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Abstract. We investigated the environmental and individual-level risk factors for diarrheal disease among young
children in slum areas of Dhaka, Bangladesh. A prospective cohort study was conducted among 884 children under 5
years of age.Caregiver reportswere collected on sociodemographic factors andhygienebehaviors. Diarrhea surveillance
data was collected monthly based on caregiver-reported diarrhea for children in the past 2 weeks during the 12-month
study period. Unannounced spot checks of the household compound were performed at 1, 3, 6, 9, and 12 months after
enrollment to check for the presence of feces (animal or human) and the presence of animals in the child’s sleeping space,
to assess child and caregiver hands for the presence of dirt, and to collect samples of the household’s source and stored
drinkingwater. Childrenwith feces found on the household compound during spot checks had a significantly higher odds
of diarrhea (odds ratio: 1.71; 95% confidence interval: 1.23–2.38). Children residing in households with > 100 colony
forming units/100 mL Escherichia coli in source drinking water had a significantly higher odds of diarrhea (OR: 1.43; 95%
CI: 1.06–1.92). The presence of feces on the household compound and source drinking water with > 100 colony forming
units/100 mL E. coliwere significant risk factors for diarrheal disease for children < 5 years of age in slum areas of Dhaka,
Bangladesh. These findings demonstrate the urgent need for comprehensive interventions to reduce fecal contamination
on the household compound to protect the health of susceptible pediatric populations.

BACKGROUND

Diarrheal disease is a leading cause of death for children
under 5 years of age globally.1 In Bangladesh, there are esti-
mated to be 28 million diarrheal episodes among children
under 5 years of age annually.2 Diarrheal disease is associated
with undernutrition in young children, which is estimated to be
an underlying cause of death for half of young children glob-
ally.3 Furthermore, enteric infections, even those that are
asymptomatic, can contribute to impaired growth and envi-
ronmental enteropathy in young children.4 Identifying risk
factors for diarrhea among susceptible pediatric populations
helps to prioritize interventions needed to reduce enteric in-
fections among young children.
Young children often put objects and surfaces they come

into contact with in their mouths; this mouthing behavior is a
normal part of child development.5 However, in settings with
high fecal contamination, ingestion of soil and dust presents an
exposure route to feces and risk for enteric infections.6–9

Mouthingof fomites, suchaschildren’s toys,utensils, andplates,
can also serve as an exposure route to enteric pathogens.9–12

Geophagy, the consumption of soil, dirt, or mud, and child
mouthing of feces and fomites have been associated with envi-
ronmental enteropathy, diarrhea, and growth faltering in young
children.13–17

Previous studies have also identified unimproved drinking
water sources, poor water storage practices, not treating
drinking water in the home, lack of caregiver handwashing
with soap, lack of caregiver awareness of hygiene practices,

visible feces on the household compound, and unsafe child
feces disposal as risk factors for diarrheal diseases.18–33 A
study in rural Bangladesh found that drinking water contami-
nated by Escherichia coli was associated with subsequent
diarrhea in children.34 Another study in Bangladesh found an
associationbetweendrinkingwaterwithE. coli anddiarrhea.35

Previous studies in urban and rural Ethiopia found a significant
association between pediatric diarrhea and the presence of
feces in the yard, having an unimproved water source, fecal
contamination of household stored drinking water, lack of
handwashingwith soap at a key time, and having an improved
sanitation facility.22,24,36,37 A recent study in rural Uganda
found unprotected water sources as a risk factor for diarrhea
for children under 5 years of age.29 In South Africa, using an
outdoor tap to obtain drinking water was associated with
pediatric diarrhea.38 In addition, in a multi-country study
conducted inPakistan, Kenya,Mali, andMozambique, using a
shared sanitation facility was associated with diarrhea for
children under 5 years of age.39 Further evidence, however, is
needed of risk factors for diarrheal diseases in urban settings
such as Dhaka, Bangladesh.
The Cholera Hospital-Based Intervention for 7 Days

(CHoBI7) was developed in Dhaka, Bangladesh, and pro-
motes handwashing with soap and drinking water treatment
among the household members of hospitalized diarrhea pa-
tients. A randomized controlled trial (RCT) of the original
CHoBI7 program, which targeted the household members of
cholera patients, resulted in a significant reduction in symp-
tomatic cholera infections among intervention household
members aswell as increasedoddsof handwashingwith soap
and improved water quality in intervention households 6 to 12
months post intervention.40 In an effort to scale the CHoBI7
program across Bangladesh, the scope of this intervention
was expanded to target household members of all hospital-
ized diarrhea patients, and a mobile health (mHealth)
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component was added to remove the need for home visits for
intervention delivery.41,42 A recent RCT of the CHoBI7mHealth
program resulted in significantly lower pediatric diarrhea and
stunting as well as improved drinking water quality and hand-
washing with soap.43 A prospective cohort study nested within
this RCT investigated potential risk factors for growth faltering
among children under 5 years of age, and found that children
with caregiver reports of mouthing soil and children with ani-
mals in their sleeping space had a significant reduction in
height-for-age Z-scores from baseline to the month 12 follow-
up.44 A second cohort study in this population assessed the
association between soil- and object-to-mouth contacts and
diarrheaprevalence for childrenunder 5 years of age, and found
that the odds of having a diarrhea episode in the subsequent
month were significantly higher for children with caregiver re-
ports of mouthing feces within the past week.16 Additional
publications document theCHoBI7mHealth program effect on
handwashing with soap while in the hospital,45 diarrheal dis-
ease knowledge,46 process evaluation for CHoBI7 mobile
health program delivery,47 and recent formative research to
developaCHoBI7BabyWASHmHealthprogramtargetingsafe
child feces disposal, improved food hygiene, and safe child
mouthing practices.48

This prospective cohort study, also nestedwithin the recent
CHoBI7 mHealth program RCT, adds to this body of literature
by investigating the environmental and individual-level risk
factors for diarrheal disease among children under 5 years of
age residing in slum areas of Dhaka, Bangladesh. We hy-
pothesized that fecal contamination on the household com-
pound and unsafe household hygiene practices would be
associated with pediatric diarrhea in this setting.

METHODS

Study design. This study was conducted from December
2016 to April 2019 and recruited diarrhea patients presenting
with three ormore loose stools over a 24-hour period from two
tertiary hospitals—Mugda General Hospital (government
hospital) and the International Center for Diarrheal Disease
Research, Bangladesh Dhaka Hospital (private hospital). After
the recruitment of diarrhea patients, their corresponding
household members were also enrolled. The eligibility criteria
for diarrhea patients were the following: 1) have had three or
more loose stools over the past 24 hours, 2) plan to reside in
Dhaka for the next 12 months, 3) not have a basin for running
water in their home (mostly those residing in slum areas of
Dhaka), 4) have a child under 5 years of age in their household
(including themselves), and 5) have a workingmobile phone in
the household. The methodology for delivery of the CHoBI7
mHealth program is published elsewhere.41,43

To investigate the risk factors for diarrhea in children, we
compared individual- and household-level characteristics
among884children under 5 years of age enrolled in theRCTof
the CHoBI7 mHealth program. At baseline, caregivers of
children under 5 years of age were administered a question-
naire on sociodemographic factors, including household lit-
eracy, latrine type, roof type, wall type, and refrigerator and
animal ownership. Diarrhea surveillance data were collected
monthly based on caregiver-reported diarrhea in the past
2 weeks for children under 5 years of age during the 12-month
study period. Diarrhea was defined according to the WHO
definition of having loose stools three or more times within 24

hours.49 Caregivers were also asked questions on hygiene
behaviors during monthly visits to determine child feces dis-
posal practices. Safe feces disposal was defined as feces
disposal in a latrine/toilet or buried.
Unannounced spot checks were performed of the household

compound at 1, 3, 6, 9, and 12months after enrollment to check
for the presence of feces (animal or human) or animals in the
child’s sleeping space, to assess child and caregiver hands for
the presence of dirt, and to collect a sample of the household’s
drinking water. The household compound included indoor and
outdoor living spaces. Unannounced spot checks occurred be-
tween 8 AM and 5 PM. There was no set time for unannounced
spot checks becausewedid notwant the households to prepare
for our arrival.
Water samples were collected from both the source and

stored drinking water using sterile polyethylene water bottles
(500 mL). Water samples were stored in a cooler box and
transported to the laboratory within 6 hours of collection to
test for E. coli by bacterial culture method using previously
published methods.50,51 Two cutoffs were used for water
E. coli concentrations: 1) the WHO water quality guideline of
< 1 colony-forming unit (CFU)/100 mL of E. coli in drinking
water and 2) the WHO classification of high risk for drinking
water supplies cutoff of 100 CFU/100 mL E. coli.52

The check of child and caregiver hand cleanliness during
unannounced spot checks was conducted according to pre-
viously published methods.53 This indicator was used as a
proxy measure of child and caregiver hygiene practices. For
the hand cleanliness check, research assistants assessed the
respondent’s fingernails, finger pads, and palms on both the
left and right hands for cleanliness and assigned one of the
following codes for each part of the hand: visible dirt, unclean
appearance, and clean appearance. An intensive training was
conducted on how to assess hand cleanliness before the
study was conducted. For this analysis, a child or caregiver
with “visibly soiled hands”was defined as an individual with a
code of visible dirt for all parts of the hand (e.g., finger pads,
nails, and palms).
Ethical approvals. Informed written consent was obtained

from a parent or guardian for all study participants. The study
procedures were approved by the Research Ethical Review
Committee of International Centre for Diarrhoeal Disease
Research, Bangladesh (PR-15133) and the Institutional Re-
view Board of the Johns Hopkins Bloomberg School of Public
Health (6785).
Statistical analysis. To investigate the association be-

tween prevalence of diarrhea and potential risk factors,
logistic regression models were performed using gener-
alized estimating equations for clustering at the household
level.54 The presence of potential risk factors as assessed by
spot checks and caregiver reports were the predictors and
caregiver-reported child diarrheaduring the subsequent visit 1
month later was the outcome. Diarrhea prevalence was
measured from monthly clinical surveillance visits conducted
from the month 1 to the month 12 follow-up. All logistic re-
gression models were adjusted for study arm, number of
sleeping rooms, roof type, wall type, baseline age, refrigerator
ownership, and whether the index diarrhea patient was a child
under 5 yearsold.Wecontrolled for these variablesbecauseof
their potential effect on diarrhea prevalence.We examined the
bivariate association between diarrhea prevalence and one
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risk factor at a time. STATA 13.0 software was used for the
analysis.

RESULTS

A total of 884 children under 5 years of age from 769
households were included in this analysis. Seventy-two per-
cent (638/884) of these children were index diarrhea patients.
The median baseline age was 11 ± 15 months (median ± SD;
range: 1–59 months) (Table 1). Fifty-seven percent of children
(504/884) were under 1 year of age. Forty-three percent (379/
884) of children were female. The average number of individ-
uals living in ahouseholdwas4±1 (median±SD; range: 2–12).
Eighty-six percent (762/884) of children resided in households
with at least onehouseholdmemberwhocould readandwrite,
and 80% (703/884) of children had a caregiver who reported
being able to read and write themselves. Ninety-six percent
(848/884) of children resided in a household with a concrete
floor, 72% (635/884) of children resided in a household with
concrete walls, and 31% (270/884) of children resided in a
household with a concrete roof. Seventy-seven percent (677/
884) of children resided in households with one room for
sleeping.
At baseline, 7% (62/841) of children resided in households

reporting animal ownership, and 3% (23/820) of children had
animals present in their sleeping spaces. Eight percent (68/
876) of children lived in households using an unimproved la-
trine (flush or pour flush latrine to other than a sewer system or
septic tank, a pit latrine without slab or with broken slab, or a
hanging latrine). Nineteen percent (151/805) of caregivers re-
ported unsafe child feces disposal. Twenty-four percent (206/
876) of households had feces present on the household
compound during the baseline unannounced spot check. At
baseline, 27% (180/658) of children and 19% (133/692) of
caregivers had visibly dirty hands. Eighty-two percent (625/
763) of water source samples and 71% (543/766) of house-
hold stored water samples had > 1 CFU/100 mL E. coli at
baseline. Fifty-five percent (421/763) of water source samples
and 45% (342/766) of stored water samples had > 100 CFU/
100 mL E. coli at baseline.
Theprevalenceofdiarrheaduring the studyperiodwas18%

(1,195/6,786); 6,786 diarrhea surveillance visits were con-
ductedduring the studyperiod.Childrenwith any typeof feces
found on the household compound during spot checks had a
significantly higher odds of having diarrhea at the subsequent
visit (odds ratio: 1.71; 95% confidence interval: 1.23–2.38)
(Table 2). Children residing in households with > 100 CFU/100
mL E. coli in source water also had a significantly higher odds
of having diarrhea at the subsequent visit (odds ratio: 1.43;
95% confidence interval: 1.06–1.92). No other significant risk
factors for diarrhea were identified.

DISCUSSION

In this prospective cohort study,we investigated risk factors
for diarrheal disease among children under 5 years of age in
slum areas of urban Dhaka, Bangladesh. We found that the
presence of feces on the household compound and having a
drinkingwater sourcewith a high level ofE. coliwere important
risk factors for diarrheal disease among young children. These
findings demonstrate the urgent need for interventions

targeting fecal contamination on the household compound
and drinking water treatment to protect the health of sus-
ceptible pediatric populations.
The presence of feces on the ground of the household

compoundwas associatedwith subsequent diarrhea in young
children. This finding is consistentwith the study byGetachew
et al.24 in rural Ethiopia, which found that the presence of feces
around the household compound was associated with a two
times higher odds of diarrhea. A study in Mozambique also
found that the presence of feces or soiled diapers on the
household compound was associated with higher protozoan
infections.55 In rural Kenya, frequent observation of fresh ro-
dent excreta outside the household was found to be a signif-
icant risk factor for diarrhea.56 Studies in Madagascar and
Ethiopia found that the presence of garbage in the compound
was a risk factor for diarrhea in children under 5 years.36,57 The
association identified in our present study is likely because
feces on the household compound contributed to fecal con-
tamination of drinking water sources that are often illegal

TABLE 1
Baseline characteristics of study population in urban Bangladesh

Characteristic % N Total*

Children < 5 years of age 884
Baseline age (months)

Median ± SD (min–max) 11 ± 15 (1–59)
0–12 months 57 504 884
12–24 months 19 169 884
24–36 months 8 72 884
36–48 months 11 95 884
48–60 months 5 44 884

Average number of individuals living in a
household, median ± SD (min–Max)

4 ± 1 (2–12)

Female 43 379 884
Literacy of household members (at least

onehouseholdmemberwhocould read
and write)

86 762 884

Literacy of caregivers 80 703 884
Caregiver reported unsafe child feces

disposal
19 151 805

Unimproved latrine 8 68 876
Household source water with < 1 CFU/

100 mL Escherichia coli
18 138 763

Household source water with > 100 CFU/
100 mL E. coli

55 421 763

Household storedwaterwith < 1CFU/100
mL E. coli

29 223 766

Household stored water with > 100 CFU/
100 mL E. coli

45 342 766

Household refrigerator ownership 45 395 884
Household animal ownership 7 62 841
Animals in the child sleeping space 3 23 820
Feces present on the household

compound
24 206 876

Children with visibly dirty hands 27 180 658
Caregiver with visibly dirty hands 19 133 692
Household roof type

Concrete 31 270 884
Other 69 614 884

Household floor type
Concrete 96 848 884
Other 4 36 884

Household wall type
Concrete 72 635 884
Other 28 249 884

Sleeping rooms in household
One sleeping room 77 677 884
More than one sleeping room 23 207 884
* The total varies because some variables have missing data.
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connections to the municipal water supply58–61 and contrib-
uted to pediatric exposure to fecal pathogens through child
mouthing behaviors.13–16

High E. coli (> 100 CFU/100 mL) in source water was a signifi-
cant risk factor for diarrhea in young children in this study. This
finding are also consistent with previous studies that have found
unimproved and unprotected water sources, which are more
prone to fecal contamination, to be associated with pediatric
diarrhea.29,33,37Ourfindingthatsourcewaterqualitywasrelatedto
diarrheal diseases among young children is in contrast to Jensen
et al.,63who foundnoassociationbetween theamountofE. coli in
drinkingwater sourcesanddiarrheaamongchildrenunder5years
of age.64 In our study, storedwaterwas also highly contaminated,
howeverwasnotobserved tobesignificant risk factor fordiarrhea.
We are not sure why source water was more strongly associated
with diarrhea prevalence compared with stored water despite the
proportion of E. coli present being similar. Future studies should
look at this association. Our findings suggest that effective
municipal-level water treatment andmonitoringmay be one long-
term interventionapproach to reduceexposure to fecalpathogens
along this pathway, though household-level point-of-collection or
post-collection water treatment may also be required as a short-
term option.64

This study has some limitations. First, we did not include
E. coli sampling of food, soil, or hands. This sampling would
have provided valuable information on other potential path-
ways for fecal contamination in these households. Second,
our measures of environmental contamination were proxies
for pathogen exposure. Future studies should measure
enteric pathogens in child stool samples. Third, caregiver-
reported diarrhea in the last 14 days can be prone to
reporting bias.65 Lastly, we did not differentiate between
human and animal feces in our observations. Although an-
imal ownership in this population was low (7%), animals
belonging to adjacent households could have contributed
to the observed contamination. There is a need for more

comprehensive, or “transformative,” WASH (Water, Sani-
tation, and Hygiene) interventions that address exposure
to both human and animal feces in urban settings.66,67

Such interventions may require inclusion of multiple, adja-
cent households that share compound space and water
sources.
This study has several strengths. 1) The monthly surveil-

lance visits were conducted throughout the year, which
allowed us to account for seasonal variability in risk factors. 2)
The study included unannounced spot checks and E. coli
analyses in addition to caregiver-reported behaviors. Most
studies rely only on caregiver-reported behavior. 3) The pro-
spective design of the study allowed us to investigate the
association between potential risk factors and subsequent
diarrhea. 4) Nesting of this study in an RCT limits the sources
of bias.

CONCLUSION

Fecal contamination on the household compound and of
household drinking water sources were associated with
subsequent pediatric diarrhea among young children living in
slumareas ofDhaka, Bangladesh. These findings highlight the
need for interventions to reduce fecal contamination on
household compounds and in drinking water sources to re-
duce diarrheal disease risk and improve child health in this
population.
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TABLE 2
Associations between individual-and household-level risk factors and diarrhea prevalence for children under 5 years from over the 12 month
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Risk factor Total* N† % Diarrhea prevalence, OR (95% CI)‡
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Unimproved latrine§ 2,275 56 2.46 1.83 (0.82–4.13)
Household without a refrigerator 6,786 3534 52.08 1.24 (0.99–1.57)
Household animal ownership 2,272 178 7.83 1.51 (0.95–2.40)

Monthly surveillance
Household source water with < 1 CFU/

100 mL Escherichia coli
2,225 364 16.36 0.74 (0.45–1.22)

Household source water with > 100
CFU/100 mL E. coli

2,225 1,171 52.63 1.43 (1.06–1.92)

Household stored water with < 1 CFU/
100 mL E. coli

2,263 412 18.21 1.12 (0.76–1.67)

Household stored water with > 100
CFU/100 mL E. coli

2,263 981 43.35 1.19 (0.89–1.60)

Animals in the child sleeping space 2,269 80 3.53 1.26 (0.56–2.83)
Caregiver reported unsafe child feces disposal 6,760 418 6.18 1.28 (0.93–1.75)
Feces present on the household compoundk 2,275 502 22.07 1.71 (1.23–2.38)
Children with visibly dirty hands 2,118 529 24.98 1.01 (0.72–1.42)
Caregiver with visibly dirty hands 2,015 418 20.74 1.15 (0.79–1.68)
CI = confidence interval; OR = odds ratio.
* Total number of surveillance visits. The total differs because some assessment were performed in a randomly selected households, and some data were missing.
†Number of surveillance visits with that risk factor.
‡Confidence intervals estimated with generalized estimating equations accounting for clustering within households. Significant findings are bolded. All associations are adjusted for study arm,

refrigerator ownership, sleeping room, roof type, wall type, baseline age, and whether the index diarrhea patient was a child under 5 years old.
§Unimproved latrine is defined as a flush or pour flush latrine to other than a sewer system or septic tank, a pit latrine without slab or with broken slab, or a hanging latrine.
kThe household compound included indoor and outdoor living spaces. This space was defined by household members at the beginning of the spot check.
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