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Chapter 10

Harmonising Antenatal Care Records Across Four
African Countries:

A Comparative Analysis and Development of a
Standardised Data Model

Samson Yohannes Amare, Liya Mamo Weldu & Tesfit
Gebremeskel

Abstract

The lack of harmonised antenatal care (ANC) data across facilities
and countries hinders comparative analysis, service improvement,
and health surveillance. A data capture pipeline based on the DHIS2
reporting templates was developed using FAIR guidelines for 12
health facilities in four African countries in 2023. The analysis of
National Health Management Information System (HMIS) reporting
tools revealed that, of 228 variables, only 9 (3.95%) were shared
across all countries, and just 4 (1.75%) were present in at least three
country DHIS2 templates. We conducted stakeholder interviews to
assess and address this incoherence in data reporting. Based on the
resulting recommendations, the study developed an electronic Case
Report Form (eCRF) standardising ANC data and metadata
templates. The form sought to balance data completeness with
recording burden. To strengthen alignment, each country’s variables
were mapped against World Health Organization (WHO) standards.
An accompanying ontology set was developed and published on
BioPortal to support semantic consistency in the community and
broader application. Our research demonstrates that DHIS reporting
is unsuitable for cross-country analytical interoperability for ANC,
and alternative options must be pursued, preferably using electronic
medical records (EMR) as the basis for digital patient data records.

Keywords: Antenatal care (ANC), data harmonisation, data model, FAIR

data, federated analysis
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Introduction

Harmonised data for infectious disease modelling for maternal and
child health remains underdeveloped. The East Africa Health
Research Commission (EAHRC) initiative, called Reach, prioritised
support for greater interoperability of patient records across health
facilities in the region (EAHRC, 2017). In part, this was motivated by
studies by Muroki et al. (2019) on the need for better tracing of the
use of health facilities by patients living in cross-border areas in East
Africa. Muroki et al. (2019) suggested that the analysis of patient data
across health facilities, regions and countries could help health
surveillance efforts. Similarly, regulatory authorities, such as the US
Food and Drug Administration and the European Medicines Agency,
encourage using routinely collected data to support the design and
conduct of clinical trials (Ammour et al., 2023).

Suk et al. (2014) found that the emerging field of digital epidemiology
offers promising approaches to monitoring factors like vaccine
hesitancy through leveraging social media and other alternative data
sources. This field aims to combine insights on disease transmission
with health behaviours but must address methodological challenges,
data quality, accessibility, and privacy concerns. Van Reisen et al.
(2024) describe the relevance of Findable, Accessible, Interoperable
and Reusable (FAIR) Data for the creation of an integrated dataspace
that can contribute to dynamic healthcare analytics, better health
facility services, improved surveillance, pharmacovigilance, clinical
studies, and interdisciplinary research. The FAIR data principles
support data interoperability but determining the optimal balance
between heterogeneous data for local concerns and structured,
uniform  datasets for cross-facility interoperability remains
challenging.

A proliferation of patient data recording tools has resulted in
inconsistencies in the information recorded across facilities and
regions in the same country (Hahn et al., 2013; Taye et al., 2022).
Callard (2025) discusses the importance of surveillance within and
across health facilities to understand the determinants of stillbirths in
Namibia. Callard (2025) also notes that different information is
recorded across systems, which causes duplication, missing records
and incompatible information. The lack of trustworthiness of the data
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hampers research into the causes of stillbirths. Callard (2025)
concludes that simple interventions can significantly improve the data
available for understanding stillbirths and other adverse maternal
outcomes. Her research highlights the importance of aligning data
capture with related clinical work to avoid overburdening health
workers.

Striking the right balance between data heterogeneity and
standardisation remains a complex but critical question. Van Reisen
et al. (2024), Amare et al. (2025), and Aktau et al. (2025) suggest real-
time digital patient data, the most granular form of patient data,
should be the basis for cross-facility, cross-country health data reuse
for the African Health Data Space. Van Reisen et al. (2024)
demonstrate the ability to securely reuse electronic health record
(EHR) data from different health facilities that use different EHR
systems in various countries to address ANC priorities.

Van Reisen et al. (2024) report that the District Health Information
System (DHIS) is widely used across African regions as a basis for
electronic patient data capture. They propose a one-time data entry
based on the DHIS2 electronic records for tracking infectious
diseases in pregnant women. Van Reisen et al. (2024), Amare et al.
(2025), and Aktau et al. (2025) suggest that DHIS2 templates could
streamline health facility data collection and cross-country data
analytics by uniformly recording patient data. Amare et al. (2025)
challenge the assumption that DHIS2 templates offer a compatible
set of data points for cross-country infectious disease surveillance,
arguing that this requires further investigation.

Research aim

This research compares the content, interoperability, and quality, as
it relates to ANC surveillance, of the data captured using the DHIS2
templates for cross-country analytics in infectious diseases in
maternal health with the use of an eCRF. The research question
investigated is: How does the quality of data entered for interoperable
re-use, guided by the FAIR data principles, using DHIS2 templates
for cross-country analytics in infectious diseases in maternal health,
compare to data entered using eCRE?
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Theoretical considerations

An eCRF is a tool used to collect patient data in clinical studies. Using
the semantic web and linked data tools, the FAIR guidelines offer an
attractive and dynamic model for data curation, integration,
interoperability and re-use (Wilkinson et al., 2016) that can be tailored
to a specific community’s needs. Considering ANC-related data, the
FAIR principles support patient data reuse for clinical trials,
surveillance and pharmacovigilance (Ammour et al., 2023).

Ensuring patient data is FAIR supports advanced analytics, benefits
patient care within health facilities and advances the understanding of
patterns of care and disease across health facilities, which supports
advances in surveillance, pharmacovigilance and clinical trials across
health facilities and countries (Amare et al., 2025b). Aktau et al. (2025)
and Amare et al. (20252) demonstrate that structuring patient data in
controlled and standardised ways enhances interoperability. Kahsay
(2025) provides an example of how context-specific phenomena for
prevention and treatment in maternal health can be structured for
inclusion in a FAIR data architecture, using available tools for
describing data elements in semantic formats.

Aktau et al. (2025) argue that while reusing available standards and
ontologies advances interoperability across research communities,
developing specific community-relevant ontologies using the
Bioportal environment is also necessary. Aktau et al. (2025) find that
achieving the right balance between heterogeneous and uniform data
structures depends partly on how richly the data is semantically
described. At the same time, Aktau et al. (2025) find that the balance
between data heterogeneity and uniformity is influenced by the clarity
of a term, which is required for a correct in-depth semantic
description.

Methodology

This study presents an experimental comparison of the
interoperability and reuse of ANC data enabled by two patient data
collection methods: (i) a novel, semiautomated system, based on
HMIS/DHIS, that transfers EHR data to an electronic data capture
(EDC) system and (ii) standard manual data collection using an eCRF.
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We used a chronological study design. ANC data were recorded in
four African countries at a single time point. The existing data capture
process was then described to determine which new templates should

be developed.

The Value-driven Ownership of Data and Accessibility Network
(VODAN) Africa is pioneering a federated African Health Data
Space (AHDS) (Van Reisen et al, 2024) to help health facilities
maximise the potential of the clinical and research data they generate.
Using FAIR data as a basis for generating insights from the data
through federated machine learning while ensuring data provenance
can strengthen the health system. The novel federated data reuse
workflow makes patient data FAIR while ensuring data Ownership,
Localisation and Regulatory compliance (OLR) (Van Reisen et al.,
2023), promoting data sovereignty.

Study setting

In 2023, the VODAN Africa team collected 9 months of ANC
patient data from the outpatient departments (OPD) of 12 health
facilities in Nigeria, Ethiopia, Kenya, and Uganda. The 12 health
facilities, listed in Table 1, were Railway Clinic, Tunga-Primary Health
Care, Minna, General Hospital Lapai, Olabisi Onabanjo University
(OOU) Health Center, and Federal University Lokoja (FUL)
University Medical Centre (from Nigeria); Pumwani Hospital and
Beacon of Hope Hospital (from Kenya); Lira Hospital, Ark Specialist
Hospital, Kampala International University Teaching Hospital, and
Hoima Referral Hospital (from Uganda); as well as Ayder
Comprehensive Specialized Hospital and Mekelle General Hospital
(from Ethiopia).
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Table 1. Health facilities included in the research

S/N | Name of the hospital Country

1.1. | Railway Clinic Nigeria

1.2. | GH Lapai Nigeria

1.3. |0o0U Nigeria

14. |FUL Nigeria

2.1. | PUMWANI Kenya

2.2. | Beacon of Hope Kenya

3.1. | LiraHospital Uganda

3.2. | Ark specialist Hospital Uganda

3.3. | Kampala International University Uganda

3.4. | Hoima referral Hospital Uganda

4.1. | Ayder Referral Hospital Ethiopia - Tigray
4.2. | Mekelle Hospital Ethiopia - Tigray

The study used the health facilities” standard HMIS abstract register
as the data source, with a one-data entry workflow focused on ANC

data.

Data collection

Data was collected in the following steps:

1.

A description and comparison of workflows were obtained
from the health facilities.

Electronic patient data was obtained from health facilities,
processed as semantic and machine-actionable instances,
reposited in a triple store, and inspected.

A cross-country comparison was conducted on the
HMIS/DHIS forms variables.

Health workers, data clerks, and resource persons were
interviewed to observe their assessment of the process
followed.

A new electronic case report form (eCRF) for data collection
was proposed for testing in the health facilities and adopted.

The variables were modelled as semantic ontologies.
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Study period
The data was collected in 2023, and the analysis was conducted in
2024.

Ethical considerations

The 12 health facilities signed a data use agreement in 2023 prior to
starting data collection. In 2024, an amended data use agreement was
signed, allowing three researchers to inspect the data, residing in each
of the 12 health facilities, to understand how patient data production
could be improved. The ministries and bureaus of health in the four
countries were informed about the research work.

The patient data was aggregated and anonymised. The inspection
process did not include any operations that could lead to the
reidentification of patients. The research reported in this article
relates to the data variables rather than patient data.

Context

The data collection templates used across the four countries were
based on logbooks, also known as HMIS abstract registers, which are
created by each country’s health ministry. As the information
gathered using HMIS was combined and fed into their national health
information systems, HMIS templates met each county’s reporting
requirements. Ethiopia used DHIS2 for recording health data. The
Ethiopian Ministry of Health began implementing DHIS2 in 2017 as
a national HMIS to improve health data management and decision-
making. Similarly, Kenya, Uganda, and Nigeria have adopted DHIS2
for their health data management systems (Open Health News, n.d.;
Enhancing Healthcare Performance in Ethiopia Using DHIS2, 2025;
Zerfu et al., 2024).

ANC services track and record the mother’s journey from conception
to delivery, following the progress of pregnancy. The 2016 World
Health  Organization (WHO) ANC guidelines specify a
comprehensive list of variables that should be recorded during ANC
visits, including maternal age, gestational age, blood pressure, weight,
urine test results, and the number of ANC visits. WHO emphasises
these core data elements and indicators to monitor health facility
progress on improving the quality of services and ensuring that they
are uniform and standardised. The WHO guidelines are meant to
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ensure a minimum standard for quality ANC care and to reduce
maternal mortality WHO ANC recommendations (2018) advise a
minimum of eight ANC contacts during pregnancy and specify
important interventions, including nutritional support (dietary
counselling and supplementation); maternal and foetal assessments
(regular maternal and foetal monitoring); measures to prevent
diseases and complications during pregnancy; and the management
of common physiological symptoms. The WHO guidelines aim to
provide person-centred care, prioritising pregnant women’s and their
families’ health and wellbeing.

Stakeholder interviews

The interviews were carried out regularly with the data clerks in
charge of the data production, health workers, and resource persons
in the 12 health facilities in the context of the training and assessment
of the data production. The semi-structured interviews focused on
the technical process of the DHIS2-based system and eCRF
implementation, including challenges in recording ANC data and
reasons for variations in the DHIS2 templates. Unstructured
interviews with health professionals (physicians, gynaecologists) were
held to obtain their expert interpretation of the value of the data
obtained.

Qualitative data analysis

The researchers logged interview notes and observations in research
notebooks, which were then used to inform the thematic analysis.
The research team discussed interview outcomes during weekly
research group meetings in June 2024, which were held in a video-
meeting room and recorded. Themes were derived from the data
(deductive).

Results

The results are presented in three stages:

Stage 1: Patient data capture based on workflow following the
practices in the health facilities

This section describes the electronic patient data capture workflow in
the 12 health facilities. The study compared the homogeneity of the
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data variables for this data capture across the four countries and their
alighment with WHO recommendations.

Stage 2: Assessment based on interviews and discussions

Stakeholders were interviewed to assess qualitatively the existing data
workflows described in Step 1.

Stage 3: Presentation of a workflow based on an eCRF

This section presents the preparation of an eCRF-based data capture,
comparing the quality and potential for interoperability and re-use
across the two systems.

Workflow

The data flow in most health facilities starts from the initial
registration of patient charts during care/service. In places with
electronic medical records (EMRs), data is encoded into the system
from which aggregate reports go to the HMIS systems; in Africa, this
is mainly to DHIS2. In places with no EMR, the data from the patient
charts is extracted to abstract registers, and the numbers are then
placed in tally sheets for aggregation and sent to HMIS reports.

Figure 1 shows how health facility logbooks and different country
registers were used to identify the variables included in the VODAN
central register. The logbook and registers often did not sufficiently
describe the process or variables and needed to be supplemented with
stakeholder interviews.

In the FAIR data pipeline, data were acquired from the abstract
registers and converted to FAIR, and the aggregate HMIS reports
were automatically generated. The VODAN research team collected
data on ANC variable types and how each country and facility
collected, recorded, and reused ANC data.
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Country register

VODAN Central

Country-régister Register

Country register

Figure 1. Creation of VODAN central register based on multiple

data sources

As shown in Table 2, the 2023 VODAN FAIR data pipeline
produced restructured data from 11,872 patients, generating 533,417
statements in triple format.

Table 2. Count of patients’ cases and semantic statements collected

in 2023
Patient data produced in 12 health facilities for 9 months in
2023
ient’
S/N | Country Type ::::::t s Case Triples
1 Ethiopia ANC 2,630 84,585
2 Kenya ANC 1,181 44,799
3 Uganda ANC 910 46,483
OPD 1,838 91,900
4 Nigeria ANC 1,606 80,300
OPD 3,707 185,350
11,872 533,417

The data repositories resided within the health facility or the country
and were under the health facility’s control. The data was reposited in
RDF format in a triple store. For this research, AllegroGraph was
selected as the store for repositing the data.
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Figure 2. Screenshot from the repository of Ayder Hospital, Mekelle,
Ethiopia

Figure 2 shows a screenshot of the data uploaded to the Ayder
Hospital repository in Mekelle, Ethiopia. Given that the DHIS
patient data form presents aggregate rather than patient-level data, the
statements could not be linked to single patients. We could not
analyse a patient’s journey during pregnancy from inputs (e.g.,
prenatal care) to outcomes.

Table 3. Antenatal care variable mapping across four countries in

Africa based on their abstract registers

FEATURES ETHIOPIA KENYA UGANDA NIGERIA
AGE OF THE MOTHER o ° o o
GESTATIONAL AAGE © Q ®
HIV TEST RESULT o
o o ©
SYPHILIS TEST RESULT o [
] o o
MATERNAL NUTRITION
COUNSELING (] Q (]
6 DEWORMING PROVIDED o ° o o
IRON SULPHATE AND FOLIC
ACID PROVIDED (] © [~] (]
COUNSELED ON FAMILY
PLANING ° o o o
TT DOSE o [] o ()
BLOOD PRESSURE o o °
PARITY o () ©
HEIGHT
[~] (V] [
MUAC o ) o

As shown in Table 3, the variables captured using the HMIS DHIS
template were compared across the 12 health facilities in the four
countries. The number of variables collected in the ANC data
registers varied across countries. The number of ANC records and
variables was: Ethiopia (3808, 49), Kenya (1181, 73), Uganda (909,
60), Nigeria (1599, 46). Of the 228 wvariables, only 9 (3.95%) are
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available in all countries, while 4 (1.75%) variables are available in at
least three counttries.

In the next step, the HMIS/DHIS ANC registers across the four
countries were compared in terms of their alignment with WHO core
data elements (Table 4).

Table 4. Comparison of WHO ANC indicator implementation

across four African countries

WHO ANC Indicators (Found in these countries) Ethiopia Kenya Uganda Nigeria

Gestational age (GA) v ' v
Tetanus toxoid-containing vaccine (TTCV) immunization
history

HIV status

Syphilis

Hepatitis B

Partner HIV status

Medication follow-up/supplementations

Fetal assessment(fundal height)

Hepatitis C

Number of pregnancies (gravida)

Height

Weight

Blood pressure .,
Blood type

RH Factor

Breast exam result

parity

Urine

Blood glucose and diabetes diagnosis
Blood haemoglobin

Tuberculosis (TB) screening
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The symbol “ @ indicates the presence or availability of the variable, and X indicates the absence of the

vatiable.

The results show a significant discrepancy between the HMIS/DHIS
variables and the WHO recommendations. For Nigeria, the
alighment was 21%0; in Kenya and Uganda, 20%; and in Ethiopia, only
11% of HMIS/DHIS variables aligned with ~WHO
recommendations.

Interview results

The interviews with health workers, nurses, and physicians detailed
existing processes to obtain DHIS2 abstract data. Participants
characterised the data as low quality. For instance, one interviewee
observed that delivery counts were conducted at midnight for
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deliveries and that a nurse would pass by each ward to take the count.
Staff were often tired and had changed during the day, leading to
imprecise counts (researcher report in research notebook, SYA, May
2024).

Respondents reported that data could not be linked to individual
patients since the DHIS/HMIS only record aggregate data. This
reduced the data’s utility for healthcare decision-making for individual
patients and prevented them from understanding the results of
patient referrals (research notebook report, SYA, May 2024).

Stakeholders reported that following the WHO recommendations for
ANC data would boost the data’s analytic value (research notebook
report, SYA, May 2024). Data clerks stated that some variables were
difficult to understand and interpret, limiting their utility. An example
was the term ‘alcohol’, for which it was not clear whether this was
associated with alcohol consumption by the patient or treatment
involving alcohol-based preparation (research notebook report, SYA,
January 2024).

Despite the usefulness of the WHO guidelines on ANC, it was
observed that introducing an eCRF for health facilities as a basis for
ANC recording had disadvantages. One resource person noted that
this would delink the reporting requirements from the instructions of
the Ministry of Health, undermining the Ministry of Health’s
sovereignty to determine obligatory data reporting elements for
health facilities (research notebook report, SYA, June 2024). The
same resource person noted that using the eCRF would increase the
burden on data clerks by collecting data reported in the existing
HMIS/DHIS system, which is required for Ministry of Health
reporting (researcher report in research notebook, SYA, June 2024).
Other observers remarked that limitations in the digital data quality
and interpretability would affect the ability of the FAIR data approach
to deliver improvements for patient care, surveillance,
pharmacovigilance, and clinical trials (researchers report in research
notebook, SYA, June 2024). This resource person also remarked that
collecting large volumes of low-quality patient data would be
unethical and unsuitable for improving patient outcomes (researchers
report in research notebook, SYA, June 2024).
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During a research group meeting in August 2024, researchers
determined that capturing the OPD registries was inefficient. The
generalist nature of OPD data limited the types of questions that
could be addressed with OPD data (research meeting, notebook,
SYA, 22 August 2024). The research team determined that limitations
in OPD data could be addressed as countries moved towards
introducing EMRs. Kenya was introducing the EMR Afya_ke EMR,
while Ethiopia was using OpenEMR. Health facilities in Nigeria were
interested in experimenting with Bahmni Open EMR, and Uganda
was also exploring EMR implementation (research meeting,
notebook, SYA, 22 August 2024). Potential collaboration with the
Systematized Nomenclature of Medicine (SNOMED) for integrating
structured data capture in Bahmni Open EMR was investigated and
positively assessed as a way forward (research meeting, notebook,
SYA, 22 August 2024). The use of SNOMED for cross-EMR
interoperability aligned with experimental efforts to integrate a FAIR
layer in an EMR used in a health facility in South Africa (research
meeting notebook, SYA, August 2024).

Based on the review of the interview findings, the VODAN Africa
team decided to develop an eCRF to understand the potential
advantages of patient data FAIRification based on quality data
reporting as the basis for selecting data points for an EMR-based data
capture, addressing the data capture duplication problem. The team
opted to select universal fields based on the data available in patient
data capture systems in each facility, experiment with a FAIRified
ANC data capture system to allow testing of the data quality and
interoperability, and use the outcomes to develop a harmonisation
layer for EMR-based data capture systems.

eCRF development

The development of the eCRF is only a step towards ensuring that
critical fields are identified and tested for cross-country data capture
to support meaningful decision-making in health facilities for
patients, surveillance, pharmacovigilance, and clinical trials. Testing
available fields across countries can inform future data capture
systems that follow new workflows in health facilities based on
EMRs. At the time of development, the creation of the eCRF served
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to prepare a single source for data model preparation. The template
modelling process was carried out using the following steps:

e Understanding the purpose of data collection by identifying
key questions

e Determining the field in the template that would enable the
key questions to be answered

e Conceptualising the main concepts or entities relevant to the
field in the template

e Conducting a comparative analysis of national ANC data
collection tools and determining the availability of
information on fields in each country

e Reviewing country-specific requirements for reporting by the
relevant ministry of health

e Linking the fields for the eCRF to the WHO

recommendations

e C(larifying interpretation of the fields informed by the WHO

recommendations

At this stage, the fields were not yet related to EMR systems, which
is intended as a future step.

In developing the template for the eCRF, it was ascertained that data
elements could be obtained from health facility logbooks and
registers and that Ministries of Health would approve of this process
in a test set up for research purposes. The eCRF was aligned to
current electronic capture processes. After establishing the eCRF, a
new data use agreement was set up to underline the new process and
its reasons as a basis for collaboration with the health facilities.

The determination of fields in the eCRF template was followed by a
standardisation process, outlining the steps taken to align the
definitions of fields and wvariables’ data structures across the four

countries.

Data modelling
After the eCRF template had been approved, a process was initiated
to standardise the creation of an ontology that would support the

FAIRified back end of the eCRF. To this end, the researchers
developed a harmonised data model and identified controlled
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vocabularies to ensure semantic consistency. The vocabularies were
integrated into the eCRF metadata template.

A conceptual data model that captured the relevant entities (i.e.,
classes) and their associated attributes (i.e., properties) was developed
to create a FAIR-compliant semantic data structure. This model was
translated into an ontology by defining the classes, properties, and
relationships using formal languages such as Web Ontology Language
(OWL) or Resource Description Framework (RDF). The ontology
was validated and refined using Shapes Constraint Language
(SHACL) to ensure it conformed to the intended structure and rules.
Once validated, the ontology was uploaded to an agreed repository in
BioPortal, in OWL or RDF format
(https:/ /bioportal.bioontology.org/ontologies/VODAN_ANC).

Next, the ontology was mapped to the dataset using an RDF mapping
language, which defined how the ontology’s classes and properties
corresponded to actual data elements. Query Language and Resource
Description Framework (SPARQL) queries were used to assess
whether the ontology could answer the defined questions, with
refinements made to improve query results’ accuracy and usefulness.

Finally, the research team explored the feasibility of extracting data
from EMR systems. The data from these systems undergoes mapping
and ingestion using a specified Extract, Transform, Load (ETL)
process, aligning it with the data modelling template (Lin, 2025b).
This work demonstrated the integration of high-quality data capture
from an EMR as the basis for electronic patient data recording.

Discussion

Standardisation and harmonisation

Standardisation and harmonisation are necessary for interoperability
and the reuse of patient data to increase decision-making support in
health facilities, as well as the reuse of data for surveillance,
pharmacovigilance and clinical trials (Ammour et al., 2023). This
research confirms that countries inconsistently implement these
standards despite existing standardised WHO guidelines to ensure
ANC data and service quality and consistency through mandating
maternal and child care-related variables for collection (WHO, 2016;
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Barreix et al, 2020). The lack of uniformity in documentation
prevents standardised measurement of the key health indicators for
progress, equity, and disparities in ANC care. This lack of
comparability affects national health monitoring efforts and global
research on the effectiveness of ANC and maternal-foetal health
interventions and outcomes (McClure et al., 2020; Morén et al., 2019;
Callard, 2025).

Health facility services

Countries in this study primarily used DHIS2 and HMIS formats for
patient data reporting. Their focus on aggregate data reporting rather
than individualised care indicators limited data usability. This study
showed the need to assess individual patient outcomes for service
quality more effectively.

We found that the absence of a reliable documentation process and
evaluation strategies could compromise service quality. The lack of
proper mechanisms for assessing and improving data and data
collection discrepancies across facilities limits the reliability of health
information systems (Young & Smith, 2022). Using a tool that
responds to standard recommendations enhances the quality of
services at the individual level, providing a more detailed and accurate
approach to patient care (WHO, 2017). This study confirms that
HMIS/DHIS aggregate reporting systems are insufficient for
supporting improvements to patient care in health facilities. The
study findings support the Ministries of Health’s efforts to mandate
EMR use for granular recording of patient data for improved patient
care. This study found that a FAIR-data cross-EMR layer provides
the interoperability needed for improved patient care, supporting the
need to move from aggregate DHIS reporting to EMR-based
reporting. This shift can enhance patient-centred care and strengthen
health information systems by improving tracking of interventions,
patient progress, and services (Farnham et al., 2023).

Interoperability and reuse of patient data across countries

While participating countries’ Ministries of Health had dedicated
registries for ANC data, the lack of consistency in recorded variables
limited the potential to reuse data for predictive machine learning or
other statistical methods for approaching cross-country analyses. The
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absence of a standardised form for documenting healthcare services
results in poor data quality since facilities lack a structured tool and
checklist to record care processes systematically (Morris et al., 2024;
Kasaye et al., 2022). Standardised care forms that are seamlessly
integrated with service delivery and healthcare provision workflows
across different facilities and countries are essential in enhancing data
quality at the point of data creation. The assessments across the four
countries indicated that crucial information was often not
documented. The collected data was incomplete and of poor quality,
impacting its reliability and usability. The study confirmed that
effective healthcare decision-making starts with improved data quality
and handling (Zerfu et al., 2024).

The tracking and reporting of data using selected indicators also
helped improve data quality by creating axes to compare ANC care
across facilities and countries. This initial work explored using
HMIS/DHIS data and demonstrated the technical feasibility of cross-
country interoperability and the re-use of patient data while data
resided in the health facilities. The novel system’s utility depended on
the data quality and the recorded variables’ consistency and relevance.

The second model tested, based on the eCRF, showed the significant
interoperability and reusability of data residing within the health
facility with data reused across countries. However, the eCRF
approach created an additional data capture burden for health
workers through a parallel system. Redundant data entry leads to data
inconsistency, affecting data reliability and quality.

This study confirms the relevance of promoting EMR systems that
include a FAIRification layer to promote data interoperability and
reuse across types of EMRs, enabling cross-country analysis and
FAIR metadata. Interoperable patient-level data can be reused
through a secure approach (e.g., federated data reuse) where data
remain controlled by the health facility and do not leave the Ministry
of Health’s jurisdiction. The FAIRification of data that remains under
the strict control of the health facility can then enable cross-country
interoperability and reuse for improved ANC care.
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Conclusion

This study compares the quality of data entered for interoperable
reuse—guided by the FAIR data principles—using DHIS2 templates
for cross-country analytics in infectious diseases in maternal health to
the quality of data entered using an eCRF. The study was performed
in three phases at 12 health facilities in 4 African countries. A data
capture plan was established during the first phase based on existing
HMIS/DHIS wotkflows based on reporting obligations. We
established a FAIR data capture template based on the country’s
HMIS/DHIS templates. We assessed the facilities’ data capture
procedures in the second stage and evaluated the process quality. The
assessment considered alternatives for optimising data capture for
cross-country analysis. In the third stage, we experimented with an
eCRF aligned with the WHO ANC recommendations to optimise
data capture.

We found that HMIS/DHIS templates are inconsistent across
countries and WHO recommendations. HMIS/DHIS only collect
aggregate data and cannot be used to understand care journeys within
or across health facilities. Furthermore, the data capture process raises
concerns about the quality of the aggregate data.

Interview participants were hesitant about the utility of HMIS/DHIS
utility. The HMIS/DHIS process is the most common for digital
patient data capture, and alternatives are not readily available in the
countries included in the study. That said, Ministries of Health are
moving towards granular, patient-level EMR reporting systems.

To identify the potential of standardising templates for FAIR data
capture based on EMRs, the study experimented with an eCRF that
aligned with WHO requirements and was consistent with data
currently captured in the health facilities. The study showed the
potential of the FAIR-based curation of such granular patient data
and confirmed the potential that this may have for using EMRs to
obtain patient data processed as FAIR.

The study showed that the FAIR-based processing of patient data
aligns with patient data held under data sovereignty in national
jurisdictions and physically residing in the health facility or the
country where the health facility is based. A cross-EMR FAIR data

319



layer would support interoperability and data reuse across health
facilities and countries facilitating the reuse of patient data for

surveillance, pharmacovigilance and clinical trials in the context of
ANC and beyond.
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