households and sur-
reptitiously observed the handwashing behaviour of
household members after potential pathogen transmission
events. Categories of events recorded under structured
observation are listed in Box 1. Recorded information
included type of event, number of hands washed, and the
cleansing materials used. An event was considered as
handwashing if at least one hand was observed as being
washed with water only or with water and soap.

Statistical methods

We applied the intent-to-treat approach to evaluate the
effect of the intervention on three behavioural out-
comes in this study: (i) temporal variations in availabil-
ity of water and any type of soap (including soapy
water) in the household’s primary handwashing place;
(i) the use of water and soap by the participant when
asked to demonstrate handwashing, and; (iii) observed
handwashing with soap at potential pathogen transmis-
sion events. Although the VBC arm was the only study
arm that received the behaviour change intervention,
the V arm and the control arm were not collapsed and
were analysed separately because of the need to adhere
to the protocol. Furthermore, after vaccination, the
protective behaviour of individuals and families can
regress to the level of the unvaccinated group [30-32].
Analysing the V and control arms separately allowed
for assessment of differences in health behaviour
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between those who received the cholera vaccine and
those who did not.

We present the availability of water and soap at the
household handwashing station and the use of water and
soap during handwashing demonstration during each
month after the start of the intervention and throughout
the intervention period. We present the prevalence of
observed handwashing behaviours from structured obser-
vation, overall and stratified by type of potential patho-
gen transmission event, and used chi-square test of
independence to measure the association between study
arms and observed handwashing behaviours.

As Mirpur contains a wide variety of neighbourhoods
(by both socioeconomic status and ethnicity), geographic
heterogeneity may exist between different clusters (neigh-
bourhoods) that participated in the study. In addition,
Dushtha Shasthya Kendra assigned only one community
health worker to carry out behaviour change activities in
each cluster throughout the project period; thus, there
could also have been heterogeneity between clusters
based on the performance of individual health workers.
Therefore, we assessed data heterogeneity among clusters
in the study.

To assess temporal variations in availability of water
and soap at the handwashing place, based on visual inspec-
tion, we identified in the VBC arm a linear growth phase
(months 0 thru 9 in the study) and a post-growth phase
with stable but fluctuating availability of water and soap at
the handwashing place (months 10 thru 28 in the study).
We described and tested the trend during these two periods
in each of the study arms using the number of month from
the baseline period as the independent variable, and the
availability of water and soap as the dependent variable in
log-binomial regression analyses at 95% level of confi-
dence with 95% confidence interval for number of months
vs. prevalence of having water and soap at the handwash-
ing place in the study arm of interest.

On the use of water and soap during handwashing
demonstration and observed handwashing behaviour, we
performed log-binomial regression analyses and calcu-
lated unadjusted prevalence ratios (PR) with 95% confi-
dence intervals (CI) to compare the probability of each
outcome in the VBC arm (exposed group) to each of the
other arms (V arm, Control arm, and Buffer zone, as ref-
erence groups). Analyses of structured observation data
also included stratification by type of pathogen transmis-
sion event and availability of water and soap at the hand-
washing place in the household during the household
interview, prior to structured observation. In all analyses,
we accounted for clustering at the neighbourhood level
by specifying the cluster identification number as the
repeated variable in the model.
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Socioeconomic status [33-35] and ethnicity [36] are
associated with handwashing behaviour. We used princi-
pal component analysis (PCA) to rank participating
households using measures of socioeconomic status,
which included self-reported literacy, education level,
asset ownership, and construction materials of the partic-
ipating household. We then used the ranking scores to
classify households into socioeconomic status tertiles.
Ethnicity (Bengali majority vs. non-Bengali minority) was
defined based on self-reported language spoken in the
home.

We assessed whether socioeconomic status and ethnic-
ity confounded the relationship between the intervention
and handwashing outcomes by applying log-binomial
regression models and retaining the variables that chan-
ged the crude PR by 10 per cent or more. We then
included all confounders in multivariate log-binomial
regression models.

The ICVB study was registered at ClinicalTrials.gov
number, NCT01339845.

Results
Characteristics of study participants

Between April 2011 and October 2013, study team mem-
bers collected data from 4265 households in the VBC
arm, 2145 households in the V arm, 2165 households in
the control arm and 750 households in the Buffer zone
(Table 2). The age distribution of study participants was
similar across study arms and the Buffer zone. The VBC
arm had higher percentages of female participants and
Bengali-only households than the V and Control arms
and had lower percentage of households in the lowest ter-
tile of socioeconomic status than households in the V and
Control arms and the Buffer zone.

The presence of water and soap at the primary
handwashing place

In the VBC arm, the presence of water and soap at the
handwashing place had a significant positive trend
between baseline and 9 months after the start of the
intervention (Figure 2), while the V and control arms had
a significant downward trend, and the buffer zone had
no significant trend (P-for-trends: P < 0.001 for VBC
arm, P = 0.014 for V arm, P = 0.001 for control arm,

P = 0.355 for Buffer zone). From month 10 to 28, the
presence of water and soap at the handwashing place had
no significant trend in the VBC arm, control arm or buf-
fer zone and had a marginally significant positive trend in
the V arm(P-for-trends: P = 0.297 for VBC arm,

Handwashing promotion effectiveness in Bangladesh

Box Classification of handwashing events for struc-
tured observations of handwashing behaviour, ICVB
Study, Dhaka, Bangladesh, 2012-13.

Toileting
o After toileting
Other faecal contact events

o After removing child faeces
o After cleaning the child’s anus

Food preparation

During food preparation

Preparing food for direct consumption
Preparing salad

Mashing food

Cutting fruit

Before making roti/chapatti

Preparing food for subsequent cooking
Before cutting vegetables

After cutting onion, garlic, etc.

After cutting fish or meat or chicken

Food contact

e Before serving food
e Before eating
e Before feeding the child

Respiratory fluid contact

o After cleaning running nose
o After sneezing

o After coughing

o After feeding child

o After removing child cough

Before breastfeeding
Others

Before handling child >2 years
Bathing

After eating

Others

P = 0.021for V arm, P = 0.126 for control arm,
P = 0.140 for Buffer zone).

In the entire study period, 43% of households in the
VBC arm had water and soap at the primary handwash-
ing place, vs. 23% in the V arm, 28% in the control arm
and 27% in the buffer zone. Households in the VBC arm
had a significantly higher probability of having water and
soap at the handwashing place than households in the V
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Table 2 Characteristics of study participants from combined monthly assessments of handwashing behaviour, ICVB Study, Dhaka,

Bangladesh, 2012-13 (n = 9325)

Study arm
Item VBC (n = 42695) V (n = 2145) Control (7 = 21635) Buffer (n = 750)
Demographics
Sex of the respondent (% female) 3607 (85%) 1765 (82%) 1835 (85%) 617 (83%)
Age of the respondent (median (1st quartile, 29 (23, 38) 29 (23, 38) 29 (23, 39) 30 (22, 40)
3rd Quartile))
Language spoken at home
Bengali 4002 (94%) 1967 (92%) 1961 (91%) 720 (96%)
Bengali and Urdu 173 (4%) 165 (8%) 144 (7%) 21 (3%)
Urdu or other languages only 90 (2%) 13 (1%) 60 (3%) 9 (1%)
Socioeconomic Status (SES)*
Lowest tertile 704 (33%) 969 (23%) 658 (30%) 211 (28%)
Medium tertile 1124 (52%) 2545 (60%) 1208 (56%) 432 (58%)
Highest tertile 317 (15%) 749 (18%) 298 (14%) 106 (14%)

VBC, Vaccine-and-behaviour-change arm; V, Vaccine-only arm.

*SES tertiles based on principal component analysis of the following indicators of SES: (i) Having a refrigerator; (ii) Using non-biomass

fuel; (iii) Having a water-sealed latrine.

arm (PR = 1.92; 95% CI = 1.72, 2.15), households in
the Control arm (PR = 1.53; 95% CI = 1.38, 1.69) and
households in the Buffer zone (PR = 1.62; 95%

CI = 1.47, 1.78). Adjusting for the duration from the
start of intervention did not significantly alter the associa-
tion between study arms and presence of water and soap
at the primary handwashing place (Table S1). The most
common types of soap at the primary handwashing place
were soapy water (26%) and body/hand soap (25%) in
VBC arm households, body/hand soap (20%) and laun-
dry bar soap (7%) in V arm households, body/hand soap
(25%) and laundry bar soap (8%) in Control arm house-
holds, and body/hand soap (24%) and laundry bar soap
(7%) in Buffer zone households. The presence of water
and soap was similar in all study arms when soapy water
was excluded from the analysis (Figure S1). Drums/buck-
ets with tap (provided by icddr,b) were observed at the
primary handwashing place in 41.8% of VBC arm house-
holds, 4.4% of V arm households, 3.2% of Control arm
households and 2.8% of Buffer area households. Among
the drums at primary handwashing places of households
in the VBC arm, 72.7% contained water. When enumera-
tors asked household respondents to show the second
place where household members washed their hands (if
any), 25.1% of VBC arm households, 11.6% of V arm
households, 13.0% of Control arm households and
12.1% of Buffer zone households reported a secondary
handwashing place. Among households with secondary
handwashing places, drums/buckets with tap (provided
by icddr,b) were available at 51.8% of households in
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VBCC arm, 2.5% of households in V arm, 0.8% of
households in Control arm and 1.2% of households in
the Buffer zone. Among households in the VBC arm,
84.6% of drums/buckets with tap at secondary hand-
washing places contained water.

In cluster-level analysis, the median prevalence of soap
and water at the primary handwashing station among the
30 VBC clusters was 47% (IQR: 34%, 54%), vs. 24%
(16%, 27%) among 30 clusters in the V arm and 26%
(23%, 33%) among 30 clusters in the Control arm across
the follow-up period (Figure 3). The association between
study arms and presence of water and soap at the pri-
mary handwashing place was strongest among house-
holds in the second tertile of socioeconomic status
compared to those in the first and third tertiles and was
stronger in households that spoke Bengali only compared
to households that spoke languages other than Bengali.

Households in VBC arm clusters with lower prevalence
of water and soap at primary handwashing place had
similar characteristics to those with higher prevalence
(Table S3), although households with lower prevalence
had fewer non-Bengali households.

Use of water and soap when asked to demonstrate
handwashing

When asked to demonstrate handwashing, 83% of partic-
ipants in the VBC arms washed their hands with soap
and water, compared to 78% of participants in the V
arm, 78% of participants in the Control arm and 81% of
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Figure 2 Per cent of households with water and soap present at the house’s primary handwashing place, by study arm and time since
the start, ICVB Study, Dhaka, Bangladesh, 2012-13. VBC, Vaccine-and-behaviour-change communication arm; V, Vaccine-only arm.

participants in the Buffer zone. Participants in the VBC
arm had slightly higher probability of using soap when
demonstrating handwashing than participants in the V
arm (PR = 1.06; 95% CI = 1.02, 1.11), participants in
the Control arm (PR = 1.06, 95% CI = 1.03, 1.09) and
the Buffer zone (PR = 1.03; 95% CI = 0.99, 1.06). There
was no confounding by socioeconomic status or ethnicity.
Time also did not have a statistically significant effect on
the association (Table S1). There was little between-clus-
ter heterogeneity in demonstrated use of soap for hand-
washing within each treatment arm.

Observed handwashing at events of possible pathogen
transmission

Field staff conducted structured observations in 326
households, of which 294 households could be linked to
the monthly questionnaire data set. Households included
in structured observation were similar to households not
included in structured observations with regard to distri-
bution of respondent demographics, language spoken at
home and socioeconomic status tertiles (Table S2). We
observed 3028 events of possible pathogen transmission
(Table 3). Among the observed events in structured
observation, 54% involved no handwashing, 29%
involved washing one hand with water only, 7% involved

washing both hands with water only, <1% involved
washing one hand with water and soap, 2% involved
washing both hands with water and soap and 8% could
not be observed.

Participants in the VBC arm washed their hands with
water and soap after 17% of toileting events, com-
pared to 8% in the V arm (PR = 1.47; 95% CI = 0.58,
3.75) and 2% in the control arm (PR = 3.47; 95%

CI = 0.48, 25.33). Participants in the VBC arm washed
their hands with water and soap after 50% of other
faecal contact events (N = 8 events), while participants
in the VBC and Control arms did not wash their hands
with water and soap at all after such events (PR can-
not be calculated). Participants in the VBC arm washed
their hands with water and soap before 3% of food
preparation events, compared to 2% in the V arm

(PR = 1.62; 95% CI = 0.29, 9.03) and 2% in the con-
trol arm (PR = 1.91; 95% CI = 0.35, 10.32). When
stratified by availability of water and soap at the hand-
washing place during the interview, we found that
handwashing with water and soap also occurred in
households where there was no observed water and
soap during the interview. We also found that house-
holds in all study arms had similar probabilities of
handwashing within their specific stratum. None of the
covariates were found to affect the association between
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intervention arm and observed handwashing with soap
and water.

Discussion

In a large-scale intervention in Dhaka, Bangladesh, the
behaviour change intervention in the ICVB study was
associated with higher prevalence of soap and water at
the handwashing place, but handwashing with water and
soap was infrequent after toilet use/faecal contact and
rare at other times of possible pathogen transmission.
The prevalence of observed handwashing with water and
soap in the vaccine-and-behaviour-change (VBC) arm
was higher than the prevalence in the vaccine-only (V)
arm and the control arm, but the risks of hospitalisation
for cholera [19] and diarrhoea [2] were similar between
the VBC arm and the V arm. These discrepancies suggest
that the increased availability of soap and water was
insufficient to substantially interrupt enteropathogen
transmission.

Approximately a quarter of VBC arm households made
and maintained soapy water using their own resources.
Community health workers from Dushtha Shasthya Ken-
dra did not provide powder soap sachets beyond the ini-
tial visit, or any monetary support for maintaining soapy
water over the 2-year intervention period. The availabil-
ity of water and soap in the VBC arm increased sharply
after the intervention was delivered and then was sus-
tained throughout the study period; thus, there was long-
term adherence to maintenance of water and soap in the
VBC arm. The difference in availability of water and
soap in the VBC arm when soapy water container was
included vs. excluded as a type of soap suggested that the
higher availability of soap in the VBC arm could be
attributed to the uptake of the soapy water innovation
(the container and the replenishment of spent soapy
water) rather than simply the information, education and
communication components of the intervention. The
lower cost per hand wash by soapy water compared to
that by bar soap [28] might have contributed to the
maintenance of soapy water at handwashing stations.
The maintenance of soapy water in a proportion of the
intervention compounds in the VBC arm might suggest
that in, at least some instances, households were willing
to share the responsibility for maintaining the handwash-
ing station for communal use, and not just the house-
hold’s own benefit. This contrasts with a previous smaller
study in urban Bangladesh, where residents expressed
concerns regarding lack of a person in charge of main-
taining soap and water, and reported quarrels between
households [24]. Considering this adherence to maintain-
ing water and soap in the VBC arm, it is possible that
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the lack of effect of the VBC intervention on cholera and
all-cause diarrhoea hospitalisations could be due to other
determinants of cholera and diarrhoea in addition to lack
of available water and soap for handwashing. Availability
of the drums/buckets with tap in V and Control arms
households suggested that there was a low level of spil-
lover between study arms. The high availability of water
in the drums/buckets with tap in the VBC arm house-
holds suggested that households in the VBC arm used, or
at least maintained, the water in the handwashing sta-
tions.

Participants from all study arms had the same proba-
bility of using soap during handwashing demonstration,
while the probability of using soap during structured
observation was higher in the VBC arm compared to
other study arms. Demonstration of soap use is a mea-
sure of knowledge and skill in handwashing [37], so it
was possible that all study arms had the same level of
handwashing knowledge and skill, but different preva-
lence of handwashing practice. The similar level of
demonstrated soap use could be attributed to social desir-
ability bias, and calls into question the utility of elicited
demonstration as an indicator of handwashing behaviour
to measure practices.

Prevalence of handwashing during structured observa-
tion was low. The prevalence of observed handwashing
after toileting in VBC arm households was 17%, similar
to the prevalence without behaviour change intervention
in rural Bangladesh [37] and the global prevalence [7],
but this prevalence was nonetheless higher than in other
study arms. Discrepancies between availability of water
and soap at a household’s handwashing place compared
to structured observation of household members’ beha-
viours suggest that the availability of materials for hand-
washing is a necessary but not sufficient condition to
motivate handwashing at key times. Our results sug-
gested a limitation of availability of water and soap at
handwashing place as an indicator. Availability of water
and soap may indicate replenishment of materials yet
does not imply the use of the material for handwashing,
and the lack of water and soap at the handwashing place
during the interview did not preclude household mem-
bers from handwashing with soap during structured
observation. Discrepancies between use of soap when
asked to demonstrate handwashing and handwashing
with water and soap during structured observation
implied that household members in the study setting
seemed to be aware of the recommended behaviour and
have the resources for behavioural compliance, but the
prevalence of actual practice was lower than the aware-
ness. Future intervention programmes that aim to
increase handwashing should consider changing other
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Figure 3 Prevalence of soap and water at the household’s primary handwashing station across the follow-up period by study arms and
clusters*, ICVB Study, Dhaka, Bangladesh, 2012-13. *VBC, Vaccine-and-behaviour-change arm; V, Vaccine-only arm; Buffer zone not
included: only one code was used to denote all households in the Buffer zone, irrespective of geographic location; ¢ - represents one

study cluster.

physical and psychosocial drivers of handwashing in
addition to the ones addressed in the ICVB study. Multi-
ple factors can affect handwashing with soap: contextual
(having a shared courtyard and the associated inconve-
nience), psychosocial (perceived value of handwashing),
and technological (ease of use, handwashing station wear
and tear) [25]. In a qualitative study in rural Bangladesh,
key informants stated that they purchased bar soap pri-
marily for bathing and laundry because soap was per-
ceived to be an expensive items that could not be used
for all purposes, including handwashing, and some infor-
mants did not keep soap at the handwashing place in
order to conserve soap [20]. The practice of keeping
soap away from handwashing place may not be as com-
mon in urban settings, where latrines have a place to
keep soap and water [20]. Visual or tactile sensations
(having hands that were sticky and covered in grease or
oil) and activities of daily living (handling unwashed veg-
etables or starting a meal) are behavioural antecedents to
handwashing [38], and it may be possible to incorporate
these sensations to drive handwashing behaviours. A
community-based intervention study in India [39] used
disgust and nurturing among mothers as drivers of hand-
washing behaviour, and the observed prevalence of hand-
washing after the intervention was higher than the

prevalence observed in this study. However, structured
observations in our study were conducted in only a small
subset of participating households at more than 2 years
after baseline, which may affect the comparability of
study results.

Structured observation of handwashing in this study
included washing one hand as well as both hands.
Whether washing only one hand is sufficient depends on
whether the unwashed hands are involved in pathogen
transmission. In Bangladesh, eating is done only by the
right hand. If the right hand is washed immediately
before eating and the left hand was never used, then there
could be some protective effect from washing only the
right hand. At other events (such as breastfeeding,
preparing food, and cooking), washing only one hand
may not be enough. In Bangladesh, dried snacks and
uncooked food that accompany curry and rice are typi-
cally hand-mixed or mashed by hands. Even when only
the right hand was used by the food preparer, the hand
would be contaminated due to other interrupting events
(toileting, adding cow dung fuel to the fire, etc.) which
may not be followed by handwashing before going back
to food preparation [40]. If washing both hands is
required in order for an observed behaviour to be consid-
ered as handwashing, the prevalence of handwashing
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Table 3 Observed handwashing behaviour (washing at least one hand) among all household members during structured observations
in select households, ICVB Study, Dhaka, Bangladesh, 2012-13 (7 = 3028 observations from 326 households)

Number of observed events (7 = 3028)

PR (95%CI)t PR (95% CI)f

VBC \% Control VBC vs. V VBC vs. Control
Description of events from structured observations (n=1449) (n=768) (n=811) (Ref.) (Ref.)
Type of events observed
Toileting 98 (7%) 52 (7%) 41 (5%) N/A N/A
Other faecal contact 12 (1%) 8 (1%) 8 (1%) N/A N/A
Food related 784 (54%) 386 426 (53%)  NI/A N/A
(50%)
Respiratory fluid contact 58 (4%) 57 (7%) 48 (6%) N/A N/A
Before breastfeeding 26 (2%) 12 2%) 7 (1%) N/A N/A
Othert 471 (33%) 253 281 (35%)  NI/A N/A
(33%)
Handwashing behaviour at all events of possible (n = 1449) (n=768) (n=2811)
pathogen transmission
Did not wash 757 (52%) 415 433 (53%) Ref. Ref.
(54%)
Washed with water only 532 (37%) 285 297 (37%)  1.02 (0.76,  1.02 (0.74, 1.42)
(37%) 1.37)
Washed with water and soap 44 (3%) 14 2%) 18 (2%) 1.72 (0.89, 1.40 (0.68, 2.89)
3.35)
Couldn’t observe 116 (8%) 54 (7%) 63 (8%) N/A N/A
Handwashing behaviour, stratified by type of event
Handwashing behaviour at toileting events (n=98) (n=352) (n=41)
Did not wash 32 (33%) 13 9 (22%) Ref. Ref.
(25%)
Washed with water only 12 (12%) 9 (17%) 12 (29%) 0.67 (0.31, 0.48 (0.27, 0.84)
1.42)
Washed with water and soap 17 (17%) 4 (8%) 1(2%) 1.47 (0.58, 3.47 (0.48,
3.75) 25.33)
Couldn’t observe 37 (38%) 26 19 (46%) N/A N/A
(50%)
Handwashing behaviour at other faecal contact (n=12) (n=8) (n=28)
events§
Did not wash 4 (33%) 6 (75%) 4 (50%) Ref. Ref.
Washed with water only 1(8%) 2 (25%) 4 (50%) 0.8 (0.09, 0.4 (0.06, 2.55)
7.48)
Washed with water and soap 6 (50%) 0 (0%) 0 (0%) N/A N/A
Couldn’t observe 1 (8%) 0 (0%) 0 (0%) N/A N/A
Handwashing behaviour at food preparation events (7 = 232) (n=102) (n=113)
Did not wash 156 (67%) 72 85 (75%) Ref. Ref.
(71%)
Washed with water only 69 (30%) 28 24 (21%) 1.14 (0.62, 1.57 (0.86, 2.895)
(28%) 2.08)
Washed with water and soap 7 (3%) 2 (2%) 2 (2%) 1.62 (0.29, 1.91 (0.35,
9.03) 10.32)
Couldn’t observe 0 (0%) 0 (0%) 2 (2%) N/A N/A
Handwashing behaviour at food contact events (n = 552) (n=284) (n=313)
other than preparation
Did not wash 337 (61%) 172 182 (58%) Ref. Ref.
(61%)
Washed with water only 200 (36%) 107 119 (38%)  0.95 (0.65,  0.91 (0.63, 1.31)
(38%) 1.39)
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Table 3 (Continued)

Number of observed events (7 = 3028)

PR (95%CI)t PR (95% CI)f

VBC v Control VBC vs. V VBC vs. Control
Description of events from structured observations (n=1449) (n=768) (n=811) (Ref.) (Ref.)
Washed with water and soap 6 (1%) 2(1%) 6 (2%) 1.53(0.30,  0.54 (0.14, 2.03)
7.86)
Couldn’t observe 9 (2%) 3 (1%) 6 (2%) N/A N/A
Handwashing behaviour at respiratory fluid (n=158) (n=157) (n=48)
contact events
Did not wash 52 (90%) 56 43 (90%) Ref. Ref.
(98%)
Washed with water only 5 (9%) 102%) 2 (4%) 5.38(0.53,  2.06 (0.31,
54.79) 13.56)
Washed with water and soap 0 (0%) 0(0%) 0 (0%) N/A N/A
Could not observe 12%) 0(0%) 3 (6%) N/A N/A
Handwashing behaviour at Breastfeeding events (n = 26) (n=12) (n=7)
Did not wash 26 (100%) 11 6 (86%) Ref. Ref.
(92%)

Washed with water only 0 (0%) 1 (8%) 1 (14%) N/A N/A

Washed with water and soap 0 (0%) 0 (0%) 0 (0%) N/A N/A

Couldn’t observe 0 (0%) 0(0%)  0(0%) N/A N/A

Handwashing behaviour at toileting event, stratified by availability of water and soap at handwashing place during interview

(n = 2746 observations from 294 households)

No water and soap observed at handwashing place (7 = 116) (n=133) (n=77)
Did not wash 55 (47%) 69 37 (48%) Ref. Ref.
(52%)
Washed with water only 47 (41%) 50 29 (38%) 1.10 (0.81, 1.05 (0.74, 1.48)
(38%) 1.48)
Washed with water and soap 1(1%) 4(3%) 2 (3%) 0.33(0.04,  0.35 (0.03, 3.71)
2.84)
Couldn’t observe 13 (11%) 10 (8%) 9 (12%) N/A N/A
Only water or soap observed at handwashing place (7 = 453) (n=391) (n=308)
Did not wash 234 (52%) 210 142 (46%) Ref. Ref.
(54%)
Washed with water only 174 (38%) 145 141 (46%)  1.04 (0.88,  0.86 (0.73, 1.01)
(37%) 1.24)
Washed with water and soap 15 (3%) 6 (2%) 11 (4%) 2.17 (0.86, 0.84 (0.4, 1.78)
5.49)
Couldn’t observe 30 (7%) 30 (8%) 14 (5%) N/A N/A
Water and soap observed at handwashing place (n=705) (n=207) (n=344)
Did not wash 382 (54%) 117 204 (59%)  Ref. Ref.
(57%)
Washed with water only 244 (35%) 73 100 (29%) 1.01 (0.83, 1.18 (0.98, 1.43)
(35%) 1.25)
Washed with water and soap 20 (3%) 4 (2%) 4 (1%) 1.5 (0.52, 2.59 (0.9, 7.47)
4.32)
Couldn’t observe 59 (8%) 13 (6%) 36 (11%) N/A N/A

VBC, Vaccine-and-behaviour-change arm; V, Vaccine-only arm.

For chi-square test of independence for association between prevalence of handwashing behaviours and study arms.

tFor outcome in the row vs. no handwashing.

1Other events included before handling child >2 years, bathing, after eating and other non-pathogen transmission events.
§Other faecal contact events included after removing child faeces, and after cleaning the child’s anus.
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with water would be reduced to 6.9%, and prevalence of
handwashing with soap would be reduced to 2.1%.
Nonetheless, given the discrepancies between availability
of water and soap at the handwashing place and
observed handwashing behaviours, the results of this
study suggest that structured observation should be con-
sidered for measurement of handwashing behaviours in
addition to proxy measures, such as rapid observations,
albeit the time-consuming and labour-intensive nature of
the observation [41].

At toileting events, the prevalence of no handwashing
was similar between study arms, but the VBC arm had
higher prevalence of handwashing with water and soap
and lower prevalence of handwashing with water only
than the other study arms. In other words, the interven-
tion apparently shifted handwashing with water only to
handwashing with water and soap, but did not reduce
the prevalence of no handwashing. The effect of shifting
handwashing with water to handwashing with water and
soap appeared to be absent at food preparation, respira-
tory fluid contact and breastfeeding events. The shifting
effect at toileting events should be interpret with care, as
there could be reactivity during the observation process
[42], and the differences in prevalence of handwashing
with water and soap between study arms could be lower
if the participants were not observed.

The handwashing adherence rate in our study was
lower than in the WASH Benefits Bangladesh cluster ran-
domised trial that enrolled pregnant women in Bangla-
desh and promoted handwashing for>2 years afterwards
[43,44]. However, the WASH Benefits Bangladesh was an
efficacy study where community health workers averaged
six visits per month to the participants in the intervention
households, and each intervention household received
two handwashing stations and a regular supply of deter-
gent sachets for making soapy water. The ICVB Study
was an effectiveness study where community health
workers made monthly visits to compounds, and house-
holds in the same compound received a shared hand-
washing station with no re-supply of detergent sachets. A
low level of adherence to handwashing was detected in
the WASH Benefits Kenya cluster randomised trial, also
an efficacy study, but WASH Benefits Kenya targeted
compounds instead of individual households, where com-
munity health promoters provided compounds with two
handwashing stations each, made monthly follow-up vis-
its, and refilled handwashing soap every 3 months [45].

This study has limitations. Firstly, we conducted struc-
tured observation only in one session per selected household
over a limited time period, so as mentioned earlier the
observed prevalence of handwashing in the study might not
represent the observable prevalence during the earlier
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months of the follow-up period. Secondly, the Mirpur area
had high rates of migration that may have adversely affected
uptake. Thirdly, the small number of structured observa-
tions could have introduced a Type 2 error due to low statis-
tical power, especially as some of the observations
(handwashing behaviour before breastfeeding, handwashing
after respiratory fluid contact) were rare. Fourthly, struc-
tured observations did not include details on the handwash-
ing location; thus, it was not possible to determine whether
the higher prevalence of handwashing after defecation and
faecal contact in VBC arm compared to other study arms
was due to the use of soapy water at the provided hand-
washing stations. Lastly, the proportion of unobserved
handwashing behaviours during structured observations
was high and differed across study arms (38% in VAC arm,
50% in V arm, 46 % in Control arm). VBC arm households
received handwashing stations in a public place, and so we
were able to publicly observe handwashing behaviour of
people who may be washing hands in the latrine where we
could not observe them, and thus, the proportions of non-
observation in VBC arm were lower than in V and Control
arms. The characteristics of participating households (i.e.
proxy for underlying behavioural determinants) were simi-
lar in all study arms, and data collectors adhered to the
same protocol during structured observation, thus any
potential bias would likely have pulled the PR towards the
null and not affected the validity of the findings.

A large-scale handwashing promotion programme in
Dhaka, Bangladesh, showed that some households which
received a behaviour change intervention were willing to
purchase detergent and share the responsibility in main-
taining handwashing station with soapy water, and the
use of soap when asked to demonstrate handwashing
showed that household residents knew how to wash
hands properly. However, the prevalence of observed
handwashing with water and soap was low in all study
arms. Future programmes should consider addressing
other physical and psychosocial drivers of handwashing
in addition to the use of soapy water and motivational
follow-up visits in order to further increase handwashing
with water and soap at pathogen transmission events.

References

1. Ejemot RI, Ehiri JE, Meremikwu MM, Critchley JA. Hand
washing for preventing diarrhoea. Cochrane Database Syst
Rev 2008: CD004265.

2. Najnin N, Leder K, Qadri F et al. Impact of adding hand-
washing and water disinfection promotion to oral cholera
vaccination on diarrhoea-associated hospitalization in
Dhaka, Bangladesh: evidence from a cluster randomized con-
trol trial. Int | Epidemiol 2017: 46: 2056-2066.



Tropical Medicine and International Health

VOLUME 0O NO 00

W. Wichaidit et al.

10.

11.

12.

13.

14.

15.

Richterman A, Sainvilien DR, Eberly L, Ivers LC. Individual
and household risk factors for symptomatic cholera infec-
tion: a systematic review and meta-analysis. | Infect Dis
2018: 218(suppl_3): S154-S164.

Dubois AE, Sinkala M, Kalluri P, Masaka-Chikoya M,
Quick RE. Epidemic cholera in urban Zambia: hand soap
and dried fish as protective factors. Epidemiol Infect 2006:
134: 1226-1230.

Dunkle SE, Mba-Jonas A, Loharikar A ez al. Epidemic cho-
lera in a crowded urban environment, Port-au-Prince, Haiti.
Emerg Infect Dis 2011: 17: 2143-2146.

Gidado S, Awosanya E, Haladu S ez al. Cholera outbreak in
a naive rural community in Northern Nigeria: the impor-
tance of hand washing with soap, September 2010. Pan Afr
Med ] 2018: 30: 5-5.

Freeman MC, Stocks ME, Cumming O et al. Systematic
review: hygiene and health: systematic review of handwash-
ing practices worldwide and update of health effects. Trop
Med Int Health. 2014: 19: 906-916.

. Ahmed MU, Baquilod M, Deola C et al. Cholera prevention

and control in Asian countries. BMC Proc 2018: 12(Suppl
13): 62.

Galiani S, Gertler P, Orsola-Vidal A. Promoting Handwash-
ing Behavior in Peru: The Effect of Large-Scale Mass-Media
and Community Level Interventions. The World Bank,
2012. (Available from http://www.wsp.org/sites/wsp.org/file
s/publications/WSP-Promoting-Handwashing-Behavior-Peru-
Mass-Media-Community-Level-Interventions.pdf)

Briceno B, Coville A, Promoting Martinez S. Promoting
Handwashing and Sanitation: Evidence from a Large-Scale
Randomized Trial in Rural Tanzania. World Bank, 2015.
(Available from http://documents.worldbank.org/curated/en/
545961468165561161/Promoting-handwashing-and-sanita
tion-evidence-from-a-large-scale-randomized-trial-in-rural-Ta
nzania)

Chase C, Do Q-T. Handwashing Behavior at Scale: Evi-
dence from a Randomized Evaluation in Vietnam. World
Bank, 2012. (Available from http://www.wsp.org/sites/wsp.
org/files/publications/WSP-DEC-Handwashing-Behavior-Cha
nge-Randomized-Evaluation-Vietnam.pdf)

Chase C, Do Q-T. Research Brief: Handwashing Behavior
Change at Scale: Evidence from a Randomized Evaluation
in Vietnam. World Bank, 2012. (Available from http://
www.wsp.org/sites/wsp.org/files/publications/WSP-Vietnam-
HWWS-Impact-Evaluation-Research-Brief. pdf)

Nicholson JA, Naeeni M, Hoptroff M et al. An investigation
of the effects of a hand washing intervention on health out-
comes and school absence using a randomised trial in Indian
urban communities. Trop Med Int Health 2014: 19(3): 284~
292.

Luby SP, Agboatwalla M, Bowen A, Kenah E, Sharker Y,
Hoekstra RM. Difficulties in maintaining improved hand-
washing behavior, Karachi, Pakistan. Am | Trop Med Hyg
2009: 81: 140-145.

Christensen G, Dentz HN, Pickering AJ et al. Pilot cluster
randomized controlled trials to evaluate adoption of water,

16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

27.

206

Handwashing promotion effectiveness in Bangladesh

sanitation, and hygiene interventions and their combination
in rural western Kenya. Am | Trop Med Hyg 2015: 92:
437-447.

Amin N, Pickering AJ, Ram PK ez al. Microbiological evalu-
ation of the efficacy of soapy water to clean hands: a ran-
domized, non-inferiority field trial. Am | Trop Med Hyg
2014: 91: 415-423.

Curtis V, Kanki B, Cousens S et al. Evidence of behaviour
change following a hygiene promotion programme in Burk-
ina Faso. Bull World Health Organ 2001: 79: 518-527.
Huda TMN, Unicomb L, Johnston RB, Halder AK, Yushuf
Sharker MA, Luby SP. Interim evaluation of a large scale
sanitation, hygiene and water improvement programme on
childhood diarrhea and respiratory disease in rural Bangla-
desh. Soc Sci Med 2012: 75: 604-611.

Qadri F, Ali M, Chowdhury F et al. Feasibility and effec-
tiveness of oral cholera vaccine in an urban endemic setting
in Bangladesh: a cluster randomised open-label trial. Lancet
2015: 386: 1362-1371.

Nizame FA, Nasreen S, Halder AK ez al. Observed practices
and perceived advantages of different hand cleansing agents
in rural Bangladesh: ash, soil, and soap. Am | Trop Med
Hyg 2015: 92: 1111-1116.

Bangladesh Bureau of Statistics. District Statistics 2011.
Dhaka, Bangladesh: Ministry of Planning, 2013. (Available
from http://www.bbs.gov.bd/WebTestApplication/userfiles/
Image/District %20Statistics/Dhaka. pdf)

Paul R. Water Security in Dhaka City. November 2009.
(Available from http://apwf.org/documents/6thGC/4b2.pdf)
Dreibelbis R, Winch PJ, Leontsini E et al. The integrated
behavioural model for water, sanitation, and hygiene: a sys-
tematic review of behavioural models and a framework for
designing and evaluating behaviour change interventions in
infrastructure-restricted settings. BMC Public Health 2013:
13: 1015.

. Hulland KR, Leontsini E, Dreibelbis R, et al. Designing a

handwashing station for infrastructure-restricted communi-
ties in Bangladesh using the integrated behavioural model
for water, sanitation and hygiene interventions (IBM-
WASH). BMC Public Health 2013: 13: 877-877.

Ashraf S, Nizame FA, Islam M et al. Nonrandomized trial
of feasibility and acceptability of strategies for promotion of
soapy water as a handwashing agent in rural Bangladesh.
Am | Trop Med Hyg 2017: 96: 421-429.

Meena Bazar. Health-Beauty - Soap & Bath. (Available
from http://www.meenabazar.com.bd/Health-Beauty/
SOAP%20& %20BATH). Published 2016. [23 Jan 2017]
Worstall T. Nonsense About The Minimum And Living
Wages In Bangladesh. (Available from http://www.forbes.c
om/sites/timworstall/2016/12/28/nonsense-about-the-mini
mum-and-living-wages-in-bangladesh/#18£515ed6c2d) Pub-
lished December 28, 2016. [23 Jan 2017]

. Whinnery ], Penakalapati G, Steinacher R, Wilson N, Null

C, Pickering AJ. Handwashing with a water-efficient tap
and low-cost foaming soap: the Povu Poa “Cool Foam™ sys-
tem in Kenya. Glob Health Sci Pract 2016: 4: 336-341.

© 2019 John Wiley & Sons Ltd



Tropical Medicine and International Health

VOLUME 00 NO 00

W. Wichaidit et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Islam N, Mahbub AQM, Nazem NI, Angeles G, Lance
P.Slums of Urban Bangladesh Mapping and Census, 20035.
Dhaka: Centre for Urban Studies, MEASURE Evaluation,
National Institute of Population Research and Training,
2005. (Available from https://www.measureevaluation.org/
resources/publications/tr-06-35/at_download/document)
Brewer NT, Cuite CL, Herrington JE, Weinstein ND. Risk
compensation and vaccination: can getting vaccinated cause
people to engage in risky behaviors? Ann Behav Med 2007:
34: 95-99.

Mayhew A, Mullins TLK, Ding L et al. Risk perceptions
and subsequent sexual behaviors after HPV vaccination in
adolescents. Pediatrics 2014: 133: 404-411.

Ruiz-Sternberg AM, Pinzon-Rondon AM. Risk perception
and sexual behavior in HPV-vaccinated and unvaccinated
young Colombian women. Int | Gynaecol Obstet 2014:
126: 205-208.

Dobe M, Mandal RN, Jha A. Social determinants of good
hand-washing practice (GHP) among adolescents in a rural
Indian community. Fam Community Health 2013: 36: 172~
177.

Luby SP, Halder AK. Associations among handwashing indi-
cators, wealth, and symptoms of childhood respiratory ill-
ness in urban Bangladesh. Trop Med Int Health 2008: 13:
835-844.

Rabbi S, Dey N. Exploring the gap between hand washing
knowledge and practices in Bangladesh: a cross-sectional
comparative study. BMC Public Health 2013: 13: 89.
Xuan LTT, Hoat LN. Handwashing among schoolchildren
in an ethnically diverse population in northern rural Viet-
nam. Global Health Action 2013: 6: 18869. https://doi.org/
10.3402/gha.v6i0.18869.

Halder AK, Tronchet C, Akhter S, Bhuiya A, Johnston R,
Luby SP. Observed hand cleanliness and other measures of
handwashing behavior in rural Bangladesh. BMC Public
Health 2010: 10: 1-9.

Rahman MJ, Nizame FA, Unicomb L, Luby SP, Winch P]J.
Behavioral antecedents for handwashing in a low-income
urban setting in Bangladesh: an exploratory study. BMC
Public Health 2017: 17: 392.

Biran A, Schmidt W-P, Varadharajan KS et al. Effect of a
behaviour-change intervention on handwashing with soap in
India (SuperAmma): a cluster-randomised trial. Lancet Glob
Health 2014: 2: e145-e154.

Nizame FA, Leontsini E, Luby SP ez al. Hygiene practices
during food preparation in rural Bangladesh: opportunities
to improve the impact of handwashing interventions. Am |
Trop Med Hyg 2016: 95(2): 288-297.

Hirai M, Graham PJ, Mattson DK, Kelsey A, Mukherji S,
Cronin AA. Exploring determinants of handwashing with

Handwashing promotion effectiveness in Bangladesh

soap in Indonesia: a quantitative analysis. Int | Environ Res
Public Health 13(9): 868.

42. Ram PK, Halder AK, Granger SP et al. Is structured obser-
vation a valid technique to measure handwashing behavior?
Use of acceleration sensors embedded in soap to assess reac-
tivity to structured observation. Am | Trop Med Hyg 2010:
83: 1070-1076.

43. Luby SP, Rahman M, Arnold BF et al. Effects of water qual-
ity, sanitation, handwashing, and nutritional interventions
on diarrhoea and child growth in rural Bangladesh: a cluster
randomised controlled trial. Lancet Glob Health 2018: 6:
e302-e315.

44. Parvez SM, Azad R, Rahman M et al. Achieving optimal
technology and behavioral uptake of single and combined
interventions of water, sanitation hygiene and nutrition, in
an efficacy trial (WASH benefits) in rural Bangladesh. Trials
2018: 19: 358.

45. Null C, Stewart CP, Pickering AJ et al. Effects of water
quality, sanitation, handwashing, and nutritional interven-
tions on diarrhoea and child growth in rural Kenya: a clus-
ter-randomised controlled trial. Lancet Glob Health 2018:
6: e316-e329.

Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Figure S1. Percent of households with water and soap
present at the house’s primary handwashing place (ex-
cluding soapy water), by study arms and time since the
start, ICVB Study, Dhaka, Bangladesh, 2012-13.

Table S1. Association between study arms and study
outcomes, stratified by socioeconomic status tertile and
speaking Bengali at home, with and without adjustment
for time (number of months following start of interven-
tion)*.

Table S2. Attributes of the participating households
with structured observations and without structured
observations (excluding 750 households in the Buffer
zone).

Table S3. Characteristics of VBC (Vaccine-and-behav-
ior-change) arm households in neighborhoods (clusters)
with lower prevalence of water and soap at handwashing
place (<44.4%), and VBC arm households in neighbor-
hoods (clusters) with higher prevalence of water and soap
at handwashing place (>44.4%) (n = 4265).

Corresponding Author Wit Wichaidit, Department of Epidemiology and Environmental Health, University at Buffalo, Buffalo,
270 Farber Hall, State University of New York, New York 14214, USA. E-mail witwicha@buffalo.edu

© 2019 John Wiley & Sons Ltd

207



Appendix 2: Data collection tools used in the study

Appendix 2.1: Data collection tool used for collecting data for research objective 1 ........
Appendix 2.2: Data collection tool used for collecting data for research objective 2-4 .....

Appendix 2.3: Data collection tool used for collecting data for research objective 5........
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Appendix 2.1: Data collection tool used for collecting data for research

objective 1

Measuring siphon water filter’s sustained use and study motivators and barriers

to sustained use in the medium term (up to six months)

Questionnaire:

ID1. Survey Number at parent study [ |

ID2. Was this (1) original HH/ (2) Neighbour HH
ID3. Camp ID:

ID4: Address:

IDS5. Interviewer’s name:

ID6: Date of interview (dd/mm/yyyy):
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Section-0: Identification of participant

Q101. Did anyone from ICDDR, B ever talk with you or any of you family members regarding some
of the water purifying products?

I. Yes

2. No

3. Don't know
Interviewer tells the respondent: According to our record, your household received free/ bought a

filter from the ICDDR, B team about three months ago.

Ql01a. Are you/ any of your family members are aware of this filter?
1. Yes
2. No (probe further or ask some other household members to confirm this issue)

3. Don't know (probe further or ask some other household members to confirm this issue)

Q101b. Before buying/getting this filter how many times an ICDDR, B staff visited you to talk with
you about various water purifying products and issues related to water and health?

1. Never visited before buying the filter

2. Visited only once about a long time ago before buying this filter
3. Visited for several times before buying the filter
4

Cannot remember

Q101c. Did they give you the water purifying products to use at free of cost for several months

before buying this filter?

1. Yes
2. No
3. Don't know
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Section 1: Background Information

Q102. Name of the respondent?

Q102a. Are you the same respondent with whom the ICDDR, B staffs talked during previous

visit(s)?
1. Yes (skips to 107a)
2. No

Q102c. What is your relationship with the youngest child at home?

1. Mother

2. Father

3. Grandfather/Grandmother
4. Aunt

7. Other

Q103. Ethnic background of the respondent
1. Bengali [Skip to question 103]
2. Bihari
7. Others (specify)

Q.103a. In case of non-Bengali respondents, what is the language predominantly spoken at home?
1. Bengali only

2. Urdu and Bengali

3. Urdu only

Q104. Sex of the respondent (Record by observation)
1. Male

2. Female

Q105. Your age in years? In full Years [---------- ]

Q106. Your marital status? [ ]
1. Married

2. Divorced/Separated

3. Widow(er)

4. Never married
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Q107a. Level of education of mother of the youngest child
1. Cannot read and write
2. No schooling but can read and write
3. Has not completed primary school
4. Completed primary school
5. Some secondary school
6. Completed High School
7. Some college /university

8. Don’t know

Q107b. Level of Education of father of the youngest child
1. Cannot read and write
2. No schooling but can read and write
3. Has not completed primary school
4. Completed primary school
5. Some secondary school
6. Completed High School
7. Some college /university

8. Don’t know

Q108: How many persons dine in your house every day? [------- ]

Q109. How many children less than five years old live in your household?

b.Female.................o
Q110. What kind of toilet facility does the household have?
1. Flash toilet

2. Water sealed slab

3. Slab latrine

4. Open latrine
7. Others ------nnmm-m-
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Q111. How many of the following does your household/family own? (Write 1 for 'Yes' and 2 for
No'")
| (A) Bicycle
| (B) Electricity
___|(C) Radio/Cassette Player/CD player
(D) Television/VCD
(E) Motor Cycle
| (F) Mobile Phone

Q112: What is the main source of income for the household?

1. Formal employment

Self employed/own business
Casual/contract job
Remittance

Domestic work

Pension

S A e

Agricultural income
8. Day Laborer / Rickshaw puller
77. Others--

Q113. For the purpose of our research, would you please tell us your total monthly household
income? - please sum up your income from all sources like, wage, rent, agriculture etc.
UP TO 4000 Taka

4001-6000 Taka

6001- 8000 Taka

8001- 10000 Taka

10001- 12000 Taka

12001- 15000 Taka

15001-20000 Taka

20001- 25000 Taka

25001- 30000 Taka

Above 30000 Taka

IS

a o

= @ oo

—

—.
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Section 2: Household Hygiene Knowledge And Behaviours

Q201a. Is there soap for washing hands in this house?
1. Yes

2. No [Go to question 202]

9. Don’t Know [Go to question 202]

Q201b. Can you show me the type of soap you use for hand-washing?
1. Yes [Respondent shown soap]

2. No (Cannot find soap, Soap is missing, Admitted no soap, No)

Q202. How does your household dispose of most of its rubbish? (observation)
1. Throw in a specified place

2. Throw in any vacant lots

3. Throw in drains/ lakes/streams

7. Other (specify)

Q203. When do you wash your hands with water only? (This is an open-ended question)(Please do

not remind the respondent about the answers)

After filling up answer of this open-ended question, check appropriate code to the boxes below

[Yes]...1, No]...2

a. Before preparing food .........ccoeevvieeiiieiiiieee

b. BEfore €ating .......cccceceeeuiieniieeieeeciee e

C. After €ating ......c.eovuiieiieiieiieeieee et

d. Before feeding a child ..........cccocooeviiniiiiiiiiciee

e. After cleaning child’s anus ............ccceeceeeieeciieicenn.

f. After disposal of child feces: ........ccccceevieniiiciiecenen.

g. After defecation ...........cceevveviieciieiieniece e,

k. Others (SPecify) ...cccveevvieiiieiieiieeieeeeie e .
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Q203a. When do you wash your hands with soap? (This is an open-ended question)(Please do not

remind the respondent about the answers)

After filling up answer of this open-ended question, check appropriate code to the boxes below

[Yes]...1, No]...2

a. Before preparing food ........ccccovvieiiieniiiiiieceeee I:I
b. BEfore €ating .......cccceceeveeiieniieeie e I:I
C. After €ating .....cceovvieiiiiieiieieee e |:|
d. Before feeding a child ..........ccooceviiiiiiniiniiiee I:I
e. After cleaning child’s anus ..........cccceeceeveiiecieeicenens I:I
f. After disposal of child feces: ........c.cooovvviiriieiiiecnnne. I:I
g. After defecation ..........cceeevvieriieeiiieceeeeee e I:I
h. After handling cow-dung ..........ccccceevvieviiencieeennens I:I
1. After returning from outside compound:................ I:I
Jo NEVET ittt I:I
k. Others (SPecify) ..ececurireriieeiieeiieeieeee e . I:I

Q206. Did any children of your household had diarrhea within last two weeks?
1. Yes
2. No

3. Don’t know
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Section 3. Water Collection and Storage

Q301. What is the main source of drinking water for the people in your household during the current
season? DO NOT READ RESULTS.

a. Piped water directly from public tap

b. reservoir where piped water is accumulated
c. Water vendor

d. underground water

e. protected well

7. Other (Specify) --

Q301a. Does other household in the courtyard share the same source for their drinking water?
1. Yes
2. No
Q302. Do you think the water from this current source is safe to drink without doing anything else to
it?
1. Yes
2. No [Go to question 303]
8. Refuse to answer

9. Don’t Know

Q302a. Do you think it remains safe to drink throughout the year?
1. Yes
2. No

Q302b. Which time of the year do you think the water from this source become unsafe to drink?
1. Summer
2. Monsoon
3. Winter
7. Other

Q302c. Do you treat your water before your child get to drink it?
1. Yes
2. No [Go to question 303]
9. Don’t Know [Go to question 303]
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Q302d What do you do to make your child’s drinking water safe? (Do not read. Multiple responses
possible. Probe for answers. Indicate 1I=NAMED; 2=NOT NAMED.)
[-----]a. Boiling
[-----]b. Using CrystalPur filter (skips to Q303)
[-----]c. Sedimentation
[-----]d. Aluminum sulphate (fitkiri)
[-----]e. Chlorine tablets

[-----]f. Chlorine powder

[-----]h. Sieving/filtering water using cloth before drinking
[-----]i. Solar disinfection

[----- ]j. Other [specify]:

Q302e. How frequently do you treat your drinking water?

1. Every time we collect water/always

2. Most of the time when we collect water
3. Occasionally/sometimes
4. Only during dry season/summer
5. Only during rainy season
6. Never
7. Other (SPECIFY) _
9. Don’t know

Q302f. Is the drinking water stored in your household today treated by any means?
a. Yes,all ofit
b. Yes, some of it
c. No
d. No water in the house

9. Don’t know

Q303. On average, how many trips do you or other household members make to collect drinking

water in a typical day? times
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Q304a. For how many people in your household generally drinking water is

collected?

Q304b. How many other people other than your household came to your household in last two days

to drink water from your stored water?
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Section 4: Current Filter Usage

Q401. Do you have the CrystalPur filter at home that you bought about three/six months ago from an
ICDDR, B field staff?

1. Yes

2. No (Skip Q403, Q404a to Q404e)

Q402. Did you ever use it within last three/six months?
l. Yes
2. No (skips to Q418)

Q402a. To what extent do you agree that you knew about how to use the filter?
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q403. Is the drinking water stored in your household today treated with Filter?
1. Yes, all of it

2. Yes, some of it

3. No

4. No water in the house

9. Don’t know

Q404. When was the last time you or another household member used Filter?
1 Today (skips to 406)

Yesterday (skips to 406)

In the past seven days

One week ago

Two weeks ago

Last month

N N R W

The first week we bought the product
77. Others (specify)
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To what extent do you agree with the following statements?

Q404a. Using the water filter makes me feel ‘I am a person who takes good care of her children’
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q404b. Using the water filter makes me feel ‘I am a modern person who does not drink untreated
water’

1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q404c. Using the water filter makes me feel ‘I am treating water like a rich person’
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q404d. Using the water filter makes me feel ‘I am setting a good example for my community so that
they also follow me in treating their drinking water’

1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree
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Q404e. Using the water filter makes me feel ‘I am improving my health’
1. Strongly agree
2. Agree somewhat
3. Neither agree nor disagree
4. Disagree somewhat

5. Strongly disagree

Q405. Why didn’t you use the filter after that?
1. Filter was broken
2. Filter was clogged
3. Filter was lost
4. Did not like filter treated water
5. Too complicated to use the product: specify
6. It was additional task to treat water with filter

7. Other: specify

Q406.How often does your household treat your drinking water with filter? | |
1) Every time we collect water/always
2) Most of the time when we collect water
3) Occasionally/sometimes
4) Only during dry season/summer
5) Only during rainy season
6) Never
7) OTHER (SPECIFY)
9) DON’T KNOW

Q407: What did you like best about using Filter? [DO NOT READ; INDICATE 1=NAMED;
2=NOT NAMED].

|(a) Filter was easy to use

|(b) Using Filter made my water safe to drink

|(c) Using Filter reduced diarrhea (OR other diseases)

|(e) Filter improved the taste of water

(I

[

[

| |(d) Filter improved my family’s / childrens’ health
(I

| |(f) Water looks better / clear / clean

(I

|(g) OTHER (Specify) :
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Q408. What were the biggest obstacles to use the Filter every time water was collected? DO NOT
READ. INDICATE 1=NAMED; 2=NOT NAMED.

| |(a) Too much time to use Filter every time water was collected
| |(b)Had to wait for long after using Filter to have safe water
| |(c) Didn’t like taste of the treated water
| |(d) Didn’t like smell of the treated water
| |(e) Didn’t notice any changes in health of family
| |(f) Family’s health deteriorated

| |(g) Didn’t notice any changes in child’s health
| |(h) Child’s health deteriorated

| |(1) Don’t believe that Filter will work
| |(G) Don’t believe that I could use Filter properly
| |(k) Filter was broken

| |(D) Filter was lost

| |(n) Water still looked dirty

| |(o) Filter was clogged

| |(p) Saving product for special occasions

| |(q) OTHER (Specify):
ENUMERATOR SAY: In the next few questions I am interested in hearing about your experience with filter.

Please tell me if you “agree” or “disagree”. NOTE: Interviewer to probe if they “agree strongly” or “agree

somewhat”, and if they “disagree strongly” or “disagree somewhat” .

Q409. Using the filter to clean drinking water makes the water taste bad.
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q410. Using the filter to clean drinking water makes the water smell bad
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree
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Q411. Using the filter to treat water is an effective way of preventing diarrhea.
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q412. Using the filter every time water is collected is too much work.
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q413. It takes too long time to get clean water when using a the filter
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q414. Using the “filter’ is easy.
1. Strongly agree

2. Agree somewhat

3. Neither agree nor disagree

4. Disagree somewhat

5. Strongly disagree

Q415. How happy are you that you have purchased/received the filter?
1. very happy

. somewhat happy

. neither happy nor unhappy

. somewhat unhappy/

[, T SN US B \S

. very unhappy/
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Q416. I am proud that I own a water filter that I use to treat my drinking water.
1. Strongly agree
2. Agree somewhat
3. Neither agree nor disagree
4. Disagree somewhat

5. Strongly disagree

Q417. Have you mentioned about your use of filter to others?
1. yes
2.no
3. I did not think about mentioning it to other

4. unwilling to answer

Q418. How satisfied are you in using the filter
1. very satisfied
2. somewhat satisfied
3. neither satisfied nor unsatisfied
4. somewhat dissatisfied

5. very unsatisfied

Q419: What else should we know about your experience with your safe water product?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Q420. Can you show me the filter? (observation)
1. Currently using

. Upper pot wet, both pots have water

. Lower pot wet, both pots have water

. Other signs of using the filter (specify)

. There is no filter
. Dry or dusty
. Broken ceramic

. Pipe is broken

O© 0 3 O Whn K W DN

. Pumper is broken
10. Nozzle is broken

11. Other indications of not using (specify)
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Section-5: Willingness to purchase a new filter (applicable for people whose filter was

broken/lost):

Q501. Given that you have lost or broken your water filter, would you be interested to buy a new
filter today?

1. Yes

2. No

3. Have to consult with household members| add a follow-up asking if the respondent wanted you to
come back at a certain time after. DONOT CONTINUE WTP QUESTION]

4. Other

If yes,

For you to buy a filter TODAY, we have now set a price which is drawn from a list of prices in the
range between 50 Taka - 250Taka. The price that is pre-drawn for you is written in this sealed
envelope [show the envelope]. If your stated price exceeds the price we have drawn [show
envelope], then you will get to buy the filter at our price. This means you will get the filter at a price
lower than what you actually wanted to pay. If however, your stated price is equal or less than the
price we have drawn [show envelope], you will miss the opportunity to buy the filter today. So for
you the best approach is to say a price that you actually wanted to pay.

Q502. One filter will last on average one year(?), if you regularly use it to treat drinking water, how
much money at most you would be willing to pay for a filter here today?

taka

If no money at home: TO ADDRESS THE LIQUIDITY CONSRAINT

Had you been given an opportunity to buy a filter in credit today, would you then be interested to
buy?

1. yes

2. No

Q502. Did the respondent purchase the filter from our FRA?
1. yes

2. No

3. wanted to buy on credit

7. Other
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Q503. If wanted to buy on credit, did the respondent finally purchased the product?
1.Yes
2. No

Section-6: Water sample collection for H2S test

Q601. Ask & observe how drinking water is stored? ...........c.ccoceevevevevnenne. I

Q. BUCKET . Lo

b. Drum .2

c. Kalashi .3

d. Hari 4
5
6

e. Matka

f. Bottle

o 1S oy o7 | 1 USSR i
. JUg 8

1 Mini water tank...........coooviiii 9

J. Other wide-mouthed CONtainer ...........ccceceevieiiiiiiieiieniecie e 10
k. Other narrow-mouthed cCONtainer ............cceccveeviieriiieeniiecee e 11
1. NO WaLeT StOTEA ...c..eeeiiieiieiieeie e 12
m. Refused to Say & ShOW ......covviiiiiiiiiiie e 98

Skip Note: If 6 is 12 skips to next section. If 98 skips question 602

Q602. Observe stored water’s covering status .............ccoceevvrvieiiiiieiieen. |:|
a. Completely Uncovered ..........ccocveeiieeiiieiiiececeee e 1
b. Partially COVEred ........ccooviiiieiiieiieieeieeee et 2
C. Completely COVETEA .....cooviiiiiiiiiiiecie e 3
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Q603. Ask to give a glass of water like they give their child to drink.
(Observe water handling behavior; from your asking to getting water check the following questions.

Yes=1.No=2)

a. Glass/container washed before water obtained? ............cc.ccoeoeiiiiiiencnnn. |:|
b. Hands washed before water obtained? ..........c.cccoceeiiiiiiniiniiiiciieneee, I:I
c. Hands washed with soap before water obtained? ............cccceevvenienennen. I:I
d. Hands came into contact with water? ...........ccccoceveiieniiniiniieeeeeeeeee,

. Glass dipped INt0 WALET? .....c.ccevviieiiieeiie et

f. Ladle used to obtain Water? .........cccovviiiiiiiienieiie e I:I
g. Water poured from COntainer? ...........ccooceevienienieeiieeniienieeeeeie e seee e

h. Other (SPECIEY) ..evvveeeeeeeeeeeeeeee e |:|
Q604. Did you treat your drinking water with filter? ..............ccoeceevinnnnnne. |:|
O ettt et ettt et et e e 1

N O ettt ettt e e e et e s eas 2

Skip Note: If 604 is 2, skip question Q605

Q605. How long ago did you treat this water with POU product: : (h:m)

Q606. Time of collection of water sample: : (h:m)
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SECTION 8: Interviewer’s Discreet Observations
(ENUMERATOR: Before leaving THE HOME take note of the following. Please answer the

following questions DISCREETLY. Do not ask the respondent to answer these questions. Simply
note your observations.)

Q801: Is the respondent wearing shoes or slippers?

1. Shoes
2. Slippers
3. None

Q802: Condition of the clothing?
1. No holes/tears
2. A few holes/tears

3. Many holes/tears

Q803: Cleanliness of the face/hands?

1. Clean
2. Abitdirty
3. Very dirty

Q804: Are there animal/child feces visible in the compound (other than in a designated pile)?
I. Yes
2. No

Enumerator’s signature
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Appendix 2.2: Questionnaires used to collect data for objective 2-4

Appendix 2.2.1: ICVB Baseline Census Questionnaire

Household visiting status

Household ID: | |

GIS ID:

Ward number: | |

Area/Para/Bosti name: | |

Sec/Block: | |

House: | |

Road: | |
3. The household belongs to highrisk group. 1=yes 2=No
4. Information on this project was given to respondent. 1=Yes 2=No
5. Verbal consent was taken to participate in the interview. 1=Yes 2=No
6. Visit status :

1. Continued

2. Refused

3. Absent

4. Not eligible
5. Other

7. Respondent’s name: | |

8. Family size: | |

9. Permanent Address: | |

District name: | |

Upazila/Thana name: | |

Village/Area name: | |

10. Contact phone number: | |

Respondent:
Head: | |

Other member: | |

Neighbour: | |
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Social, Economic & Health related characteristics of the household

[Respondent: Household head or adult household member]

1. Religion: | |
1= Muslim 2= Hindu 3= Christian
4= Buddhist 5= Others

2. How many months have you been living here?

(<1 month will be taken as 1 month)

3. Type of Household ownerships? | |

1= Own; a) Monthly rent: Tk b) Don’t know
2= Rented a) Monthly rent: Tk b) Don’t know

3= Supplied by employer

1- Number of rooms (excluding Kitchen): |

2- Do your HH share the kitchen?: 1=Yes, 2=No

3- Do your HH share the toilet?: 1=Yes, 2=No

4- Type of adult toilet: | |

1= Sanitary with flush 2= Sanitary without flush

3= Non sanitary (without water seal) 4= Use open space

7. Type of children toilet: | |

1= Sanitary with flush 2= Sanitary without flush
3= Non sanitary (without water seal) 4= Use open space
5=Use plastic/cane pot 8=No <5 yrs child in the HH
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8. Source of the following water:

Drinking: | |

Washing: | |

Bathing: | |

1= Own tap, 2=Own well, 3=Own hand pump, 4= Communal tap , 5= Communal well,
6= Communal hand pump, 7= Bottled water, 8= Water vendor, 9= Stored in reservoir,

10=Pond/canal/river, 77=0Others

4. Distance of the source of drinking water (In feet.): | |

5. Type of drinking water:
1= Boiled 2= Filtered 3= Chemicals treated

4= Not treated 9= Don’t know

6. Type of utensils cleaning water: | |

1= Boiled 2= Filtered 3= Chemicals treated

4= Not treated 9= Don’t know

7. Place of waste disposal: | |

1= Fixed place 2= Indiscriminate

8. Monthly average HH expenditure: Don’t know
1. Residential (rent, repair etc): | | []
2. Fooding: | | ]
3. Clothing: | | ]
4. Transport: | | []
5. Education: | | []
6. Others: | | []
7. Total cost: | | []
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9.

10.

11.

Average monthly savings: | []

Do you know about Cholera vaccine (CV)? 1=yes 2=No

Will your family take CV if it is given free? 1=yes 2=No

Observation by the Interviewer

12.

Construction materials of the main building:

Roof: | |

Wall: | |

Floor: | |

1=Mud/Kacha, 2=Patkathi/Chhon, 3=Bamboo, 4=Wood , 5=Tin, 6= Brick/Cement, 7=Others

13.

14.

15.

16.

Is there water filter in the household?

I- Yes

2-No

Is there any water in filter device?

I- Yes

2- No

3- Refused

Is there any water treatment chemical in the household?
1- Yes

2- No

3- Refused

Is hand washing water available at the visiting time?
I- Yes

2- No

3- Refused
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17. Is hand washing soap available at the visiting time?
I- Yes
2-No

3- Refused

18. Observe the type of latrine of HH:

1= Sanitary with flush 2= Sanitary without flush

3= Non sanitary 4= Use open space
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MEMBER LIST

Household: | |

Member Sl.:

Sex: 1-Male 2-Female

Date of birth: | |

Relationship with head: | |

Codes for Relationship with Household Head-
1-Household head

2-Spouse of head
3-Son/daughter
4-Son/daughter-in-law
5-Brother/sister
6-Brother/sister-in-law
7-Father/mother
8-Father/mother-in-law
9-Grand son/grand daughter
10-Other relation
11-Helping hand

12-No relation

Mother’s SL.: | |

Father’s SL.: | |
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Education:

Codes for Education Level -
1-Class 1 passed

2-Class 2 passed

3-Class 3 passed

4-Class 4 passed

5-Class 5 passed

6-Class 6 passed

7-Class 7 passed

8-Class 8 passed

9-Class 9 passed

10-SSC passed

12-HSC passed
14-BA/BCOM/BSc passed
16-Hons/MBBS/BSc Eng passed
17-MA/MSc/MCOM/MS/MD/FCPS passed
77-No formal education

88-No education

Occupation:

Codes for Occupation Status -
1-Unemployed
2-Housewife

3-Beggar

4-Pensioners

5-Household helping hand
6-Driver
7-Rickshaw/van/cart puller
8-Daily wage earner/laborer
9-Farmer/fisherman
10-Tailor/barber/craftsman
11-Traders/business owner
12-Service

13-Teacher

14-Doctor

15-Engineer
16-Paid/unpaid apprentice
17-Student

18-Hawker

77-Other

99-Unkonwn
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Marital Status:

Codes for Marital Status -
1-Married

2-Divorced

3-Widowed

4-Separated

5-Unmarried

Spouse SL-1: |
Spouse SL-2: |
Spouse SL-3: |
Pregnancy status: 1-Yes
Diarrhoea within 48 hours: 1-Yes
Diarrhoea within 6 months: 1-Yes

2-No

2-No

2-No

Health care utilization:

Codes for Health seeking behavior
1-Home treatement

2-Qualified doctor

3-Clinic/hospital

4-Pharmacy

5-Homeopathy

6-Ayurbedic

7-Quack

77-Other

99-No treatment
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Appendix 2.2.2: ICVB Census update Questionnaire

Introduction of Cholera Vaccine in Bangladesh

International Centre for Diarrhoeal Disease Research, Bangladesh

ICVB Census update Questionnaire

1. Information on this project was given to respondent. 1=Yes 2=No
2. Verbal consent is taken to participate in the interview. 1=Yes 2=No
The following events will be collected during ICVB census update
Table 1.Features of the demographic and health events
Code and event Date of event Info

For existing members

1=No event

Date of visit (auto filling)

7=Death

Date of death

1=Hospital, 2=Home, 3=Away

8=Migration-out

Date of migration out

Destination of migration (ward
and section number)

88=Outside

9=Internal migration-out

Date of internal migration-out

10=Resident’s where abouts

could not be traced in current

census

Date of entry of the member

(auto filling)

11=Change of marital status

Date of change in the marital

status

New marital status

14=Pregnancy status

Yes=1 NO=2 Not sure=3

For 2 or 3 LMP

12=Change of relationship to the

household head

Date of death/migration-out of

the former head

New relationship to head

13=Diarrhea in last 48 hours

Date of onset of diarrhea
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Code and event

Date of event

Info

For new entrants

2=Birth

Data of birth

3=Migration-in

Date of migration-in

Origin of migration (codes are
same as “destination of

migration” given above

4=Internal migration-in

Date of internal migration-in

5=Remigration

If a migrated-out individual
came back to the study area: date
of remigration is the date of

event

6=Residents who were missed to

register in previous census

For a new member in an existing
household: Date of entry of the
household (auto filling)

For a new household: date of last
census visit in the area (auto

filling)

Note, the internal migrations will done through computer search as described in the text
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Appendix 2.2.3: Disease Surveillance Questionnaire
Introduction of Cholera Vaccine in Bangladesh
International Centre for Diarrhoeal Disease Research, Bangladesh

Disease Surveillance Questionnaire

Health Facilities for
Disease Surveillance
SI. No. Hospital Name
1 Shishu Hospital
2. Sarwardy Hospital
3. Mohakhali Cholera Hospital
4. Mirpur Treatment Centre
5. Kalshi Shisu Hospital
6. Adhunic Hospital Mirpur
7. Shishu Hospital Mirpur-2
8. Radda Barnen (Mirpur-10)
9. UJMC (Ibrahimpur)
10. The Marks ENT clinic and General Hospital
11. Waida Hospital (Ibrahimpur)
12. Al-Helal Hospital
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Introduction of Cholera Vaccine in Bangladesh (ICVB), 2011-13
Assessment of uptake of handwashing and Point of use water treatment intervention
International Centre for Diarrhoeal Diseases Research, Bangladesh

Table of contents

Section A: - Identification 2
Section B: Demographic Information 3
Section C: Observation of hand cleanliness 5
Section D: Diarrhea and respiratory disease and Acute Hepatitis in the households 6

Section E : Treatment, Storage and handling of drinking water, treated water testing; and reported

drinking water practice 9
Section F: Chlorine dispenser recognition and reported use 15
Section G: Spot check for chlorine dispenser, sources of water, source water testing--------------------- 18
Section H: Spot checks for hand washing stations and uptake of hand washing behavior---------------- 21
Section |: Hand washing station recognition and reported use 43
Section J: Reported hand washing practice 52
Section K: Knowledge about water and hand hygiene 56
Section L: Exposure to the ICVB behavior change intervention by icddr, b / DSK 61
Section La: Perceived water quality 75
Section Lb : Practice of alternative behavior : Boiling water 77
Section N: Socio economic status and sanitation facilities --69
Section P: H,S and E.coli water test results 78
1
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Section-A: Identification

ot ID (Arm ID)
Instruction for the PDA programmers: If 1. Vaccine only arm
arm 1, 3 and 4 then show the spillover 2. Vaccine plus behavior
assessment questionnaire otherwise will change arm
not/if arm 2 skip all spillover assessment 3. Control arm

ID001a questionnaire 4. Buffer zones

FRA-3 &7 C=el: &2t fofere 3190 (531 97 WB1 IMiwd sifeiaige 1S i 917 Tex wrens Siwa oS a=:
(Instruction for the FRA: First try to identify if this is our enlisted household or not. Ask the
respondent the following question :)

NID 1 3R AT ETFOR AN AR ARRIE @I T (Rl 1S 6 S (dRitdT? Can you show me
the card given to you/to any of your family member by Cholera hospital people?

1.3t (Yes)

2.4 (No)

ID 001b, 002a €= 003a-9F S ST I (AR | W ¢ @2ws ¢ 27, 1D 001b, 002a 9k 003a-CS
‘999’ f&74« | (Please record information in ID 001b, 002a and 003a from the card. If the person is unable to
show a card, write ‘999’ in ID 001b, 002a and ID 003a.)( If migrated then ID 003 would be 333)(@Mm

ARG 2 O 13T 000 BT woo Z(J)

F5 ID (Cluster ID- as shown in the
IDO01b respondent’s ID card/members ID card)
ID0O01 Cluster ID (as shown in the PDA)
Mt ID (Household ID- as shown in the
ID002a respondent’s ID card /members ID card)
ID002 Household ID (as shown in the PDA)
¥emre® ID (Individual ID-as shown in the
1ID003a respondent’s ID card)
IDO03 Individual ID-as shown in the PDA
IDO04 et i (Name of household head)
Qe o (Rt i) [Household address
IDO05 (detailed)]
IDO06 w2y AEEFRF AN (Interviewer name)
IDO07 w2y AR @i R (Interviewer Number)
ID008 ey Teaiced oifie (Fe/aey/aee) (Date)
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ID003a 3@ 999 za ez 101a &S S | =i O &= == :Instruction to the FRA's:

101a. TEWIST FIC (TS T AR Ot forweest $9 If the person unable to show the id card, please
ask him/her: S @<ts =t 2117 S99 2 What are the reasons of not being able to show the card?
a)F4w2 F1¢ e 91 Never have the card
b)FTe feaT 7few (oitz Has lost the card.
c) ITC Wt Fe (T2 Jare MUl 78T =& Has the card, but unable to show.
d) 9951y Other .
101a «3 T&a IW b, c WA d WA 101b TR & fFreest $9=  If the response is either b, c or
d, then ask:
101b. S & wterara Br (itaczs? Have you taken Cholera vaccine orally? (4% @3 Sy o
TemreIs weEEe B faal® s g1 s R F94 Instruction to FRAs: please make them
understand what is meant by the cholera vaccine according to their local understanding)
a) ¥l Yes
b) =T No
¢) wif¥ar Not sure/Don’t know

Section-B: Demographic information
FRA: Sify SIieiq @z @2 A0 T I IR g O Tated Mo wa=Fare 512 | FRA: | would like to
begin by collecting a bit of information on you and the people that live in this household.

101 Teawrerd /i (Name of the respondent)
102 IS eLITS (I A F A=Tw? (Primary 1. sygm@ AT (Bengali only)
language spoken in the home) 2.8 @=e et (Urdu and Bengali)
3. wq@@ &g (Urdu only)
7. sy (w2 $2==) [Other
(specify)]:
103 el SeaMrer fo1st (ST 07 foTITo 209) 1. #7=8(Male)
[Sex of the respondent (record by 2. &=t (Female)
observation)]
104 T 979 Se2(Your age in years?) 71 +ft q=ed (Full Years)
105 Wi taaifze @ (Marital status) 1. frafgs (Married)
2. orETee / fRifRe fog wemr A
(Divorced / Separated)
3. faa/fesifes [Widow(er)]
4, sfs7ifge (Never married)
105a A AR AT Foe TSTS! NZeT! ACR? &
How many pregnant women are in your
household?
3
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106

FEAT FAG SR AT AR AT 4 T2
(FRA-T &) SOl (@ @I @3(5Ts (ot oz W, Tag
T 3 9T 4 T TIF e IR I oY) (ST
AW AR el cFrg a3 Tea aawrly )( [At
present which of these is the principal source of
drinking water for your household? (Instruction
for the FRA: Circle only one option; if the options

are either 3 or 4, investigate further to ensure
the correct response)](Multiple answer allowed
for the subdivision accept option 2)

1. 397% 31fre A Ty Wie Fefteme
=18 (Municipal supply for individual
household level use)

2. 3if% 3iferam At Byiel/ayre A==/
EfRfT=rE w1e" Common tap/hand pump
(Municipal supply) outside the
house.......... a.FI%es e AMfers
shared within the compound
..................... b. FI%te7 3@ AT
shared outside the compound
...................... 3. SeaerrEw wf
(ShallowTube well water)

a. II%red foew@ AAfRTS shared within
the compound

..................... b. FI1ETSR AR AffeTe
shared outside the compound
...................... C. vy «2 ARQIET v/ AT
7% individual level use/not shared

4, I9IF TR/ @IRR-a7 A (deep

tubewell/Boring water)

o o

a. FI%red e Afere shared within
the compound

..................... b. FCTEd W }H('\‘ﬂl(a\'J
shared outside the compound
...................... C. vy 93 ARRIET s/ AT
<% individual level use/not shared

5. =AY Ar%e wiE RIS (IF) [Supplied
by water bearer (in buckets/barrels)]

6. T (Well).......a. FI%ced foerm Tffrs
shared within the compound
..................... b. FETST AR AffTe
shared outside the compound
...................... C. vy ¥2 AR T/ e
% individual level use/not shared

7. W@reeres Af (Bottled water)

8. faerSiea steafre oMo aigera
Municiple water storage in reservoir
(Both for underground cistern or
overhead tank) ......... a. FIeres oo
e shared within the compound
..................... b. %S A1 Affere
shared outside the compound
...................... C. vy 2 AR T/ e
= individual level use/not shared

77 =51 (%2 %) Other (specify)

......... a. IS foe@ Afre shared
within the compound

..................... b. FI%TeT 2@ Afefere
shared outside the compound
...................... C. uy «2 ARRIE o=/ Afers

% individual level use/not shared
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tl)?S?.(a_?r;I(i]%a T ST @7 SR M TR a) > B9 ¢ 3% less than 1 hour
efTorl
is 1/2/8) T, e o T #Af 2w b) ) s-¢ =51 1-5 hours
If you use municipal water supply, ¢) ¢-50%%1 5-10 hours
how many hours a day do you have d) so-s¢ w57 10-15 hours
water? e) S¢-20 6T 15-20 hours
f) /et “if <res It is available
all the time
106b.(applica Tl ERBEIET G7 AR =i U=« a) ¢ 19 @ 3 less than 5
.Zli/ﬂz);slj 106 T, S BCT A ey et F© T A | | o1shis
o TS AT b) ¢-yo =@ 5-10 kolshis
If you use municipal water supply, ©) So-3¢ z;fr 10-15 kOIShi‘S
how many kolshis could you fill d) se-20 15-20 kOIShE
before it runs out?(only for drinking | ©) 20-¢ @t 20-25 kolshis
water) f) 2¢ =5t @ More than 25
kolshis
g) FReTE #ff «IeE it is available
all the time
107 AR T ey TR G FHIBC T FACRA?
(For how long have you been living in this ALZ (weeks) =T (Months)
compound?) BES) (Years)
108SA A 5 98 BT FroH @ 2T HRIR (AP 1.3 Yes

(R05Y) I FAC2A?

Have you been living in this compound
since the first week of November 2011?

2.9, FE =itz No with card
3. 9, 3% 72 No without card

Section C: Qte7 ~fiwR-+fieget *5%< (Observation of Hand cleanliness)

501. grtes “fi®[ “ifigyet [-----] (Cleanliness of the palms/fingerpads?) May I please look at your hands?

&g 7z (Codes):

ST AT G T (VSIDLE Qi) 1o 1
T BRI (7)1 1 TiteTe weifRmegeld foet (No visible dirt but unclean appearance) ........... 2
AR T (CIEAN). ...ttt s s 3
AT T 7T /25T (Observation was not possible/refused). .......ooveveerieruninnnes. 4
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a. QST ¥ (Fingernails) .....ocevveveveninncniniieccnnens

b. FTGET (Palms)....oevveveeieieienieiiiieceeceec e

. IR TS (Fingerpads).....ccvevveverveeeeeeneenne.

502. A A< @ AT AP, STPTH S0 AT F0eT/AHETT TS G A “Afavegora wgl 7y | 3 qraa
N T A, (=I5 ABIBT Tre Afwe 7 | (If there is a child <5 at home, inspect and record the
cleanliness of the palms/finger pads of that child. If there are more than one child, inspect the

hands of the younger child.)

e 7R: (Codes:)

ST SAZOIE AT TIBRET (VSIDIE dirt) oo 1
A AT T I CoiteTe WA= el] 2T (No visible dirt but unclean appearance) ......... 2
ARTER TRET (CLEAN).....o. et 3
T T T /LTI (Observation was not possible/refused). .......ccceoveeeeirerennne 4
QIrey 77 (e w=)(Not applicable) (specify)
..................................................................................................... 8

a. QST T (Fingernails) .....ocevveierienieniiieiiiecs

b. TS (Palms)....eovvevveeeieieniieiieeeeeeee e

. IFER TLSM (Fingerpads).....oovevvevenveveeeiennene.

6
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Section D: Diarrhoea, respiratory disease and acute hepatitis in the
household

QAT I AACE @3 TS FRAFIANWR T T G 399 | A [ s T80 FAE T AW 2ToTF
G AHATCE TR AT TSI (AF W ZAR? (@ F0F unique card 1D(a2) o | 3@ @7 F1¢ meite
T #AICF, s 13T unique card ID (a2) #fF¥Te) (3 TReAtE =7 SRt al 333 F1g) =1 4 =T FIE T AT a2
888 2@ | al-a HHID- & X oo (AT WP W F Z(J 1x8 ToI¥ foraa st foram wivwam sAreett At
T Wil SRR Rt Reavat 7991 [Now I would like to ask you about the health of the people that
live in this household. Could you please show me the cards that have been given to each of your
household members from Mohakhali Cholera Hospital? (Check and note the unique card IDs (a2).
If someone cannot show the card, write ‘999’ instead of the unique card ID)(a2)][If migrated then
al would be 333]If arm 4 and has not card then a2 will be 888. Member ID will be start from
HHID+00, We will consider diarrhoea if three or more loose stool pass in 24 hours
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GNE TR | al. 2.3 | bW | @ | dTegE | esreuz | foeq3 g.7Ts 73 heows | hl. g3
(Serial al 3By | FIC (Nam | (Age) e Wy | 2w | e | ew owe | e e
number) | = fifeg | WE(Uniq e) forer R W g | I TFFEIFA | W g
wizfep | ueIDin (Days) Raibal Ryl Rt T e RITEe] T
the il Y (Diartho | (Fever (Cough Aty el | zfeE(B
L .ID respondent eainthe | inthe in the (Nasal reathing |
(Um‘_lu ’s ID card) last 2 last 2 last 2 congestio | difficult ©
¢IDin (Month | days) days) days) nora ies in CHCR?
the s) runny the last
PDA) T2 nose in two (Any
’ the last days) serious
— two days) injury
(Years) in the
last two
days)
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219 247
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@hF W | al. a2. @ | bW | . 7T | i TORE | jO k= o f& | m. ™8 | n Twewm
(Serial | Tf)e | W (Nam | (Age) | &F a5 | = zafee e mafe | e fe
number) | PifSy 1&f&(Uni e) for T B | e (When BIsTer o feer (| offearm
srzfepD | que ID in | wedr (Did was this) | M Did you | &<
AID the (_D ) Ri<E) you 1. Inthe | =z@fes have SR A1R0S
i responden aYS) | st =7 | have last 2 (Did fever at | e e far
(Ut%lque t’s ID T Ecital yellow‘ weeks you that Whether
ID in card) (Did you colorati | 2.2-4 have time) the
the (Mont | have any | onof weeks yellow
PDA) hs) yellow eyes ) |3.5-8 skin H;ember
e coloratio weeks colorati =17y)
’ n of eyes on at work
andskin | 1. Ye that 1. Ye | away
(Years) | in the s time ) s from
last two | 2. No 2. No | o
months? | (skip to ;
) N 1 Ye during the
1. Yes s day?
2. No 2. No 1.Yes
(ski 2. No
pto
sec
E)
201
202
203
204
205
206
207
208
209
210
211
212
213
9
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214

215

216

217

218

219

220

Section E: Treatment, storage and handling of drinking water; treated water testing;
reported drinking water practice
503. S & AMIE @LAITS 2MEw A [T AR 21 FZe FEw? (2 I 92 AEH 39 GHifs Teq

Can you please show me how you store your drinking water? (Ask & observe how drinking water is

stored? (>1 response allowed))

T L (= TRTe S F OSSR 1
TR K (T U]y o) SRS 2
C. T (KAlASHI) veeeeerrreeeectreeee e et eertree e e eesere e e e e eranee e e et esntaeeeeenaeaaeeaeens 3
Lo IVl (3 1) OSSR 4
LI W (Y ) OO 5
F. TRAIBET (BOTHIE) cuvevveeeeieee et et e teeeeeesvet e e eaease e eresae et et e sse b esenseresaeesseennens 6
g. TEIURCFT [ AT (JEITY CAN)  cuevereererereeneereseeeteseeseeeteeeesetessesetesssnesesesnesns 7
TR B 0T O USSP .8
i. (2B 2N BIE (Mini Water tank ).....ccveveeeveerereeeeeeeesieeeeeeseeeeeseeeveeenesenes 9
j. I fCoaromeReR JFw 2@ (Reservoir with chlorine dispenser) .............. 10
k. SISy &%% YOI @ (Other wide-mouthed container)......cveceeveevereeerieeenns 11
[. ISy 3 YOIF 1@ (Other narrow-mouthed container ) .......cccceeveeenieenne 12

10
249




11

m. 72 GRRRME 551 (Double chambered filter )......vvveueeeveeeeeeeeeeeeeeeeeeenen 13
N. O3 S TF FAFS AT (72 (NO water Stored) .......eeveeeereveverreveeereesenenenns 14

Skip to 508
0. TS UL (FATS TS T (Refused to say & SHOW) ..ceeveeeeeeeeeeeeeeeeene .98

M o0 TS 58 SRAT by T, S ¢ob TR ATY BT [T
(If 503 is 14 or 98, skip to 508)
504, FFIFe Alfa @ toee AR At Kol (@ fmeia 2o I i@l s> F)..... [

Observe stored water’s covering status (if >1 storage containers, then document the status of the largest one)

1. 3 (A= (Completely uncovered)
2. S 55t (Partially covered)
3. 3/ 1% (Completely covered)

504a. R T #Af7a 2ita Pra2s PF @0 21 o &= @ oicg &4 Observe if there is any measuring
mark made by CHP on the storage container?

1. %51 (Yes)( Skips to 505)
2.+ (No)
8. grarey =¥ (féiE w7 =) (Not applicable) (specify)

504b. S (@1 #iita & 51985 o #f1f =it ey el fmca Picez 2 Is there any other container with measuring
mark made by CHP?

1.3 (Yes)
2.9 (No) (Skips to 505)
8. arrey 7w (fAfwe 3w)(Not applicable) (specify) (skip to 505)

504c. *@f6 (74te 9= Ask to show the container

1. “I&f> @2ce i@tz Has shown the container
2. +1&afb @e “A@ = (Skips to 505) Could not show the container
3. #rafs @iTS A& TH(Skips to 505) Did not agree to show the container

504d. #raft facx f& sta=? What do you do with the container?

1. cifae =t freme iif @ To store chlorinated water

2. FOIEAT i A2 To store boiled water

3. 9y ieer AR Fe Use for other purpose specify----purpose Specify:
4. 172 F& = Does not use

505. St 3ifere & oier #ifqeiifas i =itz? (Do you have boiled or treated drinking water at home
today?)
1. 27 (Yes)

11
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2.9 (No) [Skips to 508]
8. I°Ce 9N 31 T (Refused to say) [Skips to 508]
9. &I Al (Don’t know) [Skips to 508]

506. S fFeita AeT 21 AR FEre? (9 T&a Q=e@T) (How did you treat this water?) (Multiple

answers allowed)

1. FTAGIT 92T T (Used halotab) (skip to 508)
2. STBIANT T T (Used waterguard) (skip to 508)
3. @ifie feTe"eTF 92T 36 (Used Chlorine dispenser) (skip to 508)
4. T3 4929 I (Used filter) (skip to 508)
5. if¥ TG (Boiled water)
6. Teoffa q9=1a Ba (Used fitkiri) (skip to 508)
7. S S0« 6@ 97 (Do not treat water) (skip to 508)
77. 9519 (Other) (skip to 508)

507. 3 qcet =i FHwr, et s oo 43 o s seif «n1fF Fhweza? (If the person reports about

boiling, ask: How many times within last 2 days you boiled your water? times)

508. S TSI PR T ASTR AT (i TR 78 SIS GO @F 2P UR_R A e
(PHIfS ST 7T o757 9P QIR NNCHF %] ST (5F TPl 3R TR (FIC I | BT = 1 GR /1 = 0 I7)

[Ask to give a glass of water like they give their child to drink. (Can you please give me a glass of water like you
would give to your child to drink?)

(Observe water handling behavior from your asking to getting water and check following questions.

Yes=1, No=0)]

Tex Tt 251 2 SIReA f&reelT F% If the answer is yes then observe(multiple answers allowed)

al @ifFer «1f¥ e geafee Washed with chlorinated

water

a2 @i 7ot #ifS M y@fesr Washed with unchlorinated
watera3. HIH M Cafeesr Washed with soap

ad. o) (@ THAmE e grfeer Washed with other materials

12
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13

b~ v qj:CéW YA B0 ?Hands washed with water (no soap) before water obtained?...................... |

. v 9[@/ AR M 2 AR B0 2 Hands washed with soap before water obtained? ............c.......... |

e. M A AGTS I S 7T ©F A “I@a fooa TR i o3t 2@l &2 Glass dipped into water? ........[]

f. AT A STF & TR oS (@1 BN/ I 341 TRATRE 412 Ladle used to obtain water? ............... 0
g. R g (ATF TP I GTeTlReT 591 2 Water poured from CONAINET? ....eeveeiiveeieieeeeeeieeeeeeeeeeeese e U
i. SRR AT BT (AT QTARE T2 Collected water from SoUrce dir€Cty.. oo eeeeeeeeeeeeeeeeeeeeeeeeeeeenene |

h. SETIAS (TFTET) 2 OTNEr (SPECITY) 1ueviveviriereieeeeteeeeeeteteet e eet et et eseteseeteteas s eses st etessssetes 2ot esesessnseseseseesesens O
............................................................................................................................................................. 0

509. FRAGTFIRGI! H,S =7 T HeIfFe #f1fFg Teit 7eag FCa%eT? (FRA collected stored water sample for H2S
test?)

1. 3 Yes
2. 7 (7 TR0 AT FCA ) - mmem o] [ No (reason of not collecting water) 1

510. FRA aFqEERM*2 @R 2R oo AQfFe ANfaw TYer 7@z FEME? (FRA collected storedwater sample

to check residual chlorine?) (applicable for arm 1,2 and 3)

1. 397 Yes
2.9 No (skip to 819)
8. “Nfag Tt fits A& 27 W12 (Refused to provide water sample)(skip to 819)

816.71f%7 A sffare w12 @R R o7 (ffewem/fe51) [Range: 0.01 to 3.5]
(Level of residual chlorine in the household stored water )(mg/L) [Range:0.01 to
3.5] (applicable for arm 1,2 and 3)

817. I F© AN SCey A fwm T4 & @I =9 T4 ZACRY - : : e wor: ffSE
SC(LCATET TR AW cob=>/3/0 =) (Teawre! W = &It SIRee ARRIEE oy SRS ARy ) (&reay 7T7=bbb)(Not
applicable=bbt)

(Approximately how long ago chlorine was used to treat water?__ : ~ Day :hh:mm ago)
(Applicable if 506=1/2/3) (get help from others in in the household if participant doesn’t know)

13
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819.. FRA 3 Tl PTGt &y fedf™e Nif e Seafeet? (Did the FRA collect stored water to do
membrane filtration tests?)

1. 30 (Yes)

2. <1, @R FACS 9l ARG F No (reason for not collecting the sample)

8. grarey = (Not applicable)(specify):

Assessment of practice of drinking treated water by chlorine dispenser/chlorine

product:

How often does (Name) drink Chlorinatedwater? ( ¥ ¥ 9 (W% 403 <) (@i e oo A #A1 e
(wgi@ “Afeefars Nifa o2y Teig F41 263(col:0) WIR WARTHIfE® ( p) #fifer @2y SHTabFeT 7Mef&® =@ AR Only

treated data will be obtained (col:0 JAnd untreated (col:p) will be obtained automatically by the above
instruction.(al, a2, b €32 ¢ FACTT S SGIBFST T D (AF 722 2@ A Serial number and al,
a2, b and c columns information will be obtained automatically from section D.

2 fe #f Ko <t FPE Always=1 | Qf=Fer 7" Most AT TLAS 4R 7 Never=4
?@ When select treated times=2 Sometimes=3

O SBTABTSIT W& | R 7t Never=4 | e IINe et 7 Most o Always=1
T F@ Auto Sometimes=3 times=2

untreated

14
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hE TR | al. 38R a2. e b. 9 | c. @ n. A | 0. FeIW p. TR q. AT o I
(Serial ffea FE2fG(Uni | (Name) | (Age) I fgiiem Ay st | frarsm e | e forrem sty
number) | gsppA D | que ID in the forey (Caregiver) | ¥Cas AT AT I | A ST 2
. respondent’s (Frequency of | (Frequency (When did you
.(Umque D hear d) Rlk) *Yes - 1| drinking of drinking | drink treated
in the PDA) (Months) | *N° =2 | treated water) | untreated water last time?)
IR *Always=1 water) *Today =1
N *Most times =2 eAlways=1(skip | eYesterday=2
(Years) eSometimes =3 | t, hext sec) *Within last 7 days=3
*Never =4 (askp | eMosttimes=2 | ewithin 1 month=4
and skip a) eSometimes=3 | e  Above 1l
eNever =4 month=5
(opposite code *Don’t know=9
of column e)
201.
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
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Section F: Chlorine Dispenser recognition and reported usage

(FRA-9T=I99 (B T35l 515 A4 TS TTRCST @ 7B 21907 AFC) (FRA will carry a flip chart with all the
intervention products)
(FRA-S&7 wreTtd @ifae fr=Ritas 'R (eIt @3 e #4t3:) (The FRA will show the respondent the picture
of chlorine dispenser and will ask :)

401 wsf & foraw «B1 52 (Do you 1. 237 (Yes)
know what this is?) 2.9 (No)

401a S/ FATES 1. 35T (Yes)

SEAfEfEeRf (A ©B Aerel 2.4 (No)
@A (@i fEeeme) e

FCERE?DId you or your compound

receive any of these products

(Chlorine dispenser) from ICDDR,B?

401b R (I TS Gft e 1. TS (Current compound)
FMRE ? [: Did you receive this | 2. 5@ (Previous compound)
chlorine dispenser in the 3. Toy (Both)
compound you are currently 4. @ 7 (Neither)
living, or in the compound you
were living previously?]

402 AT TS @ FITCT ST 1. TSI (Current compound)
eI 6 @ft siee w=Er e @ 2. &St (Previous compound)
TG AFCST GTITC 16 2z (Is 3. %% (Both)
there one (or was there one) in the 4. B 77 (Neither)
compound you are currently living
orin the compound you were living
previously?]

403 AR 5 BT W (@I T 1. 37 (Yes)

(MCATRT? (Have you seen this in 2.9 (No)
another compound?)

404 il o5 eTCe Sfeae sl @61 e 1. AR Iifq fGem 9 T TETHL FECE (Mentions to treat
I G FAI? (Can you tell me | drinking water)
what you would use this for?) 7. S=5i50ther -> Skip to 801

9. &If¥ 9 (Don’t know Skip to 801

405. SMAR/SAIT AT AR (S 1. 331 (Yes)

Ny e S ey BT fTe @IS | 2, a1 (No)->Skip to 407
IR FECR? (Did you yourselfor | 9 wifqr 71 (Don’t know)->Skip to 407
anybody of your household use it
at least once to treat drinking
water?)
406 N fwm S99 o7 T T FAT 1. 9iets (Today)
S/ ST AR F€ GBT | 2. sresieT (Yesterday)
IR AR (TRt oy 3. @ ez W47 (Within one week)
II9I)(When was the last time you 4. @3 W W4T (Within one month)
gr anybody (?f Your household used 5.1-6 7 (1 - 6 months)
it to treat drinking v.va.ter?)(Read the 6. % W57 I (More than six months ago)
answers to the participant)
99, W< 18 (Don’t remember)
16
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407 TGRS, WA TR @R 1. 2TeRRT Al Feaitzd #7/5F [Every time we collect
fCr=mra ey FelR 21 fwm w41 water/always]
27?7 (TGl ATT (M) (In general, | 2. =AY 7axe o= @f=rerl 7w@8 (Most of the time when we
how often does your household collect water)
treat your drinking water with the 3. ST WCH/FHTe F4T8 (Occasionally/sometimes)
chlorine dispenser?)(Read the 4. wyuE w% G / At/ siaieet (Only during dry
answers to the participant) season/sunzmer)
5. ®g@@ I (Only during rainy season)
6. SL@ T4 U3 G SRR @ I 2 (Only when there
is increase in diarrhoeal patients in the community)
77. RSN (DA — [OTHER
(SPECIFY__]
9. =i (DON’T KNOW )
8.0ty [ (e =) (Not applicable)
(specify)
512SA ;ﬁm@iﬁﬁﬁ ?:;jaj;ﬁ 1. 9o G 2tz 8¢ ﬁﬁﬁ? T I T Any time
’ T . between 30 and 45 minutes
j?:ﬁ;i?&l;:id&ﬁ:: vv:;atll: 2. wpommeo_ Other time frame
chlorine to drink it? (This is a (Ssp:j:jjr (e =) (Not applicable)
free response. 9. f¥ et (DON’T KNOW )
5135A se TR “Maw oy feomerpne Fedm
WW(@W Q?I)HOW many 1. femqar= o Three_
turns of the chlorine dispenser | - <@ One
would be appropriatefor a 15- | 4 & Two__
liter container? (Free response) | 2. o “fewm st enfmr _ Other value or Don’t
Know
513SB. S e ST i e from s o
S AR A AT TR =M@ AT 9 turns(SIf M=sbs) (AT Ta=bb) (Not
I DD e HO.W many urn/s applicable=888)( Don’t know=999)
do you use for treating your water
with chlorine in the water storage
container?
AFFG Al FTHT T G @GS
5135C It G 27 i T ebieas ©f _
@ ¥ FRA, estimate the o Itr (@are 99=bbb) (Not applicable=888)
volume of the water storage
container which is used to treat
water with chlorine in litres
17
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412 & AT O AT AR i it
feTCommTE @R =7:%91 Fa 2
(5ITT *I9ITa 1) (Who is responsible
for refilling the chlorine in your
Chlorine dispenser most of the
time?)(Not for read out)

1. TRIRG /ST SeiftaR / F=ies Witaens (The
compound manager/care taker/community volunteer
2. "R 2Teis ~RRAR(IR 93 Al T 927 F6)
Every family (who use this water source) by rotation

3. 91 T2 ~IfIET GFe (T (9F (A family volunteers
all the time)

4. FRANIR NE AR @67 I (My family does it all the
time)

5. wigFifefeuaf/fusieea SREH(G =gy s CHP of
ICDDR,B/DSK

7. 9513 (Other)

8. &ty =7 (e F%+)(Not applicable)

(specify)

9. WIf¥ /I (Don’t know)

412b.. @i feemasia /R Twditest s@ R & st S AN Res sa9 o= @t 35939 90 @=?

Do the person who maintain the Chlorine Dispenser allow others in the compound to use it to

treat water?
a) I, P Yes, always
b) I, F478 478 Yes, sometimes
c) «t No

8 . awrey =¥ (fAfi 3= ) (Not applicable) (specify)

9) wiffst Don’t know

412¢. I fEoeosia Sie @R SN AR AR “Afee e s
The chlorine dispenser makes water safe for me and my household

1. FBIAIR 5T &I easier than boiling
2. FHIER w7 $f7ei harder than boiling

3. &7 93T about the same
8. qrarey =¥ (e T =) (Not applicable) (specify)

18
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Section G: IR FEHTATAIER &y Srew{as *4EF (Spot check for chlorine

dispensers; source water testing):

801. Sy i SR @ WMAIERT @ifeer Tr=mEl @ aewe? (3w F=EsHee >1 Chlorine Dispensers 21,
“Afeg B 6t Chlorine Dispenser 3 o2 fifsam w1 (5T T Wil TR I | IW @33 <A1 7 T<om Fig >1
Chlorine Dispensers 2It&, (@51 75 It FXF® (13 Chlorine Dispenser-7 ©27 7@ ¥4 | W Tea3 FR7® &,
©IRCE (@7 7S sjel-waT 2R (12 Chlorine Dispenser-a ©2 7@ ) (Can you please show me where the CD
is located? (If there are >1 Chlorine Dispensers within the compound, record the status of the Chlorine Dispenser
that is near the water source that the respondent use. If there are >1 Chlorine Dispensers near the same water
source, collect the status of the Chlorine Dispenser that is fully functional. If both are functional, then collect the
status of the Chlorine Dispenser that has been refilled most recently)

1. AR TR SRS @ (AF @FA! AR A 7@z 363 (Near the water source from where people
collect drinking water)

2. 9ig1 99 Sicz (Near the cooking area)

3. F9ITe @2/ (In the alley/corridor of the compound)

4. &57 F03 foed (Inside a room)

5. @ @ifEel =M M3 ("2 <) (There is no Chlorine Dispenser)[Skip to 818]

(specify):____

7. sty (o2 s=) Other (specify):

802. Iifear T @RI (/TP CHACFAT AN AR T EIRIF (A Gifael fer=psia v vrar Y G (How far is
the Chlorine Dispensar from the water source from where people usually get water? __ steps away.)

803. FMH SITF 3@ @ @I =17 & e, Foud @ UBF BT 908 T2 (How many people Use
this Chlorine Dispenser that you just showed me?)

1. STSICE TR AN FIRF NF T (ATF 2N 7T T (Everyone who usually collects water from this

nearby source)

2. (@ O @IS T ALRTS FIRF AT T (A A1 FHe@Z F (Most of the people who usually collect
water from this nearby source)

3. SIMF TC4Y S5 FRRJIF AT MRS FIRF A7 T (ATF M1 7T FCF (Only a few among those who
usually collect water from this nearby source)

4. AYRTS T (FF FC AAFF FICRF ANTE ST (ITF I=T A 7@% FC 9 (Anyone who even do not usually
collect water from this nearby source)

5. TSN (ST FIZR T It Now nobody use it

19
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7. w3ty (A2 $%)(others)(specify):
9. TS+ Don’t know

804. @Fifzer Fer=MIEa @FEIET T2 (@9 vl feet i (2=t 32 #14H) [Is there lid on the Chlorine Dispensar
holder? (Observe and record)]

1. 257 (Yes)

2.9 (No)

805. T @I 5iig® e 77 [Is there chlorine tank present? (Observe and record)]
1. 257 (Yes)
2.9 (No)

806. @I B5F @3 T fF (@ G feeT? (1w v o1¢) [Is there a cap on the chlorine tank? (Observe
and record)]

1. =7 (Yes)

2. < (No)

3. A= T4 787 =AW (Not possible to check it)

807. B1tw I @ifzer fee 57 (orftaer 357 o3 ) [Is there chlorine in the tank? (Observe and record)]
1. 357 (Yes)
2.9 (No)

807a. IR FEACATARDG F@0T off Wt” #EFA T4 Please observe how full chlorine dispensar is:
1. 4ifeT Empty
3. SFRE 5fef Partly full
4,577 @1 Full
5. o F41 78I A Not possible to observe

808. vif% 5 i Tty feet 52 (steel St #13) [Is the valve in place? (Observe and record)]

1. 357 (Yes)
2.9 (No)

808a. e FroimoTea o oy Witz {4117 (sRfcaer & fo1¢) Is there any leakage in the chlorine dispenser?

1. %57 (Yes)

2. 97 (No)
809.(*[F I T @It fer=mf st Tae? IR, s BT 1T (When was the Chlorine Dispenser
refilled last time? ___weeks, Days, Hour ago)

809a. @I Br=rrafa Fig & @ [ FE SBHIAT SR 412 (Is the cue card currently present near on/near the

chlorinechlorine dispenser?)

1. %57 (Yes)
2. 97 (No)

20
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811. wFifFe o= Sig/NME T I @I ST Wit [Is there a reservoir available near the chlorine

dispenser/to the designated place?]

1. %57 (Yes)
2.9 (No)->Skip to 818

8. ey 77 (ffe w%1)(Not applicable)(specify): -> Skip to 818

812. f=reica i #Nf =itw? (FRA-71a=el 3 f&72tae) [Is there water in the reservoir (FRA will check and
record)]

1. %57 (Yes)
2.9 (No)-> Skip to 818

8. grarey 77 (ffe w%1)(Not applicable)(specify): -> Skip to 818

813. eI (IrEfs/F=by/fse/smyey) nf & @ifae fag fawa a1 2@fze? (Is the water in the reservoir (Any

type of vessel)treated with chlorine?

1. 357 (Yes)
2. (No)-> Skip to 818

8. ey wx(ffi2 w=w=)(Not applicable)(specify): -> Skip to 818
814, S T N St eSS 21 fwg 19 oy @I 929 F41 20?2 : o7 ; 95 e
( Approximately how long ago was chlorine used to purify water in the reservoir? __ hh:mm ago)
815.FeSIw T@wPe “frosyi*E @Ra fww Fo7 (feraitsr/RT51=) [Range:0.01 to 3.5]
Level of residual chlorine in the water stored in the reservoir (mg/L) [Range: 0.01 to 3.5]

818. FRAGTIAAF BT (AF H,S A7 &= “Aif 7ea Feafzer? (Did the FRA collect water from the source to
do H,S tests?)

1. 37 (Yes)
2. 9, AR FCS N AR F(No) (reason for not collecting the sample)
8. grrey w7(ffme 1) (Not applicable)(specify):

21
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Section H: T (17 <7 &2e/7tG B3t (Spot checks for handwashing stations
and uptake of hand washing behaviour):

TEmreIS fEsest F: WA SYITe (@FIT S (T S SNTE AT Ask the respondent: “Can you please show me

where you most often wash your hands?”

1101. T I/ fEreamit Fg: AT T @RE FA & @ik w3 I7ge = &

Observation/ask if needed: primary handwashing station is shared between multiple households?
1. T (Yes)
2.9 (No)
9. &if¥ 9 (Don’t know)

1102. A=t Qo (T 2eifie B @RI o Ffiea $9 (Observation: Record the location where the primary

handwashing station is located)
1. 909 W Indoors
2. Y037 AR @ W T Outdoors in a specific place
3. 2 @ I R(> 0% = &TH BT [) No specific place (skips to1109)
4. (TITS G 1 (3d0d TR &TY BT W) No permission to see (skips to 1109)

7 ==ty (8 $=)( Other, specify )

1103a. AMIFATIT QI FUN N[ (A FAAAT T [WOel: ez I @ A7 LRI (1 FA1 (@I of 05 @
FIT QR G AT [T AR FI=7 ) Observe and count stepsinstruction: FRA please find out where the food

preparation area is for that household and then count actual steps from that area).

1. FIFIICFF (ACF 9© Distance from kitchen Steps
2. BHCED (ATF GIP ---------mmmmmmmmmmmm A% Distance from toilet Steps
3. AAF (SRR BT (AF ALY - - 9 Distance from food preparation area ------------- steps

1105. AfT=<": Q@ (4 Ty Feifare e #Hif orivg F2 0w @i Ffram g7 (1N oReR e “ 3 7 Ffm
Fg9). Observation: Is water present at the specific place for handwashing? (Record code in box) (You must actually

see water to record “yes”):

22
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1. 35t (Yes)

2.9 (No)

1106. " Te (AT B 7y TRE @ SAMReTe Wew? (ML “ 7 @7 & e 0 117 Figw e
T “ | " @3 & R 0/ “0” 4T )  Observation: Which of the following are present at the handwashing

station? (If you observe the listed item, write “1” for “yes” in the box below. If you do not observe the listed item,
write “0” for “no” in the box below)

Yes=1

No =2

| | 1TAPER/RI® (I ARIN(Body/hand soap)
| | 2. F9% &K KT (laundry bar)

|| 3. feorwees (A8ei)(Detergent (powder))
|| 4.1 AR (Liquid soap other than soapy water)
|| 5. YFTREE (K ARE(Dishwashing soap)
|| 6.”(Ash)

|| 7. =f/AR (Mud/Sand)

|___ | 8. S (Bucket)

|___ | 9. &P (Basin)

|_____| 10. S5t/ (Tubewell)

| | 11. 3P &t qETe(ICDDRB F9F IAARF®) Red bucket with tap (provided by ICDDR,B)

| | 12. AR 7S (soapy water in bottle provided by icddrb)

|___|13. %R Kolshi or other containers
| |14. g2 7% ( Nothing is there)
| |15. TAAIETE AR (Soap pasted on the wall)
| |16. %= (Cuecard)
| |17 ~isfifefesizia o o=t Basin provided by icddrb

| |18 . =ffefesiafaa @t Bt Stool provided by icddrb
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| [19. sEfifefeemafa ot AR @ree Jiel <@y (@9 @St TR Soapy water in some

other container, not the one provided by icddrb.
| | 77. <=7y (A8 <5) other, specify

1107. T (47 F [FFR® @@AMMASTT AR AFSREMTRIRNCE et I Gt FoIeres T JIAET
T R (e i fRee A1 e s WS IR T (e THAmG 3 o fRre IR S W OIRET o
oy == 7 FI%Tea ST IR & W OIRE S 7gT | Whatever is present in the handwashing station,
ask the respondent if that is for communal use or for personal use. If the observed item is for personal
use, write 1, if for communal use write 2.

|| 1T9FCER/RIS (IS AR (Body/hand soap)

| | 2. 9% T AR (laundry bar)

|| 3. febrters (A8ei)(Detergent (powder))

|___ | 4. 5% AR (Liquid soap)

|| 5. TR (K ARQE(Dishwashing soap)

| | 6.9%(Ash)

|___ | 7./ (Mud/Sand)

|__ | 8. 3mfS (Bucket)

|___ | 9. @R  (Basin)

|___ | 10. O5r=i/fBTaseme (Tubewell)

|_____ | 11. ¥=PR &= qeife (ICDDRB F9< T<2F®) Red bucket with tap (provided by ICDDR,B)
| ] 12. %R Iif¥ (Soapy waterin bottle provided by icddrb)
|___ |13.<=IRT Kolshi or other containers

|__ |14. (I9¥E 7Z ( Nothing is there)

| |15. TAAIEE AR (Soap pasted on the wall)

| |16. &= (Cuecard)

17.=efifefeenafa@ ot si=etr Basin provided by icddrb

18. =3t o B+t Stool provided by icddrb

19. SEPEREoARE (T ARG @oe 2ol S (FIF (Irete AR Soapy water in some other container,
not the one provided by icddrb
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| 77. S35 (e 9==) Other, specify___

Instruction for PDA team: If 1107-12 is 2 then have to show these questions below

1107al. SR TeRTe S I 243 #Af1E F @F €=t =itz? Do you or your family have

made any contribution to make this soapy water?

1. Always 3
2. Sometimes FIFS FITE
3. Never 338 =1 (skip to 1107a)

A ST ST AR ST AR todITe A= FE@W? How you or your family have
contributed to make this soapy water?

1107b1. sl i AQ=nfa Ce Sy ARIF/T! AR (@K BIF (=K FCE9? Do you share money for

buying the soap/detergent for making soapy water?

1. 37 Yes
2. 9 No

1107cl. wueifq & fares sTRa=ifa to4 o= _1e/4%! JI f5ew? Do you yourself buy the soap/detergent

for making soapy water?

1. 3T Yes
2. 9 No

1107d1. sieif f& sRieiifa tedite 71=ar F@w? Do you help prepare the soapy water ?

1. 31 Yes
2. 9 No
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| 1107a. SiEfifefoaraiza o AR @ree s~ Fa7 992 T Gifre & sifsid Taeeify @itz “Observe
volume of soapy water in bottle provided by icddrb (I $>0u T &t >3 T T FIC=Ts F1 2T SR A
(If in 91106 option 12 is selected then applicable)

L ettt ettt et ettt e e te et e ere e re et e =f w@ree Bottle full

e ettt ettt e ettt et e ere e reeaee s wiefs 1 @rest Bottle partly full

SRR (ST o =g AR AR™F=T Only small
amount of soapy water at the bottom

A ettt et et aae et <ifer @es Empty

e e e et

1107aal. AR @ISR AT FBT AFIF F9 Please observe the status of the cap on the soapy water
bottle.

a) JIe JIZF T oIzl feg WEFunctional usable cap, not leaking

b) e Wtz o€ foy =@ ¢itr Cap is present, but leaking

C) I coeH (R/RIRE coitzCap 1s broken/missing

d) i sREHfe @rest 78 No soapy water bottle is present

1107a2. R @ree @5 AR AR of 443w F9°+ @k 7% 9+ Please _observe and record how

clean is the soapy water bottle?

a) ¥ “ff%= Very clean (0)

b) “f%= Clean (1)
¢) A @ 7 wofas=e 7 Neither clean nor dirty (2)

d) w=fe®iE Dirty (3)
¢) @ WIRER Very dirty (4)

Instruction for PDA team: If 1107-19 is 2 then have to show these questions below

1107¢]. TR ToRITe SR I =R R & @9 = @itz? Do you or your family have

made any contribution to make this soapy water?

4. Always 371
5. Sometimes FITS FITE
6. Never 3972 1 (skip to 1107b)

A ST ST AR PO AR TodIte AR F@F? How you or your family have
contributed to make this soapy water?
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1107f1. S f& AR to7 &y TR/l AR (@R B (119 @2 Do you share money for

buying the soap/detergent for making soapy water?

3. ¥ Yes
4. S No

1107gl. =i 5 e ARE=A to @y -9/t F=E 612 Do you yourself buy the soap/detergent

for making soapy water?

3. 3 Yes
4. 9 No

1107h1. Sieifq & sRieeiifa tedice 7=y F@«? Do you help prepare the soapy water ?

3. ¥ Yes
4. ST No

1107b. SEMfefeoafa ¢ AR @I Qe S (@I (@IS AR AFET O AL I G YT (ABTS
= sifastrer STR== =1t® “Observe volume of soapy water in other type of container provided by icddrb”
(T 0L T 2TY S5 T o FTeTF FAT = ©IRCT &wIEy) (If in q1106 option 19 is selected then applicable)

1.7 et Bottle full

2 =i ofef @reet Bottle partly full

3. et s o #Afer AR Only small amount of soapy water at the bottom
4 %ifs7 @t Empty

1107bb1. AR (@SR GIFIT FT AL@F F9 Please observe the status of the cap on the soapy water
bottle.

a) JIe JIZF T oIz, feg EFunctional usable cap, not leaking
b) e Wtz foE faw =aw ¢oite Cap is present, but leaking

C) DI cse IR/ ¢trCap is broken/missing

d) i sEHfae @rest 78 No soapy water bottle is present

1107bb2. ARG @ (@ 2fTHT AT ©F AG T I @3 F%q% $9=7 Please observe and record how

clean is the soapy water bottle?

a) ¥ “ff%= Very clean (0)
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b) #fw®@ Clean (1)

¢) “fR%I @ =1 weifz®=s 91 Neither clean nor dirty (2)

d) w+ife® R Dirty (3)
) 37 wAfR®R Very dirty (4)

1108. S+ & wal Sca S fHeem AR’ 9 SIeiEa@ ARE’ st Mehereas 2 (|EE FIE T (I IS
JREA FE |(IW ARG GTICT 97 21tF) Can you please bring your own soap that you normally use for
washing hands to this handwashing station, if not already there?

TS (IR B A0 0o F© AT FCaifee ? td® How long did it take to bring the soap to
the handwashing station? seconds (2AET F7=888) (WIS A& T=666)((Not
applicable=888) (Do not agree to bring soap=666)

1109. 37 =11 e AT, O ©ite F AT ATR?2If the Red bucket is there, does it have water in it?
1. 23T (Yes)
2. 9T (1110a &Y BT ) (No) (skip to 1110a)

8. ey (e =) ( FW = & =7 OReE 1110a TRACY BT A SR 1111 7 &0y 56T ) (Not
applicable)(specify): (if arm 2 skip to 1110a otherwise skip to 1111)

1110. @M F953 I Ste? How much water is in there?
1. e 7= ©f¥The container is full
2. Jefe g5t ©f® The container is partly full
3. S St STy #fif) =tz Only small amount of water at the bottom

4. «ifeT Empty

1110a. SRMHffEeaka @ FeFTR a1 IS M ETRITT (TR IR 7T ZEafRe) 7 A «3R I @ F9i% @b
R T ACF SR et g a1 Il @R

If the red bucket with tap provided by ICDDRB is not there (where it was installed), and if the compound
was given it, ask the respondent where the red bucket is?
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| TSRS «fs FSHG =gy w3t o T 5% saaw

T« It was returned to the CHP to fix it
2. «ft F1% MieEd /ARGS9 A< ZeeRlt is kept in the compound manager’s/landowner’s

house

3. «ft SIF /o=y S 97 T4 =@CR It is kept at my/some other person’s home
4, g3 fos@ Itis kept in kitchen
5. FGCST NF 9 (@9 SHaAFlt is kept in other place of the compound

6. ff 3 Meczlt has been sold
7.3 =@ ¢ It has been stolen
8. TR T 1 (e F193H4(F (e MR It was returned to the CHP as they don’t use it

77. sy (W 3g) Other
specify

88. ATy 7 (TIINT I (AT TRMRET G =R) Not applicable (It is there where it was installed)
9. wif¥at Don’t know

1110b. FeZ & el Awe G & S=gw weg?
If red bucket with tap is there, what is the status of the Red bucket?

L Jfer s functional
2. e TR 1 (G3IEF T AA@M) not functional: (Multiple answer is allowed only for option 2)

a.feq =¥ 1tz leaking
b. %1 913 tap missing

C. 3% (TS (TR tap broken
d.smyey f9f@® FF90thers specify:-----

8. &Iy w9 Not applicable

1110c. =R =1 Aferfer bia1s 5 wg =te? What is the status of the lid of the red bucket with tap ?:

1. sr=i6 cete ¢tz 1id cracked -broken

2. wite fg qefelG o1tsf  Is there but not covering the bucket

3. «ft spfer Imfel we @ratz It covers the bucket completely
4. 3rifefs wifmeita ote @t It covers the bucket partially

5.Rf ¢tz Is missing
8. ey 77 Not applicable
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1110d. & ats (FeF7% &1 Jfeite) AT ©t@? (Who refills the water in the red bucket?)

1. F9ICTET (RGP W/ G S5 (the compound caretaker/manager/community

volunteer

2. FISITA (FC (T N TR CTRIT 951 A (There are someone in the compound who are willingly
doing this)

3. 2TSIF AR AT G5! S (Every household does it in shift)
4. eyNi@ wE #AfFAE @51 3@ Only I or my family do it

5. fafi® &% &2 No specific person but its gets done

6.C%C ot 1 No one refills it

7. 95157y (Other)

8. @warey 77 Not applicable
1110e. =i & Fee TS (R EH*a RESRG(IFS) 2PRT Sares? Have you ever refilled the reservoir

(Bucket) of the handwashing station with water?

1. %51 Yes.

2.9 No

3. Wy e “iEfRer Cant remember
4. ey 97 Not applicable.

1110f. &% 1110e 3 257 =7, S [ [iore AR 7o (@RI @R ReoRt o=y e@ez?  If Yes to q1110e,
did you refill the reservoir of the handwashing station during the past week?

1. %91 Yes
2.9 No
3. ey < Not applicable

1110g. =¥ & F2e Tre (A Eo=it e @FMG <ife searea? Have you ever emptied the basin under the
handwashing station?

1.3 Yes
2.9 No

3. W e 2% Cant remember
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4. arey 5 Not applicable (888)if basin absent

1110h. e 1110g 3 =57 =70 =eify & feore etz 2o i@ @Bieea fesa (@@ 2ifer seea? If Yes to q1110g
Did you empty the basin under the handwashing station during the past week?

1.3 Yes
2.9 No
3. ¢ ¥4 “IKfEAr Cant remeber

4. &y 99 Not applicable

1111. I 977 (@9 A@ AF S FEETR @FWoeS F 2 Sez 2 If there are other kinds of containers, is

there water in any of those?
1. 27 (Yes)
2. T(535€ 7= vy vt q) (No) (skip to 1115)

8. reay (e %) (5 5¢ TR &ty 5t =) (Not applicable)(specify): (skip to 1115)

1112. G FO5F AN AMz? GFIHF “fi@ =M1 AT I8 A@G 2w F97 How much water is in there? [If
there are >1 container with water, record the status of the largest container]

1. G/ IEfe/omy @I =@ =S ©f& The container is full
2. GI%/ IFAS/ S I #Hfq ¥t ©f The container is partly full
3. S St Sy #f1f =tz Only small amount of water at the bottom

4. «ifeT Empty

1113.93 Sty (SR (el @l IEfs 7o) (@19 #I1a & F18red 7912 7929 67 Is any of these
containers (other than the red bucket given by ICDDR,B) for communal use?

1. 337 (Yes)
2. 9 (No) (555¢ TR &t 5t i)
8. arery w3 (e %) (Not applicable)(specify): (skip to 1115)
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1114. & ate 21f @7 (oFRuia mea @ Il T aSifes Aa A e F fTw™ T I (Who
refills the water in it/them?) (Other than the red bucket given by ICDDR, B) If more than one, ask about the
largest container .

1. FNEIE (FURGIR/ WIASIF/FNE6 STBAF (the compound caretaker/manager/community

volunteer)

2. FNEITT (6 (S (R AT CIRIT G567 I (There are someone in the compound who are willingly
doing this)

3. 2USIF AR AT 96! S (Every household does it in shift)
4. 2 &© @2 No specific person but its get done

5.(%¢ ©@ a1 No one refills it

6. BN SR #RRE @67 T Only my family do it

7. S=5i5(Other)

1115. W AR A A, O3 @eet Ao 2 & 7f F0a? (If soapy water bottle is there, who refills the soapy

water bottle?)

1. 30T (ARGFIE/ TS/ SAfBA (the compound caretaker/manager/community

volunteer)

2. TIGITA (FC (6 SR TR CTRIT U561 FF (There are someone in the compound who are willingly
doing this)

3. oy qNIR QT A T (Every household contributes for it)

4. 93 @rees SIS FRIIEA & (This bottle is for personal use)
5. fafi® &% @2 No specific person but its get done
6. &G oA =1 No one refills the bottle
7. 9«1 (Other)
8. gy 73 (ffe F9)Not applicable(specify):
9.wif @ Don’t know
10. ®g@ S ARERE @67 F@ Only my family do it
1116. Semrers fEeest 33: W% JF Q! S I S+ IS TS (|w?
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(Ask the respondent: “Is there anywhere else you wash your hands?”)

1. 2T (Yes)
2. T (3>90 TR AT T F19) (No) (skip to question 1130)

1117. AT S/ 2lrre e F7: T e 7y e g & @it e v gaxe =@ R

(Observation/ask if needed: secondary handwashing station is shared between multiple households?)

1. = (Yes)
2. = (No)
9. wif¥ 9t (Don’t know)

1118. I S (AR TS 24w F (@I ©f Ff% 39 (Observation: Record the location of the

secondary handwashing station.)
1.9039 7 Indoors
2 N33 IR @i W2 ZT Outdoors in a specific place

3. W2 @ T 1=R( dd90 TR AT S A) No specific place (skips t01130 ) 4. (TS AGT T(3D00 TR &TY
BT ) No permission to see (skips t01130)

VA DD N (G A S— Other, specify

1119a. AFIFAFT AL IAN TY: (AFAFAGTAR T O TgZ FE @ A AR o1 F (IR ©F 0o @@
FAT IR G A4S A AT FI=7 ) Observe and count stepsinstruction: FRA please find out where the food
preparation area is for that household and then count actual steps from that area).

1. FFINES (ATF 9o Distance from kitchen Steps
2. DD (ATF GAP ---------m=mmmmmmmmmm A% Distance from toilet Steps
3. A (SRR BT (AF ALY - - m oo 9 Distance from food preparation area ------------- steps

1121, A= T (R & fRdifRe FoT A wier 2 (307 @i T 3a) (1 @R sgma “ g7 FPem
AT )

Observation: Record if water is present at the specific place for handwashing? (Record code in box) (You must
actually see water to record “yes”):

1. ¥l Yes
2. ¥INo
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1122. A TS (IRF B 7y TS @ SAmimete sitg? (R “ 17 @3 O e e “17 frgm e
T “ 7 @3 & NGE 0 “0” 7))

Observation: Which of the following are present at the handwashing station? (If you observe the listed
item, write “1” for “yes” in the box below. If you do not observe the listed item, write “0” for “no” in the

box below.) §'§! =1, =0 [Yes=1, No=0]
|| 1.TMER/R (K AR Body/hand soap
| | 2. 9% (K laundry bar
| | 3. feOrRers (A8eiF) Detergent (powder)
| | 4. ST ARIF Liquid soap
[ | 5. AFTR_EE QRIS AQE Dishwashing soap
| |6.®% Ash
|| 7.9f/A" Mud/Sand
|___ | 8 IS Bucket
|___ | 9. &P Basin
|_____| 10.531+1/fB8STT Tubewell
| ] 11. 3o oAl AT (ICDDRB ¥9% 7<ad2F®) Red bucket with tap (provided by ICDDR,B)

| | 12. RIS 71 Soapy water in bottle provided by icddr

| |13.3=07 Kolshi or other container (s)

| |14. *f¥g2 ¥ nothing is there

| |15. TAAIEE AR (Soap pasted on the wall)

| |16. %= (Cuecard)

| |17.=nsffefesrafa @@ oietr Basin provided by icddrb
| |18 =sfffesrafa @@t B+ Stool provided by icddrb

| | 19. SrERTfefCermia (rar AR=I1a (e BIel =@ (1 ([rste AR Soapy water in some other
container, not the one provided by icddrb

[ | 77. Sy (N2 F9) other, specify

1123. ® (4R B fFFERS @@AMINGET AP AHSReMIAFRE Gt 39 et F8ros HFER JIRET
& W @ O e IR &Y (e S 3 o e 91T w0 = OIReE o frgw Wi 3
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FTHEIST NICTH JIXER & T IR > o IWhatever is present in the handwashing station, ask the
respondent if that is for communal use or for personal use. If the observed item is for personal use,
write 1, if for communal use write 2.

| | 1LTAPER/RIS (I ARS(Body/hand soap)
| | 2. 9% T AR (laundry bar)

|| 3. febrters (A8ei)(Detergent (powder))

|___ | 4. 5% AR (Liquid soap)

|| 5. FIREN EIF AR(Dishwashing soap)

|| 6.”%(Ash)

|| 7. =B/ (Mud/Sand)

|| 8. 3®fS (Bucket)

|___ | 9. &R (Basin)

|___ | 10. O5r=i/fBTseme (Tubewell)

|_____ | 11. ¥=PR &= qrTfe (ICDDRB F9< <2F®) Red bucket with tap (provided by ICDDR,B)
| | 12. QI A (Soapy water in bottle provided by icddrb)

| |13. =0T Kolshi or other containers

| |14. I9f%2 1% (Nothing is there)

| |15. TAAIETE AR (Soap pasted on the wall)

| |16. F&&E (Cuecard)

| |17 =nsffefeerafa @@ et Basin provided by icddrb

| |18 =sfffeeraf@ @@t =1 Stool provided by icddrb

| | 19. Sr3ffefCerafaa ¢ AR (@os =Bel 5= (FF @ A[=1F Soapy water in some other

container, not the one provided by icddrb

| 77. S=rey (RfA8 F9=) other, specify

Instruction for PDA team: If 1123-12 is 2 then have to show these questions below
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1123al. TR ToRITe SR I SR R & @9 gf=t =itz? Do you or your family have
made any contribution to make this soapy water?

1. Always ¥
2. Sometimes FIFE FITQ
3. Never 38 =1 (skip to 1123a)

A ST SR AR e aft tefite W FEE? How you or your family have
contributed to make this soapy water?

1123b1. sl i AN Ce1 &7 AR/ AR @HIF BB (7K FCa92 Do you share money for
buying the soap/detergent for making soapy water?

1. T Yes
2. 9 No

1123c]. wueifq & fares R=ifa to9 oo S_1e/4%r A1 f5t7w? Do you yourself buy the soap/detergent

for making soapy water?

1. 37 Yes
2. s No

1123d1. sieif f& sRisiifa tedite 712y F@«? Do you help prepare the soapy water?

1. ¥ Yes
2. 9 No

1123a. si3HfEfewRa @@ AN @reat @ e a3 W @Abre & 2w TR @g “Observe
volume of soapy water in bottle provided by icddrb (3 5523 T 2T 53 T o= FICe13 FT 2 SR ATTE)
(If in 1122 option 12 is selected then applicable)

1. = Tare=t Bottle full
2 = spef @t Bottle partly full
3. @ISt o g A A=A Only small amount of soapy water at the bottom

4 41feT @reeT Empty
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1123al. AR @IS P TIFT 2= 9 Please observe the status of the cap on the soapy water
bottle.

e) Ife IRTE ST oAl fem (wFunctional usable cap, not leaking
f) e itz € fom =@ ez Cap is present, but leaking

g) I cSew (ez/RIRE coitzCap is broken/missing

h) = AR @res (1)@ No soapy water bottle is present

1123a2. ARG @esT @ AfRTH g ©F A 797 @ &% $9= Please observe and record how

clean is the soapy water bottle?

a) ¥ “f¥%= Very clean (0)

b) =% Clean (1)
¢) AR @ 7 wefas=e 7 Neither clean nor dirty (2)

d) =% Dirty (3)
€) Y3 weifa®E Very dirty (4)

Instruction for PDA team: If 1123-19 is 2 then have to show these questions below

1123el. TR ToRITe SR I =R -1 & @9 &t =itz? Do you or your family have
made any contribution to make this soapy water?

1.Always o
2.Sometimes FITE FIT3
3. Never 3378 =1 (skip to 1123b)

S =T SR SAf7_E fFeitg «ft tedite Ry FEE? How you or your family have
contributed to make this soapy water?

1123f1. S & AR o7 &5 IR/ AR (@R B (119 FE=? Do you share money for
buying the soap/detergent for making soapy water?

1. 37 Yes
2.9 No

1123gl. =i 5 frer AR11f toia &y A/ AR 512 Do you yourself buy the soap/detergent

for making soapy water?
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1. 7 Yes
2. 9 No

1123h1. =ieif i A=A teRte A1==™T F@? Do you help prepare the soapy water?

1.3 Yes
2.5 No

1123b. SEMfefeoafa ¢ AREAT @IS Qo S+ (@I @IS AR AFET O AL T I @ Y (TS
5 sifaret SIS =t “Observe volume of soapy water in other type of container provided by icddrb”
(M 5522 T T db T eI F1CeTs T 7 Si=ca &@ey) (If in q1122 option 19 is selected then applicable)

1.2 ware= Bottle full
2 = syt @t Bottle partly full
3. @t s o Afasner AR Only small amount of soapy water at the bottom

4 4lfeT @ree Empty

1123bb1. AR @SR TIFNE 9L AT F9 Please observe the status of the cap on the soapy water
bottle.

i) wrfe /=7 TN o7, fem (78Functional usable cap, not leaking
j) e =R e faw =@ ¢tr Cap is present, but leaking

k) v ceta eez/Rifee ¢wzCap is broken/missing

1) I sREefe @reet 78 No soapy water bottle is present

1123bb2. AR @ (@ 2fTHT AT ©F 1w 97 «3e &% $9 Please observe and record how

clean is the soapy water bottle?
a) ¥ “ff%= Very clean (0)

b) #f&%@ Clean (1)
¢) AR @ 7 wefqs=e 7 Neither clean nor dirty (2)

d) w=f®iE Dirty (3)
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) Y3 weifa®E Very dirty (4)

1124. St & wal Sea S fHeem FRE (9 SIEe @ TREt e 9 26 (9RiE BT e | SIS DI
I | Can you please bring your own soap that you use for washing hands to this handwashing station if
not already here?

TS (IR I A0 Sce Fo 7% @aifem? How long did it take to bring the soap to the handwashing
station? seconds(TAey FX=888) (TS A& W=666)((Not applicable=888) (Do not agree
to bring soap=666)

1125.3f Fe7 &1 JEITS A, ©CF ©ite [ 21 =1ite?|f the Red bucket with tap is there, does it have water in
it?

1. 257 (Yes)
2. s (No) (skip to 1126)
8. &Ry T(F2 F=F+) (Not applicable)(specify):  (skip to 1126)
1125a G F95F I =tz? How much water is in there?
1. e 7= ©f¥The container is full
2. e g5t ©fS The container is partly full
3. S St STy #Mif) =itz Only small amount of water at the bottom

4. «ifeT Empty

1125b. (F GTS(FIR AR E1e) A S@? (who refills the water in it?)

1. F1S(8T (FARGFIF/ HESIF/FREHE SAfBA (the compound caretaker/manager/community

volunteer)

2. FICTA (FC (6 AR T[N CTRIT 951 FF (There are someone in the compound who are willingly
doing this)

3. TSIF IR AT 96! T (Every household does it in shift)
4. W2 @&© @2 No specific person but its get done
5. (FC S@ 9 No one refills it
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6. WY@ S #FAEE @B 3 Only my family do it
7. 9515 (Other)

1125¢. =iif & 348 TS (I CH+7 Kot (IEe) 2eR¥ e@ez? Have you ever refilled the reservoir
(Bucket) of the handwashing station with water?

1.3 Yes.
2.9 No
3. W7 ¥4 7= Cant remember

4. grarey 9 Not applicable.

1125d. e 1125¢ 3 257 =7, =ireify & o etz 2o (e eoxitas Reerf oo saa?  If Yes to q1125¢,

did you refill the reservoir of the handwashing station during the past week?
1. %51 Yes

2.9 No

3. &a@@rey 7 Not applicable

1125e. S=ifq & Se7e Tre (= EB*tR fevs @i ife states? Have you ever emptied the basin under the
handwashing station?

1. %5 Yes

2.9 No

3. Wt e “fFfel Cant remember
4. aarey 58 Not applicable (888)

1125f. ey 1125 3 257 =7 =i & fRere @it =i (i @Bitar fNova @i «ifer saea? If Yes to q1125f
Did you empty the basin under the handwashing station during the past week?

1.1 Yes

2.9 No

3. W e AR Cant remeber
4. &rey 5 Not applicable

1126. IMET @ @ ACF SR GIRER @FWoee F S =tz 21f there are other kinds of containers, is there

water in any of those?
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1. 23T (Yes)

2. 9 (No) 8. &tey wz(fvfie s%+) (Not applicable)(specify):

1127. @3 gy (SRPiiefCeafa et FemmR = Jets =iel) @&« #fq & Fo01eres 712 [I7R FE2ls any of these
containers (other than the Red bucket with tap given by ICDDR,B) for communal use?

1. 23T (Yes)
2. 9 (1129 =2 &T¥ 5T ) No(skip to 1129)

8. sy (2 Fw=) (Not applicable)(specify): (1129 = &y BCT T) No(skip to 1129)

1128. & GT® i Sra? (NEHMCCNAE (72T =T e =el) who refills the water in it? (Other than the Red
bucket with tap given by ICDDR, B) if& #iig e quivg 2t e s« If more than one, ask about

the largest container.

1.(FTRGIE/ MR/ F e SHBAR (the compound caretaker/manager/community volunteer)

2. TISITA (FC (6 SR TR CTRIT 951 B (There are someone in the compound who are willingly
doing this)

3. TerF IR ARG Gof F¢F (Every household does it in shift)
4. 98 &% @2No specific person

5. (FC o FINo one refills it

6. BYNI@ SN AfA=E @B F& Only my family do it

7. 9515 (Other)

1129. W AR A A, O3 @roel’ Aot 2o & of F0a? (If soapy water bottle is there, who refills the soapy

water bottle?)

41

1. FIRGIR/ WITR/F NS SABAR ( caretaker/manager/community volunteer)

2. FNEITT (I (S (R I CIRIT €67 FCF (There are someone in the compound who are willingly
doing this)

3. YToIF ML TS WX T (Every household does it in shift)

4. 93 @rees SIS FRRIEE & (This bottle is for personal use)

5. fafi® &% @2 No specific person_but it gets done
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6. (&€ o 7 No one refills the bottle
7. =19 (Other)
8. ArEry (2 Fww) (Not applicable)(specify):

10. Y@ AW “Af7QE @51 F¢d Only my family do it

SIEPIT AR B A GFE BT (2¢ T2T <HO TZH) AN 47 AT (37 T TS (4T IR (TN TS
(41T ST (FAITS IR | LA ST T RS (7 AR 21 (FIRIT TS (K | S AHIHTE GTA @0 & IR
ARTATR o= (T (TSI S (T (TSI S (TS I (ML (5 -~

Field workers will now ask one child (=5 years to <13 years) of the household to demonstrate where and how
he/she usually washes his or her hands after defecation. They will first ask where he/she usually washes hands
after defecation. Then they will ask the child to go to that place and handwash as usual after defecation.The field
worker will note

1130. @39 AR F ¢->© I=CEF @I AT A=? Is there any child aged (25 years to <13 years) present now at
home?

1. 371 Yes
2. 91, @IS (FF AWT 72 No, there is no such child in this home (skip to 1139)
3. 7, AHIT @2 J2TE AP (F2No, the child is not present at this moment(skip to 1139)

1131. IHIfT T Fe? =g what was the age of the child? Years

1132. w154 fref? What was the sex of the child?

1 77T (Male)

2. VR (Female)

1133. IwIG F o T® YW@RE? (Did the child wash his/her hand?)

1. Y Yes

p I R 1 - o — ( 5595 = @t 501 ) No, (Skip to 1139 ) specify-----------
1134. iR 92 T YCARE? (Did he/she wash both the hands?)

1.3t (Yes)

2.4 (No)
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1134a 35110 @A 2® g@E?Where (the place) did the child demonstrate washing his/her hands?

1.849 e (K v _Atthe primary handwashing station spot checked earlier
2.7aS 49 T (@I JIT_At the secondary handwashing station spot checked earlier

3. WWW (I BRTE oM A (I *© (K B At another handwashing station not
spot checked earlier

4. AAE feow@in the latrine
5 JigraEd foew@ In the kitchen
6.9034 foo inside his/her room

7 == e F Other (specify)

1135 %1 O e LT T I G FABEA? (What did he/she use to wash his/her hands)

G3IfeT 6T QAWM (Check all that apply)

43

a. Body/hand soap CFICER/S (IR AR
b. Laundry bar *@ (4= AT

€. Dish washing soap QTR (IR AT
d. o= AT Liquid soap

231919 #IIfY (Soapy water in bottle provided by icddrb))

3.’ Ash

4. R LI R Qe Oy S W8 $9° (Material other than soap or ash; specify
5. G{"ﬂﬁ{ Only water

6. (IS AR (Pasted soap on the wall)

7. MB/AT (Mud/Sand)

8. S (Bucket)

9. &M (Basin)

10. B3#/fBTaSTRT (Tubewell)

11. 7R =11 9171 (ICDDRB 9% <12 F®) Red bucket with tap (provided by ICDDR,B)

282



44

12. T4 Kolshi or other containers

13. %t JRIF Detergent powder

1136. _I"T &1 5 9= '&#? To what extent lather was formed?
1. 9= & A lot of lather
2. 9% @& A little lather
3. Tt ot IR No visible lather
8. & ¥ Not applicable ( Those who did not use soap for washing hands)

1137. 3© T 4R XS LARE? (357 SAF AR et ) (TtFS  The total time to spend for washing

hands? (Timed with a stop watch) sec

1137a. Iwio @ A AT Wafesm? From where did he/she use water to wash her hands?

1.5 ettt e1/zme «i=//Geqetae e Directly from the municipal tap/hand
pump/tubewell (skip to 1137f)

2.5 qrEfed sT@fwe #Iifs ficaWater stored in Red Bucket provided by icddrb
3.903 WeFwe i TeT water stored in another container within household (skip to 1137f)
4. FeRfTse srga seafwe A e Water stored from municipal line(skip to 1137f)

7. sty fAfwe FFa0ther (specify) (skip to 11371)

1137b. IwIT & = I T @A 21 GERa? Did he/she wse pour water through the tap of the red
icddrb bucket?

) TR T Yes
e s 9 No

1137c. IS & =1 I@feq B (A ~Af Feafee? Did he/she draw water from the top?

| TR T Yes
e s 9 No

1137d. w16 & v snface 2re g@fes? Did he/she wash hand(s) under running water?

) TR 1 Yes
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PR T No

1137e. Iw%i G & Snehiiefesemita @ zre @R @R 2o gRw g@fee? Did he/she wash hand(s) by
dipping in washbasin?

| TR T Yes
e s < No

1137f. A1 T® (R &7 (@ SAmImefT G327 Flee Eeft @RIT fRerrasifis S azeiwrmy  Where were the
materials that the child used for HW? (Check all that apply)

1. 9419 3 (4K JIF_At the primary handwashing station spot checked earlier
2.faS &49 T (@I JIT_At the secondary handwashing station spot checked earlier

3. SRTHIFE F© (A LT TSI Wy (I S (IR BI At another handwashing station not
spot checked earlier

4. A f$ew@in the latrine
5.3igr9E foew@ In the kitchen
6.9039 f&e@ inside his/her room

7.5y i@ s Other (specify)

1137g.2® ([ 7 JAHI0F IGI-31 A 97 (@I &R 7% A1 6 OIE Tre (@i a2 W 12’y SEfze? Was
a parent/adult helping child with providing handwashing materials to him/her during the
demonstration?

P < No ( Skip to 1138)

1137h A IR LT S (S 2NN T B TS (R T @ ST @i frcafes Graf 2w et were
the materials that the parent/caregiver/adult bring to the child for HW? Check all that apply a3if¢s Tea
MERICIDN

1. 941 XS (I BIF_Atthe primary handwashing station spot checked earlier

2748 249 TS (7 BITT_At the secondary handwashing station spot checked earlier
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3. AT TS (IR FITETA TO® ST (I IS (A B At another handwashing station not

spot checked earlier

4. s feetin the latrine
5.71grecs et In the kitchen
6.9034 fo inside his/her room

7.5 ffeE F% = Other (specify)

1137i. A IRI-T N S (FI 2 7% A & w1 [Fong gre @ o) @ Fommr feafee ar sor sk
fatafesT? Did an adult gave instructions or reminded the child about how to wash hands?

1138. fFeig gre eRFw@f@e? How were hands dried?

1) fem ~fi® Figarers @y @« F7te Cloth other than own clothing

2) feates sifqeed $te own clothing

3) AOICT SRARCR( FICE NG A7 A g S Ao ToRPoeica Foft efveae) Air dry (reflects
intentional drying before moving on to other activities or touching anything else)

4) o=y G AT A A =y g 474179 Aol 2o HRADid not dry hands before moving on to other

activities or touching anything else

@3 IS T ¢ 2@ AT (@I AHT A SIZCET MIFAT (372 A T AT A ALFAS T 2 (I GTAIT
@TS JEQ G AT 7 [ FOIR ZS (17 ST (TS 10 | T 3 IR (I AT T AT SRS $q IZ A
O G @M TAER IRATT AR 27 TS WA TS (KT GTI @CO 90 IR AL 7 [Foe 2o w9 of
(AT IS | TV AT JOCR (TSRS 1 91 GIOH0G TR 39 27 A1 O (5T @ IWOR ST LR 4
TS T TS (I CTRIT (@S I 3L AT 7 [ FSIE T (| ©F LTS I | (76 FAE---

If there is a child <5years at home, the field worker will ask the mother of the child to go to the usual place where
they wash hands after defecation and demonstrate how they usually wash their hands after defecation. If there is
no such child at home, then the field worker will ask an adult female (>17years) to go to the usual place where
they wash hands after defecation and demonstrate washing hands. In absence of both such persons, the FRA will
ask an adult male (217years) to go to the usual place where they wash hands after defecation and demonstrate
washing hands. The field worker will note

1139. @ &G e Y7 MAIRET the person who will demonstrate washing hands was. ...

1. ¢ IZE N ABRARGASFA Care giver of <5years
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2. O (9 ST AT Another adult female
3. gIE AIEITF 29T An adult male

1140. IFEH7 FF (T TFRFT AZFIRT A ZTS GF ALCS IS IRCR)?
What is the sex of that person (who agreed to demonstrate to wash hands in front of the interviewer?)
1 77 (Male)
2. A (Female)

1141 Temmrel/ife %rww{m%w Did the respondent wash his/her hand?
1. ﬁTYes
2. 9i(1147aR &0y T) No (Skips to1147a)

3. A& Tre YR 7 Teamret feet I (Someone else other than the respondent demonstrated washing
hands)

1142. Temrei/fE It 93 T Y@RA? (Did he/she wash both the hands?)
1. 7T Yes
2.9 No
1142a. &6 @ e g@Em?Where (the place) did the person demonstrate washing his/her hands?
1.849 J© (K Be9_ In the primary handwashing station
2.8 e4w 2% (41T B _ In the secondary handwashing station
3. *IRIIE feswin the latrine
4 JgraeEd f$owd In the kitchen
5.939 f$@ inside his/her room

7 ==y e e Other (specify)

1143. Semrel/aifE o e WINF &) F JIRT FERRAN(GFIRT ST A=A ) (What did he/she use to wash

his/her hands)(Multiple answers allowed)
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1. RN (BarSoap)

a. Body/hand soap CIR/Z® (IR AR
b. Laundry bar F#% ({FF A

c. Dish washing soap QETIR (K AT
d. o9 AR Liquid soap

2. R “Af¥ (Soapy water)

3.®2 Ash

4, R LI QR =G O+ SoAWI; WS $9°= (Material other than soap or ash; specify

5. 8 A Only water

6. (IS AR (Pasted soap on the wall)

7. MB/AE (Mud/Sand)

8. JEfs (Bucket)

9. &M (Basin)

10. B3/ (Tubewell)

11. TR =& qEts (ICDDRB F9F AIARF®) Red bucket with tap (provided by ICDDR,B)
12. 907 Kolshi or other containers )

13. §©! I Detergent powder

1144, M_TE & & o=9g fewt? To what extent lather was formed?

1. 9"F &1 A lot of lather
2.9g &1 A little lather
3. & @ IR No visible lather

8. gy w9 Not applicable ( Those who did not use soap for washing hands)

1145. © I 4R T LARE? (35 A ARITH A7l F97) TS
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The total time to spend for washing hands (timed with a stop watch) sec

1145a. TfEH @l (At i fNfeem? From where did he/she use water to wash her hands?
1.5 fefafrsiier we1/25me «=//fGeaerae (4t Directly from the municipal tap/hand (skip to 1145f)
2.7 Jrefen sreafe #Aif facw Water stored in Red Bucket
3,903 Ao A e water stored within household(skip to 1145f)
4. freffreie sigcaa Te@fwe #Aif M Water stored from municipal line(skip to 1145f)

7. Sy f4f S Other (specify) (skip to 1145f)

1145b. TfEH F MEHGTER @A @ FeRR A o T (AT 21 GEtea? Did he/she wse-pour water
through the tap of the red icddrb bucket?

1.%71 Yes
2.9 No
1145c¢. T5f&H F qEfen To @ A ffET?Did he/she take water from the top of the red bucket?
1. %1 Yes

e et et T No

1145d 5f&H f& vem #fifvs Fw zre @fe@?Did he/she wash hand(s) under running water?
1.3 Yes

2.9 No

1145e. 3f&f i wRfHHfefCeremfta o gre cqriw &Pt =re gfea g@fesi? Did he/she wash hand(s) by dipping
in washbasin?

1145f. &M Tre @ w1 @ Somimef 2w FEfea el @ fe?  aifis Teg gz9w@i=y Where were the
materials that he/she used for HW? (Check all that apply)
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1. QYIS (I ZI_At the primary handwashing station spot checked earlier
2.8 &4i9 TS (|77 BIT_At the secondary handwashing station spot checked earlier

3. AT TS (R FINETA TOr® S (T IS ({1 FIH At another handwashing station not
spot checked earlier

4. A feew@in the latrine
53§93 few@ In the kitchen
6.9039 f&e@ inside his/her room

7 =515 i@ ¥ = Other (specify)

1146. etz Tre &fFwfRET? (How were hands dried?)

1) SAFFIIR emFaE/aes e Fegarers S &9 F12t% Cloth other than respondent’s/his/her own
clothing

2) ArFIER SMASIRR/1eR 2RTex F19te Respondent’s/his/her own clothing

3) TOICT SIRFCCR(SA TS NG AT T AR S Ao TRIFoeld ol efFae) Air dry (reflects
intentional drying before moving on to other activities or touching anything else)

4) Sy S SR S IO By «=_17 el 2o SFREWDid not dry hands before moving on to other

activities or touching anything else

GG G A FISTS/ KR A ARAI A O ATFFA (0T QARG =S QR & AR Sce
TR @AW QT GIR TS HHCER JIRICEE o) ARV AT SIR0ET GG TSR AR AR AR AN
e Tre @ @ fFferfiis sarefer f9a 1 Instruction for the FRA: At the end of handwashing behavior uptake,
if soapy water is present in the household/compound, the FRA will ask for soapy water to wash his/her
hands. If soapy water is present at both respondents’ household and at compound level, the FRA will
use the soapy water prepared for the communal use. The FRA will note the following information:

1147a. F=8e/<E & AR =it=? Is soapy water present in the compound/household?
1. Yes
2. «iNo (skip to 1004)
1147. ARTE & & s=9g ’&#M? To what extent lather was formed?
1. 9CEF & A lot of lather
2. 9% & A little lather

3. T& @ I No visible lather
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1148. 5 B! 8 AR S Zeaez? (Sfai=v55)Ask the responendent or the person who prepared the
soapy water how much of detergent powderwas added? caps (Don’t know=999)

1149. fot JAR & wfwrer #nfFce freiar e (@ ai=s55)Ask the responendent or the person who
prepared the soapy water to what amount water the detergent powder was added? ml
ff=1(Don’t know=999)

1150. AR TSRS & ST 0! AR F2F F41 267¢@? Which brand of detergent powderwas used to
prepare this soapy water?

1. 9357 Wheel

2. (3 Keya

3. 3% 973 Surf excel

4. TS0 Jet

5. "2 @F e &3 No specific brand
6. X715 Other

7. &= Rin

9. wife= Don’t know

1151, 9FIRY TFERIEE AR Aeers Toms firdw @ TR wfowei fifde, 432 Aredr, 438 @& R T
feT 51 | @B ARG CFeg ST T o (FABTS e (@A o= Y3 ATSHl, S= oITeT, 3= Ao s,
W= AQIH T© G 8= J & QI T© | FRA, please give your personal assessment here as to
whether the soapy water had the correct consistency, was too diluted, or was too soapy. On a scale
from 0 to 4, with 0 = too diluted, 1 = mild diluted, 2=perfect mix, 3 = mild soapy and 4 = too soapy, what
is your score of this soapy water preparation? 01234 (circle the best score)

8/4  —
o3 —
N J—

>/1 —

Section I: Handwashing Station recognition and reported usage
FRAGTIRGIF TBRTSTT AR @3B FFot 515 72 FICI(FRA will carry a flip chart with all the intervention

products.)

FRA IFIRIBEIMISICE A 2 @2 TR Aoz 7o efe @3 2R (i @z e epgetet +3:
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FRAGTFIFE will show the respondent the picture of soapy water bottle and red bucket with tap and stool and

basin and will ask the following question, pointing to the bottle:

1004. S=if & b1 ore “IFtes (TR 21" @%eT)?[Do youknow what this is? (Bottle with soapy water)
1. 3 Yes)
2. ¥I(No)

1004a. Srfa/somR F11%w F snghifefesf @t ot AR @z FEfeeE? Did you/r compound receive
BOTTLE for making soapy water from ICDDR, B/DSK?

1.3 Yes
2.9 No
1004b. SIS &= Frers «ft ezt 1. I (Current compound)
FEREE ? [Where did you receive this 2. &3St (Previous compound)
bottle for soapy water?] 3. &e7 (Both)

4. &= 97 (Neither)
1004c. oI TSI (T FITCT AT 1. I (Current compound)

ErANs & @6 Sltg o@T AT @ AT | 2, 9147 (Previous compound)
QFTe (T & f=2=1? [Is there one (or was 3. %oy (Both)

there one) in the compound you are 4. &= =7 (Neither)
currently living or in the compound you

were living previously?]

1004d. 1013. s+ & Fe478 @it 7R FERF2(Did you ever use it?)
1. I( Yes)

2. 9I(No)(skip to 1005)

1005a. = TR & Fiter T34 F907 For what purpose do you use soapy water ? $&ef #[t c<iw it
" 97 & TR 0 “1” o @R T AT “ 7 97 & a0 “0” 74T ) (Interviewer, ask for each one below

and write “1” for “yes” in the box below. , write “0” for “no” in the box below)

1. 91 (41 Fier For washing clothes ——[]
2. AR (4 Fiee For washing utensils[]
3. ¢ 419 FIte For bathing [

4. =717 G As a shampool’]
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5. TS ({97 Fee for handwashing--]

1005b. STifF/St=M ARRIEE 97 @6 (<7 F0F Gfb 2 FRMREAT? (ArFIHF emiwsiar feer) When did you or
someone in your household use soapy water for handwashing last?

1.=eg (Today)

2. TSFIe (Yesterday)

3. &3 IR ey (Within one week)

4. &3 W egy (Within one month)
5.1-6 ™ (1 -6 months)

6. 2T I 9t (More than six months ago)
99. W w12 (Don’t remember)

W ST T SIRET Neod T T iz 1005 @ 56T 9 or yesterday then ask 1005¢ otherwise skip to
1005

1005c. S stoe FRFA frw Foa7 7e gEaz"? How many times did you, yourself use soapy water for
handwashing yesterday? -------- 9 times

1005d. S It Sr=e i ARG @I 7707 & 478 AR #A1fF toft Fw@eea? Have you or any of your family
member ever made soapy water?

1. %7 Yes
2.9 No
3. wf¥=r Dont know.

8. &y = Not applicable.

1005. o PRI S ST AR AR @I 5701 & Afere Some AR @R & AR todr
Feacee? Within last 2 weeks did you or any of your family members ever make soapy water at home for
your family?

1.3 Yes
2.9 (1008 &t veet =) No(skip to 1008)
9. wif¥er (1008 =k &tx 5eeT F=) Don’t know (skip to 1008 )

1006. 1 PRI A1 LI AT ARRIER (@I AT FOAR ST Ao #AfRQET Ty AR cost
TR TW=bbb) (8 F@)Within last 2 weeks how many times did you/your family members

53
292



54

make soapy water at home for your family? times [Put 999 if ‘cannot remember’;
put 888 if ‘not applicable’(specify): ]

1006 a. SIeIfe <5 AAIT2NTa toRT *1&f® T2 Do you know the reciepy of making soapy wéter?

1.3 Yes
2.4 (skip to 1008)

1006b. S BT 8T AR ST 27? (Sifai=s55)Ask the responendent how much of detergent powder is
added for making soapy water? caps (Don’t know=999)

1006c¢. o AR fF Afaer snfqce S zme (i ai=s55)Ask the responendent to what amount water the
detergent powder is added? ml fafs(Don’t know=999)

1008. S#ife & ST 7RI A (TS 2192 (Can you show me the soapy water bottle?)
1. I Yes)= (@reer @ A=) bottle plus soapy water
2. 9, Taree 4ifer f=#1(No, bottle was empty) () [)

3. M(No) (dooda TR &Y BT W) [(skips to 1009a)] = TIF @eT feT 1 no bottle

1009. FRIT 2N (TS FET TN (FACAGE 9o mmmmmmeee (o)

1009aal. AR @ISR TFIT 9Z 2= $4 Please observe the status of the cap on the soapy water
bottle.

m) IS I Toear o, feg @RFunctional usable cap, not leaking
n) el e e ey =6 ¢oite Cap is present, but leaking

0) TIPAT cST (rR/RIfed coteCap is broken/missing

p) I AR e (1% No soapy water bottle is present

1009aa2. ARG @S (@0 ARTET AT O 27w F97 «3e &< 9= Please observe and record how

clean is the soapy water bottle?

a) ¥ “ff%= Very clean (0)

b) #f&%@ Clean (1)
¢) A% @ 7 wefqs=e 7 Neither clean nor dirty (2)

d) W= Dirty (3)

€) 33 weifa®™ Very dirty (4)
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[How many seconds did it take to show the soapy water? (sec)]

1009a1l. WA /aroia «Affaw & A <N o T2 o foRTeTS el [Frzm? Have you/household bought

detergent powder for making soapy water?
1. %51 Yes

2.9 No

3. wifest Dont know.

8. ey 97 Not applicable

1009a. SR F oS 42 ALTER N0 AR o7 & @t 7+ fFeza? (Did you purchase detergent
powder for making soapy water in the last two weeks?)

1. 351 (Yes)
2.5t [[No

8. &t s Not applicable

9. wif¥t [Don’t know

1010.93 TS F GI7 (FIF 97 AR @ &R T ST 7 TR O IR S AR #A1f coar
PEAR?

Is there any other household within this compound who prepared soapy water by themselves for their
use within last 2 weeks?

1.3 Yes
2.9 No

9. = Don’t know

1011. SR AfSTRR/FCTed (6 & SR (@ o PRI AR @I & AR A 0odt FEC=?
(a1 T aEA)
Did you or anyone from the neighbourhood/compound prepare soapy water for communal use
within last 2 weeks? (>1 answers allowed)
1. =fy /e “Afe< R Umy family did it
2. RARGIIR/F AT SfBae/a~I%s Wit FCACR caretaker/manager/community
volunteer did it
3. Ffres fifeg R «fb “imerer @R several families within the compound did it by
rotation
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4. 436 AR TRFEeI Wiy e @fo Feawz A family volunteered to do that
5. 95«5 Other

6. (¢ e No one did it

9. wifs"r Don’t know

1011a. SRR TS AR 217 51 @reet 17 zre o 77 @c? [Instruction for PDA team maximum
30 weeks]

g E— TR (FTYF bbb =TSy 79, sodp=ae1) How long does a full bottle of soapy water last in your
compound? _ Hours_- Day weeks [write 888 if ‘not applicable’ & ‘999’ if ‘don’t

know’]

1011b. A= “Afw @rest s @R @i #Afices 2o cares- - The soapy water bottle makes
handwashing for me and my household

1. wesr oex siRe FeacR easier than before

2. STeF (57F 9w @z harder than before

3. @ @32 (e about the same

8. &t <9 Not applicable

1012. S+ & «ft ot #ite (Fem1g =1 Jfeife,5 «3R e )2[ Do you know what this is? (Red bucket with tap and
stool and basin supplied by ICDDR,B)]
1. I Yes)

2.9(No)

1013a. Steif/ero @ Fiee & SRMRERi< (A mar Sisg e e, ba | «iwer azd FEfE?Did
you/your compound receive Red bucket with tap,stool and basin from ICDDR,B?

1.2 Yes
2.9 No
1013b. Sf¥ @ F%re @it azdt 1. I3 (Current compound)

FEMRE ? [Where did you receive the red | 2. 4S! (Previous compound)

bucket with tap,stool and basin from | 3- Tex (Both)
ICDDR,B?] 4. &= 77 (Neither)
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1013c. Soifs IS @ FATTCS A= 1. 9 (Current compound)
I 5 @ff St w2t AT @ FAee 2. %33€! (Previous compound)
Fre Tt & @fb f2=1? [Is there in the 3. %7 (Both)

compound you are currently living or in 4. (@0 7T (Neither)

the compound you were living
previously?]

1013. S+ & $2we @it 7= FCaRT?(Did you ever use it?)
1. i Yes)
2. 9MI(No)(skip to 1014)

1013d For what purpose do you use the red bucket? =¥ «ft & Fiter I9=7 F@E=? Teaeh e Ciw=" 2T

" 97 & a0 “1” o @R T AT “ 1 7 9 o) WGE 0 “0” 719W ) (Interviewer, ask for each one below
and write “1” for “yes” in the box below. , write “0” for “no” in the box below)

1. 91 (417 FIer For washing clothes ——[]

2. AR (K Ficer For washing utensils--[]
3. ¢t 419 I For bathing [

4.7 R FRIT 10w To store water--[]

5. Tre (g Fiee for handwashing--]

6. *IITfSr (I TS To wash vegetables--[]

7 o5y %2 $----[1---others specify-----

10143, Sl o3 3 @fS %7 Feafeeem? (TFIHR emaar faeer) When did you or your household use red
bucket with tap for handwashing last?

1 =reE (Today)

2. oI (Yesterday)

3. @3 IR ¢4 (Within one week)

4. ¢ e W (Within one month)
5.1-6 M (1 -6 months)

6. 2 W Acal (More than six months ago)
7. 3498 9 Never
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99, I 7ig (Don’t remember)

T TSI TF ST 5K AT T W=CT 1014¢ @ S I or yesterday then ask 1014b otherwise skip to
1014

1014b. S SfoFe IR #E At M FoAF e LAT=T? How many times did you, yourself use red bucket
with tap for handwashing yesterday? -------- I times

1014c. T G2 FRIRF 4F A1 F© 9 99 TS (T S 1 Ife (6 G2 Fac=T? In the last 2 weeks, how
often have you used the red bucket for handwashing?

1.M $waF several times a day
2. ™ @419 once a day

3. R U9 once a week

4. @8 9 Not once in these two weeks

1014d. == Ifex @ IS A F© 77 47 AF? How long does the water in the bucket last? -Hour---<5t
----- Dayfe (&f e i=s55) (Don’t know=999)

1014e.. 31%& Tt [ 2® (T EHRHIR(IHARS @R AR A1) 9N @I ST A0 @€T QT
TRIZ JS (YA & 9B IJI-F F90® A@?  Does the compound manager put the hand washing
station (bucket and soapy water) in a place where everyone can use it to wash hands?

a) 1, @Bt e (i AMTY es, he always puts it out in the open

b) Z1,fef Bt FTe TS (I AT QR FLFS IS BieRm AT Y es Yes, he sometimes puts it out in the
open , and sometimes keeps it locked up

¢) 1,fef Bt TR St qeiTNo, he always keeps it locked up

d) 9Bt 7R IR SAA Wi Wiezlt is in common place

e.) 2tsRy w1 Not applicable A8 w5 ffrgm)

1014f. .. T cqimR co= e a AR #ifF) R weddics scaw fof f& witrer smimaes 2re
I e @ft =T A0S (A2 Do the Person who maintain the hand washing station (bucket and
soapy water) allow others in the compound to use it to wash hands?

a) I, 7w Yes, always

b) T, I8 F4T8 Yes, sometimes

c) o No

d) wf¥sr Don’t know

e) &t&Ry % Not applicable T8 3w )
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1014g) BT @3 @RTR Il (G SR R SR #If7icas 2 (qi7ied-  The bucket with stool and basin
makes handwashing for me and my household

1. eare (ot 1= Feaee easier than before

2. STa (507 Mo g harder than before

3. & @32 (e about the same

8. ey 7% Not applicable W8 wtx forgm)

1014. SR T 97 S T @ AT (R A =io) =i &2

Right now, do you have any soap (other than soapy water) in the house that you use for handwashing?

1. i Yes)
2. 9 (1018 == &T¥ BT F) [No (Skips to 1018 )]
9. TfAT (10187 &T¥ BTET AF)Don’t know (Skips to 1018)

1015. S F AT ARG AR (A% F9°) Can you show me the soap? (Observe)

1. 3t (Yes)
2. 9, IARAT (7l TR (S @RS I_ZS TR, TE AR (2, T991W) [ Sodb TR &Y 51 THINo, soap

unobservable (in use elsewhere, none in the house, etc.) (Skips t01018 )

1016. RIS (7iTe Fo=e A3 fAwwR? TS
(How long did it take to show the soap? _second)
1017. G5t (PN <R ARIF? (FFIHET A =74 F9°F | Y = 1 GR A = 0) What kind of soap is it? (Fill in based on

observation. Put 1= Yes and 0=No)
| |1.<1I% 4IFF QI (laundry bar soap)
| |2. feoRweTS “ieR ( detergent powder)
| |3. xif-fest iz s (dish soap)
I |4. (iF&/=re (i R (body/hand soap)
[ |5. %9« QI (Liquid soap)

| 7. = (R w5 ) (Other )
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1018. SR TS Sfofie @ SFREe AR =R &7 (9378 CX1#T 27 @7 I=/47THB) Do you have any spare

unused soap in the house? (a second bar/package that is unopened)

1. T (Yes)
2. #1024 R e 5¢=7 ] [ No (Skips to 1022 ) ]
9. wiffr[1024 7 &0y ¢ T] [Don’t know (Skips to 1022 )]

1019. SN J AW ARG @RIES (FRFTF F9°) Can you show me the soap? (observe)

1. 3t (Yes)
2. 9 [7R &ea 5eeT ] [ No (Skips to 1022) ]

1020. TG @RITS FoH I FER? fei(cay
(How long did it take to show the soap? __seconds)
1021. G5t (I <R ARIT? (AFEHET A7 =74 F9°F | Yf = 1 @R q = 0) What kind of soap is it? (Fill in based

on observation. Put 1= Yes and 0=No)
| |1. 7% (40 AR (Laundry bar soap)
| |2. fS5Rwe® <% (detergent powder )
| |3. =ife-siifest cqria 571 (Dish soap )
| |4. ¢IT/2rs (| K (body/hand soap)
| |5. 9= AR (Liquid soap)

| | 7. =iy (RRE 03 o) [Other ]

1022 FAFICFF QWA I 05q AT 3033 @ IR ARG (TSR AT AIRTEH FORTAT IS (KIF/CIPCER
IR AR AFCF @RTACR? If the respondent showed bar soap(s) in g 1017 or 1021, how many bars of each size
hand/ body soap did he/she show you?

1. % (small)
2. TR (medium)
3. 3¢ (large)
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1023, FIFFISHR eIFFIAT AW 3039 W Yo & TR ATCIoETE TSR 2o A2rem FoeTE Yol AR
TG AT FRITACR? If the respondent showed detergent packet(s) in g. 1017 or 1021, how many of each size
detergent packet(s) did he/she show you?

1. w5 _ (small)
2. TR (medium)
3. 3¢ (large)

1024. S B 1o G2 FYIZT T FIAT (I I AR Fe=? (Did you purchase laundry bar soap in the last

two weeks?)

1. & (Yes)
2. ¥1[ 1026 TR T B TH] No (skip to 1026)

9. At [10267k &y ST TW] [Don’t know (skip to 1026)

1025. 1 ¥ ARIRI N FG (AT I TN A &0 F7© BIFT I76 FER0RA? Bri(EARI=55)

[How much money did you spend on laundry soap in the last two weeks? (taka)(don’t

know=999)

1025.1. AR /AR AR FITE YO (LT & 9 TR [Fee=? Have you/your household ever bought bar
soap for handwashing?

1. 31 Yes.

2.9 No

3. T TS AR Cant remeber
4. &7 9 Not applicable

1025.2. S /SR ARIE I NS S (YRR o fCBIRTSTS AMEEIF fFEr=? Have you/your household ever

bought detergent for handwashing?
1. 31 Yes.

2.9 No

3. T IS A=A Cant remeber

4., Ty T Not applicable
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1026. ST FF S G2 AR N T (HIAF/ (NPT FAI9 A [Fec=e? (Did you purchase hand/ body soap in the

last two weeks?)
1.350 (Yes)

2. 91 [1028 7= 40 5T TH] [No)]
9. wifer [1028 TR &ty BT A+ [Don’t know ()]

1027. 1% v FRIER WY S (/AT FAF AR 17 &y 3 BIl 475 ICARA? Bt (@ifAdi=555)
(How much money did you spend on hand/ body soap in the last 2 weeks? (taka) (don’t know=999)

1028. 1 S MR T4 S (QIAF/ P I &) FORE I AN fFesvezr?

(How many bars of each size hand/ body soap did you buy in the last one month? )
1. ™% (small)

2. TRIfR (medium)

3. 3¢ (large)

1029. @2 Mfre F I ST TR @I AR AR AR HBHICAT SRZR SACR?
(Is there any place within this compound where soap has been attached to the wall?)

1. ZiYes
2. 9 (dood M &TY B¢ T)No (skip to 1001)
9.  wifedr (Sood Tk &T¥ 5Tt ) Don’t know (skip to1001)

1031. S 't SAWTE TG/ T HBRICAT AR (IR (ST 357) (9h1fEe Tex @=ew@riz)Can you show

me the soap/soaps attached to the wall? (observation) (>1 response allowed)

1.  SREE N Itis in the latrine

2. YEERI T It is in the kitchen

3. XS (FF &I In the handwashing station

4. TR ARE vl AFA No soap could be observed

7. ey (R 3w ) Other place (specify)
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Section J: TS TS (R TSI FHFS w2 (Respondent’s reported hand washing practice

)

1001. ST @2 oIE @ Aeirefea S 99 S T ghT Qe W e (|2 [@oa St ¢ite e g
EwrT = ot @t AT, QTS T, FANe IUME’ QR "FUNE T FOIT 561 FF; TS Ta=bbb] How
frequently do you wash your hands with the materials that | am going to mention to you now? [Ask

about each of the options and ask them if they practice this ‘always’, ‘most of the time’, ‘sometimes’

and ‘never’; if not applicable, write ‘888’]

T[S (| AR
<1 Name of the
handwashing
agents

1. =T Always

2. et wNw
Most of the time

3. A8 TS
sometimes

4. Never ¥4

a. body/hand soap
AR /RS (e
AN

b. dish soap LR
(IR AR

c. laundry soap F°1¢
CHIRTIS AT

d.ash =3

e. Soapy water
ARIAT

f. only water &g #fif¥

g. mud W5

h. powdered
detergent o! AR

i.

Soap pasted on the
wall TR TS
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1002. S G2 AAE (@ FSefera T @1 A4 F© g9 93 Foefler twea vy 1 i 2re i [ sifewit
AT NI 3R Toreart T SR @t "o, * @t T3, T8 IUMe’ 12 T I fFSI(F 55! F(; ey
“T=bbb| How frequently do you wash your hands with water alone at each of the times | am going to
mention now? [Ask about each of the options and ask them if they practice this ‘always’, ‘most of the
time’, ‘sometimes’ and ‘never’; if not applicable, write ‘888’]

S (IR ANT | | Ay | 2. Qe 3. 48 4. 4R | 8. ATy T(HE w)

Time to wash | Always | F@Most of FAT8sometimes | Anever % not
hands the time applicable(specify):_

a. MeTR AE
Before eating

b. AMeTF AT
After eating

c. B
YNSIATCI AT
Before
feeding a
child

d. IHF
GBI o
After
cleaning the
child’s anus

e. MR/
FIGF [ After
cutting fish or
meat

f. AT o9
After
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defecation

g. e
JIoF =T,
Before
cutting
vegetables, ,

g l.before
cutting fruit
T FOE A

g 2.before
cutting salad
AT FOI
et

g 3.before
mashing any
food T ©eT
A A

h. agr =
Before

touching
cooked food

1. 9 =1 A_RE
R 29 After

touching
cooked food

1003. S Q2T ST (T FIerefeTg FA 9 SN T T4 @2 Frerefed Twm AR/TRA1 e zre cae? [
SR ATE I @ et T o @t *FAoT’, @RS AN, AT IS’ «dR "FEANS 1 fFSId b5 F;
ey T¥=vb|How frequently do you wash your hands with soap/soapy water at each of the times | am

going to mention now? [Ask about each of the options and ask them if they practice this ‘always’, ‘most
of the time’, ‘sometimes’ and ‘Never’; if not applicable, write ‘888']

Time to wash

hands

1. ST
Always

2. Qe
FAAMost of
the time

3. 498
FLF8sometimes

4. I
Never

8. &Trey T3 (FE ww)
% not
applicable(specify):__

a. e &
Before eating

b. NeTR 7
After eating
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c. qIBIE
LIS SACT

Before feeding a
child

d. IHIF EvER
/9 After

cleaning the
child’s anus

e. R/ FoE
7] After cutting
fish or meat

After defecation

g. *IIRfe FioR
9itrBefore
cutting
vegetables,

g l.before

cutting fruit ¥
BIGE SCor

g 2.before
cutting salad
ATV SO ST

g 3.before
mashing any
food=M wof =
R«

h. gy S0 AR
I *t& Before

touching cooked
food

@R 27 After
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touching cooked

food

Section K: 2 @32 T 47 [a9¢ @9 Knowledge about water and hand
hygiene

QT ST AoFIE Aoy fF Ate 91 | &rere Bfed Tea, S Siwee 5137 i «3 Sfe el FobT G T fawre
(Ol T | QT (I T 1 99 Teq et g MZ-S sy A 599 @ A4 @3 Sfelba $oix Tesfow Torrs e |
FAT G5 TN &%) ST T© 97 (T BT A T6q FA0=A, ST G567 Twizgel Wifvz : (Now | am going to read you a
variety of statements. For each statement, | would like to know how much you agree or disagree with the
statement. There are no right or wrong answers — | only ask that you tell me your honest opinion on these
statements. Because this may not be like previous questions you have answered, | would like to do an example:)

OIS AN FAT RS, AW F @ I0e7 AL GFTS 7 faxre? (Cooking rice is easy. Do you agree or disagree with this
statement?)

TGS 2: - AT TS (@ OIS AT I LG | G4, SN TECS 5137 NART @3 Tfew A T @A @S |
ol &5 e @ ST @3 Bfew At bt ue w, Sfe AT T4 77 A Seif @ @ o awe 3 Sfew
A (@ Sre gl F41 7RE? (If Agree: Okay — you agree that cooking rice is easy. Now, | would like to know
how strong you agree with the statement. Would you say that you slightly agree with the statement
that cooking rice is easy or would you say that you that you strongly agree with the statement that
cooking rice is easy?).

T fawre z: 70 @R - Wielf @3 Sfeq wte fare @ ©re argr a1 917% | @9 W1 Seee 5139 W9 @3 Sfeq e ve
@ fasre | St & @3 e T f5ghT fawrs wifes sireifer s7opf fars? (I Disagree: Okay — you disagree with the

statement that cooking rice is easy. Now | would like to know how strong you disagree with the statement. Do
you slightly disagree with the statement or do you strongly disagree with the statement?)

Ok — Would you like to do one more practice session?

Rickshaws are the best way to travel.

301A T efeTarts TUN gl For A AW | 1. 5w fare (Strongly disagree)
FHT = | (Boiling drinking water is 2. fgot fars (Slightly disagree)
the best way to protect against 3. fogoT «awe (Slightly agree)
diarrhea) 4. 5y «@we (Strongly agree)
301B @ 2N (TS 2R of AR Gy 1. s/ fawrs (Strongly disagree)
fe/R1*M | (Water that looks clear is safe 2. fgot fasre (Slightly disagree)
to drink) 3. f#gb1 yawre (Slightly agree)
4, s «Fre (Strongly agree)
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301L ifsy fegT 3 @ Aiface sge =m = 1. sy s (Strongly disagree)
QL AT ARER 2. fogpr fawre (Slightly disagree)
I believe water is clean if it does | 3. &bt uwwre (Slightly agree)
not have a funny taste 4. sy awwrs (Strongly agree)
301M iy T 5 @ o o3 ofawm @ 1. sy fawrs (Strongly disagree)
T ©f Fiowx A1 @Il a7 fem Fa0 27 2. b1 faws (Slightly disagree)
I believe water is clean if it has 3. fgoT @ (Slightly agree)
been treated with chlorine or 4. sy ¢aww (Strongly agree)
boiled
301C “Aifey R e Crarfer effecary wr A 1. s/ fawre (Strongly disagree)
(Treating drinking water will protect 2. fogor fasrs (Slightly disagree)
against diarrhea) 3. &gt «awre (Slightly agree)
4., s «sre (Strongly agree)
301D SIS IRIAER o7, A foea e o3 1. sm faxrs (Strongly disagree)
[T | (After using the toilet, it is okay 2. fgot fawrs (Slightly disagree)
to just rinse hand with water) 3. fag5t e (Slightly agree)
4, 51 qswrs (Strongly agree)
301E LIRIF 77 AR T TS (R Sz 1. s/ fawrs (Strongly disagree)
Afotrea @1 el A (Washing | 2. frgdt e (Slightly disagree)
hands with soap after eating food is an 3. 55T @ewre (Slightly agree)
important way to protect against 4. 5= «@w (Strongly agree)
diarrhea)
301F ABICE <MD FAI 21, A S RS | 1, 579, fawro (Strongly disagree)
ST GETCoT A, Y TR TS (T 2. %51 fawe (Slightly disagree)
Tfbe (After cleaning a child’s bottom, it | 3. f&g51 @awe (Slightly agree)
is only important to wash hands if you 4. 5y a@we (Strongly agree)
can see feces on your hands)
301G 5T AR (AT TR 2@ (Eating 1. sy fawrs (Strongly disagree)
spoiled foods will cause diarrhea) 2. fogor fasts (Slightly disagree)
3. fogot «awe (Slightly agree)
4, s «sre (Strongly agree)
301H T 6 *G-*I 4R WY F® R &P | 1, 579 fawo (Strongly disagree)
<% (It is not important to wash hands 2. fogor fasts (Slightly disagree)
before touching fruits and vegetables) 3. g5t @we (Slightly agree)
4. s ¢&we (Strongly agree)
301l FETET SFIFO W SRR IO @ 1. sy fawrs (Strongly disagree)
elfstaiy 41 8T 7 (Taking cholera 2. fogot fawre (Slightly disagree)
vaccine will not protect against ehelera | 3, fger awwre (Slightly agree)
and diarrhea) 4. sy a@we (Strongly agree)
301J QR AR ST 7o (4 weat (It | 1. 5 fawe (Strongly disagree)
is important to wash hands before 2. ozt faws (Slightly disagree)
touching food that is to be served) 3. fogot «awe (Slightly agree)
4. sy ¢&ws (Strongly agree)
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301K

Al e 7o gt BRifs efstary st ™3
(Rinsing hands with water will
protect against diarrhea)

1. srf fars (Strongly disagree)
2. o551 fawrs (Slightly disagree)
3. fogot «we (Slightly agree)

4, s «sre (Strongly agree)

(TR QWSS T IR S ): SHAT S (@, SN GRS e FA MR (@ o oiewa A =1ifT
AT & Tarem el [R5 S0 | QTSR oI ferd SHIe I #Nif AICe &y s i oo e 1@ =ity
SIS A om0 g Soir 57910 feeest FI-2Teraiog &, SN See 5133, Sneife i «ife fwe saciw @2
AG(S TATE AR, AT & T (BT I9%T PR, @3 2N [qwm 419 &5 GBT FO6T FEFa 0 AT I Feaw?
(Preamble (To be read to the survey respondent): As you know, we have been talking to people
about how to make sure their drinking water is safe to drink. Each person has her or his own way
of making sure that drinking water is safe to drink. I am going to read you a list of things that
people do to keep their drinking water safe. — for each of these, | would like to know if you have heard of
this method, if you have ever used it, and how effective you think it is at purifying water.)

AR & ST @
<=M @ (Have you
heard of people...to

make water safe for
drinking?)

Gy AT 6 A BT
RIS FCACRN? (Have you
ever used this to make your
drinking water safe?)

QR #A1f Rwm T4 &= 95T
oI B ICT A T
JE:

1. T T

2. fogbr wfew

3. TE~EFEFT (How
effective do you think this is
for purifying drinking water:
not effective, somewhat
effective, or very effective)

A. F%@ (Boiling) 302A1 302A2 = SKIP CODES 1% 302A3
1. T (Yes) (PLEASE NOTE — NO SKIP 1. 367 7@ (Not effective)
2. ¥I(No) -> COQES ON THESE) 2. f5g51 F6F9 (Somewhat
302B1 1. 2T (Yes) effective)
9. W=t 2. 9I(No) 3. Te~g LA (Very
(Don’t know) -> 302B1 9. mfaa effective)
(Don’t know)
B. Fr*I% M (=@ 302B1 302B2 302B3
(Filtering with a cloth) 1. 7 (Yes) 1. 2T (Yes) 1. 1657 79 (Not effective)
2. ¥i(No) -> 302C1 2. <I(No) 2. fogB1 <1 (Somewhat
9. S = (Don’t know) | 9. ife = effective) .
->302C1 (Don’t know) 3. WG IR (Very
effective)
C. S=f e 302C1 302C2 302C3
(Sedimentation) 1. T (Yes) 1. T (Yes) 1. ¥1%%3 77 (Not effective)
2. ¥i(No) ->302D1 2. <I(No) 2. fogB1 < (Somewhat
9. N 9. W= effective)
(Don’t know) -> 302D1 | (Don’t know) 3. wrere FR (Very
effective)
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D. f&5=Ifa [Aluminum 302D1 302D2 302D3

sulphate (fitkiri)] 1. T (Yes) 1. T (Yes) 1. ¥1%%3 77 (Not effective)
2. T(No) ->30211 2. ¥(No) 2. fogo1 316w (Somewhat
9. &I 9 (Don’t know) | 9. &ife = effective) .
->302E1 (Don’t know) 3. wro5g e (Very

effective)

|. DI IS AN 919 30211 30212 30213

=y A1 @ Buying 1. 2T (Yes) 1. 2T (Yes) 1. 31f%7 7 (Not effective)

water to drink at the | 2. F(No) ->302)1 2. (No) 2. fogot ariea (Somewhat

tea stalls 9. &I 7 (Don’t know) | 9. & =T (Don’t know) effective)
> 302E1 3. Joi® FF (Very
effective)
). TFIE O A Ty W ©qe | 302)1 302J2 302J3
AN %1 Only drinking 1. T (Yes) 1. T (Yes) 1. ¥1¢%3 77 (Not effective)
tea or other hot liquid | 2. (No) ->302E1 2. FM(No) 2. fghr Fre (Somewhat
9. &S (Don’t know) | 9. S (Don’t know) effective)
->302E1 3. 9o FFA (Very
effective)
E. @I Bp_eeio 302E1 302E2 302E3
(Chlorine tablets) 1. 2T (Yes) 1. T (Yes) 1. ¥4 7 (Not effective)
2. W(No) ->302F1 2. I(No) 2. fogBT ST (Somewhat
9. wIf¥ 7T (Don’t know) | 9. wf~ = effective)
->302F1 (Don’t know) 3. ey erEe (Very
effective)
F. @ifae sifeeR 302F1 302F2 302F3
(Chlorine powder) 1. T (Yes) 1. 2T (Yes) 1. $16F7 79 (Not effective)
2. =i(No) ->302G1 2. <I(No) 2. fgB1 < (Somewhat
9. &I 9 (Don’t know) | 9. &ifT =T effective) )
->302G1 (Don’t know) 3. ey erEe (Very
effective)
G. =51 (Filter) 302G1 302G2 302G3
1. T (Yes) 1. 2T (Yes) 1. 3 77 (Not effective)
2. 7(No) ->302H1 2. (No) 2. fogBT F1ea (Somewhat
9. &I 7 (Don’t know)- | 9. &IfT =T effective)
>302H1 (Don’t know) 3. wro5g erfed (Very
effective)
H. @ifser fer=m= 302H1 302H2 302H3
(Chlorine dispenser) 1. 2T (Yes) 1. T (Yes) 1. S1¥a 57 (Not effective)

2. (303 e ATy BT
) (No)(skip to 303)
9. wif¥ 7 (303 =2 ey
BT T9)Don't
know(skip to 303)

2. SI(No) (302H3-47 %
303a-303d skkip %) (after
302H3 skip 303a-303d)

9. @i ar

(Don’t know) (302H3-9 ¥
303a-303d skip *¢9) (after
302H3 skip 303a-303d)

2. f5g61 wI6Fa (Somewhat
effective)

3. IoT® IS (Very
effective)
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303a ifaet faca i fewm wara o/ 38 w61 48® | 1. 59)f fawr (Strongly disagree)
ifeer snifcs fame iee @2 foww G ommes | 2. fegst fare (Slightly disagree)
S A A e e A fem ware | 3, Reghr g (Slightly agree)
Tgm stace The fact that chlorine stays 4, 71 @ (Strongly agree)
in the water 24 hrs after treatment
motivates me to chlorinate my drinking
water
303b FIRCER o SAWCE 6T AT @ 93 A 1. 35y fasrs (Strongly disagree)
Qrer@ ey o™ The smell of chlorine | 2. f5g51 fawrs (Slightly disagree)
tells me that the water is safe to drink 3. fogb1 «wre (Slightly agree)
4. sy @z (Strongly agree)
303e ifae wr fwa w0 oAz 1w e 1. /1< fars (Strongly disagree)
g7 3f | [ like the taste of 2. fegb fawe (Slightly disagree)
chlorinated water: 3. fogbt o (Slightly agree)
4. syt @z (Strongly agree)
303f. Fifel aidr wm w40 A o o1 s'm | 1. 5795 fawrs (Strongly disagree)
311 like the smell of 2. fegbt fawe (Slightly disagree)
chlorinated water: 3. gt o (Slightly agree)
4. 7=yt @@ (Strongly agree)
303c S Sy el ST G wE 1. 35y fasrs (Strongly disagree)
fvmge #I1f 4w Modern countries 2. o0t fars (Slightly disagree)
around the world always drink 3. fog5T @swrs (Slightly agree)
chlorinated water 4. sy @z (Strongly agree)
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The smell of chlorine is not as

1. 51 fasre (Strongly disagree)

303d noticeable after getting used to it 2. g5t fawrs (Slightly disagree)
e i oAt fcy e i z%@;aﬂw (Slightly agree)
TS TOTE 20T [T O S T T .74 «swe (Strongly agree)
GRS =lea=T
303 N FHICAR Sy =R 5T <2 2 | 1. 357 (Yes)
(Do you have access to gas to
boil your water?) 2.<(No)
W S AT e A I ACE ©7 | ], A T 20 AN S (Drink directly from source water)
304 20t ST 6 S? (What do you do | 2. it TGO W(qww AN 1 Ff(Drink untreated stored
if you do not have treated water at water)
home?) 3. @reGTa 2Af B 73(Buy bottled water)
4. efsraia F1% (AT A 2 T@r Feewa #nfs w33 (Take
water from the neighbours who are known to treat their
water)
5348 wfem Af AT SRaI(Never drink untreated water)
7. s (a2 F29)Other (specify)
8. erey 7 (e F% =) (Not applicable)
(specify)
3042 ;T Qf:: $§1§?{ ﬁ;@;ﬁﬁﬁ%m :\_g 1. sfR T 2C® 219 FR(Drink directly from source water)

CIIR (@R ST SIowT5 Tealz F99)
what else do you do if you do not
have treated water at home- I will
read a list (and collect any further
options)

2. 9 RO Wi A1 Al Fi(Drink untreated stored
water)

3. @R Al B @E(Buy bottled water)

4. st Fig (AtF A @3 =T e =i freg w03 (Take
water from the neighbours who are known to treat their
water)

53498 Sem 21 AT FREI(Never drink untreated water)
6. = &g Ff Nothing else

7. sy (2 F%)Other (specify)

8. ey w(fie $w) (Not applicable)

(specify)

Section L: Exposure to the ICVB Behavior Change Intervention by
icddrb/dsk CHPs —Ask all arms
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1032a. Sl & F4F8 FoMF ASTR A @e ot waaae a3 F@rem Jawd K @ S et Sz
T2 IS PR (AP WA 41?2 Have you ever hadany discussion or received any information about
treating your drinking water with chlorine and safe storage, ?

1. 1 Yes
2. = (1032c == vy 51 719) No(skip to 1032c¢)

1032b. ST S I G FACST HAAT T IR (ATF O (TS7? TR AT I aFifaF Te QZeltary)

Who have you discussed with or received information from? Read options. >1 options allowed

3% Friend

“fga1caa 3w Family member

SrepefeeRR/ Cusms Pragst Icddr,b/DSK CHPs
o (I aefered 51926 B Other NGO CHPs
ofFeRIoTR F17 (tF Medical practitioner

FeT (6F School based interaction

ifem (2tF Mosque based interaction

2fsta¥ Neighbor

wanr(RFEFg) Other (Specify):------------

e e ANl ol e

1032b1. ST W7 & f& rficace? . What materials did they show you?
1. f=515/32 Flipchart/Book
Aify fReasa (G Igeass [F8HE Cue card on how to use dispenser
FI*MC Flash card
¢oI514 Poster
5sIa Sticker
28 (e Nothing
Sy other

NE AW

1032c. =T & F3me AR w2 T AR e 2o (7 Rags @ S e Nrfees w&t 3 [aws @ W
O ¢ATACRN? Have you ever had any discussion or received any information about handwashing with

soap/soapy water ?...

1. ¥ Yes
2. 9 (1032¢ 7= &ty 51 T9) No (skip to 1032¢)

1032d. Sl S AT AT FACe AT FF DR (ATF O (ATST(GRIEF T&d 927 @=7) Who have you
discussed with or received information from? (Multiple responses allowed)

1. 3% Friend

2 HAfzrca M Family member
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3 wigfrfefeen/ Gy Fra2ef Ieddr,b/DSK CHPs
45 (I @efenes 51926 B Other NGO CHPs
5.fofeestieriom Fi' (2t Medical practitioner

6.7+ (At School based interaction

7 3fem (td Mosque based interaction

8.&fstzA Neighbor

9 se(ffResgm)Other (Specify):------------

1032d1. ST i74ic fo f& @fkeace? . What materials did they show you?
1.f&F7515/22 Flipchart/Book
2. T (<R f593% [$8=¢ Cue card on how to wash hands
3.1 Flash card
4. (ARG Poster
5./6% = Sticker
v, 5z RS Nothing
7 Sy W8 ¥ other(Specify):------------

1032d2. fe@staa Fa3ef & w8 Tre (R @ =T fiacz? Has DSK CHP ever provided
instruction on handwashing?

1.3 Yes

2.st No

3. wiffst Dont know

1032d3. . fC@ama FraZof & FI7e 2® (R BT 99 T T (I a1 eace?Has DSK CHP
ever provided instruction on using the handwashing station?

1.. %57 Yes

2.s1 No

3. wif¥r Dont know

1032 d4. . faataa Pra3of f¢ Fume @ifaw et #if feasae @« ST ez? Has DSK CHP ever

provided instruction on water chlorination?
1. 351 Yes

2.st No

3. . @f¥=r Dont know

1032d5. fewsias Frazof & w4me @i fCoreasta ae=icaa @i foa=at Meice? Has DSK CHP ever
provided instruction on using the Chlorine Dispensar?

1. 357 Yes

2.s1 No

3. wiffst Dont know.

1032e.. SRfifEfEeai@ 3 feusitea oy FMERT gy F T[T ST SART SIS (@e I9RE F61 9 ST fFg
SfSTRNTE  ely FRIAIR I QIR WA I 1 | A [ o elferaaia 9@ oimacs @edtzs? There are
community health promoters sponsored by an organization known as DSK and by icddrb — they carry
those logos on their IDs, who do promotion in some neighborhoods and not in others. Have you seen
them in your neighbourhood?

74
313



75

1. iYes

2. s No
q1032f. SR ARRIE/FCTE §© GA'R0dd AT 97 *K8 SzfifEfernafa/ fGustea @iw fadsf & s

«TAfET? Have your household/compound received any visit by any icddr,b/DSK CHP from June 2011 to
until today?

1..%1 Yes
2.7 No
3. wif«r Dont know

1032, S GICT HAFF FCCS T FRGD LY FA GTICRE-—----- 9 (T TS AR M1=999)(AATey
T=888)(IMM '888’ T I A GIFIT 5T AF)&ow many times did an icddrb/dsk CHP visit your
compound within last 1 month? times [put 999 if don’t remember] (Not applicable=888)

1034a. wizfifefeeaa/ Tyt @ Fragpf Sar Jifere ST SR 79 f#? (eTey 77=888) (et
=b5d) What is the name of the icddrb/dsk CHP who comes to your home/compound? (Not
applicable=888)(Don’t know=999)

1034b. Teawrel & F1a3si*R 7 I=ET?Did the respondent mention the name of the CHP?
1.3 Yes

2.9 no

1034c¢ . o® T NER 0 AT LG S ARRNE @I AT TR S (R AT A Romaa [azs siew
(P ANCEBAT TR FECRA? ) 2----—--- 4 (2rarey 77=888)In last one month how many times have you or
members of your household attended a promotion of handwashing or water treatment at a teastall?
times(Not applicable=888)

1034d. 7T® @F NOTF T K AT FIF N2 HHETe=a/ fEusiaa AW e (4t w1 A Regwae [aws
AN AR FCACR?---——-—- 9 (earey 95=888) In last one month how many times did your children
attend a meeting with other children organized by the DSK CHP on handwashing or water treatment?
times(Not applicable=888)

1034d1. sizffefberfm/ fusmaa Fazsf & Sremm @ae SR F%red T e ANf e - wiHEG
AR 7 REG ST ZS (| F 1 IS (6 AR Ao #eT ISt HIRIT I 203 T KA HA#ATE Toive
fwafeeT?Did the icddrb/dsk CHP ask the people’s opinion on where to install any technologies/hardware?

1. %R% ©e@ Very well

2. fogbf ¥@E Somewhat
3. <@ did not ask
8. ey w1 Not applicable
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1034e. SIS & 0T FACS I3 {3F=(515/3251 =fetel (qrd St fiedfeee ---- Regarding the materials such as
flipcharts/books etc, do you remember learning from looking at them,

e A lot

5%5r Some

a&w T None
ey <9 Not applicable

0o W N =

1034f. <rsaa i faemsad [ S+ & TeTce iwe (@ Sreffefewi/ffusas fass Hme Fr (@ e
fRates--- Regarding drinking water treatment, would you say that you learned from the icddrb/dsk
CHP...

1. 799 wts f&g Many new things
2. <9+ &% Some new things

3. v feeg 7 Nothing new

8. & ey «F Not applicable

1034g. #1f e (R Q3R A5 A wi+if & 07 ST @ot--- Regarding the water treatment machine
and agent/material, do you find it

438 FE=7 Very useful

fSger F1¥FT Somewhat useful
F1¢Fa 7 Not useful

ey 9% Not applicable

© W=

1034gl. SR 5 @s «1fF eg 707 & @iRe GeemmiEms S0 A A Reasad [Tl (TR e
z¥ ? Do you still need to look at the given instruction in the cue card placed by chlorine dispenser to treat
water?

1. T always
2. Y48 FI98 some times

3. 3«8 <l never

1034h. zr= @t 561 [aem S i qe70e «ieae @ wRhifefeui/Rustes £193s Prom sir (A QA e
f*ctes---- Regarding handwashing practice, would you say that you learned from the icddrb/dsk CHP

1. =97 =% f&g Many new things
2. <9+ f&® Some new things

3. v feeg 7 Nothing new

8. & ey w7 Not applicable
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1034i. TS (= O SR K Wi F 7 F@F @ewet--- Regarding the handwashing
technologies/hardware, do you find them

1. %38 %4 Very useful
2. f&gh! ¥4 Somewhat useful
2. Ewq @ Not useful

8. &y w1 Not applicable

1034j. SR 5 @ee AN Rem 319 o 211 Jefed FI0g A TS (@ [aws [FeHe’t (rid Qe 29?2 Do
you still need to look at the given instruction in the cue card placed by hand washing station?

1. 717 always

2.8 FITE some times

3. =2 I never

8. arEy 77 e F----- Not applicable specify-------

1035. S i Ahema AN FifFe Ssiia i TR TR FRCRG =gy 1@ tea?Did you share any of your
concerns related to drinking water treatment with the CHP?

v

1. =

2. 90 (10379 &Y B TW)

3. SN GO @IF Sieg <2 | did not have any concerns (1037 R &T% 5 [1+)
8. 4wy <7 Not applicable (1037 = &0 5 W)

9 wif"" Don’t know (1037 TR &% 571 Ti¥)

1036. SR gy FT & Ao @i =< Weafeer? Did the CHP help you find a solution?

1.
21, SRS Yes, partly

2. 31, AfeefeiaYes, complete solution

3. +iNo
1037. SRR & oA Reasad R @498 et wit?Do you have problem now with water treatment?

1. ¥ Yes
2. st No (skip to 1038)
3. 8. 2wy =¥ Not applicable (skip to 1038)
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1037a. W T 27 I et wew Temita SR & et Aif uaeaer 5517 arars w50=? If yes, has the
problem prevented you from practicing water treatment?

1. 21432 Alot
2. fo=6! Somewhat
3. «aFaEs 9 Not at all

1038. S & e (it FifFS Ao @I TR I FRGEWG gy FACE IERE? you share any of your

concerns related to handwashing with the CHP?
1.  Yes3y
2. No =¥ (skip to 1040)
3. Did not have any concerns (skip to 1040)
8. A3y <7 Not applicable(skip to 1040)
9. Don’t know ST (skip 1040)

1039. SR =gy st & Seimis @ Jw Aefeer? Did the CHP help you find a solution?

1.
21, SRS es, partly

2. 1, AffpfeaYes, complete solution

3. iNo

1040. SR & @498 JS (R R 1R 9901 §itz? Do you have problem now with handwawshing?
1.  Yes3yr

2. Now
8. &y 99 Not applicable

1040a. % T 27 SIZ0 e w2 Temioa S & Ao e (R 5517 s 9602 If yes, has the problem
prevented you from practicing handwashing?

1. =14aE Alot
2. fo=b! Somewhat
3.9t#aca2 < Not at all
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1041. S & SE IR (@ FARCAG FEg T MR TS =T ©IF 72 F061 IFETe? Would you say

that the CHP who visits you is very courteous, somewhat courteous, or not at all?

1. %71 938 very courteous

2. fBg6T somewhat courteous
3. qaIcag 1 Not at all

8. TIAT I Not applicable

1041a. S & T3 @ @ FACHD Trgy T AT IATGTS/ FOACTE AT 3T Would you say that the

CHP who visits you :

1. [ (IRF TATE @ 347 A2 Talked more about handwashing

2. IR wrr A g F919 71t @ = 3 Talked more about water chlorination

3. wifes =t wif fRom $97 @92 T© (4= T JT#iTca el 31 9 Talked equally about both handwashing and
water chlorination

4. YIBR (01K [1#itaE f&R 0T 12 none of these are mentioned
8. 2Ty Y B T, ... Not applicable specify..............

Section La: Perceived Water Quality

STATEMENTS Strong- | Sligh | Slight | Strong-
lydis- [tly |ly ly

agree |disa |agree agree
gree

Lal.  STPIE SERARFS A AT &5 YT =19 The water supplied by 1 2 4 5
WASA is very safe to drink

La2. | ST SEARF® Al 46! ST #W ACR The water supplied by
WASA has a good taste

La3. | (TR dob Tk &y *iteTt Beaewa= It oot Beaerze Tex fMcaren ©ims
Gw) AN BCISHETR AR A AT & IR (=197 [For those
who answered shallow tube well or deep tube well in question
106]The water supplied by my tube well is very safe to drink

79
318



80

La4.

(TR Sob T &y *iteTt BEaewe 71 oot Beqerwe Tex M sitne
) A BCRSHETR AR AN GFBT ©e W AR [For those
who answered shallow tube well or deep tube well in question 106]
The water supplied by my tube well has a good taste

La5.

BIH/RIS AT TGS MBI A1 S A 20T =g Qe
RE It is easy to get sick from drinking the supply water directly from
the tap/hand pump

La6.

B/ AT TaRARge A Faeife fieera o 4o The water
coming direct from the tap/hand pump is safe to give to young
children

La7.

Sisi/re WWWW@WW YT O The water

coming direct from the tap/hand pump is of high quality

La8

FEIRTT AR | | am likely to get cholera if | drink water directly from
the tap/hand pump

La9.

BRI AT | | am likely to get dysentery if | drink water directly
from the tap/hand pump

Lalo.

FERF AT | | am likely to get jaundice if | drink water directly from
the tap/hand pump

Lall.

Hifar 472 Tfay @, ST A HAF ARG FIA FER 0 AN GR
@Bt 46! fF7WewS @™ | | am very concerned that | or someone in

my family will get cholera, and it is a dangerous disease

Lal2.

i 432 Sfay @, SIIE SRQT SN SATRRIER I Sy 2o Al 9
BT G5! feWem® @M | am very concerned that | or someone in my
family will get dysentery, and it is a dangerous disease

Lal3.

oifSr 43R By (@, SN SR N ARRIET S ST 20e AT @I
OBt G5! fIoWemE @ | am very concerned that | or someone in my

family will get jaundice, and it is a dangerous disease
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If 506 is 5 then

Section Lb : Practice of alternative behavior : Boiling water

81

STATEMENTS Strong Slightl Slightl | Strong-
-ly dis- |y Y ly
agree | disagr agree agree

ee

Lbl. . wnifyy o +if b AR et @bt sifaes wifen sifewm <t 1 1 boil 1 2 4 5

my water because it makes it cleaner

Lb2. |, wif¥y wiier A Fioer (R Fae @Bt [P Ras o et 3
FINAACE IZ FA© Al boil my water because it kills bacteria
that can make us sick

Lb3. | =¥y wmsiwr ~Afy Ffoc fAE wiwe wifSy sieet caesg A siwr 3 1 1 boil
my water because | am already cooking/heating water
- Sify e+ g e 2 T @Bt SR ey 9t w=w | [ boil my

Lb4. | water because it is easy for me to do
. ifr e ANfy Fow AR et s aferz @ @6t 36 1 boil my

Lb5. | water because my neighbor does it
. ifr o A FHow 52 e Fadsf e of 3@ It 1 boil

Lb6. my water because the CHP told me to do
S S A oA T SifS o I @ @bt e @@rom Fw

Lb7. &y g8 3@« | I do not boil my water because 1 think it does
nothing to make the water safe
S SR S FHRA S TS AT GFR GG 46T = | [ do not

Lb8.  boil my water because it is a waste of time and fuel
S S A FOIRA e AN A FoieA T Bt/ 1wl

LbS. | &% 1 I do not boil my water because I do not have the money or
space to boil water
SIS S A FHRA TR @ (I B @0 Taeer @B oo pf¥e zw

Lb10. |71z | I do not boil my water because The water will be
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recontaminated if left sitting anyways

Iy SR S FOIRA PR SN~ o S o w1 1 do

Lb11. | not boil my water because My family does not like hot water

Section N: Ww (Socio economic status ))

601. STFERFT T & ACTS/FTITS T2 (Can the respondent read newspaper and/or write?)

1. #%ts @ feTate Qe a1 (Cannot read or write)
2. TS Gt ©F fo140e & 91 (Can read but cannot write)
3. #Iere @ fo12te ST (Can read and write)

602. FTFIFR SMRFIA D TSV S AT FRCR?

(What is the highest level of education of the respondent? years of education)

603. =E TRHre o FF FR? (GG € ALF W)
[How many rooms do you have in your house? (Excluding kitchen and bathroom) |

604. SR #f7ER IS8T @ TS IR TR SR Ml (&1 «@@a? (What is the ownership status of the
house where your household is currently living?)

1. e A% (Self owned)

2 .©1%! G (Rental)

3 7SI & (Government land)

4. =t fSre oot 1 e ACH(Living in someone’s house without giving rent)
WA CH O (DI A o ) I— (Other (specify) )

605. SFE A AEHER F @ PTOY W22 (Does your household own any homestead land?)

1. 2T (Yes)

2.9 (No)

8. FeTce A& =AM (Refused to say)
9. wif" A1 (Don’t know)

606. SR AT TR & PTeS =Sl &+ (&1 & Wtz?  (Does your household own any land other than

homestead land?)

1. 2T (Yes)
2.9 (No)
8. FeTre Fifer =AM (Refused to say)
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607 .= R <Te NGR @ &t stte? (2i=1, T=2 f74@) [ Does your household/family own any of the

9. il 97 (Don’t know)

followings? (WRITE l=yes and 2=No)]

|| (A) 2T (TXeTt FAReeT ¥) Bicycle
|___| (B) B9 Motor cycle
|____| (C) @@Ru/Fraw f& Baby taxi/CNG
(D) f==/eRT  Rickshaw/van

[
||
|___| (F) cofefems/fefife Working television/VCD

| | (G)FMP®BRE  Working computer

|| (H) TRi%S & (Working mobile Phone)

| | () =&®w@sa (Working refrigerator)

|| () ¥R (Bed/chouki)

| | (K) et @B (Sofa set)

| | (L) =eng aif¥F  (Working sewing machine)

|| (M)t [locally made holder for clothings]

|___ | (N)¥%1/ @ (Blanket)

(O) ST/ SARGR (F19/75eT) [Almira/wardrobe (wooden/steel)]

(P) @R (Electricity connection)

(E) =foe/@Em (roaia/FifS crsaiaWorking radio/Cassette Player/CD player

83

608. SR AR FRied S & Fe@w e ARRIED (6 T S 5 5ia? (N6 T oy &1 $a9 15

609. ST AT AT T TS F €A FeArar G2 F4T T2 (What kind of fuel do you use for cooking?)

83

S AT CF@ (O S @A- (o, ST ST, Ff g, el 717 =T 999 ferg)

Br!

(For the purpose of our research, would you please tell us your total monthly household income? (Please sum

up your income from all sources like wage, rent, agriculture etc.) taka)

S, I/ 1o FTEl (Wood/ charcoal)

@RS (Kerosene)

. Wﬁﬂ”ﬂm (Natural gas)

. fR (@3gfes &59) [ Electricity (Electric heater)]
g¥  (Husk/ Dust ofWood)

SEno) (Other____ )

NG A
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610.. SHFE AR o7 IRET HA AHET QLTS I @ ML 2R 303 ? (Fersest Fw a3 e F24) (>1
Teq QZOII) (What kind of toilet facility do the children less than three years old in your household use?) (ask and

observe) (>1 answers allowed)

1. 9037 foo@ =If" Mg “Iwa =t (Water sealed latrine in the home) (skip to 611)
2. 90 I3 e A (skip to 611)

(Water sealed latrine outside the home )
3. 9= fowea f45-536 (Pit latrine in the home) (skip to 611)
4, 39 [ifRed P5-53e (skip to 611)
(Pit latrine outside of the home )
5. P SeT@ witel F% #Iiw@/ #5 (Potties )
6. IS A (Hanging latrine) (skip to 611)
7. fafi2 @ 29 @2 (No fixed place) (skip to 611)
77. =y (e 3 forg) (Other__) (skip to 611)
8. &wrey 77 (I AT T AF) [Not applicable (if there is no such children at home)] (skip to
611)

10. 9tz% foewa 6 ANf fF@is@d = (Latrine Without Water seal in the home) (skip to 611)
11. 9G4 A3 f6g 1 (9=14F 70 (Latrine Without Water seal shared by multiple households ) (skip to
611)

610a. #1@f> =T <ifeT S =7? Where are potties emptied?

1. 9037 foom@ A frai«® A= (Water sealed latrine in the home)

2. 90 AN e o

(Water sealed latrine outside the home )

3. 9@7 foerm P5-57w6 (Pit latrine in the home)

4, 9733 Jifecd 5-53es A

(Pit latrine outside of the home )

5. I A (Hanging latrine)

6. fafWe @ 2= @2 (No fixed place)

7. 937 foerm &g 7 {eas® 99 (Latrine Without Water seal in the home)

8. W(FF J13F F® M7 Mm«F 99 (Latrine Without Water seal outside the home)

77. <=y (e e forg) (Other_)

611. SireaiE ST e fF G@eel “IAr UI2E @ [What kind of toilet facility do the adults in your household use? (ask
and Observe)]

84

1. 937 fe@ A fer4< “Iwi= (Water sealed latrine in the home)

2. qER BRI« T i(Water sealed latrine outside the home )
3. 934 otz FB5-530=5 (Pit latrine in the home)

4. stz9 Az P5-5905 (Pit latrine outside of the home)

5. 3@ AR (Hanging latrine)

6. W2 &9 B @2 (No fixed place )

7. =y (W T fergm)Other
10. 939 foswa 58 *Nf a4 79 (Latrine Without Water seal in the home)
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11. 939 18T € A 1< 99 (Latrine Without Water seal outside the home )

611a: Toilet facilty (Observation)

FRAs will not ask this question (to the respondents). They will just observe it and check the optionsazsiag
Temrele ¥3 o6 T3 T | SR (@9 @ T Q32 FereE e FE

e AR Improved sanitation facilities

T B0 ST AT (BT P11 =1 IO [Flush or pour flush toilet flushed to:]

01 AVLSTH 212 AL A I WA (Piped sewer system)

02 oI5 Bifee AT SMTR (Septic tank)

03 T1oA5% BT (72 5% T ¢ Il AN (GTeT 211 9ed PIesa Texy AR 3l T (Flush to
pit latrine (Off set)]

04 515 BRCETG (65 @R SHIBIF I WICR) [Pit latrine with slab & water seal]

05 515 BB (<05 SR € eTBR e (72 S GIFa! (M IIF! WCR) [Pit latrine with slab
& no water seal but with a lid]

06 Y FAIBCEE SATAMN Sg® BACEG [Ventilated Improved Pit Latrine (VIP)]

07 55 S0 7 =65} AR (€ (SRIGET™Itaa 98! @ SHBR A (72 [Pit Latrine with slab

but without ventilation and no water seal]
08 FACAIBR BACS (IR TR IR FAIF & ST AT T G T ™I (Frane g g
91t®) [Composting toilet, (Composting toilet ensure separation of urine, water and excreta)]

09 55 B35 A9 9f6 oS STz (Dual Pit Latrine)

FT® AR Unimproved sanitation facilities

10 30 GACTe WA 2N (BT M a1 GACTS AT (R A, (G, Tl Topifa e TR ew il
[Flush or pour flush toilet connected to somewhere else (canal, ditch, river, etc.)]

1 f215/5S “TAI! TR ~°GI (72, (43 ST=1T/fE ANSTT ST FACS AN @ o1 ZO) [Pit latrine
without slab / Open pit]

12 JefoaR AT (Bucket)

13 T8 AR (Hanging toilet)

TIE A Open defecation

85

14 (I AL (2 @TA-TCG/CATET S (No facility / bush / field )
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612. 9T “IfRAT 3 G2 AL FIRT F [F91?(Does more than one household share the same toilet?)

1.7 (Yes)
2.9 (q05 T &ty 5esT T)(No (Skips to q701)

613. @3 F1ST T AT AT (TSSO T1R)?

[How many households (including the respondent’s household) are there within this compound?__ ]

614. OB FCIT FOTE AT ACT?

(How many toilets are there within this compound? )

701. o ARG SR [----- |  (Observethe condition of the clothing carefully (without asking anything) and

record)

1. (I @Sl T @2 (No holes/tears)
2. SN @@/ F0T (A few holes/tears)
3. SIS SFA (2Ol FIoT (Many holes/tears)

702 3G ST (I IR o1 e qacez? (Féifae it =rer) [-----] (Are there child faeces visible in the

compound (other than in a designated pile)?

1. 2T (Yes)
2. 9I(No)

703. TG foota & 7/ea o1 (7l [evz? (I %8 81 2ol [Are there animal feces visible in the
compound (other than in a designated pile)?]

1. T (Yes)
2. ¥ (No)

704. =7 orareeTa fevsfier Ssieaet: [-----] (MAIN EXTERIOR Construction materials of the walls)

. W/ FIfs/ e/ @ (Mud/sticks/reeds/branches)
. w8 Ba/f(Corrugated iron/tin)

. ST (ofrerear 25 (Fired bricks)

. 5 (Wood)

. B1ers/ +f&5 (Cement/concrete)

. =T (OTHER (SPECIFY):)

A WN B

N

705. (G fsfier §os2er: [-----]( Construction material of the floor)

1. W5 /cor=&/ae (Earth/mud/dung/sand)
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2. e/ &5 (Cement/concrete)
3. 35 (Wood)
7. 95145 (Other (specify):)

706. %7 e o [----- l(Construction material of the roof)

. W6/ @@ (Mud, branches)

. 35 (Wood)

. @S (Corrugated iron/tin)

. P15/ F&B (Cement/concrete)
. w7y (A2 F) Other (specify):

NP WOWN e

707 SR AR SRS AT (@RI @FE? (AR 767 7147) (How does your household dispose of most of its
wastes? (ask and Observe) )

1. a2 e (THROW IN A SPECIFIED PLACE)
aFISCSY N4y §9 I ADesignated pile in the compound
b. e e (e weBfie/s$/smDesignated Garbage dump
c. 5= o7 fae IRCollection service
d. =197 others (specify)

2. 7A@/ (THROW IN DRAINS/ LAKES/ STREAMS)

3. @ @ «ifer sz (No specific place to dispose the wastes)

7. sy (A2 ) OTHER (SPECIFY)

708. % JIfER oL AIEF SREA @I AL #CT? (FIHF QTH OF fFery ARITw G TARER ToF fofe T
GEaITTAD Cﬂ“lﬁ'ffs_?ﬁm) [In which category the socioeconomic status of this household fit? (Interviewer will circle an
option based on his/her own observation and assessment)]

1. f&e&= (Very poor)

2. 97 751<€ (Somewhat poor)
3. wg5f@ (Neither poor nor rich)
4. %% 75198 (Somewhat rich)

5. @I (Very rich)

709. @3 3T @I w[Ee ¢ig W& A 97 S w=7gl : Type of area/neighborhood the household is
located :

a) YR =Tl General area

b) = g1t Camp area

c) =@ 3% wswt Hanging slum
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Section P: H2S and E. coli water test results

820.28 TBT AtF A e H, S *[%a Felwe S fee1? (What was the H,S test result of household stored water
after 24 hours?)

1. #Aif¥ vfEr® fest (Water was found to be contaminated)
2. *Iif ¥ fest =11 (water was uncontaminated)
8.arrey w (e w) (Not applicable)(specify):

821. 8y oI A ARFS 2NfFa H,S =IFrF17 Tewa I f2#1?2(What was the H2S test result of household stored water
after 48 hours?)

1.71f¥ & fee1 (Water was found to be contaminated)
®| 2.7 s feeT 7 (Water was uncontaminated)
® 8. grarey TE(RE ww)(Not applicable)(specify):

82228 BT 2tF T #Aifeid H,S =R w% Telreet S f&eT? (What was the H, S test result of source water after 24
hours?)

1. =i gf¥re feet (Water was found to be contaminated)
2. iify 7 fest 71 (water was uncontaminated)
8.awey w7 (e sw+)(Not applicable)(specify):

823. 8t TDI AT Afad H,S 217 werrwet S fzeT?(What was the H2S test result of source water after 48

hours?)

1.71f¥ ¥ fee1 (Water was found to be contaminated)
2.1« gfee fest a1 (Water was uncontaminated)
8. grrey wq(fRfme =) (Not applicable)(specify):
824, AR TS 3. FEZ E. Coli-aa(FTAN) T (2/aTey =37 Z0T ‘888’ frg)
(E.Coli count in the storeddrinking water ___/100ml) [Put ‘888’ if not applicable.

825. T 2(IfFTs 3. T3 E. Coli-aT(FTE) T (STAIST 7 (e 888/ fe1g)
(E.Coli count in the source water /100ml) [Put ‘888’ if not applicable.
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Appendix 3: Sample size calculations for the ICVB Project

Introduction of Cholera Vaccine in Bangladesh

International Centre for Diarrhoeal Disease Research, Bangladesh

Sample size calculations for the ICVB Project

We assumed that the number of migration-in cases will be equivalent to the number of migration-out cases, and

all migration-in cases are to be non-vaccines

Assumptions Values
Alpha 0.05
Beta 0.20
Cv 0.3
Study area population (6 wards) 247,391
Number of clusters per arm 30
Average cluster size 2,749
Vaccine protective efficacy 0.65
Initial vaccine coverage 0.65
Annual Migration 0.25
Incidence rate 0.0016
Surveillance period (years) 2
Cumulative incidence among control clusters 0.0032
OPE during 1st year surveillance 0316875
OPE during 2nd year surveillance 0.23765625
OPE at a mid- point of follow-up 0.277265625
Relative Risk 0.722734375
Cumulative incidence among vaccine clusters 0.00231275
Sample size requited for individually randomized trial 43,173
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Assumptions Values
ICC 0.0002889246
Inflation factor (IF) 1.79
Sample size requited for cluster randomized trial per arm 77,449
Sample size per cluster 2,582
Sample size per arm 77,460
Total sample size for 3 groups 232,380
Total samples required including infants and pregnant women (3%) 239,352

336




Appendix 4: Ethical Approval Letters
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NOWLEDGE FOR
GLDBﬂl LIFESAVING SOLUTIONS

WMemorandum

24 August 2008

To: Dr. Stephen P. Luby
Principal Investigators of research protocol # 2008-032
Health Systems and Infectious Diseases Division (HSID)

From: Professor AKM Nurul Anwar
Chairman
Ethical Review Committee (ERC)

Sub: Approval of research protocol # 2008-032

o

Thank you for your memo dated 17 August 2008 attaching the modified version of your
research protocol # 2008-032 entitled “End-user performances for and use of point-of-use
water treatment measures in Bangladesh” addressing the issues raised by the ERC in its July
meeting held on 30" July 2008 on your research protocol to the satisfaction of the Committee.
Accordingly, the Committee approved the research protocol. You will be required to observe
the following terms and conditions in implementing the research protocol:

I

As Principal Investigator, the ultimate responsibility for scientific, and ethical conduct
including the protection of the rights and welfare of study participants vest upon you.
You shall also be responsible for ensuring competence, integrity and ethical conduct of
other investigators and staff directly involved in this research protocol.

You shall conduct the study in accordance with the ERC-approved protocol and shall
fully comply with any subsequent determinations by the ERC.

You shall obtain prior approval from the Research Review Committee and the ERC for
any modification in the approved research protocol and/or approved consent form(s),
except in case of emergency to safeguard/eliminate apparent immediate hazards to study
participants. Such changes must immediately be reported to the ERC Chairman.

You shall recruit/enroll participants for this study strictly adhering to the criteria

mentioned in the research protocol.

You shall obtain legally effective informed consent (i.e. consent should be free from
coercion or undue influence) from the selected study participants or their legally
responsible representative, as approved in the protocol, using the approved consent form
prior to their enrollment in this study. Before obtaining consent, all prospective study
participants must be adequately informed about the purpose(s) of the study, its methods
and procedures, and also what would be done if they agree and also if they do not agree
to participate in the study. They must be informed that their participation in the study is

International Centre for Diarrhoeal Disease Research, Bangladesh
68, Shaheed Tajuddin Ahmed Sarani, Mohakhali, Dhaka 1212, Bangladesh
Mail : ICDDR,B, GPO Box 128, Dhaka 1000, Bangladesh

Fax : 880-2-8823116,8812530,9885657,8811686,8812529,8826050,8811568
2f’hone 880-2-8860523-32, Web : http://www.icddrb.org



voluntary and that they can withdraw their participation any time without any prejudice.
Signed consent forms should be preserved for a period of at least five years following
official termination of the study.

6. You shall promptly report the occurrence of any Adverse Event or Serious Adverse
Event or unanticipated problems of potential risk to study participants or others to the
ERC in writing within 24 hours of such occurrences.

7. Any significant new findings, developing during the course of this study that might
affect the risks and benefits and thus influence either participation in the study or
continuation of participation should be reported in writing to the participants and the
ERC.

8. Data and/or samples should be collected and interviews should be conducted, as
specified in the ERC-approved protocol, and confidentiality must be maintained.
Data/samples must be protected by reasonable security, safeguarding against risks such
as their loss or unauthorized access, destructions, used by others, and modification or
disclosure of data. Data/samples should not be disclosed, made available to or use for
purposes other than those specified in the protocol, and shall be preserved for a period,
as specified under Centre's policies/practices.

9. You shall promptly and fully comply with the decision of the ERC to suspend or
withdraw its approval for the research protocol.

10.  You shall report progress of research to the ERC for continuing review of the
implementation of the research protocol as stipulated in the ERC Guidelines. Relevant
excerpt of ERC Guidelines and ‘Annual/Completion Report for Research Protocol
involving Human Subjects’ are attached for your information and guidance.

[ wish you success in running the above-mentioned study.

Copy: - Acting Director, HSID
- Coordination Manager, RA
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WMomorandum

17 December 2008

To:  Dr. Stephen P. Luby
Principal Investigator of research protocol # 2008-032 )

Health Systems and Infectious Diseases Division (HSID)

p{"('
L] ./
From: Professor AKM Nurul Anwar Gk‘gﬁ

Chairman
Ethical Review Committee (ERC)

Sub: Approval of addendum proposal to research protocol # 2008-032

This has reference to your memo dated 18 November 2008 attaching the modified version of
your research protocol # 2008-032 titled “End-user Preferences for and Use of
Point-of-Use Water Treatment Measures in Bangladesh” addressing the issues
raised by the ERC in October meeting held on 29" October 2008 upto the satisfaction of the
committee. I have the pleasure to inform you that the addendum proposal to the above
research protocol is approved.

Other terms and conditions for implementation of your research protocol, as contained in my
memo dated 24 August 2008 according approval of the research protocol shall, however,
remain unchanged.

Thank you once again.

Copy: Acting Director, HSID

|
| International Centre for Diarrhoeal Disease Research, Bangladesh
| 68 Shaheed Tajuddin Ahamed Sharani, Mohakhali, Dhaka 1212, Bangladesh
Mail : ICDDR,B, GPO Box 128, Dhaka 1000, Bangladesh
g‘g 880-2-8823116,8812530,9885657,8811686,8812529,8826050,8811568
ne : 880-2-8860523-32, Web : http://www.icddrb.org



2 September 2009

To:

From:

Sub:

Dr. Stephen P. Luby
Principal Investigators of research protocol # 2008-032  .ame
Health Systems and Infectious Diseases Division (HSID)

Professor AKM Nurul Anwar

\¥
Chairman G@_\\)ﬁw g

Ethical Review Committee (ERC)

Research protocol # 2008-032

The ERC considered your addendum proposal to research protocol # 2008-032 titled “End-
user Preferences for and Use of Point-of-Use Water Treatment Measures in
Bangladesh” in its August meeting held on 26" August 2009. I have the pleasure to
accord approval of the addendum proposal of the above protocol.

Other terms and conditions for implementation of your research protocol, as
contained in our memo dated 24 August 2008 according approval of the research
protocol shall, however, remain unchanged.

Thank you once again.

Copy: Acting Director, HSID

International Centre for Diarrhoeal Disease Research, Bangladesh
68, Shaheed Tajuddin Ahmed Sarani, Mohakhali, Dhaka 1212, Bangladesh
Mail : ICDDR,B, GPO Box 128, Dhaka 1000, Bangladesh

Fax : 880-2-8823116, 8812530, 9885657, 8811686, 8812529, 8826050, 8811568
?E?ne : 880-2-8860523-32, Web : http://www.icddrb.org




Memorandum

24 November 2010

To: Dr Firdausi Qadri
Principal Investigator of research protocol # PR-10061
Laboratory Sciences Division (LSD)

From: Dr Abbas Bhuiya
Chairperson
Research Review Committee (RRC)

Sub: Approval of research protocol # PR-10061

Thank you for your memo dated 22 November 2010 attaching the modified version
of your research protocol # PR-10061 entitled "Introduction of Cholera Vaccine
in Bangladesh" addressing the issues raised by the committee in its meeting held
on 9 November 2010 to the satisfaction of the Committee. Accordingly, the
Committee approved the research protocol. You will be required to observe the
following terms and conditions in implementing the research protocol:

Terms of approval

1. The research protocol is approved as submitted for 60-month period from the
date of starting the activities of the protocol. You should, therefore, notify the
IRB Secretariat of the start date of the protocol.

2. This approval is only valid whilst you hold a position at ICDDR,B; and in the
event of your departure from the Centre, a new Principal Investigator will be
designated for the research protocol.

3. This approval shall remain valid for starting the protocol for a period up to 2
years from the date of the approval of the ERC, after two years, you shall have
to seek approval (revalidation) of the RRC/ERC before starting the protocol.
The RRC/ERC approval shall automatically deemed to be revoked after three
years if the protocol is not started.

4. You should notify the RRC and the ERC immediately of any serious or
unexpected adverse effects on participants or unforeseen events that might
affect continued acceptability of the protocol.

5. Any changes to the research protocol require the submission (in prescribed
form) and approval of an amendment/addendum. Substantial variations may
require a new protocol.

6. Continued approval of this protocol is dependent on your periodically updating
the Centre’'s database for the protocol to show the progress; and a final

1960-2010 Celebrating 50 Years of Service to Bangladesh and theWorld | |0 tional Centre for Diarrhoeal Disease Research, Bangladesh

68, Shaheed Tajuddin Ahmed Sarani, Mohakhali, Dhaka 1212, Bangladesh
Mail : ICDDR,B, GPO Box 128, Dhaka1000, Bangladesh

Fax: 880-2-8823116,8812530,9885657,8811686,8812529,8826050,8811568
Phone : 880-2-8860523-32, Web : http://www.icddrb.org

342




report/completion report should be submitted at the conclusion of the
protocol.

You shall submit a report for time extension of the protocol (in prescribed
form) if you are unable to complete the protocol activities within the time
mentioned in the protocol.

The RRC should be notified if the protocol is discontinued before the expected
date of completion. The report form is available at the IRB Secretariat and on
the Centre’s intranet.

You are responsible for systematic storage and retention of the original data
pertaining to the research protocol; and the ownership of data after certain
period shall be determined as per Centre’s rules and regulations.

I wish you all the success in conducting the research protocol.

Thank you.

ce:

Director, LSD
Coordination Manager, RA
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Memorandum
23 December 2010

To: Dr Firdausi Qadri
Principal Investigator of research protocol # PR-10061

Laboratory Sciences Division (LSD) (
From: Professor AKM Nurul Anwar @3‘" !\\/
Chairman G

Ethical Review Committee (ERC)

Sub: Approval of research protocol # PR-10061

Thank you for your memo dated 20 December 2010 attaching the modified
version of your research protocol # PR-10061 entitled “Introduction of Cholera
Vaccine in Bangladesh” Version No. 1, dated 20 December 2010, and
subsequent memo dated 20 December 2010 addressing the issues rasied by the
committee in its Novem ber meeting held on 1 December 2010 to the satisfaction
of the Committee. Accordingly, the Committee approved the research protocol.
You will be required to observe the following terms and conditions in
implementing the above clinical trial research protocol:

1. As Principal Investigator, the ultimate responsibility for scientific and ethical
conduct including the protection of the rights and welfare of study
participants vest upon you. You shall also be responsible for ensuring
competence, integrity and ethical conduct of other investigators and staff
directly involved in this research protocol.

2. You shall conduct the study in accordance with the ERC-approved protocol
and shall fully comply with any subsequent determinations by the ERC.

3.  You shall obtain prior approval from the Research Review Committee and
the ERC for any modification in the approved research protocol and/or
approved consent form(s), except in <case of emergency to
safeguard/eliminate apparent immediate hazards to study participants. Such
changes must immediately be reported to the ERC Chairman.

4.  You shall recruit/enroll participants for this study strictly adhering to the
criteria mentioned in the research protocol.

5.  You shall obtain legally effective informed consent (i.e. consent should be
free from coercion or undue influence) from the selected study participants
or their legally responsible representative, as approved in the protocaol,

usin% the approved consent form prior to their enrollment in this study.
1960-2010 Celebrating 50 Years of Service to Bangladesh and the World ) , )
International Centre for Diarrhoeal Disease Research, Bangladesh
68, Shaheed Tajuddin Ahmed Sarani, Mohakhali, Dhaka 1212, Bangladesh
Mail : ICDDR,B, GPO Box 128, Dhaka1000, Bangladesh
Fax: 880-2-8823116,8812530,9885657,8811686,8812529,8826050,8811568

34%hone : 880-2-8860523-32, Web : http://www.icddrb.org




10.

11.

Before obtaining consent, all prospective study participants must be
adequately informed about the purpose(s) of the study, its methods and
procedures, and also what would be done if they agree and also if they do
not agree to participate in the study. They must be informed that their
participation in the study is voluntary and that they can withdraw their
participation any time without any prejudice. Signed consent forms should
be preserved for a period of at least five years following official termination
of the study.

You shall promptly report the occurrence of any Adverse Event or Serious
Adverse Event or unanticipated problems of potential risk to study
participants or others to the ERC in writing within 24 hours of such
occurrences.

Any significant new findings, developing during the course of this study that
might affect the risks and benefits and thus influence either participation in
the study or continuation of participation should be reported in writing to the
participants and the ERC.

Data and/or samples should be collected and interviews should be
conducted, as specified in the ERC-approved protocol, and confidentiality
must be maintained. Data/samples must be protected by reasonable
security, safeguarding against risks such as their loss or unauthorized
access, destructions, used by others, and modification or disclosure of data.
Data/samples should not be disclosed, made available to or use for purposes
other than those specified in the protocol, and shall be preserved for a
period, as specified under Centre's policies/practices.

You shall promptly and fully comply with the decision of the ERC to suspend
or withdraw its approval for the research protocol.

The ERC will constitute a Data and Safety Monitoring Board (DSMB) to
oversee the implementation of the above study. You are advised to
nominate 2-3 names from relevant discipline for membership of the DSMB.

You shall report progress of research to the ERC for continuing review of the
implementation of the research protocol as stipulated in the ERC Guidelines.
Relevant excerpt of ERC Guidelines and ‘Annual/Completion Report for
Research Protocol involving Human Subjects’ are attached for your
information and guidance.

I wish you success in running the above-mentioned study.

Copy: Director, LSD

Coordination Manager, RA
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