LONDON
SCHOOL of
HYGIENE
&TROPICAL
MEDICINE

Role of sanitation in preventing faecal contamination of the domestic
environment and protecting health: An observational study.

TARIQUE MOHAMMAD NURUL HUDA

Thesis submitted in accordance with the requirements for the degree
of

Doctor of Philosophy of the
University of London

February 2016

Department of Disease Control
Faculty of Infectious and Tropical Diseases

LONDON SCHOOL OF HYGIENE & TROPICAL MEDICINE

Funded by
UK Aid from the Department of International Development (DFID) as part of the
SHARE research programme

International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b)

Research group affiliation: Environmental Health Group (EHG)



Declaration

I, Tarigue Mohammad Nurul Huda, confirm that the work presented in this thesis is
my own. Where information has been derived from other sources, | confirm that this

has been indicated in the thesis.

Pl

Signed Date: 31° January, 2016

Tarique Mohammad Nurul Huda



Abstract

This thesis assesses the potential public health significance of, sanitation
quality and coverage by using microbiological indicator and secondary health
outcome data. Sanitation was categorised using The Millennium Development Goal
(MDG) definition of improved (private pit latrine with a slab or better) and
unimproved (toilets connected to open, pit latrine without a slab, hanging toilet,

shared toilets).

A spot check of sanitation facilities was conducted in 460 target houses and
1,784 neighbouring houses. Faecal contamination of the household environment
was assessed by looking for evidence of contamination with faecal coliforms on
children’s hands and on ‘sentinel’ toys (standardised toy balls provided by the study).
An analysis of secondary data was conducted on sanitation and reported diarrhoea
among children <5 years of age that had been collected as part of an impact

evaluation.

Households with private improved sanitation had lower faecal coliform
contamination than households with unimproved sanitation [difference in means: -
0.31 logyo colony forming units (CFU)/toy ball; 95% Cl: -0.61, -0.01]. Access to 100%
private improved sanitation coverage in the neighbourhood was associated with a
small but statistically insignificant difference in contamination of sentinel toys
(difference in means: -0.09 logio CFU/toy; 95% Cl: -0.56, 0.38). Other household
sanitary practices such as cleanliness of latrine, wastewater disposal and disposal of
animal faeces were important and statistically significant (P value <0.06)
determinants of household faecal contamination. Children from households with
access to private improved sanitation had a similar prevalence of diarrhoea to those
with unimproved sanitation (Prevalence Ratio [PR] =1.00; 95% Cl: 0.89, 1.13).
Children from households with appropriate solid waste disposal systems had lower

prevalence of diarrhoea compared to those without (PR=0.78; 95% Cl: 0.65, 0.95).



Improved sanitation infrastructure quality and coverage may have limited
roles in preventing transmission of diarrhoea causing enteric pathogens in the study
context in which diarrhoea is endemic. Although in this study, private use and
cleanliness of latrine were associated reduction in faecal contamination, but these
factors were not associated with reduced diarrhoea prevalence. This may be
because, firstly data were collected from slightly different contexts and time,
secondly indicator organisms are only weakly associated presence of enteric
pathogens and thirdly the population in this study context may have developed
some degree of immunity to common circulating pathogens. Findings from this
observational studies presented in this thesis adds to the evidence base, which do
not support the inclusion of shared facilities as improved. There may be other more
important source of children’s exposure to enteric pathogens that onsite sanitation
access cannot prevent. Other sanitation related factors like maintenance of
sanitation facility, use by all household members including children and faecal sludge
management should be considered while defining improved sanitation for
international monitoring. We also need to increase research efforts to integrate
sanitation, water quality, handwashing and nutritional interventions and to

understand better ways to monitor the impact of these interventions.
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Chapter 1: Background and literature review

1.1 Background
1.1.1. Burden of diarrhoeal diseases

Globally, deaths due to diarrhoea among children under five years of age fell
by more than 50% in 2013 in comparison to 1990 [1]. Despite these substantial
reductions diarrhoea is still one of the leading causes of mortality [1, 2] and
morbidity [3] among children under five . According to the UN Inter-agency Group
for Child Mortality Estimation (IGME), worldwide an estimated 6.3 million children
younger than five years died in 2013. About 9% (0.448-0.750 million) of these deaths
were caused by diarrhoea [2, 4]. The incidence of diarrhoea declined, from 3.4
episodes/child per year in 1990, to 2.9 episodes/child per year in 2010. However,
there were still 1.7 billion episodes of diarrhoea in 2010, in 139 low and middle
income countries [3]. In the South East Asian region of the WHO, there were 2.4

episodes of diarrhoea per child year in 2010 [3].

Diarrhoea is also found to be a risk factor for pneumonia [5]. Moreover
repeated episodes of early childhood diarrhoea have a lasting influence on physical
growth, [6] cognitive function [7], school performance [6-10], obesity associated co-
morbidities [10] and reduced economic productivity [11]. So, for the health and
development of the children of low and middle income countries, the cost of
diarrhoea remains high, and interventions to reduce child mortality and morbidity

due to diarrhoeal diseases need to be given a high priority [3, 12].

1.1.2. Transmission of infectious diarrhoea

Most cases of diarrhoea are transmitted through the faecal-oral route [13].
The agents causing diarrhoea, including viruses, bacteria, protozoa and parasitic
worms can transmit from one host to another through several pathways, via the
environment [14]. The pathways, through which diarrhoea causing enteric
pathogens can be transmitted from faeces, through the environment to a new host,

are illustrated in the ‘F diagram’ (Figure 1) [14-16]. In the environment, the
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pathogens can be transmitted through contaminated food and drink, person to
person contact, contact with objects and flies (either through contaminated food
and utensils or landing directly on children) [17]. The transmission can occur in the

context of both the domestic and public domain [18].

PB Primary Barrier
SB Secondary Barrier

Figure 1.1: The F diagram showing transmission pathways of infectious diarrhoea
[15, 16]

1.1.3. Diarrhoea prevention strategy

As shown in the Figure 1.1, there are several potential points for intervention
in the environment that may reduce transmission of diarrhoea causing pathogens.
Interventions to improve sanitation create a primary barrier. In contexts with
suboptimal sanitation, additional environmental interventions may be needed as
secondary barriers. WHO and UNICEF recommend five strategies to reduce
diarrhoea that include environmental and non-environmental interventions. The
strategies include 1) rotavirus and measles vaccinations; 2) promotion of early and
exclusive breastfeeding; and vitamin A supplementation; 3) promotion of

handwashing with soap; 4) improved water supply (quantity and quality), including

16




treatment and safe storage of household water; and 5) community-wide sanitation

promotion [19, 20].

1.1.4 Definition of sanitation

In the broadest sense the term sanitation may refer to the safe collection,
storage, treatment and disposal, reuse, or recycling of human excreta (faeces and
urine); as well as the drainage, disposal, recycling and reuse of household
wastewater and storm water; along with management of household, industrial and
hazardous solid waste [21]. According to the World Health Organisation “sanitation
generally refers to the provision of facilities and services for the safe disposal of
human urine and faeces” [22]. This definition ignores the disposal of sullage or
wastewater. In most epidemiological studies sanitation is usually referred to safe
disposal of human excreta [23, 24]. In this thesis the term sanitation refers to the

disposal of human excreta.

1.1.5 Classification of sanitation used for international monitoring

International monitoring of sanitation helps to understand a country’s needs,
it can inform policy and facilitates the implementation of policies to improve
services. Worldwide there is a wide variety of sanitation technologies [25].
Demographic and Health Surveys (DHS) have identified over 400 different sanitation
classifications in countries in which the surveys have been undertaken[26].
Contextual factors such as geographical location, population density, wealth,
availability of materials, water level, acceptability and traditional practices
determine the type of sanitation technologies that are suitable and available. Most
of the sanitation facilities that are suitable in rural areas of low-income countries are
onsite (pit latrines, septic tanks and other household level technologies that do not
involve sewerage). Globally, as of 2010, 60% of urban residents reported using
facilities linked to sewers compared to only 12% in rural areas. Sixty four percent of

the rural population reported using onsite sanitation facilities [25].

Sanitation facilities vary in terms of technology but also in terms of

ownership and user profile. These variations can affect not only user experience [27-
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29] but also the extent to which faeces are contained, which in turn reduces
contamination of the environment and thereby protects health [30]. For
international monitoring of sanitation facilities this variation is a challenge. Ideally,
for international monitoring, sanitation would be classified on the basis of evidence
for its relative effectiveness in delivering both health and non-health benefits, but

this evidence base is weak.

Since the 1930s monitoring of sanitation has been carried out in response to
international targets [31]. Adopted in 2000, The Millennium Development Goals
(MDGs) became the latest framework for doing this. Target 10 of the MDGs aimed to
halve by 2015, the proportion of people without sustainable access to safe drinking
water and basic sanitation, in comparison to 1990 [21, 32, 33]. The WHO/UNICEF
Joint Monitoring Programme (JMP) for water supply and sanitation is the official
United Nations mechanism tasked with monitoring towards the MDG related to
water and sanitation. Access to sanitation is monitored using the indicator
“proportion of population with access to improved sanitation” [33-35]. The
terminology used for the MDG target is “basic sanitation” but JMP refers to basic

sanitation as “improved sanitation”.

According to the JMP an "improved" sanitation facility is one that hygienically
separates human excreta from human contact [36]. The JMP is constrained by the
need to ensure that its definition and indicators can be monitored by existing
household survey instruments. Moreover, the JMP also needs to make sure that the
data used are comparable across countries and time [25]. So the JMP definition is
focused on sanitation technology access at a household level in an attempt to strike
a workable balance between what is desirable to measure and what is possible [37].
The improved sanitation facilities include pit latrines with slabs, ventilated improved
pit latrines and flush/pour-flush latrines (Table 1). For the MDG target, shared
facilities are considered unimproved [35, 38]. Throughout this chapter the term
‘improved sanitation’ will be used to refer to the current JIMP technology
classification definition without considering sharing status. In addition to the basic

indicator to measure “access” or “no-access” to improved sanitation, in 2008 the
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JMP also proposed the concept of a “sanitation ladder” to provide disaggregated
information on access to sanitation [39]. This four rung ladder of sanitation
(individual improved, shared improved, unimproved and no facility) outlines a
hierarchy of predefined sanitation technologies, allowing the JMP to assess
sanitation progress without changing the MDG definition (Figure 1.1). The sanitation
technologies that meet the criteria of individual improved or shared improved are
assumed to be better at hygienically separating faeces from the environment and
thereby reducing health risk [34, 40].

Table 1.1: Definitions of sanitation proposed by WHO/UNICEF Joint monitoring
programme for water supply and sanitation (JMP) and the Government of

Bangladesh (GoB) [36, 41]

Improved Hygienic
Toilet characteristics JMP technology

type

*

MDG SDG GoB

Sanitation technology
Flush or pour-flush toilet to x x x x
Sewerage pipe/Septic tank/Pit

Pit toilet with slab and lid/flap x x x x
Ventilated Improved Pit toilet X x x x
Composting toilet x « « x
[Pit toilet with slab x x x ]

glé:;z,er of households using toilet | Not considered 1 UF;to Upto2

"This was proposed by the working group on sanitation as presented in the JMP 2014 [36]
report but later it was decided to continue to consider shared sanitation as unimproved [42]

As the world approached the deadline for the MDGs, new targets for the post
2015-Sustainable Development Goals (SDGs) were proposed and these also include
sanitation [42, 43]. The JMP is revising its definitions to monitor progress towards
sanitation for the SDGs. There was discussion as to whether to include sanitation
facilities shared among no more than five households or 30 persons, whichever is
fewer, as improved [36] (Table 1.1). For the MDG target, shared facilities were

considered to be unimproved because of concern regarding cleanliness,
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maintenance and access [35, 38]. However, the implications of using a shared
facility are likely to be different for urban public and rural private facilities. In the
crowded, urban areas of most low income countries, shared facilities might be the
only viable option, to avoid open defecation. Whereas in rural areas households with

family ties often share a facility to keep the cost down [35].

In addition to the definition provided by the JMP countries often have their
own definition of sanitation for monitoring progress. For example the Government
of Bangladesh (GoB) categorises sanitation as hygienic or unhygienic. The hygienic
sanitation facilities exclude pit latrines with a slab (Table 1.1) [41] and allow sharing

by a maximum of two households.

Despite the diversity of definitions used globally, there is very limited
empirical evidence to judge the extent to which the definitions of sanitation facilities

reflect their performance in separating faeces from the environment.
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[

Unimproved
sanitation facilities:
do not ensure hygenic

separation of human
excreta from human

contact. Unimproved
facilities include pit latrines

without a slab or platform,
hanging latrines and

bucket latrines.
SANITATION LADDER

Figure 1.2: JMP sanitation ladder [25]
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1.1.6 Sanitation and diarrhoea

Improved sanitation through separating human faeces from the household
environment is expected to create a primary barrier to break the chain of
transmission of enteric pathogens through fields, fingers, fluids and flies (Figure 1)
[14-16]. Inappropriate disposal of human faeces has been found to be associated
with increased risk of childhood diarrhoea in several epidemiological studies
conducted across different low-income country contexts [44, 45]. For example, in
Ethiopia, children in households with no toilet facility were at six times greater risk of
diarrhoea than children living in households with a toilet facility, after adjusting for
other socio-economic and environmental determinants of diarrhoea [46]. Improper
disposal of children’s faeces was found to be associated with higher diarrhoeal
disease risk among children under five years of age in several studies conducted in
low income country contexts [44, 46, 47]. For example, in the Philippines, disposal of
children’s faeces in the open was associated with a 34% increase in clinically

diagnosed diarrhoea among children under two years of age [48].

Evidence from several systematic reviews suggests that interventions to
improve excreta disposal are effective in preventing diarrhoea morbidity. A meta-
analysis conducted by Fewtrell and colleagues suggests that sanitation interventions
in low-income country settings reduce diarrhoeal illness, with a pooled relative risk
of 0.68 (0.53-0.0.87)[49]. This meta-analysis included two studies of sanitation
intervention. In both of these studies, there was little evidence that the relationship
between sanitation and diarrhoea was confounded by socioeconomic status [45, 50].
A Cochrane review conducted by Clasen and colleagues suggests that in low-income
settings, interventions to improve excreta disposal are effective in preventing
diarrhoeal disease [24]. However, due to major differences among the studies in
term of study context, exposure levels, type of intervention, as well as
methodological deficiencies in the studies themselves, the review could not provide

any quantification of the pooled effect of the interventions on diarrhoea.

A recent systematic review conducted by Wolf and colleagues included
randomized controlled trials, quasi-randomised trials with control group,
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observational studies using matching techniques and observational studies with a
well-defined control group. The meta-analysis from this study reported a relative risk
of 0.72 (95% Cl: 0.59, 0.88), indicating that improved sanitation had a protective
effect on diarrhoeal incidence, compared to unimproved sanitation. Inadequate
sanitation is not only linked with diarrhoea morbidity but also with mortality [37, 51-
53].In 2012, an estimated 58% (Population-Attributable Fraction, PAF) of the
diarrhoea deaths that occurred in 145 low and middle-income countries were

attributable to inadequate water, sanitation and hygiene [53].

Although the evidence regarding the effectiveness of sanitation interventions
in preventing diarrhoea has been criticized as being of relatively poor quality, it is
considered to be sufficient to support the provision of sanitation for all, especially in

low income countries [37, 54].

1.1.7 Sanitation and health

Health

Inadequate sanitation is an important risk factor for poor health, especially in
low and middle income countries [37, 53-56]. Estimates from 2012 suggest that
globally 280,000 deaths were caused by inadequate sanitation. Inadequate
sanitation is also associated with risk of other infectious disease such as trachoma
[37, 57, 58], helminthiases [37, 59, 60] and schistosomiasis [54]. Inadequate
sanitation is also linked with stunting [61-64]. For example, a study conducted in
India found that, compared to open defecation, household access to a toilet facility
was associated with 16-39% reduced odds of stunting among children aged 0-23

months [61].

Quality of Life

In addition to health, sanitation is linked with quality of life [65] indicators
such as safety/security, privacy/dignity, attendance in school [54, 66-68] and
economic development (health system cost, days lost at work or school and
convenience time) [54, 56, 69, 70]. Above all, sanitation has been recognized as

being a human right by the United Nations General Assembly [71, 72].
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1.1.8 Global sanitation context

Globally, the proportion of people with access to private improved sanitation
has increased from 54% in 1990 to 68% in 2015. Yet, as of 2015, 946 million people
worldwide still defecate in the open and an estimated 2.4 billion people were
without access to private improved sanitation facilities. The Global MDG target of 77

percent has been missed by 9% points and almost 700 million people [25].

There is disparity in access to sanitation between rural and urban areas.
Globally seven out of 10 people without access to private improved sanitation, and
nine out of ten people who practice open defecation, live in rural areas. Southern
Asia and Africa still have the lowest coverage of private improved sanitation. There
are still 47 countries in the world in which less than half of the population has access
to private improved sanitation. Globally, there are 638 million people who use
shared sanitation facilities. These facilities, if not for their shared status, would
otherwise be considered improved sanitation. Among those who use sanitation
facilities of an otherwise improved type, the proportion that share these facilities

with others is similar in urban (11%) and rural (12%) areas [25].

1.1.9. The Bangladesh context

Bangladesh, situated in Southern Asia, with a population of more than 160
million (2015 estimate)[25], is one of the most densely populated countries in the
world (Population density=1,203 per sg. Km)[73]. According to recent estimates,
Bangladesh has an under-five mortality rate of 46 per 1000 live births [74].
According to the 2014 Demographic and Health Survey (BDHS), 6% of children below
the age of five years were reported to have had at least one episode of diarrhoea
during the preceding two weeks [74]. More than 5% of the under-five child mortality
is due to diarrhoea [75]. The percentage of the population living in urban areas has

increased from 20% in 1990 to 34% in 2015 [25].

Bangladesh has made good progress in terms of access to sanitation. The
proportion of the population with access to private improved sanitation increased

from 34% in 1990 to 61% in 2015. The proportion of the population that practices
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open defecation decreased from 34% in 1990 to only one percent in 2015. However,
irrespective of this good progress, Bangladesh, like many nations, did not meet the

MDG target related to sanitation [76]. So, improving sanitation is one of the highest
priorities for Bangladesh in order to improve the health and wellbeing of children

under five.

There are limited disparities between rural and urban areas in term of
progress towards the MDG target related to sanitation access. There is more open
defecation in rural areas than in urban areas [36, 77]. However access to improved
sanitation is slightly higher in rural areas than in urban areas (62% vs. 58%). The type
of sanitation facilities used in Bangladesh varies widely. The majority of the
population uses onsite sanitation facilities. In 2013, only 15% of the households in
urban areas, and 0.1% of households in rural areas, had a sewerage connection. The
most common type of toilet facility available to these households was a pit latrine

with a slab (47% in rural and 29% in urban areas).

1.2 Literature review and rationale of the study

This chapter presents the findings from a comprehensive literature review.
The literature review aimed to assess the role of latrine quality and coverage on
microbiological faecal contamination of the household environment and secondly on

diarrhoea.

1.2.1 Protocol for comprehensive literature review
1.2.1.1 Research questions

The literature review was conducted to find answers to the following research
guestions based on available literature:
1. What is the effect of household sanitation quality on diarrhoea incidence
among children under 5?
2. What is the effect of household sanitation quality on faecal contamination of
the household environment?
3. What s the effect of a neighbourhood’s sanitation coverage on faecal

contamination of the household environment?
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4, What indicators of household faecal contamination are used?

1.2.1.2 Criteria for inclusion in the literature review

Studies were considered eligible if they compared the effect of different
types of sanitation quality and coverage on household faecal contamination and
diarrhoea. Two exposures and two outcomes were considered. The first exposure
was access to household sanitation. The primary focus of the search was to search
the literature with regard to improved sanitation access, as defined by the IMP [25,
36]. However, since some literature may provide relevant evidence without using
the standard terminology used by the JMP, any study that compared any
classification of domestic excreta disposal facilities was considered. The second
exposure was neighbourhood sanitation coverage, which included any type of
sanitation facility. ‘Community’ referred to a neighbourhood or village. The first
outcome was diarrhoea among children under five years of age. The second
outcome was household faecal contamination, which refers to the microbiological
contamination of household surfaces (e.g., floors); fomites (e.g., objects such as
toys); hands of children and their caregivers; and household drinking water. Studies
were included regardless of study design and location. Articles published in English
from the year 2000 till 15™ October 2015 were searched, since the term ‘improved

sanitation’ and its related definition was introduced by the JMP in 2000 [25].

1.2.1.3 Conducting the search and identification of studies

Articles published in English from journals, conference proceedings, and
books, were searched using OvidSP (Ovid Technologies 2015). The data bases
Embase (Table 7.1), Global Health (Table 7.2) and Medline (Table 7.3) were
searched. The Cochrane Library was also searched for systematic reviews that
included the terms ‘sanitation’, ‘excreta disposal’, ‘faeces disposal’ or ‘sewage’.
Relevant conference proceeding were hand searched. Researchers working within
the sector from institutions, including LSHTM, ICDDR,B and Stanford University were
also contacted to gain their recommendations on any additional articles. In addition,

the reference list of all studies identified by the above methods, were checked.
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Through this process about 5000 titles were identified for review. The search terms

are presented in Tables 7.1 to 7.3 in Appendix 1.

All the references identified were transferred and saved in Endnote (EndNote
X7). Then using Endnote, duplicates were identified and checked before deletion
from the library. The titles were then reviewed first to check if they were relevant
according to inclusion criteria. Then the abstracts of the selected articles were

reviewed to see if they were relevant according to the inclusion criteria.

1.2.2 Findings from the literature review

The findings from the literature search are presented in two broad sections.
The first section (1.2b.1-1.2b.3) presents literature on what is known about how
household latrine quality and neighbourhood latrine coverage relate to faecal
contamination and diarrhoea. The second section (1.2b.4) presents literature on the

link between faecal contamination and health.

1.2.2.1 Sanitation type and diarrhoea

There is limited evidence linking the quality of sanitation facilities with faecal
contamination. Nor is there sufficient evidence to support associations between
sanitation quality and diarrhoea [24, 37, 78, 79]. Most of the intervention studies
compared diarrhoea prevalence/incidence among groups that received a sanitation
intervention with groups that did not receive a sanitation intervention [50, 78-81].
Most of the observational studies assessed the effect of access to any type of
sanitation on diarrhoea morbidity [45, 48, 82-88]. The few studies that did explore
the effect of different types of sanitation facilities on diarrhoeal episodes did not use
the sanitation definition proposed by the JMP for international monitoring [30, 35,
89]. For example, an observational study conducted in Mexico, found that children
under five years of age, in households with ‘poor’ sanitation (pit latrines and septic
tank) had a higher risk of diarrhoea than children in households with sewage disposal
systems [89]. Although, in this study socio-economic variables where included in the
multivariable analysis, to adjust for confounding due to difference in socio-economic

status, this was an observational study. So confounding by socioeconomic status
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cannot be ruled out completely. There is evidence from a small number of
observational studies that access to flush or pour flush toilets connected to a piped
sewer system [90] or septic tank/pit and composting toilets (hygienic) are associated
with a lower risk of diarrhoea [30, 91-96]. However, from these studies it is not
known whether pit latrines with a slab (improved, as defined by JMP) provide similar

protection from diarrhoea.

Several observational studies have used data from Demographic and Health
Surveys (DHS) to assess the effect of improved sanitation on diarrhoea risk. A study
conducted in Philippines found that households with access to unimproved
sanitation had higher odds of reported diarrhoea (OR 1.63; 95% Cl 0.99-2.69)
compared to those with access to private improved sanitation [97]. A second study
conducted in Malawi, found that children from households with access to private
improved sanitation facilities had 45% lower odds of diarrhoea [98] compared to
those with no sanitation facility. A third study conducted by Fuller and colleagues
used 217 demographic and health surveys from 74 countries. The study found that
access to an improved latrine was associated with reduced prevalence of diarrhoea
[Prevalence Ratio (PR): 0.93; 95% Cl: 0.92-0.95] [99]. In the above mentioned studies
effect of sanitation on diarrhoea was independent of the effect of socio-economic
factors. However these studies used cross sectional data from nationwide surveys,
so cannot rule out the effect of confounding due to socio-economic factors

completely.

The observed effects of sanitation quality on diarrhoea, found in the analysis
conducted by Fuller and colleagues varied by country and time [99]. One
explanation for this variation could be variation in the level of error in the
categorisation of sanitation facilities during data collection across these surveys.
Demographic and Health Surveys (DHS) have identified over 400 different sanitation
classifications in countries in which the surveys have been undertaken [26]. So due
to the wide variety of sanitation facilities, it is very difficult to categorise these
sanitation facilities reliably across different context. Moreover the questions used in

DHS to capture the data on latrine classification are focused on the design of the

28



toilet rather than the functionality of the toilet [21]. For example a pit latrine with a
slab may be considered as improved by the JMP because of the design. But if there is
a leakage in the pit, the faeces will come out of the pit and contaminate the
environment. So this toilet cannot be considered to separate faeces from the
environment hygienically and thereby the JIMP should not consider it to be
improved. This kind of complexity is not captured by the DHS questionnaire [100]. As
a result these surveys are likely to include substantial error in the categorisation of

sanitation facilities.

There is also evidence from large nationwide surveys that access to private
improved sanitation is associated with reduced diarrhoea incidence. A study
conducted in India used data from a large nationwide survey with district level
representation of India's rural households. The data show that, on average, children
living in households using a private improved sanitation facility have 1.26 percentage
points less diarrhoea (10% reduction from 12.1% diarrhoea prevalence) compared to
children living in households with unimproved sanitation [101]. A second study
conducted by Kumar and colleagues used data from a nationally representative
household survey to quantify the effect of improved sanitation access on diarrhoea
incidence on India, using propensity score matching. Access to improved sanitation
was associated with a 2.2 percent point reduction in the risk of contracting diarrhoea
[102]. These large surveys are prone to substantial measurement error in
categorising sanitation facilities. Moreover, in these large nationwide surveys data
on reported diarrhoea is collected at one point in time and as such does not capture
the seasonality of diarrhoea. Sanitation may have variable effects depending on the
season. A nationwide study conducted in rural Indonesia suggested that the lack of
improved latrines was associated with higher reported diarrhoea (OR=1.23, 95% Cl=
1.18-1.29) [51] and under five child mortality (OR = 1.29, 95% ClI = 1.25-1.31). This
study used the JMP definition and collected longitudinal diarrhoea data to capture
variation in seasonality. However this finding has not been replicated in other low-

income country contexts.
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Some studies were identified that looked at the effect of sharing a toilet
facility on diarrhoea. A recent systematic review identified 21 studies with which to
compare health outcomes associated with shared versus individual household
latrines [103]. However, most of these studies did not adequately address potential
confounding factors and did not allow the effect of different types of shared
sanitation to be distinguished. An analysis of DHS from 51 countries found shared,
improved sanitation facilities to be associated with adverse health outcomes [104] as
compared to individual improved latrines, adjusting for potential confounding
variables. However this finding was not consistent across all countries, suggesting
that the social and economic context is also important. A multi-country case-control
study conducted in seven low income country sites in sub-Saharan Africa and South
Asia found families of children with moderate to severe diarrhoea more commonly
used shared facilities than control families (48% vs. 41% OR=1.2; 95% Cl: 1.1-1.3)
[105]. Although this finding was consistent across wealth index quintiles, there was
significant between-country variation. This would suggest that local context plays an
important role. Sharing may also have a variable effect depending on whether a
setting is rural or urban and whether the sanitation facility is being shared by
extended family, neighbours, and acquaintances or with the public. Consequently
limited data are available to understand which contexts are likely to be safe for

sharing sanitation.

1.2.2.2 Sanitation and household faecal contamination

Sanitation is expected to create a barrier to break the chain of transmission
of diarrhoeal disease [15, 16, 30, 51]. However there is limited evidence about the
impact of onsite sanitation quality on specific transmission pathways or on the
relative importance of these pathways. The consideration of microbial
contamination of surfaces, soil and fomites as possible transmission pathways has

been relatively understudied [106].
1.2.2.2.1 Faecal contamination of water

Understanding of faecal-oral disease transmission pathways in relation to

sanitation has largely focused on contamination of drinking water [107-116].
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However, the literature looking at sanitation and water quality has produced
inconsistent results [116-120]. Most of the studies that assessed the relationship
between sanitation and water quality had limited sample size or categorised
sanitation differently from the JMP definition. However, an observational study by
McGarvey and colleagues collected data from a representative sample of 703
households from six coastal districts of Ghana. The study found households with a
pit latrine or no facility have two to three times higher odds of having two or more E.
coli per 100 ml of water relative to those with a water seal toilet, even after
adjustment for other sanitary and socio-demographic characteristics [116]. Another
study conducted by Mattioli and colleagues found that having an improved
sanitation facilities was associated with a 1.7 fold decrease in the odds of detecting
E. colivirulence genes in stored water [117]. In contrast, findings from a few
observational studies suggest that sanitation is not associated with level of faecal
indicator bacteria (FIB) in stored water [118-120]. But these observational studies
had a limited sample size and were not designed to perform a statistical analysis of
the association between sanitation and water quality that adjusted for the effect of

confounding variables.
1.2.2.2.2 Faecal contamination of hands

There is limited evidence to link the level or presence of faecal contamination
on hands with household sanitation level [106]. A study conducted by Pickering and
colleagues measured levels of FIB (E. coli, faecal streptococci) on hands in 334
households in Tanzania. Households which had improved toilets (JMP definition)
were found to have lower levels of faecal streptococci on children’s and mother’s
hands [106]. A second case-control study conducted in Tanzania (n<306) found that
use of improved sanitation (JMP) was not associated with presence of FIB (E. coli and
enterococci) enteric viruses (enterovirus, adenovirus, and rotavirus) E. coli virulence
genes (ECVG) and human-specific Bacteroidales faecal markers on the hands of adult
female caregivers [117]. A third study conducted in Mozambique measured hand
contamination using a finger imprint method. This method collects 10 finger prints

from each participant and then these are placed in chromogenic agar that stains
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Enterococcus spp. and E. coli spp. Levels of faecal indicator bacteria on the fingertips
of female caregivers were not found to be associated with the type of sanitation in

the household [121].

There may be a few alternative explanations for the inconsistencies in
findings from these different studies. Firstly the inconsistencies in findings can be
due to the difference in indicator organism chosen as outcome. In the study
conducted in Tanzania by Pickering and colleagues, level of E. coli on hand were not
associated with sanitation type but level of faecal streptococci on hands were
associated with sanitation type [106]. Secondly the inconsistency in findings can be
due to the variation in the methods of sample collection. Hand rinse technique is
likely to collect sample from larger surface area of hand than finger imprint
technique and may be more accurate indicator of contamination of hand [122].
Thirdly, the inconsistency could be due to difference in contexts. A study found that
there was important variation in the level of hand contamination in samples
collected from different neighbourhoods [121]. Similarly the factors that contribute
to contamination of hands may vary depending on the broader geographical and

socio-cultural contexts.
1.2.2.2.3 Faecal contamination of domestic surfaces and soil

The literature linking faecal contamination of domestic surfaces, soil and
fomites with sanitation level (JMP definition) is limited [116, 123-128]. For example,
a microbial survey of faecal contamination and selected diarrhoea pathogens in soil,
surfaces and produce was implemented in Tanzania among 20 households using
private pit latrines. In this study all the samples were analysed for FIB (E. coli and
enterococci). There were no significant differences in the FIB levels that were
cultured from soil in households which had pit latrine with a concrete slab and those
that had a pit latrine without a slab [123]. The study was also underpowered to
detect difference in FIB levels among households with improved and unimproved
sanitation. A second study conducted in Tanzania found that households with access
to improved (individual or shared) latrines had lower mean E. coli concentration in

the hand contact surfaces within the toilet, compared to households with access to
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unimproved latrine technologies. However when shared sanitation was categorised
as unimproved according to MDG classification there no difference in mean E. coli
concentration in households with access to improved and unimproved latrines [129].
There was no correlation in the level of bacteria found in latrines with the level of
bacteria found on the other household surfaces [129]. Although this study provides
empirical evidence for the validity of the JMP technology classification it merged
data collected from urban and rural areas, potentially hiding the extent to which this
is likely to vary by context. Moreover the extent to which a particular household

surface comes in contact with young children is not well known.
1.2.2.2.4 Faecal contamination of fomites

It is hypothesised that toys are likely to have high levels of faecal
contamination and play an important role in diarrhoeal disease transmission [130-
133]. If sanitation facilities are effective in separating human faeces from the
environment then this is likely to reduce the microbial contamination of household
objects (for example a toy ball). Several small scale observational studies have
assessed the effect of sanitation on faecal contamination of the household

environment.

In a study conducted in Bangladesh, 39 households with improved sanitation
and 61 households with unimproved sanitation were enrolled to assess if faecal
contamination of a standard-size toy ball (introduced by the study) was associated
with sanitation quality. The mean level of faecal coliforms on the toy balls were
found to be higher in households with unimproved sanitation compared to
households with improved sanitation. However, the mean level of faecal
streptococci was similar in households with improved and unimproved sanitation
[134]. A recent study conducted by Torondel and colleagues looked at the
correlation between household characteristics and microbiological contamination of
toy ball (also introduced by the study) in rural Indian context. The study did not find
any difference between households with or without presence of a functional latrine
in terms of the presence of any thermotolerant coliforms (TTC) on the toy ball [135].

While these studies demonstrated the feasibility of using sentinel toys as a measure
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of household faecal contamination, the studies did not categorise sanitation

according to the JMP definition.

A study was conducted in Bangladesh with the aim of comparing the levels of
FIB (faecal coliforms and E. coli) in indicator fomites (sentinel toys and clothes) in
households with improved (JMP) and unimproved latrines. The levels of faecal
coliforms on toys in households with improved sanitation were lower (geometric
mean: 8 CFU/100 ml) compared to households with unimproved sanitation
(geometric mean: 57 CFU/100 ml). There was no significant difference in the
geometric means of E. coli on the toy comparing households with improved and
unimproved sanitation. However, the study had small sample size (n=50)[136]. In
another study, conducted in Peru, faecal contamination of toy balls was measured in
a subsample of households (n=160) enrolled for an impact evaluation of a water and
sanitation program. Improved sanitation as defined by JMP was associated with
lower geometric mean concentration (MPN/100ml) of faecal indicator bacteria (E.
coli) [137] on toys compared to households that lacked improved sanitation. Another
study conducted in Honduras found that households with improved latrines had
lower geometric mean concentration (MPN/100mL) of total coliforms [138] in both
existing and study-introduced toys compared to households with unimproved
sanitation. However these studies did not have enough power to assess the effect of
a range of confounding variables that may affect the association between faecal

contamination and sanitation access.

1.2.2.3 Neighbourhood sanitation coverage

Infectious diarrhoea is transmitted in both public and private domains [18].
So, improved sanitation may reduce the transmission of infectious diarrhoea in two
ways. As described in section 1.2.2.1 of this literature review there may be a direct
benefit to a household in improving their household sanitation. Additionally there
may be an external benefit for that household which arises, due to their neighbours
accessing sanitation as this results in a lower probability of human contact with

human excreta [101]. An important question often debated in the context of
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improving sanitation in low-income settings is whether the benefits of sanitation

critically depend on neighbourhood-level sanitation coverage (“herd effect”)[139].

Several studies were identified that assessed the effect of community
sanitation coverage on health. A few studies have looked at whether the level of
community sanitation coverage has an effect on health by studying sanitation
facilities which are connected to sewer systems or septic tanks in urban contexts
[140-144]. A study conducted in 45 urban wards in Dar es Salam, found limited
change in cholera incidence as the percentage of the ward’s residents connected to
a septic tank or sewage system increased (Incidence rate ratio: 1.01; 95% Cl: 0.95—
1.07). The authors suggest that the lack of association could be due to a narrow
range of access to sanitation at the ward level (sanitation coverage) [141]. Another
study conducted in an urban area of Dhaka found that among the four wards
studied, the ward which had more than 60% of toilets connected to a sewer system
or septic tank had 1.25 less DALYs/household/per year compared to a ward in which
95% of residents practiced open defecation or used a hanging latrine [145]. While
these studies show the importance of community sanitation access, they cannot fully
elucidate the relationship between neighbourhood-level sanitation coverage and

faecal contamination or on health outcomes.

A study implemented a city-wide sanitation intervention in Salvador, Brazil
which aimed to raise the level of sewerage coverage from 26% to 80%. After the
intervention implementation there was a 22% reduction in diarrhoea prevalence
(95% Cl: 19-26)[142, 143]. In the multivariate model, adjustment for changes in
community sewerage coverage explained 100% of risk reduction while changes in
household level sanitation related variables explained only 17% of the risk reduction
[143]. This finding suggests that that the pathogen transmission reduced by the
programme was mainly in the public domain, suggesting that achieving community-
wide access to improved sanitation, in addition to household access, is likely to be
critical for effective reduction of faecal contamination and diarrhoeal incidence
reduction. However, this study was conducted in urban areas with sewage

connections, a sanitation technology not feasible in most low-income rural settings.
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In rural settings with predominantly onsite sanitation the impact of neighbourhood

sanitation may be different.

Studies conducted in rural contexts with predominantly onsite sanitation
facilities have also highlighted that neighbourhood sanitation coverage may be
important. First a study conducted in rural Zimbabwe assessed the effect of latrine
coverage at the community level, on diarrhoea morbidity. In the community with
62% latrine coverage children experienced 68% lower diarrhoea morbidity compared
with the children from the community that had no sanitation [139] access. However
the study had a relatively small sample size and compared only two communities. A
second study conducted in coastal Ecuador analysed data from four years of active
diarrhoeal-disease surveillance data across 21 communities. Villages were
categorised based on diarrhoea prevalence as ‘low’ (<0.6%); ‘low-medium’ (0.6%-
2.2%); ‘medium-high’ (2.2 %-< 5.2%) and ‘high’ (5.25-100%). The study found that
higher levels of improved sanitation were associated with lower diarrhoea
prevalence in regions categorised as low risk [146]. This study showed that the
association between community sanitation coverage and diarrhoea risk may vary
depending on the level of disease in the surrounding villages. These studies provide
insufficient evidence of the benefits of externality associated with increased

community-level sanitation access.

The studies which were conducted in rural settings indicate that high levels of
sanitation coverage within a community may provide additional externality benefits
[101] in terms of reducing diarrhoea. For example one study used data from an
Indian nationwide survey of rural households. The findings suggest that community-
level improved sanitation coverage is associated with a 37% additional reduction in
diarrhoea prevalence, in addition to a reduction due to household level improved
sanitation coverage [101]. A second study that used demographic and health survey
data suggests that children from villages with higher open defecation rates were
stunted, controlling for the effect of household level sanitation practices [147].
These findings have so far not been replicated in other settings. Depending on the

status of disease in a specific context the effect of risk factors such as lack of

36



sanitation may have a variable effect. Moreover, most of these studies have used
secondary data such as DHS. As acknowledged earlier, the classification of sanitation
facilities in DHS may be prone to misclassification bias as the questions used in DHS
do not capture the function of sanitation facilities in separating faeces from the

environment.

1.2.2.4 Other determinants of household faecal contamination and

diarrhoea

In 2012, worldwide 297,000 diarrhoea deaths were estimated to be caused
by inadequate hand hygiene [53]. In a study conducted in India, the caregiver's self-
reported practices of washing hands with soap before meals (OR=0.85, 95% Cl 0.76
to 0.94) or after defecation (OR=0.86, 95% Cl 0.80 to 0.93) were inversely associated
with child stunting, after adjusting for all potential confounders [61]. A recent
systematic review identified individually randomized controlled trials (RCTs) and
cluster-RCTs that compared the effects of hand washing interventions, on diarrhoea
episodes in children and adults with no intervention. The study found that hand
washing promotion among communities in low and middle income countries (LMICs)
prevents around one-quarter of diarrhoea episodes (rate ratio 0.72, 95% Cl 0.62 to
0.83) [148]. In six out of eight trials identified in this review, soap was provided free
alongside hand washing education, and the overall average effect size was larger

than in the two trials which did not provide soap.

Findings from observational studies suggest that washing hands with soap is
effective in removing microorganisms from hands [106, 149-151]. For example a
study conducted in Tanzania among 334 households found that children’s hands
reported washed within the past hour have an average of 0.3 log10 CFU / 2 hands
less E. coli (EC) (t=-3.31, df=832, P=0.001) and 0.2 log10 CFU / 2 hands less Faecal
Streptococci (FS). (t=-3.82, df=836, P<0.001) compared with children’s hands
reported not washed within the past hour [106]. More over in this study visible dirt
observed on the subject’s palm, finger pads, or underneath their nails was
significantly related to higher level of both EC and FS on hands. Similarly a second
study conducted in Zimbabwe among 80 families found that washing hands with
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soap was more effective in reducing faecal indicator bacteria level on hands

compared to traditional hand washing [150].

Similarly findings from intervention studies suggest that washing hands with
soap is effective in reducing microorganisms from hands [149, 152, 153]. For
example, a study conducted in karachi, Pakistan found that, compared to mothers
who received no hand-washing intervention, mothers who received soap, would be
expected to have 65% fewer thermotolerant coliform bacteria on their hands (95%
Cl 40%, 79%) and mothers who received soap, a safe water storage vessel,
hypochlorite for water treatment, and instructions to wash their hands with soap
and chlorinated water would be expected to have 74% fewer (95% Cl 57%, 84%)
[154]. It is possible that differences in faecal indicator bacteria among the groups
reflected underlying divergences in their neighbourhoods rather than the affect of
the assigned interventions. However, in this study neighbourhood characteristics
likely to affect hand cleanliness and hand washing, was adjusted in the multivariate

analysis.

In 2012, globally 502,000 diarrhoea deaths were estimated to be caused by
inadequate drinking water [53]. A systematic review conducted by Clasen and
colleagues suggests that, water disinfection products for use at the household level
may reduce diarrhoea by around one quarter (home chlorination products: RR 0.77,
95% ClI 0.65 to 0.91; flocculation and disinfection sachets: RR 0.69, 95% Cl 0.58 to
0.82). and point-of-use filtration systems probably reduce diarrhoea by around a half
(RR 0.48, 95%CI 0.38 to 0.59)[155]., This findings suggests that water quality is an

important determinant of diarrhoeal diseases.

1.2.2..5 Faecal contamination, transmission pathways and link with
diarrhoea

1.2.2.5.1 Water

A range of indicators, including FIB, pathogenic microorganisms (viruses and
bacteria), Coliphages and species specific faecal markers [117] have been used to

assess faecal contamination of drinking water [107-110, 113-116, 118-120, 156-183].
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However, the evidence associating faecal contamination of water with health
outcomes is inconsistent. Those reporting a linkage between faecal contamination
and health outcomes have mostly used FIB to assess faecal contamination. Findings
from these observational (large sample size) and intervention studies conducted in
both high and low-income countries suggest that the presence of FIB (faecal
coliforms, E. coli, faecal streptococci and enterococci) in water may be associated
with adverse health outcomes [163, 177, 182-186]. However, a few observational
and intervention studies did not find the level of FIB in stored water to be associated
with adverse health outcomes [106, 117, 168, 178]. The studies which did not find
the faecal contamination of water to be associated with health outcomes were
weakened by the fact that they had a limited sample size (N>335) to detect
differences in health outcome. Moreover presence of FIB in recreational water was
found to be associated with gastrointestinal iliness in high-income country contexts
[187, 188]. So it can be argued that there is a reasonable amount of evidence

suggesting that the presence of FIB in water may predict health risk.
1.2.2.5.2 Hands

The available literature suggests that the presence of FIB on children’s and
caregiver’s hands are common [132, 165, 173, 189-192] and plays a significant role in
transmission of infectious gastrointestinal illness. In a domestic environment with
high microbial contamination, hands that are effectively de-contaminated by
washing are often quickly re-contaminated [189, 193, 194] by coming into contact
with different vectors in the household environment and through different
household activities. In day care centres contamination of hands was found to be
correlated with the contamination of inanimate objects [131]. Several small scale
studies have identified the level of FIB on hands to be associated with diarrhoea
[106, 122, 130-132, 195-197]. However, the evidence is generally weak because of
limited sample sizes and is often not consistent between countries. For example
studies conducted in Bangladesh [114] and Thailand found the presence of FIB in
children’s and mothers hands to be associated with higher rates of diarrhoea [197].

However, a study conducted in Karachi by Luby and colleagues suggests that

39



presence of thermo tolerant coliform on hands was not associated with diarrhoea
when measured using finger imprints. In this same study the presence of faecal
coliforms were measured using a hand rinse technique and this was found to be
associated with diarrhoea [122]. The studies conducted in Thailand [197] and
Bangladesh [114] also used similar finger imprinting techniques to assess hand
contamination and found the faecal contamination of hands to be associated with
diarrhoea. However both of these studies used larger agar plates which allowed a
larger hand surface area to be cultured compared to the study in Karachi. This
suggests that culturing a larger surface area of the hand may provide a more

accurate and useful assessment of faecal contamination on hands.

There is limited evidence about the association between the faecal
contamination of hands and diarrhoea. The literature indicates that measuring hand
contamination at random could be considered as a potential indicator of the faecal
contamination that may be prevalent in household environment. However since
hand contamination is highly variable, it may require large sample sizes to capture

variation in factors contributing to hand contamination [122].
1.2.2.5.3 Home hygiene (surface/fomite)

There is some evidence from high [198-209] and low-income countries [123,
128, 165, 173, 210] that the microbial contamination of household surfaces and
fomites are common and plays a significant role in the transmission of enteric
pathogens. However most of these were descriptive studies, with small sample sizes.
These studies have mostly described the levels of general microbial contamination or
faecal contamination in the household environment but did not link faecal

contamination on surfaces and fomites with health outcomes.
1.2.2.5.4 Toys

Evidence suggests that children’s toys have a high degree of FIB and can be a
potential source of transmission of enteric pathogens [124, 125, 130-132, 211].
There is also some evidence from small scale observational studies, suggesting that

the degree of faecal contamination on hands may be associated with the faecal
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contamination of toys [125, 131]. However, there is very limited evidence of faecal

contamination of toys being associated with diarrhoea in low-income countries.

1.2.2.6 Microbial indicators of faecal contamination:

1.2.2.6.1 Comparison of indicators of faecal contamination

The literature from high and low income countries suggests that, a range of
indicators including faecal indicator bacteria (FIB), pathogenic microorganisms
(bacteria and viruses) have been used to assess faecal contamination [106, 116, 119,
122,124, 157, 181, 209, 212-215]. A range of microbial source tracking (MST)
methods (genotypic, phenotypic, and chemical) have also been used to identify
sources (human/non-human) of faecal pollution in the environment [106, 117, 157,
204, 216-218]. However, all indicators of faecal contamination have some
advantages and disadvantages in term of their use to assess faecal contamination in

epidemiological studies.

Links between species specific faecal markers in environmental samples and
health is yet to be established [106, 216, 217, 219-221]. Moreover the presence of
human specific faecal markers identified using MST methods has been found to be a
poor predictor of pathogenic bacteria [213, 219]. MST methods are time consuming,
labour-intensive, and expensive (require costly laboratory equipment) [220]. As a
result this may have limited feasibility in assessing the impact of large scale

sanitation/hygiene programme in low income country context.

Pathogenic microorganisms (bacteria and viruses) that are associated with
faecal contamination and can cause diarrhoea tend to be found in low
concentrations in the environment and there are a large number of them. So it is
difficult to monitor them in environmental samples [217, 220, 222] and can be costly
in the context of low income country setting if the primary purpose is large scale

programme evaluation.

FIB are rapidly detected, easily enumerated, have survival characteristics that
are similar to those of the pathogens of concern. There is some evidence that
presence of FIB can be associated with the presence of pathogenic microorganisms

[217, 219, 222] and Bacteroidales faecal marker [223]. More over concentration of
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FIB in hand and drinking water was found to be associated with health outcome
[114,122,163,167,170,177,180-184, 197, 224-226] in the context of both high and
low income countries. In a systematic review in high income country context, higher
concentration of FIB bacteria in recreational water was found to be associated with
higher relative risk of gastrointestinal illness (Gl) in areas with known sources of
human faecal contamination [187]. However FIB (faecal coliform, E. coli, faecal
streptococci, enterococci) are found in faeces of all warm blooded animal [106, 216,
217, 222] and can be naturally found in the environment [227-230]. But there is also
evidence from small scale observational studies suggesting that concentration of FIB

in hands and toy may be associated with sanitation [106-116].

So use of FIB could be considered as a feasible option to assess faecal
contamination in low income country context to predict health risk, although they
cannot be used to track source of faecal contamination (human/animal). However
the extent to which they represent health risk may vary and some may be more
faecal specific than others. In this study level of faecal indicator bacteria will be
assessed in hands and toys considering feasibility of measuring in low income

country context.

1.2.2.6.2 Comparison of common faecal indicator bacteria used to assess faecal

contamination

There is very limited evidence of the performance of four most commonly
used faecal indicator bacteria (faecal coliform, E. coli, faecal streptococci,
enterococci) if found in hands and toys to be associated with health outcome as well
as sanitation. Most of the literature on faecal indicator bacteria is related to drinking

water or recreational water.
1.2.2.6.2.1 Faecal coliform

Evidence from observational studies conducted in the context of both high
and low income countries suggests that concentration of faecal coliform in hands
may be associated with higher risk of diarrhoeal illness [122, 130-132, 163, 183, 186].
However there is no evidence of concentration of faecal coliform in hands to be

associated with sanitation. But level of faecal coliform in toys was found to be
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associated with better quality sanitation [124, 125] in two small scale observational
studies conducted in Bangladesh. But we do not know if level of faecal coliform in
toys is associated with better health outcome. One of the important limitations of
faecal coliform is that faecal coliform can also include some species that can have a
non-faecal origin (e.g., Klebsiella pneumonia) [226-231]. So concentration of faecal
coliform may not represent exposure to human faeces only but if found to be
associated with better sanitation, it can provide indication of how better sanitation

might contribute in preventing faecal contamination of the household environment.

So concentration of faecal coliform in hands and toy may better predictor of

sanitation but may not be good predictor of health and faecal contamination.
1.2.2.6.2.2 E. coli

E. coliis more faecal specific than faecal coliform [217, 226, 231] and
recommended as indicator for recent faecal contamination in water [232] from
human and animal. While there is some evidence to suggest that level of E. coli in
drinking water and recreational water is associated with health outcome [163, 177,
182-187, 233], there is very limited evidence of level of E. coli in hands and toys to be
associated with sanitation or health outcome. However a study conducted in 334
households in Tanzania, found that level of E. coli in mothers and children’s hands
was not associated with prevalence of gastrointestinal symptoms although this study
measured gastrointestinal symptoms in one season only. Moreover in this study
level of E. coli in children’s and mothers hands were not associated with sanitation
level (JMP definition) [106]. There was no evidence found about level of E. coli in toy
to be associated with health outcome, however studies conducted in Bangladesh
with limited sample size found that level of E. coli in toy was not associated with

sanitation level [125].

So concentration of E. coli in hands and toy might be good predictor of faecal

contamination but may not be good predictor of sanitation.
1.2.2.6.2.3 Faecal streptococci
Faecal streptococci survive longer in the environment than faecal coliforms

and E. coli [220, 226, 234]. There is limited evidence of level of faecal streptococci in
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hands and toys to be associated with health outcome as well as sanitation. In
observational studies conducted in Thailand and Tanzania level of faecal streptococci
in hands was found to be associated with health outcome [106, 197]. Moreover in
the study conducted in Tanzania level of faecal streptococci in hands were found to
be associated with sanitation level. However in Bangladesh level of faecal
streptococci in toy was not found to be associated with sanitation level in a study

with limited sample size [124].

So level or faecal streptococci in hands may be good predictor of health and

faecal contamination but may not be good predictor of sanitation.
1.2.2.6.2.4 Enterococci

Enterococci are more faecal specific [217, 220] than faecal streptococci. A
study conducted by Pinto and colleagues has found majority of enterococci (84%)
found in variety of polluted water source to be true faecal species [235]. Level of
enterococci in drinking and recreational water was found to be better predictor of
diarrhoeal risk compared to faecal streptococci [185, 187, 188, 236]. In a study
conducted in France, level of enterococci in water was found to be correlated with
level of Bacteroidales faecal marker[223]. Another study conducted in Tanzania
found higher concentration of enterococci in water to be associated with presence
of E. coli virulence genes (ECVG) [219]. However there is lack of evidence of the
presence of enterococci in hands and toys to be associated with health outcome and

sanitation.

So concentration of enterococci in hand and toys might be the best predictor
of faecal contamination while its association with sanitation and health is yet to be

explored.

Taken together these findings suggests that, there is limited evidence
comparing the utility of faecal coliform, E. coli, faecal streptococci and enterococci as
indicator of faecal contamination on hands and toys in relation to linkage between
both sanitation and health. Concentration of E. coli and enterococci is better
predictor of faecal contamination (water) and health, compared to faecal coliform

and faecal streptococci. But there is limited evidence of concentration of E. coli and
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enterococci in hands and toys to be associated with sanitation as well as health.
There is some evidence suggesting concentration of faecal streptococci in hands may
be associated with sanitation level, while concentration of faecal streptococci in toys
may not be. Although faecal coliforms are not faecal specific but concentration of
faecal coliform in hands and toys were found to be associated with sanitation. Since
this study aims to assess faecal contamination of hands and toys in relation to
sanitation, faecal coliform (found to be linked with sanitation) and enterococci (most
faecal specific) can be considered as potential indicator of faecal contamination. As
concentration of E. coli and faecal streptococci in hands and toys were not found
associated with sanitation level in small scale studies conducted in low income

country context.

1.2.2.7 Summary of literature review and gap in knowledge

The findings from the literature review suggest that access to private
improved sanitation may be associated with modest reductions in diarrhoeal disease
but the effect may vary depending on the country, rural or urban environments and
seasonality. Sharing a sanitation facility may be associated with higher diarrhoea risk
but depending on the context the effect may vary. Most of the existing studies
assessing sanitation quality and health outcomes were observational and had
important methodological limitations. Many of the existing studies could not capture
the seasonal variation of diarrhoea. Moreover many of the existing studies used
reported data and standard questionnaires used by JMP/DHS to assess sanitation.
This approach assesses only the presence of sanitation technology rather than its
functionality, which can lead to potentially inaccurate categorisations of latrines. As

a result these studies are prone to misclassification bias.

There are limited numbers of studies that have looked at the effect of
sanitation on household faecal contamination. Understanding of faecal-oral disease
transmission pathways in relation to sanitation has largely focused on drinking
water. The available evidence suggests that both hands and toys could be considered
as potential indicators of household faecal contamination. However the findings are
based on observational studies and there is heterogeneity in the effect of sanitation
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in preventing faecal contamination. The inconsistencies in findings across different
studies may be explained by the difference in indicator organism chosen as outcome,
variation in methodology of sample collection and the differences in context.
Important limitations of existing studies include that many are underpowered to
understand the role of confounding factors. Further studies with large enough
sample sizes to allow adjustment for possible confounders are needed to see if

faecal contamination of hands and toys are associated with sanitation.

There is a reasonable amount of evidence suggesting that the presence FIB in
water may predict health risk although there are some inconsistencies in findings
across different studies. There is limited evidence linking the faecal contamination of
hands with diarrhoea but hand contamination measured at random could be
considered as a potential indicator of faecal contamination in household
environment. However since hand contamination is highly variable, it may require
large sample sizes to capture variation in factors contributing to hand
contamination. There is limited evidence to suggest that faecal contamination of

surfaces, soil, fomites and toys are associated with increased diarrhoea.

Neighbourhood-level sanitation may provide important externality benefits
in reducing diarrhoea disease transmission. But the effect is likely to be different in
rural and urban contexts. There is limited evidence to suggest that the level of
neighbourhood sanitation coverage has an effect on health outcomes. The literature
on the role of neighbourhood sanitation coverage in reducing household faecal

contamination is even more limited.

From the literature review presented above, a few important gaps in
evidence in relation to improving sanitation coverage in the context of low-income
countries can be highlighted. There is limited evidence of the comparative benefits
of different levels of onsite sanitation facilities as defined by JMP in terms of
reducing faecal contamination of hands and toys and protecting health. There is also
limited knowledge about role of sanitation coverage in the neighbouring households

on environmental faecal contamination and health. Important limitations of the
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studies which have assessed faecal contamination include limited sample sizes and

lack of understanding of the role of confounding factors.

1.3 Study aims and objectives

The present study assessed whether faecal contamination of hands and toys
is associated with level of sanitation access in a rural setting with predominantly
onsite sanitation. The study used sentinel toy and hand contamination as indicators
of household environmental contamination in rural areas of Bangladesh. The study
collected data from a sample size large enough to capture variability in the degree of
faecal contamination comparing households with different level of sanitation. A
range of potential household factors (water, sanitation and hygiene related) and
neighbourhood level factors was measured to see how they modify or confound the

association between sanitation and faecal contamination.

1.3.1 Aim

The aim of the study was to further our understanding of the importance of

sanitation quality and coverage, in protecting health.

1.3.2 Specific Objectives

1. To assess the association between different types of onsite sanitation provision
(as defined by the JMP and the Govt of Bangladesh) in the household and faecal
contamination of the household environment.

2. To assess the association between neighbourhood sanitation coverage and faecal
contamination of the household environment.

3. To assess the association between different types of onsite sanitation provision
(as defined by the JMP and the Govt of Bangladesh) in the household and the

occurrence of diarrhoeal disease in children younger than five years of age.

1.3.3 Research questions

1. Is access to better onsite sanitation (as defined by the JMP and the Govt of
Bangladesh) in the household, associated with a lower level of faecal

contamination of the household environment?
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2. Is higher coverage of improved latrine in the neighbourhood, associated with

lower level of faecal contamination of the household environment?

3. Is access to better onsite sanitation provision (as defined by the JMP and the
Govt of Bangladesh) in the household, associated with lower reported diarrhoea

among children less than five years of age in rural Bangladesh?

1.3.4 Impact of the study

This study will help develop a better understanding of the impact of different
type of onsite sanitation in reducing environmental faecal contamination and
diarrhoea, and of the effect of sanitation coverage in the neighbourhood on
environmental faecal contamination. As a result this will add to the evidence base on
health impact of sanitation facility. The evidence could help inform policymakers as
to what type of onsite sanitation facilities should be promoted in low-income
settings such as Bangladesh. This will also help improve the evidence base regarding

the classification of sanitation facilities that is used for international monitoring.

1.4 Thesis components

The thesis consists of six chapters. The contents of each chapter are summarized

below.
Chapter 1: Background and literature review

Background to the thesis
Comprehensive literature review

Aim and objectives of the thesis

Chapter 2: Comparing measures of household faecal contamination in rural

Bangladesh

This chapter presents data on children’s exposure to household faecal
contamination and data from piloting several measures of household faecal

contamination to inform decisions regarding indicator of household faecal
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contamination, to be used in the next chapters. This chapter includes a ready

for submission manuscript, which describes the main results.

Chapter 3: A cross sectional study of the association between sanitation type and
faecal contamination of the household environment in rural Bangladesh

This chapter compares the relevance of different classifications of improved
sanitation used for international monitoring in term of reducing
microbiological contamination of household environment. This chapter

includes a manuscript submitted for publication, which describes the main

results.

Chapter 4: Effect of neighbourhood sanitation coverage on faecal contamination of
the household environment in rural Bangladesh

This chapter explores the role of neighbourhood sanitation coverage on
household faecal contamination as measured through toy ball and children’s

hands. This chapter includes a ready for submission manuscript, which

describes the main results.

Chapter 5: A cross sectional study to explore the association between sanitation type
and diarrhoeal disease.

This chapter compares the relevance of different classifications of improved
sanitation used for international monitoring in term of reducing diarrhoea
among children less than five years of age using previous data from a
programme evaluation conducted in Bangladesh. This chapter includes a

ready for submission manuscript, which describes some of the main results.
Chapter 6: Discussion

This last chapter provides a summary of the results from all the chapters,
provides an overall interpretation of the results, discusses notable strengths
and limitations of the research and finally provides recommendation for

policy and future research.

Chapter 7: Appendices that include details of microbiological sample collection and

processing; and data collection tools
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Chapter 2: Comparing measures of household faecal
contamination in rural Bangladesh

2.1: Introduction to the chapter

This chapter includes the first of the four manuscripts presenting results of
the studies conducted for this thesis. The results presented in this manuscript are
from the pilot study that was conducted to identify suitable sites on which to

measure indicators of household faecal contamination.

2.2 Role of the authors in the research paper

Tarigue M.N. Huda (TH): TH is the first author of the research paper. He had
the primary role of designing the study, overseeing the field work, cleaning and
analyzing the data, interpreting the results and drafting the manuscript.

Amy J. Pickering (AP): AP provided guidance on the microbiological sample
collection protocol; provided feedback on analysis and interpretation of the data and
reviewed the draft manuscript.

Stephen P. Luby (SL): SL provided guidance on design of the study and
reviewed the draft manuscript.

Leanne Unicomb (LU): LU provided guidance during data collection in
Bangladesh and reviewed the draft manuscript.

Wolf-Peter Schmidt (WS): WS contributed to the conception o the study,
defining the research questions, provided guidance on design of the study; reviewed
the data analysis and the draft manuscript.

Zahid H. Mahmud (ZM): ZM reviewed the protocol for the microbiological
sample processing in the lab, helped with supervision of the sample processing in the

lab and reviewed the draft manuscript.

Probir K. Ghosh (PG): PG reviewed the data analysis strategy and the draft

manuscript.

Adam Biran (AB): AB was the executive author for this manuscript. He
contributed to the conception of the study, contributed in defining the research
questions, approved the overall study design, data/sample collection protocols and

reviewed the draft manuscript.
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2.4 Abstract

The objectives of this study were a) to identify potentially suitable (relevant
to local context and standardized) sites at which to measure indicators of household
faecal contamination and b) to compare different measures of household faecal
contamination in terms of feasibility of assessment and variation across different

households.

We conducted three-hour observations in ten households with at least one
child less than five years of age to identify surfaces and objects that came in contact
with the children. Children’s hands came into contact with earth floors, including
living room, entrance of main house, yard, and kitchen. Children played with a wide
range of objects of different sizes and shapes. Only in half of the households were

children playing with commercially available toys.

To assess household faecal contamination, a microbiologist collected samples
from mother’s hands, child’s hands, toy balls (so called ‘sentinel toys’ provided by
the study), the floor of entrance to the main house and a composite floor sample
(collected from middle of yard, bedroom of the child and the kitchen) from 20
households (five samples per household). A microbiologist enumerated presumptive
faecal coliforms (FC) and presumptive E. coli (EC) using the membrane filtration
technique. The results are presented in terms of colony forming unit (CFU) per 100

cmzsampling area.

The coefficient of variation (CV) of FC count among both the floor samples
(CV=0.16-0.17) was lower compared to hand rinse samples (mother’s hands=0.47

and children’s hands=0.41) and sentinel toy ball (CV= 0.60). The coefficient of
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variation (CV) of EC count among both the floor samples (CV=0.17-0.20) was lower
compared to hands (mother’s hands=0.44 and children’s hands=0.48). The median
level of FC on children’s hands from households with access to improved latrine was
lower compared to households with access to unimproved latrines (1.94 vs. 2.67;
log1o CFU) . The median level of FC in sentinel toy samples collected from households
with improved latrine were lower compared to samples collected from unimproved

latrines (1.32 vs. 2.10; logyo CFU).

Contamination of children’s hands and study-provided sentinel toys can be
used as indicator of children’s exposure to household faecal contamination, as these
measures can be identified and sampled reliably across different households,

capture variation and are feasible to measure.

Key words: faecal contamination, sentinel toy, hands, and Bangladesh

! Since the sample size was small and the sample was selected purposively significance level was not
presented. As, the differences could be due to selection bias.

65



2.5 Introduction

Diarrhoea-causing enteric pathogens pass from one host to another through
the environment before reaching a new host. For young children, the environment is
the home and its immediate vicinity [1, 2]. Containing contamination at the
sanitation point is one way to prevent faeces and their associated pathogens from
contaminating the household environment [2-5]. To assess the effectiveness of
sanitation interventions in reducing contamination within the household
environment, we need suitable indicators of faecal contamination of the household

environment.

Within the household environment there may be multiple sources of
children’s exposure to faecal contamination, including hands, objects, surfaces, food
and drinks [1, 2]. Research assessing household faecal contamination has
conventionally focused on hands, food, and drinking water [6-40]. However,
contaminated household surfaces and inanimate objects can also play an important
role in transmission of enteric pathogens [41-44] and microbial contamination of
household surfaces, inanimate objects, and soil, as transmission pathways has been
relatively understudied [34, 44-51]. One major difficulty in measuring household
surfaces and inanimate objects is identifying a standard surface or object to sample
across different study households. Moreover, the extent to which young children
come into contact with particular household surfaces or objects is not well known

[47] and is likely to be context-specific for the most part.

A useful indicator of household faecal contamination should be relevant to
the context, standard across different households, capture variation and be feasible
to measure. Depending on the social, cultural and environmental context of a
particular household and behaviour of the children in that household, the
importance of a particular transmission pathway in transmitting enteric pathogens
may vary. So the first objective of the study was to explore where the children under
five are potentially exposed to faecal contamination in the household environment,
in the context of rural areas of Bangladesh. This understanding will then further help

to identify potentially suitable (relevant to context and standard) sites at which to
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measure indicators of household faecal contamination. If contamination level on a
transmission pathway is very high and there is no variation across different
households, we are less likely to capture any difference between two groups of
households separated by sanitation characteristics. So the second objective of this
pilot study was to compare different measures of household faecal contamination in
terms of feasibility of assessment and variation in the level of contamination across

different household.

2.6 Methods

We conducted an observational, cross-sectional study between July and
September 2012 in eight rural areas of Bangladesh. The field workers identified
study villages from a list of villages that were part of an impact assessment
implemented by icddr,b [52] and were situated within four hours travel time from
Dhaka (in order to facilitate transporting microbiological samples on the day of
collection). The study was conducted in two phases. During phase one the field
workers conducted semi-structured observations to identify surfaces and objects
that commonly came in contact with children’s hands and mouth. Then in phase two
the field workers conducted a cross-sectional survey (household questionnaire
survey and microbiological sample collection) to assess the suitability of measures of
children’s exposure to faecal contamination. To assess suitability of the measures of
exposure to faecal contamination we compared the variation in levels of
presumptive faecal coliform and the practical experience of collecting and processing

the samples in the laboratory with the local resources available.

Ethics

Participation was on the basis of written, witnessed, informed consent. The
study protocol received ethical approval from Ethical Review Committee (ERC) of

London School of Hygiene and Tropical Medicine (LSHTM) and icddr,b.
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2.7 Phase 1: Indentifying suitable measures of household faecal
contamination

2.7.1 Observation

The purpose of the observations was to collect descriptive data to identify
and list the surfaces and objects that a child under five years of age may touch with

their hands or mouth.

The field team consisted of two male research officers trained in collecting
observation data from rural Bangladesh. They received 2 days training on ethics,
observation methods, study objectives and the observation guideline developed for
the study. The first author supervised the field workers and was with them in the
field during the entire data collection period. At the end of each data collection day

the first author reviewed the transcripts.

The field workers conducted observations in ten households from four
villages from four sub-districts (Muktagacha, and Fulbaria from Mymensingh district;
Roypura and Narshingdi Sadar from Narshingdi district). From each village the
observers purposively selected at least one household with a child who was under
six months of age, one household with a crawling child and one household with a
walking child from a list of households provided by a previous health impact study

[52].

The field workers conducted the observations in the morning (9 a.m.-12 a.m.)
using a detailed observation guideline. They first visited the entire household
premises and noted a detailed description of the household setting and the presence
of animal or human faeces. The field workers observed the focal children for the
entire period. They recorded the surfaces or object that came in contact with the
focal child’s hands or mouth. For each of these events the observers noted the site
of child’s activities within the household and the immediate vicinity. The observers
collected narrative field notes using pen and paper. The first author then reviewed
the narrative field notes to list the surfaces or objects that came in contact with

child’s hands and mouth. Then for each surface or object the frequency of contact
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with children’s hands and mouth was extracted to identify the common surface or

object.

2.7.2 Findings from observation

Observed children spent time in the child’s bedroom, inside and around the
kitchen, in the courtyard and in neighbouring households, as well as in public places
such as shops. All the households selected for semi-structured observation had mud
floors in the child’s bedroom, kitchen and yard. In four out of 10 households a

cowshed was attached to the main house.

The children came into contact with soil in the front yard (common open area
surrounded by multiple households that form a compound owned by several related
nuclear families), back yard (smaller private household yard, usually situated
between the main house and the water and sanitation facilities), bedroom, and in
the indoor and outdoor kitchen within the household as well as in the neighbouring
households. For example in one of the households, the child played with vegetables
on the floor of the kitchen while the mother was cooking. The children were also
found to be in contact with surfaces of furniture, doors, walls, hands and bodies of
other children and caregivers. In two households, children were playing with poultry

and goats.

During the observations the children were found to be playing with a range of
objects, including cooking utensils, natural objects (tree branches, leaves) and
miscellaneous household objects of different size and shape. In four out of ten
households, children were found to be playing with commercially-available toys. The
commercial toys that were found in these households included a marble made of
glass, a bamboo flute, wooden spinning, plastic doll, fabric doll and football (Table
2.1). In these households, children were found to be putting a range of objects (toys,
clothes, fingers utensils, soil) in their mouths. In half of the households (n=5),
children were found to put their own hands in their mouths while playing. In one
instance a child was found crawling in the yard and putting mud in her mouth. In
most of the houses children’s hands came into contact with caregiver’s hands and in

three households children put caregiver’s finger in their mouth.
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2.7.3 Potential measures of household faecal contamination

Children under five years of age came into contact with soil from different
parts of the household floor and were observed to consume soil. These findings are
in line with reports from previous studies conducted in Zimbabwe and Bangladesh
[53, 54], reiterating that the surface of floors may play an important role in
transmission of infectious disease in these settings. However, we found from our
observational data that it was difficult to identify one single specific part of the floor
surfaces that would be most important in disease transmission. We therefore chose
multiple floor surfaces with reference to a household landmark that can be easily
identified across different study households. These multiple floor samples together
contributed to a composite indicator of floor contamination, with the assumption
that the amount of environmental exposure to contamination is likely to be an

average of contamination levels measured from different floor surfaces.

The children touched a range of objects of different size, shape and material
during their daily activities so it is difficult to identify one standard object that could
be used as a measure of household environmental contamination. Children are more
likely to be exposed to contamination on toys in comparison to a particular surface
and fomite. The commercially-available toys in these households were of different
size and shape, were not common across all households and many households had
no toys. This makes existing household toys unsuitable for measuring microbiological
faecal contamination across different households. Several previous studies have
introduced standardised toy balls as an indicator of household faecal contamination
[47, 49-51, 55]. Therefore, contamination on study-introduced toy ball can be used

as an indicator of household faecal contamination.

Hands are a closer indicator of level of contamination that a child may
encounter in comparison to household surfaces and fomites. It is easy to sample
hands across different study households. Several small-scale studies have assessed
the association between level of faecal indicator bacteria on children’s and mother’s
hands and diarrhoea [19, 26, 31-38]. Therefore, contamination on hands can be used

as an indicator of household faecal contamination.
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There can be several source of children’s exposure to household faecal
contamination. Considering relevance to local context and the ability to collect
standard sample across different household, we collected samples from children’s
and mother’s hands; study-introduced toy balls; and a floor sample from the
entrance of main house, middle of the living room, middle of a general yard, and the

middle of the kitchen.

2.8 Phase 2: Comparing measures of household faecal
contamination

2.8.1 Methods for cross-sectional survey

The household questionnaire survey and microbial assessment was
conducted in four villages from four sub-districts of Comilla and Pabna districts
(different villages from those used for observation). The field workers purposively
selected ten households with improved latrines and ten households with
unimproved latrines from a list of households provided by a previous study [52].
They categorised sanitation facilities using the current UNICEF/WHO Joint
Monitoring Programme (JMP) definition of improved (individual pit latrine with a

slab or better) and unimproved, based on spot-check of sanitation facilities.
2.8.1.1 Household questionnaire survey

The field workers, conducted a verbally-administered questionnaire survey,
along with spot-checks of household facilities [52, 56-58]. The initial questionnaires
were developed based on the study research questions and directed acyclic graph
developed for the study. The questionnaire was then reviewed by one of the
authors (AB) as a quality assurance procedure, including checking for ambiguous or
potentially leading questions. The questionnaire included questions about household
possessions, parental education, water, and sanitation and hygiene behaviour. The
guestionnaire was developed in English and then translated in Bengali. Based on the
guestionnaire a data collection application was developed to collect data using hand
held computers. The questionnaire and the data collection application was pilot

tested in the field for comprehensibility prior to final data collection. Questions were
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amended, reworded or replaced following piloting. The data collection application
was then updated based on the changes in the questionnaire and feedback on the

application from the pre-testing.

The data collectors were trained on the use of questionnaire, ethics and
interview techniques. Once the class room training was over there was practice data
collection in the field before the actual data collection. The first author supervised
the data collectors in the field. The first author visited all the study households to
collect data on the key water sanitation and hygiene facilities so that the data
collected by the data collectors can be cross checked. At the end of data collection in
each household the data collectors reviewed the questionnaire to check for
completeness of data. All the completed questionnaires were reviewed by the first

author completeness before data entry

2.8.1.2 Microbial assessment

A microbiologist collected samples from mother’s hands, children’s hands,
sentinel toy balls (details given below), floor of the entrance to the main house and a
composite floor sample (collected from middle of yard, bedroom of a child less than
five and the kitchen) in each household (Table 2.2). A total of 100 environmental

samples from 20 households (five samples per household) were collected.

2.8.1.2.1 Hand contamination sample collection

A sample was collected from both hands of the primary caregiver and the child
under five years of age on the same day as the initial household questionnaire
survey following a similar technique used in previous studies [22, 29]. A
microbiologist rinsed the hands for 30 seconds, one after another in a Whirl-pak bag
(Nasco, Fort Atkinson, WI) containing 200 ml sterile Ringer’s solution (A solution that
includes sodium chloride, potassium chloride, calcium chloride di-hydrate, and
sodium lactate). The mother/child was instructed to rub the fingers with palm for 15
seconds. Then the microbiologist massaged the inserted hand from the outside of

the bag for an additional 15 seconds.
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2.8.1.2.2 Sentinel toy sample collection

A sterile non-porous plastic ball (20
cm circumference) (Picture 1) was given to
each study household on the day of the
initial household questionnaire survey. The
mother was instructed to let her child to

play with the toy ball with his/her usual

playmates and at the usual sites. The
microbiologist returned to the household

23-25 hours later and rinsed the ball in a

Whirl-Pak bag filled with 200 ml ringer’s Picture 2.1: Sentinel toy Ball

solution for 30 seconds, fully immersed,

using methodology described previously [47].
2.8.1.2.3 Floor/yard sample collection

The first floor sample was collected from the earthen floor entrance of the
main house. One side of a pre-hydrated sponge (3.6 cm wide, 7.6 cm long and 1.5 cm
thick) was twice rubbed over 100 cm? sampling area, marked with a sterile
aluminium stencil frame, and then placed back into the Whirl-Pak bag (Whirl-Pak
Speci-Sponge bag, Nasco, Fort Atkinson, WI). For the composite floor sample the
microbiologist identified middle of the yard, under five child’s bed room and kitchen,
based on a visual estimate. Then, one half of one side of a sponge was swiped over
100 cm? sampling area twice so that sample from each of the three sites could be

collected using the same sponge.
2.8.1.2.4 Quality control

A sample Whirl-Pak bag with 200 ml of Ringer’s solution and a pre-hydrated
sponge was opened at the household during sample collection and then closed
without collecting any sample. This way a field blank was collected every sample
collection day to ensure sample rinse bags were free of indicator organisms and not

contaminated during the field sampling process.
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2.8.1.2.5 Sample processing

The closed Whirl-Pak bags, with the collected samples, were placed
immediately into a cold box, maintained at a temperature of < 10°C. The samples
were transported to the Environmental Microbiology Laboratory of icddr,b. The
samples were processed to detect presumptive faecal coliforms (FC), using mFC
media and presumptive Escherichia coli (EC) using MI media (BD Difco, Franklin
Lakes, NJ), via membrane filtration technique (EPA method) [59, 60] and drop plate
technique [61, 62].

2.8.1.2.6 Enumeration of faecal coliforms (FC) and E. coli (EC)

The microbiologist filtered 50 ml to 1 ml (Table 2.3) of liquid recovery media,
depending on turbidity and type of the sample, through a 0.22 um Millipore
(Billerica, MA) membrane filter using a vacuum pump. In the majority of cases only
one volume was filtered. The plates were then incubated at a temperature of 44.5 +
0.2°C for 24 + 2 hours for faecal coliforms and at 35 + 2°C for 24 hours for E. coli. The
microbiologist then counted the blue and greenish-blue-coloured colonies on the
mFC agar as presumptive faecal coliforms and the deep blue-coloured colonies on
the Ml agar plate as presumptive E. coli. If fewer than 500 characteristic colonies
were present, the result was reported as number of CFU per 200 ml of recovery
media.

If the samples processed via membrane filtration on the first day produced
no detectable colonies, a higher concentration was filtered on the second day using
samples stored at 4C temperature. If there were no target colonies found in the
plates on both the days, then the microbiologists reported 0 CFU/200 ml of recovery
media. For each sample, droplets of the original recovery media, 10" and 10
dilutions of the recovery media, was also plated on the first day at a total volume of
100 ul in case the results from the membrane filtration appeared too numerous to
count (TNTC) [61, 62]. To monitor the quality, test negative controls were tested for
contamination for each set of agar media. Every day one laboratory blank was tested
for contamination. For mFC agar Escherichia coli ATCC-13706 was used as positive

control and Staphylococcus aureus ATCC-25923 was used as negative control. For
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MI agar Escherichia coli ATCC-13706 was used as positive control and Staphylococcus

aureus ATCC-25923 was used as negative control.

The detection limits ranged from 2 [0.5 for 0 CFU for a maximum of 50 ml
filtered; so 0.5*%(200/50)=2] to 1,000,000 CFU [maximum 500 CFU detection limit for
a minimum of 100ul of 10" dilutions; so 500*(200000/100)=1000000] per 200 ml

recovery media (Table 2.3).
2.8.2 Statistical analysis

For standardization purposes, all data are presented in terms of bacterial
counts per 100 square centimetres surface area. Since the distribution of the
bacterial counts were found to be not normally distributed, they were transformed
into log base 10 [63]. Before the log transformation we replaced the 0 values with
0.5. Then we calculated arithmetic mean and median of the logy transformed counts
of FC and EC. To assess variation we also compared mean and median level of
contamination between household with improved latrine and unimproved latrine. To
test the association between faecal contamination (FC and EC counts) and sanitation
type we used Wilcoxon rank-sum test [63]. We also calculated the coefficient of
variation (SD/Mean) to achieve an indication of the dispersion of the data. To assess
the correlation between levels of faecal contamination across different samples we

calculated Pearson’s correlation coefficient and associated significance level.

2.8.3 Results of cross sectional survey (Phase 2)

All households reported having access to a latrine. Among these 35% had
access to a pit latrine with a slab and a further 25% had a pit latrine with a slab but
with a visible broken pit lining allowing leakage of faeces. A quarter of all the latrines
had visible faeces on the slab or floor. Forty percent of the households reported
sharing the latrine with other households. In 60% of the households the focal child
was reported to defecate in the open, in and around the household. The majority
(85%) of households had animal faeces present within the household premises

(Table 2.6). Nineteen out of the 20 households had soap available for handwashing.
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Hand contamination

Mother’s hands recorded a mean of 2.79 logq [Standard deviation (SD) =1.33]
FC and 1.96 logy, (SD=0.86) CFU of EC. Compared to mother’s hands, children’s
hands had lower levels of mean FC (Mean= 2.30 logyo; SD=0.94) and EC (Mean=1.72;
SD=0.82). The median levels of FC and EC in mother’s hands from households with
access to improved and unimproved sanitation were similar? (for FC 2.57 vs. 2.65
log1o CFU and for EC 1.90 vs. 2.02 log;o CFU). The median level of FC on children’s
hands from households with access to improved latrine was lower compared to
households with access to unimproved latrines (1.94 vs. 2.67 log;o CFU). However
the median level of EC in children’s hands from households with access to improved
latrine and unimproved latrine were similar (1.89 vs. 1.72 log,o CFU). Hand rinse
samples had higher coefficient of variation (CV) in FC count (CV for children’s
hands=0.47 and mother’s hands=0.47) compared to floor samples (CV for entrance

of main house=0.16 and composite floor sample=0.17) (Table 2.4).
Household floor/yard contamination

The floor samples collected from the entrance of the main house had a mean
of 5.84 log1o CFU of FC (SD=0.91, N=20) and 5.38 logio CFU of EC (SD=0.91). The
mean level of FC (Mean=5.43 log,o CFU; SD=0.92) and EC (Mean=4.66, SD=0.91)
found in composite floor samples was lower than? the floor samples collected from
the entrance of the living room (Table 2.4). The coefficient of variation among both
the floor samples was lowest among all the five types of samples for both FC and EC

(CV=0.16-0.18) (Table 2.4).
Sentinel toy ball

The samples collected from the sentinel toy balls had 2.22 log;o CFU of

presumptive faecal coliforms on average (SD=1.39). The median level of FCin

% Since the sample size was small and the sample was selected purposively significance level was not
presented. As, the differences could be due to selection bias.

* Since the sample size was small and the sample was selected purposively significance level was not
presented. As, the differences could be due to selection bias.
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sentinel toy samples collected from households with improved latrine were lower
(1.32 logy1p CFU) compared to households with unimproved latrines (2.10 log;o CFU).
Toys had most variation (CV= 0.60) in FC counts in comparison to all other
environmental samples (Table 2.4). FC contamination level in sentinel toys was
positively correlated with FC contamination level of children’s hands (r=42, P=0.07)

and composite floor sample (r=0.31, P=0.19) (Table 2.5).

2.9 Discussion on indicators of microbial faecal contamination of the
household environment

In this study hands, floor surfaces and objects were assessed for the presence
of faecal indicator bacteria, with the purpose of identifying a suitable measure of
household faecal contamination to assess the effect of sanitation. All samples
showed faecal indicator bacteria, even among households with an onsite latrine. This
indicates that a child and a mother could be exposed to faecal contamination via
multiple transmission pathways. Children practiced open defecation in these setting
[64, 65], which could also contribute to household faecal contamination, even in the
presence of a functional latrine. There was frequent movement of animals within the
households and the majority of household had some sort of animal faeces present
during the survey. Therefore, animal faeces are likely to contribute to the faecal
contamination of the household environment and environmental samples collected

for this study.

In our study, earthen floor samples had the lowest coefficients of variation,
thus requiring a large sample to detect associations with sanitation, making it an
unsuitable indicator. However, the sample size was small and therefore limited
variation could be due to chance alone. Nonetheless, the probability of a child
coming into contact with a particular household surface is unknown making it

difficult to estimate the health risk posed by a particular surface.

Contamination on mothers’ hands and children’s hands had higher level of
variation than soil samples. Hand rinse samples were more suitable to process via
membrane filtration, compared to soil samples. Therefore, hand contamination

could be a potential indicator of household faecal contamination. In this study there
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was more variation recorded between households with improved and unimproved
sanitation in the level of presumptive faecal coliform contamination on children’s
hands in comparison to mother’s hands. Mothers’ hands showed a higher level of
faecal indicator bacteria than children’s hands. Previous studies have suggested
variation in women’s hand contamination is due to the activity immediately prior to
sample collection [22, 39]. So the higher level of contamination in mothers’ hands
may be because of contamination of mothers’ hands while doing household
activities. Although mothers wash their hands more frequently than children (with
water only) they may also touch contaminated surfaces/objects more frequently. In
our study we found that children put their hands in their mouth frequently while
playing. Therefore, contamination of children’s hands may be a relevant and a useful

indicator of the amount of children’s exposure to faecal contamination.

In our study, sentinel toys demonstrated the highest CV among the five
samples tested. If there is a difference in levels of faecal contamination comparing
household with access to improved and unimproved latrines, this indicator is likely
to capture it. Moreover, contamination levels in sentinel toys was positively
correlated with contamination level of children’s hands, indicating that
contamination level in the sentinel toys could be a useful proxy for child exposure. A
reduction in the microbiological contamination levels on toys is a proximal indicator
of household faecal contamination that a child may encounter in comparison to
other exposure pathways such as surfaces and object. Toy balls might be more
directly exposed to the household environment than water. As a result, the
contamination level on the toy ball (the sentinel toy) might be a suitable indicator of
a child’s exposure to household faecal contamination. The sentinel toy method has

been used in previous studies of sanitation in Bangladesh [47] and in India [55].

This study had some important limitations. Faecal contamination was
measured using faecal indicator bacteria (FIB). There is evidence from small-scale
observational studies suggesting that presence of FIB on hands and toys may be
associated with household sanitation [12-21, 34]. Presence of FIB may have non-
human origin and does not necessarily signify risks to human health [34, 66-68] [69-
72]. More over presence of FIB may not be correlated with presence of viruses that
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may originate in human faeces. It is important to note that here presence of FIB is
used to imply human faecal contamination. This makes presence of FIB bacteria an
imprecise outcome indicator for sanitation. As a consequence, the confidence
intervals of the estimates presented are likely to be wider, making the results less
likely to be statistically significant. even if in reality a difference exists [73]. Using
markers of human specific pathogens as indicator of human faecal contamination
could help us better understand the association between sanitation and human

faecal contamination in future studies.

This study was conducted in low-income rural Bangladeshi households with
multiple source of household faecal contamination in which children are exposed to
earthen surfaces in the household and immediate vicinity. However, the children’s
exposure to faecal contamination may be different in urban contexts or in high-
income countries. In particular, the contamination of surfaces may have different
levels of importance or different levels of variation. However, at least in similar
settings contamination of children’s hands and sentinel toy ball is likely to be as
useful as in this context. The experience of this study and its findings can therefore

be used in other contexts, with similar environmental and social contexts.

The findings from this small-scale study suggest that children are likely to be
exposed to faecal contamination from different household surfaces and objects but
that identifying a standard surface or object for measurement across different
households is difficult. Since the contamination level of soil demonstrated low
variation across different households, a larger sample size will be required in studies
to capture the difference in contamination level. Children’s hands and study-
introduced sentinel toys are standard across different households and are more
feasible to collect and process using membrane filtration. Moreover, there is more
variation in level of faecal contamination on hands and sentinel toys in comparison
to earthen surfaces. Therefore children’s hands and study-introduced sentinel toys
could be used to assess child exposure to household faecal contamination. Although
this study was undertaken in a small number of households, it provides important

insight as to the feasibility and relevance of alternative measures of household faecal
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contamination. Future studies of environmental contamination would benefit from

undertaking a feasibility study of the measures of environmental contamination.
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Table 2.1: Surfaces and objects that came in contact with children’s hands and
mouth during structured observation conducted in rural Bangladeshi households
(HH), July-August 2012

No of Households (HH)
Surface/Object that came in contact with hand where event was

observed (N=10)

Soil from floor in
Bed room
Yard adjacent to entrance of main house
General yard
Kitchen
Furniture/door/walls/fence
(Bamboo pillars, wooden, plastic chair, wooden chair, bed)
Bed linen/towel
Cooking utensils or household objects 7
( mug, plastic bottle, jug, plastic hand fan, drinking glass,
spoon, Badna, plastic bottle, plastic food storage box)
Formal toys 4
( glass marble , bamboo flute , wooded latim*, nail cutter,
plastic doll, fabric doll, football)
Natural objects 9
(Tree branches, leaves, crop residue, produce brought for
cooking, fire wood, fruits)
Miscellaneous objects

N W wwu

>~ o0

(Pen, sandals, nail cutter, screw driver) 5
Hands and body of other children 7
Hands and body of caregiver 8
Hands and body of neighbours 3
Domestic animal (chicken, duck and goat) 2
Clothes of care giver 5
Objects that a child put in mouth (non-food item)
Soil 1
Caregivers’ clothes 1
Own clothes 1
Toys (doll) 1
Tree branch, leaves, crop residue 7
Own fingers 5
Finger of sibling 1
Fingers of caregivers 3
Uncooked vegetable/fruit (Produce) 4
Utensils (glass, plastic bottle) 2
Miscellaneous (Pen) 1

* A traditional wooden toy
t A small water vessel made of plastic or aluminium or copper used to transfer/carry water to the latrines.
(http://en.wikipedia.org/wiki/Lota (vessel))
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Table 2.2: Summary of environmental samples collected from Rural Bangladesh,
2012

Type of sample Sample collection method Indicator bacteria
Mother’s hands Rinsing both hands in 200 ml ringer’s solution E. coli

(N=20) Faecal coliform
Children’s Hands Rinsing both hands in 200 ml ringer’s solution E. coli

(N=20) Faecal coliform
Sentinel toy Rinsing standard toy ball in 200 ml of ringer’s Faecal coliform*
(N=20) solution, 24 hours after supplied.

Floor of entrance Sponging 100 sq cm surface using a pre-hydrated E. coli

of living room sponge Faecal coliform
(N=20)

Composite-floor Sponging 100 sq cm from 3 surface area using one  E. coli

(N=20) pre-hydrated sponge (Middle of yard, middle of Faecal coliform

living room and middle of kitchen)

*Since a study conducted in Bangladesh did not find E. coli level in sentinel toy to be associated with
sanitation type we have not measured E. coli level for sentinel toy [51]
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Table 2.3: Showing the percentage of samples with various detection limits for each type of sample (N=20)

Detection limit+ Mother’s Children’s Sentinel Entrance of Composite
hands (%) hands (%) toy living room floor

Amount filtered or drop sample
Method plated Lower Upper EC* FC* EC FC FC EC FC EC FC

100 pl of 10 dilution

Drop 100000 100000000 10% 5% 45% 35% 40% 4%

100 pl of 107 dilution 10000 10000000

Drop 20% 35% 5% 10%
Drop plate technique 100 micro litter 1000 1000000 25% 20% 30% 10% 30% 15% 6%

1 ml filtration 100 100000 20% 25%

2 ml filtration 50 50000 30% 10% 35% 5% 5% 15%
Membrane filtration 5 ml filtration 20 20000 50% 15% 45%  20% 10%

10 ml filtration 10 10000 5% 25% 5% 25% 10%

20 ml filtration 5 5000 15% 10% 10%  15% 40%

50 ml 2 2000 0 5% 5% 10% 10%

* E. coli (EC), Faecal coliform (FC)

T For lower detection limit we counted 0.5 for no characteristic colony per plate and for upper detection limit we considered 500 colonies per plate to

countable.
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Table 2.4: Mean logio-transformed colony forming units (CFU) of presumptive

faecal coliforms and Presumptive E. coli per 100 cm’ of environmental sample

(N=20), rural Bangladesh 2012

Type of All households (HHs) HHs with Improved HHs with

environmental N=20 latrine unimproved

sample N=10 latrine N=10
Mean Media CV* Mean Median Mean Media P
(SD) n (SD) (SD) n valuet

Faecal coliform

Mother’s hands 2.79 2.58 0.47 2.42 2.57 3.16 2.65 0.43
(1.33) (0.96) (1.58)

Children’s hands 2.30 2.50 0.41 1.94 2.13 2.67 2.92 0.06
(0.94) (0.86) (0.89)

Sentinel toy 2.22 1.62 0.63 2.42 1.32 2.03 2.10 0.94
(1.39) (1.77) (0.94)

Entrance of main 5.84 5.91 0.16 5.88 5.74 5.81 6.17 0.85

house (0.91) (0.76) (1.08)

Composite Floort 5.43 5.54 0.17 5.55 5.39 5.32 5.71 0.79
(0.92) (0.56) (1.20)

E. coli

Mother’s hands 1.96 2.02 0.44 1.80 1.90 2.12 2.02 0.52
(0.86) (0.84) (0.89)

Children’s hands 1.72 1.81 0.48 1.58 1.89 1.86 1.72 0.71
(0.82) (0.84) (0.82)

Entrance of main 5.38 5.51 0.17 5.39 5.34 5.36 5.61 0.91

house (0.91) (0.80) (1.06)

Composite floort 4.66 4.60 20 4.71 4.69 4.60 4.58 0.76
(0.91) (0.80) (1.04)

* Coefficient of variation (SD/Mean)
TAssociation between faecal coliform counts and sanitation type using Wilcoxon rank sum test

¥ Composite floor: Sample collected from middle of the yard, bed room of <5 child and kitchen by
microbiologist based on visual estimate using one sponge.
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Table 2.5: Correlation of presumptive faecal coliform (FC) and Presumptive E. coli

(EC) contamination among samples collected from different sampling sites in rural

Bangladeshi households (N=20).

) ) Faecal coliform (FC) E. coli (EC)
Variable 1 Variable 2
r P value r P value
Composite Floor Entrance of main house 0.29 0.21 0.49 0.03
Composite Floor Sentinel toy 0.31 0.19 -
Composite Floor children’s hands -0.15 0.54 -0.13 0.58
Composite Floor Mother’s hands -0.30 0.20 -0.15 0.54
Entrance of main house  Sentinel toy 0.07 0.76 -
Entrance of main house  children’s hands -0.13 0.57 -0.37 0.11
Entrance of main house  Mother’s hands -0.23 0.33 -0.38 0.09
Sentinel toy Children’s hands 0.42 0.07 -
Sentinel toy Mother’s hands 0.01 0.97 -
Children’s hands Mother’s hands 0.48 0.03 0.52 0.02
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Table 2.6: Characteristics of the participating households, Comilla and Pabna

districts, Bangladesh, August/September 2012.

Characteristics All participating HHs with HHs with
households (HH) Improved latrine unimproved
latrine
n Percent n Percent n Percent
or or or
Mean Mean Mean
General
Mean Number of HH residents 20 5 10 5.1 10 4.8
Mean Number of children age <5 20 1.1 10 1.0 10 1.1
years 20 38.8 10 40.1 10 37.7
Mean age (months) of children <5 7 35% 6 60% 1 10%
years
Mother of youngest child lacked 11 55% 8 80% 3 30%
formal education
Father of youngest child lacked
formal education
Occupation of the father of the
youngest child
Farmer 9 45% 5 50% 4 40%
Labourer 5 25% - 2 20%
Salaried employee 1 5% 3 30% 1 10%
Business owner 5 25% 2 20% 3 30%
Proportion who owned
House 20 100% 10 100% 10 100%
Wardrobe 6 30% 3 30% 3 30%
Table 17 85% 8 80% 9 90%
Chair 19 95% 10 100% 9 90%
Bed 9 45% 3 30% 6 60%
Inexpensive cot 15 75% 10 100% 5 50%
Watch/clock 12 60% 5 50% 7 70%
Bicycle 6 30% 3 30% 3 30%
Mobile Phone 18 90% 9 90% 9 90%
Television 5 25% 3 20% 3 30%
Refrigerator 0 - 0 - 0 -
Goat 9 45% 4 40% 5 50%
Cow 16 85% 8 80% 8 80%
Chicken 16 85% 8 80% 8 80%
Mean acres of agricultural land 20 0.9 10 0.54 10 1.3
Mean acres of non-agricultural land 20 0.2 10 0.2 10 0.2
House construction
Tin roof 19 95% 10 100% 9 90%
Cement floor 2 10% 0 - 2 20%
Mean number of rooms 20 1.9 10 2 10 1.7
Electrical connection 16 80% 7 70% 9 90%
Cooking Fuel
Wood 4 20% 3 30% 1 10%
Crop residue 13 65% 4 40% 9 90%
Cow dung 2 10% 2 20% - -
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Kerosene
Water source for drinking
Shallow tube-well
Type of latrine facility used by the
household
Flush latrine connected to
septic tank
offset pit
somewhere else
Pit latrine with slab
Pit latrine with slab but the

pit is leaking
User of latrine facility

Individual

Shared

Visible faeces on latrine slab
Animal faeces present within the
household
Defecation site for <5 children*
Potty/Nappy
Latrine
Open within the household
Open in the nearby bush

1

19

U d -k O -

H~ 0O B~ b

5%

95%

5%
30%
5%
35%
25%

60%
40%
25%
85%

20%
20%
40%
20%

1

9

10%

90%

10

10%

* Household

92



Chapter 3: A cross sectional study of the association between
sanitation type and faecal contamination of the household
environment in rural Bangladesh

3.1 Introduction to the chapter

This chapter compares different classifications of improved sanitation used
for international monitoring in terms of their effectiveness at reducing
microbiological contamination of household environment. This chapter includes a
submitted manuscript which describes the main results of the study conducted for

this thesis.

3.2: Role of the authors in the research paper

Tarique M.N. Huda (TH): TH is the first author of the research paper. He had
the primary role of designing the study, overseeing the field work, cleaning and

analyzing the data, interpreting the results and drafting the manuscript.

Wolf-Peter Schmidt (WS): WS contributed to the conception o the study,
defining the research questions, provided guidance on design of the study; reviewed
the data analysis and the draft manuscript

Amy J. Pickering (AP): AP provided guidance on the microbiological sample
collection protocol; provided feedback on analysis and interpretation of the data and
reviewed the draft manuscript.

Zahid H. Mahmud (ZM) and Md. Sirajul Islam: ZM and Sl reviewed the
protocol for the microbiological sample processing in the lab, helped with

supervision of the sample processing in the lab and reviewed the draft manuscript.

Md. S. Rahman: SR helped with supervision of data collection in the field,
data cleaning and reviewed the draft manuscript.

Stephen P. Luby (SL): SL provided guidance on design of the study and
reviewed the draft manuscript.

Adam Biran (AB): AB was the executive author for this manuscript. He
contributed to the conception of the study, contributed in defining the research
questions, approved the overall study design, data/sample collection protocols and

reviewed the draft manuscript.
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3.4 Abstract

A cross-sectional study was conducted to assess the association between
different types of sanitation facilities and faecal contamination in the household
environment. Households with a child aged 6-24 months (target child) were enrolled
for the study. Sanitation facilities in 454 households in rural Bangladesh were
assessed. Sanitation was categorised using; a) The Millennium Development Goal
(MDG) definition of improved (Individual pit latrine with a slab or better) and
unimproved; b) the proposed Sustainable Development Goal (SDG) definition of
improved (pit latrine with a slab or better used by up to five households) and
unimproved. In each household an identical toy ball was given to the target child.
After 24 hours the balls were rinsed to enumerate faecal coliforms, using the

membrane filtration technique as an indicator of household faecal contamination.

Households with individual improved sanitation (MDG) had lower faecal
coliform contamination than households with unimproved sanitation [adjusted
difference in means -0.31 logo colony forming units (CFU)/toy ball: 95% ClI -0.61, -
0.01]. Households with improved (SDG) sanitation used by up to five households had
a similar level of faecal coliform contamination to households with access to
unimproved sanitation. Shared sanitation facilities of otherwise improved
technology were more likely to be dirtier compared to private facilities. Households
with no visible faeces on the latrine slab at the time of assessment had less
contamination than households with visible faeces on the latrine slab (adjusted

difference in means -0.38 logio CFU/toy ball; 95% CI: -0.77, 0.02)
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A sanitation facility used by an individual household may be better at

reducing household faecal contamination compared to shared facilities.

Key words: sanitation, faecal contamination, faecal coliform, Bangladesh

3.5 Introduction

Inadequate sanitation is an important risk factor for poor health especially in
low and middle income countries [1-5]. In addition to its link with diarrhoea
morbidity [2, 5-15] and mortality [2, 5, 16, 17], inadequate sanitation is associated
with the risk of trachoma,[2, 18, 19] helminthiases [2, 20, 21] and schistosomiasis

[4].

The WHO/UNICEF Joint monitoring Programme (JMP) for water supply and
sanitation categorised sanitation as improved or unimproved to monitor progress
towards Millennium Development Goal (MDG) 7, target 10 which addressed
sanitation coverage [22-24]. The JMP defines improved sanitation as access to a pit
latrine with a slab, ventilated improved pit latrine or a flush/pour-flush latrine, (Table
1)[23, 25]. For the MDG shared facilities, otherwise of improved technology are
considered unimproved because of concerns regarding cleanliness, maintenance and
access [23, 26]. However, the implications of using a shared facility are likely to be
different in the urban and rural context. In crowded, urban areas of most low-
income countries, shared facilities might be the only viable option to avoid open
defecation and in rural areas households with family ties often share a facility to
keep costs down [23]. The JMP is revising its definition to monitor the progress
towards sanitation for the post-2015 Sustainable Development Goals (SDG). In the
revised definition, there is discussion as to whether to consider sanitation facilities of
otherwise improved technology, shared among no more than five households or 30

persons, whichever is fewer, as improved [25].

Although these standard definitions proposed by the JMP allow comparable
data among countries and across time, [22] they may differ from the criteria used by
national governments [25]. For example the Government of Bangladesh (GoB)

categorises sanitation as hygienic or unhygienic. The GoB definition of hygienic
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excludes pit latrines with a slab (Table 1)[27] and allows sharing by a maximum of
two households. There is very limited empirical evidence to judge the extent to
which improved or hygienic sanitation facilities achieve their purpose in separating

faeces from the environment [14, 28, 29].

Few studies have explored the effect on health of access to different levels of
sanitation as classified by JMP, [16, 29, 30]. Findings from Indonesia suggested that
lack of improved sanitation was associated with higher reported diarrhoea (OR=1.23,
95% Cl=1.18-1.29) [16]. A recent systematic review identified 21 studies that
compared health outcomes associated with shared versus individual household
latrines [29]. However, most of these studies did not adequately address potential
confounding and did not allow the effect of different types of shared sanitation to be
distinguished. An analysis of Demographic and Health surveys (DHS) from 51
countries found shared, improved sanitation facilities to be associated with adverse
health outcomes [30]. However, this finding was not consistent across all countries,
suggesting that environmental, social and economic contexts are also important.
There is evidence from a small number of observational studies that access to flush
or pour flush latrines connected to a piped sewer system or septic tank or pit and
composting latrines are associated with lower risk of diarrhoea [31-35]. However,
from these studies it is not known whether pit latrines with a slab (improved, as

defined by the JMP) provide similar protection from diarrhoea.

Safe disposal of faeces is expected to create a barrier to multiple faeco-oral
disease transmission pathways [36]. However there is limited evidence about the
relative impact of improved and unimproved sanitation (JMP definition) on specific
transmission pathways. [37-40]. The current approaches to measure level of
environmental exposure to faecal contamination includes sampling for
contamination in drinking water [37-39, 41-43], on hands [39], and on household
surfaces[37, 40]. However most of these studies did not use the JMP definition or

had limited sample size.

Toys used by young children may have a high level of faecal contamination

and play an important role in diarrhoeal disease transmission [44-47]. Children are
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more likely to be exposed to contamination on toys in comparison to other surfaces
and fomites. Hands may be a closer indicator of level of contamination that the child
may encounter. However, hand contamination [48] data are likely to be more
variable because of variation in handwashing practices. Compared to hands, toy balls
are less subject to washing. Toy balls might be more directly exposed to the
household environment than stored water. As a result, the contamination level on
the toy ball (the sentinel toy) might be a useful indicator of a child’s exposure to
household faecal contamination [49]. The sentinel toy method has been used in
previous studies of sanitation in Bangladesh [49] and in India [50]. While these
studies demonstrated the feasibility of using toy balls as a measure of household

faecal contamination, sanitation was not categorised using the JMP definition.

A study conducted in Peru found that improved sanitation, as defined by the
JMP (MDG definition), was associated with lower levels of faecal indicator bacteria
(E. coli) [51] in toys compared to households that lacked improved sanitation. A
second study conducted in Honduras also found that households with improved
latrines had lower levels of total coliforms [52] on toys. However these studies had
limited sample size and so could not assess the effect of a range of confounding
variables that may affect the association between faecal contamination and

sanitation access.

In this study we assessed the association between sanitation facility type and
microbial faecal contamination of the household environment. We assessed faecal
contamination using the sentinel toy method where by an identical toy ball (the
‘sentinel toy’) was given to a child in each participating household and microbial

contamination of the balls was subsequently measured.

3.6 Methods

An observational, cross-sectional study was conducted between September
and October 2013, in rural areas of Mymenshingh and Narshingdi districts of
Bangladesh. The study was conducted in villages that were participating in the
Sanitation, Hygiene Education, and Water supply in Bangladesh (SHEWA-B) health

impact study described elsewhere [53].
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3.6.1 Household selection

First a list of study villages enrolled in the SHEWA-B health impact study
situated in Mymensingh and Narshingdi districts was collected. Using the list a
simple random sample of 46 villages was selected using the random number
generator in Microsoft Excel. Fieldworkers identified 10 households in each village by
using a random walk algorithm. A household was considered eligible if it included a
child aged between 6 and 24 months residing at the house (target child) on the day
of the visit, had no more than one latrine and was more than 50 meters from any
other selected household. Field workers entered the village and identified the
beginning of its main road by asking the local inhabitants. From the starting point
they searched for the closest eligible household. After selecting the first study
household they looked for the next eligible household. The distance between
households was measured using a handheld global positioning system (GPS) unit

“Garmin Etrex legend H” (GARMIN)[54].

3.6.2 Data and sample collection

Data were collected using a questionnaire survey and environmental spot-
check. To assess faecal contamination of household environments the enumerators

also collected microbiological samples. These methods are outlined below.
3.6.2.1 Training of field staff

All enumerators received seven days training on overall study objectives;
study protocol; consent process; interview and spot-check techniques; use of data
collection instruments; collection and handling of microbiological samples; and
quality control approaches. The training also included practice data and

microbiological sample collection in the field followed by feedback session.

3.6.2.2 Questionnaire survey

The enumerators used a verbally administered, structured questionnaire
survey to collect information from the primary caregivers (usually the mothers) of
the target children. The initial questionnaires were developed based on the study
research questions and directed acyclic graph developed for the study. The
guestionnaire was then reviewed by one of the authors (AB) as a quality assurance

100



procedure including checking for ambiguous or potentially leading questions. The
guestionnaire included questions about household possessions, parental education,
water, and sanitation and hygiene behaviour. The questionnaire was developed in
English and then translated in Bengali. Based on the questionnaire a data collection
application was developed to collect data using hand held computers. The
guestionnaire and the data collection application was pilot tested in the field for
comprehensibility prior to final data collection. Questions were amended, reworded
or replaced following piloting. The data collection application was then updated
based on the changes in the questionnaire and feedback on the application from the

pre-testing.

3.6.2.3 Environmental spot-check

The environmental check included a visual inspection of the house and
compound. A compound in rural Bangladesh is comprised of a few households, often
owned by members of an extended family who usually share a yard and water and
sanitation facilities. The enumerators conducted visual inspections of water,
sanitation and hygiene related infrastructure using a checklist. The enumerators
recorded the features related to infrastructure and cleanliness at the time of visit.
They also visually checked around the house and compound for presence of animal
and human faeces and recorded the number and type of faeces observed. The field

workers inspected the hands and nails of the target child for visible dirt.

3.6.2.4 Microbiological sample collection

3.6.2.4.1 Sample collection

Fieldworkers, trained in collection and
handling of microbiological samples, supplied an
identical, sterile, rubber toy ball (sentinel toy ball)
with a 20 centimetre circumference (Picture 3.1) to

the target child in every study household. The

primary caregiver was told that the child should be

Picture 3.1: Sentinel toy
ball .

allowed to play with the toy ball in his/her usual play
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sites and with his/her usual playmates. The fieldworkers returned to the households
approximately 23 to 25 hours after supplying the toy balls. They rinsed the balls in a
Whirl-pak bag (19x38 cm) filled with 200 ml of Ringer’s solution for 30 seconds [49].
The field workers transported the samples to the Environmental Microbiology

Laboratory of icddr,b within 15-18 hours of collection, maintaining a temperature of

4-10 °Cin a cool box.

3.6.2.4.2 Enumeration of faecal coliforms

The samples were stored at 2-8°C and were analysed by a microbiologist
within 24 hours of collection to detect faecal coliforms. Five millilitres (ml) of the
recovery medium that bathed the toy ball was collected and filtered through a 0.22
um Millipore (Billerica, MA) membrane filter. The membrane filter was then placed
on to modified faecal coliform (mFC) agar plates. The plates were incubated at 44.5 +
0.2°C for 22-26 hours and the blue and greenish-blue coloured colonies on the mFC
agar were then counted as presumptive faecal coliforms following standard

procedures [55, 56].

If no colonies were found, 50 ml of recovery media was filtered on the
following day from the stored sample and the culturing process was repeated. If the
characteristic colony counts from the 1% day were more than 500 per plate, 5 ml of
10 times diluted sample was taken and the filtration and culturing process was
repeated [57]. Hundred pl of original, 10 times diluted and 100 times diluted samples
were also inoculated onto mFC media following the drop plate technique to quantify
samples from which the colonies on the membrane filters from the 2" day also
appears too numerous to count .The results were expressed as colony forming units

(CFU) per 200 ml of recovered media that bathed the toy ball.
3.6.2.5 Quality control/Quality assurance

During development of the data collection application, auto skips were
included in appropriate places. Validation rules were set-up to prevent incorrect
data entry. Options were included to notify the user should they try to input

incompatible data. Manual typing was minimized by setting choice list for responses.
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Options for reviewing the full questionnaire and answer at a glance through data

collection app was provided.

All the completed questionnaires were checked by the enumerators for
completeness before leaving the household. The field supervisors reviewed all the
data on the day of collection and discussed any ambiguities with the enumerator
concerned. The first author randomly checked data from at least one household
collected by each enumerator in 50% (20/40) of the village clusters, to check for
completeness of data and provided feedback on the quality of the data. In each
village cluster the field supervisor observed the data collection process in a random
selection of at least 5% of households (6 HH per village) and conducted repeat
interviews in a (different) random selection of 5% of households (6 HH per village),
making sure that the data collection of each enumerator was assessed at least once
in each village cluster. The field supervisor visited the sanitation facilities in all the
study households and cross checked with the enumerators to make sure the
sanitation facilities were coded with minimal error. The first author visited 50%
(20/40) of the village clusters to monitor quality of data. In each of these villages the
data collection process was observed in a random selection of at least 5% of
households (6 HH per village) and a repeat spot-check was conducted in a (different)
random selection of at least 5% of households (6 HH per village), making sure that

the data collection of each enumerator was assessed at least once in each village.

The first author performed random observation of the microbial sample
collection process in at least 25% (3/10 HH per village) in 50% (20/40) of the village
clusters to check for adherence to protocol. One field blank per 9 samples was
collected to ensure sample rinse bags are free of indicator organisms and were not
getting contaminated during the field sampling process. In the laboratory the
samples were received and checked for the physical quality of sample. Every 10"
sample was run in duplicate. Test negative controls were tested for contamination
for each set of agar media. For mFC agar Escherichia coli ATCC-13706 is used as positive
control and Staphylococcus aureus ATCC-25923 is used as negative control. Every day
laboratory blanks were run to check for quality of laboratory methodology. The
laboratory techniques were observed by the first author once every week to make
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sure that the protocol for processing in the laboratory was followed. The bacterial

counts were reviewed once every week to look for any outliers.

3.6.3 Human subject protection

The study protocol was approved by the Ethical Review of icddr,b and the
London School of Hygiene and Tropical Medicine (LSHTM), United Kingdom. Written,

informed consent was taken from the primary caregiver of the child.

3.6.4 Sample size calculation

Results of a pilot study conducted in 20 households found that in households
with access to improved latrines the mean faecal coliform count was 2.33 log;o CFU
per toy ball. The ratio of households with unimproved latrines to households with
improved latrines was expected to be 1.5 in the sample selected regardless of the
latrine access status based on an earlier study in a similar setting [53]. Assuming a
design effect of 2, comparing 180 households with improved latrines and 270
household with unimproved latrines with at least 80% power, the study was
estimated to be able to detect a minimum difference of -0.65 mean log;g CFU of
faecal coliforms per sentinel toy ball. Allowing for a 2% loss to follow up the

necessary sample size was estimated to be 460 households.

3.6.5 Data analysis

Sanitation technologies were first categorised as: a) improved (flush/pour
flush latrines and pit latrines with slab as in table 1), b) unimproved (pit latrines
without slab, hanging latrines, flush/pour flush latrines connected to open water
bodies) and c) no facility, following the JMP categorisation [58]. Sanitation access
was then categorised considering technology type as well as sharing status, as a
binary variable following 1) definition used for MDG: referred to as improved-MDG
and unimproved MDG; 2) post-2015 JMP definition proposed for the SDGs: referred
to as improved-SDG and unimproved-SDG; and 3) GoB definition referred to as
hygienic and unhygienic (Table 1). In all 3 definitions “no facility” was considered as

unimproved/unhygienic.
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Principal component analysis (PCA) with 23 household characteristics was
used to assess household wealth [59, 60] (Table 2), excluding water and sanitation.
The means, frequencies and score coefficients were calculated and the correlation

matrix of 23 variables was used to calculate sample weights [59, 61, 62].

During the interview, if the data collectors observed no visible dirt on the
hands and nails of the target child, the child was considered to have clean hands.
During the spot-check, a household was considered to have a clean latrine if the
enumerators found no visible faeces on the slab/floor and pan of the latrine.
Disposal of faeces of children under 3 years of age was categorised as safe
(defecation into a latrine, disposal of stool into a latrine or buried) and unsafe as

proposed by JMP [63].

If the faecal coliform concentration was zero it was replaced with 0.5 (half
the detection limit) and then faecal coliform concentrations were transformed using
logarithm to the base of 10. The difference in log,o transformed arithmetic mean
CFU of faecal coliforms comparing households with different types of sanitation
using a linear regression model was calculated. To account for clustering effect at
village level a generalised least squares (GLS) random-effects model was used that

explicitly allowed the average outcome to vary between village clusters [64-68].

Univariable analyses was, conducted to estimate the crude effect of the
primary exposure variables and potential confounding variables on the main
outcome (faecal coliform count) adjusting for the effect of village level clustering.
The multivariable analysis included the primary exposure, primary outcome and
potential confounders. A causal diagram was developed to decide which variable
should be included as a potential confounder, excluding variables on the same causal
pathway as the exposure variables (Figure 2) [68, 69]. All the potential variables that
were associated with the exposure and the outcome in the univariable analysis were
included in the final multivariable model. The models were tested for normality of
residuals and homoscedasticity. We implemented three multivariate models, one for
each of the three definitions of sanitation type (Table 3.1) as primary exposure. Two

separate models were also implemented to understand the sanitation factors
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associated with faecal contamination among subgroup of households that had

access to an improved sanitation technology (ignoring sharing).

3.7 Results

Out of 468 households visited eight were excluded because of having more
than one latrine. Out of 460 households enrolled for the study the sentinel toys from
six households could not be sampled. Data are therefore presented from 454 (99%)

households.

Among the 454 households there were on average 5.6 persons per household
with on average 1.3 children under the age of 5 years. The majority of households
(75%) owned poultry, 41% owned a cow and 23% owned a goat. Most of the
households (95%) reported having access to a latrine. Among them, 53% (n=230)
reported sharing the latrine with at least one other household. On average a latrine

was used by 1.99 households or 7.6 individuals (Table 3.2).

Only 22% of households reported disposing of faeces of children under three
years of age in a latrine. Enumerators observed human faeces around the house in
13% of the households. Among the 409 (90%) households with access to a latrine

with a slab, enumerators classified 35% of the latrines as clean (Table3.3).

The most common type of latrine was a pit latrine with a slab but no water-
seal (n=189, 42%). About half (51%) of the 230 households that reported using a
shared latrine reported sharing the facility with only one other household. Only eight

households shared a latrine among more than five households.

Less than half (45%) of the households accessed improved sanitation
technology and 25% of the households visited had access to individual, improved
sanitation (MDG definition). Using the definition of sanitation type as proposed for
the SDGs, 205 households (45%) had access to improved (SDG) sanitation shared by
a maximum of five households. One in five (n=85, 19%) households had access to

hygienic sanitation (GoB) used by a maximum of two households (Table3.3).
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3.7.1 Faecal contamination of toy balls

Among the 454 sentinel toys sampled, 49 (11%) of the samples were below
the detection limit for faecal coliforms. On average there were 2.09 (SD=1.37) log1o

CFU/toy ball of faecal coliforms with a median of 2.08 log;o CFU/toy.

The levels of faecal coliforms in samples collected from Narshingdi district
were higher than those collected from Mymenshingh district (difference in
mean=0.36 log;oCFU/toy ball; 95% Cl: 0.07, 0.65). With each one hour increase in
time of sample collection (as the day progressed) there was 0.17 log;o decrease in

level of faecal contamination (Table 3.3 and 3.4).

Samples collected from households belonging to the richest wealth quintile
had lower faecal coliform contamination than households from the poorer wealth
quintiles. Samples collected from households where the mother had some formal
education had lower level of faecal contamination than those households where the

mother had no formal education (Table 3.3).

3.7.2 Improved sanitation and faecal contamination

Samples collected from households with access to improved sanitation
technology (JMP technology, ignoring sharing) had similar levels of faecal coliforms
as those from households with unimproved sanitation. Toy balls from households
using shared sanitation facilities had higher levels of faecal coliform contamination
than private facilities (unadjusted, difference in mean=0.19 log,o CFU/toy ball; 95%
Cl:-0.07, 0.45) (Table 3.3).

Toy rinse samples from households with improved individual sanitation (MDG
definition) had less contamination with faecal coliforms (mean=1.84 log;,CFU/toy
ball) than households with unimproved sanitation (difference in mean=-0.36
log10CFU/toy ball, 95% ClI: -0.65, -0.07, P=0.02) (Table 3). After adjusting for potential
confounders the difference in mean was reduced to 0.31 log;o CFU/toy ball (95% Cl: -
0.61, -0.01), and the strength of statistical association became weaker (P value=0.04)

(Table 3.4).

107



The level of faecal contamination in toys was similar in households with
improved sanitation (SDG definition) used by a maximum of five households and
those with unimproved sanitation (difference in mean=-0.07 log,,CFU/toy ball, 95%
Cl: 0.33, 0.18) (Table 3). In multivariable analysis the results remained similar (Table

3.4).

3.7.3 Hygienic sanitation (GoB definition) and faecal contamination

Households with access to hygienic sanitation (GOB definition) used by a
maximum of two households had less faecal coliform contamination (difference in
mean=-0.45, 95% Cl -0.77, -0.13; P<0.01) than households with unhygienic or no
access to latrines (Table 3). Access to hygienic sanitation remained associated with
less faecal coliform contamination (difference in mean=-0.34 log,,CFU/toy ball; 95%
Cl: -0.68, 0.01) after adjusting for all the confounding variables. The reduction was

statistically significant (P value=0.05) (Table 3.4).

3.7.4 Sanitation characteristics and faecal contamination (sub group

analysis)

Households with improved flush/pour flush latrines had less (statistically
significant) faecal contamination than those with improved but non-flush
technologies (difference in mean -0.45, 95% Cl: -0.81, -0.09, P value=0.02). In the
adjusted analysis the difference of mean was reduced and the statistical evidence
weakened considerably (difference in mean -0.27, 95% Cl: -0.67, 0.13, P value=0.19)
(Table 3.5).

Toy ball samples collected from households with private improved sanitation
had less faecal contamination than those with access to improved sanitation shared
by 2-5 households (Difference in mean -0.49 log;o CFU/toy ball, 95% Cl: 0.13, 0.85,
P=0.01). In the adjusted analysis the difference in mean was somewhat smaller and
the strength of association became weaker (difference in mean -0.45 log,,CFU/toy

ball; 95% Cl: -0.05, 0.75; P=0.08) (Table 3.5).

Toy ball samples from households with access to improved and clean latrines

had less faecal contamination (difference in mean -0.36 log,o CFU/toy ball; 95% Cl: -
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0.73, -0.00; P=0.05) compared to dirty improved latrines. In the adjusted analysis the
difference in faecal coliform contamination changed slightly with slightly weaker
strength of association (difference in mean -0.38 logio CFU/toy ball; 95% ClI: -0.77,
0.02; P=0.06) (Table 3.5).

Toy ball samples collected from households with private flush/pour-flush
latrines had less faecal contamination (difference in mean -0.69 log,o CFU/toy ball;
95% Cl: -1.06, -0.31), compared to those with access to shared flush/pour-flush or
non-flush latrines. In multivariate analysis adjusting for potential confounders the
difference in mean was slightly smaller (difference in mean=-0.55 log;o CFU/toy ball;

95% Cl -1.00, -0.11; P=0.02) yet statistically significant (Table 3.5).

3.7.5 Faecal contamination of toy balls and other household characteristics

Households in which enumerators observed any goat faeces on the
household premises had more contamination with faecal coliforms than those
without (difference in mean 0.36 log;q CFU/toy ball; 95% Cl: 0.06, 0.67; P
value=0.02). In multivariate analysis adjusting for potential confounders the
difference in mean was slightly smaller (difference in mean=0.31 log;o CFU/toy ball;
95% Cl: 0.02, 0.61; P=0.04) yet statistically significant (Table 4). Households in which
enumerators observed more than ten piles of cow dung on the household premises
had more contamination with faecal coliforms than those with no cow dung at the
time of visit (difference in mean=0.36 log,q CFU/toy ball; 95% Cl: -0.05, 0.77; P
value=0.08). In multivariate analysis adjusting for potential confounders the
difference in mean was slightly bigger (difference in mean=0.40 log,o, CFU/toy ball;
95% Cl: 0.00, 0.79; P=0.05) yet statistically significant (Table 3.4).

Toy ball samples collected from households with a water drainage system
had less contamination than those without, (difference in mean=-0.24 log;o CFU/toy
ball; 95% Cl: -0.50, 0.0.01; P=0.06) (Table 3.3). In multivariate analysis adjusting for
potential confounders the difference in mean was slightly bigger (difference in
mean=-0.32 logio CFU/toy ball; 95% ClI: -0.58, -0.06; P=0.02) and with greater

strength of association it was statistically significant (Table 3.4).
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Presence of a convenient handwashing place with soap and water was not
associated (small and statistically insignificant reduction) with faecal contamination
of toy ball (Table 3.3). In households in which the target children’s hands and nails
looked visibly clean, the toy balls had less faecal contamination than those with
visibly dirty hands (difference in mean=-0.35 log,o CFU/toy ball; 95% Cl: -0.69, -0.01;
P=0.05) (Table 3.3). In multivariate analysis adjusting for potential confounders the
difference in mean was slightly bigger (difference in mean=-0.26 log,o CFU/toy ball;
95% Cl: -0.06, 0.09; P=0.15) but the difference was not statistically significant (Table
3.4).

3.8 Discussion

In this observational study we assessed the association between sanitation
type and microbiological faecal contamination. We found no difference in indicators
of faecal contamination on sentinel toys between households with access to
improved-SDG and unimproved sanitation. When shared facilities were excluded
from the definition of improved sanitation (MDG definition), access to improved
sanitation was associated with lower levels of faecal contamination compared to
households with access to unimproved sanitation after adjusting for potential
confounding factors. Although 0.05 log,o CFU/toy ball difference in faecal
contamination observed in this study was due to confounding factors there were still
statistically significant differences in levels of household faecal contamination that

could be due to the protective effect of access to improved-MDG sanitation.

Since this was an observational study the findings are prone to confounding
due to important household characteristics. In this study a directed acyclic graph was
developed to identify the potential confounding factors (Figure 3.1). The
confounding factors considered were presence of animal faeces, presence of
appropriate water and solid waste disposal system, visible cleanliness of hands and
nail (proxy for hand hygiene), household wealth, mother’s education, study site and
time of data collection among others. Findings from observational studies suggest
that washing hands with soap is effective in removing microorganisms from hands

[39, 70-72] and there for an important determinant of household faecal
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contamination. In this study presence of soap and water at a handwashing station
was not associated with faecal contamination of toy ball in the univariable analysis.
So this was not included as a potential confounder to be included in the
multivariable analysis. But since visible cleanliness of hand was associated with
faecal contamination of hand, this was used a proxy for hand hygiene and included

in the multivariate analysis as a potential confounder.

In this study sanitation was measured before faecal contamination. The
association of improved sanitation (MDG) with faecal contamination in the
unadjusted analysis is consistent with findings from earlier studies conducted in
Honduras [52], Peru [51], and Bangladesh [38, 49]. Although in contrast, in a study
conducted in Tanzania improved sanitation was not found to be associated with
faecal indicator bacteria level on hand-contact surfaces in latrines [40]. However, the
geographical context was different and most importantly the exposure pathway
measured was different. Studies conducted in Kenya and Indonesia that attempted
to adjust for the effect of several confounding factors found improved sanitation
(MDG) to be associated with lower levels of both faecal indicator bacteria [39] and

diarrhoea [16].

However in this observational study we cannot establish causality because
there are many unmeasured household and child characteristics that may influence
faecal contamination. In this study lower faecal contamination of the toy ball was
also associated with absence of animal faeces, mother’s education, and presence of
appropriate water drainage and study site. In this study wealth was associated with
lower faecal contamination of the toy ball in the unadjusted analysis, so is an
important confounder. Therefore wealth was included in the multivariate analysis to
adjust or its effect. But Faecal contamination of the household environment is
actually influenced by underlying, unmeasured, broader, social, economical, cultural
and environmental differences [30, 73]. The confounding factors considered in this
study are only proxy for these underlying unmeasured broader factors. It is possible
that access to an improved latrine and absence of animal faeces, mother’s
education, and presence of appropriate water drainage are all proxy measures of

these unmeasured differences and hence associated with faecal contamination. A
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two-arm, randomised, controlled trial in which households in one arm receive
improved sanitation and households in the other arm receive unimproved sanitation

could help better understand this issue.

Our data suggest that the observed differences in indicators of faecal
contamination on sentinel toys between households with access to improved-MDG
and unimproved sanitation may be attributed to factors related to use rather than
the sanitation infrastructure. When we categorised latrines based on technology
alone, ignoring sharing, and access to latrines considered as improved was not
associated with any reduction in household faecal contamination in comparison to
those households with access to unimproved sanitation. There can be several

possible explanations for this finding.

First it is possible that the sanitation facilities considered as improved by the
JMP are not any more effective in confining faeces than the facilities considered as
unimproved. The main infrastructural difference between improved and unimproved
sanitation facilities is the presence of a slab. Even in the presence of a slab flies can
act as a vector to transmit organisms originating in the faeces and contaminate
household environment [74]. In our subgroup analysis, improved sanitation with a
water-seal was associated with a greater reduction in faecal contamination than
improved sanitation with a slab but without a water-seal. Presence of a water-seal
may prevent flies breeding within the latrine and may reduce fly numbers and
thereby provide protection from one route of faecal contamination. Our findings are
in line with those from previous studies conducted in Ghana where households with
a dry pit latrine or no latrine had higher odds of having E. coli contamination of
stored water than those with a water-seal latrine, even after adjustment for other
sanitation related and socio-demographic characteristics [43]. There is also evidence
that access to improved sanitation with a water-seal is associated with less diarrhoea
morbidity [34, 35] [31]. This may suggest that access to sanitation facilities with a
water-seal provides better protection from faecal contamination than non-flush
latrines. Alternatively, the difference observed in this observational study could be

due to confounding by socio-economic status.
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Second, In these settings a household could be exposed to faecal
contamination even in the presence of a sanitation facility that successfully
separates human faeces from the environment due to other routes of contamination
such as unsafe disposal of child’s faeces [40, 75], lack of exclusive use of sanitation
facilities, lack of improved sanitation facilities in the neighbourhood, and the
presence of animal faeces. Moreover lack of proper management of faecal sludge
from onsite sanitation facilities may also contribute to contamination that access to
household sanitation cannot prevent. This may suggest that provision of sanitation
infrastructure alone as a strategy to reduce household faecal contamination may not
be sufficient. In the presence of a sanitation system that is effective in separating
human faeces from human contact hands can still be contaminated with faeces
during anal cleansing. So washing hands with soap is necessary to reduce household

faecal contamination.

When a subgroup analysis was conducted among households with access to
improved sanitation, it was found that sharing was associated with higher levels of
faecal contamination although with small sample size in the subgroup the statistical
evidence was weak. Previous studies have also reported adverse health outcomes
associated with shared sanitation facilities [29, 30]. While in contrast, shared
sanitation was found to be protective against faecal contamination of hand-contact
surfaces within a latrine in rural Tanzania [40]. However, in this study the
mechanism by which sharing a latrine prevents faecal contamination is unclear. The
findings related to the effects of shared sanitation in previous studies are

inconsistent and context-specific [30, 76].

Shared sanitation facilities may not be as effective in separating faeces from
the environment as individual latrines for several reasons. First, shared facilities may
be dirtier and may wear out or break more quickly than private latrines due to higher
use rates. In our study shared facilities were more likely to have faeces present on
the latrine floor (data not shown). However our data suggest that sharing may lead
to higher faecal contamination independent of cleanliness of latrine suggesting that

other mechanisms may also play an important role.
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Second, the need to share a latrine may result in lower rate of use per user.
As a result some users may intermittently use suboptimal sanitation including open
defecation. Moreover, families who report sharing a facility may not actually have
access to a latrine but because of social desirability they report using their
neighbour’s latrine. As a result, when shared facilities are grouped together with
individual facilities the protective effect of improved sanitation technologies is

diluted.

Third, people who use share facilities are likely to be poorer and headed by
people with no formal education [77]. Socioeconomic status and lack of parents
formal education has been linked with higher level of faecal contamination in this
study as well as in a previous study [49]. Although in our study sharing was
associated with higher faecal contamination independent of wealth status and
mother’s education there may be residual confounding due to unmeasured social,
environmental and cultural factors that may influence faecal contamination in this
context. The mechanism of how shared sanitation increases health risk needs to be

understood in more detail in future research.

Our estimated minimum detectable difference in mean faecal coliform
counts used for the power calculation was higher than the difference we found from
our data. This suggests that our study had low statistical power. Nevertheless, the
fact that access to individual improved sanitation is associated with lower levels of
faecal contamination even after adjusting for common confounding, which is also
consistent with findings from previous studies, may suggest an independent link

between sanitation type (MDG) and faecal contamination.

In this study there was a trend of reduction of faecal coliforms as the day
progressed (Table 3.4). This could have been due to increasing sunlight causing
sunlight induced die-off of pathogens in the environment as well as on the toy ball
[78]. Itis also possible that as the day progressed the children played less with the
toy. It is important to note that this could be a potential confounding factor in the
association between sanitation type and faecal contamination of the toy ball. This is

why this factor was included in the multivariate analysis.
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An important limitation of this study is the use of faecal indicator bacteria to
assess faecal contamination as they are not human specific. This random
measurement error could introduce bias due to misclassification of the outcome. As
a consequence the confidence intervals of the estimates presented are likely to be
wide making the results less likely to receive statistical support even if in reality a
difference exists [79]. Further study with a larger sample size could increase our
understanding of the role of improved sanitation in reducing household faecal
contamination [79]. Using molecular markers of human specific pathogens as
indicators of faecal coliform could help reduce this bias in future studies. Presence of
faecal indicator bacteria does not necessarily mean health risks. However there is
evidence to suggest that presence of faecal coliforms in environmental samples may
be associated with diarrhoeal illness [44-46, 80-83]. In this study the presence of
faecal coliforms was associated with sanitation type after adjusting for the effect of

presence of animal faeces in consistence with findings from similar settings [38, 84].

The findings from this observational study suggest that improved sanitation
used by individual households may be better in reducing household faecal
environmental contamination than shared facilities. Sanitation facilities with a
water-seal might also be better in reducing faecal contamination of the household
environment than dry pit latrines with a slab but no water-seal. However, further
studies with experimental design and larger sample sizes are required to understand
if this association is causal. In addition to sanitation infrastructure, cleanliness of
latrines should be considered an important indicator for sanitation monitoring. Even
in the context of rural areas in which sanitation facilities are shared by acquaintances
shared facilities may be dirtier than individual latrines. An intervention to improve
and monitor latrine cleanliness particularly for shared sanitation may be useful.
Shared facilities may pose health risks due to many factors other than cleanliness.
Further studies are needed to better understand the mechanism by which shared
facilities pose health risks if any. Moreover, to reduce household faecal

contamination washing hands with soap after anal cleansing has to be ensured.
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Table 3.1: Comparing definitions of sanitation proposed by WHO/UNICEF Joint

monitoring programme for water supply and sanitation (JMP) and the

Government of Bangladesh (GoB) [25, 27]

Improved Improved Hygienic
Latrine characteristics
IMP MDG SDG* GOB

Sanitation technology

Flush or pour-flush latrine to X X x x

Sewerage pipe/Septic tank/Pit

Pit latrine with slab and lid/flap X X X X

Ventilated Improved Pit latrine x x x x

Composting latrine N " " "

Pit latrine with slab x x x

Number of households using latrine Not

facility considered 1 Upto5 Upto2

definition

*As a part of the process of identifying targets and indicators for global monitoring post-2015 there
was proposal to change the definition of improved sanitation to include share sanitation of
otherwise improved technology as improved [25]. This is why this definition is referred to as SDG
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Figure 3.1: Directed acyclic graph showing the variables that were measured and included in the multivariable analysis
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Table 3.2: Household characteristics (n=454)"

Variable (n) n Percent or mean
Mean Number of HH residents 454 5.6
Mean Number of children age <5y 454 13
Mother with no formal education 78 17%
Father with no formal education’ 135 30%
Father’s occupation
Farmer 103 23%
Day labour, Rickshaw puller 100 22%
House construction
Tin roof ' 438 96%
Cement floor ' 73 16%
Brick walls’ 69 15%
Mean number or rooms" 454 2.0
Household with electric connection’ 309 68%
Proportion who owned
House' 430 95%
Wardrobe' 189 42%
Bicycle' 109 24%
Mobile phone' 378 83%
Black and white television" 36 8%
Colour television' 109 24%
Sewing machine’ 52 11%
Refrigerator’ 44 10%
Motor cycleT 22 5%
Mean number of items owned
Tables’ 454 1
Chairs' 454 2.2
Watches/clocks' 454 0.6
Beds' 454 0.9
Inexpensive sleeping cots’ 454 13
Acres of agricultural land" 453 0.52
Acres of non-agricultural land’ 451 0.13
Owned any domestic animal 375 83%
Owned any goat 104 23%
Owned any cow 186 41%
Owned any poultry 341 75%
Access to improved water source for drinking 454 100%
Have access to a latrine 431 95%
Have access to a shared latrine 230 53%
Mean number of household sharing a latrine 431 1.99
facility
Mean number of individuals sharing a latrine 431 7.6
facility

Ownership of latrine (n=437)

Lif sample size is different it is presented next to the variable in the table
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Individual ownership 247 57%
Shared ownership 114 26%

"Number with presented category
"Included to calculate wealth quintile.
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Table 3.3: Univariable relationship between water, sanitation, and hygiene related

variables and log,, transformed faecal coliform CFU/toy ball (n=454)

Exposures n (%) Mean (SD) Median Diff. in mean’ P
(95% c1) " value'

Sanitation type

JMP technology type
Improved 205 (45) 2.06(1.33) 1.90 -0.06 (-0.32, 0.20) 0.64
Unimproved 226 (50) 2.10(1.41) 2.08
(Baseline) 23 (5) 2.23(1.45) 2.08 0.09 (-0.49, 0.69) 0.75
Open

MDG
Improved 113 (25) 1.84(1.23) 1.60 -0.36 (-0.65, -0.07) 0.02
Unimproved 341 (75) 2.17 (1.41) 2.20

SDG
Improved 205 (45) 2.06(1.33) 1.90 -0.07 (-0.33, 0.18) 0.58
Unimproved 249 (55) 2.12(1.41) 2.08

GOB
Hygienic 85 (19) 1.76(1.21) 1.60 -0.45(-0.77,-0.13)  <0.01
Unhygienic 369 (81) 2.17(1.40) 2.08

Sharing statusf (N=431)
Shared 230(53) 2.17(1.45) 2.08 0.19 (-0.07, 0.45) 0.15
Individual 201 (47) 1.98(1.28) 1.90

Number of person using a

sanitation facility (N=431)" 218 (51) 2.18(1.42) 2.14 0.16 (-0.10, 0.42) 0.22
Upto6 213 (49) 2.01(1.31) 1.90
More than 6

Increase in number of 0.00 (-0.3, 0.04) 0.83

person using the sanitation

facility * (N=431)

Other sanitation and

hygiene characteristics

<3 Child faeces disposal

(n=454) 98(22) 1.95(1.35) 1.90 -0.23 (-0.54, 0.07) 0.14
Safe 356 (78) 2.13(1.38) 2.08
Unsafe

Cleanliness of sanitation

facility (N=409) 142 (35) 1.94(1.21) 1.90 -0.25 (-0.53, 0.03) 0.08
Clean 267 (65) 2.16(1.45) 2.08
Dirty

Presence of open human 60 (13) 2.38(1.52) 2.08 0.34 (-0.03,0.71) 0.07

faeces in/around

household premises

Presence of any goat 103 (23) 2.36(1.46) 2.38 0.36 (0.06, 0.67) 0.02

faeces

Number of cow dung pile
No cow dung 264 (58) 2.04(1.38) 1.90 0
1 to 10 cow dung 136 (30) 2.08(1.37) 2.20 0.04 (-0.25, 0.32) 0.79
More than 10 cow 54 (12) 2.37(1.35) 2.45 0.36 (-0.05, 0.77) 0.08

dung
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Presence of any poultry

faeces
No faeces 92 (20) 1.97 (1.23) 1.90 0
1 to 10 piles 224 (49) 2.12(1.46) 2.14 0.15(-0.19, 0.49) 0.38
More than 10 piles 138 (30) 2.13 (1.30) 2.08 0.17 (-0.20, 0.53) 0.38
Visibly clean hands and 71 (16) 1.81(1.34) 1.90 -0.35 (-0.69, -0.01) 0.05
nails vs. unclean
Presence of convenient 95 (21) 2.00 (1.19) 1.90 -0.15(-0.46, 0.17) 0.36
HW place with soap and
water
Presence of appropriate 261 (57) 1.99(1.36) 1.90 -0.24 (-0.50, 0.01) 0.06
water drainage system
Appropriate Solid waste 11(2) 1.59 (2.00) 1.90 -0.47 (-0.29, 0.34) 0.26
disposal
Other variables
Wealth quintile 0.02
Lowest 91(20) 2.22(1.43) 2.20
Lower middle 91(20) 1.98(1.23) 1.90 -0.24 (-0.65, 0.14) 0.21
Middle 91(20) 2.42(1.35) 2.44 0.19 (-0.20, 0.59) 0.34
Upper Middle 91(20) 2.03(1.57) 1.90 -0.21(-0.60, 0.19) 0.31
Upper 90(20) 1.81(1.22) 1.70 -0.48 (-0.88, -0.08) 0.02
Household belongs to
upper wealth quintile
Yes 90(20) 1.81(1.22) 1.70 -0.41(-0.72, -0.09) 0.01
No 364 (80) 2.16(1.40) 2.08
Mother with formal 376 (83) 2.03(1.36) 1.90 -0.33 (-0.66, 0.00) 0.05
education vs. (no formal
education)
Change in time of data -0.17 (-0.27, -0.06) 0.02
collection by hour as the
day progress
Study site (District)
Narshingdi 238 (52) 2.26(1.38) 2.20 0.36 (0.07, 0.65) 0.01
Mymensingh 216 (48) 1.90(1.34)

"Number with presented category
*Adjusting for clustering at village

¥ Among those who has access to a latrine (N=431)
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Table 3.4: Multivariable relationship between water sanitation and hygiene related variables and log;, transformed faecal coliform CFU per toy

ball (Total N=454)

A. MDG B. SDG C. GOB
Variables (n) Diff. mean” P Diff. mean” P Diff. mean* P
(95% Cr¥) Valuet (95% Cr¥) Valuet (95% CIt) Valuet

Sanitation type
(Improved/hygienic) (113/85) -0.31(-0.61,-0.01) 0.04  -0.01(-0.26,0.25)  0.95 -0.34(-0.68,0.005)  0.05
Vs unimproved/unhygienic
Presence of any goat faeces (103) 0.31(0.02,061)  0.04  032(0.02,062) 0.3 0.30(0.002,060) 0.05
Vs absence of any goat faeces
Presence of cow dung

No cow dung (264) - -

Up to 10 piles (136) 0.08(-0.21,0.36)  0.60  0.09(-0.20,0.37)  0.55  0.08(-0.21,0.36)  0.60

More than 10 piles (54) 0.40(0.00,0.79)  0.05  042(0.02,082)  0.04  0.40(0.01,0.79)  0.05
Presence of appropriate water
drainage (261) . 0.32(-058,-0.06)  0.02 -030(-0.56,-0.04) 0.02 -0.29(-0.55,-0.03)  0.03
Vs absence of appropriate water
drainage
Hands and nails looked visibly clean
(71)
Vs Hands and nails looked visibly -0.26 (-0.06, 0.09) 0.15 -0.27 (-0.62, 0.08) 0.13 -0.26 (-0.60, 0.09) 0.15
dirty
Household belongs to upper wealth
quintile (90) -0.18 (-0.52, 0.16) 0.31 -0.30(-0.63, 0.03) 0.08 -0.19 (-0.53, 0.15) 0.26
Vs lower wealth quintile
Mother’s with form education
(376)
Vs mothers with no formal -0.30 (-0.64, 0.04) 0.08 -0.28 (-0.61, 0.06) 0.11 -0.27 (-0.61, 0.06) 0.11
education
Change in time of data collection 4 1657 .0.06) 0.002 -0.16(-0.26,-005) 0.003 -0.16(-0.27,-0.06) 0.002

by hour as the day progress
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Study site Narshingdi district (238)

. 0.52 (0.25, 0.78) <0.01 0.50(0.23,0.78) <0.01 0.52(0.25, 0.79) <0.01
vs. Mymensingh

" Difference in mean
t Adjusting for the effect of all the other variables in the model
¥ Number with presented category
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Table 3.5: Relationship between sanitation and log;, transformed faecal coliform CFU per toy ball, among households with access to improved
sanitation technologies as defined by JMP (N=205) (subgroup analysis).

Sanitation characteristics among household Descriptive Univariable” Multivariable
with improved sanitation technology. n (%) Mean (SD) Median Difference in mean P Difference in mean P
(95% Cl) Value (95% Cl) Value
Sanitation technologies (n=205)
Flush/pour-flush 97 (47) 1.83 1.27 1.60 -0.45 (0.81, -0.09) 0.02 -0.27 (-0.67, 0.13) 0.19
Non flush/pour-flush* 108 (53) 2.27 1.34 2.20
Sharing status (n=205)
Private/individual 113 (55) 1.84 1.23 1.60
Shared by 2-5 HH 92 (45) 2.33 1.39 2.30 0.49 (0.13, 0.85) 0.01 0.35 (-0.05, 0.75) 0.08
<3 Child’s faeces disposal practices
Safe 54 (26) 2.03 1.27 1.90 -0.05 (-0.46, 0.36) 0.82 0.19 (-0.23,0.61) 0.37
Unsafe 151 (74)  2.07 1.35 1.90
Cleanliness of latrine
Clean 92 (45) 1.87 1.08 1.90 -0.36 (-0.73, -0.00) 0.05 -0.38(-0.77, 0.02) 0.06
Dirty 113 (55) 2.22 1.48 2.08
Presence of open faeces in and around HH
Open faeces 20 (10) 2.21 1.49 1.90 0.15 (-0.46, 0.77) 0.62 0.10(-0.53,0.72) 0.76
No open faeces 185 (90) 2.05 1.31 1.90
Considering technology and sharing status
Individual flush/pour flush 66 (32) 1.60 1.14 1.60 -0.69 (-1.06,-0.31)" <0.001 -0.55(-1.00, -0.11)° 0.02

Shared flush/pour flush or Non flush 139 (68) 2.28 1.34 2.20

’ Adjusting for clustering at village

t Adjusting for all other variable in the table as well as presence of cow/goat, visible cleanliness of hands, wealth, mothers education and study site/district, time of
sample collection, water waste disposal.

¥ This includes pit latrine without slab which is considered improved according to JMP but unhygienic technology according to GOB.

§ Separate multivariate model Adjusting for child, faeces disposal, cleanliness of latrine, presence of open faeces, presence of cow/goat, visible cleanliness of hands,
wealth, mothers education and study site/district, time of sample collection, water waste disposal.
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Chapter 4: Effect of neighbourhood sanitation coverage on faecal
contamination of the household environment in rural

Bangladesh.

4.1 Introduction to the chapter

This chapter explores the role of neighbourhood sanitation coverage on
faecal contamination of the target household as measured through toy ball and
children’s hands. This chapter includes a ready for submission manuscript, which

describes some of the main results.

4.2: Role of the authors in the research paper

Tarique M.N. Huda (TH): TH is the first author of the research paper. He had
the primary role of designing the study, overseeing the field work, cleaning and
analyzing the data, interpreting the results and drafting the manuscript.

Wolf-Peter Schmidt (WS): WS contributed to the conception o the study,
defining the research questions, provided guidance on design of the study; reviewed
the data analysis and the draft manuscript

Amy J. Pickering (AP): AP provided guidance on the microbiological sample
collection protocol; provided feedback on analysis and interpretation of the data and
reviewed the draft manuscript.

Leanne Unicomb (LU): LU provided guidance during data collection in
Bangladesh and reviewed the draft manuscript

Zahid H. Mahmud (ZM) and Md. Sirajul Islam: ZM and Sl reviewed the
protocol for the microbiological sample processing in the lab, helped with
supervision of the sample processing in the lab and reviewed the draft manuscript.

Stephen P. Luby (SL): SL provided guidance on design of the study and
reviewed the draft manuscript.

Adam Biran (AB): AB was the executive author for this manuscript. He
contributed to the conception of the study, contributed in defining the research
questions, approved the overall study design, data/sample collection protocols and

reviewed the draft manuscript.
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4.4 Abstract

Enteric pathogens can be transmitted within the household and the
surrounding neighbourhood. The objective of this study was to understand the effect
of neighbourhood level sanitation coverage on faecal contamination of the
household environment in rural Bangladesh. Spot-check observations of sanitation
facilities was conducted in neighbouring households within a 20 meter radius of
target households with children aged 6-24 months. Following the Millennium
Development Goal (MDG) definition sanitation facilities were defined as improved (a
private pit latrine with a slab or better) or unimproved. Faecal coliforms (FC) on
children’s hands and sentinel toy balls were measured and used as indicators of

household-level faecal contamination.

We visited 1,784 neighbouring households surrounding 454 target
households. Twenty two percent of these neighbouring households had access to a
private improved latrine. On average, sentinel toy balls had 2.09 (SD=1.37) logio
colony forming units (CFU) of FC/toy ball and children’s hands had 2.25 (SD=1.14)
log10 CFU of FC/two hands. Access to 100% private improved sanitation coverage in
the neighbourhood was associated with a small but statistically insignificant
difference in contamination of sentinel toy ball (difference in mean: -0.09 log
CFU/toy ball; 95% Cl: -0.56, 0.38; P=0.70) and children’s hands (difference in mean: -
0.20 logp CFU/two hands; 95% Cl: -0.45, 0.14; P=0.25).
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Improved sanitation coverage in the neighbourhood had limited measurable
effect on faecal contamination of the target household environment. Other
household and community level factors may be more important in reducing faecal

contamination of the household environment.

Key words: Neighbourhood, sanitation, faecal coliform, hands, sentinel toys

4.5 Introduction

Enteric pathogens excreted within faeces can be transmitted through
contaminated food and drink, person to person (hand to mouth), or contact with a
fomite and flies either through contaminated food and utensils or landing directly on
children [1-4]. In rural areas of densely populated countries households live very
close to each other. Members of neighbouring households often share a yard along
with basic water and sanitation infrastructure [5]. This allows frequent movement of
adults and children between households within the neighbourhood [6] resulting in
enteric pathogens being transmitted within households [7] and the surrounding

community [8].

Sanitation facilities that separate faeces from the environment are expected
to create a primary barrier to break the chain of transmission of enteric pathogens
[1, 2]. There may be two source of benefit of sanitation in reducing transmission of
enteric pathogens. There may be a direct benefit to a household due to improving
household sanitation. There may be also an external benefit due to immediate
neighbour’s access to sanitation that result in a lower probability of human contact
with human excreta [9]. We have limited empirical evidence to understand whether
the benefits of sanitation at household level critically depend on sanitation coverage

across the neighbourhood [10].

Several studies were identified that assessed the effect of community
sanitation coverage on health. A few studies have looked at the effect of community
coverage of sanitation facilities connected to sewer systems or septic tanks in urban

contexts [11-16]. These studies show the importance of community sanitation
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access, but they do not clarify the role of neighbourhood sanitation on target

households in reducing faecal contamination and related health outcomes.

A study conducted in Brazil assessed the effect on child diarrhoea of a city-
wide intervention to improve sewerage coverage. Following the intervention there
was a 22% reduction in the longitudinal prevalence of diarrhoea. Household-level
sanitation-related variables (indoor latrine, household excreta disposal) explained
only 17% of the heterogeneity of the effect of programme. Whereas, neighbourhood
sanitation coverage through sewerage connection explained 100% of the
heterogeneity in the effect of the programme [14]. This suggests that in this setting
the neighbourhood level sanitation access was more important than household level
sanitation access in reducing diarrhoeal disease transmission. However the study
was conducted in urban areas with sewage connections, a sanitation technology not
feasible in most low income rural settings. As of 2010, 60% of global urban residents
reported using facilities linked to sewers compared to only 12% in rural areas [17].
Most sanitation facilities in rural areas of low income countries are onsite (pit
latrines, septic tanks and other household level technologies that do not involve
sewerage). In 2010 64% of the global rural population reported using onsite
sanitation facilities [17]. In rural settings with predominantly onsite sanitation the

impact of neighbourhood sanitation may be different.

Studies conducted in rural contexts with predominantly onsite sanitation
facilities have also highlighted that neighbourhood sanitation coverage may be
important. First a study conducted in rural Zimbabwe assessed the effect of latrine
coverage at the community level, on diarrhoea morbidity. A community where 62%
of the children lived in a household with a latrine experienced 68% lower diarrhoea
morbidity compared to the children living in a community with no sanitation [10].
However the study had a relatively small sample size and compared only two
communities. A second study conducted in coastal Ecuador analysed data from four
years of active diarrhoeal-disease surveillance data across 21 communities. Villages
were categorised based on diarrhoea prevalence as “low” (<0.6%); “low-medium”

(0.6%-2.2%); “high-medium” (2.2 %-< 5.2%) and “high” (5.25-100%). The data
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suggests that the overall increase in percentage of village level improved sanitation
was associated with higher diarrhoea prevalence in the context of low regional risk
of diarrhoea [18]. This study showed that the association between community
sanitation coverage and diarrhoea risk may vary depending on the level of disease in
the surrounding villages. This suggests that disease dynamics is influenced by disease
status of neighbouring communities. However from these studies we cannot
understand the benefits of externality due to sanitation access in the
neighbourhood. Another important limitation of this study was that it looked at the
effectiveness of water treatment and sanitation without considering hand washing

with soap.

Studies conducted in the rural context suggest that neighbourhood sanitation
may provide additional externality benefits [9] in terms of reducing diarrhoea. For
example, a study used data from an Indian nationwide survey of rural households.
The findings suggest that community level improved sanitation coverage is
associated with a 37% additional reduction in diarrhoea prevalence, in addition to
reduction due to household level improved sanitation coverage [9]. A second study
that used demographic and health survey (DHS) data suggests that children from
villages with higher open defecation rate were shorter controlling for effect of
household level sanitation practices [19]. However these studies did not control for
the effect of handwashing practices on health. Moreover these findings have so far
not been replicated in other settings. Depending on the status of disease in a specific
context the effect of risk factors like lack of sanitation may have variable effect [20,
21]. The classification of sanitation facilities in demographic and health surveys may
be prone to misclassification bias as the questions used in DHS do not capture the

function of sanitation facilities in separating faeces from environment.

The objective of this study was to assess the association between
neighbourhood sanitation coverage and microbial faecal contamination at the
household-level so that informed decisions can be made regarding the focus of

sanitation interventions and how we monitor global progress.
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4.6 Methods

An observational, cross-sectional study was conducted between September
and October 2013, in rural areas of Mymenshingh and Narshingdi districts of
Bangladesh. The study was conducted in villages that were participating in the
Sanitation, Hygiene Education, and Water supply in Bangladesh (SHEWA-B) health
impact study described elsewhere [22]. Verbally administered questionnaire surveys,
spot-check of sanitation facilities and microbial assessment of children’s hands and

sentinel toy ball (described below).

4.6.1 Neighbouring household selection

The study was conducted in rural areas of Mymenshingh and Narshingdi
districts of Bangladesh between September and October 2013. The enumerators
systematically selected 454 target households with a child aged 6-24 months, from a
simple random sample of villages enrolled for a health impact study as described
elsewhere [23]. All neighbouring households within a 20 metre radius of the
entrance to the living room of each target household were enrolled in this study. The
cut-off point of a 20 meter radius was arbitrary, based on logistical convenience and
resources available for data collection rather than scientific evidence. During the
pilot study (Chapter 2) high population density was found and within a 20 meter
radius 4-10 neighbouring households were found. In this manuscript the term
“neighbourhood” refers to these immediate neighbouring households. The distance
between households was measured using a handheld global positioning system
(GPS) unit “Garmin Etrex legend H” (GARMIN)[24]. Target households were
separated by a distance of at least 50 meters ensuring that none of the neighbouring

households was counted for more than one target household.

4.6.2 Data collection tools

Neighbourhood and target household surveys: The enumerators used a
verbally administered, structured questionnaire and spot-check observation to
collect information about household possessions; water, sanitation and hygiene

related behaviour and facilities in target households [23] (Chapter 3). The
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information on training of enumerators and quality control during data collation are
described elsewhere (Chapter 3). Enumerators used a shorter version of this
procedure to collect information about human and animal faeces disposal practices

in the neighbouring households. Data were recorded using a tablet computer.

4.6.3 Microbiological sample collection

We used contamination of toys and hands by faecal indicator bacteria as an

indicator of faecal contamination of the household environment.

Hand rinse: Prior to administering the household survey the field team rinsed
both the hands of the target child, (aged 6-24 moths) from each target household.
Hands were rinsed for 30 seconds each, in a Whirl-Pak bag (19x38 cm) (Nasco, Fort

Atkinson, WI) filled with 200 ml of Ringer’s solution [25].

Sentinel toy ball rinse: Standard sized (20 cm circumference) sentinel toy
balls given to children to play with were collected after 24 hours and rinsed in a
Whirl-pak bag (19x38 cm) filled with 200 ml of Ringer’s solution for 30 seconds

following methods used previously [26].

All samples were transported in a cool box to the Environmental
Microbiology Laboratory of icddr,b laboratory within 15-18 hours of collection

maintaining the temperature of 4-10 °C.

4.64 Enumeration of faecal coliforms

The enumeration procedure for faecal coliforms is described in detail
elsewhere [23]. Presumptive faecal coliforms were enumerated using a membrane
filtration technique with modified faecal coliform (mFC) agar plates , within 24 hours
of collection [27, 28]. The results were calculated as colony forming units (CFU)

present per 200 ml of recovered media that bathed the toy balls or hands.

4.6.5 Ethics

Written informed consent was taken from the primary caregiver of the child

aged 6-24 months before enrolling for the study (Appendix 3). The study protocol
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was approved by the ethical review committee of icddr,b, Bangladesh and London

School of Hygiene and Tropical Medicine (LSHTM), United Kingdom.

4.6.6 Operational definitions of variables used in the analysis

Our analysis included the following variables, household access to improved
sanitation, neighbourhood sanitation coverage, household wealth, latrine
cleanliness, hand cleanliness, appropriate child faeces disposal and faecal coliform

counts from hands and sentinel toys. These variables are defined below.

Access to improved sanitation: We categorised access to improved sanitation

using 2 different definitions used by the WHO/UNICEF Joint Monitoring Programme
(JMP) for water supply and sanitation [ ]. Definition 1 was used for monitoring
progress towards the Millennium Development Goal (MDG). We refer to this as the
MDG definition. Definition 2 was that proposed for future monitoring of progress
towards the post-2015 Sustainable Development Goal (SDG) [30]. We refer to this as
the SDG definition. The key difference between these definitions is that MDG does
not include any shared sanitations in the definition of improved whereas the
proposed SDG does include some types of shared sanitation within the definition of

improved provided they are shared by no more than five households.

Following the MDGs we categorised flush/pour flush latrines and pit latrines
with slabs as improved provided these were not shared between households.
Unimproved sanitation included pit latrines without slabs, hanging latrines,
flush/pour flush latrines with no connection to a sewer or septic tank; no facility; and
any shared facilities. We also defined improved sanitation following the SDG
definition where shared facilities of otherwise improved technology (flush/pour flush
latrines and pit latrines with slabs) if shared by a maximum of five households as
improved [17]. So for the SDG definition unimproved sanitation included pit latrines
without slabs, hanging latrines, flush/pour flush latrines connected to open; no

facility; and improved technologies shared by more than five households.

Neighbourhood sanitation coverage: We calculated neighbourhood

sanitation coverage as the proportion of neighbouring households with access to
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improved (MDG and SDG definitions) latrines. We treated the neighbourhood
improved (MDG and SDG) sanitation coverage variable in 2 different forms: a)

continuous and b) binary (100% and < 100%).

Household wealth: To assess the wealth of target households we used

principal component analysis (PCA) with 23 household characteristics [31, 32]
excluding sanitation and water access. We calculated the means, frequencies and
score coefficients and used the correlation matrix of the 23 variables to calculate
sample weights [31, 33, 34]. We initially divided the wealth score into quintiles
(lower, lower middle, middle, upper middle and upper). Then we recoded the wealth
score as a binary variable rich (upper wealth quintile) or poor (lower, lower middle,

middle and upper middle wealth quintiles).

Hand cleanliness: If the trained enumerators observed no visible dirt on the

hands or under the nails of the target child then the child was considered to have

clean hands.

Latrine cleanliness: We considered a household to have a clean latrine if the

enumerators observed no faeces on the slab/floor and pan of the latrine at the time

of visit.

Safe child’s faeces disposal: The faeces of children (below 3 years of age)

were considered to be disposed safely if they were reported to be disposed inside a

latrine [35].

4.6.7 Data analysis

We first converted the faecal coliform concentrations to their base 10
logarithms for calculating means. A faecal coliform level of <1 was replaced with the
value 0.5 (half the detection limit) before the conversion. We calculated the
difference in logyo transformed arithmetic means CFU of faecal coliforms comparing
households with different levels of sanitation coverage in the neighbourhood using a

linear regression model. To account for the clustering effect at village level we used a
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generalised least squares (GLS) random-effects model explicitly allowing the average

outcome to vary between village clusters [36-40]

We conducted univariable analyses to estimate the crude effect of the
primary exposure variables and potential confounding variables on the main
outcome, adjusting for the effect of village level clustering. For the multivariable
analysis, adjusting for potential confounders, we used causal diagrams to decide
which variables to include as potential confounders, excluding variables on the same
causal pathway as the exposure variables (Figure 4.1). We decided a priori to include
mother’s education and wealth as confounders even if they were not associated with
the outcome in this study. We included all potential confounders in the multivariable
model if they were associated with the exposure and outcome in the univariable
analysis [40, 41]. We also tested for normality of residuals and homoscedasticity of

the models.

We generated separate multivariable models for toy contamination and hand
contamination as outcomes. For each of the outcomes we used 2 different forms for
neighbourhood improved (MDG and SDG) sanitation coverage variable (continuous

and binary).

4.7 Results

4.7.1 Neighbourhood characteristics

The 454 target households visited had a mean of four neighbouring
households within a 20 metre radius. Twenty two target households had no
neighbouring household within a 20 metre radius and an additional four target
households had one neighbouring household but none of the family members of

those neighbouring households were present during data and sample collection.

We visited 1,948 neighbouring households of 454 target households. We
could not collect data on sanitation status from 165 neighbouring households (8%)
because of absence or refusal so we have data on sanitation status from 1,784

neighbouring households. These neighbouring households had five members on
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average and 35% (n=684) had at least one child under 5 years of age. Two thirds of
neighbouring households reported that the children under 5 years of age defecated
in the open in or around the household. Among 432 households with one or more
children under 3 years of age, 22% reported that they disposed of the child’s faeces
in a latrine. The majority (n=1431, 80%) of the neighbouring households had animal
faeces present within the household premises at the time of observation. Among
these, 24% (n=467) had more than 10 piles of open poultry faeces, and 11% (n=213)
had more than 10 piles of cow dung, while 16% (n=321) had goat faeces present
(Table 4.1).

Among the neighbouring households, 1,682 (94%) reported having access to
a latrine. Almost all of the households with latrine access had a worn path to the
latrine suggesting regular use. Almost all of these households (99%) reported using
the latrine within the 24 hours preceding spot-checks. Among all the neighbouring
households 60% (n=1012) reported access to a shared latrine. About 22% of the
households had a flush or pour flush latrine with a septic tank or a pit, while, 24%
households reported to have access to a pit latrine without flush technology. Twenty
two percent of the households had access to a private improved latrine (MDG).
While 42% had access to improved latrine (SDG) shared by a maximum of 5
households. There were 1615 households that had a latrine with a slab. Seventeen
percent of these latrines were visibly clean (Table 4.1). Shared latrines were more
likely to be dirty than individual latrines (182/969=19% vs. 90/646=14%, P
value=0.01)

4.7.2 Target household characteristics

A quarter (25%) of the target households had access to private improved
sanitation(MDG) while 45% of the target households had access to an improved
latrine, as defined by JMP for the SDG (Table 4.2). Characteristics of the target

households have been presented in more detail elsewhere [23].

Almost half of the target households (n=220, 49%) were from

neighbourhoods with no improved (MDG) sanitation access. Nine percent of the
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target households (n=39) were from neighbourhoods with 100% improved (MDG)

sanitation coverage (Table 4.2).

4.7.3 Faecal contamination of sentinel toy ball

Among the 454 sentinel toys 49 (11%) of the rinse samples were below the
detection limit for faecal coliforms. No samples had faecal coliform levels that were
above the detection limit. On average there were 2.09 (SD=1.37) log1o CFU/toy ball
with a median of 2.08 log;o CFU/toy ball.

Toy ball samples collected from target households in neighbourhoods with no
private, improved (MDG) sanitation access had 2.04 (SD=1.47) log;o CFU/toy ball on
average. There was minimal change in the level of toy ball contamination associated
with each 1% increase in the private, improved (MDG) sanitation coverage in the
neighbourhood. Toy ball samples collected from households in neighbourhoods with
less than 100% improved (MDG) sanitation coverage had somewhat lower levels of
contamination than households in neighbourhoods with 100% improved (MDG)
sanitation coverage (difference in mean: -0.19 logyo CFU/toy ball; 95% ClI: -0.64,
0.27), but differences of this magnitude are consistent with random variation
(P=0.42). After adjusting for potential confounding household and neighbourhood

characteristics the findings remained unchanged (Table 4.2).

In restricted analysis among 113 target households with access to
unimproved sanitation a higher proportion of access to improved sanitation in the
neighbourhood was not associated with any reduction in faecal contamination of the
toy ball in the target households. Even access to 100% improved sanitation coverage
in the neighbourhood was only associated with minimal reduction in faecal
contamination of the toy ball (difference in mean -0.06: 95% Cl:-0.62, 0.50)

compared to household with less than 100% improved sanitation access.

There was minimal change in the level of toy ball contamination associated
with each 1% increase in the improved (SDG) sanitation coverage in the

neighbourhood. Toy ball samples collected from households in neighbourhoods with
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less than 100% improved (SDG) sanitation coverage had somewhat similar levels of
contamination as households in neighbourhoods with 100% improved (SDG)
sanitation coverage. Coverage of shared sanitation in the neighbourhood was not
associated with any statistically significant change in level of faecal contamination of

the toy ball (Table 4.2).

4.7.4 Faecal contamination of hands

Among the hand rinse samples taken from 454 children under 2 years of age,
6% (n=28) of the samples were below the detection limit for faecal coliforms. On
average children’s hands had 2.25 (SD 1.14) log;o CFU/two hands with a median of
2.20 log19 CFU/two hands. Contamination of hands was weakly correlated with
contamination of the toy balls (r=0.19, P=0.44). A one logygincrease in level of faecal
coliform per two hands was associated with 0.24 log,gincrease in level of faecal

coliform per sentinel toy ball (95% Cl: 0.12, 0.34) (Figure 4.4).

In households from neighbourhoods with no improved (MDG) sanitation
access there were on average 2.29 (SD=1.12) log1o CFU /two hands. With each 1%
increase in neighbourhood improved sanitation coverage there was a reduction of
0.17 log1o CFU of faecal coliform contamination (95% Cl: -0.50, 0.16). This reduction
could be due to chance (P=0.32). Households in neighbourhoods with 100%
improved (MDG) sanitation coverage had similar levels of hand contamination as
those in neighbourhoods with <100% coverage (difference in mean -0.11; 95% Cl: -

0.48, 0.26) (Table 4.3).

In the restricted analysis among target households with access to
unimproved (MDG) sanitation a higher proportion of access to improved sanitation
in the neighbourhood was not associated with any reduction in faecal contamination

of children’s hands in the target household (Data not shown).

With each 1% increase in neighbourhood improved (SDG) sanitation access
there was a reduction of 0.15 log;o CFU of faecal coliform contamination (95% Cl: -

0.43, 0.13). This reduction could be due to chance (P=0.29) (Table 4.3). With each 1%
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increase in neighbourhood shared sanitation coverage was an increase of 0.26 log10
CFU of faecal coliform contamination (95% Cl: -0.43, 0.13) per two hands. Although
the statistical evidence was weak (P=0.07). In the adjusted analysis the estimates

and the strength of the statistical evidence remained similar.

In the multivariate analysis, hand contamination was similar in target
households with access to private, improved sanitation and unimproved sanitation
(difference in mean: 0.12; 95% CI -0.14, 0.38). Children, who were playing in the half
hour preceding hand rinse sample collection, had more faecal contamination than
children who were inactive (for example sleeping) (difference in mean=0.29 logyo
CFU/two hands, 95% Cl: 0.04, 0.54). Children with visibly clean hands had lower
faecal coliform contamination than children with dirty hands (difference in mean=-
0.56 log,o CFU/two hands, 95% Cl: -0.84, -0.27). Presence of soap and water in the
handwashing station was not associated with faecal coliform level in children’s
hands. Household wealth and mother’s education were not associated with faecal

contamination of the children’s hands (Table 4.3).

4.8 Discussion

In rural areas of Bangladesh with predominantly onsite sanitation, access to
improved (MDG) sanitation in neighbouring households was associated with small
and statistically insignificant reductions in faecal indicator bacteria in the domestic
environment. For both measures of household faecal contamination (children’s
hands and toys) this finding was consistent. Even 100% improved (MDG) sanitation
coverage was not associated with significant reduction in contamination level. The
association between neighbourhood sanitation coverage and faecal contamination
was similar when improved sanitation was defined using the SDG definition
proposed by JMP. Access to private improved (MDG) sanitation in the target
household was associated with lower level of faecal contamination of the sentinel
toy ball. But access to improved sanitation as defined for SDG was not associated

with any reduction in faecal contamination.
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These findings suggest that improved sanitation access in the neighbourhood
may not be sufficient to prevent faecal contamination of the domestic environment.
Other household and community-level factors may also be necessary. This does not
imply that neighbourhood sanitation is not important in reducing faecal

contamination.

There are several possible explanations as to why neighbourhood sanitation
coverage was not associated with levels of faecal contamination of children’s hands
and toys. Firstly, it is possible that household sanitation access is more important
than neighbourhood coverage in reducing faecal contamination within the target
household. Since children under two years of age are likely to spend most time
within the household premises the hand/toy ball contamination are most likely to
represent the contamination level of the household’s domestic environment. In our
study as well as in previous small-scale studies conducted in Bangladesh [26, 42] and
Tanzania[43] household-level access to improved sanitation was found to be

associated with lower contamination of toy balls [26, 42] and hands [43].

Secondly there are other routes of contamination, such as poor cleanliness of
the latrine, presence of animal faeces or unsafe disposal of children’s faeces, that
neither target household nor neighbourhood sanitation access prevent. In this study
presence of soap and water at a convenient handwashing location was not
associated with lower level of faecal contamination but visible cleanliness of hands
were associated with level of faecal contamination of children’s hands and toys. A
previous study conducted in Tanzania among 334 households found that washing
hands with soap within the past hour was associated with lower level of faecal
contamination [43]. More over in Tanzania study visible dirt observed on the
subject’s palm, finger pads, or underneath their nails was significantly related to
higher level both of EC and FS on hands. So handwashing practice may be more
important than neighbourhood sanitation access. There may also be important
community-level social, geographical, economical, cultural and or environmental

factors that we did not capture in our study since we found sentinel toys in
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Narshingdi district had higher level of contamination compared to children’s toys in

Mymensingh district even after adjusting for potential confounding factors.

Thirdly, it is possible that we were unable to detect a difference in faecal
contamination associated with neighbourhood sanitation due to low statistical
power. Previous studies have found contamination level in toys and hands [26] to be
highly variable and so requiring a large sample size to evaluate group differences.
The sample size calculation for this study was not determined considering
neighbourhood level sanitation coverage as the primary exposure. Future research

with a larger sample size might help to better understand this phenomenon.

Previous studies have identified neighbourhood sanitation coverage as
important in reducing diarrhoeal disease transmission [10, 14, 44]. This apparent
contradiction to the findings of the present study might arise if children visiting
neighbouring households are exposed to faecal pathogens in the neighbouring
households. Or other household members bring in contamination from neighbouring
households. It is also possible that other more important transmission pathways (e.g.
water or food) that operate at household as well as neighbourhood level and that

could not be captured by assessing faecal contamination of toy balls and hands.

An important limitation of this study is use of faecal indicator bacteria to
assess faecal contamination as they are not human specific. This random
measurement error can introduce bias due to misclassification of outcome. As a
consequence the confidence intervals of the estimates presented are likely to be
wider making the results less likely to be statistically significant even if in reality they
are statistically significant [45]. For example, having 100% improved sanitation
access in the neighbourhood was associated lower but statistically insignificant
reduction in level of faecal contamination. So, further study with larger sample size
could help better understand the role of neighbourhood sanitation[45]. Using
molecular markers of human specific pathogens as indicator of faecal coliform could

help reduce this bias in future studies.
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Finally, our definition of neighbourhood may be problematic. The cut-off
point of a 20 meter radius was arbitrary, based on logistical convenience and high
population density in this context rather than scientific evidence. So our conclusion
may be conservative given small radius. Selecting a larger radius might have resulted
in a different conclusion. More over there may be issues with generalisability of
these findings. Bangladesh has high water tables and high number of domestic
animal, as a result Bangladesh may have many determinants of household faecal

contamination that are not impacted on by neighbourhood sanitation practices.

Neighbourhood coverage with improved sanitation within 20 meters of
households in rural Bangladesh had no effect on faecal contamination of the
household environment measured as indicator bacteria on children’s hands and toys.
Household sanitation access is probably more important than neighbourhood
sanitation coverage in reducing faecal contamination of domestic environment.
Intervention studies with appropriate sample size might help us better understand
the impact of neighbourhood sanitation coverage on faecal contamination of

household environments.
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Figure 4.1: Directed acyclic graph (DAG) showing the variables measured and included in the multivariable analysis.
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Table 4.1: Neighbourhood household (NH) characteristics (n=1784)*

n % or mean

Mean number of household(HH) member 1,784 4.6
Proportion of HH with a <5 child 684 35%
Proportion of HH with access to a latrine 1,672 94%
Proportion of HH with worn path to latrine (N=1682) 1,666 99%
Sanitation access according to technology (Ignoring sharing)

Open defecation 102 5.7%

Pit latrine without slab, hanging latrine and pit latrine

with a slab but broken pit 858 48%

Pit latrine with a slab 436 24%

Flush/pour flush latrine with septic tank or pit 388 22%
Proportion of HH that privately owns a latrine (N=1682) 862 51%
Proportion of HH with access to a shared latrine (N=1682) 1,012 60%
Mean number of individuals using a latrine 1,682 8
Mean number of HH sharing a latrine 1,012 2.9
Sanitation access according JMP (MDG) classification

Private Improved 389 22%

Unimproved 1,395 78%
Access to Improved (JMP-SDG) sanitation 816 42%
Proportion of HH with dirty latrine (N=1,615) 272 17%
Reported <5 child faeces defecation site

Open: filed/bush/yard/floor 390 57%

Potty 80 12%

Nappy 69 10%

In a latrine 145 21%
Safe child’s faeces disposal (N=432) 93 22%
Proportion of HH where children aged 5-18 not using a latrine 601 34%
Number of piles of poultry faeces found in or around HH

No faeces 613 31%

1-10 piles 868 45%

10> piles 467 24%
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Number of pile of cow dung found in or around HH

No faeces
1-10 piles
10> piles
Goat faeces found in or around HH
Present

Absent

1,323
412
213

1,627
321

68%
21%
11%

84%
16%

*If sample size is different it is presented next to the variable in the table
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Table 4.2: Relationship between neighbourhood (NH) sanitation and log;, transformed faecal coliform CFU/toy ball (n=454

households)

Exposures n’ (%) Mean (SD') Median Univariable Multivariable
Difference in mean’ P Difference. in P
(95% CI°) value®*  mean®'' (95% CI®!')  value®'
Primary Exposure: NH Sanitation
coverage (MDG)
la.Increase inimproved sanitation o, 505137y 208 -006(-047,034) 075  0.06(-0.37,049)  0.79
coverage in the NH (Continuous)
1c. Improved sanitation coverage
in the NH
100% coverage 39 (9) 1.93(1.20) 1.90 -0.19 (-0.64, 0.27) 0.42 -0.09 (-0.56, 0.38) 0.70
<100% coverage 415(91) 2.11(1.39) 2.08
Primary Exposure: NH Sanitation
type (SDG)
ta.Increase in improved sanitation 4o, 5 0g(137) 208  012(-0.22,046) 048  018(017,052) 031
coverage in the NH (Continuous)
1b. Improved sanitation coverage
in the NH
100% coverage 365 (80) 2.10(1.40) 2.08 -0.07 (-0.39, 0.24) 0.65 0.03 (-0.35, 0.29) 0.86
<100% coverage 89 (20) 2.06(1.29) 1.90
1c. Increase in NH shared sanitation 444%* 0.12 (-0.23, 0.46) 0.52
access (cont.)
Other household variables'
2a. Improved (JMP-MDG) sanitation
access target HH'
Improved 113 (25) 1.84(1.23) 1.60 -0.36 (-0.65, -0.07) 0.02 -0.34 (-0.63, -0.00) 0.05
Unimproved 341 (75) 2.17 (1.41) 2.20
2b. Improved (JMP-SDG) sanitation
access target HH' 205 (45) 2.06(1.33) 1.90 -0.07 (-0.33, 0.18) 0.58
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Improved

Unimproved
Number of goat faeces pile in
compound

No faeces

1 to 10 piles

> 10 piles
Presence of any goat faeces in
HH" (Vs absence of any goat
faeces)
Number of cow dung pile in
compound

No cow dung

1to 10 cow dung

10> cow dung
Number of cow dung pile in
household

No cow dung

1to 10 cow dung

10> cow dung
Number of poultry faeces piles
in the compound

<10 piles

10> piles
Number of poultry faeces piles
in HH'

No faeces

1 to 10 piles

More than 10 piles
Presence of appropriate water
drainage (Vs absence of
appropriate water drainage)

249 (55)

312 (69)
95 (21)
47 (10)
103 (23)

198 (44)
165 (36)
90 (20)

264 (58)
136 (30)
54 (12)

233 (51)
221 (49)

92 (20)
224 (49)
138 (30)

261 (58)

2.12 (1.41)

2.02 (1.34)
2.15(1.32)
2.43(1.62)
2.36 (1.46)

2.07 (1.37)
2.09 (1.34)
2.15 (1.45)

2.04 (1.38)
2.08(1.37)
2.37(1.35)

2.10(1.37)
2.08 (1.38)

1.97 (1.23)
2.12 (1.46)
2.13 (1.30)

1.99 (1.36)

2.08

1.90
2.20
2.20
2.38

1.90
2.08
2.36

1.90
2.20
2.45

2.08
2.08

1.90
2.14
2.08

1.90

0.16 (-0.15, 0.48)
0.45 (0.02, 0.87)
0.36 (0.06, 0.67)

0
0.03 (-0.25, 0.32)
0.11 (-0.23, 0.46)

0
0.04 (-0.25, 0.32)
0.36 (-0.05, 0.77)

-0.01 (-0.26, 0.25)

0
0.15 (-0.19, 0.49)
0.17 (-0.20, 0.53)

-0.24 (-0.50, 0.01)

0.30
0.04
0.02

0.83
0.53

0.79
0.08

0.96

0.38
0.38

0.06

0.17 (-0.15, 0.48)
0.34(-0.08, 0.76)

0.09 (-0.20, 0.38)
0.08 (-0.28, 0.45)

0.09 (-0.19, 0.38)
0.36 (-0.05, 0.77)

-0.33 (-0.59, -0.07)

0.30
0.12

0.55
0.66

51
0.08

0.01
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10.

Presence of appropriate solid

waste disposal system
(Vs absence of appropriate solid
waste disposal system)

11. Hands/nails looked visibly clean
12.

13.

14,

15.

16.

17.

(Vs hands/nails visibly dirty)
HW place with soap and water
(Vs no soap and/or water)
Mother with any formal
education (Vs mothers with no
formal education)
Household belongs to upper
(richest) wealth quintile (Vs
poorer quintiles )
Change in time (hour) of
sample collection as the day
progress
Study site
Narshingdi district
Mymensing district
Increase in number of
neighbouring household

11

71 (16)
95 (21)

376 (83)

90 (20)

238 (52)
216 (48)

454

1.59 (2.00)

1.81 (1.34)
2.00 (1.19)

2.03 (1.36)

1.81(1.22)

2.26 (1.38)
1.90 (1.34)

1.90

1.90
1.90

1.90

1.70

2.20

-0.47 (-0.29, 0.34)

-0.35 (-0.69, -0.01)
-0.15 (-0.46, 0.17)

-0.33 (-0.66, 0.00)

-0.41 (-0.72,-0.09)

-0.17 (-0.27, -0.06)

0.36 (0.07, 0.65)

0.002 (-0.05, 0.05)

0.26

0.05
0.36

0.05

0.01

0.002

0.01

0.92

-0.26 (-0.61, 0.09)

-0.29 (-0.63, 0.05)

-0.18 (-0.53, 0.16)

-0.17 (-0.27, -0.06)

0.53 (0.26, 0.79)

0.14

0.09

0.29

0.002

<0.001

" Number with presented category "Standard Deviation (SD)
' Adjusting for clustering at village
SConfidence interval

' The estimates and associated 95% confidence intervals for the other household variables presented here are from the multivariable model with
variable 1a (Increase in improved sanitation coverage in the NH (as the primary outcome).
"Household
**Excluding target households that had at no neighbouring households with access to a latrine
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Table 4.3: Relationship between community level water sanitation and hygiene related variables and log; transformed faecal

coliform CFU/two hands of children under 2 years of age in rural Bangladesh (n=454 households)

Exposures n" (%) Mean (SDf) Median Univariable Multivariable
Difference in mean® P D|ff:1|:an:¢e n P
o/ (18 ¥ E
(95% CI°) value (95% CI) value
NH improved (MDG) sanitation coverage
la. Increase improved sanitation coverage 4o, 555(114) 220  -0.17(-050,016) 032  -0.20(-0.55,014)  0.25
in the NH (Continuous)
1b. Improved sanitation coverage in the
NH
100% coverage 39 (9%) 2.17 (1.09) 2.08 -0.11 (-0.48, 0.26) 0.55 -0.18 (-0.56, 0.21) 0.35
<100% coverage 415 (91%) 2.25(1.15) 2.30
NH improved (SDG) sanitation coverage
ta. Increase In improved sanitation 454 225(114) 220  -0.15(-043,013) 029 -0.14(-042,0.14) 034
coverage in the NH (Continuous)
1b. Improved sanitation coverage in the
NH
100% coverage 365 (80%) 2.22(1.18)  2.20 0.05 (-0.21, 0.31) 0.70  0.04(-0.23,0.30)  0.78
<100% coverage 89 (20%)  2.33(0.99) 2.20
1c. Increase in NH shared sanitation access 444! 0.26 (-0.02, 0.55) 0.07 0.27 (-0;(31, 0.56) 0.06
(cont.)
Other confounding variables'
2a. Improved sanitation access in the
target HH**,
Improved 113 (25) 2.23(1.14) 2.20 -0.01(-0.25,0.23)  0.95  0.12(-0.14,0.38) 0.38
Unimproved 341 (75) 2.25(1.15) 2.20 -

2b. Improved (JMP-SDG) sanitation
access target HH**
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Improved 249 (55) 2.27(1.17) 2.20 -0.06 (-0.28, 0.15) 0.55
Unimproved 205 (45) 2.21(1.12) 2.20
3. Number of goat faeces piles in
compound
No faeces 312 (69%) 2.19(1.16) 2.20 -
1 to 10 piles 95(21%) 2.30(1.12) 2.20 0.09 (-0.17, 0.36) 0.50 0.08 (-0.18, 0.34) 0.57
> 10 piles 47 (10%)  2.48(1.09) 2.86 0.29 (-0.06, 0.64) 0.11 0.18 (-0.17, 54) 0.28
4. Presence of any goat faeces in HH** 103 (23) 2.38(1.11) 2.45 0.15 (-0.10, 0.40) 0.23
(Vs absence of any goat faeces)
5. Number of cow dung piles in the
compound
No cow dung 198 (44%) 2.23(1.14) 2.20 -
1 to 10 cow dung 165 (36%) 2.19(1.13) 2.20 -0.05 (-0.29, 0.18) 0.66
10> cow dung 90 (20%)  2.35(1.19) 2.45 0.13 (-0.16, 0.41) 0.37
6. Number of cow dung piles in the HH**
No cow dung 264 (58) 2.15(1.13) 2.20
1 to 10 cow dung 136 (30) 2.31(1.18) 2.34 0.14 (-0.10, 0.37) 0.25 0.14(-0.09, 0.37) 0.23
10> cow dung 54 (12) 2.57 (1.07) 2.87 0.46 (0.13, 0.80) 0.01 0.42 (0.08, 0.76) 0.02
7. Number of poultry faeces piles in the
compound
<10 piles 233 (51%) 2.24(1.17) 2.20 -
10> piles 221 (49%) 2.25(1.12) 2.27 -0.02 (-0.22,0.19) 0.87
8. Number of poultry faeces piles in HH**
No faeces 92 (20) 2.09 (1.23) 1.98
1 to 10 piles 224 (49) 2.30(1.14) 2.20 0.10(-0.18, 0.38) 0.48
More than 10 piles 138 (30) 2.27 (1.10) 2.30 0.12 (-0.19, 0.42) 0.46
9. Presence of appropriate water drainage 261 (43%) 2.22(1.14) 2.20 0.03 (-0.19, 0.24) 0.81
(Vs absence of appropriate water
drainage)
10. Presence of appropriate solid 11(2.4%) 2.17(1.39) 220  -0.00(-0.67,0.67)  0.99

waste disposal system (Vs absence of
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appropriate solid waste disposal
system)

11. Hands/nails looked visibly clean (Vs 71 (16%) 1.74 (1.33) 1.60 -0.61 (-0.89,-0.33) <0.001 -0.56(-0.84,-0.27) <0.001
Hands/nails looked visibly dirty)

12. HW place with soap and water (Vs no 95(21)  2.28(1.19) 2.30 0.10 (-0.16, 0.35) 0.47
soap and/or water)

13. Target child washed hands within half
an hour preceding hand rinse sample 64 (14%) 2.20(1.22) 2.14 -0.03 (-0.33, 0.27) 0.86
collection (Vs did not wash hands)

14. Child was active in the preceding half
an hour (playing) (Vs sleeping)

15. Mother with any formal education (Vs 376 (83%) 2.24 (1.14) 2.20 0.001 (-0.27, 0.28) 0.99 0.10(-0.18, 0.37) 0.49
no formal education)

12. Household belongs to upper (richest) 90 (20%) 2.07 (1.17) 2.20 -0.17 (-0.43, 0.09) 0.21 -0.10 (-0.38, 0.17) 0.46
wealth quintile (Vs poorer quintiles)

13. Change in time (hour) of sample
collection as the day progress

361 (80%) 2.32(1.12) 2.30 0.36 (0.10, 0.61) <0.01 0.29 (0.04, 0.54) 0.02

-0.11(-0.20,0.02)  0.01 -0.12(-0.21,-0.03)  0.01

14. Study site Narshingdi district 238 (52%) 2.21(1.15) 2.20 -0.08 (-0.37,0.22) 0.61
Mymensing district 216 (48%) 2.29(1.14) 2.30 -
15. Increase in number of neighbouring HH -0.02 (-0.06, 0.02) 0.31

" Number with presented category

" Standard Deviation (SD)

' Adjusting for clustering at village

SConfidence interval

I Excluding target households that had at no neighbouring households with access to a latrine.

"The estimates and associated 95% confidence intervals for the other household variables presented here are from the multivariable model with variable 1a
(Increase in improved sanitation coverage in the NH (as the primary outcome).

** Household

A separate multivariate model among subset of target households, using NH sanitation coverage (categorical) as primary exposure and all the other common
household variable presented in the table.
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Chapter 5: A cross sectional study to explore the association

between sanitation type and diarrhoeal disease.

5.1 Introduction to the chapter

This chapter compares the different classifications of improved sanitation
used for international monitoring in terms of reducing diarrhoea among children less
than five years of age using existing data from a programme evaluation conducted in
Bangladesh. This chapter includes a ready for submission manuscript, which
describes results from the secondary data analysis that was conducted as part of the

PhD thesis.
5.2: Role of the authors in the research paper

Tarigue M.N. Huda (TH): TH is the first author of the research paper. He had
the primary role of developing the concept for secondary data analysis, reviewing
the literature, cleaning and analyzing the data, interpreting the results and drafting
the manuscript

Leanne Unicomb (LU): LU reviewed the concept for secondary data analysis
and manuscript drafts.

Amal K. Halder (AKH): AKH was part of the team that collected the data used
for this secondary data analysis. He contributed by reviewing the draft manuscripts

Wolf-Peter Schmidt (WS): WS contributed in refining the research questions;
reviewed the data analysis and the draft manuscript.

Probir K. Ghosh (PKG): PKG reviewed the data analysis strategy and the draft
manuscript.

Richard B. Johnston (RBJ): RBJ was involved in the conception of the study
that generated the data for this secondary data analysis. He contributed by
reviewing the draft manuscript.

Adam Biran (AB): AB contributed in defining the research questions for the
secondary data analysis, supported the first author during the literature review,
reviewed the data analysis, helped with interpretation of data and reviewed the

draft manuscript.
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Stephen P. Luby (SL): SL was the executive author for this manuscript. He was
the Principal investigator for the study that generated the data for this secondary
data analysis. He contributed in defining the research questions for the secondary

data analysis, reviewed the data analysis, helped with interpretation of data and

reviewed the draft manuscript.
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5.4 Abstract

This secondary data analysis aimed to assess the relationship between
sanitation type, and diarrhoeal disease using data collected as part of a programme
evaluation. The evaluation was conducted in Bangladesh to assess the impact of a
large-scale water, sanitation and hygiene education programme implemented by the
government of Bangladesh with technical support from UNICEF Bangladesh,

between 2007 and 2011.

Field workers interviewed the primary caregivers of children under five years
of age and performed a spot check of sanitation facilities. Those households with at
least one child<3 years of age (N=995 households) were also visited by a female
community monitor, monthly for 24 months to collect data on reported diarrhoea in
the preceding 2 days. We first categorised sanitation facilities based on
UNICEF/WHO Joint Monitoring Programme (JMP) technology type, as “improved”
(latrine with a water seal connected to sewer/septic tank/pit, pit latrine with a slab),
“unimproved” (pit latrine without slab, hanging latrines) and “no facility”. We then
further classified sanitation facilities according to JMP sanitation ladder with 4

categories: “private improved, shared improved, unimproved and no facility

Children from households with access to unimproved sanitation had similar
prevalence of diarrhoea as those with a private improved sanitation (Prevalence=
11.1 vs. 10.2; adjusted PR=1.001; 95% CI: 0.80, 1.25). Children belonging to

households with access to shared improved sanitation had similar prevalence of
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diarrhoea (11.6%) as those with access to private improved sanitation (adjusted
PR=1.01; 95% Cl: 0.90, 1.13). Households with visible faeces on the slab had higher
prevalence of diarrhoea compared to those with no faeces on the slab (Adjusted

PR=1.09; 95% CI=0.96, 1.25).

Children from households with an appropriate solid waste disposal system
had lower risk of diarrhoea (PR=0.74, 95% Cl: 0.61, 0.89) compared to those without
appropriate solid waste disposal. Adjusting for other variables in the multivariate
model did not change the effect estimate. Presence of soap and water in a
handwashing station was only weakly associated with lower diarrhoea risk (PR=0.91;
95% Cl: 0.82, 1.02; P=0.12). Children from households with an appropriate solid
waste disposal system had lower (statistically significant) risk of diarrhoea (PR=0.74,
95% Cl: 0.61, 0.89) compared to those without appropriate solid waste disposal
system. Adjusting for other variables in the multivariate model did not change the

effect estimate.

Household level provision of onsite sanitation facilities considered as
improved for international monitoring does not prevent diarrhoea disease in context
where diarrhoea is endemic. Sharing a sanitation facility does not appear to be a risk
factor for diarrhoeal disease in the context where sanitation facilities are shared
among relatives or neighbours who know each other. In addition presence of soap
and water at the designated handwashing station and storing water in a covered
container was not associated with any reduction in diarrhoea prevalence. However
presence of an appropriate solid waste disposal system was associated with

reduction in the prevalence if diarrhoea.

Key words: Improved sanitation, diarrhoea, shared sanitation, 5>children
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5.5 Introduction

Diarrhoeal diseases are among the top five causes of death in children under
five years of age [1, 2]. Although there has been a decline in the incidence of
diarrhoea there were still 1.7 billion episodes of diarrhoea in 2010, in 139 low and
middle income countries [3]. Diarrhoea is also a risk factor for pneumonia [4, 5].
Repeated episodes of early child hood diarrhoea have a lasting influence on the

physical growth, cognitive function and school performance [6-9].

Most cases of diarrhoea are transmitted through the faecal oral route [10].
Appropriate human excreta disposal systems, generally referred to as sanitation, are
expected to break the chain of transmission by separating faeces from the
environment [11, 12]. In 2012, 280,000 diarrhoea deaths were estimated to be
caused by inadequate sanitation [13]. A recent systematic review suggests that
interventions to improve sanitation were associated with a 28% reduction in
diarrhoeal disease [14]. In recognition of the need for action on sanitation,
Millennium Development Goal (MDG) 7, target 10 was to “halve, by 2015, the

proportion of people without sustainable access to basic sanitation”[15, 16].

The WHO/UNICEF Joint monitoring Programme (JMP) for water supply and
sanitation is the official United Nations mechanism tasked with monitoring towards
the MDG related to water and sanitation. Access to sanitation is monitored using the
indicator “proportion of population with access to improved sanitation.” [16-18]. The
terminology used for the MDG target is “basic sanitation” but JMP refers to basic
sanitation as “improved sanitation”. According to JMP, improved sanitation refers to
“facilities that ensure hygienic separation of human excreta from human
contact”[19, 20]. The JMP improved sanitation technologies include: latrine with a
water seal connected to a sewer system or septic tank, and pit; ventilated improved
pit latrine; composting latrine and pit latrine with slab. However sanitation facilities
are not counted towards MDG coverage and are considered “unimproved” if they
are shared [20], because of concerns regarding cleanliness, maintenance of the
facility and access [21]. In addition, JMP also uses a four rung-ladder of sanitation,

defined by a hierarchy of predefined sanitation technologies that allows monitoring
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progress without changing the MDG definition [22]. The sanitation technologies on
the higher rung of the ladder are believed to be better at hygienically separating
faeces from the environment and thereby reducing health risk [17, 22]. Ideally for
international monitoring sanitation would be classified on the basis of evidence for
its relative effectiveness in delivering health benefits, but this evidence base is

generally weak [23-26].

Findings from a few observational studies suggest that access to latrines with
water seals connected to a piped sewer system, septic tank/pit and composting
latrines are associated with lower risk of diarrhoea [25, 27-30]. However, from these
studies we do not know if pit latrines with a slab but without a water seal will

provide similar protection.

Several observational studies have used data from demographic health
surveys (DHS) to assess the effect of improved sanitation on diarrhoea risk. Studies
conducted in Indonesia [31] and Malawi, found that children from households with
access to a private improved sanitation facility had lower odds of diarrhoea [32]
compared to those with no sanitation facility. A study conducted by Fuller and
colleagues used 217 Demographic and Health Surveys from 74 countries, found that
access to improved sanitation was associated with reduced prevalence of diarrhoea
[Prevalence Ratio (PR): 0.93 95% Cl; 0.92-0.95] [33]. But the effect of sanitation on
diarrhoea varied between countries and across time suggesting that the
environmental, social and geographical context plays important role. The questions
used for DHS to capture the data on latrine classification are focused on the design
of the latrine rather than the functionality of the latrine [34]. For example a pit
latrine with a slab may be considered as improved by JMP because of the design. But
if there is a leakage in the pit, the faeces will come out of the pit and contaminate
the environment. So this latrine cannot be considered to hygienically separate faeces
from the environment and thereby JMP should not consider it as improved. But, the
DHS questionnaire does not include questions to capture this information [35]. As a
result these national surveys likely include substantial measurement error of

exposure.
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There is also evidence from large nationwide surveys that access to private
improved (MDG) sanitation is associated with less diarrhoea [36, 37]. These large
surveys are prone to substantial measurement error in categorising sanitation
facilities due to reliance on report by the respondent and lack of detailed questions
to assess the functionality of the latrine in confining faeces. More over in these large
nationwide surveys data on reported diarrhoea is collected at one point in time that
cannot capture the seasonality of diarrhoea. However diarrhoeal diseases follow
seasonal variation [38] and sanitation may have a variable effect depending on the
season. This is why longitudinal prevalence of diarrhoea estimated through repeated
measures has been identified as a preferable indicator of diarrhoea for low income
high risk populations [39, 40]. A nationwide study conducted in rural Indonesia
suggested that lack of improved latrines was associated with higher reported
diarrhoea (OR=1.23, 95% Cl: 1.18-1.29) [26] and under 5 child mortality (OR = 1.29,
95% Cl = 1.25-1.31). This study used the JMP definition and collected longitudinal
diarrhoea data to capture variation in seasonality. However this finding has not been

replicated in other low income country contexts.

We have identified some studies that have looked at the effect of sharing a
latrine on diarrhoea. A recent systematic review conducted to compare health
outcomes associated with shared sanitation versus individual household sanitation
reported increased adverse health outcomes associated with shared sanitation.
However most of the studies included in the review did not adequately address
potential confounding and did not allow the effect of different types of shared
sanitation (Improved/unimproved) to be distinguished [24]. An analysis of DHSs from
51 countries reported a 10% reduction in diarrhoea among households with private
sanitation facilities compared to households with shared sanitation [23]. The study
also reported heterogeneity in the effect of shared sanitation across countries. A
multicounty case control study conducted in 7 low income country sites in sub-
Saharan Africa and South Asia found families of children with moderate to severe
diarrhoea more commonly used shared facilities than control families (47.5% vs.
41.2% OR=1.2; 95% Cl 1.1-1.3) overall [41]. But these findings were not consistent in

all the 7 countries. Suggesting that local context plays an important role. More over
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within the same country sharing may have variable effect in rural and urban context
or depending on whether sanitation is shared by neighbours or acquaintances or by
public. We have limited data to understand the context in which shared sanitation is

as effective in separating human faeces from human contact as private sanitation.

The objective of the present study was to assess the association between
sanitation type and diarrhoeal disease among children<5 years of using data
collected as part of an evaluation of a water, sanitation and hygiene intervention
project [42-44]. The findings of this study will help us to understand the relevance of

different classifications of sanitation used for international monitoring.

5.6 Methods

The data used in this secondary analysis was collected as part evaluation of
the sanitation, hygiene education and water supply in Bangladesh (SHEWA-B)
programme. The methods of the programme evaluation including household
enrolment, assessment of exposure and outcome, human subject protection has
been described elsewhere [42-44]. However for the convenience of the reader some

of these are described briefly.

5.6.1 Study population

The study population of this secondary data analysis were the households
with children <5 years of age in rural Bangladesh where a large health impact study
was being implemented. The SHEWA-B programme selected the specific intervention
sub-districts with lower than average performance in term of health and social
indicators because of the perceived need and the absence of other active programs
addressing water, sanitation and hygiene in these communities. The control areas of
the SHEWA-B health impact study were selected from similar geographical and

socioeconomic status as the intervention areas [42-44].

5.6.2 Household enrolment

The SHEWA-B health impact study team selected fifty intervention unions
using probability proportional to population size. Fifty control unions were also

selected using probability proportional to population size of the union.
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The SHEWA-B health impact study team collected a list of all the villages from
the union council. From each of the selected unions a village was selected randomly
from the list of villages in that union. The field workers visited the village and
identified the centre of the village by asking the residents. They then identified an
eligible household nearest to the centre point and sought consent for an interview. A
household was considered to be eligible if they had at least one children <5 years of
age. To enrol the next household, the field workers skipped the next two closest
households, and then looked for the next closest eligible household. The first 10
households with a child <3 years of age were also requested to participate in a

monthly disease surveillance [42-44].

5.6.3 Assessment of household sanitation

In 2007, the SHEWA-B health impact study field workers conducted a face to
face interview with the primary caregivers of children <5 years of age to fill out a
structured questionnaire survey. The field workers were trained in data collection
using the assessment tool, how to conduct interviews, and human subject
protection. Before the actual data collection the field workers conducted practice

interviews outside the study areas.

The questionnaire survey included questions regarding demographic
information, household possessions and behaviour related to water sanitation and
hygiene. Then fieldworkers also conducted a spot check of the household water,
sanitation and hygiene related infrastructure to record the quality and upkeep of the
facility. The initial questionnaires were developed based on the indicators for the
evaluation. The questionnaire was then reviewed by the principle investigator of the
evaluation as a quality assurance procedure including checking for ambiguous or
potentially leading questions. The questionnaire was developed in English and then
translated in Bengali. The questionnaire was pilot tested in the field for
comprehensibility prior to final data collection. Questions were amended, reworded

or replaced following piloting.
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A field supervisor was responsible for ensuring the quality of data collected in
the field. For at least 5% of the surveys the field worker observed the data collectors
and conducted repeat interviews. Each field facilitator was observed to make sure
the questions were asked as intended. At the end of data collection each data
collector reviewed the completed forms, before leaving the house to check for
completeness. At the end of a data collection day, the enumerators cross-checked
each other’s completed questionnaire in the presence of the field supervisor for any

inconsistency in data.

5.6.4 Assessment of diarrhoea

The SHEWA-B health impact study team recruited a female community
member with at least eight years of formal education and trained them as a
community monitor in each of the study villages. The community monitor was
trained in use of the data collection tool, interview technique and human subject
protection. The community monitor visited each of the enrolled households after the
initial questionnaire survey, every month for 24 months, starting from October 2007.
They collected information on episodes of diarrhoea among all children <5 years of
age in a household, during the 2 days preceding the interview. Diarrhoea was
defined as the passage of 3 or more loose or watery stools in the 24 hours period
preceding the interview [45]. The questionnaire was designed following the same

steps as the questionnaire for household assessment.

A field supervisor monitored the collection of data by the community
monitors. The community monitors reviewed the completed data collection forms
before leaving the respondents household. Every month the field supervisor
reviewed the completed data collection forms to check for consistency and
completeness of data. Then before entering the data a research officer reviewed the

completed data collection forms for consistency and completeness.

5.6.5 Operational definitions of variables used in the secondary data
analysis

We categorised the primary exposure variable, sanitation access in four

different ways based on information collected through the survey. First, we
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categorised sanitation facilities as “improved” or “unimproved” as defined by JMP
based on technology type (Table 1). Second, we further categorised improved
sanitation facilities based on whether the facility used water seal technology. Thus
we classified all households in four technology categories: a) improved with a water
seal, b) improved without a water seal, ¢) unimproved facility, and d) open
defecation. If during visual inspection, a sanitation facility was found to have a water
seal but the seal was broken then it was considered as an improved facility without
water seal. Third, we categorised sanitation facilities according to the four categories
of the JMP sanitation ladder: a) improved private facilities b) improved shared
facilities c) unimproved facilities (pit latrine without a slab or hanging latrine) d) no
facilities. Fourth, we categorised sanitation facilities based on the MDG definition
where improved private facilities were considered “improved” and the rest of the
categories in the ladder were considered “unimproved” (Table 1). A latrine was
considered to be dirty if the field workers could see faeces in the commode or

slab/floor.

A household was considered to have appropriate water drainage if it had
either a drain (constructed with or without concrete and cement) or a soak pit in
order to dispose of household waste water. A household was considered to have
appropriate solid waste disposal if it had a drum or a specific pit and the waste was
found to be disposed in such a way that no waste was observed outside the pit or
drum. A household was considered to have appropriate drinking water storage if the
field workers found all drinking water containers fully covered at the time of rapid
observation. A household was considered to have a proper handwashing facility if

water and soap was found in a convenient hand washing station.

To assess the household wealth, we used principal component analysis (PCA)
with 23 household characteristics (Table 2) [43, 46-48] excluding water and

sanitation infrastructure.

5.6.6 Sample size calculation

We analysed data collected from 1000 SHEWA-B health impact study

households. Since the intervention had very limited impact on diarrhoea prevalence
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in the first two years of implementation we included both the intervention and
control households [49]. We assumed 95% confidence and a design effect of 2.5 and
had 86% power to detect 30% (12% to 8%) difference in diarrhoea prevalence among
1.4 children per HH when comparing 400 households with improved latrines to 600

households with other type of latrines.

5.6.7 Human subject protection

All study participants of SHEWA-B health impact study provided written
informed consent. The Government of Bangladesh Department of Public Health
Engineering and UNICEF approved the evaluation. icddr,b administration provided an
expedited approval of the study [43]. The hard copies of the questionnaire were
stored in a locked cabinet at the icddr,b head office and were only available to the
study officials. The electronic data were kept in a password protected computer and

were accessed by the study officials only.

5.6.8 Data analysis

We calculated the prevalence ratio (PR) of reported diarrhoea among
children <5 years of age comparing households with different type of sanitation
access using a log-binomial model [50]. To calculate 95% confidence intervals (Cl)
adjusting for clustering at the village level and repeated observations of diarrhoea in
a single household we used generalised estimating equation (GEE) [51] with a robust

standard error estimator with the village as the cluster variable.

We conducted univariable analysis to estimate the crude effect of the
primary exposure variables and potential confounding variables on the main
outcome, adjusting for the effect of village level clustering. We used causal directed
acyclic graph (DAG) [52-54] to decide which variable to be included as a potential
confounder, excluding variables on the same causal pathway as the exposure
variable [55]. All the potential confounding variables that were associated with the
outcome and exposure in the univariable analysis were included in the multivariable
model [53, 56]. We also considered some forced-in variables (age, gender, wealth,

and mother’s education) to be included in the model. For the multivariable model
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we included the main exposure, outcome, forced-in and all the confounders
together. We calculated the variance inflation (VIF) factor for all the variables in the
model to assess multicollinearity [57-59]. We implemented separate multivariate

models for the four definitions of sanitation type as primary exposure.

5.7 Results

5.7.1 General household characteristics

Among the 1000 households enrolled in the study who completed the initial
guestionnaire survey, the field team collected at least one measure of diarrhoea
symptoms from 1272 children belonging to 995 households. Twenty nine percent of
the mothers reported to have some formal education. More than half of the fathers
were farmers or daily wage earners. The most common source of drinking water

were shallow tube-wells (81%) (Table 5.2).

Most (92%) of the households reported having access to a latrine. More than
half of the households individually owned a latrine. Among the households who
reported access to any latrine, 44% (n=400) reported sharing the facility with at least
1 other household (Table 5.2). The most common type of latrine accessed by these
households was a pit latrine with a slab (n=553, 56%) More than 90% of the
households had access to an improved source of water for drinking. Thirty one
percent of these households individually owed a water source (Table 5.3). About
50% of these households had access to soap and water at a convenient place. About

a quarter of these households stored water in a covered container.

5.7.2 Diarrhoea prevalence

Over 24 months time period, on average the community monitors visited
children 22 times with the majority (67%, 863) of them visited 24 times. In total the
field team completed 27, 843 monthly child visits, diarrhoea was reported in 26,097
of the child visits. In the 26,097 child visits, the primary caregiver reported that their
child had diarrhoea in the preceding 2 days in 2,804 monthly child visits (10.7%).

Male children had nine percent higher diarrhoea prevalence compared to

female children (95% Cl: 0%, 20%; P=0.05). In the multivariate analysis the estimate
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remained the same although the strength of the statistical evidence became slightly
weaker (adjusted PR=1.09; 95% Cl: 1.00, 1.19; P=0.06). Children under 2 years of age
had increased risk of diarrhoea than older children (PR=1.43; 95% Cl: 1.26, 1.63;

P<0.001). Adjusting for other variable changed the effect estimate only slightly.

Children whose mother had formal education had 13% lower risk of
diarrhoea (PR=0.87; 95% Cl: 0.77, 0.98). In multivariable analysis the effect was
attenuated slightly but the 95% confidence limit included the null (adjusted PR=0.89
95% Cl: 0.78, 1.01; P=0.07). Children belonging to upper middle wealth quintile had
lower prevalence of diarrhoea compared to children in poorest quintile (PR= 0.85;
95% Cl: 0.72, 1.01) (Table 5.4). In the multivariate analysis the estimate changed
towards the null and the strength of the statistical evidence became much weaker

(PR= 0.91; 95% Cl: 0.75, 1.09).

5.7.3 Sanitation technology type

Twenty three percent of households had access to an improved sanitation
facility with a water seal and 56% had access to an improved sanitation facility
without a water seal (Table 5.3). Children from households with access to an
improved sanitation facility without a water seal had a 14% higher prevalence of
diarrhoea compared to children from households with access to an improved
sanitation facility with a water seal (95% Cl: -2%, 33%) (Table 5.4 and 5.5). In the
multivariate analysis the estimate of diarrhoea risk was slightly lower and the
strength of the statistical evidence became weaker (PR=1.11; 95% Cl: 0.94, 1.30,
P=0.12). In reference to the households with access to an improved sanitation
facilities with a water seal access to an improved sanitation facilities without a water
seal and access to unimproved sanitation facility (PR=1.10; 95% Cl 0.86, 1.40;
P=0.46) was associated with similar reduction in the prevalence of diarrhoea (Table

5.5).

Children belonging to households with access to improved sanitation
technology had only 5% reduced risk of diarrhoea compared to those with access to

unimproved sanitation technology (excluding open defecation) (PR=1.05; 95% ClI
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0.82, 1.25) (Table 5.4, 5.5). But the 95% confidence interval included null. In the

multivariate analysis most of this small effect size was eliminated by confounders.

5.7.4 JMP sanitation ladder

Less than half (43%) of the households had access to private improved
sanitation where about 36% of households had access to a shared improved
sanitation. Children from households with access to a private improved sanitation
had diarrhoea on 10% of the monthly visits. Children belonging to households with
access to a shared improved sanitation had only 4% increased risk of diarrhoea
compared to those with access to private improved sanitation (PR=1.04; 95% Cl:
0.93, 1.17) (Table 5.4, 5.5). But the 95% confidence interval included null. In the
multivariate analysis, adjusting for the effect of confounders like; children’s gender,
age, presence of soap and water at a convenient location, presence of solid waste
disposal system, mother’s education and wealth, most of this small effect size was

eliminated (PR=1.01; 95% CI: 0.90, 1.13) by confounders (Table 5.5).

5.7.5 MDG classification

The prevalence of diarrhoea among children <5 years of age in households
with access to private improved sanitation was 10.2% and in households with access
to unimproved sanitation the prevalence was 11.2%. The mean diarrhoea prevalence
over the 24 months in households with access to improved sanitation as defined by
MDG, was only 5% lower than households with access to unimproved sanitation
facilities (PR=1.05; 95% Cl: 0.94, 1.18)(Table 5.4 and Table 5.5). However, the 95%
confidence interval included null. In the multivariate analysis most of this small

effect size was eliminated by confounders (Table 5.4 and Table 5.5).

5.7.6 Other sanitation characteristics

The mean diarrhoea prevalence among children from households with access
to any type of shared sanitation facilities was 11.7%. The children from households
with access to shared sanitation facilities had 6% higher diarrhoea prevalence

compared to those with access to private sanitation facilities (PR=1.06; P=0.27).
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However, the difference observed could be due to chance alone. (Table 5.4 and

Table 5.5).

Among households with access to improved sanitation technology as defined
by JMP, households with access to a dirty improved sanitation had 15% higher
diarrhoea prevalence compared to those with clean improved sanitation (PR: 1.15;
95% Cl: 1.01, 1.30; P=0.04). In the adjusted analysis the prevalence ration was
smaller and was not statistically significant (PR: 1.09; 95% Cl: 0.96, 1.25; P=0.20)
(Table 5.6).

5.7.7 Other household characteristics

Children from households with an appropriate solid waste disposal system
had lower risk of diarrhoea (PR=0.74, 95% Cl: 0.61, 0.89) compared to those without
appropriate solid waste disposal system. Adjusting for other variables in the
multivariate model did not change the effect estimate. Presence of soap and water
in a handwashing station was associated with 9% lower prevalence of diarrhoea but
the association was not statistically significant (PR=0.91; 95% Cl: 0.82, 1.02; P=0.12).
Children from households who stored water in a covered container had lower
prevalence of diarrhoea but the reduction was not statistically significant (PR=0.94;
95% Cl: 0.84, 1.05; P=0.25). Children who were exclusively breast fed as reported by
the mother in the past 24 hours had lower prevalence of diarrhoea compared
children who were not exclusively breastfed. But the difference was not statistically

significant (PR=0.92; 95% Cl: 0.72, 1.17; P=0.50).

5.8 Discussion

The proportion of the rural Bangladeshi population living in the study area,
with access to MDG defined improved sanitation was below 50%, which is slightly
lower than the national estimate of 52% in 2007 [60]. This could be due to the study
area being chosen for its lower than national average performance in term of water

sanitation coverage [61].

The objective of the study was to assess the association between sanitation

type and diarrhoea. We classified sanitation using three classifications (JMP
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technology, MDG, JMP sanitation ladder) used for international monitoring. None of
the classifications of household level sanitation explained differences in diarrhoea
prevalence that was independent of confounding child and household
characteristics. Neither technology types that were considered as improved nor
sharing of a sanitation facility was associated with diarrhoea prevalence independent
of confounding. Other household and child characteristics that were associated with
diarrhoea risk independent of effect of other variables included female gender,
lower age and absence of appropriate solid waste disposal, and lack of mother’s
education. Taken together these findings suggest that in the context of rural areas
with predominantly onsite sanitation, household provision of sanitation may not be
causally associated with any reduction in diarrhoea risk among children under 5
years of age. The fact that none of the classifications of sanitation used for
international monitoring explained difference in diarrhoea risk that is independent
of confounding and the fact that other sanitation factors like cleanliness of latrines
were associated with modest and statistically insignificant reduction in diarrhoea
may suggest that in this context other determinants of childhood diarrhoea such as
open defecation by children, lack of cleanliness of latrine, lack of sanitation in the
neighbourhood, presence of animal faeces, lack of handwashing with soap, poor

food hygiene, drinking water quality and nutritional status may be more important.

Previous studies that have evaluated the relationship between improved
sanitation technology (ignoring sharing) access and diarrhoea have shown conflicting
results [26, 33]. The heterogeneity in the effect of improved sanitation technology
across different studies and surveys could be due to difference in the degree of
measurement error or due to difference in various factors related context of the
study. In the study conducted in Indonesia [26] latrine categorisation was based on
self-reports rather than visual inspection. Even the standard questionnaire used in
DHS has the potential to cause misclassification bias as a latrine is judged based of
the design of the facility rather than function of the latrine in separating faeces from
the environment. For example, a latrine might have a pit latrine with a water seal but
if the pit is broken from the back it will contaminate the environment [62]. This

misclassification bias due to measurement error would influence the measure of
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association toward the null. However in this study the categorisation of latrine was
done based on visual inspection rather than self-report to minimise misclassification
bias. The source of heterogeneity could also be due to different contexts. A multi-
country analysis of the effect of improved sanitation technologies on diarrhoea
found that in some contexts access to improved sanitation was protective while in

some there was no association while in some, there was a harmful effect [26].

In our study context access to improved sanitation technologies may not be
associated with diarrhoea for two important reasons related to study context. First,
in our study context diarrhoea is endemic, so the population is likely to have some
level of immunity to common circulating pathogens. This may attenuate the

relationship between improved sanitation access and diarrhoea [63].

Second there may be other sources of household faecal contamination like
open defecation by children, lack of cleanliness of latrine, lack of sanitation in the
neighbourhood and presence of animal faeces that are important in reducing
diarrhoeal disease but access to improved sanitation cannot prevent them. In
addition lack of proper faecal sludge management could also contribute to faecal
contamination of the community and there by contribute in diarrhoea disease
transmission that household access to sanitation could not capture in this study. So
even if improved sanitation technologies are effective in confining faeces if used,

access to improved sanitation may still not be associated with reduced diarrhoea.

Moreover it is possible that in this context other transmission pathways like
hands, food and drinking water are more important determinants of diarrhoea
disease. Although in this analysis storing drinking water in a covered container was
not associated with diarrhoea but in similar setting microbiological quality of
drinking water was associated with diarrhoea [64]. Furthermore, in a recent
systematic review it was found that intervention to improve water quality at point of
use may reduce diarrhoea by at least around a quarter [65]. In our study presence of
soap and water was associated with small and statistically insignificant reduction in
diarrhoea. But evidence from a recent systematic review suggests that handwashing

promotion among communities in low and middle income countries (LMICs)
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prevents around one-quarter of diarrhoea episodes [66]. Exclusive breast feeding
has been recommended as an important diarrhoea prevention strategy [67, 68]. But
in this study exclusive breast feeding was also not associated with reduction in
diarrhoea. Take together these findings suggest that this setting diarrhoea disease
can only be prevented by interventions that address more than one transmission
pathway. A recent study has identified that during the past ten years sanitation or
water have only been effective in reducing diarrhoea if they were combined [33].
Further studies to look at the combined effect of these factors on faecal

contamination and diarrhoea would be informative.

The MDG classification of sanitation combines the technology type as well as
sharing status. It is possible that sharing of latrines does not pose any additional risk.
As a result categorisation of shared facilities as unimproved might account for no
association between improved sanitation as defined by MDG and diarrhoea.
However in this study when shared facilities were also considered as improved
access to improved sanitation had no effect on the prevalence of diarrhoea that is
independent of confounding. This may suggest that sharing is less likely to dilute the
effect of sanitation on diarrhoea. The evidence in the existing literature linking
access to shared sanitation and diarrhoea is inconsistent [23, 24, 69]. In some
countries sharing a latrine has been found to be associated increased risk of
diarrhoea (not always statistically significant), in some other countries sharing was
associated with reduced risk of diarrhoea [24], and in some countries there was no
relationship between sharing and diarrhoea [23, 24, 69]. This heterogeneity among
countries suggests that the specific social economic and environmental context

matters.

Sharing a latrine may have harmful effects because of issues related to
cleanliness, maintenance, over use or lack of full time access. These factors are likely
to vary depending on the relationship between families sharing the facilities and
interaction between them. It is possible that in the context where the people are
related or know each other sharing poses less risk because there is less problems
with maintenance, access and over use. Although in this study the shared facilities
were more likely to be dirty but dirty latrines were more likely to be poorer. The
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relationship between shared facilities and cleanliness of latrine was confounded by
wealth (Data not shown). So in this context the cleanliness of latrine is less likely to
be due to sharing. Households or people sharing the latrine in rural Burundi was not
found to be influential [60] in the cleanliness of the latrine. But in urban India sharing
a latrine among non-family members were found to be dirtier [61]. It is beyond the
scope of this study to fully explain the mechanism by which sharing poses increased
risk or setting shared sanitation is safe. Further studies looking at shared facilities

comparing different management arrangement of shared facilities will be helpful.

In this study we found that access to an improved and clean latrine was
associated with a modest reduction in diarrhoea, with some evidence of
confounding. Although the statistical evidence to support this association was weak.
It is important to note that this study was not powered to conduct this subgroup
analysis. Cleanliness of latrines have been linked with increased bacterial pathogens,
latrine use [70, 71], diarrhoea outbreaks [72, 73] and reduced absence from school
[74]. Cleanliness might improve use and thereby reduce contamination and prevent
diarrhoea. Latrine cleanliness might also be a proxy for general cleanliness and
hygiene of the household that are important in reducing transmission of infectious
diarrhoea. Although in this observational study we cannot establish causality our
findings suggest that latrine cleanliness should be considered as an important

component of sanitation interventions.

Our analysis suggests that access to latrines with water seal is associated with
more than a 14% reduction in diarrhoea, although the 95% confidence limits
included the null. The multivariable analysis suggests that this weak statistical
association was confounded by household and child characteristics. Although
confounders explained some of the difference it did not explain all of the difference.
In this study sanitation was measured before diarrhoea so reverse causality is less
likely to affect the estimates. Latrines with water seals prevent flies from coming out
of latrines. Presence of flies in the latrine has been found to be associated with
diarrhoea [75]. Although, the reduction could be due differences in socio-economic
status, between the households with and without presence of flies. The study by
Fink and colleagues found children living in households with latrines with water seals
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had lower odds of diarrhoea than children in households with basic/improved pit
latrine or no latrine. So taken together these findings suggest that access to
improved sanitation with water seal technologies might be better in reducing
diarrhoea independent of confounding. In this observational study we cannot
establish causality as there may be residual confounding due to unmeasured
confounding factors. Moreover we did not measure fly density to understand the
underlying mechanism by which flush latrines with water seals prevent diarrhoea
disease transmission. Further studies with randomised intervention trial might help

us better understand this issue.

Appropriate solid waste disposal was found to be associated with lower
prevalence of diarrhoea in this study as well as in other studies conducted in
different contexts [76, 77]. This may suggest that in this setting, factors like waste

disposal might be playing important role in reducing diarrhoeal disease transmission.

Our analysis has some important limitations. This analysis used data from
both intervention and control households. It is possible that the intervention area
had more improved sanitation and less diarrhoea and there by attenuating the effect
of sanitation on diarrhoea. However the intervention did not have any effect on
diarrhoea or access to sanitation [61], moreover in our analysis intervention status
did not change the effect of sanitation on diarrhoea when adjusted for one variable

at a time (Data not shown).

It is possible that households with access to improved sanitation as defined
by the MDG were still exposed to diarrhoea causing pathogens from the faecal
material of their neighbour [78] if their neighbours have unimproved or no access to
a latrine. Infectious diseases are transmitted in both private and public domain [79,
80]. But we do not have data on neighbourhood sanitation to disentangle the effect
of improved sanitation given the neighbourhood context. However these findings
emphasize that household sanitation access alone may not be a good predictor of

diarrhoeal disease in this context.
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An important limitation of this study is lack of data on microbiological
drinking water quality [64] and nutritional [81-83] status of the child. These are
important determinant of diarrhoea and could be a potential confounder. Future

studies should collect data on these important determinants of diarrhoea.

The findings from this analysis suggest that in the context where diarrhoea is
endemic access to improved onsite sanitation may not be sufficient in reducing
diarrhoea disease transmission among children less than five years of age. Additional
sanitation related factors such as latrine cleanliness, child faeces disposal, presence
of water seal may be necessary in separating human faeces from human contact.
Future research to see how these sanitation factors interact with each other in
reducing diarrhoeal disease transmission might help us to decide the focus of future
sanitation intervention and indicators of international monitoring of sanitation. In
rural context where sanitation facility is shared among neighbours or extended
family members sharing may not pose additional risk of diarrhoea. However apart
from concerns related to health risk associated with shared sanitation there are
concerns from a human rights perspective that has to be considered if shared
facilities are to be considered as improved for the Sustainable Development Goals.
Intervention to improve sanitation may not be sufficient in reducing diarrhoea, so
we may need to combine intervention to improve hand hygiene, food hygiene, water
quality and nutritional status. Future studies to see combined effect of intervention
may be relevant for policy makers to decide how sanitation can be combined with

other interventions to achieve maximum health benefit.
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Figure 5.1: Directed acyclic graph (DAG) showing general child level/household level; water, sanitation, and hygiene related

exposure variables and diarrhoea disease transmission.
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Table 5.1: Classification of sanitation used for international monitoring [20].

IMP IMp Technolo Sanitation technolo
MDG | sanitation technology tvoe* gy 8y
ladder type* P
Defecation in fields, forests, bushes, bodies of
Open Open .
. . water or other open spaces, or disposal of
defecation defecation . .
human faeces with solid waste.
Facilities that do not ensure hygienic
separation of human excreta from human
contact.
Unimproved facilities include
. it latrines without a slab or platform
Unimproved Unimproved P . . .p
¢ hanging latrines/Bucket latrines.
e flush or pour-flush latrine/latrine to
open
e pitlatrine with a slab but with a
leakage in the pit lining
Facilities that ensure hygienic separation of
human excreta from human contact.
They include:
Improved e Improved-flush or pour-flush
Shared . . -
s ) With water latrine/latrine to:
v improved .
3 seal —  piped sewer system
g Improved —  septic tank
= —  pitlatrine
)
2 Improv - i i i
o Private _P oved e Improved-Non flush pit latrine with
o . Without slab
s improved =
£ water seal

*|gnoring sharing of facility
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Table 5.2: Household characteristic in rural Bangladesh, 2007 (N=995).

Variable n Percent or mean
Mean Number of household (HH) residents 995 5.6
Mean Number of children age <5 years 995 13
Female <5 children 505 51
Mothers with no formal education 286 29
Fathers with no formal education 347 35
Father’s occupation
Farmer/homemaker 247 25
Day labour, Rickshaw puller 288 29
Skilled worker 93 9.5
Working abroad 68 6.8
Salaried employee 109 11
Business owner 176 18
House construction
Tin roof' 905 91
Cement floor ' 88 8.8
Brick walls' 98 10
Mean number of rooms’' 996 2.2
Household with electric connection’ 459 46
Proportion who owned
House' 930 93
Wardrobe' 286 29
Radio’ 210 21
Bicycle' 258 26
Mobile phoneJr 309 31
Black and white television' 190 19
Colour television' 90 9.1
Sewing machine’ 62 6.2
Refrigeratorf 23 2.3
Motor cycleT 23 2.3
Mean number of items owned
Tables' 995 11
Chairs’ 995 2.2
Watches/clocks* 995 1.4
Beds' 995 0.9
Inexpensive sleeping cots’ 995 1.3
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Mean acres of agricultural land’
Mean acres of non-agricultural land’
Have access to a latrine
Have shared access to a latrine
Individually owned a latrine
Source of water for drinking
Shallow tube well
Deep tube well
Individually owned source of drinking water
CooMngFuef
Wood
Crop residue/grass

Dung

995
995
918
400
518

805
96
306

249
611
127

0.88
0.19
92
44
56

81
10
31

25
61
13

"Included to calculate wealth quintile.
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Table 5.3: Distribution of latrine characteristics in rural Bangladesh according to

different classification of sanitation (N=995).

Classification Sanitation Type n %
Improved 786 79
JMP sanitation technology Unimproved 132 13
type
No facility 77 8
Improved with a water seal 233 23
Sanitation technology type Improved without a water seal 553 56
(Modified JMP) Unimproved 132 13
No facility 77 8
Private improved 425 43
Shared improved 361 36
JMP sanitation ladder
Unimproved 132 13
Open defecation 77 8
Improved 425 43
MDG sanitation type
Unimproved 570 57
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Table 5.4: Univariable relationship between sanitation, water and hygiene related

variables and diarrhoea among children < 5 years of age in rural Bangladesh, 2007-

2009 (N=26,097) .

Exposure* No. (%) No. (%) monthly visits with PR’ 95% P
monthly diarrhoea s value®
visit with With Without

this exposure exposure
exposure

Sanitation type

Based on technologies

(N=24,029)

Improved with a water 5,984 (25) 589 (9.8) 589 (9.8) 1

seal

Improved without a 14,464 (60) 1,624 (11.2) 589 (9.8) 1.14 0.98,1.33 0.09

water seal

Unimproved 3,581 (14) 397 (11.1) 589 (9.8) 1.16 0.92,1.46 0.21

JMpP

technologies(N=24,029)

Improved 20,448 (85) 2,213 (10.8) 2,213(10.8) 1

Unimproved 3,581 (15) 397 (11.09) 2,213 (10.8) 1.05 0.86,129 0.61

JMP sanitation ladder

(N=26,097)

Private improved 11,213 (43) 1,142 (10.2) 1,142 (10.2) 1

Shared improved 9,235 (35) 1,071 (11.6) 1,142 (10.2) 1.04 0.93,1.17 0.48
Unimproved 3,681 (14) 397 (11.1) 1,142 (10.2) 1.07 0.87,1.33 051
Open defecation 2,068 (8) 194 (9.4) 1,142 (10.2) 1.08 0.88,1.32 0.47

MDG (N=26,097)

Improved 11,213 (43) 1,142 (10.2) 1,142 (10.2) 1

Unimproved 14,884 (57) 1,662 (11.2) 1,142 (10.2) 1.05 0.94,1.18 0.38

Other sanitation

variables

Dirty latrine (N=20,448) 12,634 (61) 720 (9.2) 1,493 (11.8) 1.15 1.01,1.30 0.04

Sharing of latrine 10,192 (42) 1,190 (11.7) 1,420 (10.3) 1.06 0.96, 1.17 0.27

(N=24,029)
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5> Child defecation site
In a latrine
In potty/nappy
No specific
place (open)
Household and child
characteristics

(N=26,097)

Mother’s education >0
years

Father’s Education >0
years

Presence of water and
soap at handwashing
station

Store drinking water in
fully covered container
Has appropriate solid
waste disposal system
Appropriate water
drainage system
Exposed to WATSAN'!
intervention

Male child

Number of < 5 child in a

house

1 child <5 years of age
2 child <5 years of age
3 child <5 years of age
4 child <5 years of age

Number of < 5 child
continuous

>1 <5 child in same
household

Age <2 years

Year 2 surveillance (vs.

Year 1)

3,712 (13)
1,630 (6)
22,501 (81)

19,712 (71)

18,185 (65)

14,335 (52)

5,938 (21)

845 (3)

11,762 (42)

13,015 (50)

12,687 (49)

16, 994 (65)

7,785 (30)

1,092 (4)

226 (1)

9,103 (35)

9,614 (37)
13,410 (51)

329 (9.6)
131 (9.0)
2,344 (11.1)

1,843 (10.1)

1,676 (9.9)

1,392 (10.3)

516 (9.5)

66 (8.1)

1,081 (9.7)

1,418 (10.9)

1,377 (10.9)

1,746 (10.3)

853 (11.0)

173 (15.8)

32(14.2)

1,058 (11.6)

1,287 (13.4)
1,094 (8.2)

329 (9.55)
329 (9.55)

961 (12.4)

1,128 (12.3)

1,412 (11.2)

1,305 (11.2)

2,738 (10.8)

1,723 (11.5)

1,386 (10.6)

1,427 (10.6)

1,746 (10.3)
1,746 (10.3)
1,746 (10.3)

1,746 (10.3)

1,517 (9.2)
1,710 (13.5)

0.90
1.18

0.87

0.92

0.91

0.94

0.75

0.94

1.08

1.09

1.05
1.09
1.94
1.09

1.07

1.43
0.61

0.66, 1.22
1.03,1.36

0.77,0.98

0.82,1.03

0.82,1.02

0.84, 1.05

0.63, 0.89

0.82,1.07

0.78, 1.49

1.00, 1.20

0.93,1.20
0.78,1.53
1.53,2.47
0.98,1.21

0.95,1.23

1.26, 1.63
0.51,0.71

0.49
0.02

0.03

0.16

0.12

0.25

0.001

0.32

0.63

0.05
<0.001

0.41
0.62
<0.001
0.12

0.25

<0.001
<0.001
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Month since initiation of
surveillance
Exclusive breast feeding 904 (10) 114 (12.6)
last 24 hours (N=8,889)
Wealth index quintile
Poorest 5,232(20) 562(10.7)
Lower middle 5,221 (20) 725(13.9)

Middle 5,220 (20) 588 (11.3)
Upper middle 5,222 (20 445 (8.5)
Richest 5,202 (20) 448 (9.3)

1,079 (13.5)

562 (10.7)
562 (10.7)
562 (10.7)
562 (10.7)
562 (10.7)

0.97

0.92

1

1.15
1.07
0.85
0.95

0.96, 0.98

0.72,1.17

0.95,1.38
0.89, 1.27
0.72,1.01
0.77,1.16

<0.001

0.50

0.01

0.15

0.45

0.07
0.59

*Some variable has different denominators. In those cases denominators are presented next to the name

of the variable in column 1.
tPrevalence Ratio

*95% Confidence Interval

§Adjusting for clustering at village level

' Water Sanitation and Hygiene intervention
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Table 5.5: Multivariable relationship between sanitation, water and hygiene

related variables and diarrhoea among children under 5 years of age in rural

Bangladesh 2007-2009 (N=26,097).

Exposure* Crudet prevalence P Adjustedt P
ratio (95% valuet prevalence ratio value’
confidence (95% confidence

interval) interval)
Sanitation type: technologies*§
(N=24,029)
Improved with a water seal 1 1
Improved without a water seal 1.14 (0.98, 1.33) 0.09 1.11 (0.94, 1.30) 0.21
Unimproved: Pit latrine without 1.16 (0.92, 1.46) 0.21 1.10(0.86, 1.40) 0.46
slab/hanging latrine
Sharing a latrine (Vs non-shared 1.06 (0.96, 1.117) 0.27 1.05 (0.95, 1.16) 0.35
latrines)
Male child (Vs female child) 1.09 (1.00, 1.20) 0.05 1.11(1.01, 1.21) 0.04
<2 years of age (Vs 2 years and 1.43 (1.26, 1.63) <0.001 1.42 (1.25,1.62) <0.001
above)
Presence water and soap at 0.91 (0.82, 1.02) 0.12 0.95 (0.84, 1.07) 0.38
handwashing station (Vs no soap
and/or water)
Has appropriate solid waste disposal  0.75 (0.63, 0.89) 0.001 0.78(0.65, 0.95) 0.01
system (Vs no solid waste disposal
system)
Mother’s education >0 years (s any 0.87 (0.77,0.98) 0.03 91 (79. 1.03) 0.15
formal education)
Wealth index quintile
Poorest 1
Lower middle 1.15(0.95, 1.38) 0.15 1.15 (0.94, 1.40) 0.19
Middle 1.07 (0.89, 1.27) 0.45 1.08 (0.89, 1.31) 0.42
Upper middle 0.85(0.72, 1.01) 0.07 0.89 (0.72, 1.09) 0.25
Richest 0.95 (0.77, 1.16) 0.59 1.04 (0.80, 1.35) 0.79
Sanitation type: JMP technology*§
(N=24,097)
Unimproved technology (vs.
Improved technology) 1.05 (0.86, 129) 0.61 1.01(0.82, 1.25) 0.89
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Sanitation type: JMP sanitation
ladder® (N=26,097)

Private improved

Shared improved
Unimproved
Open defecation

Sanitation type: MDG® (N=26,097)

Unimproved sanitation (vs. private
improved sanitation)

1.04 (0.93, 1.17)
1.07 (0.87, 1.33)

1.08 (0.88, 1.32)

1.05 (0.94, 1.18)

0.476

0.514

0.469

0.377

1.01 (0.90, 1.13)
1.001 (0.80, 1.25)

1.00 (0.81, 1.23)

1.00 (0.89, 1.13)

0.90

0.99

0.98

0.94

* Among households that has access to any latrine.

T Adjusting for clustering at village level. P value for comparing prevalence of diarrhoea among

households grouped according to different household characteristics.

' Adjusting for clustering at village level and all the other variable presented in the table

§Separate multivariate model for each classification of sanitation as primary exposure variable.
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Table 5.6: Multivariable relationship between sanitation, water and hygiene

related variables and diarrhoea among children under 5 years of age, restricted to

household with access to improved technology as defined by JMP (N=20,448).

Exposure Crude Adjusted
prevalence ratio P prevalence ratio P valuet
(95% confidence value* (95% confidence
interval) interval)
Improved latrine with water
seal 1.16 (0.99, 1.35) 0.06 1.09 (0.92, 1.29) 0.33
(vs. latrine without water seal)
Shared improved latrine (vs.
1.04 (0.93, 1.18) 0.46 1.00 (0.89, 1.13) 0.94
Private improved latrine)
Dirty latrine (Vs clean latrine) 1.15(1.01, 1.30) 0.04 1.09 (0.96, 1.25) 0.20
Male child (Vs female child) 1.13 (1.02, 1.25) 0.02 1.12 (1.01, 124) 0.03
<2 years of age (Vs 2-5 years of
1.44(1.25, 1.66) <0.001 1.45(1.26, 167) <0.001
age)
Presence of water and soap at
handwashing station (Vs 0.93 (0.81, 1.05) 0.24  0.94(0.83,1.07) 0.35
absence of sop and/or water)
Has appropriate solid waste
disposal system (Vs no solid 0.71(0.59,0.86) 0.001 0.71(0.58,0.87) 0.001
waste disposal)
Mother’s education >0 years (Vs
0.89 (0.74, 0.99) 0.04 0.89(0.76,1.04) 0.14
any formal education)
Wealth index quintile
Poorest
Lower middle 1.13(0.92, 1.39) 0.25 1.14 (0.92, 1.41) 0.24
Middle 1.07 (0.87, 1.29) 0.55 1.12 (0.92, 1.38) 0.25
Upper middle 0.83 (0.67, 1.01) 0.07 0.90(0.72,1.13) 0.37
Richest 0.94 (0.76, 1.18) 0.61 1.04 (0.79, 1.37) 0.78

*Adjusting for clustering at village level using generalised estimating equation (GEE) [51] with a robust
standard error estimator with the village as the cluster variable

T Adjusting for clustering at village level and all the other variable presented in the table
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Chapter 6: Discussion

This chapter summarizes the key findings, discusses strengths and limitations,
explains how this research has contributed to the knowledge base in the sector and

considers the implications for policy and future research.

The aim of the study was to further our understanding of the importance of
sanitation quality and coverage, in protecting health. A cross sectional study to
assess the association between sanitation quality and microbiological faecal
contamination of households was conducted. To explore the effect of
neighbourhood sanitation coverage on faecal contamination of the household
environment sanitation coverage among neighbouring households within 20 metres
of a target household we measured. An analysis to assess the relationship between
type of sanitation facility and childhood diarrhoea using secondary data from a
health impact evaluation was conducted. In carrying out this study the issue of
identifying feasible and valid indicators of faecal contamination had to be
confronted. Following a pilot of several methods contamination of sentinel toys and
children’s hands by indicator organisms as indicators of household faecal
contamination was ultimately used. The thesis thus additionally contributes to the
knowledge base relating to what type of microbiological indicator and site should be
considered in measuring household faecal contamination in the rural low-income

country context.

International monitoring of sanitation helps to understand needs of
countries, informs policy and facilitates implementation of policies to improve
services. Worldwide there is a wide variety of sanitation facilities [1]. This variation
can affect not only user experience but also the extent to which faeces are contained
and contamination prevented [2-5]. For international monitoring of sanitation this
variation is a challenge. The WHO/UNICEF Joint monitoring Programme (JMP)
categorizes sanitation facilities as improved and unimproved based on the
technology used by the household. For the Millennium Development Goal (MDG)
target related to sanitation, shared facilities are considered unimproved regardless

of the sanitation category [6, 7]. Now that the MDG era is coming to an end the
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related indicators and definitions are being modified for monitoring progress
towards the post 2015 Sustainable Development Goals (SDGs). There is discussion
about whether to consider improved but shared sanitation categories as improved
facilities for the SDG target if the facility is shared by a limited number of households
(five households or 30 people). Ideally, for international monitoring sanitation would
be classified on the basis of evidence for its relative effectiveness in isolating human
excreta from the environment and delivering health benefits, but this evidence base

is weak.

Sanitation quality was classified using a variety of existing definitions used for
international monitoring, as the intention was also to comment on the public health
significance of these definitions. To define sanitation quality, four different
definitions of sanitation were used that considered the technology categorisation
and number of households using the facility. The categorisation included: a) JMP
technology classification of ‘improved’ and ‘unimproved’; b) segregated JMP
improved technology classification of ‘improved with water seal’ and ‘improved
without water seal’; c) JIMP sanitation ladder with four groups including ‘private
improved’ ‘shared improved’ ‘unimproved’ and ‘open defecation’; and d) Binary

MDG classification of ‘private improved’ and ‘unimproved’ (Figure 6.1) [6, 7].

6.1 Key findings

Households with flush or pour flush latrines connected to pits or tanks and
households with basic pit latrines with slabs (JMP improved) had no less faecal
contamination than those with poorer quality latrines (JMP unimproved). However,
households with private (not shared) flush or pour flush latrines connected to pits or
tanks or with private pit latrines with slabs had somewhat lower levels of
contamination than households with access to poorer quality and/or shared

sanitation, independent of potentially confounding household characteristics.

Increasing neighbourhood coverage with good quality (JMP improved)
sanitation (flush or pour flush latrines connected to pits or tanks or basic pit latrines
with slabs) or good quality (JMP improved), private sanitation was not associated

with a decrease in faecal contamination in target households.
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Other household characteristics that were associated with higher levels of
faecal contamination on sentinel toys included cleanliness of latrine, presence of
animal faeces, having a mother with no formal education, lacking an appropriate
water drainage system and study site. Contamination of children’s hands was
associated with visible cleanliness of hands and child’s activity prior to sample
collection. However contamination of children’s hands was not associated with any
of the variables related to sanitation (household sanitation access or coverage in the

neighbourhood).

There was no association between sanitation characteristics (either
technology or sharing) and diarrhoea prevalence in children less than five years of

age.

Other household characteristics that were associated with lower diarrhoea
prevalence included having a mother with any formal education, and having an

appropriate solid waste disposal system.

6.2 Interpretations of key findings

In this rural context, with multiple source of household faecal contamination,
variation in sanitation infrastructure did not explain variation in faecal contamination
or diarrhoeal disease. Neighbourhood level sanitation coverage was not found to be
an important determinant of household faecal contamination. Private use and
cleanliness of latrine was associated with lower faecal contamination. But these
factors were not associated with any reduction in the prevalence of diarrhoeal
disease. Taken together these findings suggest that onsite sanitation access may
have limited effect in hygienically separating human faeces from human contact and
thereby reducing transmission of diarrhoea-causing enteric pathogens. There may be
several possible explanations for limited effectiveness of sanitation access. First,
there may be other sanitation-related factors (such as cleanliness of latrine,
presence of water seal and safe child’s faeces disposal) that are necessary in
hygienically separating human excreta from human contact and reducing
transmission of diarrhoea-causing enteric pathogens. Second, ensuring separation of

human excreta from human contact at household level is not sufficient in reducing

208



transmission of diarrhoea causing enteric pathogens. Other routs of transmission like
food, drinking water and hands may need to be targeted simultaneously. In addition
nutritional status may also need to be improved. Third, it also possible that the
measure of household faecal contamination used in the study is not a good indicator

of the reduction in household faecal contamination associated with sanitation.

The reason access to improved (JMP) sanitation is not associated with
reduced faecal contamination and diarrhoea is possibly because firstly, access to
sanitation alone is not sufficient to separate human faeces from human contact. In
this study, even access to sanitation facilities with a water seal was no better at
reducing faecal contamination and diarrhoea compared to improved sanitation
facilities without water seal. Presence of a water seal may prevent flies from
breeding within the latrine and may reduce fly numbers and thereby provide
protection from one route of faecal contamination within household environment
[8]. This may provide additional evidence that provision of sanitation infrastructure
may not be enough to prevent household faecal contamination and diarrhoea. The
limited impact of provision of improved (JMP) sanitation on faecal contamination
and diarrhoea found in this study is supported by a recent study that presents a
pooled estimate of Demographic and Health Surveys (DHS) conducted between 2003
and 2013 [9], though in contrast, a study conducted in Indonesia found improved
sanitation (JMP) to be protective against diarrhoea [10]. But the inconsistency in the
findings could be due to difference in country context [9] or due to variation in
important confounders such as soap use for handwashing and water quality.
Similarly, a study conducted in Kenya found access to improved (JMP) sanitation to
be associated with reduction in faecal contamination of hand contact surfaces within
the toilet but the same study found the level of faecal contamination in the toilet
was not correlated with faecal contamination of household surfaces [11]. In this
study, household faecal contamination was measured using the sentinel toy method,
which is more likely to capture the contamination within the household rather than

the latrine.

There may be several sources of household faecal contamination, such as

poor cleanliness of the toilet, poor maintenance of facility, unsafe disposal of
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children’s faeces [11, 12] that access to good quality sanitation alone cannot
prevent. In this study, private use was associated with lower contamination of
sentinel toys, even after adjusting for the effect of wealth, mother’s education,
presence of animal faeces, presence of appropriate water and solid waste disposal
system, visible cleanliness of hands and nail (proxy for hand hygiene), study site and
time of data collection, among others. Findings from observational studies suggest
that washing hands with soap is effective in removing microorganisms from hands
[39, 70-72] and there for an important determinant of household faecal
contamination. In this study presence of soap and water at a handwashing station
was not associated with faecal contamination of toy ball in the univariable analysis.
So this was not included as a potential confounder to be included in the
multivariable analysis. But since visible cleanliness of hand was associated with
faecal contamination of hand, this was used a proxy for hand hygiene and included
in the multivariable analysis as a potential confounder. However, in this
observational study we cannot exclude the possibility that there may be residual
confounding due to unmeasured household characteristics (such as general
cleanliness of the household, family members attitude and practices towards
cleanliness of the household, general hygiene practices of the household members)
that may influence faecal contamination. These factors are difficult to measure but

may be important predictors of household faecal contamination.

In this study lower faecal contamination of the toy ball was also associated
with absence of animal faeces, mother’s education, and presence of appropriate
water drainage and study site. In this study wealth was associated with lower faecal
contamination of the toy ball in the unadjusted analysis, so it is an important
confounder. Therefore wealth was included in the multivariate analysis to adjust or
its effect. But Faecal contamination of the household environment is actually
influenced by underlying, unmeasured, broader, social, economical, cultural and
environmental differences [30, 73]. The confounding factors considered here are
only proxy for these underlying unmeasured broader factors. It is possible that
access to an improved latrine and absence of animal faeces, mother’s education, and

presence of appropriate water drainage are all proxy measures of these unmeasured

210



differences and hence associated with faecal contamination. A two-arm,
randomised, controlled trial in which households in one arm receive improved
sanitation with private use and households in the other arm receive improved

sanitation with shared use, could help better understand this issue.

Sharing a latrine may have a harmful effect due to issues related to
cleanliness, maintenance, over use or lack of fulltime access. Moreover cleanliness of
latrine was also associated with lower contamination of sentinel toys. In this study,
sanitation access (exposure) was measured prior to outcome (faecal contamination)
measurement so reverse causality is less likely to be an issue. Nonetheless the
findings suggest that these factors related to maintenance and use of sanitation
facilities, may be important in hygienically separating human faeces from human
contact. These factors were also found to be important predictors of diarrhoea in

previous studies [2, 3, 13-16].

Although in this study private use and cleanliness of latrine were associated
with reduction in faecal contamination, these factors were not associated with
reduced diarrhoea prevalence. This may be because the faecal contamination and
health outcome studies were conducted in slightly different settings and at different
times. Therefore some of the difference in effect could be due to social, cultural and
environmental differences between the study site and time, as observed in previous
studies of sanitation [9, 16]. Moreover, the inconsistency could be due to the degree
of measurement error in assessing sanitation. Depending on the degree of
measurement error, the misclassification bias would lead to underestimation of the
effect of sanitation on faecal contamination or diarrhoea. In addition, the indicator
organisms are only weakly associated with presence of enteric pathogens [17, 18].
As a result, presence of indicator organisms is likely to be weakly associated with
diarrhoea disease. Moreover in the context of this study, the population is likely to
develop some degree of immunity to common circulating enteric pathogens. This
may attenuate the relationship between microbiological indicators of faecal
contamination and diarrhoea [19]. Therefore, even if sanitation may be associated
with contamination by indicator organisms, it may not be associated with diarrhoea.

It is possible that in this context none of these factors are sufficient alone to prevent
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faecal contamination to a degree that would prevent diarrhoea. Maybe a
combination of these factors is necessary. In a previous study conducted in
Bangladesh it was found that households that had access to sanitation facilities with
a water seal and had no visible faeces in the premises had lower level of household

faecal contamination [20].

The second reason for the limited effect of sanitation access may be that in
this setting other routes of transmission are more important. In similar setting
microbiological quality of drinking water was associated with diarrhoea [21].
Furthermore, in a recent systematic review it was found that intervention to improve
water quality at point of use may reduce diarrhoea by at least around a quarter [22].
In the study presented in chapter five, presence of soap and water was associated
with small and statistically insignificant reduction in diarrhoea. But evidence from a
recent systematic review suggests that handwashing promotion among communities
in low and middle income countries (LMICs) prevents around one-quarter of
diarrhoea episodes [23]. Exclusive breast feeding has been recommended as an
important diarrhoea prevention strategy [24-26]. Malnutrition has been also
identified as important determinant of diarrhoea [27-29] although in the secondary
data analysis presented in chapter six data on nutritional status was not included.
Take together these findings suggest that in this setting, diarrhoea disease can only
be prevented by interventions that address more than one transmission pathways. A
recent study has identified that during the past ten years sanitation or water have
only been effective in reducing diarrhoea if they were combined [9]. Further studies
to look at the combined effect of these factors on faecal contamination and

diarrhoea would be informative.

In this study, household waste disposal was found to be associated with 25%
reduction of diarrhoea with limited effect of confounding. This finding is consistent
with two previous studies [31, 32]. However the mechanism by which household
waste disposal reduces diarrhoeal disease risk is not well known. It is possible that
solid waste disposal is a proxy indicator for general cleanliness of the household
member and household, which could not be captured in this observational study.

Although in the observational study causality could not be established but the
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findings highlight the importance of considering factors other than sanitation in

reducing transmission of diarrhoea causing enteric pathogens.

The third reason for the limited effect of sanitation on faecal contamination
observed in this study could the choice of measure of household faecal
contamination. Toy contamination has been found to be associated with several
sanitation-related factors including, household sanitation, presence of animal faeces,
cleanliness of children’s hands and presence of an appropriate water drainage
system, suggesting that the level of toy ball contamination is likely to be a
reasonable proxy of household sanitation and hygiene. Previous studies have also
found toy ball contamination to be linked to household sanitation [20, 33, 34]. A
reduction in the microbiological contamination levels on toys is a proximal indicator
of household contamination that a child may encounter in comparison to other
exposure pathways such as surface and fomites. Toy balls might be more directly
exposed to the household environment than water. Hands may be a closer indicator
of level of contamination that the child may encounter however, hand
contamination [35] data are likely to be more variable because of variation in
handwashing practices. In this study, hand contamination was not found to be
associated with any of the variables related to sanitation, suggesting that random
hand contamination may not be a good indicator of household sanitation. Compared
to hands, toy balls are less subject to frequent washing. Further studies with
experimental study design might help us to better understand the utility of sentinel

toys as a proxy for household faecal contamination.

6.3 Strengths and Limitations of the research

In this thesis, access to sanitation was the primary exposure of interest, so it
was important to minimize any misclassification of sanitation as improved or
unimproved due to error in coding sanitation facilities during data collection. The
standard core questionnaire used by the JMP was used to collect data on sanitation
status [36]. However there are concerns about reliability of these questions as there
are many types of sanitation facilities available [36, 37]. In this study additional

guestions were added to the survey to cross check functionality of the sanitation
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facilities. Moreover prior to the main data collection, the set of questionnaires to
assess sanitation access was assessed for Inter-observer reliability. The questions to
assess sanitation status were found to be highly reliable in the inter-observer
reliability study. In addition extensive training on coding of sanitation with several
field practices was provided, to ensure that all the data collectors could code the
latrines correctly and reliably across different households. During the data collection,
the principal investigator (Tarique Huda) and the field supervisors observed the data
collection process in a random selection of at least 5% of households (6 HH per
village) and conducted repeat spot-check in a (different) random selection of 5% of

households (6 HH per village), to cross-check the coding of latrines extensively.

An important limitation of this study was the use of faecal indicator bacteria
(FIB) to assess faecal contamination because presence of FIB may not be correlated
with presence of viruses that may originate in human faeces. But presence of
Coliphages indicate the presence of enteric viruses, and Clostridium perfringens, an
obligate anaerobe, indicates presence of parasitic protozoan and enteric viruses [38].
So may be monitoring a suite of indicator organisms is more likely to be predictive of

risk to human health.

Another important limitation of using FIB is that, FIB may have non-human
origin and does not necessarily signify risks to human health [39-42] [43-46]. In a
cross-sectional study conducted in India assessed faecal exposure via community
water sources (N = 123) and in the home (N = 137) using human- and nonhuman-
associated Bacteroidales microbial source tracking (MST) markers and faecal
coliforms (FCs). Animal faecal markers were widely detected in both public and
domestic domains, indicating ubiquitous risks of exposure to animal faeces and
Zoonotic pathogens [47]. This makes presence of FIB bacteria an imprecise outcome
indicator for sanitation. As a consequence the confidence intervals of the estimates
becomes wider, making the results less likely to be statistically significant even if a
true difference exists [48]. A range of microbial source tracking (MST) methods
(genotypic, phenotypic, and chemical) are available that can be used to identify

human/non-human sources of faecal pollution in the household environment [39,
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40, 42, 49-52]. But MST methods are time consuming, labour-intensive, and
expensive (require costly laboratory equipment) [53]. As a result this may have
limited feasibility in assessing the impact of large scale sanitation/hygiene
programme in low income country context.

[20]

It is possible that the overall level of faecal coliforms on the toy balls and
hands might represent faecal coliforms originating from both human and animal
faeces. Nevertheless in this study presence of faecal coliforms was associated with
lack of access to flush latrine and inadequate latrine cleanliness (Chapter 3) after
adjusting for the effect of presence of animal faeces, consistent with findings from
similar settings [54]. There is evidence from small-scale observational studies
suggesting that presence of FIB on hands and toys may be associated with household
sanitation [42, 55-64]. Although our estimates may not represent the true
contribution of sanitation in reducing human faecal contamination of toy balls, it

could give some indication of reduction from overall faecal contamination.

6.4 Policy implications of the research

Based on the findings of this observational study conducted in rural areas in
which diarrhoea is endemic, no conclusive recommendation regarding changes to
policy in relation to classification of sanitation used for international monitoring can

be provided.

Nevertheless, findings from observational study presented in this thesis add
to the evidence base that does not support the inclusion of shared facilities as
‘improved’. Although in this study sharing a latrine was not associated with
additional risk of diarrhoea, the shared latrines were found to be dirtier than
individual latrines and associated with higher faecal coliform contamination. This
suggests that even in a context in which a sanitation facility is shared among
extended families or among acquaintances, there may still be concerns related to
maintenance and use. Further research needs to be undertaken to understand the
context in which shared sanitation is safe before considering shared sanitation as

improved for international monitoring.
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Apart from concerns related to health risk there other factors related to
privacy and access, particularly for women and young children that also need to be
considered. For example, in rural areas of Bangladesh families sharing the facilities
may not have shared ownership. As a result, non owning families may not have
continuous access to the latrine. But this scenario may be different for shared urban
toilets in rented houses or public toilets. Sharing may have different implication in
rural and urban areas, even if it is shared by families who know each other. For
example, sharing a latrine among families that are renting their house in urban areas
may have different level of access compared to household who share a latrine

owned by an extended family member.

For the MDGs the definition of ‘improved sanitation’ focused on the
provision of hardware. In the study reported here a limited effect of sanitation
infrastructure on faecal contamination of the household environment was found.
This may suggests that other sanitation, related factors such as maintenance of
sanitation facility, use by all household members including children and faecal sludge
management should be considered if intervention to improve sanitation is expected

to provide maximum reduction in health risk.

Future interventions to prevent diarrhoea may need to target additional

transmission routes such as food, water and hands.

The current sets of questions in national surveys to collect information on
sanitation do not include questions to elucidate whether there is leakage in the
latrine pit/tank. Therefore, future questions on sanitation could include the option
for visual inspection of sanitation facility to collect detailed information on the

sanitation infrastructure in order to minimise measurement error.

6.5 Conclusions

The experience of working towards achieving the Millennium Development
Goals (MDG) related to sanitation have provided the international community with
an opportunity to generate important knowledge regarding the strength and

limitations of defining and monitoring access to sanitation. Now that the world has
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adopted the Sustainable Development Goals (SDG), evidence-based changes in the
definition of improved sanitation will shape how low income countries improve the
health of their populations by ensuring adequate sanitation. The findings of this
thesis provide further evidence of limited effectiveness of sanitation infrastructure in
reducing household faecal contamination and diarrhoea in contexts in which
diarrhoea is endemic. The thesis provides further evidence that contamination of
study-introduced toy balls could be used as a proxy indicator of household faecal
contamination if found to be associated with health outcome in future studies. The
findings of this thesis also add to existing knowledge by providing evidence of the
potential adverse effects of access to shared sanitation on household faecal
contamination in the context of rural areas in which latrines are shared among
neighbours or acquaintances. Although this thesis has important limitations (such as
using faecal indicator bacteria which are likely to be an imprecise measure of human
faecal contamination as primary outcome) in the absence of convincing evidence
that shared sanitation provides similar protection to individual latrines, shared
facilities can only be considered improved if issues with maintenance can be tackled
effectively. More research needs to be undertaken to understand the challenges of
ensuring hygienic sanitation for un-served and underserved population, how to
address these challenges. We also need to increase research efforts to integrate
sanitation, water quality, handwashing and nutritional interventions and to
understand better ways to monitor the impact of these interventions on ensuring

better health and quality of life.

217



6.6 References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

WHO/UNICEF JMP, 25 years Progress on Sanitation and Drinking-Water - 2015
update and MDG assessment. 2015, WHO/UNICEF Joint Monitoring Programme for
Water Supply and Sanitation: Switzerland.

Garn, J.V., et al., Factors associated with pupil toilet use in kenyan primary schools.
Int J Environ Res Public Health, 2014. 11(9): p. 9694-711.

Caruso, B.A., et al., Assessing the impact of a school-based latrine cleaning and
handwashing program on pupil absence in Nyanza Province, Kenya: a cluster-
randomized trial. Trop Med Int Health, 2014. 19(10): p. 1185-97.

Kwiringira, J., et al., Descending the sanitation ladder in urban Uganda: evidence
from Kampala Slums. BMC Public Health, 2014. 14: p. 624.

Fink, G., I. Gunther, and K. Hill, The effect of water and sanitation on child health:
evidence from the demographic and health surveys 1986-2007. Int J Epidemiol, 2011.
40(5): p. 1196-204.

WHO/UNICEF, Progress on sanitation and drinking-water - 2013 update. 2013,
WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation:
Switzerland.

WHO/UNICEF, Progress on Drinking Water and Sanitation 2012 update. 2012,
WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation: United
States of America.

Galal, S, et al., Infections in children under 5 years old and latrine cleanliness. Int J
Environ Health Res., 2001. 11(4): p. 337-341.

Fuller, J.A., et al., The joint effects of water and sanitation on diarrhoeal disease: a
multicountry analysis of the Demographic and Health Surveys. Tropical Medicine and
International Health, 2015. 20(3): p. 284-292.

Semba, R.D., et al., Relationship of the presence of a household improved latrine with
diarrhea and under-five child mortality in Indonesia. Am J Trop Med Hyg, 2011.
84(3): p. 443-50.

Exley, J.L., et al., The Sanitation Ladder, What Constitutes an Improved Form of
Sanitation? Environ Sci Technol, 2015. 49(2): p. 1086-1094.

Majorin, F., et al., Child feces disposal practices in rural Orissa: a cross sectional
study. PLoS One, 2014. 9(2): p. e89551.

Koopman, J.S., Diarrhea and school toilet hygiene in Cali, Colombia. Am J Epidemiol,
1978. 107(5): p. 412-20.

Thomas, M.E. and H.E. Tillett, Sonne dysentery in day schools and nurseries: an
eighteen-year study in Edmonton. ) Hyg (Lond), 1973. 71(3): p. 593-602.

Dreibelbis, R., et al., Water, sanitation, and primary school attendance: A multi-level
assessment of determinants of household-reported absence in Kenya. International
Journal of Educational Development, 2013. 33(5): p. 457-465.

Fuller, J.A., et al., Shared sanitation and the prevalence of diarrhea in young children:
evidence from 51 countries, 2001-2011. Am J Trop Med Hyg, 2014. 91(1): p. 173-80.
Levy, K., et al., Rethinking indicators of microbial drinking water quality for health
studies in tropical developing countries: case study in northern coastal Ecuador. Am J
Trop Med Hyg, 2012. 86(3): p. 499-507.

Wu, J., et al., Are microbial indicators and pathogens correlated? A statistical
analysis of 40 years of research. ) Water Health, 2011. 9(2): p. 265-78.

Ericsson, C.D., H.L. DuPont, and I.J. Mathewson, Epidemiologic Observations on
Diarrhea Developing in U.S. and Mexican Students Living in Guadalajara, Mexico. )
Travel Med, 1995. 2(1): p. 6-10.

218



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Vuijcic, J., et al., Toys and toilets: cross-sectional study using children's toys to
evaluate environmental faecal contamination in rural Bangladeshi households with
different sanitation facilities and practices. Trop Med Int Health, 2014. 19(5): p. 528-
36.

Luby, S.P., et al. Microbiological contamination of drinking water associated with
subsequent child diarrhoea. 2015 (Accepted for publication, Undergoing revision ).
Clasen, T.F., et al., Interventions to improve water quality for preventing diarrhoea.
Cochrane Database Syst Rev, 2015(10): p. CD004794.

Ejemot-Nwadiaro, R.1., et al., Hand washing promotion for preventing diarrhoea.
Cochrane Database Syst Rev, 2015(9): p. CD004265.

WHO and UNICEF, Diarrhoea: Why children are still dying and and what can be
done? 2009, The United Nations Children’s Fund (UNICEF)/World Health
Organization (WHO): Geneva.

WHO/UNICEF, Ending Preventable Child Deaths from Pneumonia and Diarrhoea by
2025:The integrated Global Action Plan for Pneumonia and Diarrhoea (GAPPD).
2013, WHOUNICEF: Geneva, Switzerland.

Meremikwu, M.M., A.A. Asindi, and O.E. Antia-Obong, The influence of breast
feeding on the occurrence of dysentery, persistent diarrhoea and malnutrition
among Nigerian children with diarrhoea. West Afr J Med, 1997. 16(1): p. 20-3.
Patwari, A.K., Diarrhoea and malnutrition interaction. Indian J Pediatr, 1999. 66(1
Suppl): p. S124-34.

Root, G.P., Evidence of malnutrition having a threshold effect on the risk of childhood
diarrhoea in Zimbabwe. Cent Afr ) Med, 1997. 43(7): p. 185-8.

Chowdhury, M.K., et al., Does malnutrition predispose to diarrhoea during
childhood? Evidence from a longitudinal study in Matlab, Bangladesh. Eur J Clin Nutr,
1990. 44(7): p. 515-25.

Luby, S.P., et al., Microbiological Contamination of Drinking Water Associated with
Subsequent Child Diarrhea. Am J Trop Med Hyg, 2015. 93(5): p. 904-11.

Rego, R.F., L.R.S. Moraes, and |. Dourado, Diarrhoea and garbage disposal in
Salvador, Brazil. Transactions of the Royal Society of Tropical Medicine and Hygiene,
2005. 99(1): p. 48-54.

Moraes, L.R.S., Household solid waste bagging and collection and their health
implications for children living in outlying urban settlements in Salvador, Bahia State,
Brazil. Cadernos de Saude Publica, 2007. 23: p. S643-5649.

Stauber, C.E., et al., Bacterial contamination on household toys and association with
water, sanitation and hygiene conditions in Honduras. Int J Environ Res Public
Health, 2013. 10(4): p. 1586-97.

Galiani, S. and A. Orsola-Vidal, Scaling Up Handwashing Behavior: Findings from the
Impact Evaluation Baseline Survey in Peru, in Water and Sanitation Program:
Technical Paper. 2010, Water and Sanitation Programme (WSP), World Bank.

Ram, P.K., et al., Variability in hand contamination based on serial measurements:
implications for assessment of hand-cleansing behavior and disease risk. Am J Trop
Med Hyg, 2011. 84(4): p. 510-6.

Bartram, J., et al., Global monitoring of water supply and sanitation: history,
methods and future challenges. Int J Environ Res Public Health, 2014. 11(8): p. 8137-
65.

Gunther, I. and G. Fink Water, Sanitation and Children’s Health: Evidence from 172
DHS Surveys. Policy Research Working Paper 5275, 2010.

Tyagi, V.K., et al., ALTERNATIVE MICROBIAL INDICATORS OF FAECAL POLLUTION:
CURRENT PERSPECTIVE. Iran. ). Environ. Health. Sci. Eng., 2006. 3(3): p. 205-216.

219



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Rajal, V.B., C. Cruz, and J.A. Last, Water quality issues and infant diarrhoea in a South
American province. Global Public Health, 2010. 5(4): p. 348-363.

Scott, T.M., et al., Microbial source tracking: current methodology and future
directions. Appl Environ Microbiol, 2002. 68(12): p. 5796-803.

USEPA, Voluntary Estuary Monitoring Manual Chapter 17: Bacteria Indicators of
Potential Pathogens. 2006, U. S. Environmental protection Agency.

Pickering, A.J., et al., Hands, water, and health: fecal contamination in Tanzanian
communities with improved, non-networked water supplies. Environ Sci Technol,
2010. 44(9): p. 3267-72.

Bermudez, M. and T.C. Hazen, Phenotypic and genotypic comparison of Escherichia
coli from pristine tropical waters. Appl Environ Microbiol, 1988. 54(4): p. 979-83.
Hazen, T.C., Fecal coliforms as indicators in tropical waters: A review. Toxicity
Assessment, 1988. 3(5): p. 461-477.

Desmarais, T.R., H.M. Solo-Gabriele, and C.J. Palmer, Influence of soil on fecal
indicator organisms in a tidally influenced subtropical environment. Appl Environ
Microbiol, 2002. 68(3): p. 1165-72.

Sobsey, M.D., K.J. Schwab, and T.R. Handzel, Simple membrane filter method to
concentrate and enumerate male-specific RNA coliphages. Journal / American Water
Works Association, 1990. 82(9): p. 52-59.

Schriewer, A., et al., Human and Animal Fecal Contamination of Community Water
Sources, Stored Drinking Water and Hands in Rural India Measured with Validated
Microbial Source Tracking Assays. Am J Trop Med Hyg, 2015. 93(3): p. 509-16.
Hutcheon, J.A,, A. Chiolero, and J.A. Hanley, Random measurement error and
regression dilution bias. BMJ, 2010. 340: p. c2289.

Steyer, A., et al., High prevalence of enteric viruses in untreated individual drinking
water sources and surface water in Slovenia. International Journal of Hygiene and
Environmental Health, 2011. 214(5): p. 392-398.

Scott, E., S.F. Bloomfield, and C.G. Barlow, An investigation of microbial
contamination in the home. J Hyg (Lond), 1982. 89(2): p. 279-93.

Odagiri, M., et al., Validation of Bacteroidales quantitative PCR assays targeting
human and animal fecal contamination in the public and domestic domains in India.
Sci Total Environ, 2015. 502: p. 462-70.

Mattioli, M.C,, et al., Enteric pathogens in stored drinking water and on caregiver's
hands in Tanzanian households with and without reported cases of child diarrhea.
PLoS ONE, 2014. 9(1).

Bitton, G., Microbial indicatros of fecal contamiantion: Application to microbial
source tracking. 2005, Florida Stormwater Association, 719 East Park Avenue,
Tallahassee, 32301.: Florida, USA.

Vujcic, J. and S.P. Luby, WASH Benefits sentinel toy study (Unpublised work). 2011.
McGarvey, S.T., et al., Community and household determinants of water quality in
coastal Ghana. Journal of Water and Health, 2008. 6(3): p. 339-349.

Suthar, S., V. Chhimpa, and S. Singh, Bacterial contamination in drinking water: a
case study in rural areas of northern Rajasthan, India. Environmental monitoring and
assessment, 2009. 159(1-4): p. 43-50.

Palit, A., et al., In-house contamination of potable water in urban slum of Kolkata,
India: A possible transmission route of diarrhea. Water Science and Technology,
2012. 66(2): p. 299-303.

Rufener, S., et al., Quality of drinking-water at source and point-of-consumption--
drinking cup as a high potential recontamination risk: a field study in Bolivia. Journal
of health, population, and nutrition, 2010. 28(1): p. 34-41.

220



59.

60.

61.

62.

63.

64.

Colombatti, R., et al., Contamination of drinking water sources during the rainy
season in an urban post-conflict community in Guinea Bissau: implications for
sanitation priority. African journal of medicine and medical sciences, 2009. 38(2): p.
155-161.

Angieli, V., et al., Sanitary survey of the drinking water supply of Kombinati suburb-
Tirana, Albania. Schriftenreihe des Vereins fur Wasser-, Boden- und Lufthygiene,
2000. 105: p. 187-190.

Haruna, R., F. Ejobi, and E.K. Kabagambe, The quality of water from protected
springs in Katwe and Kisenyi parishes, Kampala city, Uganda. African health
sciences, 2005. 5(1): p. 14-20.

Muoki, M.A., D.S. Tumuti, and G.O. Rombo, Nutrition and public hygiene among
children under five years of age in Mukuru slums of Makadara division, Nairobi. East
African Medical Journal, 2008. 85(8): p. 386-397.

Henry, F.J. and Z. Rahim, Transmission of diarrhoea in two crowded areas with
different sanitary facilities in Dhaka, Bangladesh. J Trop Med Hyg, 1990. 93(2): p.
121-6.

Copeland, C.C., et al., Faecal contamination of drinking water in a Brazilian shanty

town: importance of household storage and new human faecal marker testing. ) Water
Health, 2009. 7(2): p. 324-31.

221



Improved Unimproved Open

1
1
1
defecation I
1
1

1
1
1
I '
- S e L | '
:. o 1 | With water seal i 1 — Flush or pour-flush latrine to: ! !
L P e b R S ..
|i ] 11 = Flush or pour-flush latrine to: i ! 0 Else where b Defecation in i
:: '§ ! i 0 piped sewer system ! i — Unimproved pit latrines | i fields. § '
1 1
:: : V! 0 septic tank b without a slab/ platform v 1elds, orest's, ! :
:i % i | 0 pit latrine with slab i ! —  Hanging latrines/Bucket 1 | bushes, bodies :
S ! E —  Ventilated Improved pit latrine ! i latrines. | i of water or Ul
1 1
:: o i ' — Composting latrine i+ — flush or pour-flush latrine to ' | otheropen ! :
g | | Without water seal b open | | spaces '
1
g ! i —  Pitlatrine with slab ! i — pitlatrine with a slab but with a | i X
| 1 [
:: i : b leakage in the pit - L
L L e e H
l," ________ T T T T T T T | 1 :
| o i + 1Household | | 2-5HHs i ' 6ormore ' I
vo @ o (HH) - ' ' HHs | !
E o ‘» : 1 [ 1 : 1 1
e S L) ] :
| |
|
: % ] Private Shared Improved Unimproved Open defecation :
© 1
=73 Improved I
I ~N O 1
| |
| |
| . 1
| 2. Improved Unimproved !
I = I
|
. :
: . G Improved Unimproved :
| ¥ a 1
| n |
| |

Figure 6.1: Comparing classification of sanitation used for international monitoring. Note: JMP classification does not consider sharing status but for all
the other definition sharing by different number of households are considered in the definition. For the classification 2, 3 and 4 some of the shared facilities are also considered to
be unimproved even if the toilet is of improved technology. * The WHO/UNICEF Joint monitoring Programme (JMP) for water supply and sanitation, " Millennium Development Goal
definition related to sanitation, ¥ Sustainable Development Goal definition of sanitation
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Appendix 1: Search terms used for comprehensive literature
review.

Table 7.1: Search terms and strategy for Embase conducted on 15" October 2015

Search strategy

1. | Sanitation/ or environmental sanitation/ or sewage/ or sewage disposal/

2. | (sanita* or latrine* or toilet* or water closet or privy or sewer* or sewage or septic tank
or ((excreta or faeces or feces or stool or faecal or fecal) adj disposal)).ab,ti.

3. | diarrhea/dm, ep, pc or Enterobacteriaceae infection/ or Enterobacteriaceae/

4. | (diarrh*ea or diarrh*eal disease* or waterborne infection* or waterborne illness* or
dysenter* or cholera or shigell* or cryptosporid* or salmonell* or escherichia or
campylobacter or cyclospor* or giardia* or rotavirus).ab,ti.

5. | Microbial contamination/ or bacterium contamination/ or enterobacteriaceae/ or
coliform bacterium/ or faecal coliform/ or Escherichia coli/ or Streptococcus/ or
Enterococcus/ or enterococcaceae/

6. | (({micro* or bacteria* or environment* or fecal or faecal or houseold or domestic or
home or water or hand or floor or surface or soil or toy or produce) adj3 (contamina* or
pollut* or hygiene)) or (water adj3 quality) or ((fecal or faecal or total or thermotolerant)
adj3 coliform) or Escherichia coli or E coli or streptococ* or enterococ* or
Enterobacteriaceae or heterotrophic plate count bacteria).ab,ti.

7. | (quality or coverage or type or ladder or level or commun®* or categor* or neighbourhood
or neighborhood).ab,ti.

8. | ((sanita* or latrine* or toilet™ or water closet or privy or sewer* or sewage or septic tank
or ((excreta or faeces or feces or stool or faecal or fecal) adj disposal)) adj (quality or
improv* or hygienic or coverage or type or ladder or level or commun* or categor* or
neighbourhood or neighborhood)).ab,ti.

9. | ((quality or improv* or hygienic or coverage or type or ladder or level or commun®* or
categor* or neighbourhood or neighborhood) adj (sanita* or latrine* or toilet* or water
closet or privy or sewer* or sewage or septic tank or ((excreta or faeces or feces or stool
or faecal or fecal) adj disposal))).ab, ti.

10.| (1 or2)and (3 or 4)

11.| (1 or2)and (5o0r6)

12.| (1or2)and 7 and (3 or 4)

13.| (8or9)and (3 or4 or5oré6)

14.| JIMP.mp.

15.| 14 and 2

16.| 10or1l1or12o0or13o0r15

17.| Limit 16 to (human and English language and article and yr="2000-Current)
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Table 7.2: Search terms and strategy for Global health conducted on 15" October

2015

1 (sanita®* or latrine™ or toilet* or water closet or privy or sewer* or sewage or septic
tank or ((excreta or faeces or feces or stool or faecal or fecal) adj disposal)).ti.

2 (diarrh*ea or diarrh*eal disease* or waterborne infection* or waterborne illness* or
dysenter* or cholera or shigell* or cryptosporid* or salmonell* or escherichia or
campylobacter or cyclospor* or giardia* or rotavirus).ab,ti.

3 diarrhoea/

4 Microbial contamination/ or enterobacteriaceae/ or coliform bacteria/ or faecal
coliforms/ or Escherichia coli/ or Streptococcus/ or Enterococcus/ or enterococcaceae/

5 (((micro* or bacteria* or environment* or fecal or faecal or houseold or domestic or
home or water or hand or floor or surface or soil or toy or produce) adj3 (contamina*
or pollution* or hygiene)) or (water adj3 quality) or ((fecal or faecal or total or
thermotolerant) adj3 coliform) or Escherichia coli or E coli or streptococ* or
enterococ* or Enterobacteriaceae or heterotrophic plate count bacteria).ab;ti.

6 land(2or3or4orb)

7 (sanita* or latrine* or toilet* or water closet or privy or sewer* or sewage or septic
tank or ((excreta or faeces or feces or stool or faecal or fecal) adj disposal)).ab,ti.

8 ((quality or improv* or hygienic or coverage or type or ladder or level or commun* or
categor* or neighbourhood or neighborhood) adj (sanita* or latrine* or toilet* or
water closet or privy or sewer* or sewage or septic tank or ((excreta or faeces or feces
or stool or faecal or fecal) adj disposal))).ab,ti.

9 ((sanita* or latrine* or toilet™ or water closet or privy or sewer* or sewage or septic
tank or ((excreta or faeces or feces or stool or faecal or fecal) adj disposal)) adj (quality
or improv* or hygienic or coverage or type or ladder or level or commun* or categor*
or neighbourhood or neighborhood)).ab,ti.

10 (8or9

12 (10and(2or3or4orb)

13 |JMP.mp. [mp=abstract, title, original title, broad terms, heading words, identifiers,
cabicodes]

14 (7and 14

15 (6orl12orl4

17 |limit 15 to (english language and journal article and yr="2000 -Current")
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Table 7.3: Search terms and strategy for Medline conducted on 15" October 2015

(sanita® or latrine* or toilet* or water closet or privy or sewer* or sewage or septic

1 tank or ((excreta or faeces or feces or stool or faecal or fecal) adj disposal)).ti.

2 (diarrh*ea or diarrh*eal disease* or waterborne infection* or waterborne illness* or
dysenter* or cholera or shigell* or cryptosporid* or salmonell* or escherichia or
campylobacter or cyclospor* or giardia* or rotavirus).ab,ti.

3 diarrhea/dm, ep, pc or Enterobacteriaceae infection/

4 Microbial contamination/ or bacterium contamination/ or enterobacteriaceae/ or
coliform bacterium/ or faecal coliform/ or Escherichia coli/ or Streptococcus/ or
Enterococcus/ or enterococcaceae/

5 (((micro* or bacteria* or environment* or fecal or faecal or houseold or domestic or
home or water or hand or floor or surface or soil or toy or produce) adj3 (contamina*
or pollution* or hygiene)) or (water adj3 quality) or ((fecal or faecal or total or
thermotolerant) adj3 coliform) or Escherichia coli or E coli or streptococ* or enterococ*
or Enterobacteriaceae or heterotrophic plate count bacteria).ab,ti.

6 land(2or3or4orb5)

7 (sanita* or latrine* or toilet* or water closet or privy or sewer* or sewage or septic
tank or ((excreta or faeces or feces or stool or faecal or fecal) adj disposal)).ab,ti.

8 ((quality or improv* or hygienic or coverage or type or ladder or level or commun* or
categor* or neighbourhood or neighborhood) adj (sanita* or latrine* or toilet* or
water closet or privy or sewer* or sewage or septic tank or ((excreta or faeces or feces
or stool or faecal or fecal) adj disposal))).ab;ti.

9 ((sanita* or latrine™* or toilet* or water closet or privy or sewer* or sewage or septic
tank or ((excreta or faeces or feces or stool or faecal or fecal) adj disposal)) adj (quality
or improv* or hygienic or coverage or type or ladder or level or commun* or categor*
or neighbourhood or neighborhood)).ab,ti.

10 ((8or9)and(2or3or4orb5)

11 [JMP.mp. [mp-=title, abstract, subject headings, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword]

12 |7and 11

13 |[6orl10ori2

14 |limit 13 to (human and english language and yr="2000 -Current")

225




Appendix 2: Consent form and guideline for 3 hours observation
Informed consent form for 3 hours semi-structured observation

Project title: Role of sanitation in preventing contamination of the domestic
environment and protecting health.

Investigator: Tarique Md. Nurul Huda
Part I: Information Sheet
Introduction

Hello (Assalamualaikum/Nomoshkar). My name is and | work with
the ICDDR,B (Cholera Hospital) in Dhaka. | am here to invite you to take part in a
research study. You are free to decide whether or not to be in the study.

Purpose of the research:

The purpose of the study is to understand, whether latrine quality is linked
with household environmental contamination. This will help us understand how to
improve health of under-5 children.

Procedure:

We are interested in the health of <5 children. Because you have a child
under the age of 5, we would like to invite you to participate in this study. If you
agree to participate in the study | will observe the activities of your child <5. | will
also observe your general household activities. | will spend 3 hours in your
household. | will stay in your household from 9 AM-11 AM. During the observation,
you can carry on your usual daily routine, as if | was not present. | will not obstruct
any of your daily activities. | also wish to ask you for the permission to take pictures. |
might take pictures of different activities within your household. | will show you the
pictures. If you agree, these pictures might be used as illustration of my observations
in future presentations. If you do not want your face to be visible on the pictures, |
will blur your face. This way nobody will be able to recognize you. | will also take
some notes on paper.

Benefits:

There is no immediate benefit to you from this study. The study will help us
better understand conditions in Bangladesh. This information may help to improve
child health in future.

Costs and Compensation:

There is no cost to you for being in this study. You will not receive anything
for being in the study.

Risks:

There is no risk from being in the study. We will only collect information. My
presence in your home for several hours may be uncomfortable for you. But we do
not expect any harm to come to you or your family because of the study.
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Privacy:

We assure that the privacy of information identifying you will be strictly
maintained. The information identifying you will only be accessible to me, my
research team, the ethical Review Committee. Any information that is gathered
about you and your family will be kept anonymous. All paper documents will be kept
in a locked cabinet at ICDDR,B. The research team will have sole access to the locked
cabinet. All digital data with personal identifiers will be maintained on secure
systems protected by passwords. Your name and identity will not be used in
reporting and presenting study findings, or in their publication in journals. We will
use the information only for the purpose of research. In case of future use of the
information collected from the study anonymous information may be supplied to
other researchers. But this will not compromise with your privacy and anonymity.

Voluntary participation:

You are free to decide whether or not to be in the study. You are free to
leave the study at any time. You do not have to give any reason for leaving the study.
You will not lose any benefits for leaving the study. If you do take part in the study,
you are free to refuse to answer any question. You do not have to give any reason
for refusing to answer any questions.

Persons to Contact

If you have any question about this research study you may contact Mr.
Tarique Md. Nurul Huda (Study Coordinator). His mobile number is 01772362311.
His office number is 988-1761.

If you have questions about your right in the study, you may call Mr. M A
Salam Khan, Committee coordination secretariat at 9886498. His office is located at
68, Shaheed Tajuddin Ahmed Sarani Mohakhali, Dhaka 1212.

Part II: Consent Form

The nature of the study has been explained to me. | have had the opportunity
to ask questions about it. | understand what will be required of me and what will
happen to me, if | take part. | understand that my participation in this study is
voluntary. | understand that | do not have to answer any questions if | do not want. |
understand that | can leave the study freely at any time. | understand that these
conditions also apply to any children for whom | give consent to participate in the
study. | do agree to quotations from my participation in the study to be included
anonymously in reports about the study

[0 | agree to participate in the study (tick)

O | do agree to gquotations from my participation in the study to be included
anonymously in reports about the study.

O | give my consent for pictures of me and my household facilities to be taken and
used.

[0 1 give my consent for all household members below the age of 18 years and for
whom | am the parent of guardian to participate in the study. (Tick)
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Name of the main caregiver
Age Years

Signature of the Investigator or his representative Date
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Observation guideline

Project title: Role of sanitation in preventing contamination of the domestic

environment and protecting health.

Objective of the observation: To understand, where the <5 children are potentially
exposed to pathogens that are washed or carried into their environment (Household
surfaces /fomite)

Household identification

Date of observation [[1/C1C1/0C] Time of Starting (24 hrs)J_:[]

Observation:

1.
2.

No vk

10.

Get an idea about the setting of the household and compound?
Get an idea about the cleanliness of different parts of the
household/compound?
Get an idea about the daily routine of the child? What the child does in
different time of the day?
Get an idea about animal movement in the household?
Get an idea about the place for different household activities?
Observe where the child spends his time? Where does the child go?
During different activities (During playing, roaming around) of the child what
surfaces come in contact with the child’s hands?

a. How often?

b. What is the general cleanliness status of the place/surface?

c. Where is the place in respect to latrine, tube well

d. What else happens in that place to get an idea about how clean that

place is?
i. lIsita place for defecation, cleaning, and other household
activity?
ii. Isthere animal moving around, presence of animal faeces
nearby?

During the observation time what objects comes in contact with the child’s
hands and mouth?
Collect information of the object the child comes in contact/play with

a. ldentify/describe the place/object specifically

b. How much time the child spends there?

c. What else comes in contact with that object?
Use of cow dung in the households and in the cooking. How is child come in
contact with any cow dung?

Time of finishing (24 hrs):)]

229



Appendix 3: Consent form and questionnaire for household
questionnaire survey

Informed consent form for Household questionnaire survey

Project title: Role of sanitation in preventing contamination of the domestic
environment and protecting health.

Part I: Information Sheet
Introduction

Hello (Assalamualaikum/Nomoshkar). My name is and | work with
the ICDDR,B (Cholera Hospital) in Dhaka. | am here to invite you to take part in a
research study. You are free to decide whether or not to be in the study.

Purpose of the research:

The purpose of this study is to understand whether latrine quality is linked
with household environmental contamination. This will help us understand how to
improve health of children.

Procedure:

We are enrolling households with at least one child aged between 6 and 24
months. If you agree to participate in the study | will visit different parts of your
household. At the end of observation i will ask some questions about your household
routine and practices. It will take around 2 hours. | will also ask about your child’s
health. | will take some notes on a tablet computer.

| also wish to ask you for the permission to take pictures. | might take some
pictures of different facilities and activities of your household. | will show you the
pictures that | will take. If you agree, these pictures might be shown as illustration in
future presentations. If you do not want your face to be visible on the pictures | will
blur your face, so that nobody can recognize you

I will ask you to rinse your hands in a liquid of plastic bag. | will also ask your
child to rinse his/her hands, similarly in a liquid of plastic bag. | will demonstrate the
hand rinse procedure. After that | will take the plastic bags with the hands rinse
liquid in it. We will test the hand rinse liquid in a lab. We are interested to see if
there is any harmful germ in it.

Today, | will give your child a toy ball to play with. | will leave the ball
overnight with your child. Tomorrow, | will come back to your household same time
as today. | will rinse the ball in a liquid of plastic bag. After taking the toy rinse liquid
| will return the ball to you for your child to keep.

When | return to rinse the ball after 24 hours, | will also ask you some
guestion about what happened to the ball within the last 24 hours.
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Benefits:

There is no immediate benefit to you from this study. The study will help us
better understand conditions in Bangladesh. This information may help to improve
child health in future.

Costs and Compensation:

There is no cost to you for being in this study. You will not receive anything
for being in the study.

Risks:

There is no risk from being in the study. We will only collect information. My
presence in your home for several hours may be uncomfortable for you. But we do
not expect any harm to come to you or your family because of the study.

Privacy:

We assure that the privacy of information identifying you will be strictly
maintained. The information identifying you will only be accessible to me, my
research team, the ethical Review Committee. Any information that is gathered
about you and your family will be kept anonymous. All paper documents will be kept
in a locked cabinet at ICDDR,B. The research team will have sole access to the locked
cabinet. All digital data with personal identifiers will be maintained on secure
systems protected by passwords. Your name and identity will not be used in
reporting and presenting study findings, or in their publication in journals. We will
use the information only for the purpose of research. In case of future use of the
information collected from the study anonymous information may be supplied to
other researchers. But this will not compromise with your privacy and anonymity.

Voluntary participation:

You are free to decide whether or not to be in the study. You are free to
leave the study at any time. You do not have to give any reason for leaving the study.
You will not lose any benefits for leaving the study. If you do take part in the study,
you are free to refuse to answer any question. You do not have to give any reason
for refusing to answer any questions.

Persons to Contact

If you have any question about this research study you may contact Mr.
Tarigue Md. Nurul Huda (Study Coordinator). His mobile number is 01772362311.
His office number is 988-1761.

If you have questions about your right in the study, you may call Mr. M A
Salam Khan, Committee coordination secretariat at 9886498. His office is located at
68, Shaheed Tajuddin Ahmed Sarani Mohakhali, Dhaka 1212.

Part ll: Consent Form

The nature of the study has been explained to me. | have had the opportunity
to ask questions about it. | understand what will be required of me and what will
happen to me, if | take part. | understand that my participation in this study is
voluntary. | understand that | do not have to answer any questions if | do not want. |
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understand that | can leave the study freely at any time. | understand that these
conditions also apply to any children for whom | give consent to participate in the
study. | do agree to quotations from my participation in the study to be included
anonymously in reports about the study

[J | agree to participate in the study (tick)

[0 1 do agree to quotations from my participation in the study to be included
anonymously in reports about the study.

[ | give my consent for pictures of me and my household facilities to be
taken and used.

[0 1 give my consent for all household members below the age of 18 years
and for whom | am the parent of guardian to participate in the study. (Tick)

Name of the main caregiver
Age Years

Signature of the Investigator or his representative Date
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HOUSEHOLD CROSS SECTIONAL SURVEY

Project title: Sanitation and faecal contamination of the domestic environment
Note: Ask these guestions to the mother or the main caregiver of the child.
(9% ePeTeTr AT [CF AT o1 ARBIFIRICE et ]

PART A: QUESTIONNAIRE

Section 1. Questionnaire identification
1.1 AT R (HOUSENOIA ID): oottt ettt e e e et e e e e atae e e e enraeeeeenns 000000

(Please follow the specific code sheet)

1.3 PO T[Cluster number (starting Point NUMBEI)]: .........oveeeeeeeeeeeeeeeeeeeeeeeeeee e eeeens 00g
1.4 T N @32 (FTC (District name & district e0code):...cuvviiiiiiiiiei i 00g

1.6 =T 1% (Union name):
1.7 5= (Address):

Yo [o R R e = o VT 1 1 T=) ST
Lo Lo U R [ B e VAT | o == R U PPPP
add5 fGT TIBA (B TT) [LOCAION (SPECITY)]: cevevereeeeeriereeeeeeereseee et see et stesse e eeeresseeeresseeenesnas
1.8 FRA I @32 (FTT (FRA NAME & COUR): wuvriiiiiiiiieieeiiiee ettt eete e e e eree e e e aaae e e eeanaeeeeans 0000
1.9 27 Meated ©ifsd (Date of data collection): DD/MM/YYYYLILl/C/L0C0

1.10 ©2 @R %K AN (24 N>rUv) [Time of Starting (24 hrs)]: HH:MMLIL:[1[]

1.11 THIRIF IR T Yo a2t @ =fes ffsam s+ [GIS coordinates of the
entrance of the living room].

Latitude | |

Longitude | |
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Section 2. Respondent and household demographics

2.1 A4 TEATOR FI [NamMe Of reSPONAENT:] ..uveviieiieiieiceiceeeeeceeeeeee ettt ettt e saeenea 0

2.2 A4iTSEanIelR “ARBT [Status of Main reSPONAENT] ...c.ociciiveiiiieeeceee ettt erea 0
SR (RIG A A [Mother of youngest Child].........ceeeeeeeecveveeeeeereeies cevereeveeeseereeeeeereenenes 1
AYTARBIFI (FT) [MAIN-Ma@ CAr@GIVEI ..ot ee e e eeveeeeteeseeteseesseeseessennas 2
AYTARBAFIAT (M) [Main-Female Care@giVer] ... ereeseesesesesesssesesesessnns 3

2.3 AqiTSeamied I3 (I=ed) (Rvwbbv=999) [Age of main respondent: (in years)

(]S L USRS U

2.4 QLIS 7% (99 = 3, WE#l = o) [Sex of head of household (1=Male,0=Female)]................. 0

(Note: =T F#ICe U2 ZITGTe A I AW AT I JIHT =AR) [Note: By
household, | mean all the people that eat food from the same cooking pot]

2.5 AL & orw 1 /A fay «’IE T (7 = O, 7 = o) [Is the household

head differently able? (1=Yes, 0=NO)] coii ittt e e e eare e e e e sreeteeneans O
2.6 LT I (ITF) (Sifai=555) [Age of household head: (in years) DK=999] .................. Uod
2.7 B1ceB foreg s e FT AR ATICETT (< IR0 (S 91 = 555) [Education of mother of

the target child(Years of education completed, DK=999)]......cc.cccoveieiiueeriieiriieesieeesiee e 000
2.8 B1cf g 1T @ T @ “IBITETRT (19 FCaCR? (S 9 = $9)[Education of father of

the targetchild<5 (Years of education completed, DK=999].........cccceveveeriieesiieesiieesieeesiee e 000
2.9 515 fieg IR 24 (o [Mlain occupation of father of the target].........ccocovevvveveeevevevennnee. 000

Occupation Code:

1. 7% [Farmer/Cultivator] 22. TATG/ AR G A e~
2. = % 9 [Homemaker] AT [Poultry /livestock
' rearer]
3. *f3< [Agri-labor]
7 r=aRol 23. tagfes f&t [Electrician]
4. ¥ hIDES Non-agri lab
(g =ren) [Non-agri labor] 24, wifre=7ifa ered [Homeopath]
5. @oTge I .
(CRIIR/212re5/ 9. f&. 8) 25. srgifes fofeere/ wfmre/ o
[Salaried job [Spiritual healer/kabiraj/ Ojhal
(Govt./Private/NGO)] 26. TmIE e k/Sfe [Professional
6. =afE [Mason (Rajmistri)] practitioner (Doctor/lawyer)]
7. w5 fr#t [Carpenter] 27. 3%/ e [Imam/priest]
8. v/l o1& [Van/Rickshaw puller] 28. TS DI [Retired
service holder]
9. T [Fisherman]

29. 71« [Student]

10. T B [Boat ]
/<t [Boatman 30. ®FE [Unemployed]
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11. =& [Blacksmith]

12. #fR[Goldsmith]

13. FR/FEFE [Potter (soil smith)]
14. 3f5 [Shoe polish /maker]

15. misemiE [Shopkeeper]
16. twfaswie [Vendor

31. feg«@ 3% [Differently able]

32. Jited &1 [Domestic maid /
servant]

33. wfmi (%7 Teofiwe =€ S (&l
IS FIFOE & (T (%)
[Landlord (Provide land for
farmers for sharecropping or

(Feriwala/howker)] others)]
34. fqaest <t [Staying abroad]

35. Jo/feder [Died/untraced]

36. fo553 [Begger]
37. 7%= [Teacher]

17. 50 [ (FTLH<=50000)
[Petty trader, capital <=10000]

18. (T >doo00) [Business,
capital >10000]

19. wf& [Tailor] 777. S (I f14) [Others
20. Gize [Driver] (specify]

21. F6t7 17 [Cottage industry] 999. wif=T [Don’t know]

2.10. AT AFITS/ARRIT IS F© T (@NF I 4022 [How many people in total live
iN YOUr hoUSENOId at PreSENt? ... .uiiiiiiiiecee e s e e e are e e s s areeeea 0od

(TI5: T F@ce WF2 TS AT FC AW QN TG AT 23R) (Note: Household would
be defined as cooking in the same pot regardless of number of living house/room.)]]

2.11 SR TS ¢ IR 106 O & 4% Ste? [How many children less than five years
old live in your household?].

2.11.X TR [Male]..cceieeeeiereceeeecre e, 00
2.11.y W [Female]....vvveveereceeieecrecne, 0o

2.11.1 O3 AFE ¢ IEF ANCEF 7K RF o2y Fiforaey T [0 B1eelB g w2y feiforaa weew,
S QFIE O AT MBI (TRIG (AF )92 T[R4y I, I AR AT IR N3G (I S
ferfoy Few, FRE G2 SIRCAT Sy ST AT =N3E 2es 2 1)] [Include the information
of the target child first. Then, list rest of the <5 children’s (youngest to old)
information. Make sure you also keep a list of the child with the ID in your note book
as the ID will be needed later in the questionnaire].

AT TN B.& wifsrd C.3 D. fetet [Gender] | E. fiwq gfaa «ref
[Child Name] (F/ 7/ ) () = [Male=1] [Motor milestone]
[Date of birth | 1Age I | |7 [Female=o] | o< et @ s
(DD/MM/YY)] | Months [Bed mobility]
1=a11 @f§ 7 [Crawling]
2="1gre! e 26
[assisted walking]
3=93 G TG
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[Independent walking]

vk Wl N e

2.12 @2 IJOITS/FIIETT FOTET A TR? (S /1 = »55) [How many Household are
there in your compound (Bari)
(DKZ9992] ettt ee s eee e e et ee et e ese s et e e e e s eee e eeeeeeeens 000

[(T1B: 1T TeTce O3 ToTTe o1 S A AT JACHT ZCACE, ATGIETS S T AN
a3 ¢-32 o Ar 432 AIfere @™ F3) (Note: Bari is comprised of a group of usually 5-
12 households that share a common courtyard or have linked courtyard and are
usually blood relatives.)]

Section 3. Respondent’s Hand washing practices

3.1 S T T AR e g taie? (9 eifs (i@ e, Fovd ot SeRetEe @ Aihe
TGMISIE N0 BT @ AR 1) [When do you wash your hands with soap? (This is an
open-ended

guestion)]

Note: T&awle! AT 0T of IR /(15 J¢F feTee 0 20T W3R 21t Mba (AT SeaeteTd e [Wfery
21 I A1 (F© F0e =04 [After noting down the answers of this open-ended question,
check appropriate code to the boxes below]

T [Yes]...1, [No]...0

3.1.1 ¥RIF Cod T S [Before preparing food] ....eveveieeereeeeeeeeeeeseeneann O
3.1.2 0 <RI (3 [Before eating] ....ccceueeeeeueeeeeeeeeeieeeeeese e 0
3.1.3 TS AIRICTT AT [AFLEr @atiNg]..vevvveeeeeeeeeieeeeeeeeee ettt sre e 0
3.1.4 I SR 7IE3 [Before feeding a child] ....cccveveveveeceeeeiereceeeee, 0
3.1.5 AHICE ENBITE 714 [After cleaning child’s anUS | woeveveeveveeveeeireeeeeenn, O
3.1.6 I AR (T 9 [After disposal of child feces:] ....ccoevveviiveennnnnnn. 0
3.1.7 STATE 7 [After defecation ] ..eeeeveeieecciee e, O
3.1.8 (T T 41 1 4919 <9 [After handling cow-dung J....coovvvvveeiiiieeninee, O

3.1.9 Fif2F (AT (FF FI& *I0T 9F AN 79 [After returning from

0oUtSIde COMPOUNT] ceeiiiiieiie et O
3.1.10 YRR (ST T /AR AT [After COOKING | cvvevveveeveeeeeeeeeeeeeeeeeeeeeieeeeranns 0
3.1.11 2ifg/fest (i@ »i [After dish/crockery washing].........cccveeeeevvevereenneee. 0




3.1.12 e 51/ (4= 74 [After cutting /cleaning fish]....ccc.oeveeeeeeevrereeneee. O
3.1.13 WW WA / 91 AR I 21 [After cleaning yard/household].. ..[]

3.1.14 QTS I A9 [/ TFAT G 91 [After contacting with dirt]..................... O
3.1.15 AR ARCI*F 417 SCT [Before serving food].....cvevvvvveveeveveieveiennn. O
R e o O o B =1V 7=Y o [ 0
3.1.777 S35 (] ) [Others (SPeCify)]..ovviveveeereeeeerereeeeeeeeeeeeeeeenee 0
3. 2 Q© (QRIF & A1 QIS (@1 0 SicR 52 [Do you have soap available for hand
WASHINE P ittt ettt ettt b e b b e s e s essebesbesaesaesesebessesaeseereetensensensens O
(0o Ts =R Tl 2T 1
FIINO] oo, 0
AT [DK] +oveeeeeeeeseeeeseeeeeeseeeeeeseeeeeeeseeseeseens 999

Skip Note: 3.2 72 2xd T&d o Aloss 20T ©.8 7 &T¥ 561 T | [If the answer to question
3.2is 0 or 999 go to question 3.4]

3.3 T 0.3 T T BT T (5) T ATF, SIFCET S 6 ©F (7rs 21f 2 (e ey @32 A
e 399) [If 3.2 is yes(1), can | see it? (Observe and put appropriate code)]

............ U
2IneT (ot [Available] .....cccvvvveeeeeiiieee, 1
e T [Not available] wooveveeeeeeeeeeeeeee. 0
LS 10) [ 999

3.4 4T FF AT TR W 2 (LT TRHIF 0T 0T FE? (957 9367 S o], Tewio! A
T ©F BT 06a TGARTET 57 FACIT QT GFfEF T&q 4z 1) [When do you think it
is important to wash hands with soap? Open ended question . Multiple answers are
allowed here.]

Note: TG (ST T YT T 1, TEIWIST A AlGF TG I#10S A TTSI
SITF FRIAS! FACO (A @ , WS g e 647 a7 =7 7 ... | [Don’t read the
answer, encourage by asking if there is anything else until he/she mentions
there in nothing else and check all mentioned?]

ZITLYES] teeieeieireeeeeee e 1

E L o) [P OOos OO O 0
3.4.1 ¥R tod T S [Before preparing food] ....oveveieeereceeeeeeeeeseerean O
3.4.2 0 <RI (3 [Before eating] ....ccccueeeeeeeueeceeeieeeeeeee e 0
3.4.3 TS ARITTT AT [AFLEr atiNg]..vevvveeeeeeieeeeeeeeeeeeeee ettt 0
3.4.4 I SR 7163 [Before feeding a child] ....coveveveveeeeeeciereeeeee, 0
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3.4.5 IWICF EUBIEAR 2[ [After cleaning child’s anus | ....oeveveveeeeveeeveveeenene, O

3.4.6 I AR (T 9 [After disposal of child feces:] ....ccovvvvviveeennnnnn. 0
3.4.7 SATE 7 [After defecation ] ..o, O
3.4.8 (7T AT F41 1 4919 <9 [After handling cow-dung J....coovvvvveiniiieennnee. O
3.4.9 3z ITE (I e I 50 ST 2] [After returning from outside compound] .......
3.4.10 ¥RIF (S TR /AT AT [After cOOKING | v 0
3.4.11 2ifg/ifest cqiw= #i [After dish/crockery washing] ......ccccceveeveveneene. O

3.4.12 e 61/ (4= 74 [After cutting /cleaning fish].......ccooevevieveevevenene. O

3.4.13 WW WA / 97 AR I 21 [After cleaning yard/household] [

3.4.14 QTS I A [/ 91 9 9 [After contacting with dirt]..... O
3.4.15 AR ARCI*F 417 S0 [Before serving food].....ceevvveveveveveieiecrennnn. 0
3.4.16 FUTE CHRTZT AT [ NEVEI ceviviieieeiceeceeeeeetecte ettt st enean 0
3.4.777 S35 (]I ) [Others (SPeCify)]..cvvivevereeereeeeerereeeeeeeeeeeeee s 0
3.4.999 TR [DK]vvereerreerereeseeeeeseeeseeeesessesessesseseesssessssessssessesesessseseseesseeeesesans 0

3.5 *1s gl w51 kg Wi 5 & e wcacz? (Note: T€F ATT ST AR 1 | ©CF &1 @ACS
AIE @, e g SNtz 641 3 oy 6% ... 2 (I Tea azaearir) [What have you done in
the last half an hour? (Note: Do not read the answers. Probe, anything else?.
(Multiple answer possible)]

Tt IR0 [Mentioned] ..., 1

Tt T [Not mentioned]......vveee.... 0
1. AT TS FCACE [Prepared fOOd] ...ttt
2. AR CATATR [ALE FOOUS] i e e e e rrr e e e
3. I AR ABRACR [Fed the Child] ...oveeveeeeeieeceeeceeeceeceee e,
4., HICE CT6 FRCACE [Cleaned Child @NUS] ...t evereseeenas
5. JIF W&t ARTER 30 [Disposed child’s fa@CES] .....uvvvevcveveieee et v,
RGO I a3 [ D] <Tor- | =T | U
7. TR (TR [Handled COW dUNE] c...vvvieeceiceiceceeeceeeeeeee et
8.1 ofely / T (<% [Handled agricultural products/crops]

10. AET-IFFARERE IR [WaShed diShes] .....voevvieeeeeeieeeeceee et et
11. ¥4 #If7% Fcac [Cleaned household]
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12. % =P 3951w GCACR [Handled animals] ... e
13. G ARHT FCACZ [Washed ClOtheS] .....veveeceieveeeceeceeeee ettt enasees e
14. IRE BT [NOTNING]... e iveveeeeeeeeceetee ettt et eses e e es st esesasats seesensessesenns
777. S (TTYT) [Other: SPECIFY] ..ouveviieeeeeietieeeeeteeteee ettt ettt e,

3.6 I Il TBI S & SE 2o e F@e? [Did you wash your hand(s) within last half
hour?]....... 0

C1l |\ o) R 0 (3.10-« &= =) [(Skip to question no
3.10)]

3.8 *I® 14T GBI =T A F© FoI F® (4o Facz? [How many time(s) did you
wash your hand(s) within last half hour?]

L9 S [Right hand] ...cccoveoeeiieeeeee e, O
2. 9GRS [Left hand] oo O
3. TST T [BOth hands] c.eeceieeevieieie e seee s 0

3.9 *1® SI< THIF AT I T (e I & ¢ TR FCE0? (RS (T 32
3%<) [What did you use to clean hands within last half an hour? (Use the code for
the cleansing

1. CASTCETR AR [Bar soap]

2. feBraters wol [Powdered detergent]
3. ®y T [Only water]

4. F191T (4= AR [Laundry soap]
5.%1% [Ash]

6. S [Mud]

7.9 AR [Liquid soap]

777. 5 515 (74) [Other (Specify)]

3.10 s Sid B WeE e (BieefS ) 5 i wt=e=e [What did your child do within the
last half hour?

Tt IR0 [Mentioned] ..., 1

Tt T [Not mentioned].....vveee.... 2
L= Y [=Y o) o OO TR 0
2. AR CATACE [ALE] vttt st s st st e e O
3. (AT FCATZ [PlAYEA] ettt et O
4, Terogo FA0R [Defecated] . O
777. S5 (e74e) [Others (SPECify)] vovrveveeeereeeeeerreee e O
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3.11 ors Sidt ToIT S R (Bree® fore) & zre tdte state? [Did he/she wash hand(s)

WiIthin 1ast half @n NOUI? ... e e e O
3 LT IS 1
L 1\ (o] PO 0 (3.10.ce T«) [(Skip to question no
3.10.b)
AT [DK] oo 999  (3.10.b Ts =) [(Skip to question no
3.10.b)

3.13 ors St IO S B (Biee® for)) Fea zre tdte Ftatz? [How many time(s) did
he/she wash hand(s) within last half an hour?]

1. 9geIN S [Right hand] ..o, O
2. NN IS [Left hand] .o O
3. TST T [BOth hands] c.ueveeeeeeeeeire et O

3.14 o =iyl 9B Wi el (GreeE ) 2 tfie s we o e s (AR
1T 72 F¢) What did he/she use to clean hands after the following event(s)
within last half an hour? (Use the code for the cleansing
ABENTS)urieiieiiiiiieeiiccceeree e 0od

(TG AR [Bar soap]

febers @el [Powdered detergent]
wy i [Only water]

JAG (LT AR [Laundry soap]

73 [Ash]

TfE[Mud]

94 AR [Liquid soap]

777. <55 (714) [Other (Specify)]

N o u B W N

3.10.b 3TFIST wwF a7 79 (A f*esfB (BreefB f*re)) & & Feaez? [What did the child do
since starting of the interview?

TErd IR [Mentioned] ..eveeveeeveeeenene. 1
TErd @ [Not mentioned]................... 2
1. GRTATR [SIEPL] . oot ettt e e O
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2. A CATATR [ALE] crvveeeereeeeseeeeeeseeeeesseseseesees e sesees s seeseesssneees 0

3. (ST FECE [PIayed] oot O
4. TJeroge FA0R [Defecated] v, O
777. 9515 (74e) [Others (SPECIfY)] voveveeereeceeeeeeeeeeeereeve e O

3.11.b 3TWISE weF T 79 (A fRrsfB (BreefB f*re)) f& 2re tdfie stace? [Did he/she wash
hand(s) since starting of the interview?]

................................................................................................................. [
T YES] ceveeeeeeerieeee e 1
LI 1\ L) PP 0 (5.vy 7o ) [(Skip to question no 11.6)
1R E 0] 4 [ 999 (55.% T® TW) [(Skip to question no 11.6)

3.13.b MO wF T 717 (AT F*refb (BreeG fon) Feaia Tre tde Facz? [How many
time(s) did he/she wash hand(s) since starting of the interview?]

1. 9 TN 9 [Right hand] ... O
2. 9IS [Left hand] oo e O
3. TST T [BOth hands] c.eeeceeeeeciie et seeean 0

3.14.b TOMST v TR 77 (AF Frefs (Brosfs fome)) zre tde e oy & 592 FEe?
(ff®Rca (e 59219 F¢+) What did he/she use to clean hands after the following
event(s) since starting of the interview? (Use the code for the cleansing

1 (TG TRI [Bar soap]

2 fbRTes @ol [Powdered detergent]
3 wy AIf¥ [Only water]

4, JAT (4T AR [Laundry soap]

5 =2 [Ash]

6 S [Mud]

7 ©3e AR [Liquid soap]

777. =y (714@) [Other (Specify)]

11. 6 Sf fF (AR FIN) FORTE TS M7 2 (I 92 AFITS ¢ IZAT NG GFE AT AE
O STV ATeIRT ©2f iR w+)) [May | please look at (Child’s name) hands (if more
than one under-5 children living in a household than observed and collect
information on all of the children <5 ]

T TSI (7T BT [ViSIDIE Airt].vveeverereeseseeeesseseeeeeeseeessse e esseesesseens 1
T FABCII (AT 7 ColceTe wHfiReeld foeT [Unclean appearance] .................... 2



IS EAC B (61T o [P 3
AL AT AT /&SI [Observation was not possible/refused)] .......... 4

Child ID | ChildID | ChildID | ChildID | Child ID
1 2 3 4 5

a. Q09 T [Fingernails]

b. 9% [Palms]

C. ST TS
[Fingerpads]

TS (I 2T Tt 7@ [Collection of hands rinse sample]
T AR G AT oo ot fiee 1 & ATe e |

QLT I SAHAFIE 9T FC SR [0 AR P (Brests ) gre «rmeaics ey Fa9
S FRQ (T (F [ @ e I T HeibrE (rite AEw) | w1 I S S
FRTPRISTETT STPTae 2P (T (F 2T (AR &S T @3 M3 o srega frefoa zre
(IR ) T | 76T Tl 19 e (e S ez F0e)

[Instruction to data collector: Read to the mother the following instruction. | will
now request you to help me to rinse your child’s hands in this bag (Show the mother
the whirl-pak bag so that she can show the child). Please follow my instructions.
(Demonstrate the mother hand rinse technique and ask her to help the child rinse
hands following the standard operating procedure for hand rinse) Please take all the
samples following the standard operating procedures (SOP).]

3.15 B1efo fRrex T (o g et STea g =g 62 [Is Collection of hands rinse
sample

COMIPIETE?] ettt e b et sae bt eae b e et e beesnesbesbsanssanssebaesbeasnesaesrsansesreees
oL

Toy Ball collection: (X7l <=1 7@Z:

SR MAZIRNT T T @3 ARSIl féietss «@afB 7o faer | 31 (& 2o qice Awfs 99t e
(AT 0T @3 TN IA6(F G0 FIAT SACER L (S FAIF T 0T A @ AT I
e M TE |

[Toy Ball collection: Instruction to data collector: Give the child the sentinel ball and
tell the mother that he can play with the ball and you will come back tomorrow to
rinse the ball in a similar bag used for hand and will return the Ball.]
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3.16 B1eeiG 1wt 3o e 41 T@CR 72 [Is ball supplied to the child?]

3.19 ® 2 FRITER T4y IR0+ Fofv wieer I8 ZARe2(58 Tt TCHIBARE bvy (T F2ee)
[When was the most recent time it rained in the past 2 weeks?(Code 888 if it did not
rain within 14 days)]

[days ago]

Section 4: Faeces disposal

4.1 SR AFE AT AR S G AT (@GR T2 (Note: SSIMTeE TEAeE 2Ite
i) [Where do the members of your household usually go for defecation? (Note:
Read out the responses to the

FESPONUENT)] . ueieiiiiiiiiee et e e e et e e e e et e e e e e e eeaanaeeeeeeennns O

1. T &icet [Open bush]
2. T WS [Open field]

3. T SR, /% F9/ER AT [Open, by the side of
river/pond/lake]

4., T [In a toilet]

4.2 ST AT IR AT FET2(T8e3:SeamSIs Seaet! 2Itg ) [Where do you
usually]
Lo 1] (o= (=X P 0

1. T e[ Open bush]
2. T TS [Open field]

3. T SR, /% F9/ER AT [Open, by the side of
river/pond/lake]

4. SR [In a toilet]

4.3 S AT ST & T (Sbr4) TAPTRT ALRTS (@RI AL F6a? (Note: Seawreid
Tea%TEl “Ite W) [Where do other adults (18+) in the household usually defecate?]

1. T @[ Open bush]
2. T TS [Open field]

3. T SR, T@/%F9/EER A[Open, by the side of
river/pond/lake]
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4. S [In a toilet]

4.4 ST AR <0 7 41 (G055 i) SR (I #TT4er F0a2 (2,55 &% (A fHieq 7
[IZE FF) [Where do the <3 child in the household usually defecate? (Use name of
the child from question

1. 4% [Potty]
. ifsi/emeE [Nappy / diaper]
. ot (51f6 =) [In the courtyard (without potty)]

. 2RSR/GAEG [In Toilet / Latrine]

. -Ate/eEee [Bush / forest / field]

. @I w2 s w3 [No specific place]
777. S5 (31 fe1g) [Other (specify)]

2
3
4. 9033 foe@ (7ft =) [Inside the house (without potty)]
5
6
7

888. &rAEy 7% [Not Applicable]

999, wif¥ 711 / f9f5® =7 [Don’t know / Not sure] 2IF S5 (&€ &It & 97 (14
[Probe to see if someone in the HH knows]

4.5 ST QI ©-¢ IRCET e TMLEFTS (@RI A= $6E? [Where do the children aged 3-
5 years usually defecate?

1. «ft [Potty]
. /e [Nappy / diaper]
. Torts (516 =) [In the courtyard (without potty)]

. 2RER/GAEG [In Toilet / Latrine]

. R-Ate/eEce [Bush / forest / field]

. @ fifw2 s 99 [No specific place]
777. S5y (641 1<) [Other (specify)]

2
3
4. 937 foe@ (cwU Quov)[Inside the house (without potty)]
5
6
7

888. &rAEy w¥ [Not Applicable]

999, wif¥ 711 / {9 =7 [Don’t know / Not sure] ¥I9E S« (I8 &It & 91 (WY
[Probe to see if someone in the HH knows]
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4.6 AT AT ¢ IRET @A (Sbr IRF AES) I AHIAT AT (I AR F6a2 [Where
do the children above 5 (up to 18 years) usually defecate?

1. 4 [Potty]
. /e [Nappy / diaper]
. To1 (715 =) [In the courtyard (without potty)]

ARTRIFR/GFEE [In Toilet / Latrine]
. A-3ty/eeeet [Bush / forest / field]

2
3
4. w33 foe@ (7ft 2@) [Inside the house (without potty)]
5
6
7

@I w2 s w7 [No specific place]
777. S5 (1 fe13) [Other (specify)]

888. «tarey < [Not Applicable]

999, wif¥ 71 / f95® = [Don’t know / Not sure] ¥FE S (F& &I & 7 (A
[Probe to see if someone in the HH knows]

4.7 ST SR TR AR Sace? (Note: TeaeitE TSRt 7t ti9w) [Where did
you defecate the last time?(Note: Read out the responses to the respondent)]

4.

T &9t [Open bush]

T W [Open field]

TAET SR, T91/2[F/0F4 21t [Open, by the side of river/pond/lake]
T [In a toilet]

4.8 ST <o I=F fre (BresfB féie) FEe 24T “Irair FacR? [When was the last time your
youngest child / infant (<3 years) defecated?]

e [Today]

TeFE [Yesterday]

3 4= 3 o= =TT [2 or more days ago]

G 9 2IAfR I [Cannot remember]  8.337% &t 5¢a7 A19(Skip to g4.12)
FeIce Aife 9 [Refused] 8.5 &% beT F(Skip to g4.12)
ey w7 [Not Applicable] 8.5 &t¥ 5¢eT F(Skip to q4.12)
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4.9 SR <o IR R (B1esfB fre) S0 TR Arraier Seacz? [Where did the child (<3
years) defecate the last time?] /8&4 7@ ¢*Ii9ta9 = [Do Not Read

Responses]....
A [Potty]

=

. wrifelfereia [Nappy / diaper]
. To1 (715 =) [In the courtyard (without potty)]

. 2RSR/GAEG [In Toilet / Latrine] 8.3 v beeT A9(Skip to g4.12)
. A-3ty/eeeet [Bush / forest / field]

2
3
4. 97 foetd (+ft =@l [Inside the house (without potty)]
5
6
7

. @ ffw2 s 99 [No specific place]
777. S5 (36T #7137)[Other (specify)]

888. grAEy w¥ [Not Applicable] 8.537 &t¥ 5¢eT F(Skip to q4.12)
999, wif¥ 711 / f95® = [Don’t know / Not sure] Q¥iF S5 (¢ &It & 97 (74T
[Probe to see if someone in the HH knows] 8.3 &% 5eeT F(Skip to
q4.12)
4.10 @72 T & 41 2@=e? [What was done with the faeces?] ¥/ S&d 2Itg (9t I
[DO NOt REad RESPONSES]..ccuuvvieiiuiiiieiieieiiiie ettt ettt ettt e e eare e 000
1 CIRICT M AR (FTRICTR (PO AT A [Left there] 8.537 &0y 5e7
F[skip to 4.12]
2 BCETH /I fowta @etl/cait 2@fReT [Put / rinsed into toilet or latrine]
3 G/ fowta et/ =@fes [Put / rinsed into drain or ditch]
4 BeaCeE/ +F0T FC= (4= == [Rinsed near tubewell/pond]
5 TS/ (el ZA=ET [Thrown into the bush / forest / field]
6 T G N (Tl 2CA(>eT [Thrown into garbage]
7 fafw¥ «1t$ =t zeafee [Thrown into a specific pit for child’s faeces]
8 7 M 7re @@= 2w [Buried)
777. Sy (3909 fo14) [Other (specify)]
999. wif¥ 91 / WPo® 7 [Don’t know / Not sure]  8.33%2 &% 5ceT Ji7[skip to
4.12]

4.11 @12 AT Sl Feies #Ifi®E FEReE? [How did you handle the faeces?] ¥ &g
2T (== <1 [Do Not Read Responses]

1. T3/«1fe1 7ite [Hands only/bare hands
2. Fg/Tel/are/4eEs! [Hands and cloth / paper / leaves / straw]
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3. M/ FRee-a7 >ifewa [Local agricultural hoe/instrument]
4. A % [Sani-scoop]

5. I f5g8 w41 27 1 [Did nothing]

777. S5y (641 1<) [Other (specify)]

999. wif¥ =1 / ¥f5® = [Don’t know / not sure]

4,12 SR R (@ -¢ JRET ) AT FAF AR FeECR? [When was the last time your
youngest child / infant (3-5)

(o 1] LTt 1 A=Y I PRSP 0o
1. e [Today]
2 TeF [Yesterday]
3 3 4 31 O =Tt [2 or more days ago]
4, W s “1AfR A [Cannot remember] 8.3u7e &% 5CeT 17 (Skip to 4.16)
5 FeIce & 93 [Refused] 8.3UAR ¥ bCeT A(Skip to 4.16)
888. ey ¥ [Not Applicable] 8.3YR &% 5¢eT F(Skip to 4.16)

4.13 ST (90-¢ I=F) fRie T (@A =T Feaee? [Where did the child 3 =5 years
defecate the last

111 4 TN PR 0o
[
1. =f6 [Potty]
2. /e [Nappy / diaper]
3. Tt (51f5 =) [In the courtyard (without potty)]
4, 93 foeta (71 =reh)[Inside the house (without potty)]
5. ARSE/GIEE [In Toilet / Latrine] 8.5V Q¥ BT 7 (Skip to 4.16)
6. TA-NTY/eeeeT [Bush / forest / field] 8.3Y72 &% 5¢eT F(Skip to 4.16)
7. @ {2 srema % [No specific place]

777. STy (641 1<) [Other (specify)]

888. &rAEy w¥ [Not Applicable]

999, wif¥ 71t / f95® = [Don’t know / Not sure] ¥FE S« (F& &I & 71 (A
[Probe to see if someone in the HH knows] 8.5V 52 &% 5¢s7 J1 (Skip to 4.16)

247



4.14 73 s i w41 2afeeT? [What was done with the faeces?] Y81 TG (1= =T

[Do Not Read
Responses]....

1

0 N o v B wWwN

777.

T AT TR ETRITES, (e AT AR [Left there] 8.5v 72 &t 5eer
I+ (Skip to 4.16)

BCETH /I fewta @etl/cait 2@fReT [Put / rinsed into toilet or latrine]
/R foeta e/t 2@fee [Put / rinsed into drain or ditch]
BTIRE/ 2307 FICR (AT =M= [Rinsed near tubewell/pond]
T3S/ (el TARE [Thrown into the bush / forest / field]

T RS N (Tl ZARE [Thrown into garbage]

fafw¥ =It$ =11 2@f=e [Thrown into a specific pit for child’s faeces]
W67 Mo =t =1 =@ [Buried)

S35 (€41 7B14) [Other (specify)]

999.
4.16)

wife 1 / ff5© 95 [Don’t know / Not sure] 8.34 72 &% 5¢eT 317 (Skip to

4.15 @12 AT Sl fFoied «ifa%e scEfee? [How did you handle the faeces?] ¥ ®ex
e 91t 9 [Do Not Read

Responses]....

1. T/«1f1 7te [Hands only/bare hands

2. Fg/ITel/ae/4egs! [Hands and cloth / paper / leaves / straw]
3. WWW—&?W [Local agricultural hoe/instrument]
4. A %= [Sani-scoop]

5. oI f%g3 341 =¥ 1 [Did nothing]

777. S5 (I fo73) [Other

(specify)]

999. wif¥ =1 / f¥f5® = [Don’t know / not sure]

4.16 ST ANIF ¢ IRET @A fRe(db I2 21 FE THIAT AT FEeR? [Where did
the child above 5 years (up to 18 years) defecate the last

time?]............

.......................... uod

A [Potty]
. Tifsi/eeE [Nappy / diaper]
. To1 (715 =) [In the courtyard (without potty)]

. ARSR/5AES [In Toilet / Latrine]
. A-3ty/eeeet [Bush / forest / field]

1.
2
3
4. 9033 foe@ (7ft =) [Inside the house (without potty)]
5
6
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7. &= w2 sreng 79 [No specific place]
777. Sy (3909 fo14) [Other (specify)]
888. ey w¥ [Not Applicable]

999. wif¥ 9 / P5® 7 [Don’t know / Not sure] ¥_F &« (F¢ &It & 1 (g
[Probe to see if someone in the HH knows]

4.17 ~RER AN IR TABIRS! i 67 (Wb @51 T &%) [Note: TERTE! (FIFSI(I3
ATT ST I 1, TGvTeT TS AlGTF TE 90 AT TSI Sl AT FACS (A (T |, TS
Ty St e 1 oy g (S: Swiwee q f719:) [What are the benefits of using clean
toilet? Note: Don’t read the answer, encourage by asking if there is anything else
until he/she mentions there in nothing else and check all mentioned?]

B @0 [Mentioned]....eceeceeceen, 1
TrErd T [Not mentioned]....eeeeeeeeeceeeenee.. 0
1. SR T T [Less diarrh0a]....c et 0

2. SP-fope a2 (R @I @ieels =i W) [Less iliness (type of illness not
specified)......... O

3. A G T [LESS BEIMS].veveverereereereereereereeseeseeseessessessesssssessssssssensns 0

4. St 1% (Smell
DETLEI) ettt e et e st O

5. @A (OMATIIST [IMOFE PrHVACY]..e.veereree et se et seeene s enaenas 0
6. STIIETE THASOCIAl STALUS erveevceereeiee et ese s eee s s 0

777. Sy w2 = oy [Other:
SPECIHTY v ettt O

999. wify 71

4.18 ST T TS, TS {8 IO U3 AT ANITF (FI AT T SIS AR FACE 52
[Do you know if any adult in you household had to defecated open with last 24
hours?] ...ccveeevenennee. 000

T LYRS] vt eee ettt 1
FEINO] e, 0
LT (0] 4 [OOSR 999

4,19 SR &1 WS, TS q ey 92 AR AIRITF (&I 799 T QRENCS AR FeacR 62
[Do you know if any adult in your household had to defecate open with last 7
days?].coiniecinreninns 00g
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4.20 IS 92 OIS FORTEA! A ARTA/CACHAS IR A Fier? (S 71 [DK]=999)

[Among the Households in your compound how many has access to a
latrine?]......00CJ] Q<= 77T

4.21 ISTM 93 ITITE FOLTEA AT OFF SILIPATI/GACE 72T 2 [Among the

Households in your compound individually uses a
[@triNE?] e UL T 31T

Section 5: Household asset

5.1. iR WiEice & fNege fafeietr site? [Does your household (or any member of

your household) have]:

2l (Yes)....1, 51 (No)....0, & a1 (DK).....999

ASTTIR [EIECLIICIEY] cvvveeieeiiee ettt ettt ettt s ettt e et esae st er e st et erestesnanea 000
b. SR/ eTEA (37AT) [Number of Almirah or wardrobe] .........coceevvveveeveevereceeeeenene 0od
C. TBfRET (F12ATT) [NUMDEr OF tabl@S] ..eeuvvieieerceieeeteeeee ettt 000
d. /@A) [Number of chair or bench] ..., 0ad
e. T TG/ TfE(T2T) [Number of watch or clock].....oevvveveeeeeerereeeeeeeeerereeeeeeeeenes 000
f. AB(ERATT) [NUMDBEEr OF KNA] ..vevieeieecieeeeeceeceeceee ettt enas 00O
g. I (31ATT) [NUMDETr OF ChOUKI ] ..vivieiieeieeeveticeeeeeccetetee ettt vene e 000
h. T8 [A radio that is WOIKING]......c.ceeverereieeeteeeeteeeeetee ettt erenas 000
i. GfeTfexa (TMI/IET) [A B/W television that is Working]......ceveveeeveveeeeveveeevereneenesennennn 100
j. Bfefe*a (3feT) [A color television that is WOrKING] ......ccoveveevveveeeeereeeeeeeeereeee s 000
K. TRFSITEBT [REFFIZEIAtOr] c.vvvveececeeeeecece ettt ettt es s essnns ooo
|. AT (T 712 %) [A bicycle (used for commercial purposes

LaTeY o)V Fo T ool a1 o 1 =T o ) PR 00d
M. B BT [A MOLOTCYCIE] ..ttt ettt ettt ettt et ettt et e 0oo
N. BTETIE (IR [A SEWINE MAChINE] w..vvieeeeeieeeeeeeeeeee ettt tene e 00O
0. TAIEe @(3A) [Number of Mobile phones] ........cvoveeeeiveeeeceeeeceeeeeeeee e ooQ
P. TE (T [A 1aNd PhONE] c..eeeiee e e e e oo

5.2. ¥9F TR0Ce FOGE FF S22 (IFEF 8 I=FH ) [How many rooms the
households have (exclude bathroom and

KITCREN) 2]ttt e b e e bbb e s 00

5.3 710G [Status of [IVING NOUSE]....cuvvieeceieececeeecece e e 000
fATEa AT [Self-oWned].....ccvevieeiceeeeeeceeeceeeee s 1
OIGT MG [RENTAI] ettt et e e e e et eeeeeeeeneas 2
FRIFIA TN [GOVE. [aNA] e 3
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@ GmIER/Erenicad Aifers AtE [Owned by a landlord]........ 4
ST (eT) [Others: SPECify]..ciciiieeeieeeieeeeseeeere e 777
Skip Note-5.1: 37 F1& 2 TIZT, ©7 ¢.¢- 9FT[If answer is not 2 then skip to 5.5]

5.470 ¢.0 - 93 Teq Q T (S9! AfY), B0 Tl wmes & 200 I97Feea w2 [If 5.3
answer is 2 (rental) then do the area is less than 200 sq.
90 PO PR 0

Code: BT [YES].vviviiiieeeeieieeeeeeeeeeeee e 1

5.5. SR AR A S Q9IS fF 4A0a @R 929 31 202 [What type of fuel does
your household mainly use for

COOKINE ] eiiiiiiiiiiecreeee e ereeeee e e 0od

BIT [WOO] e 01
T SRBIHA/AT [Crop residue / grass J.vovveeveeene.. 02
GFAT (NFA[DUNG CAKES | woviviieiiireeeeeee e 03
3T [Coal / coke / lignite J.ueeeeeeeeeveeecieeecieeecee e, 04
BT T [CRAICOA! | vt 05
THCRAITT [KErOSENE | vevveeeieiceiceeeeeeeeeeeteeeeve et 06
LR LIS ([T o147 PO 07
e ATT/eFIOF AT [Liquid 8as / 8aS | eevevevrererevevennes 08
AT [Bio-8aS/LPG ZaSS] ...ecvveeriieiieeieecieesveeree e 09
K CE (04 1= ol U 777
(I o737) [Specify other]

G T [DONt KNOW e 999

5.6 9 <41 a6 (@1 @reef witz?[Does your household own any homestead
land?].00000

Code: BT LY @S]ttt ettt enenas 1
1 1\ Lo 0
FeICe IS 2 [Refused]..oovveeecveeeieeeceeceeeeee 666
T T [DONt KNOW] .ttt 999

Skip Note: ¢.23M ¢.b T AT TV o/Luy/sos T, O ¢.b-7e &0 5Ca A1 | [If Answer of 5.6
is 2/666/999, skip to 5.8]

! We need to set up a cut off area (200 sq feet) by practical demonstration during training and train
FRAs according so that they can assess easily by observing the household whether the household area
islessthan 200 sq feet or not.
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5.7 (¢.%)97 TEF T A, I AT PTOANMGTS (G FOpF S SR (CSHIeT)? [How

much homestead land (decimal) does your household

(o 11,77 1 o [ 00000
G AR @0 T 210 s T [If Answer of 5.7 is Don’t know please
insert 99999]
a1z [AMOUNT] (e3R8 3 frg) [SPECIFY
UNIT]
AR [AMOUNT] ( 43 fafi® 3t #rge) [SPECIFY
UNIT]

5. 8 NI A MR [ oY —IGT &+ (FI & =1t ? [Does your household own
any land, other than homestead land?]............

.................................................................. L]
Code BT LY @S]ttt eeeee ettt 1
L I\ Lo TR 0
FeTCe IS 2 [Refused]...oovevveeiceeceicceeeece e 666
T T [DONt KNOW] et 999

Skip Note: T ¢.b 7 STXF TET o/Luy/obd T, F ¢.dowR AT 5= 9 | [If Answer of 5.8 is
0/666/999, skip to 5.10]

5.9 (¢.9) I (A, AR AP PTG I (NG FOpF S SR (CERIET)? [How much
land (decimal) does your household own (other than the homestead
land)?]...00000

GG AT @IS 71 20 sovss T [If Answer of 5.9 is Don’t know please

insert 99999]

AT [AMOUNT] ( @3< Wz 33 forge) [SPECIFY
UNIT]

Afas = [AMOUNT] ( @ Sfwe w7 fo13) [SPECIFY
UNIT]

5.10 S*I9F NCo AMGE (@6 W= A0 sz« & 787? [How would you describe
your economic

Y 1= 1 (U L3 O
[

QA [DRONI/RICA] ...ttt 1

% w45<e [Uchho modho bitto/Upper middle class]............. 2

w5fa@ [Modho Bitto/Middle class].......coeevveveveeeireeeereennane. 3

wixg [Doridro or Nimno motho bitto/ POor].......ccceecveeueeeeennen. 4

Towm [Hotodoridro/ Extreme POOr] .....ccceeveeeeveeeeeeeeieeeeenne 5
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5.11 S 21 90 TRITS (91179 9219 FE 912 [Do you use cow dung in the floor of

living
(010 ] 0 1 1 P RURURRRN O
31l ] PR 1
L 1) o ] PO 0
5.12 SIf) AT 90ER AT (17F 92F FE=<? [Do you use cow dung in the floor of
KItChEN FOOM P e e e e O
31 ] P U 1
T INO eeveveeeeeeeree et s e eeee e e seeeeeeeeens 0

5.13 Sif AR S (oNRE 4R2F F6F 912 [Do you use cow dung for
COOKING?]..evviieeiece e O

5.14 S (S RATS *Ie{f3 STz F1? [Do you have any domestic
animal?.....ccoveeireeeeen O

FINO]. ceeeeeeeeeecee e 0 ¢.5y- @ 319 (skip to
5.16)

5.15 (¢.58)9d & & (@, ¢ «@wa e FoeE? [If yes what type (how many)?]

1. BN [GOAt].eeiveceiceicreerreiee et 0o
T | 000 1V S 0o
3. T [ChICKEN] ceiveeeee et e s 00
4.1 [DUCK] evvereveeemee e eeiasines e 00
5. RO [Cat].vuvverveeeseeeeieerseeseeessies seesveseseseesenns mN
6. FTOT [PIZEON].ceviciieecricreceieeeeeeereereee e e ee e, 00
A Do = USSR 0o
777. SHT[Other]...ccoeeeeeeerereeeceeereies e mN
[Specify other]

5.16 7© 38 TOR WAl S+ A JRAINTS AR =T W=y (I 2lidft (qeees F? [Have you
observed any animal that is not domestic in your household within last 24
hours?]...ccececceee e O

TINO. e 0 Y.5- & T (skip to
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5.17 (5.16) «@3 T&7 21 T, & <@ GaR FOeE? [If yes what type (how many)?]

1. T [GOAt].veevrerieeeceecreceieecreeeeres ceeeeenrreeeee, 0o
T [0 1Y O 0o
3. T [CHICKEN] et e s 00
4.1 [DUCK] eveereveeeieeseeeeeiasennes seveeeeeaenaennnns 00
5. RO [Cat].veevveveeeeeeeeieesseeseesessees seeevsveseseesenns mN
6. FTOT [PIiZEON].cuviciieeerieteceieee et 00
7. TFT[DOGL .ot eeeeeeiiaee e 0o
777. T [Other] .o e mN
[Specify other]

Section 6: Reported diarrhea

Note: &% 72 2.3 P AN A ¢ IS N I ¥ fee Fepey @ 05 exjatencs
erers fieg ooy Beq ferfoiqm s | [Note: Identify all <5 child in the household according

to ID given in question 2.11 and record answer to the following questions for each
child.]

6.1 or® 3 At MrefBq sireatr “ir< T foeT St? [Has the child had diarrhoea during the past two
days?]........... 00

(Note: 38 TR W&y Frefba F=10%F © AT STSIfdF TR I AT 2T (T RIS Al
AT @ FE T I ACF) T OICF CIRRAT &0 =Y | AW I TS SAWHCPS SRR Fe1T &7
FIFe OIS A AT @A AF 97 SICS i I I AL FACS AF | W AL AAfeg
AT T g T AT @ O 28 THF © A SCSIFIR TS St TR I AE 1 | (@
6T BN JCHFF G4 AR ST FACHT FLCAT 28 TBI © AN SR 2TSeT] 4R (ATHT MO AR
I ACF, SICF TR F=1 [ ) [Diarrhoea is the passage of unusually loose or watery
stools, usually at least three times in a 24 hour period. However, it is the consistency
of the stools rather than the number that is most important. Frequent passing of
formed stools is not diarrhoea. Babies fed only breast milk often pass loose, "pasty"
stools; this also is not diarrhoea. Mothers usually know when their children have
diarrhoea and may provide useful working definitions in local Situations (WHO,
2005)]

BT [YES]tteeieieeeiee et 1
LI o ) P 0
T T [DONt KNOW] oo 999
1. <5 Child ID no 1 (Target child)......ccceeveeerecennnenes 0od
2. <5ChildID N0 2 .o 000
3. <5ChildID N0 3 s ooo
4. <S5 Child ID N0 ... oo
5. <5 Child ID NO 5.t oo
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6.2 o® 3 e Wy FRrefba sTeetl «fwa T fewt 2 [Has the child had diarrhoea during the

past 1
LT Y=L TR 000
BT [YES]etueiieieeiie et 1
L A Lo R 0
I FT [DON"t KNOW ]t 999
1. <5 Child ID no 1 (Target child)......cccoeeveeereeeennenns 00g
2. <5ChIldID N0 2 oot oo
3. <5ChildID N0 3 s ooo
4, <5 Child ID NO 4ot HNN
5. <5 Child IDNO 5. oo

6.3 T & TARF e« b srear “fwa=r fez1 F1? [Has the child had diarrhoea during the
past two weeks?]

.................................................................................................................. RN
) AT TP UUUUURRRN 1
T L NO e eveeeeeeese e eeeeeeeee e eee e seee e eeeeeesesseeaens 0
T T [DON"t KNOW] vt 999
1. <5 Child ID no 1 (Target child)......cccoeeveeereeeennenes 00g
2. <5ChildID N0 2 oo ooo
3. <5ChildID N0 3 .t oo
4. <S5 Child ID N0 4.....ooiiiieeee e oo
5. <5 Child ID NO 5..eiieieiieciereisr et HNN

6.4 T ©.5/0.3/0.047 TET S T S, FOM (T AT 2T T2 (erarey v N/A=888,
wif st DK= 999) [If 6.2 answer is 1, then how long did the diarrhoea last
for?(N/A=888, DK=999)]

1. <5 Child ID no 1 (Target child)............ a.[JJHours b.OJDays
2. <5ChildIDNO 2 e, a.[lHours b.[ [ Days
3. <5ChIldIDNO 3 e, a.[lllHours b.[ [ IDays
4. <5ChildIDNo4...eciecceceeeeeeee, a.[[lHours b.[ I Days
5. <5ChildIDNO5..ciirieciiee a.[[lHours b.[ I Days
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PART B: SPOT CHECKS

PR AT A, ATSTFT 972 AFPTHS JIFF AN TR AT (IR & Ny 5
SNIE R ood W3R JMRCEF S @5 I e A [May | take a look around your
home to look at some of the items related to water, sanitation, and hygiene?]

Section 7. Water-handling

7.1 92 A AT AT (@I SERAN A FC@? (TSWTONE AR A T (TS & |
TSI (AT 8 &% BT AT ANfg T AB12 F°+) [What is the source of the water that
the household usually use for drinking? [(Ask the respondent to show you the
source. Observe and ask question if necessary to identify the type of water source)]

.......................................................................... HEN
TSI IS (:¢o 67 ) [Shallow tube well(<250 feet)]. .ivveeireeeeereenee, 01
TOI7 BEICTET (2¢o 567 @) [Deep tube well(250+ feet)]. .o e 02
fFe ATSTA [Protected ring/dug Welll.... s e, 03
wapRfEFe ATeRT [Unprotected dug Welll.....eeeis everieeieieeeeeeee e 04
TSI ST AT [SHAlIOW Tara PUMP..eceeeeeeeieeeeeieeeeeeeeee et et e s eeee e st ereenesee e enens 05
I SIAT AT [DEEP TAra PUMP] veeeeieeeeeieeeereeeeeeeresseeteesseesestesessesesessessersssessesessesnes 06
SATE N [Arsenic free treatment Plant]......cceeceeeveeeereeeeeeeeeeeeeeee e, 07
RS AT A1 [Water from protected SPriN ... .oceeveeeeeeeeeeeseeeeeeeeeereeeee e eeeeenens 08
SpAfFe ATa AT [Water from unprotected Springl... coeeeeeeeveeeeeeeeeeeeeeeeeeeeeeeeeeenen, 09
©oTa I (Surface water):
BT AT [RAINWALEI.ereer vt et 10
GBI GIE [TANKEE trUCK]e.vivevevee ettt et ete et ess et seesaesresaesreeneenean 11
(RI5 B FI6 [Cart With small tank].......c.ocveveive e, 12

T T2 5 T DS TR S 21 [Pathogen treatment
plant (Pond Sand Filter)]: River/dam/lake/ponds/stream/canal/irrigation
channel/tube well] ....13

TR/ T/ 7T/ T6 T TAE AR MR #A1f [Directly from

River/dam/lake/ponds/stream/canal/irrigation channel] ...........ccceeeune..e. 14
a7 foeg Byret AT AZCeR #Aif [Piped water into dwelling] ......oveveeveveveveeeeieeeeeerene, 15
SO Bytot AT ATZCAT AT [Piped water into yard/plot].....c.c.cecececeeeceeeeeeeeeeeeeeeenee 16
AT BTN [PUbIIC tap/Stand PIPE] ...vcveeveeeeeeeriereeeeecteceee ettt ettt eaens 17
TS (WLyD) [Other: SPECITY] ..cciiieeiiiiiiiee e e 777
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7.1.1 4R A7 e ez as @t @f—m s [GIS coordinates of the source
fo drinking water].

Latitude | |
Longitude | |
7.2 fifa TR Ml 2 (2 FF @R sifm=w %) [(Ask and check): Ownership type of
18 (=R L =Yl oL [ | SRRSO PPPRTR O
¥ @ AF [Only for the household] .......c.evvveeeieeeeiceeeeeeee 1
RS0 A e/ SAwmE [Shared] 2
9 (% [Someone else] 3
AR [Public] 4

7.3 AR T WRTFA? (2 TP @3 AT %) [(Ask and check): User of the
water point?].[]

wgNg & YAR[ONly for the household] ........cecvvveeeeevveeeciecieeeee, 1
FESH A e/ IR Shared] 2
“M_fe [Public] 3

Skip Note: T 9.9 72 &T37 T6d > T OIZT q.¢ -9 T | [If answer of 7.3 is 1, skip to 7.5]

7.4 T q,0-97 TEF T © T, FORE AT @ A TG 32T 2 (24 I @I AT
%) [(Ask and check): If 7,3 is 2/3, how many households sharing the water
POoINt?]..ccriiiiiieeeeeeee. 0o

7.5 =37 T AT 99 A ARG AT Fce F© A9 AN 2(Tewrel@E e F) [ How much time is
needed to bring drinking water to the living room?(Ask the respondent)............. 000
Minutes]

7.6 AIGTe Ag T T g AT AT T F (9.5 @ (T (@FE T (AF @FE )2

[Cemreits 2N BT (TS I | &SI (e @ &% I <A1fFa T qI513 7« [[What is the

source of the water that usually used by the household for cooking foods (follow

code list of 7.1)? (Ask the respondent to show you the source. Observe and ask

question if necessary to identify the type of water source)]....c.... coovveeveieecceecce e, 0od

7.7 SRR (IPTCER AT 24 To7 Fh7 (Treis #Aifed T (LITe & | QTS e @ &%
FF AT T A1 T4 | .59 ;T @ 75 (AF @1 #9) [What is the source of the
water that you usually use for bathing?] (follow code list of 7.1).....ccocevrrreiriiiiiiiiiiireeeeceeen, 0od

[CeavTeita AT BT (FRITS I | ATATSH (e 8 &% 0 2M1f7g T 518 % | (Ask the
respondent to show you the source. Observe and ask question if necessary to
identify the type of water source)

7.8 AAIGTe F- 3R OR-SFSI (AR &y TI7e Alfe 24T T F? (9,59 7 (FIE 76
(T (FIC ) [CETOIF AT T (TAITS & | STAS (T 8 2% FR Al T W51 T3
| [What is the source of the water that usually used by the household for washing
fruits and vegetables? (follow code list of 7.1) (Ask the respondent to show you the
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source. Observe and ask question if necessary to identify the type of water
SOUICE) euuiutrieeeeeititreeeeeteestesteseesse s s e sessessessessesaesaesaesens 0d

7.9 SR AT IR TR AT 4T ST 7 (9,59 (T (@IS Fb (At @l 009) [Semmreis

AT BT (TITS T | AT (A @ & FCF g T q612 F1] [What is the source of

the water that you usually use for washing utensils? (follow code list of 7.1)] (Ask the
respondent to show you the source. Observe and ask question if necessary to

identify the type Of Water SOUICE)] ... e e s e e enaaares 0od

7.10 WG 5 4R SIS & AT I=F 211 AR M1 A1 52 (e F0e1) (L1617 &5,
TR &=, T QIR SfF-wwIfH (6% &) [Dose the household get enough water
through the year for all purpose (Drinking, Cooking, Washing fruits & Vegetables)?].

]
31l ] U 1
FINOT e, 0
7.11 (7.1 @ S@fe) fffa Seew@ Wt mets «f%i7 feet 2 [Did the source of water point
observe 100Ked Clean?] ... 0

Note: (7% 9i¢ ZAHTS N ST AP T, TRAATS AL I S (@I THEqX 24TS
PFI N [Clean means no water logging, no feces besides, no dirt besides,
etc.]

7.12 fifa= T=ew @G @ice @ f2eT? (Note: 21 SeAfG(AE #(ifF) R w3 [
R wtet sTew oLy 7@z $9 [How was the source of water point looking?] (Note:
Observe the water point and note the following points]

T LYES]eeeeeeeee et 1

FIINOL oo, 0

Al [N V7Y IO 888
1. BTN STZ [Plat fOrM PreSENT e eneeeeeeeeeeeeeeeeseeeeeeeeseesereses cevenes 000
2. ATBTH 1T [Plat fOrm BroKEN]......eeeeeeeeeeeeeereeeee s e et e seee s seeen eeees 000
3. ZAGTS 21 ST 27T [water [08ZINE]......oveeveereeeeeeeeeeees e 000
4. BT 2T {1 [feceswere presented besides]......covvveees cveanee. 000
5. ST 3T 2ItS oo [garbage were presentedaround.]........ .......... 00g

Section 8: Waste disposal
8.1. AIBTe e/ e (7 7W) (T &+ (2 (@9 JIT acqcR F? [Do the household

has fixed place for solid waste diSPOSal?].......cccuiiririnines st 0od
BT [YES] eoiiiiiieeeeeee e 1
T INO] et 0
BRIACK I XY (TRY=Ye | [ 666
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Skip Note: 3 T@d o AT LYy =T, O v.8-9 T [If answer of 8.1 is 0 or 666 , skip to

8.4.]

8.2 M b, 39T T&T » T, ©I(E io! & «@wa ¥? [If 8.1 is 1 (yes), what kind of fixed

(o] Yol TN 1 A 3 PO PSPPI UPUPPRRRTPPR 0od
[CeawTSItF e/ SIS (FETR SIS & | LTHSH (T 8 2% I 618 e | [Ask the

respondent to show you the place of solid waste disposal. Observe and ask question
if necessary]

R T VT o [ SRR 1
TE/TAB [PIL] cvvvveeeeereeeereeeeeereeeeeereesees et seeeeeteseeseeteseesesseneesessenteressesseresaesseneeneane 2
T[T/ @/ 9/ [River/dam/lake/ponds/stream/canal] ........c.cccveveunenee.. 3
L R [ I [ 2o T=To I o 1= [ U 4
TGV [Drain] cooeeeeieiiii 5
TR “Mee/airaeaa “ee [Besides homestead/ besides kitchen]..................... 6
TATA-ATS/ BT [IN JUNGIE] oottt e 7
SIS (8 T FTYT) [Other: SPECIFY] ..eveeierieeeeeeeeeeeeeeee ettt
777

8.3 (T fFeita et/ Sidem (&= 27?2 [How do the household dispose solid waste

10 01T I S UUSS 0
FoFNR (IR I ATHATH (FITe T/ AT AT A )
[Completely/rightly (N0 Waste oUSIAE)]......c.eevuieiieeiieiii et 1
iR AfFFea (g Tt foota w3 fog Ter e 7t @)
[Partially (Wastes are disposed partly inside and partly outside)]......cccccceeeuvveeenneen. 2

T T (e A1 (oot @I W&t (73 @32 Il (T (@I 5% (73)
[Do not (no garbage inside and no symptoms of waste disposal
0N the WaY OF INSIAE)] ..uviiiieiiee e et e e et e e e e ara e e e e e nraeaaan 3

8.4. 4Fifbre & @I AN fq$mq 5271 wWite? [Do the household has any water drainage
system?]....00

BIT[YES] teeeiieieiieeeeeee e 1
LU (1) PO 0
TS AT T [Refused] covveeeeeeeeeeeeeeeeeeeeeeeeenn. 666

Skip Note: I T@d o/Lub 2T, O I 5-9 T [[fanswer of 8.4 is 0 or 666, skip to
Section 9]

8.5. IM v.89T TET » T, ©(J & «@7a A == 527 == ? [If 8.4 is 1 (Yes), what kind
Of Arainage SYSTEM it IS ?]ceeereerreenrerrenreereraneerrennnereennserrens cornseeesnsesesssesenssesensesesssessnssessnssesanne 0od

[Ceamrelts A MEHT FIZR SRENMRITS I | ST Mo 8 & 0 612 F4 | [Ask the
respondent to show you the place of water drainage. Observe and ask question if
necessary]
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A1 @/ AZAPUkka drain/ PIPEA] c.ceevevieeeeieeeeeeeeteeeeetee e

ST TGTALKGECHA AP QIN] .ot e e e et e et e e e et e st e eeeeee st eeneenennes
ST W [Broken drain] c.ccoooooeeiiiiiiiie
BCIEER ATIHTER AT Fior [T @7 w03 g e o6 w3 fiferew ot [Soak pit] ...
SIS (TETLT) [OTNEr: SPECITY] cvviviieeiieeeeceeeee ettt ettt saesaesresaesneeneennas

Section 9: Materials of the living household

9.1. gW tedIte & & Toivie 7929 341 2@R? (W= S TIB12 ) [Main material of the
roof]....[ 0]

(Interviewer: Record your observation)

[Natural roof]

36T (I™1/28) [Kaccha (bamboo / thatch)] .................. 1
[Rudimentary roof]

BT [THN] ettt ettt e e e ene e nas 2
[Finished roof (pukka)]

1/ <5/ 51f [Cement / concrete / tiled]... .......... 3

S35 (B147) [Other: SPeCify] ..ovvvevveeereeieeeecreeeeeenee 777

9.2. (A tedite & & Some =19 341 2@R? (W9 +@ 512 %) [Main material of the

(Interviewer: Record your observation)
[Natural walls]

15 /ami/=fs (F161) [Jute / bamboo / mud (kaccha)] .....1
[Rudimentary walls]

FIT [WOOM] evreeererneereeeerseeieeisesesese s 2
[Finished walls]

B5/BTCT% [Brick / cemMeNnt] voveeveveeveeeeieeeeeeeeeeeeeeeeeeans 3

BT [TIN] ettt et e e e e ere e eees 4

e (W2 03 7137) [Other: Specify]...ovevevcvevcenee. 777

9.3. T Cedice & & Toimia 9717 T4 TRR? (AWM= F A6 F4) [Main material of
the

(Interviewer: Record your observation)
[Natural floor]

wifS/aM (F157) [Earth / bamboo (kaccha)].....ooveeveee... 1

[Rudimentary floor]
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[Finished floor (pukka)]
35/ PIGrG [Cement / concrete].....eveeeeeeeeveeeeeeeeennee 3
I (I oTLT) [Other: SPeCify]..ceveereeeeireeeeeeenne. 777

Section 10: Sanitation

10.1.1 SR IR AT ATGRTS (FF G0 A IR F6E9? [What kind of toilet

facility do members of your household usually Use?]........ccccevviiiiiiiiiiniiiieee e 000
[Note: SGIHISILE 2AFRIMG (FTE ALY FFF Q32 ARG 25T FAI A7 (BT B | A7

2T SR A (BT 1< BT AR A OIRCET FIHFCH It (IR A ©F (5P P |

(Note: Request the respondent to show the toilet facility and code after observing the
facility. If “flush” or “pour flush” probe/check: Where does it flush to?)]

-GG AT AT (BT FIT 1 BIE0 (IR @3 2T GFIat SHBR Aet Aot
<) [Flush or pour flush toilet flushed to](Observe the slab and water seal
containing water):

BICABCS ANAHT ATZTAT AT 7 67 3l [Piped sewer
3V 1] 0 1| TSP PPTURRRRt 01

GACEABTS GTAfGS Biiee AT SCR(BrIeR s T Mea Bipl =iiee f6a
It F) [Septic tank](Observe the concrete cover of the

TIfs BTIcE 712 9@ FT S T AT (G A= o/ 167 Ny
AT @A A [Flush to pit latrine (onsite/Off set) with slab and

(T 10 =T 1| R 03
IS ST /AR @ s 72/ sifes [Unknown place/not
U TE=Y A0 ] T LT =) TSR 04
5535, TR ST fF8 SAB 571 (73 S FCAMTT TIFA (A 77T W) [Pit
latrine with slab & no water seal but With @ lid]...........eueueiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeveeeeeeens 05

2550 AT TP SR, O SAGR 7 712 g F11 =g (Temreies ot 574E
e T, 9 (@ R @F 17 T BT AT ACF I T iR 1708 Ay
effstats +¢2) [Pit latrine with slab and flap, no water seal] (Ask the
respondent about the flap, Flap: a plastic is attached at the end of the
pipe to prevent files from coming out of the pit)

T HEBE SATAN TFe FNG(TR IR (SFBEmT 35 2w $+) [Ventilated
Improved Pit (VIP) latrine](Observe the slab and ventilation

IACAIBL TICB (M1 TS T, 4, T, eI @, ®2 6 wowy e =7, o
T @3 el 9% T, STBE R 98 | @I FACATE2 TICEE AR SAeAwieaer
fCo18 AwTe ~ANta AT w8 AT AA) [Composting toilet, (Composting toilet
ensure separation of urine, water and excreta(vegetable wastes, straw,
grass, sawdust, ash added in the pit, the waste used as manure, no water
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seal. A composting latrine may or may not have a urine separation

(o 1YY o= | P SUOO P UTTRRRRRPPP

95/21S AT TII AR O, @HBI P76 712 LT SR 5767 ©iot «e (I Gidare

=2 [Pit latrine with slab & no water seal/broken water seal and no lid]...................

FI¥-5TACA0 WL 2N (BT T 1 GICAG T (I A, (@G, Tl 395 AL ALAS
TR T AT AIZF (8 76 A [Flush or pour flush toilet connected to

somewhere else (canal, ditch, river, etC.)] ...ccoeieeeiie e

25/ AT, TIF T8 G2 (A (/TF T1/1fR ST AP FACS 20 G2 7o

2O [Pit latrine without slab/open Pit] ....cccveeiieiiee e
TS AR [Hanging toilet/Iatring].....cccuveeveeiieciieeeceecee e
LI = U1l =] | TP

(A& A/ 536t (Open defecation):
TR AR (73S0 /TATCo AT/ (et S [No

facility/DUSH/FIEIA] ...eeeeeeeeeeee e
SIS (B T FTYT) [Others: SPECITY] cvouvvvireeieeieeeeeeeeeeeeeeeeee et

10.1.2 AT fFezas @SSt ff*a s+ [GIS coordinates of the source fo
drinking water].

Latitude |

Longitude |

Skip Note: T 0.5 T &TT TEF 8 2T, I 0.5 AT A | [If answer of 10.1 is 12, skip
to 10.18]

10.1.3 ST S ICS FICNT O3 AT T 927 F41 @®e? [When was the most
recent time this toilet was used?]
............................................................................................ ) fa =iiest [days ago]

10.2.1 =it & @8 ARG =y A A [WeeT 99219 F6a=? [Do you share this toilet
facility with other households?]

(Note: I & T (oIS, TT G T FITT FRT FE A GF3 BT (ACF AR =A< 27 1,
SR S AEIE ST 2Tt fQedfoe 263 1) (Note: Any person or group of persons related
or unrelated who do not live in the same dwelling space and do not share a common
source of food as the respondent would be considered to belong to other household.

)

1= Zi[yes]
0=4T[No] 50.3.8R &Y 5t TN [skip to 10.2.4]
999= Gifaer [DK] 30.2.87R &Y B¢ T [skip to 10.2.4]

888= &wqey w7 [Not applicable] 30.2.8 R &Y 561 T [skip to 10.2.4]
10.2.2 FOGC =1 et AR R w02 (8% F99) [(Ask): how many households

...... 08

Sharing the T0Ilet FACHITY?] .ueeeiei i e e e s e tbar e e e e e e e e e s annerees 0d
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10.2.4 Freorg oMt Foee 2 AT I9=F 9?2 [How many people including

children use this tOIlet?] ... 0o
10.3 ARAIGF W@ (2% 3%4) [(Ask): Ownership type of the Toilet?]......ccccccevvevevrvennee. 0
BNG & YR [Only for the household] .......c.vevvveeceeevvecceeeceeee, 1
RSO A e/ S [Shared] 2
I (3% [Someone else] 3
#I7f= [Public] 4

AT B W 2= [Detail observation of the toilet facility]

10.4 AL TQE AV T [T IR T @ 95T ffire agw w4 27 (AfwE, G Senv)
[Path to the toilet suggests regular use (is clear, well-worn, without grass or any
barriers etc.)................. 00g

(1=t [Yes], O= 4T [No], 999= wife=t [DK], 888= itaey 717 [Not applicable])
10.5 BICECHR 3@ 9B 14w [Observe the general exterior of the toilet]
(1=t [Yes], O= 4 [No], 999= wif« [DK], 888= &tarer & [Not applicable])

a. ~RRIEIGT ToF @ oM =itz 2 [Is there any superstructure on the
toilet?]....000

b. @ wae / #mf =icg 52 [Is there a
door/curtain?]...cccueeeecvee e 000

c. T (AT @Al ANSAT RIGT 91T &1 IqF (FI (& @3 SACED IR FACo AR F2 [Can
an average sized adult use the toilet without being
Y=T=1 0 1 PP 000

d. DBICETGT TAF 'M SR 62 [Is there roof over the toilet?].....ccocvevveveveeeeennee. 000

e. YW G (I oy Sz & A T4 =M e A1 #Iete 112 [Is there any hole in
the roof that may allow water to enter through the

(01o] i T 000
f. Y AR SATA (@I #A12 =z 57 [Is there a ventilation
PIPE?] e, 000

a. Skip Note: I do0.¢.u 72 27 T&F o 2T, O do.¢.h T &TY T | [If
answer of 10.5.6 is 0, skip to 10.5h]

g. ~I¥AGT T FIF IR Wtz & 31 i Wie 77 2930 Afstaiy Fce #I1t2? [Is there a
cover on top odf the ventilation pipe that protects the flies from coing
out?]............ 000

h) SRR RERET IoTe & e tedt? [What are the walls of the toilet mostly
made of?].000]

1. &5 [Concrete]

B [Tin]

3/ [Bamboo/Mud]

155 [Plastic]

MRS 7Sl [Tree leaves]

A AT [Jute bag]

@ [Straw ]

NoubkwnN
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8. 15 [Wood]
888= &warey w7 [Not applicable])

i) AR =W e & e tedt? [What is the roof of the toilet mostly made
of?]......... 00O
@b [Concrete]
B [Tin]
3 [Bamboo]
A5 [Plastic]
R “Tel [Tree leaves]
G A [Jute bag]
. G [Straw ]
888= &rarey w7 [Not applicable])
10.6 BB (ATF T (I T2 (fEreamt FFw @2 78K Z0a == ) [Where does the
waste from toilet go? (Ask and observe if
POSSIDIE) ..t ooo

1. I ARNET IR AR LT AR (fereep™1r F=e+1) [Waste drains to
underground piped sewer system (Ask)] (So.b.5 52 &Y BT TS Skip to
Q10.8.1)

2. A Mo PIBR T0F 2ITrg W ETAITe AR (Teamre! 15 tedire Ffetea fag
TR B T | PIea il «ae fem Stz 6 A1 o=@ F9) [Waste
goes into onsite pit and stays there (Respondent will report using
concrete rings to make the pit. Observe the top of the pit and any
leakage)]

3. T IR PIUER ey SIetr Wdk (AT AFE (Teawiel 5 Tedite wefewrna g
T SrEd T | PIET ToAferr Wk foy SR 6 7 o1ftawe $9) [Waste
goes into offset pit and stays there (Respondent will report using
concrete rings to make the pit. Observe the top of the pit and any
leakage)]

4, I NG GISF LT AGCR G2 PR AR (BN ToEa FLG 6 e
@3 foy 90z & A1 #Icet S | [Waste goes into onsitetank and stays
there (Observe the concrete cover of the tank and any leakage.
Respondent will report building the tank with concrete lining rather
than buying the ring for pit lining)]

5. TE LB A YrR G (TRCHE AR (BIfHFT SATT TG DIl G
foy =tz & 11 <14t Fp1 | [Waste goes into offset tank and stays there
(Observe the concrete cover of the tank and any leakage. Respondent
will report building the tank with concrete lining rather than buying
the ring for pit lining)]

6. FACAE PG (*I1% e TweTl, g, T, 1009 @l »R PG Wy {fEe 27, e
2T @3 e 9T =W, ST B 13, «ft «sfere /e e Bifre)
[Compost pit (vegetable wastes, straw, grass, sawdust, ash added in
the pit, the waste used as manure, no water seal, Built in assistance
with the NGOs/government)]

7. N3 A CIFE A G AT (AT SR (T /T/ACS) 218tz (8T 2T
= ) [Waste drains to open ( lake/river/water) via

N o v s wN e
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pipe/covered drain (Observe if possible)] (30.b-.5 2 A4 BT < Skip to

Q10.8.1)
8. TIFM RIGl TE Wi ST (T SR (T /Al/AMTS) g (2R T

[Waste drains to lake/river/water via open drain (Observe)] (so0.b-.3 9%
&y e T« Skip to Q10.8.1)

9. et “wrz [Bucket] (So.b-.d 72 2T 5T ¥ Skip to Q10.8.1)

10. S SRR S A1 Ay @fiice stz (3=1€) [Waste directly fall into water
body or low land (Hanging)] (30.b-.5 =12 &% 5t T Skip to Q10.8.1)

777. <=5y (92 3= forg) [Other
(specify)]
888. &dtarer w7 [Not applicable]

31. e R fAIeh seey @hece (fir 112, TR =ieR) [Waste goes into offset pit
(Using no rings but slab)]

32. T R G Seey #iece (fir 11g, TR W18) [Waste goes into offset pit
(Using no rings or slab)]

33. el vea fAIehe e e (fair =g, TR 12) [Waste goes into offset pit
(Using rings but no slab)]

10.7 153/ Brifea A130F At fowtad veme “5ta< % [Observe the onsite or off site
pit/tank in all direction]

(1= =T [yes], 0= bv [No], 999= wfe=i [DK], 888= ey 77 [Not

applicable])
1. Prcea/onefa Teifsrerer M ate Tt orat Tt f52[Is the top of the pit visible
(above the
BIOUNG)] 2.t e e et e e e e rae e e e e e e enraee e e eeeanns ooo

2. AL TR fema/SRonsRe 12w foeta I 80 T (Al ARfF?
[Waste/faeces visible in or around the pipe, because of Leakage in the
connecting pipe?].....LI[I[]

3. fo5/Briefea fema el fowta At 913 W= (el AR [Waste/faeces visible
because of leakage in the pit/tank?]

Skip Note: 50.94.9 T2 2TxT T&d § 2T Yo.b 7 &Y 5 T | [If the answer to
question 10.7.3 is 1 go to question 10.8]

4, STl (T [ChR 1 g 5 /Br1efs eivam facar it i It ezt Face “Red [No
visible waste but broken pit/tank that may allow flies coming out of the
toilet?]....... 000

Skip Note: $0.94.8 T &Txd T&F » T Yo.b TR &7 5C1 I | [If the answer to
question 10.7.4 is 1 go to question 10.8]

5. ST (et Ao =11 g F(5/Briefere wiber/ Sl ol A ey it stife it 2hea
0o 96T I [No visible waste but crack in the pit/tank?]
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AT oA 9Z 2= [Observe the interior of the toilet]
10.8.1 “ITr=I/BICACE “IMLE 1 qec=<? [Odor of feces in the latrine/bathroom?]

(1=3 [Yes], 0= 7 [No], 888=2taiery 1% [not applicable])
10.8.2 Wifeg TofFRS TR 2 [Flies Present?] ..t 0
(1=3j [Yes], 0= 7 [No], 888=&TaTs5 717 [not applicable])
10.8.3 “IAITS Z717/ 25w =tg 2 [Is there a slab/platform in the
toilet?] e 0
(Note: TG ZrR/ 26T 5w veia (At e A, T @36 Fofxe feg wieg @3y
T 57 foota @ @M g-9 ANt efStary T8wEe $oi sfge s 1) (Note:
Squatting slab or platform that is covering the pit on all sides, has a squatting
hole and rose above the surrounding ground level to prevent any surface
water entering the pit)
Zt [Yes] =1
4 [No]=0 So.br.b W Q¥ 5eeT I (Skip to 10.8.6)
ey 97 [Not applicable]=888 so.b-.wa¢ &c% 5¢s7 I (Skip to 10.8.6)
10.8.4 TR &« T=wie [Main material of the floor (select

1 =% [Mud]
2 %1 [Wood]
3 PG [Cement]
4 B12E/35 [Tile / brick]
5 2if2<s [Plastic]
888 ATy 77/ 78] =7 7 [N/A / could not observe / cannot tell]
10.8.5 TIRELA (TS AT (LTS “ANSAT (51tR? [Is stool visible on the slab or
floor?]..ceeeeeiinnnn. O
(1=3 [Yes], 0= 7 [No], 888=2taier 1% [not applicable])
10.8.6 TN (WA (@I (74T 2Iew (TR 2 [Is stool visible on the
walls?]....cccceeeii. 0
(1=3j [Yes], 0= 7 [No], 888=&TaTs5 717 [not applicable])
10.8.7 ~ITLNIF WIS (AR (TS 2INeT ¢t 72 [Is stool visible on the
door/curtain?]......... 0
(1=3j [Yes], 0= 7 [No], 888=&TaTs5 717 [not applicable])
Skip note: If 10.8.3= 0/888 skip to 10.10

10.8.8 BICTH &9 € Wiz 2 [Is there any commode in the

toilet?]..cooeeeeeeeeeeennn. 0o
1= 21 [Yes]
0= [No] So0.5 MATH BT AT (Skip to
10.9)
888= ey w7 [not applicable] So.» T 0¥ beeT T (Skip to
10.9)
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10.8.9 smre 5 & ©r#i? Is the commode broken?

888= &qiey T [not applicable]
10.8.10 FCACT (FIF AL (TS AT (9707 & [Is there faeces visible in the
commode?] .......... 000
(1=3j [Yes], 0= 7 [No], 888=&TaTe5 717 [not applicable])
10.9 f¥efyw fewibrete™ vt =tk 2 [Is there a lid covering the squatting hole/drop
hole?] .....000

7t [Yes] =1

< [No]=0 So. YoM A LT A (Skip to
10.10)

ey 97 [Not applicable]=888 do.So R &C¥ beeT I (Skip to
10.10)

10.9.1 e g ffae e sovyefera vt fea1 62 [Is there a lid fully covering the
squatting hole at the time of observation?]

Zt [Yes] =1

< [No]=0

ey 99 [Not applicable]=888
10.10 ~rifs 5 361 7= S ¢oitz? (Note: #RIG 361 =i o< oA ovely =63 7 FCre 361
TR 1< <t | GTFCE, SABIR ST J& #ATAT A AR0ER P45 /571fF 7= <= &, I ewr e
W& o= (7 & A 39 36 | (Is the toilet full? (Note: Toilet is considered full if
faeces have reached over the exit of the squatting hole. In case of toilets with water
seal or offset pit/tank, if there is confusion flush water to see if the faeces flushes
AWAY. Jeeiiiiiiiiiicicc e e 0od

Zi[Yes] =1

4 [No]=0

wif=r [DK]=999,

ey w7 [Not applicable]=888

Skip note: If 10.8.3= 0/888 skip to 10.13

10.11 “IIE Fere9d feq® [tawese« [Observe through the hole in the
toilet].....ccoeeeeeennnnns 000

1. 28T #MIf SiTR (SR A 1 =iitg & 97 Sf eiF oy =5 #H1f¥ o)
[Water in pipe (Water seal, pour some water in the hole to check
if there is water in the water seal)]

2. Y A3 (AL AR (P GBI 34 712 [Only pipe visible (no water
seal)]

3. SIi%ef O (eBE 3e ©F) [Broken pipe (Water seal broken)]
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4, oI% (T3, (AT oS ot TR WeT (it e (FIea o1 T ), ot o515
@38 3 o T [No pipe, open hole to the pit, can see faeces
in the pit, but the pit is not full yet]
5. Jcredd feyfS & Wi O3 (It (faeces have reached the exit of the
squatting hole)
888. &darer < [Not applicable]
10.12 3 So.5> TR AT TeF R A © T, O WA sl efSTRAICY #H1BToR 0T & F =A”
7 (Cemrelts feresi w) [If answer to 12 is 2 or 3, is there any flap at the end of
the pipe to prevent files from coming out?] (Ask the
FESPONAENT ) ueeiieiiiiiiiiiiiieeiirrerreeeee e e ee e e eeeeennnans 00g

i[Yes] =1

4 [No]=0

wife [DK]=999

garer 99 [Not applicable]=888

10.13 *F: TN6 I Tg T 8 TS (I & AN foweg 1 Afgees F ¢ Soame
g wite/aace? [Observation: What materials for anal cleansing and hand wash are
present inside or immediately outside the latrine?]

il [Yes] =1
4 [No]=0

TS 7/~ 41 3783 &7 712 [Not Applicable/ Could not
observe]=888

1. SITSI/AT [LEAVES/Brass]..uuecerrereeireeeeireeeeereeeeeveeeeessereneeens 000
2. DG [TWIES/ SHICKS]eveereeeererereeeeeeeeeeeeeeeeeeeeeeeeeeseseseee e e seesens 000
3. 3% [Rag or

6. =N si@/aw=i/7=r [Water container /
VeSSel].cciiiiiiiieeeeeeee, 000

11 e 1 B VAV =Y o ) OO 000

9. =12 94l WG [Ash or soil for cleansing]........cccoveveeevvvecvesveeeenne. 000
10. AT FITE [NEWSPAPEI ] evvrrereeieiieeieeeeeeieeieennrrerreereeeeereessenes Qoo
11, TFRE TZ [NOthING].cueeveeveeeieieceeceeeeeeee e 000
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10.14 92 T 93 ARG F© =7 403 Wiez? (W T=565) [How long have you had the
present toilet in this place? (Don’t KNOW =999)]....cccveiivcineiieeeee e 00g

L) 3=3 (years)
O st (Month)

10.15 IS IR TORF 2I{F TR TAAAT IR T OFfsf FACoT?(TGsT: SEIMOICF SASTAT
#tT ¢9I) [Where did the household member defecate before this latrine was built?

(Note: Read out the responses to the respondent)].......ccccooeeeeececiieee e, O
T TN [OPEN].eiceiiriiricrierteiiee et eeeeereeres seeeeeesesennnnrens 1
RSO AT e/ weAwig [Owned a shared latrine]............. .. 2
97 FICAT [Used someone’s 1atring]......oooceeeeeeeceeveenie veveeenes 3
e (GKK) [Had another latrine (individual)]....ccccccovee uee.. 4
I T [DON'T KNOW .. vve ettt et 999
ST T [Not applicable].....ceveieieeeeeeeeees e, 888

10.16 & T A AGA (WeT/ A we) ©= frcafeer? [When did the latrine that
you use last fill up?]

......................................................................................................... RN

o[ fo« W 0wy [Within the last 3 months].......1

>9-Y T AT [> 3 — 6 months ago]......ccceeeuveenens 2

>U-52 T HC [> 6 — 12 months ago]................. 3

>3 WA AT [> 12 months ago]...oeeevvevecceeeenee. 4

Q378 ot 712 [Not yet filled upl....c.coeveevevererennnee 5

ey 9T [Not applicable]....ececeeceeereeevennne, 888

Tt/ 90w A= [DK/Unable to say]................. 999

Skip Note: I 50.3u72 &TXT ©GT ¢/brbb/555TT, OCF do. b7 &t T4 | [If answer of
10.16 is 5/888/999, skip to 10.18]

10.17 T4 =G/t o7 Picafeereds S & SeafeeE=? [What did you do when the
YA Ao T= 11 1To I SOOI O

TG 200 THITET 047 16 I 27 I @ Fy T87 F7AEe [Discarded

contents in a pit within 200 meters of the

=R T 0] PR
BT 200 WHIET A3 oS FF A: I97 @ Ty 87 FA2PAF[Discarded

contents in a pit > 200 meters from the

Y T Y=Y PSPPSR

RIS @T fSToreeT/aal/ AFF A S (@ 2N ST FCR AT ST e
[Discarded contents openly nearby bushes, river, pond or any other
8ENEral Water DOUY] ... eeeieiiiie et s rae e

269



GG (TP (el @aR Toa W6 tedt w4 [Covered the latrine and built a

TR VoY =Y U

72 e faf¥2 eifhcaw fesia «ite gefa® zea [Switched to the second pit

Of @ dUAl PIt IALIINE] oo e e e e e e e e e s aneres
ST (A2 T FTLT) [Other (SPECHY) oo eeeeeeies ceeeeeeeesrsee s e e e s eesnenens
R[] 1= R N\ To T A T oo [Tor=1 o] L= 1SS OO PPPR

10.18 AR AF 0Ly NI /AT AT AFTe |tz 2 [Is there any Human
faecespresent within the

houSEhOId?] ..o 0

BT [YES] oottt 1

1 1\ Lo U 0 So.30 T T 5eeT I (Skip to
10.20)

10.19 =R SR 0L NFCIF TeT/ALT #/0T SR TP A 2o [ &, o=
A? [Number of piles of Human faeces within the household that could be
considered open

Lo 13 L=Tor= 14 Lo 1 | SO TSRS 000

555 S MA5F (FLAF M7 o7 ©4t) [Too numerous to count (more than
10 piles)]

999 I FITHE /IFTFeIFqT 78 270 [Cannot tell / could not observe]
10.20 AFE FF L 2RF-ARE TeT/ArL 2% AFce ez F2 [Is there any Animal

faeces present within the household?].......cc.ueeiiviiiiiiii O
BT [YES] oottt 1
o1 1\ o ) PSSR 0 0.3 T2 & 5eeT F+ (Skip to
10.22)

10.21 TR SR 0Ly 21/~ o1/ #/0% Sieg, I T AR e [ahe =6,
o ey (MWEeIta 12t Seard ) [Number of piles of Animal faeces present within
the household (mark all that apply)]

555 S MA5F (FLAF AT 07 ©41F) [Too numerous to count (more than
10 piles)]

999 & AR T/ =weFa1 78T 2 [Cannot tell / could not observe]

1. »nf e (@ M/2e7/3ge7) [Poultry (chicken, duck, and pigeon)] .......... 000

2. /AT [COW / BUFFAI0]eeieieeiceeecetctee ettt 000
3. RIMET/COBT [GOAt / SNEEP]..cvecvreectiteeeeteeetee ettt ettt ten e 000
B R [PIZ] oo e e eeseeseesee s e e e s s s e e e esee s s s e 000
5. 339 N G [DOZ OF Cat]..evveeeeeceeerereceeseere et eese e eneenns 000
A L1 1 1 o 1T ol O 0o



10.22 @3 IEI AN TCLT NI Ne/ATTI A0 AP (Wt 2 [Is there any human

faeces present within the compouNd?]........cooviiiiiiiiiiiiiiie e O
31l ] R 1
1 1)\ o ] PR 0 50.38 72 &% b¢eT I+ (Skip to
10.24)

10.23 @3 T AN TCLT NGRS Ne/ATTI ATT WCR/AFCT A S A Zeoma [ahoe
([, ©fF 747? [Number of piles of Human faeces within the compound that could be
considered open

Lo [=] 1oz Y A o] 1 SO 000

555 4 7145 (FTo 74T Sof6d ©1tF) [Too numerous to count (more than
10 piles)]

999 & B /et 787 T [Cannot tell / could not observe]

10.24 @2 T AT N7 F-ANRG /AL ATT AFCS s 52 [Is there any
Animal faeces present within the

COMPOUNT? ittt eee et ee e e e e ereeeereenreens O
31l ] R 1
T INOT ettt 0 35.5 ¢ &% 5¢eT T (Skip to
11.1)

10.25 @2 BT 27/ TeT /AR 90T SR, T I =Zeom [eafoe 21, o7 Tet?
(Rfrzer s Sge 3+) [Number of piles of Animal faeces present within the

compound (mark all that apply)]

555 g 325 (Feoid 72T Sofba T#) [Too numerous to count (more than
10 piles)]

999 I [THR T/2IFweIFat 78K =7 [Cannot tell / could not observe]
1. #fif¥ Rea(32/21/F5e7 ) [Poultry (chicken, duck, and pigeon)]

2. *Iw/%f=F [Cow /
BUFFalO] et e 000

3. Qier/ceer [Goat /

777, 15
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Section 11: Hand washing

11.1 AR 7 S @R S T @RI TS ({2 (AT o7 O3 #{@e Fa°7) [Can
you show me where you mostly wash your hands after you back from the toilet?]

[(ASK TO SEE AND OBSERVE)] ..veviiiiiiiiiiiiiieiieeeeeeeiiiitreeeeeeeeesessttereeeeeeesesssnssesesesesssesessssenseesssssennns [
A fewca/wicz [Inside/near toilet facility] 1
S/ A B foe@/aIR [Inside/near kitchen/cooking
(o] Yo=Y [ TR U SRR 2
SO (AT (AT © F9CNa We&y) [Elsewhere in yard (within 3
3 =] 0 1) ] PO USSP R UTRRPIP 3
SO (AT (AT © TN W FE So FBF W4y) [Elsewhere
in yard (>3 steps but < 10 fEet)]..uuiiiiiiiiieecie e 4
ToCT AL (AT (AT So FHA AfE) [Outside yard (>10
feet from the [atring)] ... e e 5
THT (AT (ATF So FBF ) [Elsewhere in yard (>10
feet from the [atring)] ... e 6
AW @ BT (T2 [NO SPECIfiC PIACE] weveeveeeeeeeeeeeeeeeeeee ettt 7
AT ZHF T [NO PErMISSION 10 SEE] ..uveveivireeeereereeeteeteeteeeete et ereee e eseanan 666

Skip Note: T 35,572 06T T&T q T, ©F 55.¢-4 T [If answer is 7, skip to 11.5 ]

Skip Note: T $5.57 YT3T TEF (FIT VLY T, SF 53.¢-9 T [If answer of 11.1 is 666,
skipto 11.5]

11.2 G & 2o (4R o=y q/E A SIitg (71w $) [Observation only: Is water

available there for hand Washing?] .......eeii oo e e s O
I [YeS]eeeeeeeeeeiieeeeeee, 1
TINOL e, 0

11.3 BTG AR/ fEHRTSTS DA TS (LRI S (I ST (FATS (ATACZ 2 (Rea=wet
F9°4) [Observation only: Is there soap or detergent or locally used cleansing agent?]

271 [Yes]............. 1

[ Noj. 0
1. TTRIT [SOQP] ceeeeieirririeiiee et e e e eerrrrree e e e e e e e searrrereeeeees O
2. TOBITETT [DEtergent] .ovevveeeeeeeeeeeeieeeeeeeeeeeeee e 0
3. RE [ASh] s O
4. S5/ IRT [MUA/SANA] e 0
777. St (R 0= #19) [Other: specify] .oueeeecececececececeneee. 0
6. BT (52 97 [None of the above].......ocveevvvvveveveieen e, 0
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11.4 (2@ *RTH ) W TS (AR JITT T (AT (FIF SM 7 AF o3 Seamre! & 5
NG W0y 7 (R (@I SomIE Siwee #7ta? [Observation only: If cleaning agent is not
present, can the respondent bring cleaning agent within 1 minute?]

31 €= PSR 1
L 1) P 0
ey 99 [Not applicable]........... 888
R B Lol Yo = o PR 000
2. FOBIRTETD [DEtergent]..cucciceeceeceeeeiereceeeeeeeeee et 000
B RIB [ASH] i 000
4. TG/ I [MUd/SaNA] ..o 000
777. 55+ (A2 S o) [Other: specify] .ovevveveececveerenanen. 000
6. ToEF @952 97 [None of the above] ....ccocveeeeeevveeeicneine, 000
11.5 <i=if6Te == Biref =itg 52 [Do you have water tap for your household?] ...................... 0
31l R =X I 1
AN oo, 0
11.7 =S & So grewten (ries #1fd? [May | please look at your hands?]
ET ~FOICT (AT TIRET [Visible dirt]....ecvieeeeieeiceiceiceeceeeeeeeee et 1
ST ~FOIT (T AT oifamgo] f=e [Unclean appearance].........o.e......... 2
ATTEIRT TR [C1EAN] 1.ttt ettt et ea et et te st et e e saesae e erene 3
el 1 W /AT [Observation was not possible/refused)] .......... 4
1. ST Y [Fingernails] .....oooevvvveveeeeeeeeiennnee, O
2. TS [PAlMS] oo, O
3. A LS [Fingerpads].....coooevvvveeeeene. O

11.8 TS (4T AWI: ©-¢ I=F INCI A FrCyrR @w#fs [(Hand washing demo): Hand
washing demo for child 3 — 5 years old]:

W B O (AR FTHIRETSIC/S6RTDR (eIt 9 S S 21 ' (4ie (MfeT e (76 A
@ Temre! [T T (iR qae Aaeice fefv feerna gre wierafere o i fma @reete
I FC AR FE | [Please show me how you usually wash your hands after you go
to the toilet for defecation. (Please note in the blank space about how did she
washed her hands and later on how did she dry and fill up the following questions
with appropriate code)]

Seod R ARt A iR 257 A1 91 (F@ T [Please check this based on
answers of the open question.]
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11.8.1 ¥IfGre & 0-¢ =9 AT AT WCR? [Do the household has a baby aged
3-5 years...[]

Skip Note: T 53.b-.> TR &T*7 T&H 0 T OIRET $5.5-4 T | [If answer of 11.8.1is 0, skip to
11.9]

11.8.2 SR FafeeT
L L ol o =L =T | TP PRSPPI O

Skip Note:-af $5.b-.2 7 T3 T6F o 2T IR 5d.5-9 T [If answer of 11.8.2is 0,
skip to 11.9]

11.8.3 Y AT [USEA ONIY WALEI] vttt sttt ettt et e saesaeere e O
11.8.4 AT TGIRIT FCARET [USEA SOBP] cevevverreeirriirieeieeieeeieeeteseeseessesteereeseessesessessessesaeseesreens 0
11.8.5 72 %2 AR 91?7 [Washed both hands] .........ccceeueeeeeiiveeeieeececeecceeeeee e, 0
11.8.6 o (G 9 F9°) A e Tre qeacz"? [How long (count

seconds) the person rubs hands With SOAP? ......eeeeviiiiiiiiiiiiieeieeeeee e 0od
11.8.7 & O3 T© (NRY/ SFTAT ZERTR [Dried WIth]..oeeeeeeeeeeeeieeeeeeeeeeeeeeceeeeee s 0

AR S (<N oveT, @R/ Fifser 297ifw) [Dried hands on
clothing that she was wearing]: Sharir Anchal, shalwer/ kamiz

etc.... 1

T FAG (N e, AT=I, (ORI 2wgiw) [Dirty cloth (such as lungi,

gamsa, towel etc. those looked dirty)] ......coociveeiiciieeiccee e 2
AfTHF 1% [Clean cloth] 3

rere [Air dry] 4

w3t =3 [Not dry] 5

ey < [Not applicable] 888

11.9 2/S (41 &AW : @3 AR BIesfs e e« ~IfasaieEa grecdiar @w#« (Hand washing
demo): Hand washing demo child caregiver:]

VI S WA (A ARSI/ (oI SHAf S 19 =19 2o (41T (T B s
M @ Temmre! f[Feg 2w R e ARt fofi e zre wiemfere ar i Foga
(FIEYTAT 77 F0© AR F9¢1 1) [Please show me how you usually wash your hands
after you go to the toilet for defecation. (Please note in the blank space about how
did she washed her hands and later on how did she dry and fill up the following
questions with appropriate code)

qNoa A TeARTER e Nfew i A T e T [Please check this based on
answers of the open question.
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11.9.1 AR FCARCET [ParticiPated]..cueeveveeceeeeee ettt eeteetesreereereere s 0

Skip Note:-37 55.5.5 72 83T ©6F o TT ©IFA 33-9 T | [If answer of 11.9.1is 0,
skip to 12]

11.9.2 g AT G2 FERCET [Used ONlY Water]....veeeececereeeeereeereereees oo s O
11.9.3 TR GIZT FCRARETT [USEA SOAP].cvererererererrieeieeseeersseeeeeeteseseesse eressesseressessesesesns 0
11.9.4 %2 T EARCET [Washed both hands]..........ceieieieisierisisi e, O
11.9.5 I 407 (P el F+) Te AR e qeafeee« [How
long (count seconds) the personrub hands with s0ap? .......cccecvvevciiivcieeciee e, 000
11.9.6 T SRFERETT [Dried With.....occcveerreieervces s, O
“Afecga St (<Nfeq Wi, ETeR/ Fife genfn) [Dried hands on
clothing that she was wearing]: Sharir Anchal, shalwer/ kamiz et.......................... 1
fer/sMrr=l/SIey ([ AfEe FEA) @redr oot [Lungi / gamsa /
others (not wearing) and looked dirty].......ccccceeviiiiiiiiiii e 2
A= F17¢ [Clean cloth] 3
Irere [Air dry] 4
w3 =2 [Not dry] 5
&earey 9 [Not applicable] 888
12. @3 AFT (AT TS (AT TYAT @R I TR F? Has hand risne sampel been taken for this
hOoUSENOIA?.....cciiiiic 00O
X1 R =] PO 1
1\ o ) (R 0
&ugrey 9% [Not applicable]........... 888
13. €% FCS I FFIAZ I AR 2 Was a ball supplied to a child in this household?......L0 ]
BT [YES]oeeiiiiieicerieree e, 1
AINOL. e, 0
ey 99 [Not applicable]........... 888
14. 9% Qre Wik 71 G- Fro F1 20 2 Has Fly tapes been placed in this
household?........ 00O
X1l =T [N S ORI 1
FLINOL et 0
ey 9% [Not applicable]........... 888
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15. €3 A (AF A O FATFOI M@z I AR F 1 ©f fpvw zeaw=ey 2 Have you checked if all
the questionnaire is complete before leaving the

household?.......cocoeviirieiii e 000
BT [YES].iiiiieoiiriereeeeeeeeee e, 1
AINOJ. e 0
&ugrey 9% [Not applicable]........... 888

Thank you. Part-B is finished.

Name, signature of FRA: Checked by FRO:

276



Follow up questionnaire survey

Project title: Role of sanitation in preventing contamination of the domestic
environment and protecting health

Note: Ask these Questions to the mother or the main caregiver of the child.

(93 ePeTeTr AR [TF AT o1 ARBIFIRACE &0t 3 |

TOY COLLECTION SHEET (A4)

Household ID [ T T ][ T T}
Baseline visit related information =3y fefes eapre o=

1. Data collectors name

> Date of Interview 3. Time of Interview

11/ OO 7 13 (dd/mmiyy) forr%g : (1 (hh:mm, 24 hr

Follow up Visit

Household ID[ T ][ T 1T

4. Data collectors name

5. Date of Interview 6. Time of Interview

: hh: 24 h
(11 / 11 / CI (dd/mmiyy) forrgg (1] (hh:mm, 24 hr

7. Number of full hours since Baseline visit

[ T1: 11 (hh:mm, 24 hr format)
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Toy collection (&t 77 @R

8. w=g« [Location] []

PTe 937 18w [Outside home]

1 TS TR ARE- Toi Mibre
[Outside home- on ground in
yard]

2 IS qGEH ALE- I #Ait@ [Qutside
home- in a container]

3 FT© R A= Y (I AT
[Outside home- in another
home]

e 937 e [Inside home]

4 37e 974 foer@- JaFFS @I At
@fer=fE/ e [Inside home- in
storage container/cabinet]
5 31 934 foo@- Wb =& =5 &
sTree @Ry (Rert, Gfe) [Inside
home- on surface other than
ground, not in container
(table,bed,etc)]
6 FTe =4 foe@- ™Rt [Inside
home- on ground/floor]

7 =1 frea =ies fe=t [in child’s hand]
777 <51y (It o) [Others
(Specify)]

9...3e NS AR (07 AT [7)
[Could not retrieve](Skip to 20.)

9. Aifgs = Appearance..[ |

1... s<=e Unused

J9ze Wk Used and..

2 I7ze W3 A% [Used and
clean appearing]

3 Faze «3: weifasE [Used and

unclean appearance]

4 TaZe G NS W@l WG
et [Used and visibly dirty]

10. (Write any
additional notes on
toy appearance,
location, damage,
retrieval process,
etc.)

TR NG, g P,
Y-S, AL A
T TR T O
(I AT, T AR by
(T F2P)

11. g4 Seawres /i [Name of Respondent]:

12. @3 A7 BB fres ST g4 Seamreia 75w (index ) [Relationship of respondent
toindex child J...cccoovvvevveeenennnnnnn,

1... AT T=RIG IAHIT T [Mother of youngest child]
2... ARSI (4FF) [Male caregiver]
3... ~Ifa5ASIEr (N2 [Female caregiver other than mother]
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888... &y 7% [Not applicable]

PART B: Use of Toy Ball

13. S TS, SR e (B1eef5) 5 (et @S ey cdem Staw=?  [In your opinion, did
your child (target) play with the toy ball?].......cocooiiiiiiiiiieeeeee, 0d

1... 3t [Yes]
0... ST[No]
999... @I 1 [DK]

14, So=IF CS, AT B (B10ef5) (Lot 39 ot Fomret (2 FeacR? (B8R AT ) [In
your opinion, how much did your child (target) play with the toy ball? (read each
choice)]....ccouve... 00

... 9T oIF% 9 (4 91 ©1F @ I9) [Several times a day (4 or more times)]
... M <z 19 (2/3 919) [Few times a day (2/3 times)]
... B OF 9, I ANSTF 9 (AtF [Only once since he/she got the ball]

...C4ET FCACR [5® F99F F91c® AT a1 [Played but can’t tell how many times]
... 3498 97 [Never]
999... &if 9t [DK]

v A W N

15. P9 0o, N AT A AT ¢ IZET FN AT 9 (I 2 5 (L= 396 e e
ICAC®?  [In your opinion, did any of the children play with the toy
[oF-1 | I PO 00

1... = [Yes]
0... st [No] [17 =2 &t T (skip to 17)]
999... @if = [DK] [17 7R & T (skip to 17)]

16. SN 0O, AT AN A AT ¢ IZET TN ITAT I (I ¥ G (LT 97 Wew Foey
(Y1 FCRCR? (T€F ATE *M19) [In your opinion, how much did any of the other children
in the household or Bari play with the toy ball? (read each choice)]

1... % St 319 (4 1 O @ I9) [Several times a day (4 or more times)]
2... 7 33 919 (2/3 J17) [Few times a day (2/3 times)]
3... ¥Y &F 99, I “NSTF 7 (AtF [Only once since he/she got the ball]

4...(4=T FCACR [5€ $997 Fe1ce AE 71 [Played but can’t tell how many times]
5... 492 7T [Never]
999... &if 9t [DK]

17. SEE @2t See, S R (B1ee5) [ @ et sty 1R 9639 e, qifze, 91 & foe-
Jifacq A ©ItF 916 Mex (47 FEeR?  [From what you saw, did the children play with
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the ball mostly inside the home, mostly outside the home or equal amount inside and
outside the home?]......0]

1... @ATS AT PR 99 f&6ta [Mostly inside the home]
2... (AT I PR TCEF A& [Mostly outside the home]

3... IR 9FF fTera-MfF = ©itd [equal amounts inside and outside the home]
999... &ifT 9 [DK]

18. T2 I PR 931 oot fimt o7 F© 97 9 FEf5 (e =0 Faf@et? (T& ATT CHII)
[When the ball was inside, how often did the ball touch the ground? (read each
choice)]...ccovieeieeiinnen. 0d

1.5 77 [All of the time]
2...@ et 19w [Most of the time]

3... Y8 FU98¢ [Sometimes]

4...smifbe [Rarely]

5... 492 <% [Never]

7... TR T34 foora F492 (2= FE@W [Was never played with inside]
999... wifer =7 [DK]

19. T2 I PR 9= AR et O F© 9 9 @ (0t i FAfEr? (Ted #it <)
[When the ball was outside, how often did the ball touch the ground? (read each
choice)]...cccovirreeennnnne. 0d

1..5< 7 [All of the time]
2...@ et 19w [Most of the time]

3... I8 FU98 [Sometimes]

4...smifbe [Rarely]

5... 492 <% [Never]

7... TR TR AT FU8 (&7 Fea« [Was never played with outside]
999... &I =1 [DK]
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Appendix 4: Details of Microbiological sample collection and
laboratory procedures used in pilot study presented in chapter

2 and 3.

Hand contamination sample collection

Hand rinse sampling technique of collecting hand contamination data was
used since this technique has been used in many studies [1, 2] to assess hand
contamination and has been found to be associated with diarrhoea [2]. A
microbiologist trained in aseptic method of microbiological sample collection,
collected data on unannounced hand contamination from both hands of the mother
and the <5 children on the same day as the initial household questionnaire survey.

The mother of the <5 child was asked to give consent for giving hand rinse
sample for the under <5 child and herself. Hand rinsed samples were collected at the
beginning of the household questionnaire survey after the consent process was
complete. Both hands were rinsed in a Whirl-Pak bag (Nasco, Fort Atkinson, WI)
containing 200 ml sterile Ringer’s solution one after another. Ringer’s solution
contains sodium chloride, potassium chloride, calcium chloride di-hydrate, and
sodium lactate. The microbiologist held the bag from outside. When the selected
hand of the mother/child completely came into contact with the Ringer’s solution,
the microbiologist asked the mother/child to rub the fingers and palm against each
other for 15 seconds. Then the microbiologist massaged the inserted hand from the
outside of the Whirl-pak bag for additional 15 seconds to ensure that all parts of the
hand are fully immersed in Ringer’s solution. The microbiologist then instructed the
respondent to remove the hand, shaking it so that all the drops of solution remain in
the bag. The closed Whirl-Pak bags were placed immediately into a cold box,
maintained at < 10°C with ice packs, to prevent bacterial multiplication. Then the
samples were transported to the Environmental Microbiology Laboratory of icddr,b

for processing.

Sentinel toy sample collection

We measured contamination of a
sentinel non-porous plastic toy ball (20 cm
diameter) (Picture 1) as a measure of
environmental contamination, as this has been
found to be associated with quality of latrine in
Bangladesh [3, 4]. The sentinel toy sample
collection was conducted following similar
methodology as used in these studies.

The toy balls were initially sterilized,
wrapped in foil paper and stored in a sterile bag
until it was given to the selected households.
The sentinel toys were given to the households
for the child to play with on the same day as the
initial household questionnaire survey. The

Picture 7.1: Sentinel toy Ball

mother was instructed that the child can play with the toy ball with his usual play

281




mates and sites. The field team visited the household 24 hours later on the following
day to collect the toy rinse sample. During the follow up visit the microbiologist
asked the mother to locate the ball. The mother was then requested to place the ball
in a Whirl-Pak bag filled with 200 ml ringer’s solution. The ball was rinsed in the
solution for 30 seconds fully immersed. The bag was first shaken for 15 seconds and
then rubbed from outside for an additional 15 seconds to make sure all sides of the
ball is rinsed in the solution. Once the ball has been rinsed it was dried and given
back to the child. The closed Whirl-Pak bags were placed immediately into a cold
box, maintained at < 10°C with ice packs, to prevent bacterial multiplication. Then
the samples were transported to the lab for processing within 24 hours.

Floor/Yard sample collection

Based on the formative research, the field team identified potential mud
surfaces that can be consistently identified in different household. Surface rather
than soil sample was chosen as most of the contamination was found in the upper
surface of the soil [5] in a previous study. The surfaces were chosen based on the
experience of the formative research and the data on soil contamination in rural
Tanzania [5]. Two type of surface sample was collected. We collected environmental
contamination sample from the surfaces using a sterile Whirl-Pak Speci-Sponge bags
(Whirl-Pak Speci-Sponge bag, Nasco, Fort Atkinson, WI) (3.6 cm wide, 7.6 cm Long
and 1.5 cm thick) . The sponge was pre-hydrated with 20 ml of ringer’s solution in
the Environmental Microbiology Laboratory of icddr,b.

The first surface sample was collected from the floor of entrance of the main
house. A 100 cm?sampling area was marked on the centre of the floor/surface with
a sterile aluminium stencil frame. Between the samples collection in different
household the stencil frame was sterilized using 70% methanol. The sponge was
rubbed over the fixed sampling area twice, and then placed into the Whirl-Pak bag.

The second surface sample was a composite floor sample. The idea was to
collect surface sample from 3 different part of the same household to measure an
average of the faecal contamination. The 3 surface areas included the middle of the
yard, middle of the living room and middle of the kitchen. For the composite sample
one pre-hydrated sponge was used. The data collector first identified 100 cm 2 area
in each of the areas and sponged the area twice. One half of one side of a sponge
was swiped over 100 cm? sampling area twice so that sample from each of the 3 sites
can be collected using the same sponge.

The closed Whirl-pak bags were placed immediately into a cold box, maintained
at < 10°C with ice packs, to prevent bacterial multiplication. Then the samples were
transported to the lab for processing within 24 hours.

Quality Control

A sample Whirl-Pak bag was opened at the household during sample collection
and then closed without collecting any sample using the bag. This way a field blank
was analyzed every day to ensure sample rinse bags are free of indicator organisms
and are not getting contaminated during the field sampling process.
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Laboratory procedures

All the laboratory procedures took place in Environmental Microbiology Laboratory
of icddr,b.

Preparing toy balls

The toy balls were prepared following similar standard operating procedure as a
previous study conducted in Bangladesh [6]. The microbiologist washed the balls
with soap and water. Then the balls were dried with paper towel. Then the toys were
bathed in bleach [200mL of industrial bleach (5.25%) and 1.8 litters of distilled water]
for 10 minutes, making sure that the balls were coated with bleach, and after
S5minutes the balls were re-submerged into the bleach. The microbiologist then
removed the toys from bleach bath and placed in tub that was sterilized in with
bleach. Then the toys were rinsed with distilled water 3 times transferring to sterile
tubs between each rinse. Then the balls were left a sterile tub to dry for 30 minutes
to 1 hour. Once the balls were dry, they were wrapped in aluminium foil (Cleaned
with 70% ethanol), placed inside zipper bags and stored in bucket for the field team
to pick up.

Preparing sample for membrane filtration

The environmental contamination samples were processes by a
microbiologist in the Environmental Microbiology Laboratory of icddr,b. All the
environmental samples were stored in 2-8 °C refrigerators in the lab after
transported to the lab until analysed within 24 hours. The samples collected from
mother’s hands, child’s hands and sentinel toy was directly processed. In case of
sponge samples collected from the surfaces, 180ml of Ringer’s solution was poured
into each of the bags containing the sponge. Then the bags were manually shaken
vigorously for 1 minute and rubbed with hands for an additional minute. The
sponges were then removed from the bags leaving the solutions ready for further
processing.

Enumeration of faecal coliform and E. coli using membrane filtration

The samples were processed by a microbiologist via membrane filtration
technique to detect faecal coliform using mFC media and E.coli using Ml media
following EPA method [7, 8] (Box 1) used for drinking water.

The microbiologist filtered 50 ml to 1 ml (Table 2) of liquid recovery media
depending on turbidity and type of the sample through a 0.22 um Millipore (Billerica,
MA) membrane filter using a vacuum pump. In majority of the cases only one
volume was processed for each sample considering the resource constraints. To
develop preliminary understanding of the amount of sample to we first processed
samples collected from 3 households (Table 1). The samples from the first 3
households were not included in the final analysis. For each sample droplets of the
original recovery media, 10" and 10 dilutions of the recovery media, was also
plated at a total volume of 100 pl in case the results from the membrane filtration
appears Too Numerous to Count (TNTC) [9, 10]. If the samples processed via
membrane filtration on the first day produced no detectable colonies, a higher
concentration was filtered on the second day using samples stored at 4°C
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temperature. If there were no target colonies found in the plates on both the days,
then the microbiologists reported 0 CFU/200 ml of recovery media.

If there is no target colonies found in the plates then reported 0.5 CFU/200
ml of recovery media. If there is characteristic colony present and less than 500,
report as number of CFU per 200 ml of recovery media. If there is characteristic
colony present but exceed 500 CFU per membrane, then count the colonies found in
the in the droplet of the original recovery media. If the droplet of the original
recovery media is also found too numerous to count, then count droplet for 10
dilution were interpreted. In case the droplet of the 10™ is also too numerous to
count then consider the droplet of 107 dilution to count the number of CFU per 200
ml of recovery media. To control the quality of the test negative controls were
tested for contamination for each set of agar media. Every day one lab blank was
tested for contamination. The samples were processed by a microbiologist who
followed general standard operating procedures that are followed in the lab as
described in box 1.

Box 1: Standard operating procedure of enumeration of faecal coliform and E. coli
followed in the environmental microbiology laboratory of ICDDR,B

Filtration of sample through membrane filtration procedure

1. Label laboratory ID and processing date on mFC agar plate with a label pen.

2. Sterilize the surface of the Microfil Membrane Filtration Unit (Billerica, MA) by flaming
for 3-5 sec, paying particular attention to the outer edges.

3. Open amembrane (0.22um) envelope by peeling back one of the two “easy-to-open”
corners and place it on the Microfil support after sufficient cooling.

4. Take a sterile funnel, grasping from the middle and place it carefully on to the support.

5. Shake the sample for a while and then pour 50-1 ml or recovery media based on visual
inspection of turbidity and experience with the sample into the funnel. Filter the sample
under vacuum until the sample has passed entirely through the membrane. Close valve
of vacuum, remove the funnel, and press the lever on the vacuum support stem to lift the
membrane filter from the vacuum support surface.

Plating and Incubation

6. Use sterile forcep to remove the membrane filter and place the membrane filter on to the
mFC agar Petri dish for faecal coliform and Ml agar (BD Difco, Franklin Lakes, NJ) Petri
dish for E. coli. The orientation of the filter should remain the same as in the filtration
unit.

7. Drop plate 100 pl of original sample as well as 10 and 100 times diluted sample on to mFC
agar (faecal coliform) and Ml agar (E. coli).

8. Incubate the plate at 44.5 £ 0.2°C for 24 £ 2 hours for faecal coliform. Incubate the
plates at 35 * 2°C for 24 hours for E. coli. Store the remaining sample at 2-8°C in a
refrigerator for further repetition, if required.

Enumeration
9.

a) Carefully count the blue and greenish blue coloured colonies on the mFC agar and keep
record as FC in the Laboratory work log sheet.
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b) Carefully count the deep blue colour colonies on the Ml agar plate and record as E. coli.

Quality Control

10. Quality control is performed with each new lot of media prepared

a) For mFC agar Escherichia coli ATCC-13706 is used as positive control and Staphylococcus
aureus ATCC-25923 is used as negative control.

b) For MI agar Escherichia coli ATCC-13706 is used as positive control and Staphylococcus
aureus ATCC-25923 is used as negative control.

Interpretation

a) If there are no target colonies of faecal coliforms/E. coli on first day then filter a higher
amount of recovery media from the stored sample on the second day. If there are no
target colonies of faecal coliforms/E. coli both days, report: 0 CFU/200 mL.

b) If there is characteristic colony present and less than 500 CFU per membrane, report:
number of CFU/ 200 mL.

c) If there is characteristic colony present but exceed 500 CFU per membrane, than
interpret the colonies in the 100 ul droplets of the original sample.

d) If the 100 pl droplets of the original sample also exceed 500 CFU than interpret the
colonies in droplets of 10 times diluted sample.

e) ) If the 100 pl droplets of the 10 times diluted sample also exceed 500 CFU than interpret
the colonies in droplets of 100 times diluted sample.

f) If all the in all of the plates of the first day presents with characteristic colony more than
500 than repeat the test using appropriate dilution to achieve countable colony the next
day from the sample preserved in the refrigerator.
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Table 7.4: Volume of sample filtered or plated as droplets to successfully
enumerate E. Coli and faecal coliform in 3 household (pilot data not included in

the main analysis)

Type of E. Coli Faecal Coliform
sample
Amount filtered to detect Freq. | Amount filtered to detect colonies | Freq.
successfully detect colonies
1 | Mothers Day 1: 5 ml filtration 2 Day 1: 10 ml filtration 3
hands Day 2: 20 ml filtration 1
2 | Childs Hands Day 1: 5 ml filtration 2 Day 1: 10 ml filtration 3
Day 2: 20 ml filtration 1
3 | Sentinel toy Day 1: 5 ml filtration 2
100 pl of 10" dilution Drop | 1
4 | Entrance of Day 1: 0.5 ml filtration 2 Day 1: 100 pl of 10" dilution Drop |3
living room 100 l Drop 1
5 | Composite- Day 1: 0.5 ml filtration 3 Day 1: 100 pl of 10" dilution Drop |3

floor
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Table 7.5: Showing the percentage of samples with various detection limits for each type of sample (N=20)

Detection limit+ Mother’s Children’s Sentinel Entrance of Composite
hands (%) hands (%) toy living room floor
sample
Amount filtered or drop
Method plated Lower Upper EC* FC* EC FC FC EC FC EC FC
100 pl of 107 dilution Drop 100000 100000000 10% 5% 45% 35% 40% 4%
100 pl of 10" dilution Drop 10000 10000000 20% 35% 5% 10%
Drop plate technique 100 micro liter 1000 1000000 25% 20% 30% 10% 30% 15% 6%
1 ml filtration 100 100000 20% 25%
2 ml filtration 50 50000 30% 10% 35% 5% 5% 15%
Membrane filtration 5 ml filtration 20 20000 50% 15% 45% 20% 10%
10 ml filtration 10 10000 5% 25% 5% 25% 10%
20 ml filtration 5 5000 15% 10% 10% 15% 40%
50 ml 2 2000 0 5% 5% 10% 10%

* E. coli (EC), Faecal coliform (FC)

t For lower detection limit we counted 0.5 for no characteristic colony per plate and for upper detection limit we considered 500 colonies per plate to

countable.
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Appendix 5: Consent form and questionnaire for Neighbourhood
questionnaire survey

Informed consent form for neighbourhood questionnaire survey (Chapter 4)

Project title: Role of sanitation in preventing contamination of the domestic
environment and protecting health.

Part I: Information Sheet
Introduction

Hello (Assalamualaikum/Nomoshkar). My name is and | work with
the ICDDR,B (Cholera Hospital) in Dhaka. | am here to invite you to take part in a
research study. You are free to decide whether or not to be in the study.

Purpose of the research:

The purpose of this study is to understand whether neighbourhood sanitation
coverage is linked with household environmental contamination. This will help us
understand how to improve health of children.

Procedure:

We are enrolling households with at least one child aged between 6 and 24
months in the neighbourhood. If you agree to participate in the study | will visit
different parts of your household. At the end of observation i will ask some
guestions about your household routine and practices. It will take around 30
monutes. | will take some notes on a tablet computer.

| also wish to ask you for the permission to take pictures. | might take some
pictures of different facilities and activities of your household. | will show you the
pictures that | will take. If you agree, these pictures might be shown as illustration in
future presentations. If you do not want your face to be visible on the pictures | will
blur your face, so that nobody can recognize you

Benefits:

There is no immediate benefit to you from this study. The study will help us
better understand conditions in Bangladesh. This information may help to improve
child health in future.

Costs and Compensation:

There is no cost to you for being in this study. You will not receive anything
for being in the study.

Risks:

There is no risk from being in the study. We will only collect information. My
presence in your home for several hours may be uncomfortable for you. But we do
not expect any harm to come to you or your family because of the study.

Privacy:

We assure that the privacy of information identifying you will be strictly
maintained. The information identifying you will only be accessible to me, my
research team, the ethical Review Committee. Any information that is gathered
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about you and your family will be kept anonymous. All paper documents will be kept
in a locked cabinet at ICDDR,B. The research team will have sole access to the locked
cabinet. All digital data with personal identifiers will be maintained on secure
systems protected by passwords. Your name and identity will not be used in
reporting and presenting study findings, or in their publication in journals. We will
use the information only for the purpose of research. In case of future use of the
information collected from the study anonymous information may be supplied to
other researchers. But this will not compromise with your privacy and anonymity.

Voluntary participation:

You are free to decide whether or not to be in the study. You are free to
leave the study at any time. You do not have to give any reason for leaving the study.
You will not lose any benefits for leaving the study. If you do take part in the study,
you are free to refuse to answer any question. You do not have to give any reason
for refusing to answer any questions.

Persons to Contact

If you have any question about this research study you may contact Mr.
Tarique Md. Nurul Huda (Study Coordinator). His mobile number is 01772362311.
His office number is 988-1761.

If you have questions about your right in the study, you may call Mr. M A
Salam Khan, Committee coordination secretariat at 9886498. His office is located at
68, Shaheed Tajuddin Ahmed Sarani Mohakhali, Dhaka 1212.

Part ll: Consent Form

The nature of the study has been explained to me. | have had the opportunity
to ask questions about it. | understand what will be required of me and what will
happen to me, if | take part. | understand that my participation in this study is
voluntary. | understand that | do not have to answer any questions if | do not want. |
understand that | can leave the study freely at any time. | understand that these
conditions also apply to any children for whom | give consent to participate in the
study. | do agree to quotations from my participation in the study to be included
anonymously in reports about the study

[J | agree to participate in the study (tick)

[0 1 do agree to quotations from my participation in the study to be included
anonymously in reports about the study.

[ | give my consent for pictures of me and my household facilities to be
taken and used.

[ | give my consent for all household members below the age of 18 years
and for whom | am the parent of guardian to participate in the study. (Tick)

Name of the main caregiver

Age Years

Signature of the Investigator or his representative Date
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Neighbourhood questionnaire survey

Project title: Role of sanitation in preventing contamination of the domestic environment
and protecting health

Note: Ask these Questions to the mother or the main caregiver of the child.

(9 ereTeT IR T ST o ARBABIRNCE fersest )

PART A: QUESTIONNAIRE

Section 1: Questionnaire identification

1.1 ARt T [Neighbourhood ID]: .....covevevevevceceeeieerenne 000-000-00
1.2 At =R [Target Household ID]: ......ccveeviiiieiieieiecie e Oo0-000
(Please follow the specific code sheet)
1.3 3GErs 5% [Instrument Type] (Code: Cross Sectional Survey=A2)................ Al2
1.4 PSR TR [Cluster number (starting point NUMbEr)]: .......cccvveveueeveeererennnnns 0od
1.5 TSEME NN @R &IC [District name & district geocode]:.......cooevvveereervecrennee. ood

1.7 FRA T 9IN @32 (I [FRA name & COde]: .c.oovvririniiininenenesieeenieeneee o0
1.8 ov7 AT ©ifdd [Date of data collection]: .....cceveveeveveerennnee oo/o0/oo
1.9 o @R ¥ AT [Time of Starting (24 hrs)]: ceveeveeeeieeeeeeeeeeeee, 00:00

1.10 T+IRIE T0IR 2T Y0 fErei2 @ (@ ifSean fifem ¥+ [GIS coordinates of the entrance of
the living room].

Latitude | |
Longitude | |
1.11 =27 7@R 78T 7?2 [Is data collection POSSIDIE?] .....c.civveveeviiieecicececeeeeeee et 0
1=t [yes] 2.1 R &[T¥ BT T [skip to 2.1]
0=+ [No]
1.12 ™ 1.10 €3 TeF 0 27 o &7 [If 6.2 answer is 0, then Why?] .....oceeeveveeceieeeeeeeieeeeeenas 0
1= %% [Absent]
0= 7T [Refuse] 2y AR 1T Fe1 | [Interview ends here]

Section 2: Respondent and household/compound demographics
2.1. 24T TGO AT [Name of reSpoNdent]: .....cocceiviveeeieeereieeeiee ettt eeenas

2.2 TSN S 93 < F© & 9197 $63? [How many people in total live in your HH at
[T Q=TT =Y o o OO OO TP PSRRRRRRRTN 00
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2.3 SAIF TS ¢ I2CEF A1 Fo & 41 Sitz? [How many children less than five years old live
in your household?).

2.3.X TR [IMAIR] ... ottt ettt ettt ettt et et st ete st s e s tesesaeseaseasensane et s 0d
2.3.Y TG [FEMAIR]...cuecee ettt et sttt a s et sr e saeebe st ste st s e banteransens 00
Skip Note: f*® 321 oo 70T @, R &rx 5 I (If the number of the children=00 skip to g3.12)

2.4 SR @3 QI ¢ IRES (25 FOe 4% Witr? (TRIG (AtF I¥) [How many children less than
five years old live in your household? List the child youngest to old]

A. Child ID/Name B. Date of birth C. Agein D. Gender
(DD/MM/YY) | MONths Vet

Female=0

1.

2.

3.

4.

5.

Section 3: Household Faeces disposal

3.1 SR A T AR S G AT (@RI A2 (Note: TEISIE TEASTE T8 T
[Where do the members of your household usually go for defecation? (Note: Read out the
responses to the reSPoONAENT)]... ..o i e e N

5. @ & [Open bush]

6. T WMo [Open field]

7. T SR, 91/7FF/ECE St [Open, by the side of river/pond/lake]
8. AT [In a toilet]

3.2 S SRS (@RI 2T FE? Note: Teawiold SSIwET At w9 [Where do you usually
AETECATE ] vttt et er et et et e s b sbe sbeeteaabens b eeb e et b e aben st ns e s enbe steetesareneeseenan O

TS &3tes [Open bush]
T W [Open field]
T I, FA/7F/E At [Open, by the side of river/pond/lake]

A W N

2T [In a toilet]

3.3 IR QIR S 2 TF (Sbr+) T AT (A 2T 7?2 Note: SeIeIid Teawtet
2ItG TN [Where do other adults (18+) in the household usually defecate?]

5. T et [Open bush]
6. TUE W [Open field]
7. TR SR, T1/5F/EEF 2T [Open, by the side of river/pond/lake]
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8. AT [In a toilet]

3.4 I A <© I2F ¥ TGS @R AL FC@2 (2.4 TR 2 (AF W I 924 F9)
[Where do the <3 child in the household usually defecate? (Use name of the child from
QUESTION 2.4ttt ettt e e e et e e e e et tr e e e s e ata e e e e eaataeeeesaataeeeesanstaeeesanntaeeeeeanees 000

8. 5 [Potty]

9. wnfsi/erm=i/a=T [Nappy / diaper]

10. T (415 =) [In the courtyard (without potty)]

11. wtaw fewta (716 2o [Inside the house (without potty)]
12. AAER/BAETE [In Toilet / Latrine]

13. w-3ce/eeee [Bush / forest / field]

14. &= a2 s 73 [No specific place]

777. Sy (6 ferge) [Other (specify)]
888. ey 97 [Not Applicable]

999. wif¥ /i / Wf5® 77 [Don’t know / Not sure] 2I9IF S5 (F¢ it & 91 (T [Probe to

see if someone in the HH knows]

3.5 SR AR ©-¢ I2F 4 AT (@RI A @2 [Where do the children aged 3-5 years
UL UE | AV L= =Tor 1 < U PUPURURE 0od

8. 5 [Potty]

9. wrifsi/ereia/ar [Nappy / diaper]

10. B (515 =) [In the courtyard (without potty)]

11. 93 foetd (7ft =@ [Inside the house (without potty)]
12. AAER/BAEE [In Toilet / Latrine]

13. w-3ce/eeee [Bush / forest / field]

14. &= a2 s 73 [No specific place]

777. Sy (6 ferge) [Other (specify)]
888. &tarey 99 [Not Applicable]

999. wif¥ 71 / f%® 97 [Don’t know / Not sure] 4I9F S5 (F¢ &It & 97 (737 [Probe to

see if someone in the HH knows]

3.6 SIE UK ¢ I2EF (@ AT AT ALRTS (@RI 270 32 [Where do the children
above 5 (Upto 18 usually defecate? ] ... cuiei ettt et 0od

8. -ft [Potty]

9. wrifsi/ereiia/ar [Nappy / diaper]

10. T1w (515 =) [In the courtyard (without potty)]

11. 93 foetd (7ft =@ [Inside the house (without potty)]
12. AAER/BAEE [In Toilet / Latrine]

13. wi-ce/eEeeT [Bush / forest / field]
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14. &= a2 s 73 [No specific place]
777. Sy (6 ferge) [Other (specify)]
888. &tarey w7 [Not Applicable]

999. wif¥ /i / Wfs® 77 [Don’t know / Not sure] 2I9IF S5 (F¢ it i 91 (T3 [Probe to

see if someone in the HH knows]

3.7 S AT TR AL IR0 ? TGweIF Teqet@ #Ite W= [Where did you defecate
the last time? (Note: Read out the responses to the respondent)]

1. TYET &EceT [Open bush]
2. T W [Open field)
T SR, FA1/2[F</EE A [Open, by the side of river/pond/lake]
4. =FANE [In a toilet]
3.8 SAI (< T7F) R FEEIT T A FECR? [When was the last time your youngest child /

infant (<3 years) defecated?] ... 0od

1. 9% [Today]

2 ToFE [Yesterday]

3 3 4 qrsi@ =M [2 or more days ago]

4. G S AR 9 [Cannot remember]  ©.33 72 &7 5¢eT A7 (Skip to g3.12)

5 FeTce qifer 97 [Refused] ©.32 72 &% 5eeT A (Skip to g3.12)

888. ey 99 [Not Applicable] ©.3% 72 &Y beeT I (Skip to q3.12)
3.9 SR (<o J2F) R TEE TR A Facz? [Where did the child (<3 years) defecate the
last time?] ¥ ©&d AtE AT 91 [ Do Not Read ReSPONSES].....cvvuvevveeeeieieeecieceeanas oo

8. 5 [Potty]

9. wnfs/er=i/a=T [Nappy / diaper]

10. T (415 =) [In the courtyard (without potty)]

11. 93 foetd (7ft =@ [Inside the house (without potty)]

12. AAER/BAEE [In Toilet / Latrine] ©.32 72 &% 5CeT A (Skip to g3.12)
13. w-3ce/eeee [Bush / forest / field]

14. &= a2 s 75 [No specific place]

777. Sy (6 ferge) [Other (specify)]
888. ey w7 [Not Applicable]

999. wif¥ 7 / Wf5® 77 [Don’t know / Not sure] 29 S5 (F¢ it & 91 (73 [Probe to

see if someone in the HH knows]

3.10 @2 AT & 9 T@RE? [What was done with the faeces?] ¥/ &% #1te (*II9137 =1t [ Do
NOt REAU RESPONSES . vvvvrrrruririiiiiiiiiiieieieieeeeeeeeeeieeeeeeeeeeerrterersrerararar s araansasesseseees 000

9 AT 2T IR GTICNS (0T AT =AM [Left there]
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©.3% TR &Y 5¢T I [skip to 3.12]

10 BB/ foeta et/ 2@feet [Put / rinsed into toilet or latrine]
11 G/ foetd (/e 2aaf@e T [Put / rinsed into drain or ditch]
12 BEIE/ FEF S0z (41T 7@ [Rinsed near tubewell/pond]
13 TG /ST (T RS [Thrown into the bush / forest / field]
14 e SR W4y (el *@f%e [Thrown into garbage]
15 ¥ =t e 2@l [Thrown into a specific pit for child’s faeces]
16 W A =t &= =@ [Buried)
777. ey (301 ferg) [Other (specify)]
999. v« /@Pse 97 [Don’t know / Not sure] ©.32 72 &% 5eeT A1 [skip to 3.12]
3.11 G2 AL Sl fFerg AR FEfeEE? [How did you handle the faeces?] ¥ &g 7t
OIS ST [ DO NOt Read RESPONSES] ..vvuviieeriieienieeienieeseeeee e eiesteesee st e e e esseeee e 000
6. «%/4ifT 7t [Hands only/bare hands
7. Jlorg/ITel/rer/<eF6! [Hands and cloth / paper / leaves / straw]
8. W/’{@?W—aﬁm [Local agricultural hoe/instrument]
9. wif¥ % [Sani-scoop]
10. I« fog2 1 =7 1 [Did nothing]
777. S (3961 g [Other (specify)]
999. wif¥ 9 / Wfse 7w [Don’t know / not sure]
3.12 ST e (0 - ¢ IRET ) FEEHT T AT FECR? [When was the last time your youngest
child / infant (3-5) defeCated?] .....cceiiuiiiiiiiecece ettt 0o
1. % [Today]
2 ToFE [Yesterday]
3 3 4 It si@ =M [2 or more days ago]
4. WG F9ce AFR A1 [Cannot remember] .50 72 & 5T I (Skip to 3.16)
5 JeTce 3ifer 57 [Refused)] ©.3Y 72 &% 5eeT A (Skip to 3.16)
888. &y 99 [Not Applicable] 0.3 TR & 5¢T JI (Skip to 3.16)
3.13 ST (0-¢ IR R TER @RI “ILET Feace? [Where did the child 3 =5 years defecate
TNE LAST HIMEP] i e e e ee e e e e e e e ee e enabraraereeees 0od
8. 5 [Potty]
9. wnfsi/erm=i/a=T [Nappy / diaper]
10. T (415 =) [In the courtyard (without potty)]
11. wtaw fewta (716 2o [Inside the house (without potty)]
12. *IFEE/GAETE [In Toilet / Latrine] ©.3Y 72 &% 5CeT A (Skip to 3.16)
13. @I9-3ce/eme [Bush / forest / field] 0.3 7R &% 5T JI (Skip to 3.16)
14. &= a2 s 75 [No specific place]
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777. Sy (6 ferge) [Other (specify)]
888. &tarey 97 [Not Applicable]

999. wif¥ 7 / Wfs® 77 [Don’t know / Not sure] 2I9IF S5 (F¢ it i 91 (T3 [Probe to
see if someone in the HH knows] 0.3 TR & 5CT JI (Skip to 3.16)

3.14 @2 A f& w9 2@feer? [What was done with the faeces?] ¥/ ©ed #te (113w 9. Do Not
REAA RESPONSES].cciuuvrreeiiuiirieeiiiieteesiitteeessstteeessseaeeeesssseeesssnseensaneeesseseens 0o

1. AT AT MRS GTACE (e AT Azt [Left there]

0.3 TR & 5¢T JI (Skip to 3.16)
TG /AT fowta (Fel/cdil 2@f=e [Put / rinsed into toilet or latrine]
/TR foeta FeTl/car z@fe [Put / rinsed into drain or ditch]
TRATA-ATCY /S (el 2= [Thrown into the bush / forest / field]
! SRR W4 (Al g@=A [Thrown into garbage)]
faf¥ «1t$ et za@fewt [Thrown into a specific pit for child’s faeces]
WS o 2t Fetr 2@ [Buried]
777. Sy (30 ferge) [Other (specify)]
999. wifvar/fPoe 97 [Don’t know / Not sure] <9I S5 (FC &I & 71 (14T

N u ok~ w N

[Probe to see if someone in the HH knows] ©.5b ¢ &% 57 1 (Skip to 3.16)

3.15 @2 AL Sy feea «Afies sEfee? [How did you handle the faeces?] ¥ Teq 2t
CICIT I [DO NOt REAd RESPONSES]..eeiuvriiiieeeeirieeeeciirieeeeitreeeeesibtreeeesenreeesesnseeeeeesnsseeneas 000

6. =7/ =te [Hands only/bare hands

7. lorg/Ilel/rer/<e6 [Hands and cloth / paper / leaves / straw]
8. W/’{@?W—aﬁm [Local agricultural hoe/instrument]
9. wif¥ % [Sani-scoop]

10. i< fog2 <1 =7 1 [Did nothing]
777. Sy (61 fergd) [Other (specify)]
999. wify 9 / M = [Don’t know / not sure]

3.16 S7FIF AR ¢ IZEF @ FR(Sb 27 L) AL TR AT FEez? [Where did the child
above 5 years (up to 18 years) defecate the last time?]........ccccecvveeeiiiiiiiee e, 000

8. % [Potty]

9. wnfei/er=i/aT Nappy / diaper
10. T (41 =) [In the courtyard (without potty)]

11. wtaw fewta (716 2o [Inside the house (without potty)]
12. “ARLER/GAEE [In Toilet / Latrine]

13. wi-cy/eEeet [Bush / forest / field]
14. = e sz 77 [No specific place]
777. S (I #13F) [Other (specify)]
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888.  &cey 99 [Not Applicable]
999. wifNar/ffee 99 [Don’t know / Not sure] {9IF SFF (FC &I F 71 (74T
[Probe to see if someone in the HH knows]
PART B: SPOT CHECKS

AT AF A, ATTHT 932 FZPTS GBI A e [aete (e oy oy i[5 Sireee 9@a
fooq ¥ AT SR @I @ 7are #iif7 2 [May | take a look around your home to look at
some of the items related to water, sanitation, and hygiene?]

Section 4: Sanitation
4.1 AN AT AR ALETTS (Tl LICAT ATTAA TTZIT T 2.eeeeeeeerrrernnnaaeeeseeseesessesnnsenns 0o

Note: SEmreitd ARG (TUITS SR FF9 Q3R ARG *RETH TR 7 (@FC I | I T 2T
AT (BT FI T AT ACE SR T FCF TS (IR I ©F (&R BT T

[What kind of toilet facility do members of your household usually use?]

(Note: Request the respondent to show the toilet facility and code after observing the
facility. If “flush” or “pour flush” probe/check: Where does it flush to?)

BTG AT N1 (BT FT F1 BAC6 (T 3R~ (R SABR e AL e

[Flush or pour flush toilet flushed to] (Observe the slab and water seal containing

water):
BACABTS *RHH 2B A AL T WA [Piped sewer system] .............. 01
SaeEbre TS BrieE AT AR (G713 Fe@is e et Sieg 6 1y 52ee)
[Septic tank] (Observe the concrete cover of the tank)........cccceveeveecerceenennn. 02
TGS Biie W12 5@ FIT 307 A1 2N Gre A Siev /e Piesa Seay Il o
[Flush to pit latrine (onsite/Off set) with slab and water seal] .................. 03
IS SR /AR @ s @12/ sifes [Unknown place/not sure/DK
WHEBIE] ...t e e e e e e ee bbb eeeeeeeeeseenanraeaes 04
P55, TR W fFE eqibR B 73 S FNCE BT (FIF 77! A0R) [Pit
latrine with slab & no water seal but with a lid]......ccccecvevieeviereneiece e, 05

55010 ATS FK R, ©F SR P (72 [*g Fiel =Nieg (Semrsite e 71(F ferset
T, @ CF@ AT O I AT 25T AT <Ae T T TR 1208 T Sty ) ... 06

[Pit latrine with slab and flap, no water seal] (Ask the respondent about the flap,
Flap: a plastic is attached at the end of the pipe to prevent files from coming out of

the pit).
Y GEbE BTN TS FIG (TR W (SFHTemIa 2113t 1K=+ F%+) [Ventilated Improved
Pit (VIP) latrine] (Observe the slab and ventilation pipe)]...........ccooiiiiiiiniin. 07

wacANfee Baesit [Composting toilet, (Composting toilet ensure separation of urine,
WAter aNd eXCreta)., .....c..cocovviiucuiinieiciiiiiciciie s 08

(N1 e T, <, q, eI 9Tl W3 P oy e 2w, e oI @3 wern akme 77,
SR T T2 | G5 TN TG e} Nemisaet fEe1es ARFTe I A1 A8 AFTS 2I17H)
(vegetable wastes, straw, grass, sawdust, ash added in the pit, the waste used as
manure, no water seal. A composting latrine may or may not have a urine separation

device.)]
oI5/ ST =61 S1(% (1, 8GR P 73 ST SABR e St @R (1 GIears (72 [Pit
latrine with slab & no water seal/broken water seal and no lid]. ....ccccccovvvveeennnneen. 09
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TG0 ILAT AN (G FIT T ST T (I A, (@, AT 39 L AL

T 0T AT ATEIT B B ATTF cvovveeereererersesesnnneesesessesssssssesesssssssssesess 10
[Flush or pour flush toilet connected to somewhere else (canal, ditch, river,
etc.)]
f215/518 ST, =B T3 Q7R (A (ATF /1R IS BT FACS #IMTF IR i TOI........ 11
[Pit latrine without slab/open pit]
I AR [Hanging toilet/Iatring] c...eeeeeeeeeeeeeeeeeeeeeeeeeee e 12
IFIRE [BUCKEL]..v.veveeeveeeee ettt see et et ees e et ese et seseee e esessessessensessesesresseseessesseans 13
CXI=T S/ BAcjU (Open defecation):
TP AR (F8/esrea/eaiest aey/ (A=t e [No facility/bush/field] .................... 14
sy (A2 @ 7gm) [Others: SPECify]. ....coveiveeiieieecece e 777

4.1.1 ~RE feredas @r=feEt fifm $%4 [GIS coordinates of the source fo drinking
water].

Latitude | |

Longitude | |

Skip Note-: a1 4.1 = ety Tex 14 =7, ot 4.14 < awg A1 [If answer of 4.1 is 14, skip
to 4.18]

4.2.1 AN S CS AL 93 AT AT 729 T4 2@ =@T? [When was the most recent time

this toilet Was USEA?] .uiviiiiieeiiiieeie et ()0 fae e [days ago]
4.2.2 sty & @ siEifs s@y <9E 3T e 59=9 F@EE? [Do you share this toilet facility with
OThEr NOUSENOIAS?] oo e e e e reeeee eereerbebeseeseesae st ene 0od

(Note: v & 1 (o1IfF, T 3 TR BITT I S AT GF3 T (AT AR *[NSF 27 I, SR w7
J[FF Sere 2ot [Reafee 2@ 1) (Note: Any person or group of persons related or unrelated
who do not live in the same dwelling space and do not share a common source of food as
the respondent would be considered to belong to other household. )

1=t [yes]

0=+ [No] 4.3.2 T &Y 56 T [skip to 4.3.2]

999= wifear [DK] 4.3.2 R &0y BT T [skip to 4.3.2]

888= &taer w7 [Not applicable] 4.3.2 R &Y B T [skip to 4.3.2]
4.3 FOUTE T T AT TRRITTE 2 oot ssseneas 00
(2 T @R A= %) [(Ask and check): how many households sharing the toilet facility?]
4.3.1 PR S#iRIET Foe @] AR 5k 2 [How many people including children use

L1 1S (01 = N
4.3.2 Arifa et 2 (e T=7) [(Ask): Ownership type of the TOIlet?]........ccccvvveeeeeereene, O
@ @ A= [Only for the household]........c.cvevcviecicieicceae 1
T QT AT TG [SNAE]......ooeoeeeeeeeeereeeneneeennnnnsnesesssneeneeseeeeeeeeeen 2
AT (P [ SOMEONE EISE]......vveeeieteteeeee ettt 3
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AT [PUBIIC] ..t 4
AT IZT W *1F== [Detail observation of the toilet facility]

4.4 AT TR IV (AT FIT AR 7 T B fRfire 7w w4 =7 (<fFwE, S genifw ) Path to the
toilet suggests regular use (is clear, well-worn, without grass or any barriers etc.)............ 0od

(1= [Yes], 0= 9T [No], 999= wife [DK], 888= awres 17 [Not applicable])
4.5 BCEIHT A30ER 9T A= [Observe the general exterior of the toilet]
(1= [Yes], 0= 91 [No], 999= wife=i [DK], 888= awres 1% [Not applicable])

1 “IIGT o7 (@I B Witz 62 [Is there any superstructure on the toilet?]........ 000
2 @ et [ omf SCg 62 [Is there a door/cuUrtain?].....ccceveveeeeeeeeeeeeeeeeeeee e 0od
3 TR (A (T AT QT T Al IAHF (ST WS G BICTG G- Fc0 e 52 [Can an
average sized adult use the toilet without being seen?].......cccccceeeecieiiicciiieieccieee. 00a
4 BICETHR T2 7w STz 152 [Is there roof over the toilet?].....ovivceveiceicieccceeeeee, o000
5 7 a3 (@19 fen Witz & 77 MG 'm ey A Afers #ii@? [Is there any hole in the roof
that may allow water to enter through the roof?].......cccoeeieeiiiiiccee e, 000
6 Y EIGE ST (I =135 =g 57 [Is there a ventilation pipe?]....ccvevevevevevrereevennnes 00o

Skip Note-: afw 10.5f 7k @e Tex 0 7%, ©t3 10.5h R &e =91 [If answer of 10.5f
is0, skip to 10.5N]

7 A%l OF MAR (@ FOIF SR F 1 0T TR (@7 26T 2/fStag FA0e #A1 ? [Is there a cover on

top odf the ventilation pipe that protects the flies from coing out?]......c.cccooecveveenens 00d
h) “ER (R TS 5 e tedr? [What are the walls of the toilet mostly made
O 2] ettt ettt ettt ettt ettt e ettt et et ettt ettt et e e e et et et ettt eeeeeeeeneeeanes 000
8. (&b [Concrete]
9. 9 [Tin]

10. 3Im/xif6 [Bamboo/Mud]
11. 253 [Plastic]

12. It=d 7Tl [Tree leaves]
13. IG5 < [Jute bag]

14. T [Straw ]

8. 5 [Wood)]
888= &tarer w17 [Not applicable])

i) “rER Em e [ e tedt? [What is the roof of the toilet mostly made of?]..C00

8. &b [Concrete]

9. 5« [Tin]

10. 3™ [Bamboo]

11. 2= [Plastic]

12. °lteS 7Sl [Tree leaves]

13. #Ilt69 AT [Jute bag]

14. G [Straw ]

888= ataey w7 [Not applicable])
4.6 TIACET (AF T (@RI TR? (FrearT w7 @R 789 2@ 2w 949) [[Where does the waste
from toilet go? (Ask and observe if PossibIE)] ......coocviiiiiiiii e, 00
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11.

12.

13.

14,

15.

16.

17.

18.

19.
20.

777. 5=y (RfWE w3 fge) [Other (specify)]

FE ISE A “ecg (fSre@rT 7F) [Waste drains to underground piped sewer
(Ask)]

(4..8.1 =2 &y v A Skip to Q4.8.1)

E NG AT W1y TR G2 CRAS AR (Teawrs! P45 tedite wef@ana fae =i
T Fa | e Seifaerr w3k fem itg fF A1 At $%9) [Waste goes into
onsite pit and stays there (Respondent will report using concrete rings to
make the pit. Observe the top of the pit and any leakage)]

A TR IR 0y SIBrR W3R GTATAR. AR (Teamrel AT Tedite wferna fag 7itd
e 99 | Pise Tl Wk fzg witg € A o w FPw)  [Waste goes into
offset pit and stays there (Respondent will report using concrete rings to
make the pit. Observe the top of the pit and any leakage)]

T NE BT Ty Aerg R G AR (G Soitaa weferisa vt «<e fzeg
TR 91 14w F°9 | [Waste goes into onsite tank and stays there (Observe
the concrete cover of the tank and any leakage. Respondent will report
building the tank with concrete lining rather than buying the ring for pit
lining)]

TR VO BIRT WO AR R (TR AR (BT St Sfercoa ool @ fomy
TR fF 97 /= F | [Waste goes into offset tank and stays there (Observe
the concrete cover of the tank and any leakage. Respondent will report
building the tank with concrete lining rather than buying the ring for pit
lining)]

FACAIB PG (*I1% Rfea Tet, ¥, €7, FIod @, =3 Py Wy e 77, s e
% T IRTS TF, SR B w1, «ft usfene//maR wTew ifre) [Compost pit
(vegetable wastes, straw, grass, sawdust, ash added in the pit, the waste
used as manure, no water seal, Built in assistance with the
NGOs/government)]

ALl Al BIFGE TN e STl (AT ST (T //ACS) 2I8R (I 20 AL et
) [Waste drains to open ( lake/river/water) via pipe/covered drain
(Observe if possible)] (4..8.1 &y veeT T Skip to Q4.8.1)

T RIST ST e S (AT S (/a6 et (SR ) [Waste
drains to lake/river/water via open drain (Observe)] (4..8.1 ¥R &% B¢ T4
Skip to Q4.8.1)

Efere ez [Bucket] (4..8.1 7R &t¥ 5t T Skip to Q4.8.1)

! IR eIy AT Ay s e wece (3E1€) [Waste directly fall into water body

or low land (Hanging)] (4..8.1 =&y oeeT T Skip to Q4.8.1)

888. &drey w9 [Not applicable]

31. ST e PIB Wedy ofece (e 713, T ©itR) [Waste goes into offset pit (Using no
rings but slab)]

32. s R OB ey Aiec (e 7%, =) W1%) [Waste goes into offset pit (Using no
rings or slab)]

33. el R A W sfece (i wiitg, =19 918) [Waste goes into offset pit (Using
rings but no slab)]

4.7 PI5a/ Sirefe A2 A1 foeta@ vece Kt %= [Observe the onsite or off site pit/tank in

all direction]

(1=t [yes], o= =1 [No], 999= wif<=ir [DK], 888= &iey =11 [Not applicable])
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1. 1o Seifsrer Wb (it Toita 4t ATk 52 [Is the top of the pit visible (above the
L= { QoYU T g Yo | T IR 00d

2. @ T omE/eraE IR oNgeem feerd q IR@ W i AR 92
[Waste/faeces visible in or around the pipe, because of Leakage in the

(olo] o TaT=Tol a1 aV=d o 1 0TIl U RURR ood
3. Pi5/orefea fema Fiaee fowtg 1 3@ e (7T ATB [Waste/faeces visible because
of leakage in the Pit/tank?] ......coveiiieiiice e 000

Skip Note: 4.7c =R 27 Teq 1201 8.5 7R & 5 A |

[If the answer to question 4.7c is 1 go to question 4.8]

4, e rdt TR 1 fSg PI5/ArS ol [ e st wife st Jnear F9ce AR [No
visible waste but broken pit/tank that may allow flies coming out of the toilet?]

Skip Note: 4.7d 7 @07 Ted 1 T(T 8. 7R &TX] 5T A |
[If the answer to question 4.7d is 1 go to question 4.8]

5. e (et AMevr 1 g G/ /Biikfate e/ SiReiw (adl AMehe. Al e It sife S 2t
FACo AR 91 [No visible waste but crack in the pit/tank?]........ccocveeeeiienneenns ooo

AT TSIBA WF! AFF [Observe the interior of the toilet]

4.8.1 ARAT/BICEEG AN 1% @R fF2 [Odor of feces in the latrine/bathroom?] ............ 0
(1= Zit[Yes], 0= af [No], &rey 717 [not applicable] =888)]
4.8.2 Wifeg ToAZS TR 2 [FlIes PreSent?] ..ceeveececeeeeeceeeeeete ettt O
(1= Zt[Yes], 0= af[No], &Iy 7% [not applicable] =888)]

4.8.3 “IIAITe T319/ 25w ©itg 2 [Is there a slab/platform in the toilet?]........ccccovvveveevcnnenee. 0
(Note: t=ifoe TR/ 25w FHI50F voMa (ATF GrF A0, I @6 ol oy =itz @3 Tt 57
oo @ @ g-rda AT & eiferarty Towe $oita wafge 4w 1) (Note: Squatting slab
or platform that is covering the pit on all sides, has a squatting hole and rose above
the surrounding ground level to prevent any surface water entering the pit)

=7 [Yes] =1

< [No]=0 4.8.6 TR AN BT TN (Skip to 4.8.6)

&arey <9 [Not applicable]=888 4.8.6 w1 &t¥ 51 T (Skip to 4.8.6)
4.8.4 TR 2419 T=WIF [Main material of the floor (select 1)].....ccvevveveeeeeeecieieeeeenennn, ood

[1] =6 Mud

[2] <15 Wood

[3] PG Cement
[4] T©rEem/25 Tile / brick
[5] 2if3= Plastic

[ 888 ] awarey w/~t=re 781 =7 {9 N/A / could not observe / cannot tell

4.8.5 T7IR LT (WCRATS AT (TS 2T (TR 2 [Is Stool visible on the slab or floor?]......... 000
(1= Zit[Yes], 0= af [No], &arey ¥ [not applicable] =888)]

4.8.6 ~IITAFF T (@I AL (7T “A1eq ¢tz 2 [Is Stool visible on the walls?]........... 0
(1= 37 [Yes], 0= 7 [No], &% 7% [not applicable] =888)]

4.8.7 SM_IE VAR (I AT (74T 7e (tg 772 [Is Stool visible on the door/curtain?].[]
(1= 3 [Yes], 0= 7 [No], &7 =17 [not applicable] =888)]

Skip note: If 4.8.3= 0/888 skip to 4.10

4.8.8 SICTE (&I FCIC R 52 [Is there any commode in the toilet?]......ccceeveveeveevecienenens 0o
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1=3j [Yes],
0= 41 [No], 4.9 R &Y ¢ T (Skip to 4.9)
ey 99 [not applicable] =888)] 4.9 TR 0¥ 5t T (Skip to 4.9)
4.8.9 e 5 5 ©f#1? Is the commode BrokeNn ? ......ocuvcvieeieeieeeieeeeceeeeeeeeeee e 000
(1= [Yes], O= 7 [No], &% 7% [not applicable] =888)]
4.8.10 ST (FIF AT (FATS s (31T i [Is there faeces visible in the commode?]....... 00d
(1= 37 [Yes], 0= 7 [No], &t 917 [not applicable] =888)]
4.9 fifs feyfore @ et WCR 2 [Is there a lid covering the squatting hole/drop hole?]

7T [Yes] =1

< [No]=0 4.10 = &ty B¢ A (Skip to 4.10)

&earey 4 [Not applicable]=888 4.10 = &ty 51 I (Skip to 4.10)
4.9.1 ~¥=eeR T e femfs e vt feot &2 [Is there a lid fully covering the squatting
hole at the time of 0bSErvation?] ......coccvveeiiiiiiiicee e 00d

7T [Yes] =1
< [No]=0
&eares 99 [Not applicable]=888

4.10 “rEiG &5 e 7 owF oitz? (Note: ARG W& qr@r o5 o1 arely 203 3 s w=1 g spef
ATF | qUH@, GBI e I 2L A1 I2CER FI5/571F 72 ARLR &y, W vz A Te ol (7L
oy “ffS F S | (Is the toilet full? (Note: Toilet is considered full if faeces have reached
over the exit of the squatting hole. In case of toilets with water seal or offset pit/tank, if
there is confusion flush water to see if the faeces flushes away. ) ....cccccveivvieiiiiiciinnnnnns 0oo

7t [Yes] =1

<1 [No]=0

wifeer [DK]=999,

&eares 99 [Not applicable]=888
Skip note: If 4.8.3= 0/888 skip to 4.13
4.11 = IS @7 fewfS st e [Observe through the hole in the toilet]............... ood

6. N3Ter AN SITR (ST e =1 Sieg & 91 SF (riE &= = A1 5) [Water in pipe
(Water seal, pour some water in the hole to check if there is water in the water
seal)]

7. Y ARA (AT AR (FW SAGE 374 @2 [Only pipe visible (no water seal)]

12~ OrEt (@GR 3Tt ©f#) [Broken pipe (Water seal broken)]

9. %5 (73, (UM 1S facay W Wt (7t [ievg (P51 e ), ot 5 s 799 sea
T [No pipe, open hole to the pit, can see fagces in the pit, but the pit is not full
yet]

10. st W3 femfs W&t e ©ca (oite (faeces have reached the exit of the squatting hole)

888 &tarey = [Not applicable]

4.12 37 411 R ot Teq 2 A 3 =, O WAl T elfotany iR e i e Wi 67

(Seamrers fereepir s°+) [If answer to 12 is 2 or 3, is there any flap at the end of the pipe to

prevent files from coming out?] (Ask the respondent).........cccceecuiieieiiciiie e, 000

%

7t [Yes] =1

< [No]=0

wifear [DK]=999

&earey 9 [Not applicable]=888
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4.13 “ReIa: Pb I T FAE ¢ TS (R & AR oo I A7 & & Tami Soifgs
Tier/aeAc=z? [Observation: What materials for anal cleansing and hand wash are present inside
or immediately outside the latrine?]

LI ) SRR 1
T INO] ettt ettt ettt s bt e st e e s sat e e sate e s s abe e saabee s sesbetaetesabaeebteesnbaessareeen 0
TS TX/+Riaw <4 784 =7 712 [Not Applicable/ Could not observel......... 888
11, TSI AT [LEAVES/BIasS]...ucveeeeereerreeeireeriitineeeteeeteeereenseesveesteesseesseensessensasieans 000
12, UL TWIES / SEICKS]euereereeeeeeeeeeee e es et eeseeeeee e e e eses e s e e se e s s eeeseae 0ogd
13, TG [RAZ OF CIOTN] et e erenas 000
14, LT [STONES].evive ettt ettt ete e etee et e e et e e ereeeeesaeesbeeeeebeeessaseseeeans 000
15. B (1941 [Hygienic (t0ilet) PAPer]. .. i 000
16. NN N@/AAT/T [Water container / VeSSel].. .o e eeeeeeeeeeeeeeeeerereeareeeeeene 0oo
17, AT BIHA [WALEr tAP].. ettt e et es e s s seeens 000
(R 1 B C I T =T o ) RS 000
19. =18 =T G [Ash or s0il for cleansing].......coveveveveveeeerereererereeeeeeeeeree e 000
20. AT FITE [NEWSPAPEI].oueieereiereteeerireesteestreseteeteesiaesteeebeesseessseesessnesnsenns 000
11, RRE AR INOTNING]..veveueevetieeieteeeeeteee ettt ettt s 0oo
4. R ©27 7RelR F0o 519 52 Do you want to add more toilet?........c.ceeveeeeerennee. 000
1=t [yes] 4.1 e &r%] 5T T [skip to 4.1]
0=+ [No]
4. 1a MR AT ARA AT (FIF QTN AT RRIT FET 2eiviieeeeiieeeeieeeeeereeeenns ooo

Note: TEmeIE AT (RITS SR TP @32 AT A F T 217 (@FC T+ | I T 2L
A (BT FI FAT AT ACE SR FIH FCF TS (IR I O (&R (GF T

[What kind of toilet facility do members of your household usually use?]
(Note: Request the respondent to show the toilet facility and code after observing
the facility. If “flush” or “pour flush” probe/check: Where does it flush to?)

F-BACAG NLAT #N1f (BT T T BACET (TR 3R~ GRS SABR Het s Few)
[Flush or pour flush toilet flushed to] (Observe the slab and water seal containing

water):
BICAGTS 2RHT ASTHAT T AT 67 WA [Piped sewer system]............ 01
SHEBTS EIAfSS Biies P! TR (Gr1eB Tt Wi GIset SeR f6at =1 ey <o)
[Septic tank] (Observe the concrete cover of the tank). .........cccccceeveeennns 02
TS Brie 13 6@ T 6 A1 21 (Gre i Siev/aea Piesa Se e o iy
[Flush to pit latrine (onsite/Off set) with slab and water seal]................... 03
ST S /AR @ s @12/ sifesr [Unknown place/not sure/DK where]
............................................................................................................................... 04

FB-53e5, K Wz € SR et 112 ©F FITC TIF (FAF IZ D). 05

[Pit latrine with slab & no water seal but with a lid]
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F5-530 ATe TR W', SR SAGE BT 72 g 17 <Ntz (Temrols Fi= 1w fereami
FEA. @ CFE AT OF (T A AFTF #AICT A A T Wi arzee St et F9). ... 06

[Pit latrine with slab and flap, no water seal] (Ask the respondent about the flap,
Flap: a plastic is attached at the end of the pipe to prevent files from coming out of
the pit).

Y GEDe ST TS FGT (TR e (SFBTemIe 213 “IK %) [Ventilated Improved
Pit (VIP) latrine] (Observe the slab and ventilation pipe)]........................ 07

o118 BIC6 [Composting toilet, (Composting toilet ensure separation of urine,
WALEr ANG EXCIETA)]....cooeevrveeeeee ettt ee ettt eee et e e e e e s e e sabrareeeeeseensaaraneeeas 08
(*I1 AT e, 4T, 9, FIIT @O, 7R PG Noy [ zm, e feme @ wen ez =,
SAGR BT 72 | @3> FACN1Be TACEE IR Semiael fToi3sT AFTs 211 Il e AFTS 2I17H)
(Vegetable wastes, straw, grass, sawdust, ash added in the pit, the waste used as

manure, no water seal. A composting latrine may or may not have a urine separation
device.)]

9I5/51S AR ~9bI ST O, GG 76T T3 AT SABIF BT ot @ (@1 B8 (3. ... 09

[Pit latrine with slab & no water seal/broken water seal and no lid]

FI¥-5TACEG LT A (BT FIT 4T S0 T (I e, (@G, Tl IS5 AL FLAS

P T AT TTZI B B QMR it seeseseseessseseeaes 10
[Flush or pour flush toilet connected to somewhere else (canal, ditch, river,
etc.)]

f215/5r8 ST, =61 T3 QR A (ATF T1/ifR IS BT FAC MM IR PfF T9I........ 11

[Pit latrine without slab/open pit]

TG AT [HAaNGING tOIlet/Iatring] ...cveeeveeeeeeeeeiceeceeeeeeeeeeeeeeee et 12
IFRE [BUCKEL]..v.veveeeeeie sttt st et eae e et ese et ses e e seesaessasessesseseseesaesessaenneens 13
(I AR/ B3eEs (Open defecation):

TP AT (F3/Eeet /AT e/ vt ey [No facility/bush/field] ......vceveevevenene. 14
Sy (W2 T ) [Others: SPECIfy] ..veiieiiieiieeiceceeceeeeeee et 777

Skip Note-: afr 4.1 7 &te Tex 14 77, ot 4.14 == ae =] [If answer of 4.1 is 14, skip to

4.2.1a SR QT M0o AT ¥ ~REIEIG T4 532 F41 7@fReT? [When was the most recent
time this toilet Was USEd?].....ccocviiii i 00 e =ieef [days ago]

4.2.2a Sl 5 @2 2iraEifs o=y LeiE ST e 9992 F@E? [Do you share this toilet facility with
OThEr NOUSENOIAS?] cooiieiiiiiieie e e e e e e e e e e e e e e eeesasrasrereeeas 0od

(Note: v & A1 (o1IfF, T T TR BITT I S T GF3 T (AT AR *[NSF 27 T, SR w7
J[FF Sere 2ot [Reafee 2@ 1) (Note: Any person or group of persons related or unrelated
who do not live in the same dwelling space and do not share a common source of food as
the respondent would be considered to belong to other household. )

1=t [yes]
0=+ [No] 4.3.2 T &Y Bt T [skip to 4.3.2]
999= wif=t [DK] 4.3.2 7R &Y BT T [skip to 4.3.2]
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888= ataey < [Not applicable] 4.3.2 5 &t 5¢+1 T [skip to 4.3.2]
4,32 O AT T ARG AR TTT 2 1ovevieiiicreieiereeese et b et a bbb benes saeseaes 00
(er T @3 “ifqv=T F4) [(Ask and check): how many households sharing the toilet facility?]

4.3.1a MR SRt Foee a3 ARG 7 FEE? [How many people including children use
L1 1S (0 = S 0

4.3.2a ARG et 2 (e ) [(Ask): Ownership type of the ToIlet?].......ccevvenenene. O
wqE & AF [Only for thehousehold]. e 1
SRR AT T/ TR [SNAFE] oo 2
AT (T [SOMEONE ESE]....veeeeeeeee et 3
LI (= ¢ LT PO 4
SR JFE R A% [Detail observation of the toilet facility]

4.4 AT AR TR AT JA AR [ @ @61 e qem w9 2w (ofwE, @ Feniv ) Path to the
toilet suggests regular use (is clear, well-worn, without grass or any barriers etc.)......]_I]

(1=t [Yes], 0= 9T [No], 999= wife [DK], 888= awres 1% [Not applicable])
4.5a BB A30EE w9 = [Observe the general exterior of the toilet]

(1= [Yes], 0= 91 [No], 999= wife=i [DK], 888= awres 1% [Not applicable])

1 ArREIGa SoF (@1 FioMT =itz 52 [Is there any superstructure on the toilet?]............. 00O
2 (@I wRE [ ol ST 752 [Is there @ door/CUrtain?] e e e e e eeeeeeenes ooo

3 TR (AT A IS —IGT T AT JIF (PN Ve 7 FACTH TR Fco 2ed 2 [Can an
average sized adult use the toilet without being seen?].........cccceeveiiieiiieciiieecccieee. 0od
4 BICETHR T2 7w S0z 152 [Is there roof over the toilet?]......oovceveiccieiececceeeeee 000
5 7 O (@19 feq Witz & 79 MG 'm ey A Afers #ii@? [Is there any hole in the roof
that may allow water to enter through the roof?].......cccooviiiciiiii e, 000
6 Y EIGE BTN (I #1135 ATZ 7 [Is there a ventilation pipe?]....cccceccevevrereevenne. 000

Skip Note-: afr 10.5f 7 &ee e 0 =7, e 10.5h == &ey 7| [If answer of 10.5f is
0, skip to 10.5h]

7 A%l OF MAR (@ FOF SR F I 0T TR (@7 2977 2/fStag FA0e #I1 ? [Is there a cover on
top odf the ventilation pipe that protects the flies from coing out?]........cccoecveeeenes 00d

h) LR @R T F o tedt? [What are the walls of the toilet mostly made
OF2] oo e e e e s e e e s s et e s s s e e e s s ee e 000

&b [Concrete]

B [Tin]

/xS [Bamboo/Mud]

2f5%F [Plastic]

=S ISl [Tree leaves]

ATGF A [Jute bag]

T [Straw ]

8. 5 [Wood]

NoubkwnNe
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888= ataey w7 [Not applicable])

i) AR 'MW YEre & ted? [What is the roof of the toilet mostly made
OF2 e e e e e e e e s s s s s s ee e ee e 000

@b [Concrete]

B9 [Tin]

3 [Bamboo]

2f%F [Plastic]

9= 7Sl [Tree leaves]
G AT [Jute bag]

. G [Straw ]

888= ataey w7 [Not applicable])

NouswN e

4.6a BACETH (ATF WA (AT A2 (oreemi Fw @32 789 20 A= 36+) [[Where does the waste
from toilet go? (Ask and observe if possibIe)] .....ccovciiiiiiiciiee s 0od

1.

10.

777. s (Rfwe 363 714) [Other (specify)]

ST QoISF TR “IerR (féreart F=+) [Waste drains to underground piped sewer
(Ask)] (4..8.1 == &% 51 i< Skip to Q4.8.1)

E NG AT WKy TR G2 CRAS AR (Teawre! P45 tedite wef@ana fae =i
T Fea | e Seifierr w3k few Stz f§ A1 oftewe $%9) [Waste goes into
onsite pit and stays there (Respondent will report using concrete rings to
make the pit. Observe the top of the pit and any leakage)]

T IR PATER WO At Rk GTATEE iR (Teamre! 5 tedite Ff@ne fir s
T 9 | Pise oot W fog witg fF A @ FPw)  [Waste goes into
offset pit and stays there (Respondent will report using concrete rings to
make the pit. Observe the top of the pit and any leakage)]

AT NCh BIFR WO TR AR CTITTR AR (571l $oraa Ff&ha veat @3e foy
STE & 7 “1fwer 9 | [Waste goes into onsite tank and stays there (Observe
the concrete cover of the tank and any leakage. Respondent will report
building the tank with concrete lining rather than buying the ring for pit
lining)]

T O BIRRT Wiy Sierr R GRS Ahee (Briefed Tots Sefertha bieal @R fag
Stg & A 2R 99 | [Waste goes into offset tank and stays there (Observe
the concrete cover of the tank and any leakage. Respondent will report
building the tank with concrete lining rather than buying the ring for pit
lining)]

FACAIB PBIE (*I1% RS Ter, ¥, €7, FIoa @, =3 Py Wy {iEe =7, s e
9% ATl /TS T, SR O R, «fS wafere /e wwer Fife) [Compost pit
(vegetable wastes, straw, grass, sawdust, ash added in the pit, the waste
used as manure, no water seal, Built in assistance with the
NGOs/government)]

ALl Al BIFGE TN e Tl (AT ST (T /T/ACS) 2I8R (T8I 20 AL et
%) [Waste drains to open ( lake/river/water) via pipe/covered drain
(Observe if possible)] (4..8.1 =2 &% 51 Tl Skip to Q4.8.1)

DI 2SI e e SRl (T SRR (To/a1/#11fe) #ete (A4 FFw) [Waste
drains to lake/river/water via open drain (Observe)] (4..8.1 +R &t o<1 A
Skip to Q4.8.1)

Jrerfete 21wtz [Bucket] (4..8.1 =k &t 5t T Skip to Q4.8.1)

! IR ey AT Ay s e “ece (3E1€) [Waste directly fall into water body
or low land (Hanging)] (4..8.1 <&ty oeeT T Skip to Q4.8.1)
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888. &drey w1 [Not applicable]

31. el vea feeR e Aok (e 71, TR witg) [Waste goes into offset pit (Using no
rings but slab)]

32. s ea A ey Aiec (i W12, F19 A1%) [Waste goes into offset pit (Using no
rings or slab)]

33. e vea BT W siece (fae Wiy, FI9 %) [Waste goes into offset pit (Using
rings but no slab)]

4.7a P53/ Biefea a2 At foeraa vewce =@ % [Observe the onsite or off site pit/tank in
all direction]

(1=t [yes], o= =1 [No], 999= wife=r [DK], 888= &ty 717 [Not applicable])

1. fIeBa THiferers WG (At THta adl [T 62 [Is the top of the pit visible (above the
L= (oYU Ta Yo IR TR TR 000

2. FTEA e @R /e SR AR fowta 1 AR Al (AT Aow 62
[Waste/faeces visible in or around the pipe, because of Leakage in the

CONNECLING PIPEP] cuevriieeeiiiiee et e e e e e e s e s e e e e e e rree e s esanreeas 0oo
3. FI5/Griefea fema et foeta T 130 el (rall [Tz [Waste/faeces visible because
of leakage in the Pit/tank?]....c..cc i e 000

Skip Note: 4.7¢ & &xd ©&d 1 201 8.b = &0 5¢1 I |[If the answer to
question 4.7c is 1 go to question 4.8]

4, ST (7l R A g /B ©restt A i st wifg ST Jnewt Ace A [No
visible waste but broken pit/tank that may allow flies coming out of the toilet?]

Skip Note: 4.7d =R T2 T 1 20 8. =R &[T¥ BT AT |
[If the answer to question 4.7d is 1 go to question 4.8]

5. e (it AMevr 1 g G /Biikfate e/ SiReiw (adl Aiehe. Al e it sife S et
FACo AR 91 [No visible waste but crack in the pit/tank?]......cccceveeeeeuveenneen. 0oo

AT TSFBA SF! AFF [Observe the interior of the toilet]

4.8.1a ALI/GICED ARINE 1% @R &2 [Odor of feces in the latrine/bathroom?]............... O
(1= [Yes], O= 7 [No], &% 71 [not applicable] =888)]

4.8.2a e ToAfFRS TCTR B2 [FlIES PreSeNt?] .ocuiiviieiieeee ettt sttt 0

(1= 37 [Yes], O= 7 [No], &ty 917 [not applicable] =888)]

4.8.3a “ILAITS Z719/ A6 =tk 572 [Is there a slab/platform in the toilet?].........ccccvevvvneee. O
(Note: wEifbe =717/ 25w 5 v (AF GF AT, IR 93 i foy stz @ Tt Pisa
oo @ @ g-rda AT e eiferarty Towe $oitw wafge 4w 1) (Note: Squatting slab
or platform that is covering the pit on all sides, has a squatting hole and rose above
the surrounding ground level to prevent any surface water entering the pit)

77 [Yes] =1
< [No]=0 4.8.6 TR AN BT TN (Skip to 4.8.6)
ey <9 [Not applicable]=888 4.8.6 =2 &% 51 T (Skip to 4.8.6)
4.8.4a TREF &4 TAME [Main material of the floor (select 1)].......oceevivveeeeeeeeeeeeeiineene, 0od
[1] =6 Mud
[2] <% Wood
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[3] P% Cement
[4] TIF=m/3G Tile / brick
[5] 2if3= Plastic

[ 888 ] ey /7= 783 =¥ f7 N/A / could not observe / cannot tell

4.8.5a 771 I (VRITS AR (7ATe e ¢aitg ? [Is Stool visible on the slab or floor?]....... oo
(1= [Yes], O= 7 [No], &% 71 [not applicable] =888)]

4.8.6a AT (R (& AR (7408 2Iheqt ¢tk 752 [Is Stool visible on the walls?]........... O
(1= 37 [Yes], 0= 7 [No], &3 919 [not applicable] =888)]

4.8.7a AT FASIT (S AR (4TS 26 otz 52 [Is Stool visible on the door/curtain?].[]
(1= i [Yes], 0= 7 [No], &tarey =% [not applicable] =888)]

Skip note: If 4.8.3= 0/888 skip to 4.10

4.8.8a TG (@ N Wtz 72 [Is there any commode in the toilet?].....cccocvveveveevvevenenen. o0
1=37 [Yes],
0=+ [No], 4.9 R AT 56 I (Skip to 4.9)
ey 99 [not applicable] =888)] 4.9 R &t 5T I (Skip to 4.9)
4.8.9a3E G & ©31? Is the commode BroKeN ? ........oveveeveeiieeieeiceeececeee s 000

(1= 37 [Yes], 0= 7 [No], &% 7% [not applicable] =888)]
4.8.10aFCITT (&I AT (FACS “ie3T (ot F [Is there faeces visible in the commode?]....... 00
(1= 3 [Yes], O= 7 [No], &ty =17 [not applicable] =888)]
4.9a e ferfore @ A =R 2 [Is there a lid covering the squatting hole/drop hole?]

.............................................................................................................................................. NN
7T [Yes] =1
<r [No]=0 4.10 ¥R &Y B A (Skip to 4.10)
ey 9% [Not applicable]=888 4.10 = &tX 5t I (Skip to 4.10)
4.9.1a ~{TwCeR sy e fenft s o foet /62 [Is there a lid fully covering the squatting
hole at the time of 0bSErvation?] .....cooccuieiiiii e 0oo
7T [Yes] =1
«I [No]=0

&earer 99 [Not applicable]=888

4.10a IS & W& @@ o otz (Note: =irmifs & qrr o1 o ooy 2@ 7 sere e v o
2CF | QTHE, SOE Ao F& AT A I3 P5/571efF 7= AR &y, M v AE & i (adi|
&=y “ffF F S 1 (Is the toilet full? (Note: Toilet is considered full if faeces have reached
over the exit of the squatting hole. In case of toilets with water seal or offset pit/tank, if
there is confusion flush water to see if the faeces flushes away.) ......ccceevveiiiiiiininnnnnnen. 000

It [Yes] =1

< [No]=0

wifeer [DK]=999,

&egrer 99 [Not applicable]=888
Skip note: If 4.8.3= 0/888 skip to 4.13
4.11a AR Fore O3 fegfs “1a e $Fw [Observe through the hole in the toilet].......... ood

1. =3eer #ifF ey (SAGE SAee AT =it i 71 o (27 &= <9 21 BIee) [Water in pipe
(Water seal, pour some water in the hole to check if there is water in the water
seal)]

2. Y SR (AT TR (@1 SAGI 3e 2 [Only pipe visible (no water seal)]

3. %= o (SGIE e o) [Broken pipe (Water seal broken)]
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4, SI%A T3, (AET TS e T W& ol qieng (PG o1 e ), od P wees s sea
TR [No pipe, open hole to the pit, can see faeces in the pit, but the pit is not full
yet]
5. IC O fer W+ Mo o ¢tz (faeces have reached the exit of the squatting hole)
888 &taTer w7 [Not applicable]
4.12a AW 4.11 TR &vE e 2 A 3 2W, O WwEl ffue efswaiy #1geR o @ie Fe e 762
(Seamrel ferepr se) [If answer to 12 is 2 or 3, is there any flap at the end of the pipe to
prevent files from coming out?] (Ask the respondent).........cccceccvvieeiiiciiie e, 0od

Tl [Yes] =1

< [No]=0

wifeaT [DK]=999

&earer 99 [Not applicable]=888
4.13a *@w: Bb I Tg F49 ¢ S (I & AR foorm a1 Al [ ¢ Same Safge
TIee/qeAc=z? [Observation: What materials for anal cleansing and hand wash are present inside
or immediately outside the latrine?]

LI A USSR USP 1
o1 1\ [ R 0
TS TX/*Riaw <4 784 =7 712 [Not Applicable/ Could not observel......... 888
1. TSI AT [LEAVES/BIassS]....cieeeerreeireeeireeriitineeeteeeteeereenteesaeeeteesseesseensessensanenans 000
2. I TWIES / STICKS]eeevveeeeeeeeeeeeeeeee e e eeseeeeeeeee e s e e s s s eeee e eeeseeeeeens 0ogd
3. G [RAZ OF ClOth].ueieie et 000
B, LT [STONES]ueicviniereriee ettt e ettt e eetee et e e te e eetteeeeteeeeeeteeeeseeeeeteeesneseseeenns 000
5. BB oA [Hygienic (toilet) PAPer] .. e cicreieeeieeeeeeeeeeeeeeeeee e 000
6. SHifE ARG/ [Water container / VESSel] ..o oo e ieeeeeeeeeeeeeeeeeeeeseeanens 0oo
7. PRR BT [Water tap]meceeceeceereeeeereeeeeeeeesereseeeeeeree e evere e es e s s s s sesesee s 000
ST 1l Yo Y- o) PO 000
9. =% o2&l WG [Ash or soil for cleansing.......cceveveveeeeevereciereeeeeeeeeereeeeereeeans 000
10. XCTT FITE [NEWSPAPEIuveereerieierireeteieesieesieeseeereesteesseessreesseesaseesseessneenns 000
11, RRE AR INOTHING]..veveeeeveteeeieteeeeeteee ettt ettt 0oo
4. RN ©27 7RelR F0o 519 52 Do you want to add more toilet?........c.ceveeeeeerennee. 000
1=t [yes] 4.1 e &r% 5 T [skip to 4.1b]
0=+ [No]
4.1b AN AT ARG AT (FIF KT AT TIRT FET 2evieeiveeeeereeeeireeeeiveeenns Uon

Note: TEWSITE ARG (TUITS AL I G AL ATHT A7 27 (FTC 2o | I I 2T
AT (BT FI FAT AT ACE SR T 0 TS (IR AW O (&R (GF 3

[What kind of toilet facility do members of your household usually use?] (Note:
Request the respondent to show the toilet facility and code after observing the
facility. If “flush” or “pour flush” probe/check: Where does it flush to?)
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F-BACAG AT #H1f (BT T T BACET (TIF 3R~ GRFaT SABR Het *RcTe F6w)
[Flush or pour flush toilet flushed to] (Observe the slab and water seal containing
water):

BCABGTS 2RHT ASTAT T FT F¢F WA [Piped sewer system]............ 01
BAEBTS @GS Bries AT Wtz (Br1efG Fedic e Bt S fFar ey a)
[Septic tank] (Observe the concrete cover of the tank). .......cccccvevcveernnenne 02
TS Brie W13 5@ I 36 1 21 (Gre A Siev/aea Piesa Sey e o
[Flush to pit latrine (onsite/Off set) with slab and water seal]................... 03
e Sy /A @I wrey @13/ @it [Unknown place/not sure/DK where]
............................................................................................................................... 04
FB-53e5, A Wz € SR FeT 112 SF FITC TIFT (A IZ L)oo 05

[Pit latrine with slab & no water seal but with a lid]

F5-5ACG AT TR =R, ©C3 GG FeT 72 g #9191 Witz (Teamioies il 71 feearr
FEA. @ O AT OF (1T A 2AFTF A A A T iR qarzee st et ). ... 06

[Pit latrine with slab and flap, no water seal] (Ask the respondent about the flap,
Flap: a plastic is attached at the end of the pipe to prevent files from coming out of
the pit).

Y BEIGET SN Tye G (T €32 (SFHTTIT AT 2=+ ¥°=) [Ventilated Improved
Pit (VIP) latrine] (Observe the slab and ventilation pipe)]........................ 07

o118 BAC6 [Composting toilet, (Composting toilet ensure separation of urine,

Ve L=l glle [o 1o M=y (ol =11 ) USSR PPP 08
(N1 TS T, WG, G, FIeHT @l =3 Prse Ty e 27, e e @3 e e =7,
SAGR BT 72 | @3> FACN1Be TACEE dI7 Temiael fEei3T AFTe I A8 AFTS /1)
(Vegetable wastes, straw, grass, sawdust, ash added in the pit, the waste used as
manure, no water seal. A composting latrine may or may not have a urine separation
device.)]

2I5/57€ AR =17 ST O, SAGF 7T T8 AT SAGR Tl O q3R (FI GiFare 3. ... 09

[Pit latrine with slab & no water seal/broken water seal and no lid]

FI¥-5TACEE SRR A (BT FIT 4T SIEH T (I A, (@G, Tl 951G AL FLAS

T T TG TIZIT B T AT oo sesssesesens 10
[Flush or pour flush toilet connected to somewhere else (canal, ditch, river,
etc.)]

f2(5/5S SIrIT, =951 713 O (LT (AT {1/ IS T FCS 2 @R o1 Toi........ 11

[Pit latrine without slab/open pit]

TG AT [HANGING tOIlet/IaLrING] ..eeeveeeeeeeeeeeeeeeeeeeeteeeeeee et ens 12
ITTNG [BUCKET] et eeeeeeee et ee e et eeeeeesee e eesseeeesensseeeenseeseneseeeenesneeeeeneeenseneeaneeesenneenns 13
Tl AR/ BAeE6 (Open defecation):

TR AT [/ /AT T/ et s [No facility/bush/field] ....c.veeveeveeennene. 14
Sy (W2 T ) [Others: SPECIfy] .ovevieiiieeieeieeceeceee e 777
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Skip Note-: 3 4.1 72 &wx@ Tex 14 =7, oI 4.14 == aey 7| [If answer of 4.1 is 14, skip to
4.18)

4.2.1b SR ST N0 K0T 93 AT 9 429 F41 @@ A2 [When was the most recent
time this toilet Was USed?].....cccooe i [0 e wiieet [days ago)

4.2.2a Sifq & @ 2aEifs o=y QeE e e 9929 w2 [Do you share this toilet facility with
(o)1 0 1= o a Lo T U TY =Y aTe] (o E: 0od

(Note: &N & 1 CofF, T GF3 AT BITT RET FE AT GF3 TS (A AR RS T 1, ST =7
JNF SREere 2o [Reafoe =@ 1) (Note: Any person or group of persons related or unrelated
who do not live in the same dwelling space and do not share a common source of food as
the respondent would be considered to belong to other household. )

1= 1 [yes]

0= [No] 4.3.2 R &0 5 A [skip to 4.3.2]

999= wifeel [DK]  4.3.2 7 &ty 0T T [skip to 4.3.2]

888= &arer 77 [Not applicable] 4.3.2 T &Y 56 T [skip to 4.3.2]
4.3b FOGCAT A T AT G-I B 2 oo seseeas 0o
(2r % @R 2fqv* F4) [(Ask and check): how many households sharing the toilet facility?]

4.3.1b freerz SR o «3 ARRIEIT 9" F@w? [How many people including children use
L1 1S (0 = S N

4.3.2b rieifoa wiferiar 2 (2% 3=w) [(Ask): Ownership type of the Toilet?].......ccccevevennee. O
v @ 4 [Only for thehousehold]. e 1
R eI ARG TAC KLl S 7= 0 o | SRR 2
TS (FC [SOMEONE ESE].....cuviiierciie ettt 3
LU (=15 [T oSO 4
AR I M A%T* [Detail observation of the toilet facility]

4.4b AR TR IR (CL I AR fF @ @bt [afive aeme w9 2w (ofvwE, & To5if ) Path to the
toilet suggests regular use (is clear, well-worn, without grass or any barriers etc.)......]_I]

(1= =t [Yes], 0= 711 [No], 999= wufemir [DK], 888= &tarey 71 [Not applicable])
4.5a BACEHF 3@ ST F [Observe the general exterior of the toilet]
(1=t [Yes], 0= =t [No], 999= &= [DK], 888= &tarey 717 [Not applicable])

1 ArEiGa SoF @I FioMT =itz 52 [Is there any superstructure on the toilet?]............. 00O
2 (I wRE [ ot ST 752 [Is there @ door/CUrtain?] e e e e e eeeeeeeeenes 0oo

3 TR (AT A IS —IGT T AT JIF (PN TS 7 FICTD TR Fco 2eq 2 [Can an
average sized adult use the toilet without being seen?]........ccccccevvciieeiiiciiiee e, 000
4 BTG o 'MW TR 57 [Is there roof over the toilet?].......cccevvveeveeieeeciceceeeee e, 0od
5 7 @ (@9 feq Stz & 9 TG0 ='W M A sfece #iit@? [Is there any hole in the roof
that may allow water to enter through the roof?].......ccccvieicciiiici e, Uod
6 Y BEIBE S2TAMT (FI 213 SR {2 [Is there a ventilation pipe?]....ccoeevevvvceeevriennne. 000
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Skip Note-: =W 10.5f 72 @@ ¥ 0 =¥, @ 10.5h == & 74| [If answer of 10.5f is 0, skip to

10.5h]

7 ARl @F AR (@ FoI 97 F T 07 e @7 2877 2/fStarg F40e A1 ? [Is there a cover on
top odf the ventilation pipe that protects the flies from coing out?]......ccccccvvverrrrnnne. 00

j) AR et Jere [ Mo teat? [What are the walls of the toilet mostly made
OF2] oo e e e e e e e e s e e e 000

8. &b [Concrete]

9. 7 [Tin]

10. Imi/=1f6 [Bamboo/Mud]
11. 215 [Plastic]

12. =/t el [Tree leaves]
13. #1567 < [Jute bag]

14. <% [Straw ]

8.3 [Wood]
888= &tey < [Not applicable])

k) meeR 'W e & fier teq? [What is the roof of the toilet mostly made
OF 2 et e ettt ettt e ee et n e et s e et e e et ee s ee e s eeenanens 000

8. &b [Concrete]

9. 5 [Tin]

10. 3 [Bamboo]

11. 2= [Plastic]

12. 9t=eF “Irel [Tree leaves]

13. =G AT [Jute bag]

14. T [Straw ]

888= &taey ¥ [Not applicable])

4.6b TICEG (A T (FAT A2 (FEe=pit T+ g 789 20 @® F94) [[Where does the waste
from toilet go? (Ask and observe if PossibIe)] .....cooccuiiiiiiiiiiie e, 000

1.

A ISE A “erg (fEre@eT FF) [Waste drains to underground piped sewer
(Ask)] (4..8.1 == &t} 5eeT T Skip to Q4.8.1)

A S 5ROy ~IerR W3R ETAITAE AR (Seawrel 45 tedite Ffartsa fae it
T w9 | Pisa Tofer «e fom @itz fF A oI $@) [Waste goes into
onsite pit and stays there (Respondent will report using concrete rings to
make the pit. Observe the top of the pit and any leakage)]

FET CR PG 0y ~IerR @3k CTAITAR AR (Teamie! 4G Tedite wferna faz 7itd
T 797 | P Teiftere Wde fag TR f& 9 oR@we F@9)  [Waste goes into
offset pit and stays there (Respondent will report using concrete rings to
make the pit. Observe the top of the pit and any leakage)]

ST GBI Ny TR AR ETAHS AR (G Toiraa Fefetoa vrear «3e fag
TR 91 14w F° | [Waste goes into onsite tank and stays there (Observe
the concrete cover of the tank and any leakage. Respondent will report
building the tank with concrete lining rather than buying the ring for pit
lining)]

TE VTE SIS WO AR 43R GRS AR (BT s FfEod v @ fom
TR fF 9 A= T | [Waste goes into offset tank and stays there (Observe
the concrete cover of the tank and any leakage. Respondent will report
building the tank with concrete lining rather than buying the ring for pit
lining)]
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6. AR P45 (NN SRS T, ¥, 9, 0w @, »E e Wy fifde =, e e
93 TE I_Te 7T, SAOR e w8, Uit wafere/siaed wxweor Bi7®) [Compost pit
(vegetable wastes, straw, grass, sawdust, ash added in the pit, the waste
used as manure, no water seal, Built in assistance with the
NGOs/government)]

7. %5 I GRS T O TE QT ST (TE/AR/ANCe) ety (WK 20 S
%) [Waste drains to open ( lake/river/water) via pipe/covered drain
(Observe if possible)] (4..8.1 =2 &% 51 Tl Skip to Q4.8.1)

8. DI BT el e ST (T SRR (TR/A1/#11fe) etz (A= FFw) [Waste
drains to lake/river/water via open drain (Observe)] (4..8.1 ¥ &% ST T
Skip to Q4.8.1)

9. JMfsts “Ietz [Bucket] (4..8.1 = & 5T T+ Skip to Q4.8.1)

10. eI TR S A A @fice @itz (3°@) [Waste directly fall into water body
or low land (Hanging)] (4..8.1 <&y oeeT T Skip to Q4.8.1)

777. =3 (Rfw2 3= forge) [Other (specify)]
888. &rarey 7% [Not applicable]

31. et viea feha e Aece (fae 71, TR witR) [Waste goes into offset pit (Using no
rings but slab)]

32. s ea s ey Aec (i 1%, TR A1%) [Waste goes into offset pit (Using no
rings or slab)]

33. e ved PIse W siec (fr Wi, TR %) [Waste goes into offset pit (Using
rings but no slab)]

4.7b fea/ Snefea A2 1 foerad e <@ = [Observe the onsite or off site pit/tank
in all direction]

(1=t [yes], o= =1 [No], 999= wif<=ir [DK], 888= &ey =11 [Not applicable])

1. PitB= THfereret it 2t ot il TMesR 62 [Is the top of the pit visible (above the
(oYU I g Yo ) O TSRS 000

2. ST TR /I TR Ao fowta T 130 A (AT A 52
[Waste/faeces visible in or around the pipe, because of Leakage in the

CONNECLING PIPEP] ceereieiiiieiee e e e e e et ae e e e bre e e e enaseeeas 000
3. 5/orefea fema e foota It IR T (7l TR [Waste/faeces visible because
of leakage in the Pit/tank?].....cccceee it 000

Skip Note: 4.7¢ = &xd ©&d 1 (<1 8.b = &0 5¢1 I |[If the answer to
question 4.7c is 1 go to question 4.8]

4, ST (Al R A g A5 /Brief ©restt A i st wifg s Jnewt FAce Ak [No
visible waste but broken pit/tank that may allow flies coming out of the toilet?]

Skip Note: 4.7d 72 2T2F TG 1 RCT 8.b =R 2[T¥ BT A |
[If the answer to question 4.7d is 1 go to question 4.8]

5. SR (7T AR A eg 5 /Br1Are Fiber/ ©ie (At Ao AT e st i Sl anear
F90e 21 91 [No visible waste but crack in the pit/tank?]......ccoeveerevvennene. HEN

AR Sepeas 9g 7w [Observe the interior of the toilet]
4.8.1b =ITI1/GACETE “ITIFE 2% 3R &2 [Odor of feces in the latrine/bathroom?]............... O
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(1= 37 [Yes], 0= 7 [No], &% 7% [not applicable] =888)]

4.8.2b i TS TTR 162 [FlIES PreSENT?] woviivieieiieceeeeceeeeeeeeeeeee ettt 0
(1= 37 [Yes], 0= 7 [No], &ty 917 [not applicable] =888)]
4.8.3b AIFITS 7R/ 25w ez 2 [Is there a slab/platform in the toilet?]........cccoeuvenee... 0

(Note: =Eifie =717/ 25T 5 veie (AF GF AT, TR 93 i foyy stz @ Tt P#isa
oo @ @M g-da AT &t elferarty TuEe T4 w=fge ae ) (Note: Squatting slab
or platform that is covering the pit on all sides, has a squatting hole and rose above
the surrounding ground level to prevent any surface water entering the pit)

7T [Yes] =1
< [No]=0 4.8.6 TR AN BT TN (Skip to 4.8.6)
ey <9 [Not applicable]=888 4.8.6 =R &% 51 T (Skip to 4.8.6)
4.8.4b & 24T T=WIF [Main material of the floor (select 1)].....uueeeeeivieieiiiieeeeeeiees 0od
[1] =6 Mud
[2] <% Wood

[3] PGS Cement
[4] T©rEemi/25 Tile / brick
[5] 2if3= Plastic

[ 888 ] awarey w/+tae 78< =¥ {4 N/A / could not observe / cannot tell

4.8.5b Ti ST (VTS AR (7ATe “ANSA (510 ? [Is Stool visible on the slab or floor?]....... 00
(1= [Yes], 0= 7 [No], &% 71 [not applicable] =888)]

4.8.6b AN (T (@I 2T (TS A3 otz 2 [Is Stool visible on the walls?]........... 0
(1= 37 [Yes], 0= 7 [No], &5 91 [not applicable] =888)]

4.8.7b AR vEET @ AL (7S “hewq (tg 7F? [Is Stool visible on the door/curtain?].
(1= 37 [Yes], 0= 7 [No], &3 91 [not applicable] =888)]

Skip note: If 4.8.3=0/888 skip to 4.10

4.8.8b BICIE (@17 FEIC =z 2 [Is there any commode in the toilet?]......ccooeeeeveveiveicnenee 000
1=327 [Yes],
0=+ [No], 4.9 R AT 56 I (Skip to 4.9)
ey 99 [not applicable] =888)] 4.9 R 0¥ 5t T (Skip to 4.9)
4.8.9b FCIC & & ©1F1? Is the commOode BroKen ? .....c.ocveevieeeiiceeeeeceeeeceeecee e 000

(1= 37 [Yes], 0= 7 [No], &ty 917 [not applicable] =888)]
4.8.10b FTITT (@I AR (FATS A& (7= & [Is there faeces visible in the commode?]......0000
(1= 37 [Yes], 0= 7 [No], &% 7% [not applicable] =888)]
4.9b f¥sfaw femfors @ oIFar =tz 62 [Is there a lid covering the squatting hole/drop hole?]

.............................................................................................................................................. NN
7t [Yes] =1
<r [No]=0 4.10 7R &Y B A (Skip to 4.10)
ey 9% [Not applicable]=888 4.10 = &tX 5t I (Skip to 4.10)
4.9.1b e 7 i femfs e via feet 2 [Is there a lid fully covering the squatting
hole at the time of 0bServation?] ......cccoviveiiiiiiiiece e 00d
7T [Yes] =1
< [No]=0

&eares 99 [Not applicable]=888

4.10b s & W& =@ o onz? (Note: i & w7 ot orely 263 W Fere s g spef
qTF | qTH@, SABF e T ML A1 AR FA5/671<fF 72 AR &y, W vz A0S Te [ofsw (i
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oy “ffS F S 1 (Is the toilet full? (Note: Toilet is considered full if faeces have reached
over the exit of the squatting hole. In case of toilets with water seal or offset pit/tank, if
there is confusion flush water to see if the faeces flushes away.) .....ccccoeevveiiiniieennnnnnenn. 0oo
¥ [Yes] =1
< [No]=0
wifeer [DK]=999,
&eares 99 [Not applicable]=888
Skip note: If 4.8.3= 0/888 skip to 4.13
4.11b TR FEE @7 feq® s~ 9 [Observe through the hole in the toilet].......... 0od

1. =3eer #fifF Sty (SAGE SMeeT AifT Site & 7 o (727 & 5t 21 i) [Water in
pipe (Water seal, pour some water in the hole to check if there is water
in the water seal)]

2. Y ARA (AT AR (FIW SAGE 374 92 [Only pipe visible (no water seal)]
A2l S (@GR el o) [Broken pipe (Water seal broken)]

4, SI%A (T3, (ET oS e TR W& ol sz (PG o1 e ), od P wees e sia
TR [No pipe, open hole to the pit, can see faeces in the pit, but the pit is not full
yet]

5. I0e ¥ ferfG W e o ¢tz (faeces have reached the exit of the squatting hole)

888 &taey = [Not applicable]

4.12b ™ 4.11 TR oF TeF 2 A 3 TW, O@ WA el fSTaiey AR (1w @ Frek =g 52
(Seamrer feredr se) [If answer to 12 is 2 or 3, is there any flap at the end of the pipe to
prevent files from coming out?] (Ask the respondent).........cccccccvieeeiiiiiee e, 000

7l [Yes] =1

< [No]=0

wifesT [DK]=999

&egrey 99 [Not applicable]=888
4.13b AFEF: TG I g I € TS (TR T RN fooea e’ ¢ ¢ Same Saafgs
Tite/acatR? [Observation: What materials for anal cleansing and hand wash are present inside
or immediately outside the latrine?]

w

3 ] PO SRR 1

o1 1\ [ R 0

TS X/~ <4 7184 =7 712 [Not Applicable/ Could not observel......... 888
11, TSI AT [LEAVES/BIaSS]...uceeueeereerreeerreerintineesteeetreereenteesveesteesseesseessessensanieans 000
12, ML TWIES / SEICKS]ereeereeeeeeeeeeee s e eese s eee e e ee e s e s e ese e s eseeeeeeae 0ogd
13, TG [RAZ OF CIOTN] ettt 000
14, LT [STONES]evirecteeeeieeie ettt et e e etee e eteeeetr e e et e e e eaaeeebeeeeebeeesesteseeeans 000
15. B (1941 [Hygienic (t0ilet) PAPer]. . e 000
16. N @/ [Water container / VeSSel].. .o e eeeeeeeeeeeeeeeeerereeereeeeeene 0oo
17, AT BIHA [WALEE tAP]. . eureere ettt ettt et es s es s sasens 000
(R | B O I T =T o ) RS 000
19. =18 =T G [Ash or s0il for cleansing].......coveveveveveeeerereererereeeeee e 000
20. AT FITE [NEWSPAPEI].c.eieereieretererireesteesieesiresreeseesteesbeesseessseensesssnesnsenns 000
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11. TFZE TME INONING]..vveieeeeeeeceeeeee ettt 000
*{w F%: (Rafefe =<7l ) [Observation] [For the following]:
4.14 A9 AR N0 NGRS /AN 208 AFee \edred 2 [Is there any Human faeces

present within the houSENOIA?]..........eeiiiiieee e e e O
BT [YES] ettt 1
INO] ettt 0 4.16 =2 &t 561 T (Skip to 4.16)

4.15 AR AAFE 047 NI T/ ATT SR T Sq& A1 o [eafos 27, S 57yt 2
[Number of piles of Human faeces within the household that could be considered open
defecation]...ccccveeeeeeeeecciiiiieeeeeeeeee 00d

555 W43 5T (FC AT dofBF TATH)

[Too numerous to count (more than 10 piles)]
999 I AMBR T/ AEH T4 7K T [Cannot tell / could not observe]
4.16 TR ATEF NG F-2NRG T/ 2@ AF0e Wedrzd 5?2 [Is there any Animal faeces

present within the household?]........cooiiiii it O
BT [YES] ittt 1
A INO] e 0

4.17 TR FNEF NG /ARG T AR AT SR, T T A e [eafos 21, ©F Aedm?
(FWEeI w12t Stgd 3°4) [Number of piles of Animal faeces present within the household
(mark all that apply)]

555  Sfgss 5P (FOoR RN dofba Toiee)

[Too numerous to count (more than 10 piles)]

999 I AMBR T/ AT T4 7K T [Cannot tell / could not observe]

1. #if¥ Re<r(3@M/2r7/3ge7 ) [Poultry (chicken, duck, and pigeon)] .................. 000
2. NF/TRE [COW / BUFFAI0] e ereeeeeeeee ettt e et ee e s seee s e seeees 000
3. QAT/CTGN [GOAt / SHEEPc.ceivieeceetereeteeteteeee ettt ettt eere ooo
E N 1171 OO 000
5. 339 AT TAGET [DOG OF Cat].uuvueeieeeerereeiereeeeteeeeeeteeees s tesss et es s s enaenaens 000
77 ST [ONEI oo eeeeees s es s ees s 000
S#HItE 4<9W Thank you.
Name, signature of FRA: Checked by FRO:
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