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Abstract

Background: Information on the impact of hygiene interventions on severe outcomes is lim-

ited. As a pre-specified secondary outcome of a cluster-randomized controlled trial among

>400 000 low-income residents in Dhaka, Bangladesh, we examined the impact of cholera

vaccination plus a behaviour change intervention on diarrhoea-associated hospitalization.

Methods: Ninety neighbourhood clusters were randomly allocated into three areas:

cholera-vaccine-only; vaccine-plus-behaviour-change (promotion of hand-washing with

soap plus drinking water chlorination); and control. Study follow-up continued for 2 years

after intervention began. We calculated cluster-adjusted diarrhoea-associated hospital-

ization rates using data we collected from nearby hospitals, and 6-monthly census data

of all trial households.

Results: A total of 429 995 people contributed 500 700 person-years of data (average

follow-up 1.13 years). Vaccine coverage was 58% at the start of analysis but continued to

drop due to population migration. In the vaccine-plus-behaviour-change area, water plus

soap was present at 45% of hand-washing stations; 4% of households had detectable
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chlorine in stored drinking water. Hospitalization rates were similar across the study

areas [events/1000 person-years, 95% confidence interval (CI), cholera-vaccine-only: 9.4

(95% CI: 8.3–10.6); vaccine-plus-behaviour-change: 9.6 (95% CI: 8.3–11.1); control: 9.7

(95% CI: 8.3–11.6)]. Cholera cases accounted for 7% of total number of diarrhoea-

associated hospitalizations.

Conclusions: Neither cholera vaccination alone nor cholera vaccination combined

with behaviour-change intervention efforts measurably reduced diarrhoea-associated

hospitalization in this highly mobile population, during a time when cholera accounted

for a small fraction of diarrhoea episodes. Affordable community-level interventions

that prevent infection from multiple pathogens by reliably separating faeces from the

environment, food and water, with minimal behavioural demands on impoverished

communities, remain an important area for research.
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Introduction

Diarrhoeal diseases continue to be a major cause of mor-

bidity and mortality in low-income countries, including

Bangladesh.1–4 In Bangladesh, parents of approximately

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

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

Water, sanitation and hygiene interventions can effect-

ively interrupt transmission of gastrointestinal pathogens to

reduce diarrhoea.6 The optimum long-term solution in low-

income countries would be to build and maintain a water

and sanitary infrastructure that consistently separates faecal

waste from water and food supplies but, for complex rea-

sons including limited supply, poor governance and low

water tariffs leading to lack of funding, achieving this goal

in the short term is not feasible.7 Therefore, interim

approaches for immediate implementation to reduce disease

burden would be useful.

One option for preventing diarrhoea is vaccination for

specific gastrointestinal pathogens. In cholera-endemic

areas, cholera vaccine has been demonstrated to reduce mor-

bidity and mortality from cholera disease including all-cause

diarrhoea-associated hospitalization when the burden of

cholera was high.8–12 Two other rigorously evaluated low-

cost approaches to prevent diarrhoeal disease include treat-

ment of water at point of use and promoting hand-washing

with soap.13,14 In rural Bangladesh, only 1% of people wash

their hands with soap before eating or feeding children and

only 14% wash their hands with soap after defecation.15

Boiling is the usual method for water treatment in urban

areas especially where gas supply is available, but in a study

conducted in urban Bangladesh only 37% boiled their

water.16

Efficacy studies focusing on promoting water treatment

at point of use and hand-washing with soap have targeted

up to 4000 households in various countries where diar-

rhoea is a leading cause of death.13,14 However, whether

these approaches are effective when implemented on a

larger scale is unclear.17,18 Additionally, the efficacy of

such interventions has been assessed mainly through poten-

tially biased self-reported diarrhoea episodes rather than

using an observable measurement to determine reduction

in hospitalization rates for diarrhoea.19 It is also unclear

Key Messages

• Neither cholera vaccination alone nor cholera vaccination combined with hand-washing and water treatment promo-

tion measurably reduced diarrhoea-associated hospitalization.

• The possible reasons for lack of impact of cholera vaccine alone on all-cause diarrhoea hospitalization were: cholera

incidence was too low during the study period; and high migration rate diluted cholera vaccination coverage of the

intervention areas during the period of the analysis.

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

been because of the low uptake.

• Affordable community-level interventions that prevent infection from multiple pathogens by reliably separating faeces

from the environment, food and water in impoverished communities remain an important area for research.
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whether combining vaccination with behaviour-change

interventions incrementally increases health benefits.

In 2011, we conducted a cluster-randomized controlled

trial that continued over 2 years among�60 000 low-income

households of metropolitan Dhaka, Bangladesh.9 This cur-

rent paper reports a pre-specified secondary outcome, namely

to examine effects of an intervention to promote hand-

washing with soap and also drinking water disinfection in

addition to oral cholera vaccination, on diarrhoea-associated

hospitalization. We hypothesized that participants in the

cholera vaccine-only intervention area would have lower

hospitalization rates compared with the control. We also

hypothesized that the combination of cholera vaccine plus

hand-washing and point of use water treatment would

further lower hospitalization rates for diarrhoea, compared

with the vaccine-only intervention or control area.

Methods

Trial design, context and participant selection

We conducted a cluster-randomized controlled trial in

diarrhoea-prone communities of urban Dhaka. Details

of the study methods have been published previously

(ClinicalTrials.gov Registration number: NCT01339845).9

The study areas were divided into 90 geographical clus-

ters, each surrounded by a 30-m buffer zone to limit

contamination of the interventions across clusters. Twelve

governmental and non-governmental hospitals/clinics with

inpatient facilities in and around the study area, and which

were accessible to study participants, were included in the

study. For the purpose of this study, data were collected

from these hospitals/clinics to identify diarrhoea-associated

hospitalization of the study participants.

Randomization

Ninety clusters were randomly assigned into three groups:

(i) cholera vaccine alone (denoted as ‘vaccine-only’);

(ii) combined cholera vaccine and behaviour-change inter-

vention (denoted as ‘vaccine-plus-behaviour-change’); and

(iii) control group which continued standard habits and

practices. Blinding of the study investigators and partici-

pants was not possible.

Intervention

Vaccine

The WHO pre-qualified the vaccine ShancholTM

(ShanthaBiotechnics) as safe and effective against chol-

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

study. Details of vaccine transportation, storage and ad-

ministration have been reported.9 Two vaccine doses were

administered at least 14 days apart at no cost to non-

pregnant participants aged�1 year. Vaccination was done

between 17 February 2011 and 1 April 2011 (Figure 1).

Hand-washing and water treatment behavioural

intervention

The hand-washing and water treatment intervention

included distribution of enabling hardware and interper-

sonal counselling aided by support print materials. The be-

haviour change strategy was guided by the Integrated

Behavioural Model for Water Sanitation and Hygiene

(IBM-WASH) theoretical framework.22,23 Where house-

holds were organized into compounds with several house-

holds sharing a common water source, kitchen, and toilets,

hardware enabling hand-washing and water treatment was

provided at the compound level. The interpersonal coun-

selling targeted people at both compound and household

levels.

Dushtha Shasthya Kendra (DSK), a non-governmental

organization, delivered the behavioural intervention and

hardware. Within 3 months of cholera vaccination, com-

munity health promoters visited each compound and rolled

out the hand-washing intervention, with the point of use

water treatment intervention rolled out 3 months later.

Figure 1. Study timeline.
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Hand-washing hardware, provided free of charge, con-

sisted of a bucket with a tap, a bowl where rinse water

could accumulate, and a soapy water bottle (Figure 2a).

Soapy water was prepared by mixing a commercially avail-

able powdered detergent with 1.5 l of water in a plastic bot-

tle with a hole punched in the cap.24 Promoters encouraged

all households to either purchase inexpensive detergent sa-

chets (�US$0.03) to make soapy water, or purchase bars of

soap (�US$ 0.35). They encouraged all household members

to wash hands regularly, especially after defaecation and

before preparing food, and carefully explained all salient

benefits. The latter were based on literature review and site-

specific formative research, guided by the IBM-WASH

theoretical framework.22,23 The water treatment hardware

consisted of a chlorine dispenser containing liquid sodium

hypochlorite (Figure 2b).25 Study participants were encour-

aged to add chlorine to their own water vessels, which were

marked to match the dispensed chlorine dosage with the

size of the vessel. Benefits were again explained.

Promoters visited each compound at least three times

during each of the first 2 months after placement of each

hardware type. After full implementation, the frequency of

visits was reduced to twice per month. During visits, along

with promoting behavioural interventions, hardware-

related problems (breakage/leakage) were addressed.

Study timeline

For data analysis, we defined the intervention outcome-

monitoring start date as 24 September 2011 (Figure 1). We

terminated follow-up for all individuals on 31 August

2013 or, if they had died or permanently out-migrated,

their final date of assessment; during this monitoring

period, study participants in the vaccine-plus-behaviour-

change area (including in-migrants) continuously received

the behaviour-change interventions.

Measurements

The pre-specified outcome of interest was the rates of hospital

admission for diarrhoea of any clinical severity. We also con-

ducted an exploratory analysis of the impact of the interven-

tions on severe diarrhoea hospitalization. Severe diarrhoea

was defined by the presence of at least two of the following

signs and symptoms: sunken eyes, dry tongue, thirst, irritabil-

ity, less active than usual, skin pinch going back slowly, low

volume radial pulse along with inability to drink, or absence

of radial pulse. The number of diarrhoea-associated hospital-

izations (defined as� 3 loose/liquid stools within 24 h26) was

collected through hospital surveillance. The number of

person-years observed was estimated based on information

collected through 6-monthly census updates, during which

data collectors visited each house in the study areas to obtain

information on births, deaths and migrations of individuals.9

Each month, a separate survey was conducted among a

different set of 200 randomly selected study participants in

the vaccine-plus-behaviour-change area, and 100 participants

in each of the vaccine-only and control areas, to determine

uptake of the hand-washing and water treatment interven-

tions. Unannounced home visits assessed intervention uptake

by examining for the presence of soap/soapy water and water

in the most convenient place for hand-washing. Presence of

residual chlorine in stored drinking water was tested using

colorimetre (HACH LANGE GmbH, USA).

Statistical methods

Primary analysis

Using 6-monthly census data, we compared baseline

demographic characteristics of study participants across

the three intervention areas, and identified individuals who

in- or out-migrated into the study area after outcome-

monitoring commencement. Since the behavioural inter-

ventions were geographically based, people could not take

Figure 2. Hand-washing station [includes bucket with tap, bowl, and soapy water (a) and point of use water treatment hardware including chlorine

dispenser and instruction sheets (b)].
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the intervention-enabling hardware with them following

migration out of the vaccine-plus-behaviour-change area.

Conversely, people migrating into the vaccine-plus-

behaviour-change area gained access to interventions. Our

analysis accumulated person-years for each individual in a

time-dependent manner according to their time at risk in

each trial area. Specifically, when a person moved from one

trial area to a different trial area, or migrated for the first

time into the overall study area, we waited 14 days before

beginning to allocate their person-time to the in-migrated

trial area so that the effect of their previous exposures could

be reduced and their new exposure established. Once a per-

son migrated out of the overall study area altogether, we

stopped accumulating his/her person-time. We allowed

multiple hospitalizations per individual by continuing accu-

mulation of person-years after hospitalization.

We calculated the diarrhoea-associated hospitalization in-

cidence by counting the number of admissions from each

study area during the outcome-monitoring period, and

summed the person-time that study participants contributed

to each trial area. We adjusted hospitalization incidence rates

for the cluster-randomized trial design, and the potential mul-

tiple hospitalizations per individual using robust standard

errors applied at the cluster level. To calculate the hazard

ratio for diarrhoea-associated hospitalization of any severity,

we compared incidence of hospitalization for diarrhoea in the

vaccine-plus-behaviour-change area with the control and to

the vaccine-only areas using Cox proportional hazards regres-

sion with cluster-robust standard errors. Results were ad-

justed for age, sex, education and pre-intervention individual-

level hospitalizations.

We divided the 2-year outcome-monitoring period into

quartiles (term 1 to term 4) to examine the consistency of

the intervention effect on incidence of hospitalization over

time, using intervention*quartile interaction terms in the

Cox proportional hazards regression models. We assessed

effect modification of the intervention by age in a similar

manner with interaction terms.

Supplementary analyses

These included:

i. an analysis restricted to individuals who resided in the

study area at the outcome-monitoring start date and

remained in their original intervention area for the

entire study duration; this analysis excluded new

in-migrations after the outcome-monitoring start date;

ii. an analysis allocating all person-time to the trial area of

each individual at the outcome-monitoring start date, re-

gardless of later migrations to other areas, and excluding

in-migration after the outcome-monitoring start date.

Details regarding sample size calculations for the pri-

mary study outcome have been published elsewhere.9

Ethics

Informed consent from an adult study participant was

obtained from each household. The study protocol was

reviewed by Human Subject Committee at icddr,b, and the

International Vaccine Institute.

Results

Participant characteristics and migration

During the 6–12 months before the outcome-monitoring

started, 314 748 people lived in the study area (Table 1).

Demographic characteristics were similar across the three

areas except educational status, self-reported drinking

water treatment practices, and presence of sanitary latrines

which were slightly higher in the vaccine-plus-behaviour-

change area (Table 1).

We identified 429 995 people who were in the study area

at some time point during the outcome-monitoring period

and contributed to 500 700 person-years of data; of them,

177 299 people left the study area before outcome-

monitoring ended (Figure 3). The median duration of resi-

dence in the same house was 12 months. During intervention

period, �4% people (n¼ 17 951) changed areas, but despite

migration, the three areas remained balanced by demo-

graphic characteristics (data not shown).

Intervention uptake

Two-dose vaccine coverage during mass immunization was

�65%,9 but dropped to �58% 6 months later, at the start

of our analysis, due to population migration. Data from

24-monthly surveys collected from a subset of 7542 house-

holds showed that soap/soapy water and water was present

at 45% (1729/3886) households of the primary hand-

washing stations of the vaccine-plus-behaviour-change area,

22% (438/1965) of the vaccine-only and 28% (556/1991) of

the control area. Residual chlorine, indicating uptake of

the chlorine dispenser, was present in the stored drinking

water of 4% (160/3886) of households in the vaccine-plus-

behaviour-change area and none in the other two areas.

Presence of indicators for both hand-washing and point

of use water treatment interventions were �4% higher

among people who stayed in the study area for at least

1 year after the intervention started, compared with those

who migrated in or out or both.

Diarrhoea-associated hospitalization rates

During the outcome-monitoring period, the overall diarrhoea

hospitalization rate for the primary analysis was 9.6/1000

person-years (95% CI: 8.8–10.4). The hospitalization rate

2060 International Journal of Epidemiology, 2017, Vol. 46, No. 6



Table 1. Demographic characteristics across the intervention areas before outcome-monitoring starteda,b

Demographics Vaccine-only

area (n¼109700) %

Vaccine-plus-behaviour-change

area (n¼107134) %

Control area

(n¼97914) %

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

�5years 13.1 13.2 13.3

>5–15 years 19.6 19.2 19.9

>15–50 years 61.9 62.2 61.1

>50 years 5.5 5.5 5.7

Sex (male) 48.2 48.7 48.7

Educational status

No formal education (includes children<5years) 43.8 41.4 43.9

Below primary 17.4 17.5 17.6

Primary and some secondary 30.8 31.7 30.0

Above secondary 8.0 9.4 8.5

Number of people in a family (median, interquartile range) 5 (2) 5 (2) 5 (2)

Number of months living in this house (median, interquartile

range)

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

Characteristics of households Vaccine

area (n¼27341) %

Vaccine-plus-behaviour-change

area (n¼26794) %

Control

area (n¼24393) %

Source of drinking water (WASA supply water)c 99.9 99.7 99.9

Treat drinking water (yes) 52.6 58.7 54.6

Boil water 51.5 56.4 53.1

Filter water 0.7 1.2 0.9

Chemical treatment 0.4 1.1 0.6

Distance from source of drinking water to the kitchen in

centimeters (median, interquartile range)

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

Shared kitchen (yes) 89.6 93.0 87.6

Shared toilet (yes) 96.7 96.0 95.8

Type of toilet (direct observation)

Sanitary latrine with or without flush 70.5 81.3 78.5

Non-sanitary 28.5 17.9 21.3

Use open space 1.0 0.8 0.2

Waste disposal (fixed place) 81.8 84.7 79.3

House construction material

Roof

Corrugated iron 87.1 84.5 83.2

Brick/concrete 12.8 15.4 16.7

Bamboo/wood/other 0.1 0.1 0.1

Floor

Brick/concrete 90.3 90.4 91.5

Bamboo/wood/other 9.7 9.6 8.5

Wall

Corrugated iron 28.2 23.9 26.0

Brick/concrete 68.4 73.9 70.1

Bamboo/wood/other 3.4 2.2 3.9

Number of rooms in the house (mean, SD) 1.1 (0.4) 1.2 (0.5) 1.2 (0.5)

Monthly rent paid (median, interquartile range) (US$)d 25.8 (12.9) 25.8 (12.9) 25.8 (12.2)

Monthly household expenditure (median, interquartile range)

(US$)

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

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

WASA, Water and Sewerage Authority; BDT, Bangladeshi Taka.
aUnique person identification (ID); some categories do not sum to 100% because of rounding.
bPre-intervention period data were used in this table to: (i) avoid migration issues that occurred during intervention period and possibly could have changed the

demographics across the intervention/control areas; and (ii) to assess pre-intervention period drinking water treatment and hygiene status.
cOther sources of drinking water include well, bottled water, water vendor and pond/canal/river.
d1 USD¼ 77.7 BDT (average exchange rate during 2012).
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was comparatively similar across the areas (vaccine-only 9.4/

1000 person-years; vaccine-plus-behaviour-change 9.6/1000

person-years; control 9.7/1000 person-years) (Table 2). The

results remained similar after considering people migrating

from vaccine-only/vaccine-plus-behaviour-change areas to

control areas as remaining vaccinated (Supplementary Table

1, available as Supplementary data at IJE online). The hospi-

talization rate was also relatively similar across the different

areas over terms 1 to 4 (interaction between areas and terms:

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

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

(n¼2270) of diarrhoea-associated hospitalizations were due

to severe diarrhoea. Although the severe-diarrhoea-associated

hospitalization rates were slightly lower in the vaccine-plus-

behaviour-change area, the 95% CIs overlapped each other

[severe diarrhoea hospitalization rate: vaccine-only 4.7/1000

person-years (95% CI: 4.1–5.6); vaccine-plus-behaviour-

change 4.1/1000 person-years (95% CI: 3.4–5.0); control

4.7/1000 person-years (95% CI: 3.9–5.8)].

Hospitalization rates were higher among children

aged� 5 years compared with the other age groups (Figure

4). The P-value for three-way interaction between inter-

vention/control areas, intervention period and age was

0.12, indicating no rate differences by age over time be-

yond that expected by chance. The hospitalization rates

among study participants� 1 year of age (excluding chil-

dren< 1 year from the time of vaccination and onwards)

were similar across the study areas during the outcome-

monitoring period (Supplementary Table 2, available as

Supplementary data at IJE online).

The hospitalization rate among the subgroup of people

who remained in the same location for the entire interven-

tion period was slightly lower in the vaccine-plus-

behaviour-change area compared with other areas, but the

95% CIs overlapped each other—hospitalization rate:

vaccine-only 9.4/1000 person-years (95% CI: 8.3–10.7);

vaccine-plus-behaviour-change 9.0/1000 person-years

(95% CI: 7.6–10.6); control 9.7/1000 person-years (95%

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

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

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

80,634 people were in Vaccine-plus-behaviour-change 
area on outcome-monitoring start date 

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

36,946 people migrated out before 
outcome-monitoring ended 

38,204 people migrated out before 
outcome-monitoring ended 

32,989 people migrated out before 
outcome-monitoring ended 

36,546 migrated in after 
outcome-monitoring started  

32,978 people migrated in after 
outcome-monitoring started  

32,756 migrated in after outcome-
monitoring started  

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

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

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

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

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

5,172 people changed intervention 
areas 

5,049 people changed intervention 
areas 

7,730 people changed intervention 
areas 

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

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

Study areas Number of

people

Number of

person-years (1000)

Number of

hospitalizations

Hospitalizations/1000

person-years (95% CI)

Hazard ratio

(95% CI)

P-value*

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

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

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

aPrimary analysis

*P-value for comparison with control.
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CI: 8.3–11.5). The absolute and relative rates of hospital-

ization using the supplementary analysis (ii) were only neg-

ligibly different from the primary analysis (Supplementary

Table 3, available as Supplementary data at IJE online).

Discussion

This study reports an observable measure of the impact of

combined hand-washing and point of use water treatment

intervention plus cholera vaccination on hospitalization

for diarrhoeal disease, examined through a large-scale,

community-based intervention trial. Despite using an ef-

fective cholera vaccine and culturally adapted behaviour-

change interventions, we found no significant impact of

combined vaccine-plus-behaviour-change intervention on

rates of hospitalization with diarrhoea or hospitalization

with severe diarrhoea.

In an earlier study, cholera vaccine reduced all-cause se-

verely dehydrating diarrhoea-associated hospitalization.8

In the current study, in an earlier analysis vaccination

reduced the incidence of diarrhoea attributable to V. chol-

erae,9 yet we did not observe any significant impact of

cholera vaccine alone on all-cause diarrhoea hospitaliza-

tion, presumably because the cholera incidence was too

low during the study period to make a detectable contribu-

tion to overall hospitalization rates for all-cause diarrhoea.

Indeed, the culture-confirmed cholera cases accounted for

�7% of total number of cases of diarrhoea-related hospi-

talization, well below the years immediately preceding

the study.9 In countries like Bangladesh where cholera is

endemic, the magnitude of cholera incidence can vary from

year to year.27 Additionally, the high migration rate

diluted cholera vaccination coverage of the intervention

areas, thus reducing the impact of vaccine on diarrhoea-

associated hospitalization.

The vaccine-plus-behaviour-change area received inter-

vention hardware and instructions to wash their hands and

treat their drinking water, in addition to receiving cholera

vaccine. The corresponding behaviour-change strategy

was tested in a pilot study to estimate acceptability before

roll-out in the main trial.22 Chlorinating water and

hand-washing promotion have been effective in reducing

self-reported diarrhoeal diseases in small-scale efficacy

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

cant overall or age-specific impact on hospitalization

outcomes.

One reason for the lack of impact of the behavioural

intervention may have been because of the low uptake. We

ideally would have examined diarrhoea hospitalization

rates among those who had good intervention uptake

versus those who did not, but we could not link the inter-

vention uptake data that was collected from only a smallT
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sub-sample of the study population to the hospitalization

data. Identifying and reporting details of the reasons for

poor uptake of these previously tested interventions will be

assessed and reported separately, but may be related to

difficulty of delivering the behaviour change intervention

with high quality on a large scale.17,18

Our indicator of hand-washing behaviour uptake was

the presence of soap and water at the primary hand-

washing station. Among the vaccine-plus-behaviour-

change population, the hand-washing indicator was only

17% points (45% vs 28%) higher than in the control area.

Even though this is a commonly used indicator to assess

hand-washing uptake,15,28 it does not ensure that people

actually wash their hands or use soap. Based on the pres-

ence of residual chlorine in drinking water, only 4% people

used the chlorine dispenser. This was disappointing but

not entirely unexpected, as the pilot study had also shown

low uptake and hardware-related problems which were

unresolved when the vaccine became available and main

trial commenced. Low uptake of chlorine-based water

treatment products has been reported in similar con-

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

in 2009, promoting chlorine-based products detected re-

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

and smell of chlorine-treated water is a commonly reported

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

pants migrated out of the study area before completion of

the 2-year follow-up, thereby limiting the consistency of

participants’ exposure to the intervention. However our

analysis, restricted to people who stayed in the study area

for the entire study period, also showed no reduction in

diarrhoea hospitalization, despite a slightly higher uptake

of interventions compared with those who migrated.

The hospitalization rate was comparatively lower during

the 6–12 months preceding theintervention period. The

reason for this is unknown, but it could be due to vari-

ations in diarrhoea rate at the community level over time

or to delays before the surveillance was fully capturing all

cases.

In conclusion, we observed limited public health im-

pact, by the combination of oral cholera vaccine and be-

havioural interventions to improve drinking water quality

and hand-washing behaviour, on the rate of hospitalized

diarrhoea in the setting under study. Developing better be-

havioural interventions that increase water treatment and

hand-washing remain important in areas where marginal

improvement is possible. Whereas the low rate of cholera

and high rate of population migration account for the lim-

ited impact of oral cholera vaccination, the failure of the

drinking water and hand-washing intervention underscores

the need for investment in research to improve the pace

and effectiveness of community-wide interventions that

separate human faeces from the environment, food and

water supply of low-income country residents.

0

15

30

45

60

Term-1 Term-2 Term-3 Term-4

Ra
te

 p
er

 1
00

0 
pe

rs
on

-y
ea

rs

Par�cipants ≤5years of age

Vaccine-only Vaccine-plus-behaviour-change Control

0

1

2

3

4

5

6

7

8

Term-1 Term-2 Term-3 Term-4

Ra
te

 p
er

 1
00

0 
pe

rs
on

-y
ea

rs

Par�cipants >15-50 years of age

Vaccine-only Vaccine-plus-behaviour-change Control

0

2

4

6

8

10

12

14

Term-1 Term-2 Term-3 Term-4

Ra
te

 p
er

 1
00

0 
pe

rs
on

-y
ea

rs

Par�cipants >50 years of age

Vaccine-only Vaccine-plus-behaviour-change Control

0

1

2

3

4

5

Term-1 Term-2 Term-3 Term-4

Ra
te

 p
er

 1
00

0 
pe

rs
on

-y
ea

rs

Par�cipants >5-15 years of age

Vaccine-only Vaccine-plus-behaviour-change Control

Figure 4. Hospitalization rates for different age groups across the intervention areas* during outcome-monitoring period**.

*The P-value of interaction between areas, time and age was 0.12. **Term 1: 24 September 2011 to 23 March 2012; term 2: 24 March 2012 to 23

September 2012; term 3: 24 September 2012 to 23 March 2013; term 4: 24 March 2013 to 31 August 2013.
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