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Study Objectives

• To assess the impact of improved sanitation on diarrhoeal 
disease morbidity among participants of <5s (primary 
objective) and all ages

• To assess the impact of improved sanitation on intestinal 
nematode infections (objective health indicator)

• To assess the impact of improved sanitation on weight gain 
in children under the age of 5 years (objective proxy for 
diarrhoeal disease)

• To evaluate the cost-effectiveness of delivering the 
intervention, with effectiveness being measured as cost per 
diarrhoea case averted.  



• To assess the impact of improved sanitation on school 
attendance (absenteeism) 

• To assess the impact of improved sanitation on health care 
seeking behaviour 

• To assess the impact of improved sanitation on expected 
transmission pathways for oral-faecal transmission by 
evaluating the impact on (i) faecal contamination of 
drinking water, (ii) the presence of mechanical vectors 
(flies) in food preparation areas, and (iii) the presence of 
faeces in and around participating households and villages. 

• To document the uptake, acceptability and use of the 
intervention over the course of the study.



Study Setting
• 100 villages in Puri District of Orissa. About 50% 

of the population lives below the poverty line. 
Scheduled castes and tribes make up 18% and 0.3% 
of the population, respectively. 

• Open defecation is widespread.  Sanitation coverage 
estimated at 23% overall and 15% in rural areas 
(DLHFS). 

• Two-week prevalence of diarrhoea among <5s is 
28%. 

• High prevalence of STH: ascaris 16%, hookworm 
8% and trichuris 4.5% (Chotray GP, 2005). 



Intervention
• The Total Sanitation Campaign (TSC) was 

launched by the government of India in 1999. 
• The intervention involves mobilizing households 

in villages characterized by high levels of open 
defecation to build and use latrines in furtherance 
of the Government of India’s Total Sanitation 
Campaign (Pattanayak 2009). 

• In 2008, WaterAid India and the government of 
Orissa launched a district-wide initiative in Puri
district, one of the coastal districts of Orissa using 
the same model. 



Intervention Activities
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Study Design
• Cluster (community)-randomized controlled 

field trial
• 100 of 385 candidate villages from Puri District 

selected for participation in the study.
• Following enrolment  and baseline survey, half 

of the villages will be randomly allocated to an 
intervention group and half to a control group.  

• Latrine construction in intervention villages in 
first 6 months; deferred to control villages for 
18 months.  



Study Design



Sample Size Calculation
• Baseline mean longitudinal prevalence of diarrhoea of 7% 

among <5s in the control group and 5.25% in the intervention 
group. 

• Cluster-level variability based on midpoint of studies in 
Tamil Nadu and observations in large national or state-level 
studies (SHEWA-B, WSP MP).

• After adjusting the sample size for intermittent 3-month 
sampling with a 3 day recall (Schmidt, submitted) and 15% 
loss to follow-up, we calculated that 40 clusters per arm or 80 
villages in total would be required to allow detection of a 
25% reduction of diarrhoea with 86% power and 5% level of 
significance. 

• To build in a margin of error, we have elected to target 100 
villages (50 intervention/50 control) for the study. 



Village Eligibility
• Little existing sanitation coverage (<10%)

• Minimum of 25 children <4 per cluster
• Implementing partner expects normal scale up 

• Village has own primary school (to minimize 
misclassification due to migration)

• Stable and reasonably acceptable water supply

• No other WASH interventions planned or 
anticipated in next 30 months

• Reasonable year-round access by bicycle to permit 
household visits by surveillance staff



Participant Enrolment

• Eligible households have at least 1 child <4 
or pregnant woman in her 3rd trimester 

• Open enrolment to include children born 
into study households

• Informed consent provided in accordance 
with India and LSHTM ethics approvals

• Recruit 25-45 eligible households from each 
of the 100 study villages



Baseline Survey
• Following enrolment, a household survey will be 

conducted using PDAs to collect information on 
demographics, socio-economic characteristics, 
water and sanitation practices, etc.

• Mothers of children under 4 years will be asked to 
verify the date of birth for each such child.  

• Village-wide sanitary survey to document baseline 
level of latrine coverage, obtain GPS coordinates 
of each households and the type and GPS location 
of each primary water collection points and OD 
sites for the village will be recorded for mapping 
the study area spatial analysis. 



Diarrhoeal Disease Surveillance
• Visit all participating households every 3 months over a 

period of 21 months, so that each house will be visited a 
total of 6 times (minimizing Hawthorne).

• At each visit, the primary care giver will be asked to 
provide information on common health conditions, 
including diarrhoea, to minimize courtesy bias

• WHO case definition of 3 or more loose stools in 24 hrs. 

• Results in an estimate of the longitudinal prevalence of 
diarrhoea expressed as the number of days with 
diarrhoea over the total number of days under 
observation



WAZ Score

• Recent evidence in <5s of a very strong 
association between weight for age z score (WAZ) 
and diarrhoea over the last 2 weeks, which 
indicates that WAZ may be a good (and objective) 
proxy marker for recent diarrhoea (Schmidt 2009). 

• During each household visit, weight will be 
recorded for each child less than 5 years 

• WAZ measured repeatedly in each child will be 
used as a proxy indicator of diarrhoea, as well as 
an indicator of nutritional status.



HelminthInfection
• A baseline cross-sectional survey will be 

conducted among a random sample of 4000 
participants (800 households). 

• Participants who provided a stool sample will be 
given a broad-spectrum anthelmenthic drug 
recommended by the Indian Ministry of Health. 

• The cross-sectional survey will be repeated among 
the same participants 12 months later to determine 
re-infection rates. 



Comparing Intermediate Outcomes 
of Improved Sanitation



Comparing Intermediate 
Outcomes

• Water:
– 640 samples per 3 months of water identified 

by householders as used for drinking
– Assayed for E. coli (accepted indicator for 

faecal contamination)

• Sanitary Survey 
– Checklist at each household visit 

– Focus on exposure of <5s
– Compare sanitation index between 

intervention/control villages



Vector Monitoring--Flies

• Flytraps placed weekly in the food preparation areas 
of 10% of the study households throughout the 21-
month surveillance period. 

• Musca domestica, Musca sorbens, and key 
Chrysomya spp. collected and identified to species; 
other flies identified to family. 

• In addition, we will actually sample flies for 
Escherichia coli, Vibrio cholerae, Shigellaspp., 
Salmonellaspp., and Aeromonasspp, the primary 
sources of diarrhea in Orissa (Samal et al., 2008). 



Vector Monitoring-Mosquitoes

• We will also take advantage of this opportunity to 
assess the impact of the intervention on breeding 
of mosquito vectors associated with lymphatic 
filariasis and malaria, both of which are major 
health challenges in Orissa. 

• In addition, we will actually sample mosquitoes 
tested for presence of Wuchereria bancrofti, 
testing pools of 50 mosquitoes using PCR after 
Dynalbead purification (Boakye et al., 2007).  



School Attendance

• We will compare school attendance between 
school-aged children in intervention and control 
groups to assess the extent to which the 
intervention prevents absenteeism. 

• As we anticipate that school records will be 
unreliable, we have budgeted for a full-time 
enumerator to make unannounced and random 
visits to 8 schools per day (of an estimated 150 
schools in the 100 participating villages), 
providing one data points per school per month. 



Cost, Cost-Savings and 
Cost-Effectiveness

• We will collect information on the cost of 
providing the intervention and will use the 
effectiveness data from the trial outcomes to 
estimate the cost-effectiveness of the intervention, 
expressed in cost per disability-adjusted life years 
(DALYs) averted. 

• Programme costs are those incurred as part of 
delivering the intervention. Cost to the health care 
system will be obtained from surveys with 
personnel at drug stores, health care facilities etc. 



Acceptability and Use

• Completed latrines (using government criteria for release 
of subsidies) will be identified by location (using GPS 
mapping) and date by surveillance staff following weekly 
records provided by NGO implementers.  

• Acceptability will be assessed through periodic surveys 
and focus group discussions.

• Use will be determined using the methods that the 
formative research and piloting determines to be most 
sensitive, specific and practical for large scale monitoring 
of latrine use, possibly including our “smart latrine”
passive latrine use monitoring system (PLUMS) 



Assessing Use:  PLUMS



Installing PLUM in latrine





Key Aspects of Study 
• Effectiveness evaluation of an actual intervention 

delivered using best practices by an international 
NGO and its local implementing partners

• Set in high diarrhoeal disease, low sanitation rural 
India 

• Rigorous RCT study design
• Large scale (100 villages, 3500 households)

• Long-term (3 year study with 21 month surveillance)
• Powered to assess diarrhoea in <5s

• Objective outcomes (WAZ and helminth infection) to 
address lack of blinding  



Key Aspects of Study 
• Important Non-Health Outcomes

– Cost, cost-savings and cost-effectiveness
– School absenteeism
– Loss days at work
– Health-seeking behavior

• Continuous monitoring of intermediate outcomes
– Drinking water quality
– Mechanical and biological vectors
– Other environmental exposure

• Continuous and innovative monitoring of use
• Spatial analysis to assess spill-over effect



Schedule


