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Abstract 
 

A Geospatial Analysis of Community Sanitation Infrastructure and Child Health 
Outcomes 

 
By  

Jessica Anne Korona 
 

 
Background:  An estimated 2.4 billion people lack access to improved sanitation 
facilities.  60% of those practicing open defecation reside in India.  The Millennium 
Development Goals made progress, however, as of 2015 less than 50% of India’s 
population has access to improved sanitation.  While sanitation coverage is believed to 
be protective against child disease, high levels of community coverage may be necessary 
to realize health gains. This can be explored through spatial analysis of community 
sanitation coverage and child disease. 
Methods:  This is a secondary analysis of geospatial data from households in 45 
intervention villages in a matched-cohort study designed to assess the effectiveness of 
combined community-level water and sanitation intervention implemented by Gram 
Vikas.  Clusters of high coverage improved sanitation coverage and low coverage 
unimproved sanitation coverage were calculated using Bernoulli’s spatial scan statistic in 
SaTScan at distances of 250, 500, 750, and 1000 meters.  Binary variables were created 
to designate presence in a cluster of improved sanitation at each distance.  This exposure 
was used to model diarrhea, child stunting, underweight, and continuous HAZ and WAZ 
in multivariate logistic and linear regression adjusting for random effects of clustering.   
Results:  Presence in a cluster of improved sanitation coverage at 500m was protective 
against child stunting (OR=0.83, 95%CI:0.73-0.94). This relationship remained the 
same when adjusting for child’s sex and age, but decreased when adjusting for household 
caste and wealth quintiles (OR=0.91, 95%CI:0.91-1.02).  The effect was the similar for 
child underweight.  A significant relationship was determined between presence in a 
cluster of improved sanitation and height and weight for age z-scores (HAZ, WAZ).  
When present in a cluster, there is a 0.32 increase in HAZ adjusting for child’s sex, age, 
household caste, and wealth quintile (p=0.0154).  The effect is a 0.38 increase looking at 
WAZ (p=0.0003). 
Conclusion:  This study illuminates the importance of achieving community level 
sanitation in rural India.  Residing in a cluster of improved sanitation is protective for 
HAZ and WAZ. Future research and sanitation programs should work to promote 100% 
sanitation coverage and use in communities, consistent with the Sustainable 
Development Goals. 
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I. Literature Review 

Global Sanitation 

An estimated 2.4 billion people are without access to improved sanitation 

facilities (1).  The Millennium Development Goals (MDGs) designated goal 7 to 

ensure environmental sustainability through reducing the proportion of people 

without sustainable access to basic sanitation by half by 2015.  However, the 

world has missed the MDG sanitation target of 77% sanitation coverage by 9%, 

the equivalent of 700 million people.  Since 1990, 2.1 billion people have gained 

access to improved sanitation. However, in rural areas, seven out of ten people 

are still without improved sanitation facilities and nine out of ten people still 

practice open defecation (1).  The countries with the lowest sanitation coverage 

are concentrated in Sub-Saharan Africa and South Asia.   

With the end of the MDGs in 2015, the United Nations and other parties 

put into action the (SDGs), which are an additional set of goals to achieve and 

surpass the unfinished MDGs while keeping in mind equity, human rights, and 

non-discrimination (2).  Goal 6 of the SDGs is to ensure access to water and 

sanitation for all. By 2030, goal 6 aims to “achieve access to adequate and 

equitable sanitation and hygiene for all and end open defecation, paying special 

attention to the needs of women and girls and those in vulnerable situations”(3). 

Sixty percent of the 2.4 billion people worldwide practicing open defecation 

reside in India (1).  Moderate sanitation progress has been made in India 
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according to the 2015 Update and Millennium Development Goals Assessment. 

However, as of 2015, less than 50% of India has access to improved sanitation (1).   

The deficiencies in latrine coverage are apparent in the eastern state of 

Orissa.  In 2001, 85.1% of households in Orissa had no latrine, while in 2011, 

75.4% had no latrine.  These statistics show that latrine coverage has increased by 

7.5% to 24.6% in Orissa however, the state still lags behind the rest of India who’s 

country wide average of latrine coverage is 46.9% as of the 2011 census report. 

(4).   

Moreover, there is a large gap between rural and urban sanitation coverage, 

with 49% of the urban population having access while only 6% of the rural 

population has access to improved sanitation.  The rural discrepancy in 

sanitation coverage is apparent in Orissa where 10.5% of the rural population has 

access to a toilet facility while 61.3% of the urban population has access (5).  India 

has had a number of sanitation campaigns in the past with the goal of increasing 

latrine coverage, however, these endeavors have not kept up with the expansive 

population growth in India.  Over 44% of the population in Orissa is categorized 

as below the poverty line (BPL) (6).  Different initiatives have developed access to 

improved drinking water sources, the majority of which are community level, 

however sanitation facilities lag behind (5).    

 

Disease Burden 

Inadequate water, sanitation, and hygiene are responsible for a significant 

disease burden.  Worldwide, the World Health Organization (WHO) estimates 

that, 3.6% of the total disability adjusted life years (DALYs) is due to diarrheal 
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diseases.  This includes an estimated 1.5 million deaths each year (7).  842,000 

deaths, or 58% of the disease burden is associated with unsafe water supply, 

sanitation, and hygiene and includes 361,000 deaths of children under age five in 

developing countries (7).   

Open defecation practices have been linked with childhood stunting.  One 

ecological analysis from 112 districts in India showed a 0.7% increase in stunting 

and severe stunting (10). Poor sanitation in the environment can be damaging to 

child health.  Children living in areas with poor sanitation are at risk for diarrhea, 

helminth infections, and also persistent exposure and infection from 

environmental pathogens (11).  Persistent exposure to these pathogens can lead 

to a condition called environmental enteropathy, which causes decreased 

absorptive capacity leading to a reduction in nutrient absorption.  This could 

ultimately result in slow growth when coupled with poor nutrition and continued 

infections (12).  Repeated diarrheal infections can have lasting impacts on the 

growth of children during critical stages of development. 

About 25% of children under age five worldwide have an increased 

mortality associated with stunted growth, cognitive dysfunction, and loss of 

productivity (13).  According to a study by Caulfield and colleagues (2004), the 

relative risk of mortality because of low weight-for-age was elevated for each 

cause of death for all cause mortality.  In younger children, 52.5% of deaths are 

connected to malnutrition with 60.7% of deaths connected to diarrhea. 

In Southeast Asia, the WHO’s region for India, 2,658,000 DALY’s are 

attributed to inadequate water, sanitation, and hygiene (14).   Southeast Asia 

ranks highest for death attributed to both diarrheal diseases and soil transmitted 
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helminth infections.  There are 600,000 deaths associated with diarrheal 

diseases and 3,000 deaths associated with soil-transmitted helminth infections 

(7).  

 In India alone, the total number of DALYs attributable to water, 

sanitation, and hygiene is 305 million.  1,562 per 100,000 DALYs are attributed 

to diarrheal diseases and 610 per 100,000 DALYs are attributed to intestinal 

nematode infections (15).  Post neonatally, 9% of deaths are attributed to 

diarrheal diseases.  Childhood malnutrition and underweight are among the top 

15 risk factors for the burden of disease in India.  About 3% of wasting is due to 

diarrheal diseases and nearly 1% is due to nutritional deficiencies (16).  These 

diseases are all preventable with proper sanitation practices, however, those are 

lacking in much of the world. 

 

Transmission Pathways 

The WHO defines improved sanitation as facilities that separate human 

excreta from human contact (1).  If improved sanitation facilities are not 

available, and are not being utilized, enteric pathogens can be introduced into the 

environment.  Disease transmission can occur through direct person-to-person 

contact, or indirect contact through fomites, food, water, or insect vectors of 

disease.  Transmission can occur by mouth through contaminated food or water 

or by skin through STHs (17).  Human excreta can travel in the environment 

infecting individuals far from the source of environmental exposure making it 

important to treat, or dispose of waste near the source discontinuing further 

exposure (17). 
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Open defecation 

Open defecation is a common practice in rural communities.  If no latrine 

facility is available, women many defecate outside the household at night since 

they do not need to walk far for privacy, and because it may not be safe to walk 

long distances in the dark (18). This increases occurrence of open defecation near 

the home at night, which means more transmission of fecal pathogens near the 

household.  Alternatively, for the elderly, sick, or disabled it is culturally 

acceptable to defecate near the home, and young children and infants generally 

defecate indoors with their waste being disposed of near the house (18).  

Defecation near the home or disposal of waste near the home adds fecal 

pathogens that can get on children’s toys or hands when playing on the ground 

causing them to become infected and spread infection (20). 

Even if there is access to sanitation, there is oftentimes a necessity to 

perform cleansing rituals after defecation making it necessary to travel from the 

home and defecate near a water source (18).  Open defecation occurs regardless 

of presence of a household latrine with 44% of households having a working 

latrine having at least one member practicing open defecation (21).   Defecation 

can be perceived as shameful and disgusting which causes individual household 

latrines to be built far from the home making open defecation more convenient 

(18).    Improved sanitation may be the key to reducing transmission of fecal 

pathogens however; there are still many sociocultural barriers to modifying 

practices.   
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Latrine use and other routes of exposure 

 Although much effort has been placed towards improving sanitation, 

coverage is still inadequate or uptake is not present allowing for fecal 

contamination to be continuous in the environment.  Building improved 

sanitation resources will have no effect on the health of a community if there is 

no uptake of behavior change (22,23).  A recent study using latrine use monitors 

shows that people tend to over-report latrine usage (24).  Similarly, in the study 

discussed above by Patil et al 2014, in Madhya Pradesh open defecation rates in 

intervention villages were lower than in control villages, however rates still 

remained high at 75% for men, 73% for women, and 84% for children (23).   

Barnard et al. (2013) evaluated the Total Sanitation Campaign (TSC) in 

Orissa after three years of implementation and found that although there was 

72% latrine coverage, 37% of households reported continuing to practice open 

defecation. Most people reported that there were health benefits associated with 

latrine use, however, no association was found between latrine usage and 

perceived benefits (25).  Routray et al. (2015) discussed the rituals necessary for 

cleansing post defecation and the barriers to latrine adoption in focus group 

discussion groups (18).  One issue posed was the functional quality of the latrine.  

Some studies noted only 53% functionality, which is a notable deterrent for usage 

(25).  

 An additional issue with open defecation is disposal of child feces.  A cross 

sectional study in Orissa following the TSC showed that the majority of children 

defecated on the ground inside or near the home.  Less than a quarter of 

participants owning a household latrine reported using a latrine for disposal of 
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child feces (26).  Feces were frequently disposed of in piles or pits near the house 

that could cause dispersion of fecal material into the environment causing 

continued exposure and disease (26).  More recently, a cluster-randomized trial 

looking at the impact of a rural sanitation program on disposal of child feces was 

completed in Odisha.  This study showed that though latrine coverage increased, 

safe disposal of child feces did not, leading to no health benefits (27).  This study 

confirms that behavior change is a necessary next step to target the safe disposal 

of child feces in rural areas. 

 

Evidence for improved health benefits 

Improvements in diarrhea health outcomes, and malnutrition have been 

found in intervention studies aiming to improve water, sanitation, and hygiene 

(Table 1).  A series of systematic reviews of combined interventions show 

improvements in health outcomes.  Combined interventions include an effort to 

improve sanitation in communities alongside water treatment or a water quality 

improvement intervention.  These interventions are generally put into place to 

reduce diarrheal disease outcomes, and stunting.  
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             Table 1. Evidence for Improved Health Benefits 

Review No. Studies Type of 
Intervention 

Health 
Outcome 

Key Findings 

Esrey28 
1985 

67 Water quality, 
water supply, 
sanitation 

Diarrhea, 
growth, 
mortality 

Increased water 
supply and 
improved sanitation 
combined 
interventions yield 
greatest reduction in 
diarrhea. 

Esrey29 
1986 
 
 

54 Water quality, 
water supply, 
sanitation 

Child 
morbidity, 
growth, 
mortality 

Sanitation has a 
greater impact on 
child health than 
water. 

Esrey30 
1991 

144 Water quality, 
water supply, 
hygiene, 
sanitation 

Diarrhea, 
parasitic 
infections, 
trachoma 

Water supply 
interventions 
yielded greatest 
reduction in parasite 
infections and 
sanitation yielded 
greatest reduction in 
diarrhea morbidity 
and mortality 

Fewtrell31 
2005 
 
 
 
 

46 Water quality, 
water supply, 
hygiene, 
sanitation 

Diarrhea  Point of use 
treatment 
significantly reduced 
diarrhea; source 
treatment has no 
effect; hygiene 
interventions yield 
greatest reduction in 
diarrhea 

Cairncross32 
2010 
 
 
 

56 Water quality, 
hand-washing 
with soap and 
excreta 
disposal. 

Diarrhea, 
severe 
enteric 
infections, 
diarrhea 
mortality 

Hand-washing 
interventions yield 
reduction in 
diarrhea. 

Ziegelbauer33 
2012 
 

36 Sanitation 
access 

STH Sanitation is 
associated with a 
reduced risk of STH 
transmission. 

Dangour34 
2013 
 
 

14 WASH 
interventions 

STH WASH interventions 
slightly but 
significantly 
improve height for 
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Dangour 
(cont.) 
 

age z-scores with 
girls being the most 
responsive. 

Wolf35  
2014 

72 Drinking 
water, 
sanitation 

Diarrhea Water filters with 
safe storage, quality 
piped water, and 
sewer connections 
yield greatest 
reduction in 
diarrhea 

Strunz9 
2014 
 
 

95 Drinking 
water, 
hygiene, 
sanitation 

STH 
infections 

Sanitation access 
yields reduction in 
T. trichiura and A. 
lumbricoides but not 
hookworm, 
sanitation impact is 
weak. 

   #designates source 

 

While evidence from the above studies suggests health benefits from 

improvements in sanitation in reducing diarrhea, and stunting, most studies are 

of low epidemiologic quality.  There were issues with comparison groups, 

randomization, control of confounding variables, sample size and external 

validity.  This is supported by Clasen et al. (2010) who argue that most sanitation 

studies include an insufficient number of clusters or fail to adjust for clustering in 

concordant analysis compromising the internal validity of results (36).  

Additionally, the length of time the intervention is implemented and follow-up 

time have an impact on the efficacy of the intervention.  

 

Community coverage and use 

The benefit of improved sanitation is for the community not simply for the 

individual.  There is evidence that health benefits occur if 70% coverage is 
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achieved in a community (37).  Hunter et al. (2016) hypothesized that community 

level sanitation access is more critical than results from trials.  The impacts of 

sanitation occur differently than that of drinking water.  The use of improved 

sanitation does not directly protect the user, but rather the neighbor.  Ultimately, 

this paper found that sanitation coverage is one of the most important predictors 

of all-cause child mortality and that the most health benefits, specifically in 

stunting and underweight, are gained from increasing sanitation coverage to 70% 

(37). 

While the Hunter paper showed a benefit to sanitation coverage, some 

research by Oswald shows otherwise.  Oswald et al. (2017) looked at the 

proportion of households in a community with in use latrines and concordant 

STH infections (38).  This paper found that community level sanitation coverage 

was not protective against STH infections. On the other hand, another paper by 

Oswald et al. (2017) looks at sanitation use and hypothesizes that higher 

community sanitation use could be associated with a lower prevalence of 

trachoma (39).  Community wide sanitation usage between 60-80% was 

associated with a lower odds of trachoma compared to sanitation use at less than 

20% (39).  

The need for a minimum level of coverage before achieving health effects 

may be due to herd immunity.  This is supported by Fuller et al. (2016) who 

demonstrates that herd protection from sanitation is attainable in situations 

where the community sanitation coverage is vast (40). This study showed that 

improved sanitation coverage in villages was strongly associated with child height 

with a protective effect against stunting. Sanitation coverage in surrounding 
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households within 500 meters of a residence was a stronger predictor compared 

to the household’s own sanitation status for childhood stunting (40).    

 

Indian government sanitation initiatives 

 As summarized above, India did not meet the MDG sanitation target by 

2015, much as past projections showed that current progress would fall short (1). 

To combat this deficit, the government of India initiated India’s (TSC) in 1999. 

The TSC was designed to improve access to sanitation as well as education of 

sanitation in rural areas.  The hope was to use subsidies to gain household 

participation in below poverty line (BPL) households (41).  Community incentives 

are given to local governments or Gram Panchayats when achieving a status of no 

open defecation (42).   

 Numerous studies have been conducted to determine the efficacy of the 

TSC.  Nearly a decade after implementation, Arnold et al. conducted a non-

randomized matched cohort study in Tamil Nadu.  Though latrine coverage was 

increased to 60% in intervention villages, there was no difference in 

anthropometric indicators of nutrition or prevalence of diarrhea (43).  In 2013, 

Barnard et al., conducted a cross-sectional study to investigate latrine coverage 

among villages in Orissa.  Latrine coverage neared 72% in study villages (3 

villages had less than 50% coverage) compared to less than 10% for studies where 

TSC had yet to be implemented.  Though latrine construction was completed, 

many households reported being non-compliant in usage with 39% reporting 

never using the latrine (25).  In 2014, Patil et al., conducted a cluster-randomized 

control trial in Madhya Pradesh evaluated household drinking water quality (23).  
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Though the presence of fecal indicator bacteria Escherichia coli was lower in 

intervention villages the difference was not significant between village types or 

when looking at 7-day caregiver reported diarrhea prevalence, STH infections, 

anemia, or anthropometric measurements (22).  Likewise, in 2014 Clasen et al. 

conducted a cluster-randomized control trial in Orissa, which found no difference 

in sanitation measurements, or disease outcomes such as 7-day caregiver 

reported diarrhea, STH infections, and anthropometric measurements (22).  

More recently, Odagiri et al., conducted a sub study from Clasen et al.’s 2014 

trial.  This cross-sectional cluster-randomized controlled sanitation trial in 60 

villages in Odisha noted a 27% increase in functional latrine coverage however, 

there was no decrease in human fecal contamination in community tube wells or 

ponds using microbial source tracking (44).    

 The results of these studies put the effectiveness of the TSC at question.  

Latrines were constructed but not in an all-encompassing manner.  As the studies 

above suggest, there is still a disparity in latrine presence as construction is a 

lengthy process and not all households practice latrine usage.  The reason for 

deciding whether or not to build or use latrines is yet to be determined.  Focus 

group discussions were conducted in Orissa after implementation of the TSC.  

The participants cited insufficient monetary supply as an obstacle to latrine 

construction and that open defecation was practiced when lack of access to a 

latrine occurred (18).  Regardless, inadequate sanitation coverage leaves gaps 

allowing for fecal contamination in the environment.  Garn et al., 2016 competed 

a systematic review of literature to characterize how different sanitation 

interventions impacted latrine coverage and use.  They found that sanitation 
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interventions currently implicated only slightly increased coverage and that a 

further understanding of interventions, coverage, and how they affect use in 

necessary to improve health (45). 

 Recently, the TSC was revised and renamed to Nirmal Bharat Abhiyan 

(46).    With the name change, these subsidies were extended to groups beyond 

BPL households; however, most households above the poverty line still do not 

qualify and must build their own latrines. This leads to reduced community-level 

latrine coverage.   According to the total sanitation report, latrine coverage has 

increased from 21% in 2001 to more than 65% in 2010 (47).  90 million 

household latrines have been built thus far, however, there is still a gap in 

households being reached, with less than 50% of households in India having 

access to improved sanitation in as of 2015 (1).   

 

Gram Vikas MANTRA. 

 Local non-governmental organizations (NGOs) have also joined in and 

created campaigns to improve sanitation.  Gram Vikas has been working in the 

region of Orissa since 1979 primarily in rural development among the 

impoverished.  Community-based sanitation implementation has been the focus 

of Gram Vikas since 1992 with an emphasis on including lower castes of society 

and women (48).  MANTRA (Movement and Action Network for Transformation 

in Rural Areas) has been the background of Gram Vikas development.  The 

MANTRA approach was used in Odisha. Every household in a village was 

required to participate and contribute 60% of the costs and construction of a 

toilet, bathing room, and 24-hour piped water supply to both (48).  The approach 
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assumes that if the community contributes to the cost and construction efforts, 

they will be more likely to utilize the resources, improving sanitation in their 

villages. 

 

Spatial analysis in Water, Sanitation, and Hygiene (WASH) 

 Spatial analysis is an innovative way to look at the relationship between 

space, time and fecal contamination in the environment.  It allows the researcher 

to map where disease is occurring in a particular study area by using software 

tools to map presence of environmental attributes, assess spatial relationships, 

test for statistically significant hot spots of disease or particular outcome factor, 

and allows for comparison of disease over different time points (49).  Spatial 

analysis is particularly useful in WASH related research as it can look at 

relationships between environmental components and where disease is 

occurring.  Spatial analysis has been used to enhance surveillance of enteric 

infections in a timelier manner as it has been used as a complement to traditional 

surveillance methods in an effort to view clusters of disease suggesting a possible 

outbreak (50).    Apart from outbreak surveillance, spatial analysis has been used 

to assess the spatial-temporal distribution of disease.  This was done in Canada to 

describe the distribution of enteric pathogens in New Brunswick to assess 

significant geographic risk factors as well as peaks in disease incidence (51).  

Looking at clustering of disease can get beyond the individual or household level 

risk factors and look at the influence of neighbors on disease presence as well as 

the larger geographic picture and how it changes over time.  
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 Geographic Information Systems (GIS) are a tool used for visualizing 

spatial relationships.  A basic way to use GIS in WASH research is to map out 

sanitation coverage and inequalities in access to water or sanitation (52,53).  An 

additional way to incorporate GIS is to look for clusters of disease. STH clustering 

has been studied in numerous locations (54-65).  Kaliappan et al. (2013) looked 

at spatial clustering of hookworm and ascaris cases through a discrete poisson 

model using villages as units in southern India (60). This analysis yielded no 

evidence of household clustering of STH infections. Pullan et al. (2010) used 

negative binomial spatial modeling to look at spatial variation in intensity of 

hookworm infections at the individual and household level in a rural community 

in Uganda (58).  Tsiko (2015) used geoadditive semi-parametric Bayesian models 

to estimate the probability of a child contracting disease given sanitation 

characteristics (54). Clustering of diarrheal disease was also reviewed in several 

studies (54,62, 66).  Azage (2015) combined GIS research methods looking at 

spatial, temporal, and spatio-temporal clusters using SaTScan software and a 

poisson model (66).   

 Some spatial analysis incorporates sanitation as a risk factor for health 

outcomes (54, 60-61).  The sanitation factor can be used to predict disease 

outcomes.  Additionally, logistic regression models can be used to predict 

presence in a disease cluster adjusting for other variables of interest in that 

particular analysis.  This kind of analysis was completed to look at risk maps of 

domestic Triatoma infestans, Chagas disease, in Argentina.  A logistic regression 

model was built to predict disease clustering using risk map elements such as 

density and elevation (67). 
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Spatial analysis assumes that objects closer in space are more likely to be 

associated since they are more likely to come into contact with one another.  This 

is the case of WASH related research as proximity to contamination is necessary 

to come into contact with fecal material.  It is crucial with this fundamental 

assumption to adjust for clustering of disease at the level of interest such as 

village or country to obtain an unconfounded analytic result. 
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II. Research Goal, Rationale and Specific Aims 

 

Research Goal 

The goal of the research presented in this thesis is to assess the extent to which 

diarrhea and growth in children under 5 years are associated with the sub-village 

level of sanitation coverage. 

 

Rationale 

Recent evidence has shown that community sanitation coverage can have the 

protective impact of herd immunity on community and child health (37, 39, 40).  

Health benefits have been shown when community sanitation coverage reaches 

70% (37).  Oswald et al. (2017) found similar benefits at between 60 and 80% 

coverage (39).  Fuller et al. (2016) showed that sanitation coverage within 500 

meters of an individual was a stronger predictor for child stunting compared to 

the sanitation status of the household the child lived in (40). This analysis will 

look into how geospatial clusters of sanitation infrastructure at a sub-village level 

impact child health in this particular study situation.  
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Specific Research Aims 

The specific aims of this research are: 

1. To determine how clusters of improved sanitation infrastructure and 

clusters of unimproved sanitation infrastructure affect child diarrhea 

and stunting. 

2. To determine what factors have the most influence on diarrhea and 

stunting in children under five in this setting and assess where the 

most effective public health efforts can be implemented. 
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III. Methods 

 

Study Population 

This is a sub-analysis of data from a matched-cohort study designed to assess the 

effectiveness of the Gram Vikas MANTRA project (hereinafter, the “MANTRA 

study’).  The design and rationale of the MANTRA study have been reported 

(Reese et al. 2017).  The study collected data from 90 villages across four study 

rounds in Ganjam and Gajapati districts located in eastern Orissa, India.  Over 

44% of the population of these districts is considered below the poverty line 

(BPL) by the Government of India (6).  Data from the MANTRA project was 

collected from June 2015 through October 2016.  Results have not yet been 

published.   

 

Sanitation variables and covariate data 

The MANTRA study assessed households with children under five years in 45 

randomly selected intervention villages and 45 matched control villages.  These 

households were followed over 17 months and data was continuously collected for 

diarrhea and nutritional status information, coverage access, and use of WASH 

infrastructure.  Individual, household, and community level risk factors were 

measured through surveys, interviews, or collection of environmental samples.  

Surveys were conducted in the primary local language to the primary care givers 

of children under five.  Household survey questions assessed reported water and 

sanitation practices.  GPS coordinates for households were collected using 

Garmin eTrex 10 or 20 devices (Garmin Ltd., Olathe, KS, USA). 
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Diarrheal Disease 

Diarrheal prevalence was recorded as seven-day period prevalence for all 

household members.  Diarrheal disease was measured using the WHO definition 

of three or more loose stools in a 24-hour period with or without presence of 

blood.  The primary care giver was asked to report for the child.   

 

Anthropometry 

Anthropometric data was collected using standard WHO methods.  Recumbent 

length was measured for children under two years of age using Seca 417 

measuring boards with 1mm increment.  Standing height was measured for 

children two to five years of age using Seca 213 portable stadiometers with 1mm 

increment.  Weight was measured for all children under five years using Seca 385 

digital scales with a 20 g increment for weight below 20 kg and a 50 g increment 

for weight between 20 and 50 kg. Height-for-age (HAZ) and weight-for-age 

(WAZ) z-scores were calculated based on WHO reference standards.  <-2 SD 

classified stunting and underweight.  <-3 SD classified severe stunting and severe 

underweight. 

 

Statistical Analyses 

Data for this sub-analysis is solely from round 3 of the MANTRA study.   Round 3 

involved data collection of anthropometric outcomes for all children under age 

five, while other rounds included only children under two years of age. The 

analysis was restricted to the intervention group, which had the sanitation 
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intervention with the hope of capturing more heterogeneity in latrine coverage 

among clusters. Restricting to the intervention group allowed the intervention 

status to be controlled for in the analysis.  Information on sanitation 

infrastructure was gained from survey data.  Improved sanitation was defined as 

access to a toilet that met the JMP criteria of improved sanitation. 

Village level clustering of sanitation infrastructure was assessed using 

SaTScan version 9.4.4.  SaTScan uses Kulldorf’s Bernoulli spatial scan to assess 

clustering over specified distances.  A spatial scan statistic is a cluster detection 

test, which detects clusters and evaluates the statistical significance of them.   

This study used the spatial scan to detect clusters of areas of high sanitation 

coverage as well as clusters of low sanitation coverage or unimproved sanitation.  

A cluster is considered high if it has a trend that is higher than that outside the 

cluster, and is considered low sanitation coverage if it has a trend that is lower 

compared to outside the cluster.  SaTScan gives the user the ability to define an 

upper limit for the percent of the population at risk, to define cluster size, and 

suggests using a limit of 50% of the population.  SaTScan then scans for circles 

with a given kilometer radius to assess clustering.  Clustering was used to assess 

the community’s sanitation coverage around an individual.  Recent papers have 

looked at community level sanitation coverage and how coverage affects disease 

(39). Clusters of sanitation coverage can be used as a proxy for community 

sanitation coverage, but more specific to the distance an individual child may 

travel and come in contact with.  Clusters allow for a more intimate look into how 

sanitation coverage affects health below the village level.   In this analysis, 

distances of 250 meters, 500 meters, 750 meters, and 1000 meters were assessed 
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at both the 0.10 and 0.05 significance level (SaTScan 2017).  These distances 

were chosen based on prior papers looking at community level sanitation affects 

(40).  To gain more villages in clusters to enhance the power of the analysis, the 

0.10 significance level clustering was also recorded. Sanitation clusters were 

detected in square meter distances of 250 meters, 500 meters, 750 meters, and 

1000 meters.  Clusters were described as higher than average coverage of 

improved infrastructure (high coverage) or lower than average coverage (low 

coverage) in each square area of distance.  

Eight binary variables were then created for each household to indicate 

presence in a cluster of improved sanitation infrastructure or presence in a 

cluster of unimproved sanitation infrastructure at each distance. Binary cluster 

variables were created at both the 0.05 and 0.10 significance level in an effort to 

gain more clusters.  Bivariate relationships were examined separately for each 

possible predictor variable and outcomes.  The cluster variables included in the 

final analysis were all at the 0.10 significance level as that level was more likely to 

detect sub neighborhood level clusters.   

The final analysis involved logistic regression to predict the odds of 

diarrhea and moderate stunting using presence in a sanitation cluster as the 

exposure.  One survey per household was included in the models, which were 

adjusted for clustering at the village level. Models were built using a forward 

selection process beginning with the sanitation clustering variables.  Individual 

level covariates considered included child age and gender.  Household level 

covariates included caste/tribe, house type, wealth quintile, religion, and 

possession of an Antodaya card.  The best fitting model was chosen based on AIC 
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values.  In addition to the logistic regression models, linear regression was used 

to model continuous child stunting and underweight z scores.   Simple linear 

regression with just the sanitation clustering as the exposure was run after which 

multilinear regression was run adjusting for child age, gender, household caste, 

and wealth quintile.  All statistical analysis other than the cluster analysis was 

conducted using SAS version 9.1 (Cary, NC 2017, USA). 
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IV. Results 
 
 
 
Sample Characteristics 

The sample consisted of 1,090 children under five with 50.04% male.  Age was 

stratified into 0-11 months (8.81%), 12-23 months (22.94%), and 24-60 months 

(68.26%) in accordance with literature and developmental stages.  0.01% of 

information was missing for child’s age. 0.16% of the observations were missing 

on child’s sex.  16.9% of data was missing on caste, 17.8% on religion, 28.8% on 

wealth information, and 15.7% on household type.  See Table 2 below for 

descriptive information on the intervention group stratified presence in a 500 

meter cluster of high coverage sanitation.  All levels of caste were significantly 

different between cluster and non-cluster groups.  Hindu and Christian religions 

were significantly different as well (p=0.0008, p=0.0022).  The lowest quintile 

and the two highest quintiles were significantly different (p<0.0001).  Household 

type was also significantly different for Pucca and Kucha (p<0.0001, p=0.0005). 
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Table 2. Descriptive characteristics of sample 
	

	
	
	

 In Cluster 
N(%)a,b 

Not in 
Cluster N(%) 

Total 
N(%) 

p-valued 

Individual 
Characteristics 

    

Child’s Age in 
Months 

0-11 
12-23 
24-60 

 
18(6.98) 
61(23.64) 
179(69.38) 
 

 
49(8.22) 
137(22.99) 
410(68.79) 
 

 
96(8.81) 
250(22.94) 
744(68.26) 

 
0.8462 
0.6401 
0.1744 

Child’s Sex 
Male 

 
136(43.87) 

 
373(50.20) 

 
645(50.04) 

 
0.0610 

Household 
Characteristics 

    

Caste 
     Scheduled Caste 
     Scheduled Tribe 
     Backward Caste 
     Other Caste 

 
5(1.77) 
0(0) 
126(44.52) 
152(53.71) 

 
105(16.72) 
115(18.31) 
225(35.83) 
183(29.14) 

 
110(12.07) 
115(12.62) 
351(38.53) 
335(36.77) 

 
<0.0001* 
<0.0001* 
0.0010* 
<0.0001* 

Religion 
     Hindu 
     Christian 
     Other              

 
280(100.00) 
0(0) 
0(0) 

 
612(95.33) 
22(3.43) 
8(1.25) 

 
892(96.75) 
22(2.39) 
8(0.87) 

 
0.0008* 
0.0022* 
0.1138 

Wealth Quintile 
      1 (lowest) 

2 
3 
4 
5 

 
15(5.77) 
39(15.00) 
36(13.85) 
81(31.15) 
89(34.23) 

 
112(20.07) 
104(18.64) 
107(19.18) 
112(20.07) 
123(22.04) 

 
127(15.53) 
143(17.48) 
143(17.48) 
193(23.59) 
212(25.92) 

 
<0.0001* 
0.5511 
0.2347 
<0.0001* 
<0.0001* 

Antodaya Card 
Yes 

 
309(99.68) 

 
741(99.60) 

 
1050(99.62) 

 
1.000 

Household Type 
      Pucca 
      Semi-Pucca 
      Kucha 

 
241(83.97) 
25(8.71) 
21(7.32) 

 
433(68.73) 
89(14.13) 
108(17.14) 

 
674(73.50) 
114(12.43) 
129(14.07) 

 
<0.0001* 
0.0643 
0.0005* 

 ahousehold presence in a high coverage cluster of 500m with improved 
sanitation. 
bclusters were detected using the SaTScan method described above. 
dChi-square test 
*p-value<0.05 
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More households in the high coverage sanitation clusters had access to 

improved sanitation (93.23% compared to 84.27%)(Table 3), although this 

difference was not significant (p=0.1378).  Overall improved sanitation access 

was 86.9%.  On average only 24.48%% of child feces were disposed of safely in a 

latrine.  The majority of people had access to improved drinking water sources, 

although more people in not in the clusters had access to piped water to the home 

(9.57% vs. 2.26%).  

 

Table 3. Household Sanitation Characteristics 
Characteristic High Coverage Cluster  

N(%)a 
Not in cluster N(%) Total N(%) p-value 

Improved Sanitation 
Accessb 

289(93.23) 627(84.27) 916(86.91) 0.1378 

Safe Disposal of child 
Fecesb 

103(33.23) 213(28.59) 316(24.48) 0.1343 

Improved Drinking 
Waterb 
  Piped Water to Home 
Other Improved  
sources 

  Unimproved sources 

 
 
7(2.26) 
302(97.42) 
 
1(0.32) 

 
 
71(9.57) 
597(80.46) 
 
74(9.97) 

 
 
78(7.41) 
899(85.46) 
 
75(7.13) 

 
 
<0.0001* 
<0.0001* 
 
<0.0001* 

Improved water and 
sanitationb 

736(81.15) 151(14.13) 887(44.89) 0.0004* 

Latrine use weighted 
proportion Mean(std)c 

 
0.66(0.28) 

 
0.55(0.36) 

 
0.58(0.34) 

 
<0.0001* 

 
Household densityc  

 
3.30(1.57) 

 
3.84(1.78) 

 
3.68(1.74) 

 
<0.0001* 

aPresence in high coverage cluster of 500m with improved sanitation 
bp-value from chi-square test 
cp-value from t-test 
*p-value<0.05 
 

Sanitation Infrastructure 

See table 4 below, which displays the number of households in clusters at each 

distance.  In the intervention arm of the study, there were more households in 
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clusters of high coverage at each distance compare to households in low coverage 

clusters. 

Table 4. Households in Sanitation Infrastructure Clusters 
Cluster	and	Distance	 In	Cluster	N(%)	
High	coverage	250m	 255(24.17)	
Low	coverage	250m	 6(0.57)	
High	coverage	500m	 310(29.38)	
Low	Coverage	500m	 6(0.57)	
High	Coverage	750m	 316(29.95)	
Low	Coverage	750m	 6(0.57)	
High	Coverage	1000m	 368(34.88)	
Low	Coverage	1000m	 4(0.38%)	
aclusters detected at the 0.10 significance level 
An example of sanitation clustering can be seen below.  The first map (Figure 1) 

shows the entire study area and villages with clusters of improved sanitation 

infrastructure at 500 meters.  The second map (Figure 2) shows an example of a 

village with households present in a cluster of sanitation infrastructure at 500 

meters.   

Figure 1 
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Figure 2 

 
 

Child Outcomes 

Seven day period prevalence of diarrhea was 4.3% overall and similar between 

the clusters and non-clusters (3.6% v.3.8%), p-value (0.8847).  Prevalence of 

moderate stunting was 32.8% overall and slightly higher in non-cluster children 

(26.9% v. 18.1%), p-value (0.0001).  Severe stunting was less prevalent in the 

total population, 7.6%.   25.8% of children were moderately underweight with 

13.9% in cluster of sanitation and 31.7% not in clusters.  Overall, 5.6% of children 

were severely underweight with 0.6% in clusters and 8.3% not in a cluster.  
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Table 5. Child health data 

aPresence in high coverage cluster of 500m with improved sanitation. 
bHeight for Age z-score 
cWeight for Age z-score 
dp-values computed through chi-square test for dichotomized outcomes and t-test for 
continuous 
*p-value <0.05 
 

All z score values are below the mean.  Cluster z scores for height and weight 

appear to be higher than those not in a cluster (p<0.0001).  There is a significant 

difference in all health outcomes by cluster presence for all health outcomes 

except for diarrhea. 

 
 

Disease Models 
 
Bivariate analysis was conducted to determine if an association existed between 

each outcome and predictors.  Sanitation coverage was not associated with 

diarrheal disease in children under five. See table 6 below. 

 

 In cluster N(%)a Not in cluster 
N(%) 

Total N(%) p-valued 

7-day diarrhea 
prevalence 

8(3.6) 20(3.8) 42(4.3) 0.8847 

Moderate 
stunting 

32(18.1) 169(26.9) 269(32.8) <0.0001* 

Severe 
stunting 

4(2.3) 44(9.6) 62(7.6) 0.0017* 

Moderate 
underweight 

25(14.0) 149(31.7) 217(25.8) <.0001* 

Severe 
underweight 

1(0.6) 39(8.3) 47(5.6) 0.0002* 

HAZb 
Mean (std) 

-1.08(1.02) -1.61(1.15) -1.46(1.16) <0.0001* 

WAZc 
Mean (std) 

-0.97(1.06) -1.50(1.10) -1.34(1.04) <0.0001* 
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Table 6. Chi-Square test for association with 7 day diarrhea prevalence 
Variable  χ2 value p-value 
250m High coveragea 1.788 0.1898 
250m low coveragea 0.0309 0.8604 
500m high coveragea 1.4065 0.2356 
500m low coveragea 0.0026 0.9596 
750m high coveragea 1.7470 0.1863 
750m low coveragea 0.0071 0.9330 
1000m high coveragea 1.3225 0.2501 
1000m low coveragea 0.0461 0.8300 
a 0.10 significance level 
 
Sanitation clusters were associated with moderate stunting.  The most significant 

associations with stunting occurred at 750meters of improved high coverage 

sanitation, 500meters of improved high coverage sanitation, and 250meters of 

improved high coverage sanitation with clusters being detected at the 0.10 

significance level. See table 7 below. 

 

Table 7. Chi-Square test for association with moderate stunting 
Variable  χ2 value p-value 
250m high coveragea 14.5485 0.0001* 
250m low coveragea 3.0591 0.0803 
500m high coveragea 16.7624 0.0001* 
500m low coveragea 3.5148 0.0608 
750m high coveragea 16.4473 <0.0001* 
750m low coveragea 2.8125 0.0935 
1000m high coveragea 7.2880 0.0069* 
1000m low coveragea 2.7286 0.0986 
a 0.10 significance level 
*p<0.05 
 
Clusters were associated with severe stunting of children under five.  The most 

significant association occurred with 500 meters of high coverage improved 

sanitation with cluster detection occurring at the 0.10 significance level.  See 

table 8 below. 
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Table 8. Chi-Square test for association with severe stunting 
Variable  χ2 value p-value 
250m high coveragea 7.4449 0.0064* 
250m low coveragea 0.3463 0.5562 
500m high coveragea 10.8154 0.0010* 
500m low coveragea 0.0807 0.7763 
750m high coveragea 9.7159 0.0018* 
750m low coveragea 0.5537 0.4568 
1000m high coveragea 2.8572 0.0910 
1000m low coveragea 0.0761 0.7826 
a0.10 significance level 
* p<0.05 
 
Clusters were also associated with children under five being moderately 

underweight.  The most significant associations occurred at clusters of 500 

meters of improved sanitation and clusters of 750 meters of high coverage 

improved sanitation at the 0.10 significance level for clustering.  See table 9 

below. 

Table 9. Chi Square test for association with moderate underweight 
Variable  χ2 value p-value 
250m high coveragea 12.9838 0.0003* 
250m low coveragea 2.5097 0.1131 
500m high coveragea 16.6718 <0.0001* 
500m low coveragea 2.7332 0.0983 
750m high coveragea 16.3309 <0.0001* 
750m low coveragea 3.5511 0.0595 
1000m high coveragea 9.3630 0.0022* 
1000m low coveragea 1.6699 0.1963 
a0.10 significance level 
*p<0.05 
 
Clusters were associated with children under five being severely underweight.  

The most significant associations occurred at 750 meters and 500 meters of high 

coverage improved sanitation.  Clusters were once again detected at the 0.10 

significance level.  See table 10 below. 
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Table 10. Chi-Square test for association with severe underweight 
Variable  χ2 value p-value 
250m high coveragea 8.6555 0.0033* 
250m low coveragea 0.0266 0.8705 
500m high coveragea 11.4522 0.0007* 
500m low coveragea 0.0100 0.9202 
750m high coveragea 12.2630 0.0005* 
750m low coveragea 0.2773 0.5985 
1000m high coveragea 8.2037 0.0042* 
1000m low coveragea 0.0020 0.9645 
a0.10 significance level 
*p<0.05 
 
Clusters were associated with continuous HAZ.  The most significant associations 

occurred at 250 meters, 500 meters, 750 meters, and 1000 meters of high 

coverage improved sanitation.  Clusters were detected at the 0.10 significance 

level.  See table 11 below. 

 
Table 11. T-test for HAZ and Cluster Distances 
Variable  t-value p-value 
250m high coveragea -6.01 <0.0001* 
250m low coveragea -2.07 0.0382* 
500m high coveragea -6.94 <0.0001* 
500m low coveragea -1.87 0.0622 
750m high coveragea -6.48 <0.0001* 
750m low coveragea -1.91 0.0559 
1000m high coveragea -5.45 <0.0001* 
1000m low coveragea -1.28 0.1992 
a0.10 significance level 
*p<0.05 
 

Clusters were associated with continuous WAZ.  The most significant associations 

occurred at 250 meters, 500 meters, 750 meters, and 1000 meters of high 

coverage improved sanitation.  Clusters were detected at the 0.10 significance 

level. See table 12 below. 
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Table 12. T-test for WAZ and Cluster Distances 
Variable  t-value p-value 
250m high coveragea -6.28 <0.0001* 
250m low coveragea -2.56 0.0106* 
500m high coveragea -6.78 <0.0001* 
500m low coveragea -2.66 0.0078* 
750m high coveragea -6.60 <0.0001* 
750m low coveragea -2.60 0.0093* 
1000m high coveragea -4.99 <0.0001* 
1000m low coveragea -1.92 0.0553 
a0.10 significance level 
*p<0.05 

Figure 3 shows an example village in the study.  The circle encompasses 

households that were in the 500 meter cluster of high coverage of improved 

sanitation.  Height for age z-scores are shown with a color gradient with red 

showing the most severe values. 

 

Figure 3 
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Regression models were run using sanitation infrastructure clusters that were 

detected at significance level 0.10.  Sanitation infrastructure clustering was not a 

significant predictor of diarrhea prevalence.  Stunting could be modeled through 

logistic regression.  Models were adjusted for village level clustering and only 

unique household observations were used.  Only one child was present per 

household.  The best fitting model for moderate stunting is shown in Table 13 

below. Model 1, table 13 shows that presence in a cluster of improved sanitation 

at 500 meters had a 17% reduction in moderate stunting (OR=0.83, 95%CI:0.73-

0.94).  This relationship was not affected by adjusting for child’s sex and age 

demonstrated in model 2, table 12 (OR=0.83, 95%CI:0.73-0.94).  However, the 

effect was decreased in model 3, table 13, which adds adjustment for household 

caste and wealth quintiles (OR=0.91, 95%CI:0.91-1.02).  
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The best fitting model for severe stunting is shown in Table 14 below. Model 1, 

table 14 shows that presence in a cluster of improved sanitation at 500 meters 

had a 9% reduction in severe stunting (OR=0.91, 95%CI:0.84-0.99).  This 

relationship stayed the same when adjusting for child’s sex and age demonstrated 

in model 2, table 13 (OR=0.90, 95%CI:0.84-1.00).  However, the effect was 

Table 13: Odds ratios (and 95% confidence intervals) for moderate stunting 
(height-for-age z score <-2) among children < 5 years of age in Orissa, India 
2016.   
 

a Presence in a 500m cluster of improved sanitation   
bcluster significant 0.10 
*p<0.05 
 

Variable  Model 1 Model 2 Model 3 
Sanitation clustera,b 
Child’s sex (male) 
Child’s age 
      0-11 months 
      12-23 months 
      25-60 months 
Household Caste 
      Scheduled caste 
      Scheduled tribe 
      Backward caste 
      Other caste 
Wealth Quintile 
      1 (lowest) 
      2 
      3 
      4 
      5 
 
AIC 
 

0.83(0.73-0.94)* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
807.25 

0.83(0.73-0.94)* 
1.00(0.95-1.05) 
 
1.02(1.00-1.04) 
1.04(1.00-1.09) 
1.11(0.99-1.24) 
 
 
 
 
 
 
 
 
 
 
 
 
820.53 

0.91(0.81-1.02) 
1.01(0.94-1.10) 
 
1.02(0.99-1.04) 
1.03(0.99-1.08) 
1.09(0.97-1.22) 
 
0.95(0.91-0.99) 
0.90(0.82-0.98) 
0.85(0.75-0.97) 
0.81(0.68-0.95) 
 
0.94(0.92-0.97) 
0.88(0.84-0.94) 
0.83(0.77-0.90) 
0.78(0.70-0.87) 
0.72(0.64-0.85) 
 
701.10 
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decreased in model 3, table 14, which adds adjustment for household caste and 

wealth quintiles (OR=0.95, 95%CI:0.88-1.03).   

 
 
 
Table 14: Odds ratios (and 95% confidence intervals) for severe stunting 
(height-for-age z score <-3) among children < 5 years of age in Orissa, 
India 2016.   
 
Variable  Model 1 Model 2 Model 3 
Sanitation clustera,b 
Child’s sex (male) 
Child’s age 
      0-11 months 
      12-23 months 
      25-60 months 
Household Caste 
      Scheduled caste 
      Scheduled tribe 
      Backward caste 
      Other caste 
Wealth Quintile 
      1 (lowest) 
      2 
      3 
      4 
      5 
 
AIC 
 

0.91(0.84-0.99)* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
104.52 

0.90(0.84-1.00)* 
1.0010.96-1.03) 
 
1.00(0.99-1.01) 
1.00(0.98-1.03) 
1.01(0.95-1.07) 
 
 
 
 
 
 
 
 
 
 
 
 
123.62 

0.95(0.88-1.03) 
0.99(0.95-1.04) 
 
1.00(0.99-1.01) 
1.00(0.97-1.03) 
1.00(0.94-1.08) 
 
0.97(0.94-0.99) 
0.93(0.89-0.98) 
0.90(0.83-0.98) 
0.87(0.79-0.97) 
 
0.98(0.97-1.00) 
0.97(0.94-1.00) 
0.95(0.91-1.00) 
0.94(0.89-1.00) 
0.92(0.85-1.00) 
 
124.39 
 
 

a Presence in a 500m of sanitation infrastructure 
b Cluster significance level 0.10 
*p<0.05 
 
 
 
 
The best fitting model for a child being moderately underweight is shown in 

Table 15 below. Model 1, table 15 shows that presence in a cluster of improved 

sanitation at 500 meters had a 16% reduction in a child being underweight 

(OR=0.84, 95%CI:0.76-0.94).  This relationship stayed the same when adjusting 

for child’s sex and age demonstrated in model 2, table 15 (OR=0.85, 95%CI:0.76-
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0.96).  However, the effect was decreased in model 3, table 15, which adds 

adjustment for household caste and wealth quintiles (OR=0.90, 95%CI:0.81-

1.00).   

Table 15: Odds ratios (and 95% confidence intervals) for moderate 
underweight (weight-for-age z score <-2) among children < 5 years of age 
in Orissa, India 2016.   
 
Variable  Model 1 Model 2 Model 3 
Sanitation clustera,b 
Child’s sex (male) 
Child’s age 
      0-11 months 
      12-23 months 
      25-60 months 
Household Caste 
      Scheduled caste 
      Scheduled tribe 
      Backward caste 
      Other caste 
Wealth Quintile 
      1 (lowest) 
      2 
      3 
      4 
      5 
 
AIC 

0.84(0.76-0.94)* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
770.27 

0.85(0.76-0.96)* 
1.05(0.99-1.13) 
 
1.02(1.00-1.04) 
1.04(1.00-1.09) 
1.11(1.00-1.24) 
 
 
 
 
 
 
 
 
 
 
 
 
781.12 

0.90(0.81-1.00) 
1.52(0.98-1.12) 
 
1.02(1.00-1.04) 
1.05(1.00-1.09) 
1.12(1.00-1.25) 
 
0.96(0.92-1.00) 
0.93(0.85-1.01) 
0.89(0.79-1.00) 
0.86(0.73-1.01) 
 
0.95(0.92-0.97) 
0.90(0.85-0.95) 
0.85(0.79-0.92) 
0.81(0.73-0.90) 
0.76(0.66-0.87) 
 
688.40 
 
 

a Presence in a 500m cluster of improved sanitation infrastructure 
b cluster significance level 0.10 
*p<0.05 
 
 
 
 

The best fitting model for a child being severely underweight is shown in Table 16 

below. Model 1, table 16 shows that presence in a cluster of improved sanitation 

at 500 meters had an 7% reduction in a child being severely underweight 

(OR=0.93, 95%CI:0.87-1.00).  This relationship stayed the same when adjusting 

for child’s sex and age demonstrated in model 2, table 16 (OR=0.93,95%CI:0.87-
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0.99).  However, the effect was decreased in model 3, table 16, which adds 

adjustment for household caste and wealth quintiles (OR=0.95, 95%CI:0.0.89-

1.02).   

Table 16: Odds ratios (and 95% confidence intervals) for severe 
underweight (weight-for-age z score <-3) among children < 5 years of age 
in Orissa, India 2016.   
 
Variable  Model 1 Model 2 Model 3 
Sanitation clustera,b 
Child’s sex (male) 
Child’s age 
      0-11 months 
      12-23 months 
      25-60 months 
Household Caste 
      Scheduled caste 
      Scheduled tribe 
      Backward caste 
      Other caste 
Wealth Quintile 
      1 (lowest) 
      2 
      3 
      4 
      5 
 
AIC 
 

0.93(0.87-1.00) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-11.75 

0.93(0.87-0.99) 
0.97(0.95-1.00) 
 
1.00(0.99-1.01) 
1.01(0.98-1.03) 
1.02(0.96-1.08) 
 
 
 
 
 
 
 
 
 
 
 
 
7.11 

0.95(0.89-1.02) 
0.98(0.95-1.02) 
 
1.00(0.99-1.01) 
1.00(0.98-1.03) 
1.01(0.95-1.07) 
 
0.98(0.96-1.00) 
0.96(0.92-1.00) 
0.94(0.88-1.01) 
0.92(0.84-1.01) 
 
0.98(0.97-1.00) 
0.97(0.94-1.00) 
0.96(0.91-1.00) 
0.94(0.89-1.00) 
0.93(0.86-1.00) 
 
-6.47 
 
 

a Presence in a cluster of 500m improved sanitation 
b cluster significance level 0.10 
 
 
 

Continuous z scores for stunting and wasting were also modeled using linear 

regression and the clusters of sanitation infrastructure as predictors.  See Table 

18-19 below.  The average HAZ for those not in a cluster of improved sanitation is 

-1.61.  Presence in a sanitation cluster increases the HAZ by 0.52 for a 500 meter 

cluster.  The average WAZ is -1.51 for those children not in a cluster of improved 

sanitation.  Presence in a sanitation cluster improves the WAZ by  0.54 for a 500 
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meter cluster of sanitation.  Being in a sanitation cluster improves child HAZ and 

WAZ, although, overall, the z-scores are already below the mean value.  Table 18 

below shows three models for HAZ with just the exposure, sanitation cluster, in 

model 1, adjusting for child’s age and gender in model 2, and adding household 

caste and wealth quintile to model 3.  Sanitation clusters at 500 meters were used 

for consistency. Presence in a sanitation cluster remains significant for all 

models.  Model 3 yields the best fit and shows a 0.32 increase HAZ for child 

height adjusting for membership in a sanitation cluster, child’s sex, age, 

household caste, and wealth quintile.   

Table 18: Linear Regression z-score coefficients and standard errors for Height for Age 
z-scores among children < 5 years of age in Orissa, India 2016.   
 
Variable  Model 1 Model 2 Model 3 
 β SE( β ) p-value β SE( β ) p-value β SE( β ) p-value 
Intercept 
Sanitation clustera,b 
Child’s sex (male) 
Child’s age  
Household Caste 
Wealth Quintile 
 
 
 
QIC 
QICu 
 

-1.61(0.08) 
0.52(0.15) 
 
 
 
 
 
 
 
 
642.38 
637.00 

<0.001* 
0.0006* 
 
 
 
 
 
 
 

-1.30(0.15) 
0.52(0.16) 
-0.06(0.10) 
-0.01(0.002) 
 
 
 
 
 
 
644.86 
639.00 

<0.0001* 
0.0008* 
0.5125 
 
0.0033* 
 
 
 
 

-2.24(0.24) 
0.32(0.13) 
0.002(0.11) 
-0.01(0.002) 
0.16(0.05) 
0.17(0.04) 
 
 
 
 
572.67 
568.00 

<0.0001* 
0.0154* 
0.9890 
0.0095* 
0.0023* 
<0.0001* 
 

a Presence in a cluster of 500m improved sanitation 
b cluster significance level 0.10 
*p<0.05 
 
	
Table 19 below shows three models for WAZ with just the exposure, sanitation 

cluster, in model 1, adjusting for child’s age and gender in model 2, and adding 

household caste and wealth quintile to model 3.  Sanitation clusters at 500 

meters were used for consistency. Presence in a sanitation cluster remains 

significant for all models.  Model 3 yields the best fit and shows a 0.38 increase in 
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z-score for child weight adjusting for membership in a sanitation cluster, child’s 

sex, age, household caste, and wealth quintile.  

 

Table 19: Linear Regression z-score coefficients and standard errors for Weight for Age z-
scores among children < 5 years of age in Orissa, India 2016.   
 
Variable  Model 1 Model 2 Model 3 
 β (SE) p-value β (SE) p-value β (SE) p-value 
Intercept 
Sanitation clustera,b 
Child’s sex (male) 
Child’s age  
Household Caste 
Wealth Quintile 
 
 
 
QIC 
QICu 
 
 
 

-1.51(0.08) 
0.54(0.12) 
 
 
 
 
 
 
 
 
 
655.78 
652.00 

<0.0001* 
<0.0001* 
 
 

-1.19(0.16) 
0.53(0.28) 
-0.10(0.09) 
-0.01(0.002) 
 

<0.0001* 
<0.0001* 
0.2605 
0.0130* 
 
 
 
 
 
 
 
658.31 
654.00 
 
 
 
 
 
 
 
 
 

-1.95(0.31) 
0.38(0.10) 
-0.06(0.10) 
-
0.01(0.003) 
0.10(0.05) 
0.17(0.04) 
 

<0.0001* 
0.0003* 
0.5116 
0.0111* 
0.0562 
<0.0001* 
 
 
 
 
 
587.17 
583.00 

a Presence in a cluster of 500m improved sanitation 
b cluster significance level 0.10 
*p<0.05 
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V. Discussion 

 The purpose of this study was to evaluate how community level sanitation 

coverage can have an impact on the health of children under five years.  Sub-

community level sanitation coverage is an important indicator of fecal 

contamination in the environment.   

This study supports evidence that presence of improved sanitation 

coverage is protective against child stunting in concordance with a previous study 

by Spears which found that increases in open defecation were associated with 

increases in child stunting (10).  The final results indicate that there is an 

association between presence in a cluster of improved sanitation and child 

stunting and being underweight, but this relationship does not hold for the 

adjusted models.  Unadjusted, presence in a sanitation cluster of 500m has a 

protective effect on child stunting, and a child being underweight.  There is an 

association between presence in a cluster of improved sanitation and both HAZ 

and WAZ.  This relationship holds true when adjusting for other covariates.  The 

effect of sanitation coverage was null for diarrhea outcomes in accordance with 

literature (36).   

These results are comparable to Fuller’s study, which showed that 100% 

community sanitation coverage at 500m was protective for stunting (40).  

Improved sanitation in one household is beneficial to the households around it as 

contamination is being reduced in the environment.  Similar to Fuller’s paper, 

this study shows that being in an environment of sanitation coverage higher than 

the surrounding area is protective for HAZ.  Fuller also conducted a threshold 
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analysis to see at what level sanitation coverage proved to be protective.  He 

found that beyond 31-40% there was no added benefit from living in an area of 

sanitation coverage (40).  This study reached 70% sanitation coverage as 

specified in, Hunter et al., and showed a protective unadjusted effect, see tables 

12, 13, 14,15, 16, and 17 (37).  

These results are supportive of those shown by Hunter and Oswald.  

Hunter et al. came to the conclusion that community sanitation coverage at 70% 

resulted in the most health benefits. Similarly, Oswald shows in one study that 

community sanitation use had to reach 60-80% for a lower prevalence in odds of 

disease (39).  Oswald’s paper differs from this current analysis in that sanitation 

use was the main exposure variable where in this analysis; the main exposure is 

being in a cluster of community sanitation coverage.  Sanitation use is definitely 

an important indicator of environmental contamination and should be 

considered alongside coverage.  Sanitation use was not the main focus of this 

analysis. It was not found to be a significant predictor in the disease models.  

Though it seems intuitive that sanitation use would be an important predictor, 

Oswald also found that there was no overall association between community 

sanitation usage and STH infection (38).  One analysis suggested that sanitation 

usage was needed at 80% for a protective effect with coverage being an important 

factor.   Sanitation coverage in the present study was 86.9% while use was only 

60%.  This suggests that further research needs to be conducted looking at the 

intersection of sanitation coverage and usage and concordant disease outcomes.   
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Strengths and Limitations 

 This analysis was able to support previous studies conducted by Hunter, 

Fuller, and Oswald.  It shows that community sanitation coverage can be 

beneficial to children under five using a different technique from published 

literature.  Looking at clusters of sanitation coverage allows for analysis of a 

smaller unit area around children to capture the area that they most likely 

interact with.  If households around a child’s are using improved sanitation, 

environmental contamination is less likely which could lead to reduced disease in 

children allowing them to reach their full growth potential. 

This analysis was stratified to focus on only the intervention villages since 

that is where the majority of significant clusters were.  This reduced the sample 

size by half but does not seem to change the results from an unstratified analysis.  

Additionally, dichotomization of continuous height into indicators of moderate 

and severe stunting sacrifices power as well, which could explain why results 

were stronger with the continuous z-score outcomes. The clusters of sanitation 

were assessed in SaTScan at the 0.10 significance level rather than the 0.05 

significance level, which could have weakened the analysis. Since clusters of 

improved sanitation infrastructure only fell in intervention villages, and clusters 

of unimproved sanitation only fell in control villages, it is difficult to determine 

the difference of the impact of sanitation between the two arms of the study but 

would prove interesting for future analyses.   

 It appears that the intervention did ultimately improve sanitation presence 

in this population, however, in the control group, sanitation infrastructure 
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appeared to have a null effect on disease.  This could be because this study did 

not assess the question of use of improved sanitation facilities and use, though 

harder to assess does have an impact of disease status.   

 All of the information in this study with the exception of the 

anthropometric measurements were collected in the form of survey information 

and are thus subject to recall bias.  However, the culture in India permits 

discussion of sanitation information to be not as stigmatized as outside the 

country so the results may not be so biased (6).  The only variable unable to be 

used in the analysis was possession of an Antodaya card as it was discovered that 

the holding of a card is not representative of income level as cards are sold on the 

black market to allow for additional governmental subsidies.  This variable was 

also determined to be collinear and was unable to be used in the analysis.   

The relationship between child disease status and sanitation infrastructure 

presence was assessed by looking at child age, gender, household caste, and 

wealth quintile. However, it did not take into account any nutritional 

characteristics.  Though nutrition would not confound the effect of being in a 

cluster of improved sanitation it does have an important effect on child 

anthropometric outcomes and would be an interesting addition for future 

analyses.   

 This analysis only looked at disease and sanitation relationship at one 

point in time, one study round, however, it would be more informative to look at 

this relationship over all rounds of the study to assess the temporality of disease.   
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VI. Conclusions and Recommendations 

 

 This study illuminates the importance of achieving community level 

sanitation in rural India. Being in a 500 meter cluster of improved sanitation was 

associated with improved child nutritional health measured through both height-

for-age and weight-for-age z scores, adjusting for socio-demographic 

characteristics. Future research and sanitation programs should work to promote 

100% sanitation coverage and use in communities, consistent with the SDGs.   
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