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A B S T R A C T   

Background: Antimicrobial resistance (AMR) is one of the top ten threats to global health. There exists limited 
empirical evidence on effective approaches to address this threat. In low- and middle-income countries (LMICs), 
one of the primary drivers of AMR is easy access to antibiotics without prescriptions, in particular from com-
munity pharmacies. Interventions to reduce non-prescribed use of antibiotics and surveillance systems to track 
such usage are critically needed. This protocol describes a study that aims to test the effect of an educational 
intervention targeted to parents of young children on non-prescribed antibiotics consumption in Nepal and to 
track such consumption using a phone-based application. 
Methods: The study is a clustered randomized controlled trial, in which we randomly assign 40 urban wards of 
Kathmandu Valley to either treatment group or control group, and randomly select 24 households in each ward. 
Households in the treatment group will receive an education intervention consisting of an “AMR pitch” (an in- 
person interaction that lasts up to an hour) by community nurses, videos and text messages on AMR every two 
weeks, and a brochure. We will conduct a survey at baseline with the parents of children ages 6 months to 10 
years and track consumption of antibiotics and health care use among these children for a period of 6 months 
using a phone-based application. 
Conclusion: While the study will primarily inform future policy and programmatic efforts to reduce AMR in 
Nepal, the study—both the education intervention and the surveillance system—can serve as a prototype for 
tackling AMR in other similar settings.   

1. Introduction 

Antimicrobial resistance (AMR) is one of the top ten threats to global 
health, with antibacterial resistance associated with an estimated 4.95 
million deaths in 2019 [1,2]. UNICEF has called AMR the “greatest 
threat to child survival and health of this generation.” [3] Children in 
low- and middle-income countries (LMICs) are exposed to antibiotics at 
an early age, and most antibiotics administered are clinically unnec-
essary [4]. Overuse of antibiotics leads to adverse events including harm 
to gut microbiota and immune system, and contributes to AMR [5–9]. 
Approximately 253,000 children die in LMICs from AMR each year [10]. 

AMR is also rising rapidly in Nepal, the site for this study [11–13]. 
A growing body of literature suggests that pressure from patients 

plays a significant role in antibiotics use [14–16]. Therefore, the Gov-
ernment of Nepal’s Antimicrobial Resistance Containment Action Plan 
2016 identifies community education as one of its priorities to tackle 
AMR [17]. However, population-based interventions that discourage 
patients from obtaining antibiotics without prescription in LMICs are 
scant. 

At the same time, surveillance of antibiotic use through users is 
lacking in LMICs. In settings where AMR surveillance exists, the data are 
often fragmented and lack representativeness [18], and are collected 
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primarily through tertiary hospitals. Not surprisingly, most of the effort 
on optimizing antibiotic use is currently focused on physicians and other 
facility based providers [19,20]. There is a need to test innovative ap-
proaches to collect usage data directly from consumers, including on the 
type of antibiotics used; adherence to prescribed dosage, frequency, and 
duration; and implications on medical costs. Digital solutions, in 
particular smartphone-based applications, have the potential to help 
build such surveillance systems [21,22]. In Nepal, smartphone owner-
ship and usage has risen rapidly in the last decade, with 73% Nepalese 
households using a smartphone in 2021 [23]. Nearly 91% of Nepal’s 
population has access to Internet, 66% of whom access Internet on their 
mobile phones [24]. 

Against this background, the objective of the current randomized 
controlled trial (RCT) is to test the effect of an educational intervention 
targeted to parents of young children on non-prescribed antibiotics 
consumption in Nepal, and track antibiotic use for 6 months using a 
smartphone-based application. To our knowledge, this is the first study 
in Nepal attempting to change individuals’ attitudes and behavior on 
non-prescribed antibiotics consumption in community settings and 
among the first in LMICs to track such consumption using a smartphone- 
based application. 

2. Research design & methods 

Study design. The proposed study is a clustered RCT whereby the 
treatment is randomized at the ward level (the lowest administrative 
unit in Nepal) and outcomes are assessed at the individual level. All 
participants within a ward will be in the same arm (treatment or con-
trol), thus reducing potential contamination across arms. 

Target population. The target population consists of parents of chil-
dren ages 6 months to 10 years in Kathmandu, Bhaktapur and Lalitpur 
districts of the Kathmandu Valley. In the federal structure adapted after 
the new constitution of 2015, these districts are divided into 2 metro-
politan cities, 14 urban municipalities, and 3 rural municipalities. The 2 
metropolitan cities and the 14 urban municipalities are divided into a 
total of 224 wards. High penetration of smartphones is a pre-requisite 
for our intervention as it requires households to download a phone- 
based application and submit information using it. Therefore, we 
focus on these 99 urban wards within or adjacent to Kathmandu and 
Lalitpur Metropolitan Cities. 

Selection of wards, and treatment assignment. From this target popu-
lation, we have identified the wards for the study in two stages. In the 
first stage, we randomly selected 40 wards from the 99 wards using a 
random number generator in the Stata software. In the second stage, we 
randomly assigned the wards into treatment and control (20 wards 
each), again using a random number generator in Stata. The Stata codes 
used to select and assign the wards to arms are available on request. 

Sample size and statistical power. We will enroll 480 households in 
each arm (i.e., 24 children per ward from 20 wards in each arm) for a 
total sample size of 960 children. In our previous study involving stan-
dardized patients in Nepal, community pharmacies provided antibiotics 
without a physician’s prescription for pediatric diarrhea and URTI in 
60% of the cases (average of diarrhea and URTI). We assume that this 
proportion reflects consumption of non-prescribed antibiotics. A 20-per-
centage point reduction in this proportion would be meaningful for 
policy. Our sample size allows us to detect this difference at the 5% 
significance level with at least 80% power. There is no reason to believe 
that the intervention would have a negative effect—i.e., raise antibiotic 
consumption—so we base our calculation on a one-tail test. Our inter-
vention will vary at the ward level to avoid contamination. We assume a 
conservative intra-cluster correlation of 0.2. Our prior experience sug-
gests that non-response and attrition are very low in this setting (in the 
vicinity of 10%). Nonetheless, we plan on a 20% attrition rate (resulting 
in final sample of 760 children) as the study requires participants to use 
a smartphone-based application and access to Internet in order to submit 
information. 

Note that the denominator in our primary outcome is the number of 
episodes in which antibiotics were given. We have made the following 
additional assumptions when estimating power. According to 2022 
Nepal Demography and Health Survey, 34% children below age 5 are 
reported to have ARI, fever or diarrhea during the two weeks before the 
survey [25]. During the 6-month study period, we anticipate that at least 
80% children will have an illness episode. Based on recent study in 
Nepal, we estimate that 80% will be given antibiotics (total of prescribed 
and non-prescribed) [26]. Under these assumptions, for the final anal-
ysis, we will have at least 12 children in each cluster who will be given 
antibiotics (=0.8*0.8*760/40), for a total of 480. 

Selection of households. We will recruit 24 households in each ward 
(=960/40). In absence of clear addresses for buildings and recent census 
data (the 2021 census information is not available at the time of writing 
this protocol), we will identify households using a method appropriate 
for this setting. Specifically, in each ward, enumerators will first visit the 
ward’s main administrative office (each ward has one) and walk in the 
direction in which the border of the ward is the furthest. Starting with 
the first residential building in that direction, they will visit and recruit 
participants in every 20th building until 24 households are reached. We 
will adjust for the size of the ward—thus, probability of a household 
being selected in the study—at the time of data analysis. 

Recruitment and enrollment process. Recruitment and enrolment will 
take place during the same visit to the household by the research team. 
In each building, the study team—consisting of a community nurse and 
an enumerator—will ring the bell or knock on the door, as appropriate, 
and talk to the first adult who responds. They will ask how many families 
live in the building and select a household. If there are multiple floors, 
they will pick one floor and, if there are more than one family on that 
floor, they will pick one family. During pre-testing, we learned that 
selecting households randomly, such as by using a lottery, would not be 
practical, as it would raise suspicion, take time, and potentially turn into 
a fun activity, thus undercutting the seriousness of the subsequent 
conversation on AMR. Therefore, the enumerators will be asked to try to 
not pick the same floor in multiple adjacent households. The survey 
collects information on the floor of the household, which we will control 
for during analysis. The survey team will explain the study and 
administer baseline survey to households that consent to participate. If 
the selected household does not meet the eligibility criteria (see below) 
or declines to participate, adjacent household or building will be visited 
and respondents identified following the same procedures. 

Inclusion criteria. If a household has more than one child ages 6 
months to 10 years, the youngest child above 6 months of age will be 
used as the index child. Only one child per household is recruited in 
order to reduce burden on the household, as we would have to collect 
baseline information and households would have to upload health uti-
lization information for each child—both of which can be time 
consuming. A household is eligible to participate if: (1) the household 
has a child ages 6 months to 10 years, (2) the respondent is at least 18 
years of age and is one of the parents of the child, and (3) one of the 
available parents has a smartphone suitable for installing the phone- 
based application. 

Exclusion criterion. A household will be ineligible to participate if the 
youngest child above 6 months of age is taking medicine for a chronic 
health condition. These conditions include chronic prophylactic anti-
biotic therapy, immunocompromising conditions (ongoing chemo-
therapy or primary immunodeficiency syndrome such as severe 
combined immunodeficiency, chronic granulomatous disease, and 
common variable immunodeficiency), organ transplant, HIV/AIDS, 
cystic fibrosis, and malignancy. 

The intervention. Our main intervention is the education of the par-
ents of children ages 6 months to 10 years to raise the parents’ under-
standing of antibiotics and AMR, and change any misconceptions about 
antibiotics (e.g., “it is OK to stop antibiotics after illness becomes better 
even if the dosage is not complete”, or “antibiotics are better for the 
child than other medicines because the former help heal quickly”). 
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Recognizing the difficulty in changing individual attitudes and behav-
iors on health, we have designed an intensive intervention consisting of 
three components. The components are as follows.  

(1) The “AMR Pitch”. At the time of enrollment, trained nurses will 
visit selected households and conduct interactive sessions with 
one or both parents of the child for up to an hour. They will share 
prepared material—including a video consisting of a story and 
factual information on AMR—allowing the parents to ask ques-
tions as they arise.  

(2) Periodic reinforcement. We will send information about antibiotics 
and AMR through videos pushed in the phone-based application 
every two weeks during the 6-month study period. A previous 
study has found that two-week reminders are effective in 
changing health behavior by retaining engagement and avoiding 
habituation [27]. The topics of the videos, including the time and 
the order in which we will send them, are shown in Table 1.  

(3) Brochure. We have prepared a brochure containing information 
about antibiotics use and AMR in local language. We will give this 
brochure to all participating households at the time of the study 
team’s visit. The brochure is intended to trigger discussion among 
household members on AMR and antibiotic use, at least during 
the first few days of the study team’s visit. 

To ensure that the study participants understand the materials pro-
vided to them, we have kept the Nepali version of the scripts at a grade- 
10 reading level; all but two members of our research team are native 
speakers of Nepali. To ensure simplicity without compromising tech-
nical correctness, we refined the script through multiple iteration. 

Acharya and Subedee drafted the first versions of the scripts in English, 
which Nepal and Joshi translated and reviewed. Shakya reviewed the 
material next (who also provided voice in the videos) followed by 
further refinement by the community health nurses at the training. In 
the videos, we use illustrative digital content. The videos, including the 
illustrations, have been developed by a professional developer with 
extensive prior experience preparing videos with health messages. The 
videos were further tested for clarity among 10 households near the 
office premises of the Group for Technical Assistance Foundation, the 
local collaborating organization, before the main field work 
commenced. 

Surveillance and data collection. We have developed a smartphone- 
based application, called Antibiotic Surveillance Application (ASA), to 
support the implementation of education intervention in the treatment 
group and to track antibiotics, healthcare use, and expenses on antibi-
otics and other medicine across both groups. The application can be 
installed on android phones and access to internet (either through 
wireless or data) is required in order to submit information. However, 
videos and messages can be viewed offline after they have been down-
loaded on the phone. 

ASA will serve the following functions.  

(1) Enroll and collect baseline data (both groups): At enrollment, 
households will be assigned a unique ID. After enrollment, 
community health nurses and trained enumerators (all with a 
bachelor’s degree) will use ASA to conduct the baseline survey.  

(2) Assist nurses in the providing the ‘AMR Pitch’ (treatment group): 
Nurses will use education module in ASA to deliver ‘AMR Pitch’ 
using illustrative digital content to explain the risks of AMR, in 
addition to face-to-face interactions.  

(3) Enable households to record data in real time on antibiotics and 
healthcare use (both groups): The data enumerators will 
demonstrate and train households on features and user interface 
of ASA. Households will send information required to assess the 
outcomes (see below) via ASA. 

(4) Send periodic reminders on rational antibiotic use using illus-
trative digital content (treatment group): Research team mem-
bers from the Group for Technical Assistance Foundation will use 
the push notification system in ASA to send periodic reinforce-
ment videos and reminders over the six-month period.  

(5) Provide information on childhood development (both groups): In 
order to ensure that households in the control group continue to 
provide data even though they do not receive AMR-specific ed-
ucation, we provide information about early childhood devel-
opment. This information will be provided to both treatment and 
control households and in the same frequency to ensure compa-
rability between the two groups. The topics covered in the child 
development modules include: 1) reducing screen time, 2) 
ensuring mental wellbeing, 3) encouraging reading behavior, 4) 
developing grit, and 5) personal hygiene (see Table 1). These 
topics were selected because they are unlikely to alter the key 
outcomes we evaluate as part of the study, while keeping the 
parents engaged with the phone-based application throughout 
the study period. 

Measures and hypotheses. We will collect data on one primary and 
four secondary outcomes for 6 months using ASA. The primary outcome 
is non-prescribed antibiotic use (i.e., the proportion of times antibiotics 
are used without a prescription divided by the total number of times 
antibiotics are used). The secondary outcomes are: (a) overall antibiotic 
use (i.e., proportion of reported illness episodes on which antibiotics 
were given to the child), (b) provider type (e.g., hospital, clinic, phar-
macy; public vs private), (c) expenditure on medicines and antibiotics, 
(d) dose, frequency and duration of the antibiotic usage. Additionally, at 
baseline, we will collect demographic information and 6-month health 
history of index child. Table 2 shows how information on these measures 

Table 1 
Timeline and Material to be Sent During the 6-Month Period.   

Treatment households Control households 

At the time of 
recruitment 

CH 1 + AMR pitch, AMR video 1, 
ASA video 

CH video 1, ASA 
video 

End of week 2 AMR video 2 + text reminder Text reminder 
End of month 1a CH video 2 CH video 2 
End of week 6 AMR video 3 + text reminder Text reminder 
End of month 2a CH video 3 CH video 3 
End of week 10 AMR video 4 + text reminder Text reminder 
End of month 3a CH video 4 CH video 4 
End of week 14 AMR video 5 + text reminder Text reminder 
End of month 4a CH video 5 CH video 5 
End of week 18 AMR video 6 + text reminder Text reminder 
End of month 5a CH video 6 CH video 6 
End of week 22 AMR video 7 + text reminder Text reminder 

Notes. 
ASA video: Information on how to use ASA, including guidelines on how to 
access videos sent by the research team and upload information on episodes of 
child illness. 
AMR video 1: General information about AMR, antibiotic use, encouraging 
parents to give antibiotics to their children only if prescribed by a doctor and 
emphasizing dose and duration. 
AMR video 2: Information focused on diarrhea. 
AMR video 3: Information focused on upper respiratory tract infection. 
AMR video 4: Information focused on fever. 
AMR video 5: Information focused on COVID-19 and dengue. 
AMR video 6: Information focused on microbiome. 
AMR video 7: General information about AMR, reinforcing key messages from 
videos 1-6. 
CH video 1: Information on junk food. 
CH video 2: Information on screen time. 
CH video 3: Information on mental wellbeing. 
CH video 4: Information on encouraging reading behavior. 
CH video 5: Information on developing grit. 
CH video 6: Information on personal hygiene. 

a Phone recharge amount of NRs 100 sent. 
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will be collected. To ensure that households upload necessary infor-
mation through ASA (for the primary and the secondary outcomes), 
households will receive a short reminder every two weeks requesting 
them to upload information. In treatment households, this reminder will 
be sent with the videos on AMR, while in the control households, only 
the reminder will be sent (see Table 1). 

We have kept the procedure for uploading information through ASA 
simple. Households upload five pieces of information for every episode 
of care received by the index child. They are asked questions on con-
dition for which the child sought care, whether the child was taken to a 
hospital or a pharmacy, the amount of money spent on medicine, and 
whether they had a prescription from a doctor. They are then asked to 
upload pictures of the prescription (if any) and of the medicine(s) they 
gave their child, showing the name of the medicine and the expiration 
date. 

With these data, we will test the following hypotheses. 

Hypothesis 1. Non-prescription antibiotic usage among children ages 
6 months-10 years will be lower in households in the treatment group 
than in the control group. 

Hypothesis 2. Antibiotics usage among usage among children ages 6 

months-10 years will be lower in households in the treatment group than 
in the control group. 

Hypothesis 3. The proportion of children ages 6 months-10 years who 
receive consultation from clinics and hospitals (i.e., through visits to a 
doctor, not a stand-alone pharmacy) during an illness episode will be 
higher in households in the treatment group than in the control group. 

Hypothesis 4. Health care expenditures on antibiotics and other 
medicines among children ages 6 month-10 years will be lower in 
households in the treatment group than in the control group. 

Hypothesis 5. Among children who use antibiotics, children in 
treatment group are more likely to complete the correct dosage, fre-
quency, and duration than those in the control group. Note that for 
episodes with prescription note uploaded, we will compare whether the 
dose, frequency and duration are correct against what is prescribed. 

Data and safety monitoring. We have formed a Data Safety Monitoring 
Board (DSMB), which will review and approve the study procedures, as 
well as procedures for reporting and tracking adverse events, and study 
progress. The DSMB will receive a progress report on a weekly basis 
during enrollment summarizing the number of households enrolled that 
week and any issues encountered, and on a monthly basis after that. If 
needed, meetings will be convened to discuss significant concerns. There 
are no planned interim analyses or stopping rules given the low risk 
nature of the interventions. 

Analysis plan. Following standard practice, we will first screen the 
numerical data for missing cases and outliers, and generate descriptive 
characteristics. We will use student t-test or χ2 analysis to compare 
means, proportions and distributions, across the two groups. To assess 
the effect of the education intervention on the outcomes, we will 
conduct regressions of the form Yi = β1 + β2 Treati + δMi + εi to test the 
five hypotheses above. In this equation, Yi is the outcome for child i, 
Treat is a binary variable indicating whether the child’s household 
belonged to the treatment group, M represents a vector of potential 
child-, parental-, and household-level confounders collected at baseline, 
and ε is the usual error term. 

We will address any missing values of baseline covariates using three 
approaches and include results from all three approaches in the manu-
script: 1. replace them with the mean values from the sample, 2. include 
a separate binary indicator (=1 if missing, 0 if not missing), and 3. 
Conduct the analysis discarding the missing values. 

The type of regression will depend on the outcome. For binary out-
comes, we will use logistic regression and report marginal effects. For 
medical expenditure, we will use linear regression and consider a two- 
part model if there is clustering at zero [28]. We will cluster the stan-
dard errors at the ward level—the level at which treatment assignment 
varies—to account for potential dependence between observations 
within that level—for example, children within a Ward may have similar 
outcomes—and conduct Bonferroni correction to account for multiple 
hypotheses testing, as appropriate. Although the study is sufficiently 
powered, we will further ascertain our main findings using randomiza-
tion inference test and report p-values from this test—as we have done in 
previous clustered trial [29]. 

Current implementation status. Fig. 1 shows the key steps involved in 
implementing the study. As of April 29, 2023, all preparatory work-
—including the selection and randomization of wards, development of 
ASA, training of nurses and enumerators, and pre-testing of the study 
materials—as well as recruitment and baseline have been completed. 
The study will conclude by October 2023. 

2.1. Additional procedures 

Training of nurses and enumerators. The fidelity of the study relies 
heavily on the quality of the interaction that nurses and enumerators 
visiting the households have—both on AMR and on the use of ASA. Eight 
nurses and eight enumerators were recruited and trained for 10 days at 

Table 2 
Measures.  

Measure Timing and procedure of data collection 

Antibiotic use Households will be requested to take a picture of the 
bottle(s), along with the expiration date(s), and 
upload it through ASA for each episode of their 
child’s illness during the 6-month period. They will 
also be requested to take a picture of the prescription 
note and upload it, if any, for all episodes of illness. 
The information obtained will be used to calculate 
the primary outcome—non-prescribed antibiotic use 
(i.e., number of episodes in which antibiotics were 
non-prescribed/total episodes in which antibiotics 
were given) and overall antibiotic use (i.e., number 
of episodes in which antibiotics were given/total 
number of episodes). 

Provider type Households will be requested to specify the type of 
provider (e.g., hospital, clinic, pharmacy; and public 
vs private) they visited for each episode of their 
child’s illness during the 6-month period using a 
drop-down menu in ASA. 

Expenditure on medicine and 
antibiotics 

Households will be requested to specify the amount 
of money they paid on medicine for each episode of 
their child’s illness during the 6-month period 
through ASA. 

Dose, frequency, and 
duration 

When a household submit information on an episode 
of care, the research team members from the Group 
for Technical Assistance Foundation will call the 
household approximately 10 days later and ask 
information on dose, frequency, and duration of the 
antibiotics given to the child. In order to clarify 
which of the medications given to the children are 
antibiotics, we will check the names of the 
medication in the pictures of the prescription or on 
the pictures of the medication containers against the 
lists of all brand names or generic names of 
medications approved for use in Nepal by the 
Department of Drug Administration, Ministry of 
Health and Population. 

Demographic information 
and health history 

We will collect demographic information, such as 
age and gender of the index child, parental and 
household characteristics, and 6-month health 
history of the index child at baseline. 

Engagement with 
educational materials 

Participants’ engagement with the smartphone- 
based application is central to the study. Therefore, 
we will track the number of households which view 
the videos sent through the application, including 
the frequency at which they do so and whether they 
watch the entire video (versus a part of it). This 
information can be obtained directly through the 
application.  
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the premises of the Group for Technical Assistance Foundation, the local 
collaborating organization. The training for the nurses consisted of 
substantive material on AMR as well as effective communication. The 
key substantive topics covered were: 1) what are antibiotics and how 
they are different from other medications, 2) what are the common 
mistakes in the use of antibiotics, 3) what is AMR and how it affects 
personal health, 4) what are the key drivers of the rising threat of AMR, 
especially with regard to how antibiotics are used, 5) what are the most 
common misbeliefs in Nepal about antibiotics (based on our previous 
studies), 6) what is microbiome, how it relates to a One Health 
approach, and how it affects human health and illnesses, and 7) how 
antibiotics affect microbiome in the short and the long term. The 
training consisted of lectures and simulations. The nurses were also 
trained on various aspects of effective communication, including how to 
gain the study participants’ trust and respect, how to listen (e.g., eye 
contact, body language), how to answer questions (e.g., the use of 
effective examples), and how to ensure that the participant understood 
the material shared (e.g., triggering the respondent to repeat the ma-
terial by asking questions), among others. Likewise, the enumerators 
have been trained on data collection, including ethical considerations, 
consent process, and baseline survey administration through ASA. In 
addition, they have been trained on showing study participants how to 
send information through ASA during the 6-month period. 

3. Conclusions 

This is among the first studies in LMICs to test the effect of an edu-
cation intervention and to track antibiotics consumption in a community 
setting using a phone-based application. While our study will primarily 
inform future policy and programmatic efforts to reduce AMR in Nepal, 
the study—both the education intervention and the surveillance sys-
tem—can serve as a prototype for tackling AMR in other similar settings. 

Unlike many antimicrobial stewardship programs to date, which focus 
on changing prescriber behavior, this study focuses on the demand 
side—specifically, the pressure that patients may exert on the provider. 
Recognizing that the deeply held misconceptions are difficult to change 
through one-off or remote interactions (such as through public and so-
cial media), we are testing an intensive intervention that combines one- 
on-one interaction with a community nurse, regular reinforcement of 
the messages through a phone-based application, and traditional modes 
of communication (a brochure). 

Community based mobile tools are increasingly being used and have 
been highly successful in care coordination and delivery in South Asia 
and Sub-Saharan Africa [30–33], although not in AMR. In Nepal, 
Community Health Tools (CHT) is currently being implemented in four 
districts by our collaborating institution, SunyaEk, to conduct household 
health surveillance, as well as delivery of interventions relating to 
reproductive, maternal and child health, as well as mental health and 
common mental disorders [34,35]. CHT in Nepal has not yet been 
adapted for use at the household level or for rational antibiotic use. This 
study provides a unique opportunity to develop applications for 
household educational campaigns and surveillance using the core 
framework of CHT that has earned recognition as a digital public good 
[36]. 

Several limitations of the study warrant discussion. First, our data 
will be representative of the population in Kathmandu and Lalitpur 
Metropolitan cities and their surrounding areas. The population in this 
part of the country is richer and more educated, on average, than the rest 
of the country. We have chosen Kathmandu Valley for the study given 
the high penetration of smartphones and the relatively higher education 
level of the population—important requirements for ASA to work. We 
will compare the demographic characteristics of the analytic sample 
with that of 2021 census to gauze the external validity of our findings to 
the rest of the population in the country. We will also conduct 

Fig. 1. Study procedures.  
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heterogeneity analysis to identify population groups for which the 
intervention works (or does not work) and probe deeper on these aspects 
during qualitative interviews with participants, so that adjustments can 
be made in the study when it is scaled up. Second, the outcome measures 
are self-reported by parents using ASA. Differential engagement with 
ASA across study arms can bias the results, although the net direction of 
the bias is unclear. To alleviate this concern and keep households in the 
control arm engaged with ASA during the study period, we will send 
periodic content on child development to both arms (thus having an 
“active control group”) [37]. Nonetheless, there is a risk of the inter-
vention group under-reporting non-prescription antibiotic use if they 
perceive this to be the desired behavior. Additionally, text reminders to 
input health data for child illness episode will be sent on a regular basis. 
Participants in both arms will be sent phone credits (equivalent to Rs 
500, or $5) on a monthly basis to improve salience and engagement with 
ASA. A final limitation is that we are unable to assess the appropriate-
ness of the antibiotics given, as assessment is not possible without seeing 
the patient at the time of care. This is an area for further research. 

Ethical clearance 

The study has been approved by the Institutional Review Boards of 
Nepal Health Research Council (ref: 555/2022) and the Pennsylvania 
State University (STUDY00021106). Since we collect individual health 
use data, we have taken caution to ensure that privacy is protected. 
Specifically, we collect the name and contact information of each 
participant on a separate sheet of paper. This form is used exclusively for 
the purpose of contacting the participants later, if needed. ASA gener-
ates a 6-digit household ID at baseline. The information households send 
through ASA as well as the baseline information collected (also through 
ASA) will contain this ID. Therefore, no information collected from the 
household after the initial interaction to seek consent and enroll the 
household will contain any identifying information. ASA’s development 
follows NIST SP800-53 and OWASP framework and guidelines. We will 
use data center certified by Ministry of Information Communication and 
Technology (MoICT) to host the application within the country. Data 
collected through ASA are stored in a secure server at the Group for 
Technical Assistance to which only designated staff at GTA and Co- 
investigator Nepal have access. The dataset that we will make avail-
able for replication after the conclusion of the study will not have any 
identifying information. Nonetheless, the consent form includes a 
statement that there is a risk of potential loss of confidential informa-
tion; thus, the participating households are aware of the risks. 

Funding statement 

This study is funded by the Merck Investigator Support Program 
(MISP #101075). 

Registration 

This study has been registered in the Social Science Registry 
(AEARCTR-0010505): https://www.socialscienceregistry.org/tri 
als/10505. 

Statement on diversity and inclusion 

We recognize the privilege that men and individuals from advan-
taged ethnic groups have had in Nepal as well as the existing gender-, 
ethnicity-, caste-, and class-based power imbalances. We have taken and 
will continue to take steps to consider these power imbalances. Specific 
steps include the following. 1) Our team includes an expert on gender 
and social inclusion in Nepal. The expert has reviewed all education 
materials (training resources, videos, content of the AMR pitch, etc.) as 
well as the questionnaire to ensure that language used is gender, caste, 
ethnicity and disability inclusive, and to ensure that the materials do not 

help perpetuate—but counter—historical prejudices in relation to 
gender, caste, ethnicity and disability. 2) In the baseline survey, we 
collect information on gender of the respondent (using non-binary 
categorization) and education (as a proxy for economic status, appro-
priate to this setting). We will conduct heterogeneity analysis along 
these dimensions so that future efforts can be directed specifically to 
groups that need extra support. For example, if we find that less 
educated parents experience lower effect of the education intervention 
than educated parents, this would be an important consideration for 
future interventions. 3) As mothers tend to be the primary caretakers of 
young children—and thus the respondents in the baseline survey as well 
as the ones to submit information on antibiotics usage through ASA—we 
have designed ASA in a manner that it minimizes the burden to mothers. 
Specifically, we request households to submit on the information that is 
required to test the study’s hypotheses directly. 4) All staff recruited for 
the study (8 nurses, 8 enumerators, 2 supervisors, and 2 tech trainers) 
are women. 
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