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Background. The Cholera Hospital-Based Intervention for 7 Days (CHoBI7) mobile health (mHealth) program was a cluster-
randomized controlled trial of diarrhea patient households conducted in Dhaka, Bangladesh.

Methods. Patients were block-randomized to 3 arms: standard message on oral rehydration solution use; health facility delivery
of CHoBI7 plus mHealth (no home visits); and health facility delivery of CHoBI7 plus 2 home visits and mHealth. The primary
outcome was reported diarrhea in the past 2 weeks collected monthly for 12 months. The secondary outcomes were stunting, under-
weight, and wasting at a 12-month follow-up. Analysis was intention-to-treat.

Results. Between 4 December 2016 and 26 April 2018, 2626 participants in 769 households were randomly allocated to 3 arms: 849
participants to the standard message arm, 886 to mHealth with no home visits arm, and 891 to the mHealth with 2 home visits. Children
<5 years had significantly lower 12-month diarrhea prevalence in both the mHealth with 2 home visits arm (prevalence ratio [PR]: 0.73
[95% confidence interval {CI}, .61-.87]) and the mHealth with no home visits arm (PR: 0.82 [95% CI, .69-.97]). Children <2 years were
significantly less likely to be stunted in both the mHealth with 2 home visits arm (33% vs 45%; odds ratio [OR]: 0.55 [95% CI, .31-.97])
and the mHealth with no home visits arm (32% vs 45%; OR: 0.54 [95% CI, .31-.96]) compared with children in the standard message arm.

Conclusions.
Clinical Trials Registration. NCT04008134.
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Globally, diarrheal diseases are estimated to cause 1.6 million
deaths annually [1]. During the time a patient with diarrhea pre-
sents at a health facility for treatment, the household members
of the patients are at a much higher risk of developing diarrheal
diseases (>100 times for cholera) than the general population [2,
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3, 4]. This risk is highest during the 7-day period after the patient
is admitted to the health facility. This is likely because of a shared
contaminated water source and poor hygiene practices in the
home [3, 5]. However, despite this high risk, there have been few
interventions targeting this susceptible population. The time pa-
tients and their caregivers spend at a health facility for the treat-
ment of severe diarrhea provides an opportunity to deliver water,
sanitation, and hygiene (WASH) interventions when perceived
severity of diarrheal diseases and perceived benefits of water
treatment and handwashing with soap are likely highest [6].

In an effort to develop a standard of care to reduce diarrhea
among household members of diarrhea patients, our research
group developed the Cholera Hospital-Based Intervention for
7 Days (CHoBI7) [7]. Chobi means “picture” in Bangla for the
pictorial modules delivered as part of the intervention. This tar-
geted WASH intervention focuses on promoting handwashing
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with soap and water treatment to diarrhea patients and their
household members during the 1-week period after the patient
is admitted to the health facility. Delivery of the CHoBI7 pro-
gram in a randomized controlled trial (RCT) of cholera patient
households resulted in a significant reduction in symptomatic
cholera during the 1-week high-risk period after the presenta-
tion of the index patient [7], and sustained improvements in
stored drinking water quality and observed handwashing with
soap practices 12 months post-intervention [8].

To build evidence to take the CHoBI7 program to scale in
Bangladesh, we partnered with the Bangladesh Ministry of
Health and Family Welfare to develop and evaluate scalable ap-
proaches for CHoBI7 program delivery. Mobile health (mHealth)
messages present a scalable approach for which public health in-
formation can be sent to a large population at minimal cost, and
has the potential to serve as cues to action to facilitate behavior
change [9]. In the past 10 years, mobile phone access and own-
ership have increased substantially, with mobile phone subscrip-
tions doubling globally [10]. In Bangladesh alone, >158 million
phone numbers are registered [11]. This presents an ideal envi-
ronment for large-scale messaging of public health information
using mobile phones. However, there are no published RCTs
evaluating delivery of a WASH mHealth program.

We aimed to investigate whether delivery of the CHoBI7
mHealth program through sending mobile messages and con-
ducting in-person visits with diarrhea patient households could
significantly reduce diarrhea, improve child growth, and in-
crease handwashing with soap behaviors and stored drinking
water quality over the 12 month program period.

METHODS

Study Design

The CHoBI7 mHealth study was a 3-arm cluster RCT con-
ducted in urban Dhaka, Bangladesh, from 4 December 2016
to 26 April 2019, where a diarrhea patient’s household was a
cluster including the patient and their corresponding household
members. Diarrhea patients were recruited from 2 tertiary-
level health facilities, Mugda Hospital (government hospital)
and the International Centre for Diarrhoeal Disease Research,
Bangladesh (icddr,b) Dhaka Hospital (private hospital). The
cluster RCT compared the standard recommendation given in
Bangladesh to diarrhea patients at discharge from health facility
staff on oral rehydration solution use for dehydration (standard
message arm) to the CHoBI7 mHealth program with either
a single in-person visit for health facility delivery of the pro-
gram (mHealth with no home visits arm) or health facility de-
livery of the program plus 2 home visits (mHealth with 2 home
visits arm). The 2 home visits were delivered by study health
promoters twice during the 1-week high-risk period, after the
diarrhea patient was discharged from the health facility. The
mHealth program included WASH-related voice and text mes-
sages weekly for 12 months. The study protocol was approved

by the Ethical Review Committee at icddr,b (Protocol 15133)
and the Institutional Review Board of the Johns Hopkins
Bloomberg School of Public Health (Protocol 6785).

Participants

To be eligible for the trial, patients had to (1) have had >3 loose
stools over the past 24 hours; (2) plan to reside in Dhaka for the
next 12 months; (3) have no basin for running water in their
home (mostly slum areas of Dhaka); (4) have a child <5 years of
age in their household (including themselves) who produced a
stool sample at baseline (used to determine the etiology of diar-
rhea); and (5) have a working mobile phone in the household.
Household members of the diarrhea patient were eligible for the
trial if (1) they shared the same cooking pot and resided in the
same home with the patient for the last 3 days; and (2) planned
to reside with the patient for the next 12 months. Study recruit-
ment of diarrhea patients at Dhaka icddr,b and Mugda Hospital
occurred Saturday-Thursday from 7:30 aAM to 4 Pm each week
during the study period from December 2016 to April 2018.

Randomization and Masking

Block randomization of diarrhea patients to study arms was per-
formed based on the date of hospital admission, stratified by site,
and the hospital ward where patients received treatment using a
random number generator. A detailed description of the random-
ization and masking is included in Supplementary Appendix 1.

Intervention Procedures
The CHoBI7 mHealth program was developed through a
theory-driven approach informed by the Integrated Behavioral
Model for Water, Sanitation and Hygiene and the Risks,
Attitudes, Norms, Abilities, and Self-Regulation model. A de-
tailed description of intervention development is published
elsewhere [12]. The CHoBI7 mHealth program targets 5 key
behaviors: (1) preparing soapy water using water and detergent
powder; (2) handwashing with soap at food- and stool-related
events; (3) treating household drinking water using chlorine
tablets during the 1-week high-risk period after the diarrhea
patient in the household is admitted to the health facility; (4)
storing safe drinking water in a water vessel with a lid and tap;
and (5) heating household drinking water until it reaches a
rolling boil after the 1-week high-risk period.

The CHoBI7 mHealth program is initially delivered during
a health facility visit by a health promoter bedside to a di-
arrhea patient and their accompanying household members
during the time of illness. The health promoter delivers a pic-
torial CHoBI7 WASH module on how diarrhea can spread,
and instructions on handwashing with soap at stool- and
food-related events and water treatment. A diarrhea preven-
tion package containing the following items is also provided:
a 1-month supply of chlorine tablets (Aquatabs [sodium
Medentech, Wexford,
UK) for water treatment, a soapy water bottle containing

dichloroisocyanurate]; Ireland,
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water and detergent powder, a handwashing station, and a
water vessel with a lid and tap to ensure safe water storage.
Households are instructed to boil their drinking water once
their supply of chlorine tablets is completed, and encouraged
to make more soapy water after their provided bottle is fin-
ished. After health facility delivery of the program, diarrhea
patient households receive weekly voice and text messages
from the CHoBI7 mHealth program over a 12-month period.
These mobile messages are sent using the web-based VIAMO
mobile platform to all phone numbers provided by study
households. Two characters deliver the CHoBI7 mHealth
messages: “Dr Chobi” and “Aklima” [12]. Dr Chobi is a
doctor at a hospital who calls and texts participants to share
information and reminders on handwashing with soap and
water treatment behaviors. Aklima is a woman who brought
her child to a health facility for diarrhea treatment, and who
learned proper handwashing with soap and water treatment
behaviors from Dr Chobi in voice and text messages. The fol-
lowing is an example of a CHoBI7 mHealth program voice
message:

Dr Chobi: Hello, this is Dr Chobi from the hospital. Aklima
is here with me again today and wants to share her story.

Aklima: My son was very sick; he almost died. Dr Chobi
told me about washing my hands with soap at 4 key times:
before I prepare food, before I eat, and after I use the toilet
or clean my child’s feces or anus. I have followed all these
instructions all the time, and my family is now healthy and

happy!

The following is an example of a CHoBI7 mHealth program text

message:

Though your water may look clean, it can still have germs.
Heat your water until it reaches a rolling boil then the diar-
rhea germs will be killed. Keep your family healthy. Share
this message! -Dr. Chobi

In the mHealth with 2 home visits arm, two 30-minute home
visits are conducted during the week after the index diarrhea
patient is recruited at the health facility.

Evaluation Procedure

Diarrhea was defined as at least >3 loose stools over a 24-hour
period in the preceding 2 weeks. Clinical surveillance for diar-
rhea was performed at baseline enrollment and monthly there-
after until the 12-month time point for all enrolled household
members. For children <12 years of age, diarrhea was assessed
through caregiver reports. For children <5 years, research as-
sistants trained in standardized anthropometry measured the
child’s weight once and height/length 3 times at baseline and
at a 12-month follow-up. Height and weight measurements

were used to calculate height-for-age z scores (HAZ), weight-
for-age z scores (WAZ), and weight-for-height z scores (WHZ)
according to the World Health Organization (WHO) child
growth standards [13]. The z score cutoff point of < -2 standard
deviations was used to define stunting (HAZ < -2), under-
weight (WAZ < -2), and wasting (WHZ < -2).

To assess household stored drinking water quality, unan-
nounced spot checks were performed in a randomly selected
subset of 150 households per study arm at 1 week, and 1, 3, 6, 9,
and 12 months after enrollment to collect a water sample from
the household’s stored drinking water to test for Escherichia
coli by bacterial culture [14]. Two cutoffs were used: (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 [15]. To observe handwashing behav-
iors, 5-hour structured observation was conducted in a ran-
domly selected subset of 50 households per study arm from 7:30
AM to 12:30 pMm at 1 week, and 1, 3, 6, 9, and 12 months after
enrollment. Handwashing with soap was recorded at food- and
stool-related events.

Outcomes

Primary outcomes were the prevalence of diarrhea among
children <2 and <5 years, and diarrhea prevalence in all age
groups over the 12-month study period based on monthly
surveillance. Secondary outcomes were: (1) stunting, under-
weight, and wasting at 12 months for children <2 and <5 years;
(2) household members handwashing with soap at food- and
stool-related events (a measure of handwashing compliance)
(for all individuals in the household >2 years of age); and
(3) households with stored drinking water samples without de-
tectable E. coli (<1 CFU/100 mL) and >100 CFU/100 mL E. coli.
All diarrhea prevalence and WASH outcomes were measured
over the 12-month study period.

Statistical Analysis

The sample size calculation is listed in Supplementary Appendix
1. We analyzed participants according to their randomized as-
signment (intention-to-treat). Log binomial regression was per-
formed to estimate the prevalence ratio for diarrheal disease,
and logistic regression was performed to calculate odds ratios
(ORs) for child growth outcomes using generalized estimating
equations (GEEs) to account for clustering at the individual
and household level and to approximate 95% confidence inter-
vals (CIs). Models for diarrheal disease were adjusted for fol-
low-up time, and models for follow-up child growth were
adjusted for baseline growth measurements. Logistic regression
models were performed to compare indicators of interven-
tion fidelity by study arm using GEE to account for clustering
within households and approximate 95% CIs. Models for
stored drinking water quality were adjusted for source water
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E. coli concentrations at each time point. Analyses were per-
formed in SAS software (version 9.4). The trial is registered at
ClinicalTrials.gov (identifier NCT04008134).

RESULTS

Between December 2016 and April 2018, we randomly allo-
cated 769 diarrhea patient households (2626 participants total)
to the following arms: standard message, mHealth with no
home visits, or mHealth with 2 home visits (Figure 1). Twenty-
five percent of households (n = 189) were lost to follow-up at
the 12-month time point. Five children died during the study
period. Baseline characteristics of enrolled households were
similar across study arms (Table 1).

Compared to the standard message arm, children <5 years
of age had significantly lower 12-month diarrhea prevalence in
the mHealth with 2 home visits arm (prevalence ratio [PR]: 0.73
[95% CI: .61-.87]) and the mHealth with no home visits arm
(PR: 0.82 [95% CI: .69-.97]) (Table 2). This impact was stronger
for children <2 years of age in both the mHealth with 2 home
visits arm (PR: 0.69 [95% CI: .58-.83]) and the mHealth with
no home visits arm (PR: 0.78 [95% CI: .65-.93]). For all age
groups combined (children and adults), the diarrhea preva-
lence was 29% lower in the mHealth with 2 home visits arm
(PR: 0.71 [95% CI: .60-.84]), and 18% lower in the mHealth
with no home visits arm (PR: 0.82 [95% CI: .69-.97]). There was
no statistically significant difference between the mHealth with

two home visits arm compared to the mHealth with no home
visits arm on diarrhea prevalence for any age group.

Children <2 years were significantly less likely to be stunted
in both the mHealth with 2 home visits arm (33% vs 45%; OR,
0.55 [95% CI: .31-.97]) and the mHealth with no home visits
arm (32% vs 45%; OR, 0.54 [95% CI: .31-.96]) compared with
the standard message arm after adjustment for baseline growth
measures (Table 3). There were no other statistically significant
differences in stunting, wasting, or underweight identified for
either age group between study arms.

Handwashing with soap at food related events was significantly
higher in the mHealth with no home visits arm and mHealth with
2 home visits arm compared to the standard message arm at all
time points except for 6 months (Table 4). Relative to the WHO
water quality guideline (<1 CFU E.coli/ 100 mL), the mHealth arms
had significantly higher water quality compared to the standard
message arm at the week 1 and month 1 time points (Table 5).
Relative to the WHO high-risk category for water quality (=100
CFU E.coli/100 mL), both mHealth arms had significantly fewer
households in this high-risk category compared to the standard
message arm at the month 12 time point.

DISCUSSION

Delivery of the CHoBI7 mHealth program resulted in signifi-
cantlylower pediatric diarrhea and stunting, and led to sustained
improvements in household stored drinking water quality and

Assessed for Household Eligibility

(N=1321)
Excluded (n=552)
* Not meeting inclusion criteria (n=206)
*  Declined to participate (n=346)
Randomized

769 Households and 2626 Participants

T

Standard Message Arm
252 Households
849 Participants
294 Children <5 Years

mHealth with no Home Visits Arm
264 Households
886 Participants
303 Children <5 Years

mHealth with Two Home Visits Arm
253 Households
891 Participants
287 Children <5 Years

- Flowwp ]

68 Households Loss to Follow-up
7 Households Refused
1 Child Died

71 Households Loss to Follow-up
1 Household Refused
3 Children Died

50 Households Loss to Follow-up
5 Households Refused
1 Child Died

S T S iannanBaBignnnnmnne

Analyzed (Intention-to-treat)
252 Households
849 Participants
294 Children <5 Years

Analyzed (Intention-to-treat)
264 Households
886 Participants
303 Children <5 Years

Analyzed (Intention-to-treat)
253 Households
891 Participants
287 Children <5 Years

Figure 1. Trial profile and analysis populations for primary outcomes. Abbreviation: mHealth, mobile health.
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Table 1. Baseline Population Characteristics by Study Arm

Characteristic Standard Message Arm

mHealth With No Home Visits Arm  mHealth With 2 Home Visits Arm

Study households, No.
All study participants, No.
Index diarrhea patients, No.
Household members of index diarrhea patients, No.
Children <5 y of age at baseline, No.
Baseline household member age, y
Median + SD (Min-Max)
0-5
5-17
>18
Sex
Female
Household roof type
Tin
Concrete
Other
Household wall type
Concrete
Mud
Tin
Other
Household floor type
Concrete
Other
Household electricity access
Household refrigerator ownership
Household baseline water source
<1 CFU/100 mL of Escherichia coli
1-10 CFU/100 mL of E. coli
10-100 CFU/100 mL of E. coli
>100 CFU/100 mL of E. coli
At least 1 household member can read and write

Anthropometric measurements for children <5y of
age at baseline

Stunting (HAZ < -2)
Underweight (WAZ < -2)
Wasting (WHZ < -2)

252
849
252
597
294

19 + 15 (0.08-75)

34%
13%
53%

56%

33%
66%
1%

73%
4%
22%
<1%

96%
4Cy0
94%
41%

28%
6%
14%
52%
92%

24%
35%
31%

264
886
264
622
303

20 + 15 (0.08-80)

34%
M %
55%

55%

28%
71%

<1%

1%
3%
26%
0%

97%
3%
93%
45%

20%
9%
19%
52%
95%

20%
33%
32%

253
891
253
638
289

20 + 15 (0.08-75)
32%
12%
56%

54%

28%
72%
0%

71%
4%
25%
<1%

96%
4%
92%
43%

30%
10%
17%
43%
93%

25%
30%
26%

Abbreviations: CFU, colony-forming units; HAZ, height-forage z score; SD, standard deviation; WAZ, weight-forage z score; WHZ, weight-for-height z score.

Table 2. Effects of the Cholera Hospital-based Intervention for 7 Days (CHoBI7) Mobile Health Program on 12-Month Diarrhea Prevalence

Mean Diarrhea Prevalence, %

Prevalence Ratio (95% ClI)?

Study Arm No.
Standard message
<2y 195
<by 273
All age groups 771
mHealth with no home visits
<2y 198
<by 279
All age groups 793
mHealth with 2 home visits
<2y 214
<5y 276
All age groups 824

25%
21%
12%

19%
17%
10%

17%
15%
8%

0.78 (.65-.93)
0.82 (.69-.97)
0.82 (.69-.97)

0.69 (.568-.83)
0.73 (.61-.87)
0.71 (.60-.84)

Abbreviations: Cl, confidence interval; mHealth, mobile health.

?Adjusted for follow-up timepoint.
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Table 3. Effects of the Cholera Hospital-based Intervention for 7 Days (CHoBI7) Mobile Health Program on Child Growth at the 12-Month Timepoint

mHealth With No Home Visits Arm mHealth With 2 Home Visits Arm

Standard

Odds Ratio (95% Cl) Odds Ratio (95% Cl)

Message mHealth With No mHealth With 2

12-Month Timepoint Arm Home Visits Arm  Home Visits Arm Unadjusted Adjusted® Unadjusted Adjusted®
Children <2 y of age, No. 108 108 123
Stunting 45% 32% 33% 0.57 (.33-.99) 0.54 (.31-.96) 0.60 (.35-1.03)  0.55(.31-.97)
Underweight 30% 31% 27% 1.04 (.58-1.87) 1.23 (.66-2.32) 0.89 (.60-1.59) 1.05 (.65-2.00)
Wasting 13% 19% 14% 1.53 (.73-3.20) 1.56 (.73-3.31) 1.08 (.60-2.30)  1.16 (.63-2.51)
Children <5y of age, No. 188 187 203
Stunting 39% 30% 35% 0.66 (.43-1.02) 0.72 (.46-1.12) 0.81 (.54-1.23) 0.82 (.63-1.27)
Underweight 27% 28% 24% 1.06 (.67-1.70) 1.20 (.72-1.99) 0.87 (.54-1.38) 1.00 (.60-1.66)
Wasting 13% 16% 12% 1.20 (.67-2.16) 1.19 (.65-2.16) 0.92 (.50-1.67) 1.00 (.54-1.85)

Abbreviations: Cl, confidence interval; mHealth, mobile health.

?Adjusted for baseline stunting, underweight, or wasting.

handwashing with soap behaviors over the 12-month program
period. Furthermore, there was no evidence of a large differ-
ence in child growth or diarrhea outcomes when including 2
homes visits vs no home visits for intervention delivery. This
result shows that WASH behavior change is possible without
the need for frequent home visits by a promoter. Our findings
demonstrate that the CHoBI7 mHealth program can be de-
livered to improve child health and facilitate sustained WASH
behavior change.

The success of the CHoBI7 mHealth program is likely be-
cause of several key factors. First is the timing of intervention
delivery when there was acute illness in the household. This
was the time when perceived susceptibility of diarrheal dis-
eases and the perceived benefits of practicing WASH behav-
iors were likely the highest [6], and therefore more amenable
to change. Second, we targeted a population living mostly in
slum areas of Dhaka without running water in their home that
was at high risk for diarrheal disease. This allowed us to focus
on a population that would likely benefit the most from the re-
commended WASH behaviors. Third, the sender of the mobile
messages, Dr Chobi, was a physician at a hospital and viewed
as a creditable source of information in our formative research
[12]. Fourth, our theory-driven and evidence-based approach
for intervention development allowed us to tailor our inter-
vention for our target population. Fifth, we included both
voice and text messages in our mHealth program. Voice mes-
sages allowed our information to be understood by those who
could not read, and text messages allowed for sharing mo-
bile message content with others.

The lower diarrhea prevalence observed with delivery of
the CHoBI7 mHealth program is comparable to recent find-
ings from the Bangladesh WASH Benefits study site [16]. The
WASH Benefits study is a large-scale WASH and nutrition
RCT, including modules on water treatment, handwashing
with soap, safe child feces disposal, and provision of a double-
pit pour-flush improved latrine. At the Bangladesh site, these

interventions were delivered through an average of 6 home
visits monthly. The combined WASH arm in the Bangladesh
WASH Benefits trial that received all of these WASH interven-
tions had a diarrhea PR of 0.69 (95% CI: .53-.90) compared to
the control arm [16], similar to the PR of 0.69 (95% CI: .58~
.82) found in the mHealth with 2 home visits arm of our trial.
Our findings are also comparable to a recent meta-analysis of
WASH interventions, which estimated a relative risk of 0.67
(95% CI: .63-.73) for water treatment interventions and 0.70
(95% CI: .64-.77) for hygiene interventions [17].

The significant association between delivery of our WASH in-
tervention and improvements in stunting for children <2 years
is consistent with 2 previous studies conducted in Mali and
Ethiopia [18, 19]. In Pickering et al, delivery of a community-
led-total-sanitation intervention in Mali resulted in increased
linear growth and less stunting in children <5 years of age in
the intervention compared to a control arm, with the greatest
impact observed for children <2 years of age [19]. In Fenn et al,
delivery of a WASH intervention which included education, pit
latrines, and clean water sources resulted in significantly im-
proved linear growth in the intervention group compared with
a comparison group for children 6-36 months of age [18]. The
first 2 years of life are when children are most susceptible to
growth faltering [20]. Therefore, this critical window is likely
when interventions will have the most impact on improving
child growth.

Our study findings are in contrast with the recent WASH
Benefits and Sanitation, Hygiene, Infant Nutrition Efficacy
Project (SHINE) trials conducted in Bangladesh, Kenya, and
Zimbabwe, which found no improvements in linear growth
with delivery of WASH interventions including modules on
water treatment, handwashing with soap, safe child feces dis-
posal, and the provision of improved latrines [16, 21, 22]. The
effectiveness of our intervention in improving child growth
is likely attributed to the high-risk population we targeted,
which had a household member recently admitted to a health
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Table 5. Effects of the Cholera Hospital-based Intervention for 7 Days (CHoBI7) Mobile Health Program on Household Stored Drinking Water Quality Assessed During Unannounced Spot Checks

3 Months (n =438) 6 Months (n =441) 9 Months (n =418) 12 Months (n = 483)

1 Month (n = 375)

1 Week (n = 486)

Study Arm

% OR (95% ClI) % OR(©5%Cl) % OR(9B%Cl) % OR(@©5%Cl) % OR(95% Cl)

OR (95% ClI)

%

WHO high-risk category for water quality (100 CFU/100 mL Escherichia col))

45 47 52
40

60

50
40

51

Standard message

0.63 (.40-.99)
0.64 (.41-.99)
1.02 (.66-1.58)

38 0.71(.44-1.16)
39 0.76 (.47-1.23)

43 0.91 (.57-1.46)
43 0.90 (.57-1.42)

43 0.52 (.33-.83)

0.64 (.38-1.08)

0.37 (.23-58)
0.22 (.14-.37)
0.61 (.36-1.04)

27

mHealth with no home visits

40

0.43(25-72) 41 0.51(32-82)
0.98 (.61-1.57)

0.66 (.40-1.11)

32

18

mHealth with 2 home visits

1.07 (.66-1.73) -

0.91 (.62-1.56) -

mHealth with 2 home visits vs mHealth with no home visits

WHO safe water quality guideline (<1 CFU/100 mL E. coli)

14

17

12
20

12
15

Standard message

1.18 (.63-2.20)
1.03 (.565-1.92)
0.87 (.48-1.57)

1.67 (.85-3.26)
1.51 (.77-2.96)
0.90 (.50-1.65)

9 0.80(.36-1.78)

1.23 (.63-2.40)
13 0.95 (.47-1.94)

11.07 (6.91-20.76) 21 2.68(1.22-5.91)
4.95 (2.39-10.45)

68 22.45 (11.82-42.64)

51

mHealth with no home visits

15

18

1.27 (.62-2.59)
1.69 (.74-3.39)

13

31

mHealth with 2 home visits

- 0.78(.39-153) -

- 1.85(1.04-3.29)

2.03(1.29-3.19)

mHealth with 2 home visits vs mHealth with no home visits

Abbreviations: CFU, colony-forming units; Cl, confidence interval; mHealth, mobile health; OR, odds ratio; WHO, World Health Organization.

facility for diarrhea, resided mostly in slum areas of Dhaka,
and lacked running water in their home. The diarrhea prev-
alence among children <2 years of age in our study was 25%
during the study period compared to 6% in the recent WASH
Benefits Bangladesh trial [16]. The higher rate of enteric in-
fections within our study population likely provided more
room for improvement in child growth. No previous study, to
our knowledge, has assessed the relationship between WASH
intervention delivery and child growth for this high-risk
population with a family member that recently came to the
hospital for diarrhea. In addition, our study was conducted
in an urban setting compared to the recent WASH Benefits
and SHINE trials, which were both conducted in rural set-
tings. Future intervention studies are needed to establish the
reproducibility of this finding, and to evaluate the impact of
delivery of the CHoBI7 mHealth program in both urban and
rural settings for this high-risk population.

This study has some limitations. First, since all intervention
arms received the CHoBI7 mHealth program mobile messages,
we do not know the impact of health facility and home visits for
intervention delivery alone on diarrhea rates and child growth,
nor do we know the impact of the handwashing station and
water vessel alone on improving our health outcomes. Future
studies should assess the added benefit of mHealth messages to
in-person visits alone, and assess the added benefit of the pro-
vision of the diarrhea prevention package. Second, we assessed
our intervention only among a high-risk population without
running water in their home. Future studies should assess the
efficacy of this intervention for populations with running water
in their household. Third, we conducted our study in an urban
area, which limits the generalizability of our findings to rural
settings.

This study has several strengths. First is our clinical surveil-
lance of both child and adult diarrhea prevalence. Second is
performing structured observation of handwashing with soap
practices at multiple time points. Third is the inclusion of the
second intervention arm, which allowed us to investigate the
added benefit of home visits to the CHoBI7 mHealth program.
Fourth is the frequent water quality measurements to assess
household stored drinking water quality. Fifth is the 12-month
duration of the study period, which allowed us to account for
seasonal variations in diarrheal disease and WASH behaviors in
our study population.

The CHoBI7 mHealth program significantly lowered pediatric
diarrhea and stunting, and resulted in sustained handwashing
with soap and improved household stored drinking water
quality over a 12-month period. Furthermore, our findings
demonstrate that frequent home visits were not needed to facil-
itate WASH behavior change. We are currently partnering with
the Bangladesh Ministry of Health and Family Welfare to de-
velop a scaling plan to deliver the CHoBI7 mHealth program
across Bangladesh. Our findings suggest that mHealth presents
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a promising tool to improve child health and increase WASH
behaviors.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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