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via integrated clinical management algorithms. Comprehensive
routine patient data are prospectively collected regarding each
newborn, as well as maternal data and blood test results, which are
used to inform clinical decision making at the bedside. Data
dashboards provide healthcare professionals and hospital
management a near real-time overview of patient statistics that can
be used for healthcare quality improvement purposes. To enable this
workflow, the Neotree web editor allows fine-grained customization of
the mobile app. The data pipeline manages data flow from the app to
secure databases and then to the dashboard. Implemented in three
hospitals in two countries so far, Neotree has captured routine data
and supported the care of over 21,000 babies and has been used by
over 450 healthcare professionals. All code and documentation are
open source, allowing adoption and adaptation by clinicians,
researchers, and developers.
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Introduction

Nearly 80% of births in low-resource settings (LRS) now occur
in healthcare facilities (World Health Organization, 2020a).
Yet neonatal mortality rates remain persistently high and
progress on newborn mortality lags behind reductions in mater-
nal and infant mortality. Each year 2.4 million babies die
in the first 28 days of life, 90% of whom die in low and mid-
dle-income countries (World Health Organization, 2020b).
There are also stark disparities in newborn survival rates. Sub-
Saharan Africa has the highest newborn mortality rate, where
a child is 10 times more likely to die than those born in high-
resource settings. This is followed by central and southern Asia
(World Health Organization, 2022).

The United Nations’ Sustainable Development Goal (SDG) tar-
get is to reduce neonatal mortality to less than 12 per 1000 live
births by 2030 (Golding er al., 2017). To accelerate progress
in the regions yet to achieve this goal, it is critical to under-
stand the underlying clinical and contextual causes of newborn
deaths. Implementation of low-cost evidence-based inter-
ventions can help characterise these causes early and tackle
two-thirds of newborn deaths in a systematic manner (Bhutta
et al., 2014). However, detailed, individual-level data from
healthcare facilities are rare. Very few evidence-based dig-
ital health interventions exist in LRS, while national electronic
health record (EHR) systems are underdeveloped and rarely
include neonatal modules (Stevenson e al., 2021). National data
from LRS are available for a few specific interventions or dis-
ease cohorts only. For example, the Vermont Oxford Network
(VON) supports collection and analysis of facility-based neo-
natal care data via a paid membership model, where data are
entered retrospectively into the database from clinical records
by data clerks. This means most member hospitals are from
high income countries except Ethiopia, which uses a sepa-
rate model as a result of a decade-long partnership with VON
(Edwards et al., 2019).

Other types of mobile health interventions include clini-
cal decision support (CDS) tools containing algorithms and
reminders, digital guideline apps and serious mobile games.
For example, the mPneumonia app in Ghana combined CDS
to prompt healthcare professionals (HCPs) in the management
of pneumonia according to current guidelines (Ginsburg et al.,
2015). However, it is a vertical tool, focusing on one disease
only. An example of a serious mobile game intervention is the
Maternal and Neonatal Technologies in Rural Areas (MANTRA)
project which wused serious games aimed at low-literacy
women in rural Nepal. Even though this intervention demon-
strated significant knowledge gain of the participants, it did not
focus on improving maternal and newborn care in healthcare
settings (Mueller et al., 2020).

To address this need to collect reliable data and standardise
newborn care in LRS, Neotree was co-developed in collabora-
tion with HCPs in the UK, Bangladesh, Zimbabwe, and Malawi.
The Neotree platform uses a mobile application to per-
form prospective data capture and provide clinical decision
support and education in newborn care (Heys er al, 2022),
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which falls within tier C of digital health technologies’ clas-
sification published by the National Institute of Health
and Care Excellence (NICE, 2018). This low-cost digital
health system is used to improve postnatal care at the bedside
in LRS and to provide insights into population health trends.
The main Neotree database consists of data collected by HCPs
at the bedside as an integral part of the admission and dis-
charge process in neonatal intensive care units (NICU), and
these data are used to inform clinical decision making, e.g.,
quality improvement projects, development of in-app algorithms.

At the time of initial Neotree conception in 2013, few appli-
cations existed that were integrated within newborn clini-
cal care. Some applications under development were being
designed for HCP training rather than bedside care. For exam-
ple, AIIMS-WHO CC Standard Treatment Protocols (STP) is
an application for newborn management that was developed
by All India Institute of Medical Sciences (AIIMS) around
the time when Neotree was conceptualised (Prakash er al,
2016). Similarly, the Safe Delivery App was developed in
collaboration with the Universities of Copenhagen and South-
ern Denmark, which is designed to provide training on obstet-
ric and neonatal emergencies (Lund er al, 2016). But neither
of these examples include data capture or patient specific clini-
cal decision support. Furthermore, besides being training
focused, the proprietary nature of these software means they
cannot be easily adapted according to country and site-based
needs.

More recently researchers have focused on the development
of standalone digital CDS, some of which are linked to edu-
cational tools. For example, Noviguide, a proprietary software
application, has been developed over the last few years to pro-
vide CDS for some common newborn conditions such as neona-
tal sepsis (Muhindo et al., 2021). Crucially however, these CDS
tools are not integrated with routine data capture functionalities
and EHR for newborn babies (Bucher er al., 2020; Chan et al.,
2021; Muhindo et al., 2021; Schaeffer et al., 2019). As a result,
these apps often rely on voluntary use of CDS tools, assum-
ing a level of pre-use knowledge, e.g., the HCP has to suspect
a specific condition is present in order to access the guide in
how to manage it. This can lead to low adoption rates, for
example, in a pilot study using NoviGuide in Uganda, 36.25%
(1,705 out of 4,704) admissions were entered by HCPs in
the app (Muhindo et al., 2021).

Continuous development of Neotree over the past eight years
and implementation in two countries means that the Neotree
system is refined, equipped with complex clinical algorithms
for critical decision-making and adaptable in different LRS.
As of July 2022, the Neotree has collected routine data from,
and supported the care of over 21,000 babies admitted to three
hospitals - two in Zimbabwe (Sally Mugabe Central Hospi-
tal (SMCH) in Harare and Chinhoyi Provincial Hospital (CPH)
in Chinhoyi) and one in Malawi (Kamuzu Central Hospital
(KCH) in Lilongwe) - the largest known detailed database on
neonates from low-resource countries. These data have enabled
clinicians to monitor admission, mortality and morbidity trends
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et al., 2022).

quality improvement (Chimhuya

Methods

The Neotree (Khan er al. 2022) was developed in a user-
centric iterative approach while addressing the gaps in LRS
and needs of HCPs. The team followed the Medical Research
Council guidance for developing and evaluating complex inter-
ventions and agile software development cycle that incorpo-
rates incremental and iterative development (Agarwal er al.,
2016; Campbell et al., 2000; Leau et al., 2012). Within imple-
mentation we have taken into account country-specific needs
and adaptation for National level EHRs. In this paper we
will describe these iterative development phases within each
component of the Neotree system (Figure 1). First, we describe
conceptualization, then pre-prototype, followed by proto-
type development, and finally piloting and implementation.
Findings from mixed methods evaluation of the Neotree sys-
tem are described elsewhere (e.g., Crehan er al., 2019; Gannon
et al., 2021; Heys et al., 2022) and other related data analysis
are ongoing (Wilson et al., 2022).

Conceptualization

A literature review of HCP-led newborn interventions to
improve outcomes for low birthweight babies in lower-income
countries identified gaps in successful implementation of
proven interventions (Kesler, 2013). In other words, even though
evidence-based interventions existed, these were not being
used in standard clinical care at that time. Therefore, it was
hypothesised that reductions in newborn mortality could be
achieved through equitable and sustained improvements in the
quality of newborn care through ensuring uptake of evidence-
based and standard newborn care in health facilities (Bhutta
et al., 2014). The assumption was that a digital system that cap-
tured clinical data at the point of care and then used these data
to (a) trigger both educational messages about how to deliver
quality newborn care (e.g., how to check a babies temperature
and why this is important) and (b) when and how to provide
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best evidenced clinical care (e.g., when and how to keep a new-
born warm) would result in sustained uptake of evidence based
interventions and thus improved care and survival.

Pre-prototype

Authors collaborated with the UCL Computer science team
to develop a basic android app prototype for data capture
and clinical decision support in 2014, including an exem-
plar clinical care pathway for thermoregulation of the newborn
(Kesler, 2013). PowerPoint (Microsoft, 2022) images of the pro-
totype were presented to a workshop of HCPs in Bangladesh
(n=15), who found the concept of device-enabled decision
support to be acceptable, but also emphasised any such
tool would need to address the clinical needs of all admit-
ted babies, irrespective of weight, and would need to be config-
urable to the level of care deliverable in a given health facility
(unpublished). In response to this feedback, subsequent devel-
opment focused on the care of all babies and the need to be
adaptable to different settings.

Prototype development

Following the conceptualization phase, the idea of building
the Neotree app interface and algorithm around the struc-
ture of the existing paper neonatal admission form was intro-
duced and the first working prototype of Neotree was created
in 2016 (Crehan er al, 2019). This consisted of three compo-
nents: 1. An android mobile and tablet app, 2. A web editor
that allows a non-developer or clinician to edit and customise
the app interface, and 3. Google Firebase framework, where
any configuration changes were automatically propagated to
mobiles and tablets with the app installed (given they had inter-
net connectivity and the app was loaded). Wireframes of the
app were at first drawn up in PowerPoint (version 16.0) and
then using a proprietary software, Ninjamock to communicate
the desired design of the user interface (UI) to the developer
with the help of a user experience expert (Figure 2). The devel-
opment and use of the system, then leveraged a design system
built in a mock up prototype tool, InVision with user experience

Neotree software developmnent timeline

Conceptualization

Neotree-alpha
Phases P

Neotree-beta (MVP1)

Neotree-beta (MVP2)

Literature review
First basic prototype
HCW workshops

Conceptualization

Paper to digital script

Neotree-alpha First working prototype

Neotree-beta (MVP1)

Neotree-beta (MVP2)

Field trial of beta app and editor

Data pipeline and dashboard development

Implementation and refinement of new app features and CDS algorithm|

2016

Figure 1. Neotree development timeline.

2018 2020 2022
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PowerPoint wireframes (2016)
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Figure 2. Prototype wireframes.

expert assistance. This enabled to build

up the UI code efficiently.

the developer

Piloting and implementation

Using the first web-editor and Google Firebase framework, a
working prototype of the Neotree app (Neotree-Alpha) was
translated into practice and evaluated over a one-month pilot
at Zomba Central Hospital (ZCH), Malawi (Crehan er al.,
2019). Data collected during this period were stored at the hos-
pital on a study laptop and then manually transferred. Using
this data, the concept of developing a data dashboard was
tested using Microsoft Excel (version 16.0, RRID:SCR_
016137) (Crehan et al., 2020).

Later during an implementation evaluation of Neotree at KCH
between May and October 2019, a data pipeline consisting
of an application programme interface (API) for secure data
transfer and a database for data secure storage hosted in
Amazon Web Services (AWS, 2022) was added. As a result,
an evolving cloud hosted data visualisation dashboard was
built and piloted using Microsoft Power BI (Microsoft
Power BI, 2022). It supported data cleaning, transforma-
tion and visualisations incorporating behavioural sciences
theory and was hosted on Microsoft Office365 (Crehan,
2022).
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Ninjamock wireframes (2016)
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Below we describe the four key components of the Neotree
system that evolved based on user needs and iterative testing
of the platform: 1. The Neotree web editor, 2. The Neotree
mobile app, 3. The Neotree data pipeline, and 4. Data dashboard.

The Neotree web editor. The web editor enables HCPs to cre-
ate “scripts”, where each script defines a specific workflow
in the mobile app, e.g., a workflow to follow when a baby is
admitted, and another when a baby is discharged (Figure 3).
Each script consists of an ordered list of configurable screens
devised by a scripting engine, i.e., in the web editor it is pos-
sible to specify exactly what is shown in the screen, what
data is collected, and what conditions need to be true for the
screen to show. For example, a screen might prompt a HCP to
enter some data, perform a check or administer some treatment
(e.g., “warm newborn”) or suggest a diagnosis.

The configuration of each script is saved to the Neotree back-
end. Scripts are translated and rendered by the mobile/tablet
application code and automatically reflected in near real-time
to the app interface. The mobile application will, if it senses
a network connection, check to see if a new version of the
script is available and download it locally. It will then dis-
play the correct screens in the correct order, as specified by the
script.
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FLOW CONTROL

I Allow user to skip this screen

Conditional expression

Example: ($key = true and Skey2 = false) or Skey3 = 'HD

PROPERTIES

Epic IC st
1.2 ET1
Title =

EMERGENCY TRIAGE

Emergency Triage
IS THE BABY CRYING?

LOOK AT THE BABY

Is the baby crying?

BabyCryTriage

Baby Crying

B Confidential

Baby is not crying

Instructions

Figure 3. A sample page of the Neotree web editor.

During pilot implementation of Neotree at ZCH, new essen-
tial features required for building an interactive newborn admis-
sion form were added iteratively to the web editor, as well as
to the mobile or tablet app rendering code, e.g., the ability to
add pictures to a form (Crehan er al, 2019). In this way the
flexibility of the editor app allowed users to prioritise their
needs during early development so that the features most
important to them (both clinically and for ease of work-
flow) could be executed in the app in the first few weeks of
piloting, thus promoting local ownership and buy-in.

The Neotree mobile app evolution. The next significant release,
Neotree-Beta (MVP-1) was co-developed with Malawian
HCPs (n=46) in 2016-17 (Crehan er al., 2019 & Crehan et al.,
2020), focusing on configuration refinements using the editor
to incorporate the detailed feedback of nurses using the app
for the first time in the ward. The application continued to be
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Baby crying 1/3

Baby is crying

executed on Android tablets and mobile phones in the neo-
natal wards, with HCPs capturing patient data and guiding
clinical practice when patients were admitted and discharged,
including the recording of blood test results from the labs

and perinatal data during pilot implementation (2018
onwards) at SMCH in Zimbabwe (Gannon et al, 2021).
During this time, the web editor continued to show

value in the way scripts could be quickly authored and adapted
in different environments, e.g., adding new data fields, edit-
ing or deleting existing data fields etc. The app continued to
enable operation in a low or occasional connectivity setting:
connectivity only being required to sync forms (for exam-
ple, if an admission or discharge form has been updated)
and submit data to the backend or receive new configuration
information. This is an important and essential feature to
implement this type of healthcare system in an LRS. Further
user testing at KCH in Malawi led to significant refinement
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of the user interface based on user feedback, such as improved
navigation, data validation for certain fields and enhancing
efficiency of data entry by automating calculations. These
changes were applied to the consecutive release of Neotree-Beta
(MVP-2).

The Neotree data pipeline. The data pipeline manages data
flow from the app to the backend and then to data visu-
alisation dashboards for analytics purposes. The Neotree
backend houses two types of information: 1. The data captured
from the Neotree mobile application, and 2. The configuration
scripts used to determine the different workflows or scripts as
mentioned in the Neotree web editor section above. Sub-
sequent evolution of the app retired the use of the Firebase
framework and employed the database. The representational
state transfer (REST) API enables the web editor to publish
updated versions of scripts to the backend, and a route for the
mobile applications to fetch the latest script. It also provides
a write API for the mobile apps to publish collected data.

The prototype implementation of data transformation in Power
BI was replaced by the data pipeline built in Python (using
Kedro as a data processing framework). It processes
the raw data in JSON format from the database and reformats
and reshapes them into tables that are easier to analyse and vis-
ualise in the data dashboard by staff in hospitals and can be
used for further exploration of data. The process also involves
cleaning and deduplication of the records in cases where mul-
tiple instances of the same record have been exported. To main-
tain data integrity, the data from the tablets are saved into
their own schema where no alterations are made, i.e., in their
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raw state, then a cron job will run periodically generating
derived tables which are then used for visualisation and further
analysis.

Data dashboard. At first Power Bl was selected as the first
data visualization tool to create a dashboard for report-
ing and quality improvement purposes in the hospital and
tested in Malawi (Crehan, 2022; Mgusha er al., 2021). After
this testing phase, Power BI was replaced by a non-proprietary
and simpler tool, Metabase (2022) in the production phase
for larger scale implementation as it is more feasible to use
in an LRS where internet connectivity can be less reliable. It
similarly empowers HCPs to easily interrogate the data and
create visualizations via a web application to be displayed
in the hospital wards.

Figure 4 below demonstrates how different components
of the Neotree platform work together for its functionality.

Operation
Implementation requirements of the

the following:

Neotree system are

e The mobile application was developed using React
Native (version 0.66.0) and requires a tablet or mobile
phone to run Android 11 or newer Android versions.

e The application fetches configuration information from
the Neotree backend via a RESTful API. The Neotree
backend is a node.js application (developed using
node.js version 12.19.0) backed by Postgres (version
10.18). The backend manages script configuration and

Figure 4. Neotree system architecture.

Web Editor Application Mobile Application Data Pipeline Data Dashboard
- Web Editor Mobile App Data Gateway
5 React JS React Native Expg Export API
o Parge A
5
@
-
Export
sessions
Get Update Syne e Database Reporting
scripts scripts scripts Postgres Read Metabase
:
o
=
9 Read  Create
'ﬁ LR J y Sessions  derived
3 Web Editor Database App/Editor Auth & DB Data Scripts
Postgres Web Firebase Python & SQL
[ Mg aen |
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storage and serving of data to and from the mobile appli-
cation. It is set up on a secure server running on a Linux
server (Ubuntu 18.04).

The web application, running on Nginx (1.14.0), man-
aging the script configuration is hosted on the same
server that runs the backend. This is an application
built using React (version 17.0.2). It provides HCPs
with an easy-to-use user interface to configure the
scripts. Scripts are versioned, making it possible to roll
back updates to scripts, and distinguish data collected
against different script versions.

The mobile application submits data collected to the
backend via the API in a JSON format. A Python
data pipeline, setup to run regularly at a configurable
frequency (e.g., hourly), processes the data, taking
the JSON in Postgres and shredding it into other
tables in Postgres that are optimized for analytics (One
column per data point). The data pipeline has been
built using Python (version 3.6.9) and Kedro (version
0.17.0).

Metabase (0.41.4) has been installed on the same
server that runs the web editor, Neotree backend and
data pipeline. This has access to the output of the data
pipeline (that is saved in derived tables in Postgres) and
provides a secure way for HCPs to access, query and
visualise the data.
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Dashboards built using Metabase are then displayed in
the wards and outcomes are communicated with HCPs
in the implementation and control sites (Figure 5).
Because internet connectivity in the ward for access-
ing Metabase dashboards live cannot be relied on, com-
pressed image exports of the dashboards are created
frequently (every three hours) on the Neotree server.
A Raspberry Pi (model 3B+) in the ward fitted with
a SIM card (GSM SIM 868 HAT, 3G/4G) is config-
ured to regularly fetch the dashboard images from the
server and display them on a monitor in the ward. The
entire Raspbian operating system was used for the dash-
board, which was known as Raspbian Buster at the
time. Raspbian is a Debian Linux distribution, designed
specifically for Raspberry Pi. The software is open
source and can be run on any commodity computers
running Linux or Windows operating system.

Usability testing
We have worked closely with HCPs using Neotree to

(1) understand and test the changes made by each release on
the usage and (ii) understand satisfaction levels with the core
features of Neotree (Wilson er al., 2022). User feedback has
been collected in mainly three ways:

(i) On an ongoing basis: This includes facilitating open com-
munication with the HCPs using the application, allowing
them to provide feedback on specific aspects. Furthermore,

MANAGENE, .
NT »
,.va?: |

Figure 5. Data dashboard implemented at Sally Mugabe Central Hospital in Zimbabwe.
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data collected using Neotree are discussed at the weekly edu-
cational meetings led by the paediatric consultant to gather
feedback and suggestions. These feedbacks are then used to
drive the iterative development of the platform

(ii) During usability workshops: These workshops were con-
ducted with the release of significant new functionality, e.g.,
the release of the dashboards and the diagnostics functionality,
and were administered by a trained human-factors engi-
neer. Between January and May 2022 for example, sessions
were run following each major diagnostic functionality roll-
out in SMCH, involving five HCPs at each stage and lasting
approximately 45 minutes. This involved HCPs complet-
ing an ‘admissions’ script using a predetermined use test case.
Recorded and transcribed sessions afterwards allowed for
behavioural observations to understand the human factors of
the device and probing with follow-up questions based on
HCP actions.

(iii) Using specific usability questionnaires such as the Sys-
tems Usability Scale (SUS) and the Post-Study System
Usability Questionnaire (PSSUQ) (Wilson er al., 2022), which
were conducted in June 2022 at SMCH to quantify the user
experience of the Neotree (n=10).

Diagnostic functionality

One of the implementation goals for Neotree was to integrate
a “clinical diagnosis and management support functionality”
as part of the admission process. This functionality essentially
provides the HCPs with ‘“suggested” diagnoses based on
entered clinical data. It allows the HCPs to first select their

Deciding on clinical diagnoses
to include in the diagnostics
functionality

Ideation
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own diagnoses from a list of diagnoses and then provides
suggestions if the algorithms generated from clinical data
formed a diagnosis that was not picked by the HCP. This func-
tionality and the specific clinical algorithms were developed
in a number of phases (Figure 6).

First, the algorithms for resuscitation and stabilisation of the
sick newborn were developed in the UK during pre-prototyping
and prototyping based on best available international and
national guidelines. These were reviewed and confirmed
by a clinical team formed by senior clinicians in the UK and
Malawi (n=6) prior to implementation during the ZCH pilot
study in 2016. An early version of an expanded set of diagnos-
tic algorithms addressing a wider range of neonatal conditions
was also developed at this time, but not implemented within the
app for clinical use as they were incomplete and required fur-
ther development. Data fields for incorporation into ongoing
algorithm development were based on the Malawian Ministry
of Health paper admission forms, clinical experience at ZCH,
local and international guidelines and in discussion with
senior Malawian clinicians.

Second, the team conducted a Delphi study with interna-
tional experts in newborn care to review four of the algo-
rithms, three of which had not yet been implemented within the
Neotree app: sepsis, neonatal encephalopathy and respiratory
distress and one of which was already implemented as part of
the resuscitation and stabilisation algorithms: thermoregula-
tion (Evans er al., 2021). Significant changes were made to
the sepsis, neonatal encephalopathy and respiratory distress
algorithms and additional analysis plans were developed to

Defining triggers and
management with SMEs and
country guidelines

Definition

Iterative refinement with
development team based
on feedback

Testing

N

Validating the

Iterating usability and
functionality testing of each
clinical algorithm in vivo

Confirmation

with senior cli

use test cases

Figure 6. Development process of diagnostic functionalities.

N
neotree

Development

Algorithm development based on
best available evidence, nationally
and internationally agreed clinical
guidelines, clinical heuristics, expert
consensus and modelling of data

functionality
nicians with
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address knowledge gaps in how to create the sepsis algo-
rithm in particular. Third, whilst ongoing work to inform and
strengthen these and other algorithms was underway, clinical
management advice was incorporated into the app. This means
when a HCP chose a possible diagnosis from a given list at
the end of the admission process, they were provided with
associated, evidence-based clinical management guidance.

Fourth, over a two-year period and through a repeated review
of available literature (e.g., Neal, 2020) and national and
international guidance, modelling of the clinical data (Neal,
2020) and joint meetings with clinical teams from the UK,
Malawi and Zimbabwe, the remaining clinical algorithms
were completed and incorporated into the app. An iterative
process of testing, feedback, and further development fol-
lowed this to optimise functionality. Mock clinical test cases
created with clinicians were used for testing in the app to
ensure that the algorithms are triggered in the correct circum-
stances. This led to refinements in the algorithms themselves
and/or feedback to the software development team if the
algorithms were not triggering correctly.

Once algorithms were approved, HCPs carried out previ-
ously explained usability sessions to run through the test cases
providing “think aloud” feedback (Charters, 2003) on each
page of the diagnostic functionality, describing their under-
standing of the presented information, as well as how the infor-
mation was being presented, and whether the tasks and goals
were clear to them. This feedback led to further development in
the content, layout, screen flow of the diagnostic functional-
ity which was updated either by the web-editor, depending on
whether it was a content update or the software development
team in case a more fundamental, structural update was required.

So far, the following diagnostic algorithms have been devel-
oped and are implemented as part of daily clinical care at
SMCH, CPH and KCH: resuscitation and stabilisation, ther-
moregulation, convulsions, low birth weight, prematurity, hypogly-
caemia, HIV, respiratory distress, neonatal encephalopathy,
sepsis, syphilis, jaundice and some congenital abnormalities
(cleft lip/palate, congenital dislocation of the hip, talipes, gas-
troschisis and omphalocele, and spina bifida). Ongoing analysis
of the clinical database is underway to optimise these algorithms
(e.g., to create a data driven predictive model for neonatal
sepsis (Neal er al., 2022)).

Key features
A number of critical features have been built as part of the
Neotree system:

e Data collection: Data are captured in real-time when
HCPs admit, discharge and log laboratory records in the
Neotree. To adapt to low or no internet connectivity in
hospital wards in LRS, admission data can be entered
into the app offline and synced with the database when
internet connection is available. Only pseudonymized
data are stored in the Neotree backend, excluding
names and addresses. When an HCP enters a recognized
pseudonymized identifier into a discharge form, any
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data fields that are shared between the discharge form
and the corresponding admission form are pre-populated,
to save the HCP time. In the event that the tablet does
not have internet connectivity, data will only be
pre-populated from submissions that have been made on
the tablet device. With internet connectivity, prepopu-
lation can be based on data entered into any one of the
ward tablets.

High customizability via a web editor: The web edi-
tor is aimed to make the development process more
rapidly iterative, agile and user-centric that allows
HCPs to incorporate their insights into the app with a
very short iterative cadence, as well as customise the
mobile app experience directly themselves, based on
how the app is used and availability of local resources.

Bedside decision support: Neotree defines a standard-
ised workflow and examination for the HCP to follow
when admitting a newborn. Educational information,
guidelines and images can be included and triggered
at the appropriate point at the bedside, to guide and
support the HCP in examining and delivering quality
newborn care. This is particularly important in an envi-
ronment where HCPs receive limited formal training
and often have limited experience of dealing with sick
babies when they are deployed on the wards. Senior
support may also be remote or difficult to access.

Dashboard and reports: Collected data are available to
query and aggregate via a dashboard and reporting inter-
face and displayed in the wards, which can then be used
for monitoring and quality improvement purposes by
HCPs. Examples of key outputs in monthly dash-
boards include number of admissions, discharges, and
deaths, trends in case fatality rate, comparison of case
fatality rates across implementation sites, key causes
of deaths, hypothermia rate efc. Figure 6 shows a data
dashboard use case at SMCH.

Data ownership: Neotree ensures that the Ministry of
Health in each country is the owner of data collected
through hospitals and data collection process is stream-
lined to align with country-based government data shar-
ing policies, e.g., a server was installed at SMCH in
Zimbabwe to ensure collected data are stored within
the country.

Diagnostic  support: Algorithms based on existing
local, national and international clinical guidelines and
best available evidence have been developed, tested
and refined using data collected via Neotree. These
algorithms were implemented in the app that suggest
diagnoses and management for newborns based on
real-time data input, providing additional support to
HCPs using the app.

Adaptability to local needs and resources: The Neotree
system was built so it can be adjusted to be suitable
across different settings, given there could be differ-
ences in prevalence of certain diseases, management
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per country guidelines, or availability of equipment.
For example, neonatal sepsis is one of the key causes of
newborn deaths in Zimbabwe and therefore clinicians
at SMCH (which has a microbiology laboratory on site)
have placed emphasis on streamlining and improv-
ing the process of collecting blood cultures and using
the results (Gannon ef al, 2021). Powered by blood
culture data collection through a Neotree script, clini-
cians are now able to monitor contamination rate, learn
about key organisms detected in the cultures, and then
communicate the findings with HCPs for further
improvement. Such rich data with linked clinical fea-
tures, management decisions, laboratory results, and
outcomes from low-resource countries are rare, which
makes it a valuable resource to be used for predictive
modelling to develop algorithms.

e Applicability in a wide range of settings: While
Neotree data are beneficial to derive disease-specific
solutions, the platform itself is not limited to any spe-
cific newborn conditions and thus allows a broad range
of data supported, evidence-based decision-making. For
example, the hospitals continued to collect data using
Neotree during the pandemic and comparative analy-
sis suggested that impact of pandemic could be context
specific, while emphasising the need to collect such data
at a national level (Chimhuya ef al., 2022).

Use case

Setting up the Neotree platform

The process to set up the Neotree backend, web editor, data
pipeline and the app itself can be found in the respective
GitHub repositories as reported in the software availabil-
ity section and outlined below. These individual repositories
are linked to the central GitHub repository. This also includes
instructions to set up a demo app and web editor, as well as
a synthetic dataset (Khan, 2022). A demo data dashboard
built using this synthetic dataset on Metabase is available on
request.

To set up the platform, at first the backend, NodeJS API
is configured by setting up the local configurations in a
“env” file. This needs to be placed in the home directory
of the project following the example provided in the source
code’s “env-example” file. After successful setup, the backend
should be started using the commands specified in the readme

file here.

The Neotree Web Editor that allows setting up a data col-
lection form is then set up by following the configurations
specified in the readme file of the source code with example
configurations available in the “env-example” file (here). The
forms created on the web editor can be customised depending
on the needs of a healthcare facility. Postgres databases for the
web editor, and data entry sessions need to be set up before
running the web editor and NodeJS API.

The mobile app is then set up by following the specified
steps in the readme file of the react native app (here). This will
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allow the app to connect and pull data from the web editor, to
connect to the NodeJ]S API for data syncing and then dis-
play the forms created using the editor, as well as allow for
data input. The data is stored in the data collection device’s
database to allow for offline data collection and the complete
data forms are synced to the main Postgres database automati-
cally whenever the device is connected to the internet. Man-
ual data syncing can also be triggered through the mobile app’s
export functionality.

The final step is to set up and configure a data pipeline by
following steps specified in the readme file of the source
code (here). Following the specified configurations, the data
pipeline can be set to run automatically at configurable inter-
vals. This is a python code base used to manipulate raw
exported data from Postgres database into derived tables that are
easier to ingest for business intelligence tools for data visu-
alisation, such as Metabase. This code base should run on any
operating system that supports Python, but comprehensive
tests have been run on Ubuntu 18.04 and Windows 10.

Using the Neotree platform

Creation of the forms in the editor. Neotree supports the col-
lection of a range of clinical and sociodemographic data.
The link to a comprehensive and evolving data dictionary is
available here.

Upon setting up the platform, users can create a data collection
form on the editor that is then rendered on the mobile applica-
tion. These forms are dynamic, support input of different data
types and conditional statements via the web editor. Texts
and images for clinical decision support and training are
also added during form creation.

Display of forms on mobile and data collection. Based on
the input from the connected web editor, a list of available
forms is displayed on the home screen upon logging on to the
mobile application. When a user selects a form, specific ques-
tions are then displayed. A question can be mandatory or
optional depending on specific conditions on the editor. At the
end of each section, a progress screen indicates what por-
tion of the form has been completed and what is still left.
Users can navigate back to a specific section if needed. Upon
completion of a record, the form is saved and once confirmed
the record can no longer be changed. Users can view the sum-
mary of entered data and print a copy directly from the mobile
application. The data is then synced automatically to the
Postgres database when the mobile device gets connected
to the internet. Data can be manually exported from the app
in order to generate Excel and JSON files that can be used
for data backup if needed.

Visualisation of data on Metabase

Once the data has been exported to the Postgres database, the
Python data pipeline will run periodically as configured, and
process the data into derived tables which presents a format
that is ingestible by Metabase. Metabase should be config-
ured to point to the Postgres database containing the derived
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tables. This allows interrogation with the data and creation of
aggregated outputs, such as graphs, tables and dashboards.

Limitations

Neotree has been implemented in three hospitals in two
countries, therefore our learning about its efficacy and user
acceptance are limited to these settings only. Although local
government approval and integration with national systems can
take time, conversations are ongoing to expand Neotree both
within the current countries in which we have implemented and
also in other countries. For example, we have just commenced
work to adapt Neotree’s clinical content and functionality
for use in primary health centres. Another limitation of the
Neotree system is that it is currently available in English only,
which could pose language barrier in countries where English is
not the primary language. This feature could be co-developed
with local partners as we expand in other countries and
regions. While the system is yet to be fully integrated with the
national EHR systems in Zimbabwe and Malawi, this work
is in progress as described below.

Future directions

Based on successful implementation of Neotree in two sites in
Zimbabwe, the team is working on integrating the platform with
the Zimbabwean national EHR system. This is an important
aspect to maintain sustainable implementation of such learn-
ing healthcare systems in LRS. Integration within the national
healthcare system will ensure: a) Neotree continues to reach
more healthcare partners in those countries and help save more
newborn lives, b) The data collected using Neotree will be
available alongside any other health-related data that are being
collected systematically across different health facilities, which
can be used to follow patient journeys and guide the health-
care of those babies as they grow into children and adults,
and c¢) minimisation of the information technology overhead
associated with managing Neotree. By aligning our tech-
nology with broader health systems and technologies being
implemented in-country, we can make sure that the Neotree
can be setup and supported by the people and infrastruc-
ture that are managing other health systems, minimising the
incremental cost of running the Neotree system in environ-
ments which are very cost-constrained. We are also working
towards a similar approach in Malawi.

Other areas of future development in both Malawi and
Zimbabwe include: a) development or a perinatal care mod-
ule: Mummytree to capture clinical and sociodemographic data
from the mothers during birth and to provide clinical deci-
sion support during labour as these factors can have signifi-
cant impact on neonatal health and outcomes and therefore we
can direct appropriate care where needed, b) Capturing of daily
births and outcomes rather than being limited to NICU admis-
sions only, so that these records can be linked to other
health records in the future; c) adaptation and rollout in
primary care facilities since the implementation has focused
on hospitals so far and 50% of mothers deliver in primary
health clinics with outcomes no better than if they had experi-
enced a home birth, and d) “filling in the gaps” to provide data
capture and clinical decision support for the entire admission
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period. While some key challenges exist, such as, ongoing
staffing, data quality management and adjusting the system to
available resources, the Neotree team continues to work with
and for HCPs to address these challenges and find innovative
solutions as the system matures.

Conclusions

New initiatives and systems to improve and standardise
newborn care have been developed in recent years, driven
by the SDG goals to reduce newborn deaths in low and middle-
income countries. However, many of these isolated sys-
tems address data capture, education and clinical decision
support as discrete issues (Bucher er al., 2020; Chan er al,
2021; Muhindo et al, 2021; Schaeffer et al., 2019). While
Neotree has incorporated learning from these isolated systems
wherever possible, the key strength of the Neotree platform is
in our integrated approach. The comprehensive management
platform ensures every newborn benefits from education
in newborn care and data-driven clinical advice without
assuming prior knowledge.

Neotree has already helped with caring for over 21,000
babies and supporting education of HCPs to improve new-
born care. By prospectively capturing data at the bedside as part
of usual daily care, Neotree offers impact at the point-of-
care and avoids duplication of labour as it is not dependent
on retrospective data entry from paper records. Even though
high-resource countries use digital CDS to optimise quality of
care, these are largely not generalisable to LRS. Such settings
require technological adjustments to ensure efficient data flow
and reporting within the system without internet connectivity.
To ensure applicability and adaptability in LRS, Neotree
has been rigorously tested and developed in collaboration
with local clinicians and technology developers. Systematic
checks applied at the point of data entry and continuous moni-
toring and assessment by the users result in overall quality
improvement of collected data, compared to paper-based data
collection.

Other similar healthcare systems are often proprietary, siloed,
and address a narrow range of newborn conditions and
assume prior clinical knowledge in newborn care. In com-
parison, the open-source nature of Neotree means that it can
be fully owned (both the technology system itself and the data
created) locally, with no reliance on the vendor that devel-
oped the code, as well as no risk that the technology will be
charged for in the future. Furthermore, the platform can be
adapted to each specific clinical context, and for wider appli-
cations, without being disease specific. This allows address-
ing a broader range of conditions that are deemed important
by HCPs in specific sites and countries. Similarly, newborn
care educational programs have demonstrated improvements
in knowledge but have not resulted in sustained changes in
practice, and reliance on paper-based reporting has hampered
implementation (Chan er al, 2021). Neotree incorporates
existing guidance to support sustained changes in clinical
practice, and has flexibility to allow amending of guidelines
when needed.
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As the Neotree system continues to mature through the ongo-
ing cycle of implementation, evaluation and learning, we envis-
age this free, open-source system being integral to providing
better newborn care in low-resource facilities across the world.
By supporting bedside decision making and collecting bet-
ter quality newborn data, Neotree can identify areas where
further research and dedicated use of resources can help to
reduce newborn deaths and thus support these countries to
work towards meeting the UN SDG.

Data availability
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Software availability
Source code available
neotree

from: https://github.com/neotree/

Archived source code at the time of publication: https://
doi.org/10.5281/zenodo.7380936 (Khan et al. 2022)

License: MIT

Agarwal S, LeFevre AE, Lee J, et al.: Guidelines for reporting of health
interventions using mobile phones: mobile health (mHealth) evidence
reporting and assessment (mERA) checklist. BM/. 2016; 352:i1174.

PubMed Abstract | Publisher Full Text

Bhutta ZA, Das JK, Bahl R, et al.: Can available interventions end preventable
deaths in mothers, newborn babies, and stillbirths, and at what cost?
Lancet. 2014; 384(9940): 347-370.

PubMed Abstract | Publisher Full Text

Bucher SL, Cardellichio P, Muinga N, et al.: Digital health innovations, tools,
and resources to support helping babies survive programs. Pediatrics. 2020;
146(Suppl 2): S165-5182.

PubMed Abstract | Publisher Full Text

Campbell M, Fitzpatrick R, Haines A, et al.: Framework for design and
evaluation of complex interventions to improve health. BMJ. 2000;
321(7262): 694-696.

PubMed Abstract | Publisher Full Text | Free Full Text

Chan NHM, Merali HS, Mistry N, et al.: Development of a novel mobile
application, HBB Prompt, with human factors and user-centred design for
Helping Babies Breathe skills retention in Uganda. BMC Med Inform Decis
Mak. 2021; 21(1): 39.

PubMed Abstract | Publisher Full Text | Free Full Text

Charters E: The use of think-aloud methods in qualitative research an
introduction to think-aloud methods. Brock Education Journal. 2003; 12(2).
Publisher Full Text

Chimhuya S, Neal SR, Chimhini G, et al.: Indirect impacts of the COVID-19
pandemic at two tertiary neonatal units in Zimbabwe and Malawi: an
interrupted time series analysis. BMJ open. 2022; 12(6): e048955.

PubMed Abstract | Publisher Full Text | Free Full Text

Crehan C: Optimising and Evaluating Usability, Acceptability, and
Feasibility of a Neonatal Digital Health System in a Low-Resource Setting:
The NeoTree case study. Thesis. 2022.

Crehan C, Kesler E, Chikomoni IA, et al.: Admissions to a low-resource
neonatal unit in Malawi using a mobile app: digital perinatal outcome
audit. JMIR Mhealth Uhealth. 2020; 8(10): e16485.

PubMed Abstract | Publisher Full Text | Free Full Text

Crehan C, Kesler E, Nambiar B, et al.: The Neotree application: developing
an integrated mHealth solution to improve quality of newborn care and
survival in a district hospital in Malawi. BM/ Glob Health. 2019; 4(1): e000860.
PubMed Abstract | Publisher Full Text | Free Full Text

Edwards EM, Ehret DEY, Soll RF, et al.: Vermont Oxford Network: a worldwide
learning community. Trans/ Pediatr. 2019; 8(3): 182-192.

PubMed Abstract | Publisher Full Text | Free Full Text

Evans M, Corden MH, Crehan C, et al.: Refining clinical algorithms for a
neonatal digital platform for low-income countries: a modified Delphi
technique. BM/ Open. 2021; 11(5): e042124.

PubMed Abstract | Publisher Full Text | Free Full Text

Gannon H, Chimhuya S, Chimhini G, et al.: Electronic application to

improve management of infections in low-income neonatal units: pilot
implementation of the NeoTree beta app in a public sector hospital in
Zimbabwe. BMJ Open Qual. 2021; 10(1): e€001043.

PubMed Abstract | Publisher Full Text | Free Full Text

Ginsburg AS, Delarosa J, Brunette W, et al.: mPneumonia: development of
an innovative mHealth application for diagnosing and treating childhood
pneumonia and other childhood illnesses in low-resource settings. PLoS
One. 2015; 10(10): e0139625.

PubMed Abstract | Publisher Full Text | Free Full Text

Golding N, Burstein R, Longbottom J, et al.: Mapping under-5 and neonatal
mortality in Africa, 2000-15: a baseline analysis for the Sustainable
Development Goals. Lancet. 2017; 390(10108): 2171-2182.

PubMed Abstract | Publisher Full Text | Free Full Text

Heys M, Kesler E, Sassoon Y, et al.: Development and implementation
experience of a learning healthcare system for facility based newborn care
in low resource settings: The Neotree. Learning Health Systems. 2022; e10310.
Publisher Full Text

Kesler E: Developing the DeCREaSE trial: Decreasing Case fatality Rates

of newborns through E-health, virtual Support, and Education: a cluster
randomized step-wedge trial in rural Nepal. Dissertation, University College
London, 2013.

Khan N: Sample dataset - Neotree [Data set]. Zenodo. 2022.
http://www.doi.org/10.5281/zenodo.7380936

Khan N, Baradza M, Matare F, et al.: Neotree source code. [Code] Zenodo.
2022.
Publisher Full Text

Leau YB, Loo WK, Tham WY, et al.: Software development life cycle AGILE
vs traditional approaches. In: International Conference on Information and
Network Technology. 2012; 37(1): 162-167.

Reference Source

Lund S, Boas IM, Bedesa T, et al.: Association between the safe delivery app
and quality of care and perinatal survival in Ethiopia: a randomized clinical
trial. JAMA Pediatr. 2016; 170(8): 765-771.

PubMed Abstract | Publisher Full Text

Metabase: Business Intelligence, Dashboards, and Data Visualization. 2022;
[Accessed 12 September 2022].
Reference Source

Mgusha Y, Nkhoma DB, Chiume M, et al.: Admissions to a low-resource
neonatal unit in malawi using a mobile app and dashboard: a 1-year digital
perinatal outcome audit. Front Digit Health. 2021; 3: 761128.

PubMed Abstract | Publisher Full Text | Free Full Text

Mueller S, Soriano D, Boscor A, et al.: MANTRA: Improving knowledge of
maternal health, neonatal health, and geohazards in women in rural
Nepal using a mobile serious game. Front Public Health. 2020; 8: 584375.
PubMed Abstract | Publisher Full Text | Free Full Text

Muhindo M, Bress |, Kalanda R, et al.: Implementation of a Newborn Clinical
Decision Support Software (NoviGuide) in a Rural District Hospital in

Page 13 0of 17


https://doi.org/10.5281/zenodo.7380945
https://doi.org/10.5281/zenodo.7380945
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://github.com/neotree/neotree
https://github.com/neotree/neotree
https://doi.org/10.5281/zenodo.7380936
https://doi.org/10.5281/zenodo.7380936
https://opensource.org/licenses/MIT
http://www.ncbi.nlm.nih.gov/pubmed/26988021
http://dx.doi.org/10.1136/bmj.i1174
http://www.ncbi.nlm.nih.gov/pubmed/24853604
http://dx.doi.org/10.1016/S0140-6736(14)60792-3
http://www.ncbi.nlm.nih.gov/pubmed/33004639
http://dx.doi.org/10.1542/peds.2020-016915I
http://www.ncbi.nlm.nih.gov/pubmed/10987780
http://dx.doi.org/10.1136/bmj.321.7262.694
http://www.ncbi.nlm.nih.gov/pmc/articles/1118564
http://www.ncbi.nlm.nih.gov/pubmed/33541340
http://dx.doi.org/10.1186/s12911-021-01406-z
http://www.ncbi.nlm.nih.gov/pmc/articles/7863544
http://dx.doi.org/10.26522/brocked.v12i2.38
http://www.ncbi.nlm.nih.gov/pubmed/35728901
http://dx.doi.org/10.1136/bmjopen-2021-048955
http://www.ncbi.nlm.nih.gov/pmc/articles/9213761
http://www.ncbi.nlm.nih.gov/pubmed/33084581
http://dx.doi.org/10.2196/16485
http://www.ncbi.nlm.nih.gov/pmc/articles/7641784
http://www.ncbi.nlm.nih.gov/pubmed/30713745
http://dx.doi.org/10.1136/bmjgh-2018-000860
http://www.ncbi.nlm.nih.gov/pmc/articles/6340059
http://www.ncbi.nlm.nih.gov/pubmed/31413952
http://dx.doi.org/10.21037/tp.2019.07.01
http://www.ncbi.nlm.nih.gov/pmc/articles/6675680
http://www.ncbi.nlm.nih.gov/pubmed/34006538
http://dx.doi.org/10.1136/bmjopen-2020-042124
http://www.ncbi.nlm.nih.gov/pmc/articles/8130744
http://www.ncbi.nlm.nih.gov/pubmed/33472853
http://dx.doi.org/10.1136/bmjoq-2020-001043
http://www.ncbi.nlm.nih.gov/pmc/articles/7818839
http://www.ncbi.nlm.nih.gov/pubmed/26474321
http://dx.doi.org/10.1371/journal.pone.0139625
http://www.ncbi.nlm.nih.gov/pmc/articles/4608740
http://www.ncbi.nlm.nih.gov/pubmed/28958464
http://dx.doi.org/10.1016/S0140-6736(17)31758-0
http://www.ncbi.nlm.nih.gov/pmc/articles/5687451
http://dx.doi.org/10.1002/lrh2.10310
http://www.doi.org/10.5281/zenodo.7380936
http://dx.doi.org/10.5281/zenodo.7380936
https://www.researchgate.net/publication/268334807_Software_Development_Life_Cycle_AGILE_vs_Traditional_Approaches
http://www.ncbi.nlm.nih.gov/pubmed/27322089
http://dx.doi.org/10.1001/jamapediatrics.2016.0687
https://www.metabase.com/
http://www.ncbi.nlm.nih.gov/pubmed/35005696
http://dx.doi.org/10.3389/fdgth.2021.761128
http://www.ncbi.nlm.nih.gov/pmc/articles/8732863
http://www.ncbi.nlm.nih.gov/pubmed/33363082
http://dx.doi.org/10.3389/fpubh.2020.584375
http://www.ncbi.nlm.nih.gov/pmc/articles/7759478

Eastern Uganda: Feasibility and Acceptability Study. /MIR Mhealth Uhealth.
2021; 9(2): e23737.

PubMed Abstract | Publisher Full Text | Free Full Text

Neal SR, Fitzgerald F, Chimhuya S, et al.: Diagnosing early-onset neonatal
sepsis in low-resource settings: development of a multivariable prediction
model. medRxiv. 2022.

Publisher Full Text

NICE: Section B: Classification of Digital Health Technologies: Evidence
Standards Framework for Digital Health Technologies: Guidance. 2018;
[Accessed on November 1, 2022].

Reference Source

Prakash V, Thukral A, Sankar M|, et al.: Efficacy and acceptability of an “App
on sick newborn care” in physicians from newborn units. BMC Med Educ.
2016; 16(1): 8.

PubMed Abstract | Publisher Full Text | Free Full Text

Schaeffer LE, Ahmed S, Rahman M, et al.: Development and evaluation of a
mobile application for case management of small and sick newborns in
Bangladesh. BMC Med Inform Decis Mak. 2019; 19(1): 116.

PubMed Abstract | Publisher Full Text | Free Full Text

Wellcome Open Research 2022, 7:305 Last updated: 13 NOV 2024

Stevenson AG, Tooke L, Edwards EM, et al.: The use of data in resource
limited settings to improve quality of care. In: Semin Fetal Neonatal Med. WB
Saunders, 2021; 26(1):101204.

PubMed Abstract | Publisher Full Text

Wilson E, Gannon H, Chimhini G, et al.: Protocol for an intervention
development and pilot implementation evaluation study of an e-health
solution to improve newborn care quality and survival in two low-resource
settings, Malawi and Zimbabwe: Neotree. BM/ Open. 2022; 12(7):

e056605.

PubMed Abstract | Publisher Full Text | Free Full Text

World Health Organization: Newborns: improving survival and well-being.
2020a; (Accessed December 7, 2021).

Reference Source

World Health Organization: Standards for improving quality of care for small
and sick newborns in health facilities. 2020b; (Accessed September 25, 2021).
Reference Source

World Health Organization: Newborn Mortality. 2022; (Accessed June 22,
2022).

Reference Source

Page 14 of 17


http://www.ncbi.nlm.nih.gov/pubmed/33605886
http://dx.doi.org/10.2196/23737
http://www.ncbi.nlm.nih.gov/pmc/articles/7935651
http://dx.doi.org/10.1101/2022.11.19.22282335
https://www.nice.org.uk/corporate/ecd7/chapter/section-b-classification-of-digital-health-technologies
http://www.ncbi.nlm.nih.gov/pubmed/26956397
http://dx.doi.org/10.1186/s12909-016-0579-3
http://www.ncbi.nlm.nih.gov/pmc/articles/4784326
http://www.ncbi.nlm.nih.gov/pubmed/31221158
http://dx.doi.org/10.1186/s12911-019-0835-7
http://www.ncbi.nlm.nih.gov/pmc/articles/6585142
http://www.ncbi.nlm.nih.gov/pubmed/33579628
http://dx.doi.org/10.1016/j.siny.2021.101204
http://www.ncbi.nlm.nih.gov/pubmed/35790332
http://dx.doi.org/10.1136/bmjopen-2021-056605
http://www.ncbi.nlm.nih.gov/pmc/articles/9258512
https://www.who.int/news-room/fact-sheets/detail/newborns-reducing-mortality#:~:text=It is possible to improve,of small and sick newborns.
https://www.who.int/publications/i/item/9789240010765
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021#:~:text=There are approximately 6700 newborn,in child survival since 1990

Wellcome Open Research Wellcome Open Research 2022, 7:305 Last updated: 13 NOV 2024

Open Peer Review

Current Peer Review Status: ¢

Reviewer Report 27 November 2023

https://doi.org/10.21956/wellcomeopenres.20430.r69380

© 2023 Maharaj M. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Manoj Maharaj
University of KwaZulu-Natal, Durban, South Africa

The paper presents an overview of the development and potential of Neotree, an innovative
software tool designed to enhance neonatal care in low-resource environments.

The lack of advanced digital health solutions in low-resource settings necessitated the creation of
Neotree, a tool that integrates data capture with clinical decision support, aiming to provide real-
time insights and guidance for healthcare professionals. This user-centred approach ensures the
tool's practical utility and relevance to the intended users.

The technical description of Neotree is robust, detailing the software's architecture. The open-
source nature of the project and its iterative, user-centred design process enhance its credibility.
The system's integration with clinical workflows and attention to data management and security
aspects demonstrate a comprehensive understanding of the healthcare context. These factors
collectively contribute to the tool's technical robustness. The paper's focus on user-centred design,
iterative development, and integration strategies provides a solid foundation for replication in
similar contexts.

The Neotree software is a significant advancement in digital health, particularly for neonatal care
in low-resource settings. Its development addresses a critical need for specialized tools in such
environments. The paper is a valuable resource for future developments in this domain. The
detailed account of Neotree's development process provides important insights for similar
initiatives. Ongoing evaluation and feedback collection from end-users will be crucial in refining
and improving the tool.

The paper contributes significantly to the digital health landscape. Its focus on a user-centred
design process, coupled with a clear understanding of the challenges in low-resource settings,
makes it a vital tool for improving neonatal healthcare. The authors have provided a thorough and
insightful account of Neotree's development, offering valuable guidance for future digital health
initiatives. The paper successfully demonstrates the potential of digital solutions in transforming
healthcare in challenging environments.
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This article provides an overview of the development of a digital health intervention for newborn
care- Neotree. Neotree includes clinical decision making support, data collection, and data
dashboard to view performance. Development of Neotree has progressively occurred over eight
years in collaboration with hospitals in Zimbabwe and Malawi and the authors describe in detail
the development process and future directions for the tool.

Introduction: One of the reason for persistent high mortality despite facility deliveries is poor
quality of care, commenting on this would strengthen the introduction. I would also suggest
adding the newborn mortality rate for central and southern Asia when it is referenced in
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