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Abstract

Background Every Newborn Action Plan (ENAP) coverage target 4 necessitates national scale-up of Level-2 Small
and Sick Newborn Care (SSNC) (with Continuous Positive Airway Pressure (CPAP)) in 80% of districts by 2025. Routine
neonatal inpatient data is important for improving quality of care, targeting equity gaps, and enabling data-driven
decision-making at individual, district, and national-levels. Existing neonatal inpatient datasets vary in purpose, size,
definitions, and collection processes. We describe the co-design and operationalisation of a core inpatient dataset
for use to track outcomes and improve quality of care for small and sick newborns in high-mortality settings.

Methods A three-step systematic framework was used to review, co-design, and operationalise this novel neonatal
inpatient dataset in four countries (Malawi, Kenya, Tanzania, and Nigeria) implementing with the Newborn Essential
Solutions and Technologies (NEST360) Alliance. Existing global and national datasets were identified, and variables
were mapped according to categories. A priori considerations for variable inclusion were determined by clinicians

and policymakers from the four African governments by facilitated group discussions. These included prioritising clini-
cal care and newborn outcomes data, a parsimonious variable list, and electronic data entry. The tool was designed
and refined by >40 implementers and policymakers during a multi-stakeholder workshop and online interactions.
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Results Identified national and international datasets (n=6) contained a median of 89 (IQR:61-154) variables,

with many relating to research-specific initiatives. Maternal antenatal/intrapartum history was the largest variable
category (21, 23.3%). The Neonatal Inpatient Dataset (NID) includes 60 core variables organised in six categories:

(1) birth details/maternal history; (2) admission details/identifiers; (3) clinical complications/observations; (4) inter-
ventions/investigations; (5) discharge outcomes; and (6) diagnosis/cause-of-death. Categories were informed
through the mapping process. The NID has been implemented at 69 neonatal units in four African countries and links
to a facility-level quality improvement (Ql) dashboard used in real-time by facility staff.

Conclusion The NEST360 NID is a novel, parsimonious tool for use in routine information systems to inform inpatient
SSNC quality. Available on the NEST360/United Nations Children’s Fund (UNICEF) Implementation Toolkit for SSNC, this
adaptable tool enables facility and country-level comparisons to accelerate progress toward ENAP targets. Additional

linked modules could include neonatal at-risk follow-up, retinopathy of prematurity, and Level-3 intensive care.

Keywords Newborn, Neonatal, Africa, Low- and middle-income countries, Quality of care, Health management
information systems, Small and sick newborn care, Hospital records, Inpatient Care, Data for Action

Key findings

1. WHAT WAS KNOWN?

- The Every Newborn Action Plan (ENAP) aims to reduce the 2.4 mil-

lion newborn deaths per year and ensure newborns go on to thrive
through the scale-up of Level-2 Small and Sick Newborn Care (SSNC)
(with continuous positive airway pressure (CPAP)) in all countries.

« Routine Health Information Systems (RHIS), such as DHIS (District Health
Information Software), collect aggregate data. In some countries, these
systems capture SSNC admissions and deaths. However, detailed indica-
tors for quality of care (e.g., continuous positive airway pressure (CPAP)
and treatment of serious neonatal infections) require individual-level data
based on standardised datasets, which have been widely used in high-
income settings for three decades.

- Existing neonatal inpatient datasets are mainly developed for high-
income contexts and vary in size, purpose, process, and context. Few
publications detail the design process for an individual-level neonatal
inpatient data tool for high-mortality settings. A standardised, parsimo-
nious, individual-level neonatal inpatient dataset is required to enable
quality improvement (Ql) and learning networks in these settings.

2. WHAT WAS DONE THAT IS NEW?

- We applied a systematic approach in three steps to review, co-design,
and operationalise a neonatal inpatient dataset to track neonatal out-
comes and improve the quality of SSNC.

- Step 1—Review: Neonatal ward routine data tools (i.e., patient forms/
clinical case notes, registers, and aggregate summary forms) and datasets
were identified and reviewed in countries (i.e, Malawi, Kenya, Tanzania,
and Nigeria) implementing with NEST360 (Newborn Essential Solu-

tions and Technologies). Further national (n=1), international (n=2),

and study-specific (n=3) individual-level datasets identified were

also mapped by variable category.

- Step 2—Co-design: The NEST360 Alliance Neonatal Inpatient Dataset
(NID) a priori design considerations included: prioritising data on clinical
care pathways and outcomes amenable to staff action on the newborn
unit, a parsimonious essential variable list (~ 50 variables) per baby

and supporting electronic data entry on-site. Through co-design, we
selected 60 core variables in six categories: birth details and maternal his-
tory; neonatal admission details and identifiers; complications and obser-
vations; interventions/investigations; discharge outcomes, diagnoses

or cause of death.

« Step 3—Operationalise: The NEST360 NID has been operationalised
in 69 units in 65 hospitals across four African countries (October 2019

to date) with differing case mixes, hospital levels, and health systems
resources. The NID links via an electronic data flow pathway to pro-

duce a live NEST360 Quality Improvement Facility Dashboard for use

by national and facility-level teams.

3. WHAT WAS FOUND?

- Identified individual-level inpatient datasets from high-mortality set-
tings were primarily focused on research. Number of variables ranged
from 55-254, and no datasets matched all a priori considerations.

- Implementation lessons learned focused on the importance of co-
designing with governments and embedded institutionalisation.

For example, in Malawi, facility-based data collectors for data entry are
government-employed, and the Ministry of Health hosts the local data
server.

4. WHAT NEXT?

- The NEST360 NID tool is a global public good that can be adapted

and used to support the 93 countries implementing ENAP targets

to measure impact, coverage, and quality of Level-2 (with CPAP) SSNC.

« The tool has been produced in paper and electronic formats to facili-
tate adaptation and use in other settings. The NEST360 NID can be
interoperable and linked to DHIS.

- Since the NEST360 NID was designed to be parsimonious to enhance
data quality and data collection, there is a demand for additional mod-
ules in the future (e.g, follow-up after discharge, retinopathy of prematu-
rity, infection outbreaks, and Level-3 intensive care).

Background
Given that an estimated 2.3 million neonatal deaths occur
globally annually, countries are focused on accelerating
progress to meet Sustainable Development Goal 3.2, end-
ing preventable deaths of newborns by 2030. The target
of<12 neonatal deaths per 1000 live births requires high
coverage of Small and Sick Newborn Care (SSNC), includ-
ing respiratory support for preterm babies. Hence, the
Every Newborn Action Plan (ENAP), an UN-led multi-
country partnership, agreed to targets for 2025, including
the scale-up of Level-2 SSNC (with CPAP) [1-3] (Addi-
tional file 1). With >80% of global births occurring in facili-
ties [4], national and facility-level decision-makers require
comparable newborn inpatient data relating to interven-
tions, survival, and follow-up care to track national pro-
gress towards these coverage and quality of care targets [1].
Routine Healthcare Information Systems (RHIS) are a
building block of a functioning health system [5]. Studies
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have shown that routine data use in high-mortality set-
tings can improve coverage and quality of care [6]. How-
ever, in many of these settings, the lack of facility-level
data for use impedes decision-making to accelerate pre-
ventable neonatal morbidity and mortality [5, 7, 8]. One
example of RHIS is District Health Information Soft-
ware, V.2 (DHIS2), now used widely in>80 countries.
Typically, health facility ward registers, often originating
from paper tally sheets, serve as the primary source for
collating aggregate data. This data is subsequently dig-
itised at the facility level and elevated to national level
databases [9]. However, to track quality of care for more
complex clinical conditions, ward registers and tally sys-
tems cannot include all the required detail, especially
for multi-faceted clinical denominators. This applies to
many programmes, such as maternity care or non-com-
municable diseases and the more detailed individual-
level neonatal care data [10-15].

In high-income settings, there is a long history of net-
works and research groups using standardised inpatient
datasets — for example, Vermont Oxford Network [16,
17], a paid service operational in > 35 countries, includ-
ing some LMICs such as South Africa. Many countries
have national examples, such as the UK [18], USA [19]
or Canada [20]. Datasets vary in the number of varia-
bles collected, purpose, definitions, collection process,
and context. India’s Facility Based Newborn Care Data-
base [21] and the Clinical Information Network (CIN)
in Kenya [22] are also examples of established neonatal
individual-level data collection programs in high-bur-
den settings.

However, many of these existing neonatal inpatient
tools were not parsimoniously designed and do not link
to national data systems or focus on quality improve-
ment in the Level-2 SSNC (with CPAP) ward. Further-
more, associated publications on these tools provide
limited detail on their development, implementation, and
institutionalisation.

NEST360 (Newborn Essential Solutions and Tech-
nologies) is a multi-partner alliance including national
governments in four African countries (Malawi, Kenya,
Tanzania, and Nigeria) with engineers, clinicians, and
health systems implementation experts. The alliance
aims to improve the quality of SSNC and foster learning
by implementing a health systems package supporting
ENAP targets and the WHO/UNICEF Quality of Care
Network [23]. This intends to accelerate progress toward
SDG 3.2, focused on neonatal survival.

The NEST360 Alliance set out to co-design and opera-
tionalise a core neonatal inpatient dataset tool to meas-
ure individual-level quality of care to inform quality
improvement, measure impact and enable prompt action
in neonatal units. This tool was intentionally designed to
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integrate with existing routine data systems (i.e., facil-
ity HMIS and DHIS) to enable sustainable use at scale in
LMIC settings.

Aim and objectives

This paper is part of a supplement reporting findings and
learnings from NEST360, an alliance of partners, includ-
ing four African governments (Kenya, Malawi, Nigeria,
and Tanzania), working to reduce neonatal inpatient
deaths by improving Level-2 newborn care in hospitals.
In this paper, we aim to describe the systematic, evi-
dence-based review, co-design, and operationalisation of
a core neonatal inpatient dataset to improve the quality
of care and track outcomes of small and sick newborns
in high-mortality settings. This paper addresses three
objectives:

1: Review of existing newborn ward data landscape
across four countries implementing with NEST360 and
describe other available study-specific and national or
international neonatal inpatient datasets.

2: Co-design content of a novel, core dataset based
on a priori considerations, with a focus on variables
for quality improvement action, which are included
in a small and sick newborn care facility-level dash-
board.

3: Pilot, refine and operationalise a novel and core neo-
natal dataset in Malawi, Kenya, Tanzania and Nigeria,
with intentional pathways to institutionalisation.

Methods

NEST360 has produced a health systems package, includ-
ing an innovative bundle of devices, data tools and a
clinical education package. This has been implemented
in 69 newborn units across 65 health facilities in Malawi,
Kenya, Tanzania, and Nigeria (some hospitals have geo-
graphically separated inborn and outborn units).

As part of this package, we applied a systematic evi-
dence-based developmental approach to the review, co-
design, and operationalisation of the NEST360 Neonatal
Inpatient Dataset (NID) tool [24]. This was conducted in
a three-step objective framework (Fig. 1). This process
took place from June 2019 to January 2022.

Methods by objectives

Objective 1: Review of existing newborn ward data landscape
across four countries implementing with NEST360 and
describe other available study-specific and national

or international neonatal inpatient datasets

Design of the NID data tool began with stakeholder
consultation. Relevant data forms, clinical case notes or
registers used in the newborn ward in countries imple-
menting with NEST360 were identified and described.
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Objective 1: Review

Objective 2: Co-Design

Objective 3: Operationalisation

« Search: Existing data tools used to measure inpatient care in
newborn wards in NEST360-implementing countries.

+ Describe: Current national, multi-country and study-specific
individual-level neonatal inpatient datasets.

« Criteria: A priori criteria included: electronic data entry,
parsimonious variable list, data capture of outcomes
and care pathways.

« Design: Consensus-building workshop and anonymised voting
to reduce number of critical variables for tracking and
improving neonatal outcomes.

« Refine: Expert written feedback and in-depth online discussion.

» Code: Adapt variables and response to aid electronic
data collection.

+ Adaptation: Malawi Government MoH adapts national level
neonatal care paper forms.

» System: Malawi Government MoH provides financial support
to hire specific onsite trained data collectors.

« Build: Data action framwork and electronic data flow to support
generation of live, automated facility-level quality
improvement dashboard and reports.

» Implement & Data Use: Links to the use of NEST360 Quality
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Improvement Facility Dashboard in 65
facilities in Malawi, Nigeria, Kenya and
Tanzania.

Fig. 1 Three-step systematic, evidence-based, objective framework used to review, co-design and operationalise the NEST360 Neonatal Inpatient
Dataset. Abbreviations: MoH, Ministry of Health; NEST360, Newborn Essential Solutions and Technologies

Identified international, national, and study-specific
individual-level datasets used in other LMICs were
mapped with each variable (i.e., initial data element
within a path of branching logic) as a row and each data-
set as a column in Microsoft Excel (Microsoft Corpora-
tion, USA). Datasets were described by the number and
proportion of total variables by category. The Standards
for Improving the Quality of Care for Small and Sick
Newborns in Health Facilities were unavailable at this
stage of development but were cross-checked after pub-
lication in 2020 [25].

Objective 2: Co-design content of a novel, core dataset

based on a priori considerations, with a focus on variables

for quality improvement action, which are included in a small
and sick newborn care facility-level dashboard

Building on the review of pre-existing individual-level
data tools described in Objective 1, a face-to-face work-
shop was conducted in Nairobi, Kenya (June 2019).
Multi-stakeholder participants contributed, including

study implementers, clinicians, nurses, and Minis-
try of Health officials (i.e., information system depart-
ments) from countries implementing with NEST360 (i.e.,
Malawi, Kenya, Tanzania, and Nigeria) (Additional file 2).
Facilitated group discussions in English were conducted
to explore differences and similarities for settings where
the NID would be implemented. Variable selection for
inclusion into the NID was informed by the data needed
to support quality improvement in the newborn ward. A
draft design of a quality improvement facility dashboard
(i.e., a graphical user interface used to view key perfor-
mance indicators) focusing on the newborn ward was
formed during initial discussions to aid selection of spe-
cific variables to action its use. Anonymised electronic
voting questionnaires (Mentimeter', Mentimeter AB,
Stockholm, Sweden) were used to reduce the initial list
of variables in each category. More than 75% was consid-
ered a majority vote. Meeting moderators presented the
findings and comments for those variables that garnered
< 75% agreement from the questionnaire responses. The
voting process was repeated after facilitated discussion
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to reach a consensus when necessary. The resulting tool
was shared with participants to allow further corrections
and reflections. In addition, feedback was obtained from
researchers at the London School of Hygiene & Tropical
Medicine (LSHTM, UK), Rice University (USA) and the
University of Oxford (UK). These teams contained exper-
tise in clinical care (including a focus on newborn health-
care), routine data systems, programming, epidemiology,
data management and statistics. Web-based conference
calls followed, and written email feedback was provided
in line with dataset variables.

The data tool was refined using the development of
branching logic and database validations to simplify data
entry and improve data quality. The NID data tool was
compared with current WHO standards and guidelines
for small and sick neonatal care and revised [25]. Paper
case report forms were drafted, reviewed, and refined to
align with specific variables within national forms. These
forms were developed to support use in areas where
internet connectivity is inconsistent (Additional file 3).

Objective 3: Refine and operationalise a novel and core
neonatal dataset in Malawi, Kenya, Tanzania and Nigeria,
with intentional pathways to institutionalisation
Data governance is key to NID operationalisation, with
data servers hosted locally and owned by the Ministry
of Health in most countries. The NID and its operating
procedures support all appropriate General Data Pro-
tection Regulations (GDPR) and WHO data principles
[26]. Data obfuscation of all identifiable information
(e.g., names, phone numbers, and address notes/direc-
tions) occurs within facility-level or country-level serv-
ers before data are shared with the NEST360 Alliance,
as described in signed data sharing agreements.
NEST360 and Ministry of Health data collectors
were trained between March 2020 and April 2021 (not
applicable to Kenya, as NEST360 NID links to Clinical
Information Network (CIN) data collection systems).
This process used a Training of Trainers (ToT) cas-
cade model, with the NEST360 country data manager
being the lead trainer, promoting country leadership
and ownership. ToT sessions were mostly given during
the COVID-19 pandemic using online videoconferenc-
ing software. Training focused on attaining skills, with
sessions relating to NEST360 and NID objectives, data
collection procedures, data quality assessment and
competency-based use of the NID data tool and asso-
ciated devices. Data entry practice with standardised
cases and online pre- and post-training evaluations
confirmed skill and knowledge attainment. Neona-
tologists and neonatal nurses also attended to provide
context, acquire knowledge, and supply line-by-line
explanations of the data elements in the tool.
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The NEST360 NID dataset was developed within a RED-
Cap database (Research Electronic Data Capture, Vander-
bilt University, TN, USA) hosted in each NEST360 country
server using a set of standard operating procedures and
data flow scheme (Additional file 4). All data management,
reporting, and output scripts were developed in Stata ver-
sion 17" (StataCorp LLC, Texas, USA) and R (R Foundation
for Statistical Computing, Vienna, Austria) software .

Results
Our process description and learnings are summarised
according to the three-objective framework (Fig. 1) as
follows:

Objective 1: Review of existing newborn ward data
landscape across four countries implementing

with NEST360 and describe other available study-specific
and national or international neonatal inpatient datasets
A review of the data landscape used across Level-2
(with CPAP) newborn units in the four countries
implementing with NEST360 led to the identification of
21 tools (Table 1). This included mapping eight patient
forms, eight registers and five aggregate data sheets.
Standardised Ministry of Health (MoH) individual-level
patient forms are used within some facilities in Malawi
and Kenya. However, all countries lacked a nationwide
neonatal inpatient dataset. Documented national reg-
isters focus on Kangaroo Mother Care (KMC), CPAP,
postnatal care, and inpatient admissions. Data tools
collecting newborn data outside of the newborn ward
were not included in this review, as they were not
deemed source documents critical to actioning care
quality improvement in the newborn ward. Data tools
used specifically in KMC wards and corners were also
not included.

A total of six individual-linked datasets used in LMIC
settings were identified through expert and stakeholder
consultation (Table 2). Tools were analysed regarding
the number of variables, purpose, and variable catego-
ries dedicated to a topic. Across all tools, these included
maternal history, birth details, admission details and
identifiers; newborn complications and observations;
newborn interventions, discharge outcomes, diagnosis or
cause of death, and post-discharge follow-up. The num-
ber of variables across datasets had a median of 89 (inter-
quartile range: 61 to 154). All datasets varied by purpose,
including research, quality improvement, monitoring
specific interventions (e.g., CPAP, KMC, nutrition), data
quality, and tracking outcomes.

The Vermont Oxford Network (VON) Global Neo-
natal Database (piloted by the Ethiopian Neonatal Net-
work) is incorporated within a series of prepaid service
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packages with technical support, online data manage-
ment and educational materials [31]. As an essential
component of the rapid scale-up of Special Newborn
Care Units (SNCU) in India (i.e., expanding Level-2
care to district facilities), India’s Facility Based Newborn
Care Database is specific for neonatal data and is being
implemented across 934 units, which admit over 1.3
million newborns annually [21]. Trained data collectors
use a standardised form for digital entry that contains
parameters relating to demographic, anthropometric
and admission data, treatments, and outcomes. The
Clinical Information Network (CIN) is a research part-
nership between the KEMRI-Wellcome Trust Research
Programme, the Kenyan Paediatric Association, and the
Ministry of Health. Their dataset includes 120 variables
to examine outcomes and improve data quality and is
now used to identify service delivery problems [22].

Maternal history variables were commonly found
within the Indian SNCU dataset (36% of total variables)
and the Neonatal Nutrition Network (NeoNuNet) (33%).
The NeoNuNet and VON datasets held few variables
relating to admission details (NeoNuNet: 12%, VON: 9%)
and newborn complications and observations (NeoNu-
Net: 1%, VON: 2%). WHO iKMC research study dataset
was the largest (n=254) designed to focus heavily on a
specific intervention, similar to the CPAP Data Summary
dataset.

Objective 2: Co-design content of a novel, core dataset
based on a priori considerations, with a focus on variables
for quality improvement action, which are included

in a small and sick newborn care facility-level dashboard
Nairobi Workshop attendees (including Ministry of
Health colleagues) agreed on a priori considerations for a
proposed NID, including:

» Variables focused on Level-2 SSNC (with CPAP)
clinical care pathways and outcomes that are meas-
urable, high-impact and actionable in the newborn
ward for quality improvement, and input into a facil-
ity-level dashboard.

«+ Parsimonious variable list (aiming for ~50 variables
per baby)

+ Electronic data entry (at the time of discharge)

Attendees reviewed all 300 collated variables from the
initial mapping of the datasets (Additional file 5). This
list was reduced to approximately 100 variables through
anonymised voting by comparing against a priori con-
siderations. A list of 55 variables was agreed upon
using further voting and consensus-building processes.
Examples of eliminated variables included mater-
nal history variables (i.e., gravidity and parity), which
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attendees noted were important, but could not be acted
upon in the newborn ward. Maternal variables with a
direct impact on the management of sick newborns,
including premature rupture of membranes, mater-
nal fever, age, status, cause of death, mode of delivery,
antenatal corticosteroids, HIV status and chronic con-
ditions (i.e., diabetes and hypertension), were included
in the NID tool. Variables relating to study-specific ini-
tiatives (e.g., in-depth descriptions of IV fluids, nutri-
tional supplements, and multiple recurrent weight
observations for each neonate) were also removed due
to collection difficulty and the lack of relevance to rou-
tine neonatal inpatient care. Finally, some variables
(e.g., best obstetric, or neonatal gestational age assess-
ment, neonatal blood culture results) were considered
challenging to collect accurately. However, due to their
importance to clinical care, they were included in the
NID, with the recognition that data quality and utilisa-
tion could be improved over time by measuring them.

In the following year, the NEST360 Neonatal Inpa-
tient Dataset Learning Group revised the dataset vari-
ables through online discussions and written email
feedback. Written feedback included integrating a
standardised record ID, enhanced KMC variables,
a new readmission variable, identifiers for multiple
births, and enhanced geospatial data. This expanded the
dataset to encompass a total of 60 variables (Table 2).

In March 2020, the COVID-19 pandemic led to the
addition of a module to capture variables relating to
maternal and newborn COVID-19 symptoms and test
results. The COVID-19 module was designed to aid the
descriptive analysis of neonatal outcomes by maternal
COVID-19 status. Content was guided by ISARIC-
WHO Case Report Forms, early publications, and
expert review [35-38]. In addition, this module was
aligned to ongoing clinical trials to support analogous
COVID-19 case definitions (i.e., OMWaNA Trial) [39].
At this time, the NID was also aligned with an ongo-
ing registry being used in three Nigerian tertiary facili-
ties [40]. The dataset’s modular design and simplistic
coding style facilitate modifying or removing these
variables at any stage, ensuring adaptability to evolving
needs.

Code development of the dataset involved selecting a
software programme and designing a branching struc-
ture. Our team had previous experience using REDCap,
KoBo Toolbox (KoBo Inc., Cambridge, MA, USA) and
Open Data Kit (ODK, San Diego, CA, USA). Though
not open-source, REDCap was chosen due to enhanced
data security (e.g., custom user rights and password pro-
tection), ease of use (e.g., limited programming experi-
ence needed), flexibility (e.g., offline and online use),
linkage (e.g., data synchronisation using application
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programming interface keys) and in-built validation
fields (e.g., weights and dates). The NEST360 Alliance
agreed to start development with this software but move
to an open-source platform in the future. A standardised
REDCap data dictionary was formatted with consistent
variable naming, module structure, variable formats, and
reduced free text to aid user-friendly data collection, sup-
port data quality assessments, and enable future adapta-
tion (Additional file 6).

Regarding real-time data use by facility staff, the
NEST360 Alliance has learnt from the design, ongoing
refinement, and implementation of the NEST360 Qual-
ity Improvement Facility Dashboard (Fig. 2). Early dash-
board designs informed the focus of the NID variables,
prioritising data to inform quality improvement. The
dashboard was developed using an open-source platform
in RShiny [41] and automated using the integrated data
flow process to ensure data are displayed in real-time,
with interactive data visualisations (Additional file 4).
The dashboard shows three organised Donabedian model
components: admissions and mortality (i.e., outcomes),
quality of clinical care (i.e., process), and health system
inputs (i.e., enabling environment).

Objective 3: Refine and operationalise the novel and core
neonatal dataset in Malawi, Kenya, Tanzania and Nigeria,
with intentional pathways to institutionalisation

While operationalising the NID on a pathway to institu-
tionalisation at facility and national-levels, insights have
been gained across multiple countries. These imple-
mentation insights focus on two main themes: human
resources and data collection processes.

Human resources

As learnt in other neonatal data collection processes [21],
a dedicated data collector is crucial to aid timely data col-
lection, improve data quality, and reduce workload for
the clinical staff, especially nurses. The Malawian Gov-
ernment Ministry of Health (MoH) has implemented this
practice along with redeveloping national-level neonatal
inpatient forms (e.g., Neonatal Admission Form (NAP)
and Critical Care Pathway (CCP) Form) to align with
NEST360 NID variables. No standard nationwide neona-
tal inpatient forms or clinical case notes were available in
Tanzania or Nigeria during the initial operationalisation
phase of the NID (Table 3).

Data collection processes

NID data collection is a systematic process contingent
upon the available health system resources. The pro-
cess begins upon the discharge of a newborn, where a
facility-based data collector is responsible for collecting
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individual-level data from primary source documen-
tation such as patient forms or clinical case notes. This
information is then utilised to summarise the admission
and the care the newborn receives. In instances where
data is missing, the collector engages in dialogue with
clinical and laboratory teams to rectify. In cases where
data cannot be located or read, the collector will indicate
“not recorded” or “not readable” to indicate areas where
clinical documentation could be improved.

The mode of data entry can vary across settings; some
opting to initially enter data onto paper and subsequently
transcribe this data into the REDCap project database,
whereas others prefer to input data directly into the data-
base. This decision is often contingent upon the availa-
bility of internet connectivity and space within the unit.
Utilising a desktop-based entry system with a dedicated
data collector within the unit has improved data timeli-
ness compared to utilising paper entry on-site (with off-
site database entry), as demonstrated initially in Malawi.
The time delay between data collection and entry was
significantly reduced, from a median of 49 days (IQR:6—
120) to 6 days (2—23) (Additional file 7). A desktop-based
system also provides advantages such as greater process-
ing power, internet access, and a larger screen interface.
Moreover, users have reported that a physical keyboard
enhances ease of use compared to alternative input meth-
ods. Despite this, hard-copy data collection is preferred
in some facilities to aid local data audit cycles. Data col-
lectors regularly receive periodic data query lists gener-
ated by automated R scripts that analyse the dataset for
errors related to completeness and accuracy. Addition-
ally, these scripts assess the timeliness of data entry for
ongoing review (Additional file 7).

Discussion

A standardised national-level neonatal dataset is impor-
tant for high-quality newborn clinical care, but such
datasets are lacking for use in contexts where most neo-
natal deaths occur [43]. Of the neonatal inpatient data-
sets we identified from high mortality settings, the size
ranged from 55-254 variables and did not match prede-
fined NEST360 Alliance a priori design considerations.
Such a tool must be parsimonious to increase wider and
more sustainable use. Therefore, we applied a systematic
approach with four African governments and country
teams to review, co-design, and operationalise a dataset
to track clinical care processes and outcomes for high-
quality SSNC. The NEST360 NID currently comprises
60 variables and has been operationalised in 69 units in
65 hospitals across Malawi, Kenya, Tanzania, and Nige-
ria with differing bed capacities, case mix, and human
resources. To date (late 2023), data for over 450,000 new-
borns have been captured. This NID tool can potentially
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Fig. 2 NEST360 Quality Improvement Facility Dashboard (Phase 1 — Paper Format). The bottom third section of the dashboard is not generated
from data collected by the NEST360 Neonatal Inpatient Dataset, and as a result, it is not highlighted here. This is the current dashboard design

at the time of publication, regular updates are planned. Abbreviations: ID, Identification; NEST360, Newborn Essential Solutions and Technologies;
Adm, Admission; Ox, Oximetry; Temp, Temperature; Resp Dist, Respiratory Distress; O2 Sat, Oxygen Saturation; CPAP, Continuous Positive Airway
Pressure; Ql, Quality Improvement; Dx, Diagnosis; Hypoth, Hypothermia; KMC, Kangaroo Mother Care; NMR, Neonatal Mortality Rate; ICD,
International Classification of Diseases

address the inverse data law, where the largest burden and Clinical Information Network (CIN)) [27, 31]. The
contexts have the least data [44]. remaining dataset was dedicated to monitoring out-

Four of the six individual-level datasets identified from  comes, as seen in India’s Special Newborn Care Unit
LMIC settings were primarily designed for research, Database [21, 31]. Upon mapping the variables within
while two focused on quality monitoring and improve-  these existing databases, significant variability was
ment (e.g., Vermont Oxford’s Global Neonatal Database  observed due to these differing purposes.
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Table 3 NEST360 Neonatal Inpatient Dataset integration into country and facility existing data flow systems

Details Malawi

Nigeria Tanzania Kenya

Number of Facilities Implementing 36
with NEST360

Patient Form(s) (1) Neonatal Admission Form

(2) Critical Care Pathway Form

C

Patient Forms Adapted to Accommodate Yes

NEST360 NID Collection

NID Form Hybrid (Electronic and Paper)

Data System?® REDCap

Current Data Management Location® Kamuzu University of Health
Sciences?

Future Data Management Location MOH®

9 7 13

(1) Neonatal Admission
Record

(2) Comprehensive
Newborn Monitoring
Form

(3) Internal Transfer
Form

(4) Newborn Unit
Discharge/Exit Form

Facility-Specific - Facility-Specific

No No Yesd

Paper Electronic Electronic

REDCap REDCap REDCap

APIN Public Ifakara Health Institute  KEMRI-Wellcome Trust

Health Initia- (CIN Project Database)
tives
MOH® MOH® KEMRI-Wellcome Trust

Abbreviations: NEST360 Newborn Essential Solutions and Technologies, DHIS2 District Health Information Software 2, NID Neonatal Inpatient Dataset, REDCap Research
Electronic Data Capture, CIN Clinical Information Network, KEMRI Kenya Medical Research Institute, MOH Ministry of Health

2 REDCap is a secure, web-based software platform designed to support data capture for research studies [42]

b With data pooling at LSHTM

€ Adapted by Malawian Ministry of Health

9 At the point of publication, with actions underway to locate at Malawi MOH
€ With linkage to DHIS2 [9]

f National neonatal data harmonisation is ongoing

9 Adapted data dictionary by CIN [27]

The NID tool comprises six categories: birth details and
maternal history; neonatal admission details and iden-
tifiers; complications and observations; interventions/
investigations (including microbiology); discharge out-
comes, diagnosis or causes of death. Compared to others,
one notable feature of the NID tool is the selective inclu-
sion of maternal variables, such as a history of diabetes
and hypertension. Our co-design process emphasised
the importance of minimising the data collection bur-
den whilst enabling quality improvement in the newborn
ward and individual-level tracking of critical Level-2
(with CPAP) interventions and outcomes.

High-quality data entry is crucial for maintaining
accurate and reliable information in healthcare settings.
Electronic systems with in-built validation fields and
branching logic can greatly enhance the accuracy and
efficiency of data entry. However, optimal data qual-
ity can be challenging to achieve without a dedicated
government-employed data entry collector in neonatal
wards equipped with a designated desktop computer for
real-time data input. An example of this strategy’s effec-
tiveness is the scale-up of India’s national SSNC program
(as of 2023, comprising 934 units admitting approxi-
mately 1.3 million patients annually). Implementing

dedicated data entry collectors within these units has sig-
nificantly improved data quality and timeliness [45—48].
This task-shifting approach supports WHO recommen-
dations to strengthen and expand the health workforce
and has been observed to reduce nurse workload [49].
Within the NEST360 Alliance, the Malawian Ministry of
Health has strategically invested in human resources by
financing the deployment of government data collectors
across all 38 implementing units. These data collectors
are employed and paid for by the Ministry of Health and
utilise internet access provided by the Ministry, ensuring
their long-term sustainability (Additional file 8). The ini-
tiative was established based on national learning and has
supported the nationwide scale-up of neonatal care [29,
50]. Similarly, other governments implementing with the
NEST360 Alliance have embarked on a similar trajectory,
albeit at a later stage. In June 2023, Tanzanian facilities
plan to transition the designated data collectors in each
newborn unit to their payroll.

Data quality of the NID is further enhanced by incorpo-
rating regular embedded data quality checks, which gen-
erate data quality heatmaps in automated reports. These
reports facilitate facility and national-level data meetings,
promoting informed decision-making within newborn
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units. In addition, actions are managed locally, with on-
site data collectors promptly addressing data queries.

Using high-quality data is an important component
of supporting quality improvement [51]. However, the
“Data rich, information poor” (DRIP) syndrome [52]
may pose a risk if numerous variables are collected with-
out analysis and use. Within NEST360, a balance has
been achieved by linking electronic NID data collection
to a real-time quality improvement facility dashboard
generation via a secure data flow pathway (Additional
file 4). The dashboard facilitates nationally-owned qual-
ity improvement processes at facility-level, supported by
associated reports [53]. These interconnected outputs
have proven useful in identifying and monitoring issues
such as low CPAP and blood culture usage, high rates of
hypothermia on admission, and gaps in newborn data
(e.g., birthweight-specific mortality).

Integration with national Routine Health Informa-
tion Systems (RHIS) is crucial for large-scale, sustain-
able use, a factor consistently considered throughout the
NID co-design process. Facility-level count data gathered
from labour or newborn ward registers are compiled into
monthly tally sheets. These aggregate data are then passed
to district and national-level electronic platforms such as
DHIS, which is utilised in over 80 LMICs [9]. For example,

International

District Aggregate Data
Linked to Individual-Level
Dataset and Health Facility
Detailed Data

Facility

NEST360
Neonatal
Inpatient

Dataset

— Individual-Level

7z

Community
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admissions and deaths count data on a newborn ward can
be included as indicators within the RHIS/DHIS system,
providing valuable facility-level admissions and outcome
data [48, 54, 55]. The individual-level NEST360 NID can
now connect to the system, enabling more comprehen-
sive analyses, including tracking high-impact intervention
coverage and quality using more complex denominators
based on clinical characteristics (e.g., CPAP or KMC) and
informing quality improvement at all levels [54, 56]. This
interoperable data system design (Fig. 3) allows for reli-
able and timely data on detailed care without overwhelm-
ing the RHIS/DHIS2 system with multiple indicators that
may not be feasible in tallied aggregate data.

Within the NEST360 Alliance, the development of the
NID has also supported the improvement of existing rou-
tine national-level neonatal care forms. For example, the
Malawi government modified their standard paper Neo-
natal Admission Form (NAP) to align with key variables
collected using the NID. Similarly, in Tanzania, newly
designed routine forms are being adapted to incorpo-
rate NID variables. In addition, the NID data collected
in Malawi is also transitioning to being hosted on the
government DHIS2 server platform. This interoperable
nature of NID with other systems and existing forms
has resulted in reduced workloads and intentionally

Indicators: Core Impact and Coverage Indicators (e.g. Mortality)

Information Systems: Multi-Country (e.g. United Nations Tracking)

Indicators: National Planning Indictors

Information Systems: HMIS (e.g. DHIS2) and Interoperable Systems
(e.g. Human Resources, Equipment and Drugs)

Indicators: District Planning Indicators

Information Systems: District Information Systems (e.g. DHIS2)

Indicators: Facility Quality Improvement

Information Systems: Facility Management Data Systems
(e.g. Audit)

Indicators: Quality of Care Improvement

Information Systems: Individual Client Notes and
Electronic Systems

Indicators: Individual Client Satisfaction and
Respectful Care

Information Systems: Reviews, Community
and Client Data

DATA FLOW

Fig. 3 Neonatal data collection and use by health system level, capturing specific indicators using specific information systems. Adapted from [48,
54, 57]. Colours are illustrative of indicators but are generic and do not refer to specific indicators. Abbreviations: HMIS, Health Management
Information Systems; DHIS2, District Health Information Software 2
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institutionalised the tool within national government-
owned information systems, which is critical for its
long-term sustainability and fostering local capacity
development within the public health sector [58, 59].

A significant strength of the NEST360 NID develop-
ment lies in its collaborative co-design approach and the
adoption of a transparent, evidence-based three-step sys-
tematic process. This consensus-driven methodology has
proven effective in various applications [8, 60] and is rec-
ommended by a reporting guideline for the development
of tools to assess performance management [61]. A priori
NID design considerations set with government col-
leagues and implementers included: electronic data entry
(emphasising local data ownership as a fundamental prin-
ciple), a parsimonious design (ideally~50 variables per
admitted newborn), and prioritising data collection on
clinical care pathways and outcomes that directly contrib-
ute to quality improvement action on the newborn unit.
In addition, the co-designed tool undergoes continuous
refinement, informed by implementation learning, review,
and feedback from facility and country-level users. To
date, it has been implemented in 65 facilities across four
African countries, reflecting its practical utility and sub-
stantial impact in healthcare facilities.

There are limitations to this process. Our review
may have missed other datasets if unpublished or not
openly accessible. Datasets confined to single facili-
ties or those primarily focused on maternal care aspects
were not included [62-65]. Comparisons between data-
sets were complex due to variable interpretation, sub-
branch responses, and variable categorisation, although
our review consistently counted only initial branches
as distinct variables. The NID data system is coded in
REDCap, necessitating a license; however, a transition
to open-source software is planned. Automated data
quality checks and linked quality improvement facility
dashboards are all coded in open-source systems, aid-
ing accessibility and adaptability. The Malawian Ministry
of Health has made a significant strategic investment at
national-level, facilitating the employment of on-site data
collectors in 38 facilities. Concurrently, healthcare facili-
ties in Nigeria, Tanzania, and Kenya have received some
financial assistance through research and programme
initiatives in collaboration with local governments, sup-
porting the employment of data collectors and ensuring
data accessibility and use for government departments.
To guarantee long-term sustainability, governments must
continue to integrate the NID data collection process into
their healthcare systems, ensuring the provision of these
essential resources in the future.

The NID is purposefully designed to enhance data-
driven action for Level-2 facilities (with CPAP) in LMIC
contexts; hence, there is an intentional lack of variables
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for Level-3 SSNC (e.g., advanced feeding support such
as screening for retinopathy of prematurity, TPN, and
paediatric surgery). Future adaptations could involve the
reduction or expansion of the tool, for example, for use
in humanitarian settings [66] or Level-3 neonatal inten-
sive care units, respectively. One important additional
module already suggested in the co-design process was
the follow-up of at-risk newborns after discharge, espe-
cially after preterm birth [67], severe bacterial infections
[68], jaundice [69], and neonatal encephalopathy [70].
The innovative Indian SNCU dataset incorporates this
feature, employing an SMS link to community work-
ers for follow-up. Ensuring follow-up and data linkage
is critical for neonates at risk of prematurity retinopa-
thy. Consequently, an add-on NID module targeting this
component of SSNC will be made available within the
next update. Furthermore, a critical next step involves
conducting a comprehensive costing analysis of NID
implementation, detailing financial expenses related to
personnel, hardware, software, and internet connectivity.
This analysis will enable further incorporation of the NID
process within other routine district hospital systems,
promoting its long-term integration and use.

Conclusions

In conclusion, the NEST360 NID has the potential to
be used widely by facilities and countries to improve
care and benchmark with others. However, ongo-
ing institutionalisation within government systems is
critical for wider use and improving the quality of data
and care, which is the focus of the NEST360 Alliance.
Therefore, we will continue to use and refine this tool
and the linked quality improvement facility dashboards
and processes. We welcome adaptation, feedback, and
partnerships with others as we share the common aim
of improving the quality of clinical neonatal care world-
wide and accelerating progress to reduce the annual toll
of 2.3 million neonatal deaths.
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