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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. 

· 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 

 

  

Chapter 1 provides the outline and the overview of the thesis 

 

Chapter 2 discusses the rationale and objectives of this thesis.  

 

Chapter1
•Thesis overview

Chapter2
•Introduction

Chapter3
•Methods and data source

Chapter4

•Results: Explaining low rates of sustained use of Siphon water filter: Evidence from 
follow-up of a randomised controlled trial in Bangladesh 

Chapter5

•Results: Impact of adding hand-washing and water disinfection promotion to oral cholera 
vaccination on diarrhoea-associated hospitalisation

Chapter6

•Results: Inconsistency in Diarrhea Measurements when Assessing Intervention Impact in 
a Non-Blinded Cluster-Randomized Controlled Trial

Chapter7

•Results: An assessment of the impact of a large-scale hand washing interventions on 
reported respiratory illness

Chapter8

•Results: Risk Factors for Community-Based Reports of Gastrointestinal, Respiratory, and 
Dermal Symptoms: Findings From a Cohort Study in Australia

Chapter9
•Discussion and Conclusion
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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-
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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. 
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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 
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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 
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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 
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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). 

 

 

 

 

 

 

 

 

 

Figure 2: Modified F diagram showing disease diarrhoea pathogen transmission pathways 

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

O1. 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 (ShanCholTM) 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 ShanCholTM) in a high 

incidence urban area in reducing diarrhea due to Vibrio cholera 01 (68). I 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). McIntosh et al 

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 

(SDG) # 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 



 

26 
 

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, I 

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) 
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b) 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 

c) To examine the effects of an at-scale intervention to promote hand-washing with 

soap on reported respiratory illness.  

d) 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. 

e) 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, I 

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 I 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 log10 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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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  

c) control group that continued standard habits and practices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 2-8oC 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) 

Levels Contextual factors Psychosocial factors Technology factors 

Societal/Structural Policy and regulations, 

climate and geography 

Leadership/advocacy, 

cultural identity 

Manufacturing, 

financing, and 

distribution of the 

product; current and 

past national policies 

and promotion of 

products 

Community Access to markets, access 

to resources, built and 

physical environment 

Shared values, 

collective efficacy, 

social integration, 

stigma 

Location, access, 

availability, individual 

vs. collective 

ownership/access, and 

maintenance of the 

product 

Interpersonal/ 

Household 

Roles and responsibilities, 

household structure, 

division of labour, 

available space 

Injunctive norms, 

descriptive norms, 

aspirations, shame, 

nurture 

Sharing of access to 

product, 

modelling/demonstrati

on of use of product 

Individual Wealth, age, education, 

gender, 

livelihoods/employment 

Self-efficacy, 

knowledge, disgust, 

perceived threat 

Perceived cost, value, 

convenience, and other 

strengths and 

weaknesses of the 

product 

Habitual Favourable environment 

for habit formation, 

opportunity for and 

barriers to repetition of 

behaviour 

Existing water and 

sanitation habits, 

outcome expectations 

Ease/Effectiveness of 

routine use of product 

 

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 
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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. 

 

 

Figure 11: Hand-washing station (includes bucket with tap, bowl, and soapy water bottle) 

 

 

Bucket with tap 

Soapy water 
bottle 

Bowl for collecting rinse 
water after hand-washing 
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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 ¾ 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 
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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. 

 

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) 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.  

 

b) 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 H2S 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  

c) control group that continued standard habits and practices 

 

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

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

hypothesis  at the one-sided a level of significance with power 1 – b, where  

and  were estimated by  and , respectively, where these estimates were computed 

over all individuals in each group. Let Za, Zb denoted the critical values of the standard 

normal distribution corresponding to the error rates a and b, respectively. Then the 

required number of subjects per intervention group was given approximately by 

, where r is the intracluster 

correlation (ICC).  
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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

Introduction

Low-cost point-of-use (POU) drinking water treatment

technologies such as filters or chlorine can substantially

reduce reported diarrhoeal disease in low-income coun-

tries – when they are used [1–4]. However, even with
continued promotional activities, many users do not sus-

tain use [5–7]. In fact, the usage of these technologies has
been so low that the effect of POU water treatment on

improving global public health is now being questioned

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

contributing to and reducing sustained use of POU prod-

ucts [10–14]. Attributes of technology such as ease of
use, cost compared to boiling water, effectiveness in

reducing diarrhoea and persuasive communication mes-

sages were related to increase in regularly using solar dis-

infection of drinking water (SODIS) [10, 11, 14];

durability and ease of use were positively related to

© 2014 John Wiley & Sons Ltd 1
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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

2 © 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 log10 4.4–5.5 of Escherichia coli bacteria. The
filter has a flow rate of approximately 3–5 l/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

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 H2S test [29,

30]. The H2S 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 H2S 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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participants reported during the in-depth interviews. In

the ranking exercise, the participants identified and prior-

itised the reasons for both using and not using the filter

regularly.

Data analysis

Quantitative data analysis. Data were analysed using

STATA statistical software (version 10). Respondents

Main trial (end-line survey)

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

191 Households received siphon water filter 

along with educational messages

Assessment of willingness to pay by Becker-

DeGroot-Marschak (BDM) procedure

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

Won in the BDM procedure and 

received the filters during end-

line survey

Did not win in the BDM procedure but wanted to 

buy the filter. They were given a chance to buy 

the filter 2 weeks after the end-line survey

Figure 1 Flow diagram of study activities.
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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

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 (CIs) 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% (n = 1059) reported a

Tube

Ceramic can-
dle within 
clear housing

Bulb

Tap

Figure 2 The CrystalPur siphon filter.

Ceramic element

Cloth pre-filter

70 cm

Tap

Rubber bulb

Rubber tube

Upper container
with raw water

Lower container
with filtered water

Figure 3 The CrystalPur siphon filter set-up (source: Tanzani-
aqua, 2008).

© 2014 John Wiley & Sons Ltd 5

Tropical Medicine and International Health volume 00 no 00

N. Najnin et al. Sustained use of siphon filters



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 H2S 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% vs.

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

Table 1 Descriptive results for individual questionnaire items on attitude by filter user groups during the 3-month follow-up survey,
Dhaka, Bangladesh*

Multi-item measurement of attitude
towards using the filter

Score
direction

Regular users Irregular users P-value of
difference
in meansMean SD† n Mean SD† n

Using the water filter makes me feel

‘I am a person who takes good care of her children’

Positive 4.98 0.14 50 4.66 0.81 96 0.01

Using the water filter makes me feel ‘I am a modern

person who does not drink untreated water’

Positive 4.96 0.20 50 4.55 0.87 96 <0.01

Using the water filter makes me feel ‘I am treating

water like a rich person’

Positive 4.10 1.47 50 3.78 1.51 96 0.22

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’

Positive 4.40 1.11 50 4.27 1.07 96 0.49

Using the water filter makes me feel ‘I am
improving my health’

Positive 4.94 0.24 50 4.57 0.79 96 <0.01

Using the filter to treat water is an effective way

of preventing diarrhoea

Positive 4.96 0.20 50 4.71 0.86 96 0.04

I am proud that I own a water filter that I use

to treat my drinking water

Positive 4.78 0.46 50 4.48 0.73 96 0.01

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

the water taste bad

Negative 4.80 0.81 50 4.79 0.75 96 0.95

Using the filter to clean drinking water makes
the water smell bad

Negative 4.78 0.82 50 4.73 0.84 96 0.72

*Higher numbers indicate more positive attitudes towards using the filters.
†SD (Standard Deviation).
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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

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

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

Socio-demographic

characteristics

Purchased or received the filters

N = 191 (%)
Did not receive or purchase the filters

N = 1308 (%)
P-value of difference
in means/proportions

Age (mean, SD) 28 (7.5) 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)†
<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$) 1.5 1.0 <0.001
Has a positive WTP 100 66 <0.001
Envelope price (Mean US$)

(among those with positive WTP)

0.4 0.7 0.001

Self-report boil drinking water

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

37 32 <0.001

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

Follow-up time

point

Regular usage

rate

H2S test negative (no detectable
contamination) P-value of difference

in water quality

among regular

and irregular users

P-value of difference
in water quality

among regular and

non-users

Regular

user

Irregular

users

Self-reported

non-user*

3-month follow-up

(N = 179)
28% (50/179) 26% (13/50) 22% (21/96) 18% (6/33) 0.59 0.40

6-month follow-up

(N = 178)
21% (38/178) 50% (19/38) 16% (8/51) 26% (23/89) 0.001 0.01

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

2.7; 95% 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 (n = 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%

CI: 1.1, 5.2; at 6-month follow-up: OR: 2.0; 95% CI:

1.0, 4.7; Table 4).

Table 4 Factors associated with regular vs. irregular usage 3 and 6 months after receiving the filter*

Predictors

3-month follow-up 6-month follow-up

Univariate logistic
regression

OR (95% CI)

Multiple logistic
regression

OR (95% CI)

Univariate logistic
regression

OR (95% CI)

Multiple logistic
regression

OR (95% CI)

Willingness to pay >US$ 1 2.7 (1.4, 5.3) 2.6 (1.2, 5.8) 2.9 (1.4, 6.3) 2.2 (1.0, 5.3)

Attitude towards using the filter

(at 3-month follow-up)†
3.2 (1.6, 6.5) 4.3 (1.9, 9.8) 1.9 (1.0, 3.8) 2.1 (1.0, 4.7)

Boil drinking water

(self-report at baseline)

2.4 (1.2, 4.9) 2.4 (1.1, 5.2) 2.3 (1.1, 4.9) 2.0 (1.0, 4.7)

Ethnicity (Bihari) 0.5 (0.2, 0.8) 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.
†Considering 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.
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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).

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

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)

Reported barriers

3-month follow-

up n = 129 (%)
6-month follow-

up n = 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

to have safe water

14 (11) 17 (12)

Do not have a place/

container to set the filter

13 (10) 15 (11)

Did not feel it is

necessary to use

9 (7) 17 (12)

Filter was clogged 6 (5) 4 (3)
Did not like the taste/small

of filter-treated water

5 (4) 2 (1)

Did not know/forgot the
instructions to use

5 (4) 2 (1)

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.
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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

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

10 © 2014 John Wiley & Sons Ltd
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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 H2S 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

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 1

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

Predictors

3-month follow-up 6-month follow-up

Univariate logistic

regression

OR (95% CI)

Multiple logistic

regression

OR (95% CI)

Univariate logistic

regression

OR (95% CI)

Multiple logistic

regression

OR (95% CI)

Willingness to pay (taka)† 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
the filter (at 3-month follow-up)‡

3.2 (1.6, 6.5) 4.3 (1.9, 9.8) 1.9 (1.0, 3.8) 2.1 (1.0, 4.7)

Boil drinking water

(self-report at baseline)

2.4 (1.2, 4.9) 2.8 (1.3, 6.2) 2.3 (1.1, 4.9) 2.1 (0.9, 4.8)

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.
†1 USD = 68.4 Bangladesh taka (year 2009 money conversion rate).
‡Considering 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).
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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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5.2 Declaration for thesis chapter 5 
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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

VC The Author 2017. Published by Oxford University Press on behalf of the International Epidemiological Association 2056
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chlorine in stored drinking water. Hospitalization rates were similar across the study

areas [events/1000 person-years, 95% confidence interval (CI), 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

Introduction

Diarrhoeal diseases continue to be a major cause of mor-

bidity and mortality in low-income countries, including

Bangladesh.1–4 In Bangladesh, parents of approximately

36% of the children< 5 years of age, who suffer from diar-

rhoea, seek care from a hospital or health care centre.5

Water, sanitation and hygiene interventions can effect-

ively interrupt transmission of gastrointestinal pathogens to

reduce diarrhoea.6 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.7 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

diarrhoea-associated hospitalization when the burden of

cholera was high.8–12 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.13,14 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.15

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.16

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.13,14 However, whether

these approaches are effective when implemented on a

larger scale is unclear.17,18 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.19 It is also unclear

Key Messages

• 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

intervention areas during the period of the analysis.

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

been because of the low uptake.

• 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.
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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.9 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).9

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’);

(ii) 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 vaccine ShancholTM

(ShanthaBiotechnics) as safe and effective against chol-

era,20,21 and it was approved for research purposes in this

study. Details of vaccine transportation, storage and ad-

ministration have been reported.9 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.22,23 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.

Figure 1. Study timeline.
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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 l of water in a plastic bot-

tle with a hole punched in the cap.24 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.22,23 The water treatment hardware

consisted of a chlorine dispenser containing liquid sodium

hypochlorite (Figure 2b).25 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.

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 h26) 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.9

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

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)].
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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.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.

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 (n¼ 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%,9 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) households 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 starteda,b

Demographics Vaccine-only

area (n¼ 109700) %

Vaccine-plus-behaviour-change

area (n¼107134) %

Control area

(n¼ 97914) %

Age (mean, SD) 23.3 (15.6) 23.4 (15.5) 23.4 (15.7)

�5years 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<5years) 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

range)

12 (57) 12 (57) 12 (56)

Characteristics of households Vaccine

area (n¼ 27341) %

Vaccine-plus-behaviour-change

area (n¼ 26794) %

Control

area (n¼ 24393) %

Source of drinking water (WASA supply water)c 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

centimeters (median, interquartile range)

457 (457) 457 (457) 457 (457)

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$)d 25.8 (12.9) 25.8 (12.9) 25.8 (12.2)

Monthly household expenditure (median, interquartile range)

(US$)

103.0 (51.3) 105.6 (52.2) 104.3 (49.6)

Monthly average savings (median, interquartile range) (US$) 0 (3.8) 0 (2.6) 0 (3.1)

WASA, Water and Sewerage Authority; BDT, Bangladeshi Taka.
aUnique person identification (ID); some categories do not sum to 100% because of rounding.
bPre-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.
cOther sources of drinking water include well, bottled water, water vendor and pond/canal/river.
d1 USD¼ 77.7 BDT (average exchange rate during 2012).
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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:

P¼ 0.67) (Table 3). No interaction was present between

areas and age (data not shown). During the period, 47%

(n¼2270) 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% CIs 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)].

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% CIs 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%

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

237,216 people were in the study area on 
outcome-monitoring start date 

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

80,634 people were in Vaccine-plus-behaviour-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 
outcome-monitoring ended 

38,204 people migrated out before 
outcome-monitoring ended 

32,989 people migrated out before 
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 

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

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 

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

5,172 people changed intervention 
areas 

5,049 people changed intervention 
areas 

7,730 people changed intervention 
areas 

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)a

Study areas Number of

people

Number of

person-years (1000)

Number of

hospitalizations

Hospitalizations/1000

person-years (95% CI)

Hazard ratio

(95% CI)

P-value*

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

aPrimary analysis

*P-value for comparison with control.
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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.8

In the current study, in an earlier analysis vaccination

reduced the incidence of diarrhoea attributable to V. chol-

erae,9 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.9 In countries like Bangladesh where cholera is

endemic, the magnitude of cholera incidence can vary from

year to year.27 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.22 Chlorinating water and

hand-washing promotion have been effective in reducing

self-reported diarrhoeal diseases in small-scale efficacy

studies.13,14 However, we observed no statistically signifi-

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 smallT
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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.17,18

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,15,28 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.17,29 For example, a study conducted in urban Dhaka

in 2009, promoting chlorine-based products detected re-

sidual chlorine in only �8% of households.29 The taste

and smell of chlorine-treated water is a commonly reported

barrier.30 Moreover, a large number of the study partici-

pants migrated out of the study area before completion of

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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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.
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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 

people 

No. of 

person 

years 

(1000) 

No. of 

hospitalization 

Hospitalizations/ 

1000 person-

years (95% CI) 

Hazard ratio 

(95% CI) 

P-

value** 

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-

behaviour-

change  

147,222 167.1 1596 9.6 (8.3, 11.1) 0.98 (0.79, 1.22) 0.88 

*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/ 

1000 person-years  

(95% CI) 

Hazard ratio 

(95% CI) 

P-value** 

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 

people 

No. of 

person 

years 

(1000) 

No. of 

hospitalization 

Hospitalizations/ 

1000 person-

years  

(95% CI) 

Hazard ratio 

(95% CI) 

P-value 

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-

behaviour-

change  

89,124 111.5 930 8.3 (7.1, 9.8) 0.96 (0.78, 1.20) 0.71 

*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
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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 andwith observed diarrhea-associated hospitalization for children aged £ 5 years
from anon-blinded cluster-randomized trial conductedover 2 years in urbanDhaka.Wehave 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,
vaccineplusbehavior change (cholera vaccine andhandwashingplusdrinkingwater chlorinationpromotion), andcontrol.
We calculated reporteddiarrheaprevalencewithin the last 2 days usingdata collected from twodifferent surveymethods.
The “census”datawere collected fromeachhousehold every 6months 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 comparediarrheaprevalence across intervention andcontrol groupsseparately for bothcensus andmonthly
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
of life lost globally.1 It is still amajor causeofchildmortality and
morbidity in low-income countries.2–5 Most of the pathogens
that cause diarrhea are transmitted via the fecal–oral route.6,7

Interventions that improve the quality of drinking water, sani-
tation, and hygiene (WASH) behavior can potentially interrupt
transmission and reduce diarrhea.8–11 One of the commonly
used indicators to assess effectiveness of these environ-
mental interventions is reported diarrhea.10–12 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.12 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.13Measuring diarrheaobjectively such as byobserving
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.14 However, these ap-
proaches require larger study sizes to capture these less
common outcomes and are more complex and costly, and so

are deployed less commonly.15–19 Concerns raised regarding
reliability of reported diarrhea include courtesy bias,20,21 im-
perfect and biased recall,22–27 and surveillance fatigue.28–30 In
addition, there is concern about the reliability of measuring
subjective health outcomes in non-blinded trials due to ob-
server bias.31 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.32 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.33 To overcome
this, it is now recommended that in studies where blinding is
not possible, thereshouldbe at least oneobjectively assessed
outcome even if the primary outcome is subjective.14 Alter-
natively, validation studies for estimating the degree of bias
should be incorporated to improve data interpretation.34

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.35,36 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.36

* 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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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 reporteddiarrheaamongchildrenaged£5years.Wealso
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

Trialdesign, studysetting, andparticipants.Weanalyzed
data from a cluster-randomized control trial conducted in
densely populated (∼17,000 people living/km2) low-income
communities of theMirpur 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.35,36 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 communicationmessages.
Hand-washing hardware consisted of a 30-L water tank with a
tap, abowlwhere rinsewater couldaccumulate, andsoap/soapy
water.37 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.38

Dushtha Shasthya Kendra (DSK), a nongovernmental organiza-
tion with considerable experience working on WASH issues in
Mirpur, delivered the behavioral interventions.
Blindingwasnot possible in this studybecauseof 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 teamof approximately30 data collectors collected
census data every 6 months from each house in the study
area. Theprimary aimof censuswas to collect informationon
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 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
randomselectionwascarriedout at the household level and
not at the cluster level. Eachmonth a team 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.

Themain goal ofmonthly surveyswasmonitoringof 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 usingHachcolorimeter (HACHLANGEGmbH,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 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 someof the compounds several timesduring
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
researcherswere also involved in designingand 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.35,36

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. Thegroupdiscussions 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

studyperiod fromOctober 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 been included in
the analysis. We calculated and compared reported diarrhea
prevalence for children aged £ 5 years across intervention and
control groups separately for both census andmonthly 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
calculatedifferences in prevalencewith robuststandard 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.36 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

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 from22monthly surveysand four census surveyswere
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
wasslightly lower in thevaccine-only group (Table1). The age-
stratified distribution of study participants was similar across
thegroups in bothcensus andmonthly surveys (Supplemental
Tables 2 and 3).
Reported diarrhea prevalence. The control group had the
highest diarrhea prevalence in both census and monthly sur-
veysduring the study period.Diarrheaprevalencewas 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
periodwasmostly higher in themonthly survey than census in
the vaccine-only and control groups, but not in the vaccine-
plus-behavior-changegroup (Figure 1). However, the 95%CIs
of the census andmonthly 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.36 Briefly, we observed no impact of interventions on
the diarrhea-associated hospitalization rate (hospitalization
rate ingroups: vaccineonly: 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 collectorsmentioned that the trainers first
discussed the research objectives with them and then dis-
cussedeachof the items from thequestionnaires 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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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 andmonthly survey data
collectors received extensive trainingabout 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-
veywould change for each of thedata collectors. According to
the field supervisor, this was practiced to avoid repeated
mistakes (if therewere any)madeby the samedata 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 convenienceof some of themonthly 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.”

TABLE 1
Characteristics of individuals and households across the intervention groups during the study period (October 2011–July 2013)*

Characteristics of individuals
Vaccine-only group
(n = 142,879) (%)

Vaccine-plus-behavior-change group
(n = 140,202) (%)

Control group
(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 4.9 5.2
Gender (male) 48.3 48.7 48.6
Educational status
No formal education (includes children
aged < 5 years)

44.3 40.7 42.9

Below primary 17.0 17.0 17.0
Primary and some secondary 30.6 32.4 30.9
Above secondary 8.1 9.9 9.3
No. of people in a family (median,
interquartile range)

5 (4–6) 5 (3–6) 5 (4–6)

No. of months living in this house (median,
interquartile range)

5 (2–36) 6 (2–36) 6 (3–36)

Characteristics of households
Vaccine group
(n = 42,217) (%)

Vaccine-plus-behavior-change
group (n = 42,215) (%)

Control group
(n = 39,738) (%)

Source of drinking water (municipal piped
water supply)†

99.9 99.8 99.9

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 4.3 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 flush‡ 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 7.1

Wall
Corrugated iron 28.6 21.9 24.8
Brick/concrete 69.2 76.6 72.5
Bamboo/wood/other 2.3 1.4 2.6

No. of rooms in the house, mean (SD) 1.1 (0.4) 1.1 (0.4) 1.1 (0.4)
* Unique person/household identification number; some categories do not sum to 100% because of rounding.
† Other sources of drinking water include well, bottled water, water vendor, and pond/canal/river.
‡ 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.
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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 3 loose stools within 24 hours would be considered
as diarrhea.

According to both census and monthly survey data col-
lectors, the studyparticipantswere 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

FIGURE 1. Comparison of reported diarrhea prevalence between census and monthly surveys (along with 95% CI) for children aged £ 5 years
across intervention and control groups during the study period. This figure appears in color at www.ajtmh.org.

TABLE 2
Reported diarrhea prevalence within last 2 days of interview among children aged £ 5 years across intervention and control groups from census
and monthly survey data (October 2011–July 2013)

Groups
Diarrhea prevalence from
census, % (n/N) (95% CI)

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

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

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

All study groups
combined

2.43 (6,081/250,514)
(2.19, 2.69)

– 2.87 (171/5,949)
(2.26, 3.65)

–

Vaccine-only group 2.32 (1,981/85,484)
(1.91, 2.81)

Prevalence 0.2% lower in
vaccine-only group than
control; −0.0080,
0.0039; 0.49

3.39 (53/1,564)
(2.06, 5.53)

Prevalence is 0.4% lower in
vaccine-only group than
control; −0.0244, 0.0162; 0.69

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
to control; −0.0068,
0.0051; 0.78

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

Control group 2.53 (2,072/81,955)
(2.12, 3.01)

– 3.80 (59/1,553)
(2.67, 5.37)

–

* Results are adjusted for cluster-randomized design.
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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
them todirectly talk to theDSKpersonnel, 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 onobjectively assessed
diarrhea-associated hospitalization. This may suggest that the
reporteddiarrhea prevalencedatacollected through thecensus
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.39

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. Hróbjartsson and others31 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 thepresence 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 assessorsmayhave been predisposed to expect
lower diarrhea prevalence in the intervention group, and
consciously or unconsciously may not have recorded in-
formation on diarrhea.40 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-
veydata collectors didnot reveal any informationonperceived
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 householdsmore thanoncewithin
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 combinedwith 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,41,42 Hawthorne effect,43,44 or courtesy bias.20

In census and monthly surveys, a similar recall period and
diarrhea casedefinitionwere 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 3 loose stools within
24 hours, which is similar to what has been suggested by the
WHO45 and has been adopted in many other studies.46–49 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.33 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
studyfindingshighlight the importance ofmeasuring 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 
N=142,879 

% 

Vaccine plus behavior change 
N=140,202 

% 

Control 
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 
N=13,914 

% 

Vaccine plus behavior change 
N=27,059 

% 

Control 
N=14,236 

% 
 ≤1 year 3.5 3.7 3.3 
>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 
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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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Abstract. Weassessed the impact of handwashingpromotion on reported respiratory illness 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 drinkingwater chlorination); and control. Data on respiratory illness (fever plus either cough
or nasal congestion or breathing difficulty within previous 2 days) and intervention uptake (presence of soap andwater at
handwashing station) were collected throughmonthly surveys conducted among adifferent 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-changegrouphadmore handwashing stationswithsoap andwaterpresent thancontrols (45%versus 25%;P<
0.001). Reported respiratory illness prevalencewas similar across groups (vaccine-plus-behavior-change versus control:
2.8% versus 2.9%; 95% confidence interval [CI]: −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). Irrespectiveof intervention assignment, respiratory illnesswas lower among
people who hadsoap andwater present in the handwashing station than among thosewhodid not (risk ratioadjusted: 0.82;
95% CI: 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 andwater 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.1,2 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.3,4 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.5,6 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
findingsmay be subjected to reporting bias. Few studies have
objectively measured the impact of handwashing on respi-
ratory illness.7,8 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.8 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 handswith

soap after contact with excreta.9 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.10 Most previous efficacy studies reporting
the impact of intense implementation of hygiene behavior
change on respiratory illness havebeen small, involving up to
6,000 people.5,6 Upscaling known effective interventions is
essential for improving global health11; however, the impact
of implementing hygiene promotion programs on respiratory
illness on a large scale is still unclear.12,13

Accurately assessing handwashing behaviors is problem-
atic. Self-reported handwashing consistently overestimates
observed behavior.10,14,15 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.16,17 Assessment of handwashing behavior through
a low-cost proxymeasuresuch aspresenceof soap andwater
in a designated handwashing station is a practical alternative
and has been associatedwith lower rates of respiratory illness
in some settings, but not in others.18–21

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 diarrheaattributable
to V. cholerae in this community.22 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

*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
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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 respiratory illness.We
also examined whether the presence of soap and water at
primary handwashing stations was associated with a re-
duction in respiratory illness, 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
beenpublished elsewhere.22 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 interventionsboth 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.23,24 Details
about the interventions and how these were delivered in the
study community have been reported elsewhere.25 In short,
handwashing intervention hardware included a bucket with a
tap, soapywater bottle,26 anda bowl to collect rinse water after
washing hands (Figure 1).25 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 tomake the soapywater. 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.25

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,
and toilets; therefore, wemostlyprovided thehandwashingand
water treatment intervention hardware at the compound level,
although the behavior-change-communication messages
were delivered both at compoundand 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
householdmembers towash 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.Thecholera vaccine thatwasused in the studywas
ShanChol™ (Shantha Biotechnics-Sanofi, India), which is a
killed whole cell, oral vaccine approved by the WHO as safe
and effective against cholera.27,28 Details of vaccine trans-
portation, storage, and administration to the study population
have been previously reported.22

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.22,25

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.22

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 prevalenceof reported respiratory illness. Duringeach

Bucket with tap

Soapy water bottle

Bowl for collecting rinse water 
after handwashing

FIGURE 1. Handwashing station (includes bucket with tap, bowl, and soapy water bottle). This figure appears in color at www.ajtmh.org.
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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
inboth the vaccine-onlyandcontrol groups. They visitedeach of
these households to collect information on respiratory illness,
diarrhea, jaundice, and injurieswithin 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
reportedhaving fever plus either cough or nasal congestion or
fever plus breathing difficulty.12 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.22

Study timeline. Fordata analysis, wedefined thebehavioral
intervention start date as September 24, 2011 (midpoint be-
tween the start and enddates 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 (CI) comparing groups, with robust
standard errors to account for clustering.29 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.

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
illness 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
studyparticipants, type of fuel used for cooking, andgender of
respondents. We constructed a wealth index using principal
component analysis.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.31 We used the first factor from the principal component
analysis, as this has been reported to best capture economic
status.32 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 enrollment 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).25 For the monthly
assessments, data collectors visited 7,842 households con-
sisting of 52,237 people during the interventionperiod. 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,

FIGURE 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 enddates of the handwashing intervention rollout.Data collection on respiratory illness andhandwashing interventionuptake
started from September 2011. **We ceased follow-up of the respiratory illness assessment at this time point.
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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.25

Intervention uptake. Uptake of behavior-change interven-
tions was modest as previously reported.25 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)at45%(1,729/3,886)ofprimaryhandwashing
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 illness prevalencewas similar across
the groups (vaccine-plus-behavior change versus control:
2.8% [708/25,566] versus 2.9% [388/13,523], 95%CI:−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% CI: 0.82, 1.35). The results
remainedunchangedafter adjusting these for ageandwealthof
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).

Children £ 5 years of age had the highest respiratory illness
prevalence compared with children of other age groups. Even
though reported respiratory illness 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%CI: −0.03, 0.02;
P = 0.4 and vaccine-only group versus control group: 7.1%
versus 7.4%; 95%CI: −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 hadeither soap or soapywater withwaterpresent
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; RRunadjusted = 0.80, 95% CI: 0.67, 0.95). The
prevalence of having respiratory illness was approximately
18% lessamong peoplewhohadsoap/soapywater andwater
present in handwashing station after adjusting for possible
confounders (age and wealth of study participant, type of fuel
used for cooking,genderof respondent, and cluster-randomized
design of the trial): (RRadjusted: 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 foundno impact of the handwashing intervention onoverall
or age-specific reported respiratory illnesses. However, people

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

237,216 people were in the study area on 
outcome-monitoring start date 

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 
outcome-monitoring ended 

38,204 people migrated out before 
outcome-monitoring ended 

32,989 people migrated out before 
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 

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

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

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

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

5,172 people changed intervention 
areas 

5,049 people changed intervention 
areas 

7,730 people changed intervention 
areas 

FIGURE 3. Participant flow during study period.
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who had soap/soapy water plus water present at their hand-
washing station, irrespective of intervention allocation, had
lower prevalence of respiratory illness.
There are twopotential explanations for the lackof 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 handswith soapdoes not
reduce the burden of respiratory ilness in these communities.
However, evidence fromasystematic reviewand from ameta-
analysis of small-scale efficacy studies suggests thatwashing
hands with soap can effectively reduce respiratory illness in
similar contexts.5,6 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 illness 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, thepresenceof soap/soapywaterpluswater 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,33,34

the handwashing intervention uptake was not much higher
in our study compared with those of other large-scale
interventions.12,13For comparison, aproject,Sanitation,Hygiene
Education, and Water Supply in Bangladesh (SHEWA-B), aimed
to improve hygiene, sanitation, andwater supply for 20million
people in rural Bangladesh.12 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%).35 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%.13

Neither SHEWA-B nor the Peru national handwashing pro-
gram resulted in ameasurable reduction in childhood diarrhea
or respiratory illness.12,13 However, both SHEWA-B and
the Peru national handwashing program were externally fun-
ded programmatic interventions targeting millions of people

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) 25 (15.9) 24 (16.0)
£ 5 11 11 11
> 5 to 15 21 20 22
> 15 to 50 62 63 61
> 50 6 6 6

Characteristics of households Vaccine-only group (n = 1,965) % Vaccine-plus-behavior-change group (n = 3,886) % Control group (n = 1,991) %

Gender of the respondent (female) 82 84 85
Educational status of respondent
No formal education 37 34 38
Below primary 16 17 16
Primary and some secondary 45 47 45
Above secondary 1 2 1
Source of drinking water (WASA supply
water)†

80 82 85

Toilet shared among families 91 90 90
House construction material
Roof
Corrugated iron 85 83 83
Brick/concrete 14 17 17
Bamboo/wood/other 1 0.2 0.2

Floor
Brick/concrete 92 94 94
Bamboo/wood/mud/sand/other 8 6 6

Wall
Brick/concrete 71 77 71
Bamboo/wood/corrugated iron/
other

29 23 29

Type of fuel used for cooking
Natural gas 72 84 77
Wood/husk/charcoal/kerosene 22 12 17
Other (electric heater) 6 4 5
Monthly income (median, interquartile
range) (US$‡)

141 (97) 155 (90) 141 (90)

* Some categories do not sum to 100% because of rounding.
† Other sources of drinking water include well, tube well, bottled water, water vendor, and pond/canal/river.
‡ 1 USD = 77.6568 Bangladesh taka (average exchange rate during 2012).
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comparedwithour trial focused inone neighborhood of a large
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.25

Uptakeof the interventionwasmarginally (∼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.25 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

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.10,36 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.18,19 This protective effect of the
presence of soap/soapy water and water in handwashing
stations on respiratory illness that we observed in this study
was for theoverall studypopulation rather than for any specific
age group. Because these handwashing indicators are com-
mon among households with higher socioeconomic status18

and women in this context have been observed to practice
better respiratory hygiene compared withmen,37 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.38,39 Because the interven-
tion did not substantially impact diarrhea-related hospitaliza-
tion rates by study groups,25 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,40,41 focused
behavioral interventions targeting reducing transmission of

TABLE 2
Reported respiratory illness prevalence within last 2 days of interview
according to age and intervention groups during intervention period
(September 2011–August 2013)

Age

All intervention
groups
combined
(N = 52,237) %

Vaccine-only
group

(n = 13,148)%

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

Control
group

(n = 13,523) %

< 5 years 7.0 7.1 6.7 7.4
> 5 to £ 15 years 1.9 2.1 1.7 2.0
> 15 to £ 50 years 2.5 2.6 2.5 2.4
> 50 years 2.6 2.8 2.6 2.3
All age groups
combined

2.9 3.0 2.8 2.9
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FIGURE 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.
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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.37 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.37 Another limitation is that it is possible that the in-
tervention impacted on severe respiratory illness such as
pneumonia but not onmilder 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 andwater 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 rigorouslyevaluatedso that theglobal 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% CI,
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.1–4 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.5–11 For respiratory
infections, factors such as air pollution and smoking are also
important.12 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
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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.13 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.14 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,

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),15 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 11.1.16

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.14 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

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 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 completeda

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

aData missing for 38 (3%) participants.

Table 2. Association of attendance at childcare, school, or other educational institution, pet ownership, and swimming exposure
during the previous or current week with GI, respiratory, and dermal symptoms, Adelaide, Australia (June 2007–August
2008a) (n = 1237)

Attending institution outside home
Unadjusted Adjustedb

Risk ratio 95% CI Risk ratio 95% CI P value

GI
Attending child care/kindergartenc 2.51 2.02, 3.12 1.65 1.05, 2.58
Having a pet at homed 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/spae 1.5 1.15, 2.04 1.33 0.99, 1.77 0.057
Swimming in private pool/spae 0.75 0.55, 1.03 0.83 0.60, 1.15 0.251
Swimming in ocean and/or rivere 0.94 0.68, 1.31 0.99 0.70, 1.39 0.948
Respiratory
Attending child care/kindergartenc 2.52 2.09, 3.03 1.68 1.31, 2.15
Having a pet at homed 1.11 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/spae 1.34 1.13, 1.58 1.20 1.04, 1.38 0.014
Swimming in private pool/spae 0.71 0.58, 0.87 0.98 0.80, 1.20 0.842
Swimming in ocean and/or rivere 0.77 0.62, 0.95 0.92 0.72, 1.18 0.517
Dermal
Attending child care/kindergartenc 2.74 1.71, 4.39 0.96 0.52, 1.77
Having a pet at homed 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/spae 2.07 1.50, 2.87 1.41 1.08, 1.85 0.013
Swimming in private pool/spae 1.16 0.74, 1.80 1.16 0.77, 1.74 0.471
Swimming in ocean and/or rivere 1.08 0.76, 1.52 1.42 0.95, 2.14 0.088

Abbreviation: GI, gastrointestinal.
aAll analysis accounted for clustering by household.
bRisk ratios adjusted for age, sex, season, and household clustering.
cComparator group: Attending primary school or a higher educational institution or not attending any educational institute.
dDogs, cats, birds, and fish.
eAdjusted for swimming in other settings; comparator group: swimming in other settings and non-swimmers.
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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%).

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.

Table 3. Demographics of individuals within and outside a GI symptom cluster, Adelaide, Australia (June 2007–August 2008a)
(n = 1235)

Demographic characteristics
People in cluster
n = 355 (%)

People with sporadic
GI symptoms
n = 211 (%)

People with no
GI symptoms
n = 669 (%)

Risk ratiob

(95% CI)
P value

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
educational institution

147 (41) 100 (47) 328 (49) 0.97 (0.80, 1.18) 0.76

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

Abbreviation: GI, gastrointestinal.
aCluster was defined as >1 person in a household having GI symptoms during the current or previous week.
bRisk ratio for being in a cluster vs not being in cluster (people with sporadic and no GI symptoms combined), using binary regression adjusted for
clustered family design.
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Attending childcare or kindergarten was previously re-
ported as a risk factor for GI and respiratory symptoms.5,17–20

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.21–25

Recreational swimming is another recognized risk factor
for GI, respiratory, and dermal symptoms,26–28 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,29,30 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,31 the impact of any disinfection procedures (eg,

Table 4. Demographics of individuals within and outside a respiratory symptom cluster, Adelaide, Australia (June 2007–August
2008a) (n = 1235)

Demographic characteristics
People in cluster
n = 929 (%)

People with sporadic
respiratory symptoms

n = 84 (%)

People with no
respiratory symptoms

n = 220 (%)

Risk ratiob

(95% CI)
P value

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
5 to 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) 1.21 (1.11, 1.32) <0.001
Attending primary school or higher
educational institution

432 (47) 44 (52) 100 (45) 1.03 (0.97, 1.09) 0.84

Not attending any educational institution 410 (44) 33 (39) 118 (53) 1.00 —

aCluster 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
2008a) (n = 1235)

Demographic characteristics
People in cluster
n = 107 (%)

People with sporadic
dermal symptoms
n = 166 (%)

People with no
dermal symptoms
n = 962 (%)

Risk ratiob

(95% CI)
P value

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
educational institution

52 (49) 83 (50) 440 (46) 1.37 (0.93, 2.02) 0.11

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.
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chlorination) on pathogen concentration,32 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.28,33,34 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,8–10,35 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
pathogen36–39 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.6,7,39–42 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

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 I 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. Hróbjartsson 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 



 

   
 146 

 

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. 
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Microbiological Evaluation of the Efficacy of Soapy Water to Clean Hands:

A Randomized, Non-Inferiority Field Trial

Nuhu Amin,* Amy J. Pickering, Pavani K. Ram, Leanne Unicomb, Nusrat Najnin, Nusrat Homaira, Sania Ashraf,
Jaynal Abedin, M. Sirajul Islam, and Stephen P. Luby

International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), Dhaka, Bangladesh; Stanford University, Stanford, California;
University at Buffalo, Buffalo, New York; Centers for Disease Control and Prevention, Atlanta, Georgia

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 log10 reduction =
0.7 colony-forming units [CFU], P < 0.001 for soapy water; mean log10 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 log10 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.1 Hand-
washing with soap after defecation and handling feces and
before preparing and eating food can reduce the risk of diar-
rhea.2–4 In both rural and urban communities of Bangladesh,
people rarely wash their hands with soap at recommended
times.5,6 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.5

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.7–11 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.12 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 [ORadj] = 1.4, 95% CI = 1.1–1.7).

13 A number
of research studies from Bangladesh have shown that the cost
of soap is a barrier to its use.7–11 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 2008.14,15 Soapy water is currently being piloted in

low-income rural16 and urban17 communities in Bangladesh18

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.16 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.18

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.19

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.20 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.)

*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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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,8

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.21 The fieldworker also

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.22 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, Dhaka6

and the observed average hand scrubbing time of 14 seconds
found in the United Kingdom.23 Thirty seconds of scrubbing
was the maximum scrubbing time observed after receiving the
soap intervention in the Kamalapur study.6 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),

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).21

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 +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.24

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.22 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-

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.21

Thermotolerant coliforms are commonly used as indicators
of fecal contamination in handwashing evaluations.25–27

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 asEscherichia coli (a subset
of fecal coliforms).28 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-mm 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 mL 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.29–31 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 mm 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 ofC. 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 log10-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 mmmembrane
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 log10 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 log10 CFU
between bar soap and soapy water, we calculated a required
sample size of 84 mothers.32 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 log10 transformation, we used paired t 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 log10-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
log10-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 log10 = 3.2 CFU/100 mL,
range = 2.3–5.2 log10 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 log10 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 log10 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 log10
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
log10 reduction = 0.7 CFU per hand, 95% CI = 0.44–0.92, P <
0.001 for soapy water and mean log10 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 log10 reduction = 0.8 CFU per hand,
95% CI = 0.65–1.0, P < 0.001 for soapy water and mean log10
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 (log10 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 (log10
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,14

Bangladesh,16–18 and Peru.15 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).33 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
Soapy water

(N = 168)* n (%)
Bar soap

(N = 168)* n (%)
Water alone
(N = 84) n (%)

Total
(N = 420) n (%)

Reported hand(s) contact with feces (self or child’s) within last 1 hour 61 (36) 51 (30) 24 (29) 136 (32)
Reported handwashing within 1 hour preceding pre-wash hand rinse sampling 129 (77) 128 (76) 67 (80) 324 (77)
Hand(s) reported washed within the previous 1 hour
Right hand 5 (4) 9 (7) 1 (1.5) 15 (4)
Left hand 3 (2) 5 (4) 1 (1.5) 9 (2)
Both hands 121 (94) 114 (89) 65 (97) 300 (71)
Handwashing agent used within the last 1 hour (multiple responses allowed)
After defecation
Any soap and water (soap, soapy water, or detergent) 27 (96) 19 (83) 13 (100) 59 (92)
Water only 1 (4) 3 (13) 0 4 (6)
Other 0 1 (4) 0 1 (2)

After toileting
Any soap and water 6 (14) 1 (4) 3 (19) 10 (12)
Water only 37 (86) 24 (96) 13 (81) 74 (88)

After cleaning child’s anus
Any soap and water 36 (86) 35 (92) 17 (100) 88 (91)
Water only 6 (14) 1 (3) 0 7 (7)
Other 0 2 (5) 0 2 (2)

During bathing
Any soap and water 14 (88) 9 (90) 4 (100) 27 (90)
Water only 2 (12) 1 (10) 0 3 (10)

Before eating and feeding
Any soap and water 7 (13) 11 (24) 3 (18) 21 (18)
Water only 46 (87) 34 (76) 14 (82) 94 (82)

After household or kitchen works
Any soap and water 52 (58) 38 (45) 25 (57) 115 (53)
Water only 37 (42) 46 (55) 19 (43) 102 (47)

How many times hand(s) was washed within the previous 1 hour
No handwashing 39 (23) 40 (24) 17 (20) 96 (23)
One time 36 (21) 51 (30) 31 (37) 118 (28)
Two times 42 (25) 42 (25) 18 (22) 102 (24)
More than two times 51 (31) 35 (21) 18 (21) 104 (25)
Appearance of right hand: fingernails
Dirty† 16 (10) 5 (3) 8 (10) 29 (7)
Unclean‡ 63 (38) 69 (41) 25 (30) 157 (37)
Clean§ 89 (53) 94 (56) 51 (61) 234 (56)
Appearance of right hand: palms
Dirty 4 (2) 1 (0.6) 1 (1) 6 (1)
Unclean 33 (20) 14 (8) 7 (8) 54 (13)
Clean 131 (78) 153 (91) 76 (91) 360 (86)
Appearance of right hand: fingers
Dirty 5 (3) 1 (0.6) 1 (1) 7 (2)
Unclean 32 (19) 22 (13) 9 (11) 63 (15)
Clean 131 (78) 145 (86) 74 (88) 350 (83)
Appearance of left hand: fingernails
Dirty 16 (10) 9 (5) 13 (15) 38 (9)
Unclean 78 (46) 72 (43) 27 (32) 177 (42)
Clean 74 (44) 87 (52) 44 (52) 205 (49)
Appearance of left hand: palms
Dirty 5 (3) 1 (0.6) 2 (2) 8 (2)
Unclean 34 (20) 15 (9) 9 (11) 58 (14)
Clean 129 (77) 152 (90) 73 (87) 354 (84)
Appearance of left hand: fingers
Dirty 4 (2) 1 (0.6) 2 (2) 7 (2)
Unclean 34 (20) 27 (16) 10 (12) 71 (17)
Clean 130 (77) 140 (83) 72 (86) 342 (81)

*Data collected at two different visits: 15- and 30-second scrubbing times;N = (84 +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.11,34

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 (log10 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.23 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.4 Other evaluations suggest that
washing hands with water alone can reduce the amount of
bacteria8,28,35,36 but not to the same extent as bar soap. Con-
versely, Hoque and Briend,7 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 (log10 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.35 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

less contaminated tube well water (geometric mean of the
count of fecal coliforms = 32/100 mL).25 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.35,37

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.21,25,34 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.21 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 log10,
whereas washing hands with plain soap and water for 30 sec-
onds reduced counts by 1.8–2.8 log10.

38 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
duration6,23,39–41 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.42–47 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.6 This time is below the 20 second scrubbing time
recommended by the Centers for Disease Control and Preven-
tion (CDC)42 and United Nations Children’s Fund (UNICEF)47

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.25

There are important limitations to this study. First, we used
supervised handwashing regimens with pre-specified hand
scrubbing times and hand lathering motions.9 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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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 

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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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 (α = .82), 
perceived barriers (α = .75), encouragement (α = .76) and self-efficacy (α = .82), weight control attitudes (α = .90), and 
diabetes-related fear (α = .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 κ = 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.
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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, Åberg, & 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, Martín-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 

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/m2, 25.1-
30 kg/m2, or >30 kg/m2), 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 (ρ) was used to assess agreement on the ordinal 
scale score and weighted kappa (κ) 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 α ≥.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 ρ ranged from 0.62 for physi-
cal activity self-efficacy to 0.91 for weight loss attitudes. The 
weighted κ showed that the tertile classification of respon-
dent self-efficacy had fair reliability; the classification of 

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.

Table 1. Characteristics of Women With Past Gestational 
Diabetes Mellitus in Stages 1 and 2 of the Study.

Characteristic
Stage 1  

(N = 160)
Stage 2  
(N = 97)

Age, M (SD), years 34.4 (5.3) 34.5 (5.3)
Parity, n (SD) 2.3 (1.2) 2.4 (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/m2) 45 (28) 37 (40)
 Overweight (25-30 kg/m2) 48 (30) 22 (24)
 Obese (>30 kg/m2) 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)
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Table 2. Internal and Retest Reliability of Psychosocial Scales Related to Physical Activity, Weight Loss, and Diabetes.

Scales and item Factor loading
Stage 1 internal reliability 
(N = 160), Cronbach’s α

Stage 2 retest reliability  
(N = 93)

Spearman’s ρ Weighted κg

Physical activity outcome expectationsa .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 activityb — .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 0.61  
 Not having your family nearby to help 0.63  
Encouragement to be activec — .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-efficacyd — .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 0.61  
 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 attitudese .90 0.91 0.68
 Feel more optimistic 0.81  
 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 fearf .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.
aExcluded items: improved mood, enjoyment, meeting new people, lower stress, more time for self, being positive role model for children. bExcluded 
items: lack of motivation, insufficient energy, not having activity partner, poor weather, poor health, lack of convenient locations, being overweight, 
lack of money. cExcluded items: accompanied by family or friends, assistance with child care, assistance with household chores, encouragement from 
health care professionals, encouragement from complementary health providers. dExcluded item: poor weather. eExcluded item: able to eat preferred 
foods. fExcluded items: perception of harm, level of risk of disease, effect of family history, can reduce risk by personal action, can prevent diabetes by 
medications. gAgreement for classification into low, moderate, or high tertiles on scales.
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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; McIntyre, 
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, & 
McIntyre, 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 
et al., 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.

Table 3. Construct Validity of Physical Activity, Weight Loss, and Diabetes Scales in Relation to Physical Activity Participation and 
Dietary Intake.

Scales

Total physical activity Fruit and vegetable intake Unhealthy food intake

Minutes/week, 
β coefficient

≥150 minutes/
week, adjusted 

odds ratio
Serves/day, 
β coefficient

≥5 serves/day, 
adjusted odds 

ratio
Serves/day, 
β coefficient

≥1 serve/day, 
adjusted odds 

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 2.41 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 < .01.
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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 

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

Introduction

Handwashing has a strong protective effect against infec-

tious diseases, including diarrhoea [1,2] and cholera [3–

6]. However, handwashing remains infrequently prac-

ticed: a systematic review of 42 studies estimated that

19% of the adults worldwide washed hands with soap

after faecal contact [7].

Handwashing promotion has become an increasing pri-

ority for governments and non-governmental

organisations[8], yet there have been relatively few evalu-

ations of large-scale handwashing promotion programmes

in the community setting [9–12]. Most previous evalua-

tions have been of small-scale interventions and thus have

provided little insight for large-scale promotion efforts

[13–16]. Previous studies also did not capture the effect

of the intervention throughout the promotion period. For

example, assessment of an intervention programme in the

community in Burkina Faso only included one cross-sec-

tional survey at baseline period and one cross-sectional

© 2019 John Wiley & Sons Ltd 1
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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

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

mixing powdered detergent with 1.5 l 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 5 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 1 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].
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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

zone during parts of the follow-up period to make

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

Table 1 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

Household

members, residence
of urban

compound/clusters

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

Initial household visit:

2nd round

Installation of hardware and orientation about proper use and maintenance

Initial household visit:

3rd round

Ask about problems related to hardware

Successive visit: 1st round Counsel household members and motivate them to wash hands at critical

times, with handwashing demonstration
Successive visit: 2nd round Observe household members’ handwashing practice, discuss hardware-related

problem, talk with handwashing station caretakers and monitor her or his

performance
Successive visit: 3rd round Use game and fun, train the mother of under-five children on teaching

handwashing to the child

Follow-up visits Household
members, residence

of urban
compound/clusters

Follow-up on skills in handwashing station use and maintenance, identify and
solve hardware-related problem, caretaker schedule and performance

Follow-up visits Pregnant women Communicate to motivate handwashing and handwashing device use, when
caring for the new child for early habit formation

Follow-up visits Handwashing

station caretakers

Train caretakers on hardware maintenance (clean up handwashing station,

refill soapy water bottle)
Community activities

Courtyard/ compound
activity sessions

Women’s groups 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
Courtyard/ compound

activity sessions

Pre-school children

(age 2–5 years)
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
Courtyard/

compound-based fun
activities

Children’s group

(age 6–13 years)
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)
Tea stall and club-based

activities (confined within

cluster)

Tea stall owners 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.

Tea stall and club-based
activities (confined within

cluster)

Men’s group Group discussion to promote handwashing behaviours, motivate participation
in handwashing promotion, discuss resistance that may arise from men

Intensive Programme

(confined within clusters)

Community Handwashing promotion activities during holidays or special events, for

example Global Handwashing Day, World Water Day, such as
demonstrations, poster making and information dissemination
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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;

(ii) 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

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,

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

Box Classification of handwashing events for struc-

tured observations of handwashing behaviour, ICVB

Study, Dhaka, Bangladesh, 2012–13.

Toileting

• After toileting

Other faecal contact events

• After removing child faeces
• 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

• Before serving food
• Before eating
• Before feeding the child

Respiratory fluid contact

• After cleaning running nose
• After sneezing
• After coughing
• After feeding child
• After removing child cough

Before breastfeeding

Others

• Before handling child >2 years
• Bathing
• After eating
• Others
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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

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

Table 2 Characteristics of study participants from combined monthly assessments of handwashing behaviour, ICVB Study, Dhaka,
Bangladesh, 2012–13 (n = 9325)

Item

Study arm

VBC (n = 4265) V (n = 2145) Control (n = 2165) Buffer (n = 750)

Demographics

Sex of the respondent (% female) 3607 (85%) 1765 (82%) 1835 (85%) 617 (83%)

Age of the respondent (median (1st quartile,
3rd Quartile))

29 (23, 38) 29 (23, 38) 29 (23, 39) 30 (22, 40)

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.
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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

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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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

Remark:

*VBC= Vaccine-and-behavior-change arm; V = Vaccine-only arm; Buffer zone 

 irrespective of geographic location; ◊-represents one study cluster 

 not included: only one code was used to denote all households in the Buffer zone,

VBC

V

Control

0 20 40 60 80 100

Prevalence of soap and water

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.
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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 (n = 3028 observations from 326 households)

Description of events from structured observations

Number of observed events (n = 3028)
PR (95%CI)† PR (95% CI)†

VBC

(n = 1449)
V

(n = 768)
Control

(n = 811)
VBC vs. V
(Ref.)

VBC vs. Control
(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

(50%)

426 (53%) N/A N/A

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
Other‡ 471 (33%) 253

(33%)

281 (35%) N/A N/A

Handwashing behaviour at all events of possible

pathogen transmission

(n = 1449) (n = 768) (n = 811)

Did not wash 757 (52%) 415

(54%)

433 (53%) Ref. Ref.

Washed with water only 532 (37%) 285

(37%)

297 (37%) 1.02 (0.76,

1.37)

1.02 (0.74, 1.42)

Washed with water and soap 44 (3%) 14 (2%) 18 (2%) 1.72 (0.89,

3.35)

1.40 (0.68, 2.89)

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 = 52) (n = 41)
Did not wash 32 (33%) 13

(25%)

9 (22%) Ref. Ref.

Washed with water only 12 (12%) 9 (17%) 12 (29%) 0.67 (0.31,

1.42)

0.48 (0.27, 0.84)

Washed with water and soap 17 (17%) 4 (8%) 1 (2%) 1.47 (0.58,

3.75)

3.47 (0.48,

25.33)

Couldn’t observe 37 (38%) 26

(50%)

19 (46%) N/A N/A

Handwashing behaviour at other faecal contact

events§
(n = 12) (n = 8) (n = 8)

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,

7.48)
0.4 (0.06, 2.55)

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 (n = 232) (n = 102) (n = 113)
Did not wash 156 (67%) 72

(71%)

85 (75%) Ref. Ref.

Washed with water only 69 (30%) 28

(28%)

24 (21%) 1.14 (0.62,

2.08)

1.57 (0.86, 2.85)

Washed with water and soap 7 (3%) 2 (2%) 2 (2%) 1.62 (0.29,

9.03)

1.91 (0.35,

10.32)
Couldn’t observe 0 (0%) 0 (0%) 2 (2%) N/A N/A

Handwashing behaviour at food contact events

other than preparation

(n = 552) (n = 284) (n = 313)

Did not wash 337 (61%) 172

(61%)

182 (58%) Ref. Ref.

Washed with water only 200 (36%) 107

(38%)

119 (38%) 0.95 (0.65,

1.39)

0.91 (0.63, 1.31)
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Table 3 (Continued)

Description of events from structured observations

Number of observed events (n = 3028)
PR (95%CI)† PR (95% CI)†

VBC

(n = 1449)
V

(n = 768)
Control

(n = 811)
VBC vs. V
(Ref.)

VBC vs. Control
(Ref.)

Washed with water and soap 6 (1%) 2 (1%) 6 (2%) 1.53 (0.30,
7.86)

0.54 (0.14, 2.03)

Couldn’t observe 9 (2%) 3 (1%) 6 (2%) N/A N/A

Handwashing behaviour at respiratory fluid
contact events

(n = 58) (n = 57) (n = 48)

Did not wash 52 (90%) 56

(98%)

43 (90%) Ref. Ref.

Washed with water only 5 (9%) 1 (2%) 2 (4%) 5.38 (0.53,

54.79)

2.06 (0.31,

13.56)
Washed with water and soap 0 (0%) 0 (0%) 0 (0%) N/A N/A

Could not observe 1 (2%) 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

(92%)

6 (86%) Ref. Ref.

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 (n = 116) (n = 133) (n = 77)
Did not wash 55 (47%) 69

(52%)

37 (48%) Ref. Ref.

Washed with water only 47 (41%) 50

(38%)

29 (38%) 1.10 (0.81,

1.48)

1.05 (0.74, 1.48)

Washed with water and soap 1 (1%) 4 (3%) 2 (3%) 0.33 (0.04,

2.84)

0.35 (0.03, 3.71)

Couldn’t observe 13 (11%) 10 (8%) 9 (12%) N/A N/A

Only water or soap observed at handwashing place (n = 453) (n = 391) (n = 308)
Did not wash 234 (52%) 210

(54%)
142 (46%) Ref. Ref.

Washed with water only 174 (38%) 145

(37%)

141 (46%) 1.04 (0.88,

1.24)

0.86 (0.73, 1.01)

Washed with water and soap 15 (3%) 6 (2%) 11 (4%) 2.17 (0.86,

5.49)

0.84 (0.4, 1.78)

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

(57%)
204 (59%) Ref. Ref.

Washed with water only 244 (35%) 73

(35%)

100 (29%) 1.01 (0.83,

1.25)

1.18 (0.98, 1.43)

Washed with water and soap 20 (3%) 4 (2%) 4 (1%) 1.5 (0.52,

4.32)

2.59 (0.9, 7.47)

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.

†For outcome in the row vs. no handwashing.
‡Other 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

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 J Epidemiol 2017: 46: 2056–2066.

© 2019 John Wiley & Sons Ltd 13

Tropical Medicine and International Health volume 00 no 00

W. Wichaidit et al. Handwashing promotion effectiveness in Bangladesh



3. Richterman A, Sainvilien DR, Eberly L, Ivers LC. Individual

and household risk factors for symptomatic cholera infec-

tion: a systematic review and meta-analysis. J Infect Dis

2018: 218(suppl_3): S154–S164.
4. 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.
5. Dunkle SE, Mba-Jonas A, Loharikar A et al. Epidemic cho-

lera in a crowded urban environment, Port-au-Prince, Haiti.

Emerg Infect Dis 2011: 17: 2143–2146.
6. Gidado S, Awosanya E, Haladu S et al. Cholera outbreak in

a na€ıve rural community in Northern Nigeria: the impor-

tance of hand washing with soap, September 2010. Pan Afr

Med J 2018: 30: 5–5.
7. 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.
8. Ahmed MU, Baquilod M, Deola C et al. Cholera prevention

and control in Asian countries. BMC Proc 2018: 12(Suppl

13): 62.

9. 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)

10. 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)

11. 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)

12. 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)

13. 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.

14. Luby SP, Agboatwalla M, Bowen A, Kenah E, Sharker Y,

Hoekstra RM. Difficulties in maintaining improved hand-

washing behavior, Karachi, Pakistan. Am J Trop Med Hyg

2009: 81: 140–145.
15. Christensen G, Dentz HN, Pickering AJ et al. Pilot cluster

randomized controlled trials to evaluate adoption of water,

sanitation, and hygiene interventions and their combination

in rural western Kenya. Am J Trop Med Hyg 2015: 92:

437–447.
16. Amin N, Pickering AJ, Ram PK et al. Microbiological evalu-

ation of the efficacy of soapy water to clean hands: a ran-

domized, non-inferiority field trial. Am J Trop Med Hyg

2014: 91: 415–423.
17. 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.
18. 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.
19. 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.
20. Nizame FA, Nasreen S, Halder AK et al. Observed practices

and perceived advantages of different hand cleansing agents

in rural Bangladesh: ash, soil, and soap. Am J Trop Med

Hyg 2015: 92: 1111–1116.
21. 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)

22. Paul R. Water Security in Dhaka City. November 2009.

(Available from http://apwf.org/documents/6thGC/4b2.pdf)

23. 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.

24. 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.
25. 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 J Trop Med Hyg 2017: 96: 421–429.
26. Meena Bazar. Health-Beauty - Soap & Bath. (Available

from http://www.meenabazar.com.bd/Health-Beauty/

SOAP%20&%20BATH). Published 2016. [23 Jan 2017]

27. 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/#18f515ed6c2d) Pub-

lished December 28, 2016. [23 Jan 2017]

28. Whinnery J, 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.

14 © 2019 John Wiley & Sons Ltd

Tropical Medicine and International Health volume 00 no 00

W. Wichaidit et al. Handwashing promotion effectiveness in Bangladesh



29. Islam N, Mahbub AQM, Nazem NI, Angeles G, Lance

P.Slums of Urban Bangladesh Mapping and Census, 2005.

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)

30. 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.
31. Mayhew A, Mullins TLK, Ding L et al. Risk perceptions

and subsequent sexual behaviors after HPV vaccination in

adolescents. Pediatrics 2014: 133: 404–411.
32. Ruiz-Sternberg AM, Pinzon-Rondon AM. Risk perception

and sexual behavior in HPV-vaccinated and unvaccinated

young Colombian women. Int J Gynaecol Obstet 2014:

126: 205–208.
33. 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.

34. 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.
35. 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.

36. 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.

37. 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.
38. Rahman MJ, Nizame FA, Unicomb L, Luby SP, Winch PJ.

Behavioral antecedents for handwashing in a low-income

urban setting in Bangladesh: an exploratory study. BMC

Public Health 2017: 17: 392.

39. 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.
40. Nizame FA, Leontsini E, Luby SP et al. Hygiene practices

during food preparation in rural Bangladesh: opportunities

to improve the impact of handwashing interventions. Am J

Trop Med Hyg 2016: 95(2): 288–297.
41. Hirai M, Graham PJ, Mattson DK, Kelsey A, Mukherji S,

Cronin AA. Exploring determinants of handwashing with

soap in Indonesia: a quantitative analysis. Int J 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 J 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 15

Tropical Medicine and International Health volume 00 no 00

W. Wichaidit et al. Handwashing promotion effectiveness in Bangladesh



 

   
 208 

 

Appendix 2: Data collection tools used in the study  

Appendix 2.1: Data collection tool used for collecting data for research objective 1 ………209 

Appendix 2.2: Data collection tool used for collecting data for research objective 2-4 ……229 

Appendix 2.3: Data collection tool used for collecting data for research objective 5……… 328 

 

  



 

   
 209 

 

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: 

ID5. 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? 

1. 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.  

 

Q101a. 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?  

a. Male…………………………………. 

b. Female………………………………. 

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 ------------- 
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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  

2. Self employed/own business 

3. Casual/contract job 

4. Remittance 

5. Domestic work 

6. Pension 

7. 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.  

a.  UP TO 4000 Taka 

b.  4001-6000 Taka 

c.  6001- 8000 Taka 

d.  8001- 10000 Taka 

e.  10001- 12000 Taka 

f.  12001- 15000 Taka 

g.  15001-20000 Taka 

h.  20001- 25000 Taka 

i.  25001- 30000 Taka 

j.  Above 30000 Taka 
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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 ...............................................  

b. Before eating .............................................................  

c. After eating ................................................................  

d. Before feeding a child ...............................................  

e. After cleaning child’s anus .......................................  

f. After disposal of child feces: .....................................  

g. After defecation ........................................................  

h. After handling cow-dung ..........................................  

i. After returning from outside compound:…………….  

j. Never ...........................................................................  

k. Others (Specify) ..................................................... … 
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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 ...............................................  

b. Before eating .............................................................  

c. After eating ................................................................  

d. Before feeding a child ...............................................  

e. After cleaning child’s anus .......................................  

f. After disposal of child feces: .....................................  

g. After defecation ........................................................  

h. After handling cow-dung ..........................................  

i. After returning from outside compound:…………….  

j. Never ...........................................................................  

k. Others (Specify) ..................................................... … 

 

 

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 1=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 

  [-----]g. pur 

  [-----]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 of it 

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? 

1. 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) 

2 Yesterday (skips to 406) 

3 In the past seven days 

4 One week ago 

5 Two weeks ago 

6 Last month  

7 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)  

|____|(d) Filter improved my family’s / childrens’ health  

|____|(e) Filter improved the taste of water  

|____|(f) Water looks better / clear / clean  

|____|(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  

|____|(i) Don’t believe that Filter will work  

|____|(j) Don’t believe that I could use Filter properly  

|____|(k) Filter was broken  

|____|(l) 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 

2. somewhat happy 

3. neither happy nor unhappy 

4. somewhat unhappy/ 

5. 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?  

................................................................................................................................................  

 

Q420. Can you show me the filter? (observation) 

1. Currently using 

2. Upper pot wet, both pots have water 

3. Lower pot wet, both pots have water 

4. Other signs of using the filter (specify)_____________ 

5. There is no filter 

6. Dry or dusty 

7. Broken ceramic 

8. Pipe is broken 

9. 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?  ................................... 

a. Bucket  . 1..................................................................................................   

b. Drum   .2 

c. Kalashi  . 3  

d. Hari   .4 

e. Matka  . 5 

f. Bottle  . 6 

g. Jerry can  .................................................................................................... .7 

h. Jug …………………………………………………………………8 

i. Mini water tank……………………………………………………..9 

j. Other wide-mouthed container  .................................................................. 10 

k. Other narrow-mouthed container  .............................................................. 11 

l. No water stored  .......................................................................................... 12 

m. Refused to say & show  ............................................................................ 98 

 

Skip Note: If 6 is 12 skips to next section. If 98 skips question 602 

 

Q602. Observe stored water’s covering status  .............................................. 

a. Completely uncovered  .............................................................................. 1 

b. Partially covered  ....................................................................................... 2 

c. Completely covered  .................................................................................. 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? ........................................  

b. Hands washed before water obtained?  ...................................................... 

c. Hands washed with soap before water obtained?  ..................................... 

d. Hands came into contact with water?  ....................................................... 

e. Glass dipped into water?  ........................................................................... 

f. Ladle used to obtain water?  ....................................................................... 

g. Water poured from container?  .................................................................. 

h. Other (Specify) .......................................................................................... 

 

Q604. Did you treat your drinking water with filter?  ................................... 

Yes  ................................................................................................................ 1 

No  .................................................................................................................. 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. A bit dirty 

3. Very dirty 

 

Q804: Are there animal/child feces visible in the compound (other than in a designated pile)?   

1. 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=Others  

  

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. Average monthly savings: 

 

10. Do you know about Cholera vaccine (CV)?   1=yes  2=No 

11. 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. Is there water filter in the household?  

1- Yes 

 2- No 

14. Is there any water in filter device?  

1- Yes 

2- No 

 3- Refused 

15. Is there any water treatment chemical in the household?  

1- Yes 

2- No 

3- Refused 

16. Is hand washing water available at the visiting time? 

1- Yes 

2- No 

3- Refused 
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17. Is hand washing soap available at the visiting time? 

1- 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  2-No 

Diarrhoea within 48 hours:   1-Yes  2-No 

Diarrhoea within 6 months:   1-Yes  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 N0=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  

Sl. 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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.LgM��Y�LY�:Y�ZL�Y�ZQgPg��Z�g�3�Y�.L�_�
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Section E: Treatment, storage and handling of drinking water; treated water testing; 
reported drinking water practice
������Y�Z��Z.��Y�Yg.�f�/Yg=��YgL���Y�Z��Z.IYgH�/YHYL��YZ��PVL���.gL�����®Nx�.L����HV��K�gH���.L�����.YZD.���L�

0®Q�gKY0������������������������������������������������������������������������������������������������������������������������  

 Can you please show me how you store your drinking water? (������������������������������������

�������������������������������

�� HYMZ=������������������������������������������������������������������������������������������������������� � �

�� :�Y�����������������������������������������������������������������������������������������������������������

�� .MP��<��������������������������������������������������������������������������������������������������������

�� QYZR��,��������������������������������������������������������������������������������������������������������

�� �8.Y��D�����������������������������������������������������������������������������������������������������

�� gHY8M��������������������������������������������������������������������������������������������������������

�� g5ZLg.����0�YM���:�������������������������������������������������������������������������������������

�� 50����:��������������������������������������������������������������������������������������������������������

�� f4Y8��YZ�L�8�YV.��D����������������������������������������������������������������������������������

�� g.…YZL��Z:Pg��PLPQ�PVL����Y¦�������������������������������������������������������

�� ���Y����®N �̂���g/L��Y¦��K����������������������������������������������������������������

�� ���Y���PL����g/L��Y¦��K�����������������������������������������������������������������
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�� ̀ yB�†P¤̂viwewkó�wdëvi�(�����������������������������������������������������������������������

�� ����a�g=��1gL�PVLZ�=��YZ��f����E�������������������������������������������������������������

�� HMg=��HV�f�/Yg=�LYZ5�Q�Z������������������������������������������������������������������

KZ������L���L�����B�Y����Q���=YQgM�������V��®gNx�3gM�KY��

�/��������������������������������

�����PVL×�.e=��YZ�L��Y¦Z8��g;g.�LY/Y��Yg4�Z.�Y���.YZD.�Y¦�QgM�HR��Y¦Z8��K�gH���.L���������  

��������K�����������������������������������������������������������������������������������������������������������������

�����������������m¤ú~b©�†Lvjv����������������������������

������������������YVZN.�;Y.Y��W������������������ �

�����������������m¤ú~b©�XvKv����������������������

�
�������K�gH���.L����YZ�L��Yg¦�ZP��3�Z�L�f��Y��YZ���Y�YL�f.Y���Y0��Yg4�Z.�Y�

�

������������QX�Y��z�������������������

�����������������Y��E��� �

����®gKY5������Z�Z��Ë�.L����E��������������

�
�
����������f.Y���Yg¦�Z.��ZP��3�Z���YZ���Y�YL�5����Y0�Z�g��Z0g�g4��� �

������������QX�Y��z����

������������Y��E������������������

������������®gKY5������Z�Z��Ë�.L��

�
�������Y¦Z8�f�/Yg=�HM���
�
���Y¦Z8�f�/Yg=�f�gLg4� �

���Y¦Z8�f�/Yg=��YgLZ���������������������������������������������

���Y¦Z8�f�/Yg=�LY5[������������������������������������������������������
�
�

���Y¦Z8�Z�g��Z.�.gL���
�

�f.…YZL���YLY�ZH�¯.e=��YZ��LYg/� �
��G]8Yg�Y��YZ��LYg/� �
������.Yg5�H�HQYL�.g,�
��H�HQYL�.gL��Y�
�
�

������Y��YL�HYZRg=�Z.��Y5��ZLgNYZD=��YZ���Yg4��������������������������������������������������������
��������
������������QX�Y��z����

������������������������
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�������������Y��E������������������

������������ej‡Z�A¯^xK…wZ�Rvbv‡bv���������������������������������

������������5YZ��Y�����������������������������
�

������Y�Z��Z.IYgH�/Y,�YL��YZ���ZLgNYD��.gLg4�����.YZD.���L�0®Q�gKY0����,�������������������������������D��������

������������������

���Q�YgMY8�YH�H�HQYL�.gL��h���������������������������

���,�Y8YL0Y:��H�HQYL�.gL��h������������������������������

�������f.…YZL��Z:Pg��PYL�H�HQYL�.gL��h��������������������������������������

������wdëvi�e¨envi�K‡L��h��������������������������

�������YZ��G]Z8g�����������������

������ZG8Z.ZL�H�HQYL�.gL��h���������������������������

�������YZ���ZLgNYD��.gL��Y������������������������������������

��������Y����K��������������������

�
�

�����KZ��HgM�¬�YZ��G]Z8g����Z5g�P�.L����0=�����Z�g��.=HYL��Y�Z���YZ��G]Z8g�g4����/���������������������������

��������������,��������������������������������������������������������������������

�

������Y�Z��gKIYgH��Y��YL�HY�3Yg.�/Y,�YL��YZ��f������0®Q��aH�.��Y�Yf.�fPIYgH��.�0�YP�/YHYL��YZ��Z����

��YZ���Y�YL�P���M×��.L����HV��[g3L��®Nx��gMY�f3.�.L����HV�KBYKB�f.Y:�HPY�_�Q�XY� ����HV��Y� ���HPY���

���

�

���K�������������������������������������������������������������������������������������������������

���������������������

���0�YP�HY��Y¦Z8g=��YZ��;YMYL��agH��0�YP��Y¦Z8�D�g�Z4M�Z.�Y���������������������������������������������������������  

��L�KZ��QX�Y�Q��=YQgM�Z5�YPY�.L����/�����������������������������������������������������������

g.…YZL���YZ��Z�g��D�g�Z4M

��������

g.…YZL��4YRY��YZ��Z�g��D�g�Z4M

�����������PYHY��Z�g��D�g�Z4M�t����������������

��������f.Y����Y�Y��Z�g��D�g�Z4M�t���������������������������
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���YZ��;YMYL��agH��QY=�D�g�Z4M�Z.�Y��,����������������������������������������������������������������������������� �

���YZ��;YMYL��agH��PYHY��Z�g��QY=�D�g�Z4M�Z.�Y���,������������������������������������������������������������� �

���0�YP�HY��Y¦Z8g=�;YMY��YZ�L�ZI=gL�=YL�QY=�HY�QYg=L��Y��M�fMg0Z4M�Z.�Y�,������������������������������������������������� �

���0�YP�HY��Y¦Z8g=��YZ��ILYL�P���=Y��YZ�L��Yf¦L�ZI=L�:�ZHg���YZ��ILY�Qg�Z4M�Z.�Y������������������������������� �

���0�v‡m�cvwb�fivi�Rb¨�j¤̂v�nvZjhy³�†Kvb�PvgP/gM�e¨envi�Kiv�n‡qwQj�wKbv?�>������������������������������������������� �

����YZ�L��Y¦�fBg.�PLYPZL��YZ��f;gMZ4M�Z.�Y���t������������������������������������������������������������������������������ �

���PLYPZL��YZ�L��UP�fBg.��g�Z4M�Z.�Y���������������������������������������������������������������������������������������  

������Y����ZM/�����K������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������������������� �

������&���G�YL�.[�,�

������������������Q��Y��z���

���L[�YL�5���PVLZ�=��YZ�L�����Y�PV0®Q�.gLZ4M���&�������������������������������������,���

�������

�������������������Y��Z.�.YLg��PV0®Q�.gLZ��������������������E�����������������������������������������

�

�
�������&����G�YL��HZNË�f.…YZLg�L��L[�YL�5���PVLZ×=��YZ�L�����Y�PV0®Q�.gLZ4M���&��������������������������������

������������������������������������������������������������

���QX�Y���z���

�������������������Y���E����������������

�������������������YZ�L�����Y�Z�g=�LY5[�Q���Y�������������������������������������������������

�

����HYZRL�PVL��.e=��YZ�g=��HZNË�f.…YZLg�L��ZL�Y��.=�����������Z�ZM0®Y��ZM8YL�����������������������

�������������� �>�����������������������������������������������������������������>�����������������

������������������������������������

�
�

������Y���YZ�.�.=�P����Yg0��YZ��ZH�¯�.LYL�5���f.…YZL��H�HQYL�.LY�Qg�g4������������������������Z������1w8Y���Z�Z�8�
�Yg0��®gKY5��QgH�KZ����� ������Q������L�Y=Y�KZ���Y�5Yg��=YQgM��ZLHYgLL�����.YL,�PYQYK��Z������®g5YK���� �����

 ������

������������������������������������������������������������������������������������������ ���������������������������
����������������������������������������������������������������������������������������������������
�
�
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�

������&���wK�‡gg‡eªY�wd‡ëªk‡bi�Rb¨�msiwÿZ�cvwb�PV0®Q�.gLZ4M�����������&������������������������������

����������������������������

���QX�Y��z����

����Y��PV0®Q�.Lg=��Y��YLYL�.YL��E�������������������������������������������������������������

�������������������®gKY5������E������������������������������

�

�

�

�

�

�

�

� �

�,���������������E��������������������������������.=�1��1����Y��DgL�HM����g.…YZL��Z�g��ZH�¯.e=����YZ���Y��.gL��

��D��Y¦��ZLgNYZD=���YZ�L�=B��PV0®Q�.LY�QgH���������HV���ZLgNYZD=�������YZ�L�=B���g8Yg�Z8.IYgH�PV0dQ[=�Qg��KYgH��K����

�
������������������������������������������������������ �����������������������������������������������
������������������������HV� �.MYg�L�=B��ZM��g8Yg�Z8.IYgH�fP.N�� �fBg.�PV0dQ[=�Qg��KYgH������������������������

�������������������������������������������������������������������������������
�
K/��Z��¯��YZ��Z���Y3��.LY�

Qg��t�������������������
P�P������������ f�ZNLIY0�P���D����

��������

./�,�./�,�

������������
./����Y���������

=/���g8Yg�Z8.IYg���Z��¯�

�YZ�L�f×g��������

����������

./����Y��������� ./�,�./�,�

������������
�f�ZNLIY0�P���D����

��������

P�P������������

�
�
�
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��������

��Z�.�

Z�Z:��

�Y�Z:

�

��Z�.�

.Y:��Y�Z:

�

����Y���
�E�����

���H�P�

������
Z��������

�YP����������

�D��������������

H4L����������

�z������

�ZL3K�Y�
.YL[�
�

•

•

.=HYL�
Z�LY����YZ���Y��
.gL��

•Always=1�
•Most�times�=2�
•Sometimes�=3�
•Never�=4��������
�����������

.=HYL�
Z�LY����Y�.LY�
�YZ���Y��.gL��

•Always=1������
�������������
•Most�times�=2�
•Sometimes�=3�
•Never�=4�
���������������
������������

��Y�Z��fNO�HYL�
./��Z�LY����YZ��
�Y��.gLZ4gM����
�

•Today�=1�
•Yesterday=2�
•Within�last�7�days=3�
•�����������������

• ��������
��������

•Don’t�know=��

����� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �

���� � � �
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��&����G�YL���.Z8�ZG…��3Y8��LY/gH�KYg=��w8YLgI�N���L�P.M�����BY.gH��&����������������������������������������
�������������������������
��&���DËi�`vZv‡K�†K¬vwiY�wW‡¯úÝv‡ii�Qwe�†`Lv‡e�Ges�wR‡Ám�Ki‡e:)��d���&����������������������������������������

��������������������������������������

���� �Y�Z��Z.�Z3g����8Y�Z.����������
��������������������

���QX�Y��z����

����Y��E��������

����� Avcwb/Avcbvi�K¤úvDÛ�wK�
�Y�ZPZ:Z:�YLZH�fBg.��������ZML�
f.Y�Z8���g.…YZL��Z:Pg��PYL��0®Q��
.gLZ4gM���������������������������

������������������������������
��������������������������/��������

���QX�Y��z����

����Y��E�������

����� �Y�Z��†Kvb�K¤úvD‡Û��Z8�0®Q��

.gLZ4gM�����

��

���H=��Y���������������������

����aH�H=�[��W������������������
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611a: Toilet facilty (Observation) 

FRAs will not ask this question (to the respondents). They will just observe it and check the options�G�YL��

��L�Y=Yg.������®NxZ8�.LgH��Y_�=YLY�f.HM��K�gH×��.LgH��HV���N��gMY�Z�ZMg��Z�gH_�

�

��x=��Y�/Y�Y�Improved sanitation facilities 

G…YN�r8�gM8��BHY��YZ��f;gM�G…YN�.LY�8�gM8 [Flush or pour flush toilet flushed to:] 

 01 ��WZ�‡kYN���Y�g�L�PYgB�PVgKY0�.gL�f��Y (Piped sewer system) 

 02 gP�Z8.�8�YV.�HPYg�Y��Yg4���Septic tank) 

 03 gP�Z8.�8�YV.�f���Z.vm�G…YN�.gL�HY��YZ��f;gM��Y�/Y�Y���gL�Z�g8L��gD��PZLg��f��Y�KY� (Flush to                     

pit latrine (Off set)] 

 04         Z�8�8q‡jU�(¯¨ve�Ges�IqvUvi�mxj�Av‡Q) [Pit latrine with slab & water seal] 

 05 Z�8�8�gM8�� ¯¨ve�Av‡Q�wKš‘�IqvUvi�mxj�†bB�Z‡e�XvKbv�†`qvi�e¨e¯’v�Av‡Q)�[Pit latrine with slab 

& no water seal but with a lid] 

 06 HY���3MY3gML���gKY0[���x=�8�gM8 [  

 07 Z�8�8�gM8 KYL ¯¨ve�Av‡Q�wKš‘�†fwbvU‡jk‡bi�e¨e¯’v�Ges�IqvUvi�mxj�†bB�[Pit Latrine with slab 

but without ventilation and no water seal] 

08 .�g�YZËV�8�gM8���Y�/Y�Y��HV��®P�YH�.LYL�5����YMY�Y��YMY�Y�1L��HV�PYgB��YMY�Y�f.YBY,��YZ�L�H�HˆnY�

�Yg4���Composting toilet, (Composting toilet ensure separation of urine, water and excreta)] 

09 Z�8�8�gM8 KYL���Z8�0=���Yg4�� ) 

 

����x=��Y�/Y�Y�

10 G…YN�r8�gM8��BHY��YZ��f;gM�G…YN�.LY�8�gM8�KY�f.Y��/YM��f:�����[��=�YZ�L�PYgB�PVgKY5��.LY 

[

11 wcU/MZ©�cvqLvbv�hvi�¯¨ve�†bB�(Ges�gkv/gvwQ�hvIqv�Avmv�Ki‡Z�cv‡i�Ges�`~M©Ü�Qovq) [Pit latrine 

without slab /  Open pit] 

 12 HYMZ=PQ��Y�/Y�Y  (Bucket) 

 13 6]Mv���Y�/Y�Y (Hanging toilet)  

 

D¤§y³�cvqLvbv�Open defecation 

 14 f.Y���Y�/Y�Y�f���f6Y��6YgR�f/YMY�5Y�0Y� (No facility / bush / field ) 

 

�
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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 0.316875 

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 
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