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Abstract

Background: The COVID-19 pandemic exposed significant limitations in existing data infrastructure, particularly the lack of
systems for rapidly collecting, integrating, and analyzing data to support timely and evidence-based public health responses.
These shortcomings hampered efforts to conduct comprehensive analyses and make rapid, data-driven decisions in response to
emerging threats. To overcome these challenges, the US National Institutes of Health launched the Rapid Acceleration of
Diagnostics (RADX) initiative. A key component of this initiative is the RADx Data Hub—a centralized, cloud-based platform
designed to support data sharing, harmonization, and reuse across multiple COVID-19 research programs and data sources.

Objective:  We aim to present the design, implementation, and capabilities of the RADx Data Hub, a cloud-based platform
developed to support findable, accessible, interoperable, reusable (FAIR) data practices and enable secondary analyses of the
COVID-19-related data contributed by a nationwide network of researchers.

Methods: The RADx Data Hub was developed on a scalable cloud infrastructure, grounded in the FAIR data principles. The
platform integrates heterogeneous datatypes—including clinical data, diagnostic test results, behavioral data, and social determinants
of health—submitted by over 100 research organi zations across 46 US states and territories. The data pipeline includes automated
and manual processesfor deidentification, quality validation, expert curation, and harmonization. M etadata standards are enforced
using tools such as the Center for Expanded Data Annotation and Retrieval (CEDAR) Workbench and BioPortal. Data files are
structured using a unified specification to support consistent representation and machi ne-actionable metadata.

Results: Asof May 2025, the RADx Data Hub hosts 187 studies and over 1700 datafiles, spanning 4 RADXx programs. RADX
Underserved Populations (RADx-UP), RADx Radical (RADx-rad), RADx Tech, and RADx Digital Health Technologies (RADx
DHT). The Study Explorer and Analytics Workbench components enable researchers to discover relevant studies, inspect rich
metadata, and conduct analyses within a secure cloud-based environment. Harmonized data conforming to a core set of common
data elements facilitate cross-study integration and support secondary use. The platform provides persistent identifiers (digital
object identifiers) for each study and supports access to structured metadata that adhere to the CEDAR specification, available
in both JSON and YAML formats for seamlessintegration into computational workflows.

Conclusions:. The RADx Data Hub successfully addresses key data integration challenges by providing a centralized,
FAIR-compliant platform for public health research. Its adaptable architecture and data management practices are designed to
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support secondary analyses and can be repurposed for other scientific disciplines, strengthening datainfrastructure and enhancing

preparedness for future health crises.

(JMIR Public Health Surveill 2025;11:€72677) doi: 10.2196/72677
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Introduction

Background

The COVID-19 pandemic exposed significant limitationsin the
data infrastructures needed to support effective public health
responses. Fragmented and noninteroperable systems—often
operating in silos—hindered the timely collection, integration,
and analysisof health data, delaying informed decision-making
at both local and global levels[1-3]. Asthevolumeand diversity
of pandemic-related data grew, from clinical outcomes and
diagnostic testing to genomic surveillance and socid
determinants, so too did the need for coordinated systems
capable of managing, integrating, and analyzing these disparate
sources.

In response, a range of national and internationa initiatives
emerged to enable secure, scalable, and structured datasharing.
The National COVID Cohort Collaborativein the United States
aggregated electronic health records from more than 70
institutions into a centralized enclave for COVID-19 research,
applying a common data model to facilitate cross-institutional
analyses of clinical outcomes, risk factors, and treatment
efficacy [4,5]. The European COVID-19 Data Porta [6],
supported by the European Bioinformatics I nstitute, centralized
access to multiomic, epidemiological, and imaging datasets,
allowing researchers to explore genomic surveillance trends
and vira evolution using standardized pipelines [7]. The
ORCHESTRA (Connecting European Cohorts to Increase
Common and Effective Response to SARS-CoV-2 Pandemic)
project [8] built afederated infrastructure that harmonized data
across longitudinal clinical cohorts in Europe, focusing on
outcomes among diverse patient populations and informing
evidence-based pandemic policy. In the United Kingdom, the
OpenSAFELY platform [9] enabled secure, in situ analyses of
electronic health recordsfor over 58 million patients, providing
rapid insights into COVID-19 risk factors and treatment
outcomes. The US Centers for Disease Control and
Prevention-Hed Data Modernization Initiative [10] aimed to
transform national public health data infrastructure, catalyzed
in pat by COVID-19—+elated gaps in data access,
interoperability, and surveillance. In parallel, domain-specific
initiatives, such as the Infectious Diseases Data Observatory
[11] and Global.health [12] addressed global data equity by
supporting data sharing and outbreak analytics in low- and
middle-income settings, including resourcesfor contact tracing,
genomic epidemiology, and real-time surveillance.

Despite these advances, implementations varied widely in scope,
data quality, and adherence to data governance best practices.
Many data-sharing effortswere created reactively, often without
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sustainable frameworks for data stewardship or unified
governance mechanisms. While several platformsimplemented
elements of the findable, accessible, interoperable, reusable
(FAIR) principles, such as assigning persistent identifiers or
using standardized vocabularies, compliance was inconsi stent
and frequently deprioritized due to operationa urgency [13].
The absence of common data models, interoperable metadata
schemas, and cross-platform compatibility limited the potential
for integrated analyses across datasets. Moreover, key aspects
of reusability—such as provenance tracking, licensing, and
semantic alignment—were often underdeveloped or absent
altogether. These limitations led to duplication of effort,
inefficient data discovery, and barriers to secondary analyses,
particularly in domains that required rapid hypothesis testing
and multicohort validation, such as diagnostics and health
disparities research.

These challenges highlighted the need for a more coordinated
and principled approach to data infrastructure—one that could
enable cons stent metadata standards, facilitate integration across
studies, and support responsible data reuse at scale. To address
gaps in data standardization and the lack of a centralized
platform, the US National Institutes of Health (NIH) launched
the Rapid Acceleration of Diagnostics (RADX) initiativein 2020
[14], with a key objective to develop such a centralized
platform—the RADx Data Hub [15]. This platform aims to
aggregate, harmonize, and provide access to data generated by
various programsin the overall RADX initiative, enabling data
reuse for secondary analyses and facilitating cross-study
comparisons. The RADx Data Hub supportsinnovative research
into diagnostic tools, implementation strategies, and health
disparities.

At the core of the RADx Data Hub (hereafter referred to asthe
Data Hub) is a cloud-based repository grounded in the FAIR
guiding principlesfor datasharing [16]. The machinery and the
specifications of the Data Hub are designed to make data (1)
findable, through curation, annotation, and support for advanced
search and data exploration; (2) accessible, through established
privacy and security protocols meant to protect sensitive data
while supporting data reuse; (3) interoperable, by leveraging
semantic technologies and by defining standard data and
metadata models for Data Hub entities; and (4) reusable, by
developing routines to validate data quality, techniques to
harmonize heterogeneous data, and cloud-based infrastructure
to support integrated data analysis on sensitive data.

While the Data Hub was developed specifically to host
COVID-19 studies, its underlying technologies were
intentionally designed to be repurposed for other domains. The
architecture, data and metadata models, software components,
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and protocols provide areusable framework that can be adapted
to support new systems addressing other areas of scientific
research.

Objectives

We aim to present the DataHub as akey resourcefor secondary
analysis of COVID-19 data and provide details regarding the
data management techniques and software tools developed to
bring it to fruition as areliable and accessible data platform.

Methods

Overview

The Data Hub's approach to supporting data reusability and
interoperability isbuilt upon 4 key components: (1) astructured
model organizing study data, metadata, and documentation; (2)
an end-to-end pipeline for data collection and analysis; (3) a
scalable, cloud-based system architecture; and (4) a
comprehensive data and metadata harmonization framework.
These components are complemented by rigorous data
deidentification measuresto ensure compliance with established
privacy standards, resulting in aflexible foundation that can be
adapted for use beyond the COVID-19 context to support a
wide range of scientific research domains. The following
subsections detail each component and illustrate how they
interconnect to form acohesive, FAIR-compliant infrastructure
for scientific data collection, harmonization, and analysis.

A Model to Organize Study Information

The Data Hub sources its data from 4 (C)DCCs (coordination
and data collection centers), each aligned with a distinct NIH
RADx program—RADx Radica (RADx-rad), RADXx
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Underserved Populations (RADx-UP), RADx Tech, and RADx
Digital Health Technologies (RADx DHT) [17]. The RADx-UP
program includes a coordination function, whereas RADx-rad,
RADx Tech, and RADx DHT focus solely on data collection.
The abbreviation (C)DCCsisused to collectively refer to all of
them. The (C)DCCs manage the collection, harmonization, and
submission of study datato the DataHub, supporting themission
and focus of their respective RADx programs. RADx-UP, the
largest contributor, focuses on heath disparities and
community-level datacollection from underserved populations.
RADx-rad explores experimental (radical) technologies for
nontraditional COV1D-19 detection and surveillance settings.
RADx Tech supports the development and validation of
diagnostic technologies. RADx DHT generates digital health
data from wearable devices, mobile apps, and real-time
monitoring platforms. For RADx DHT studies, the Data Hub
hosts rich metadata to enable data discovery and reuse, while
the underlying data are stored in the Rapid Al Platform for
Innovating Data Science repository [18], which is optimized
for handling large-scale digital health data. Collectively, the
Data Hub integrates diverse research efforts, enabling
comprehensive analyses through harmonized study data and
metadata

The Data Hub stores information for each study, categorized
into 3 overarching components: study data, study metadata, and
study documentation (Figure 1). Sudy data constitute the core
outputs of each study, capturing the essential variables and
results generated during data collection activities. Study data
are organized into one or severa file bundles, each comprising
3 main components (Textbox 1): datafile, data dictionary, and
file metadata.

Figure 1. Components of Data Hub studies. This figure illustrates the organization and structure of study data within the Data Hub. On the left, the
schematic shows how study data are organized into file bundles, each containing a data file (CSV), file metadata (JSON), and a data dictionary (CSV)
that defines the structure and semantics of each variable. Each study is also accompanied by structured study metadata (in JSON format) and supporting
study documentation, including protocols and project information. On the right, an example datafile is shown, demonstrating a tabular format in which
each row corresponds to a study participant and each column represents a standardized variable (eg, race, ethnicity, age, sex, education) harmonized

using the Data Hub’s common data elements.
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Textbox 1. Components of the file bundles.

Datafile

A tabular CSV document structured according to its corresponding data dictionary. Variables, defined in the data dictionary, represent measurable
attributes or characteristics (eg, age, sex, and education) and are organized as columns in the data file. Each row corresponds to a data point, such as
an experimental sample or study participant, with values recorded for one or more variables. A data dictionary is essential for interpreting the values
inthe datafile.

Data dictionary

A CSV document in which each row unambiguously describes the specification of a variable measured or collected by a study or experiment. The
columns of the data dictionary provide identifiers for avariable, including properties such as the variable name, label, unit of measurement, datatype,
and other attributes relevant to specifying a variable's values. The complete specification of data dictionaries used by the Data Hub can be found in
the Data Hub Data Dictionary Specification [19]. Data dictionaries are automatically validated against the data dictionary specification upon data
submission, and compliance with the specification isstrictly enforced. Asaresult, datadictionaries (and variable metadata, by extension) are amenable

to uniform machine processing according to the specification.

File metadata

statistics.

Each data file is paired with a metadata file that describes its key characteristics, including versioning information, creator details, and summary

Each study is also paired with a study metadata file, offering a
comprehensive view of its scope, goals, and content. Study
metadata includes details such as the study’s geographic and
demaographic focus, methodol ogies used, key outcomes, funding
sources, and contributing ingtitutions. By providing a
consolidated overview, study metadata facilitates the
identification and evaluation of studies that are relevant to
specific research questions, while enabling systematic reviews
and meta-analyses.

In addition, each study isaccompanied by study documentation
that describes the design and execution processes. The study
documentation includes study protocols, project summaries,
manual of operations, and data-collection instruments. By
capturing this rich contextua information, the study
documentation helps end users understand the study and use
the resulting data effectively. In addition, it offers critical
insightsinto the rational e behind the study design, the measures
taken to maintain data quality, and the study’s adherence to
regulatory and ethical standards, thereby building trust in the
data and facilitating responsible data reuse.

https://publichealth.jmir.org/2025/1/€72677

An End-to-End Pipeline for Data Collection and
Analysis

Data Hub’s end-to-end pipeline (Figure 2) streamlines the
collection, deidentification, harmonization, validation, curation,
storage, and analysis of the data. Data producers, including
individual study investigators and research groups, transmit
their study datato one of the 4 (C)DCCs. These (C)DCCs, each
aligned with a specific focus within the RADX initiative, play
a critical role in the pipeline by standardizing, harmonizing,
and preparing the data for inclusion in the Data Hub.

After submission to the Data Hub, the data undergo automated
validation to detect quality issues, such as nonadherence to
standards, incorrect formats, or incomplete metadata. In addition,
the validation processincludes automated detection of potential
protected health information (PHI) and personally identifiable
information (PI1) to ensure compliance with privacy and security
regulations. These automated steps are followed by manual
curation, enabling further refinement of the data. Once these
processes are compl ete, the dataare stored and made accessible
to users.
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Figure2. Overview of the Data Hub's end-to-end data pipeline. Individual investigators and research groups collect and transmit data to the appropriate
(C)DCC (coordination and data collection center). At the (C)DCCs, staff deidentify, harmonize, and submit the study datato the DataHub. Any identified
issues are communicated to data contributors, creating a feedback loop for iterative improvements and alignment with Data Hub standards. Once
validated, the data are approved, curated, stored in the Data Hub, and then made accessible to users. The arrows reflect the flow of data through the
pipeline and are not intended to represent the full range of user interactions with the system.
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Overview

The Data Hub leverages the Center for Expanded Data
Annotation and Retrieval (CEDAR) Workbench and the
BioPortal ontology repository asfoundational toolsfor metadata
management and interoperability.

CEDAR [20] offers a suite of web-based tools designed to
streamline the creation and management of high-quality
metadata. At the core of CEDAR is the concept of metadata
templates—structured forms that define the attributes and
constraints necessary to describe specific types of data
consistently. Templates incorporate controlled vocabularies,
specifying permissible values for fields such as demographic
characteristics, experimental conditions, and data collection
methodologies. Researchers and data contributors use these
templatesto annotate datawith standardized, machine-readable
metadata, ensuring adherence to community standards and
improving data FAIRness [21].

CEDAR usesthe BioPortal ontology repository [22] tointegrate
ontology terms into metadata templates, ensuring fields are
annotated with standardized, semantically rich vocabularies.
BioPortal isacomprehensive repository that hosts avast range
of biomedical ontologies, providing standardized terms and
definitions across diverse domainsto support consi stent semantic
annotation of data. It provides access to over 1000 ontologies
when building CEDAR templates, enabling users to select
standardized terms and definitions to describe study variables.

https://publichealth.jmir.org/2025/1/€72677
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By embedding CEDAR'’s structured metadata templates and
BioPortal’s rich vocabulary resources into its metadata
workflow, the Data Hub provides a comprehensive framework
for FAIR compliance. The following subsections detail how
this framework was used to help ensure the findability,
accessibility, interoperability, and reusability of RADx data.
Findability: Exploring and Searching Study Data

One of the primary purposes of the Data Hub is to provide a
platform for researchers to find study data appropriate for their
secondary analyses. While access to study data is governed by
the NIH Database of Genotypes and Phenotypes (dbGaP) [23]
and requires formal approval, the Study Explorer component
of the Data Hub (Figure 3) is openly available. It allows users
to browse the list of studies, explore their characteristics, and
assess their suitability before submitting a data access request
through dbGaP. In addition to study-level exploration, the Study
Explorer includes a Variables tab that enables users to search
across al variables indexed in the Data Hub, supporting
discovery of specific data elements of interest across multiple
studies. The Study Explorer offers a range of search
functionalities, including free-text search, conditional queries
using multiple criteria, and optionsto sort, filter, and download
results. Users can filter results using various facets, including
study domain, sample size, and data collection method. Studies
can aso be located directly by querying for their title or other
study attributes.
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Upon locating a study of interest, users can view its details on
the Study Overview page (Figure 4). This web page provides
a concise summary of the study, offering access to the key
components. study metadata, documentation, and data files,
including file metadata and data dictionaries. Study metadata
can be downloaded in machine-readable formats, such as JSON
and YAML, for easy integration into research workflows. To
simplify metadata viewing, the DataHub providesan interactive
Metadata Viewer (Figure 5) powered by CEDAR’'s Embeddable
Editor [24], which includes links to ontology terms from the
BioPortal ontology repository [22,25]. This tool allows users

Martinez-Romero et al

toinspect all metadata associated with astudy and to verify that
the study alignswith their research goals. In addition, the Study
Overview page displaysthe variables used in each file, enabling
researchers to identify variables relevant to their analyses or to
search for related studies that share the same variables.
Furthermore, each study on the Data Hub is assigned a unique
DataCite digital object identifier (DOI), a globally persistent
identifier that provides a permanent reference to the study and
its metadata, enabling reliable citation and access from both
within the Data Hub and external sources.

Figure 3. Study Explorer. The figure shows a screenshot of the Data Hub Study Explorer, with the “study population focus’ filter applied to retrieve
88 studies on underserved or vulnerable populations. A search box at the top, equipped with an autocomplete feature, allows usersto quickly find studies
or variables by entering relevant keywords. The interface includes Studies and Variables tabs, enabling users to explore not only study-level metadata
but also variable-level details across studies. The filtered results are displayed in a table that includes information such as study names, Database of

Genotypes and Phenotypes accessions, sample sizes, study domains, study designs, and
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Figure 4. Study Overview page. This figure provides an overview of the information available for a selected study within the Data Hub. The panel at
left summarizes key metadata, such asthe Database of Genotypes and Phenotypes (dbGaP) study accession, program, study domain, and data collection
methods. The panel at right isdivided into Study Documents and Data Files. The Study Documents section lists supporting files, such as study protocols
and README files. The Data Files section contains the data files and their corresponding metadata, along with a button to request access to the data

through the study’s dbGaP page.
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Figure 5. Metadata Viewer. The left side of the figure displays metadata for a specific data file, with terms constrained to ontology terms, linked to
BioPortal for further exploration. Theright side demonstrates alink from the “ subject identifier” field to the corresponding term in the Medical Subject
Headings (MeSH). M etadata are organi zed into expandable and collapsible sections for easy navigation, with help text providing guidance and context.
The Metadata Viewer renders a Center for Expanded Data Annotation and Retrieval (CEDAR) template designed for DataHub files, ensuring consistency

and accessibility across metadata records.
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Accessibility: Ensuring Data Availability and Secure
Access

Protecting sensitive health-related data requires robust control
mechanisms to ensure compliance with ethical standards,
government regulations, and data use agreements. Access to
filesfrom the DataHub is reviewed and authorized by the NIH
Data A ccess Committee with an established data use agreement
through dbGaP [ 23]. This agreement outlines specific termsfor
data use, including requirements for privacy protections and
ethical conduct. Note that in dbGaP terminol ogy, the document
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submitted to request accessto controlled-access dataisformally
called a data use certification, which specifies the terms and
conditions for data use. The term data use agreement is used
more broadly across NIH to refer to the framework governing
data access. In addition, users must follow the Data Hub user
code of conduct [26], which sets standards for responsible data
handling and site use.

To formally request access to study-level data, users must log
into the Data Hub using their electronic Research Administration
Commons or NIH credentials, locate the desired study (or
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studies), and submit an access request. This requirement ensures
that only verified researchers and authorized personnel can
access controlled datasets, in compliance with NIH security and
data governance policies. While this log-in process may pose
abarrier for new users, it helps protect sensitive research data
and aigns with NIH’s data access standards. Any individual
with principal investigator status can obtain an electronic
Research Administration Commons log-in and dbGaP
authorization. Once access is approved by the data access
committee, principal investigators can manage permissions for
their team members via dbGaP. Tutorials on the data request
process are available on the Data Hub Resource Center web
page [27] to assist users with each step.

Study metadata, summary statistics, and documentation remain
openly accessible through the Study Explorer and Study
Overview pages. This persistent availability allows users to
evaluate the relevance of study data and variables without
authentication, supporting transparency, discoverability, and
reuse. Although these practices help maintain visibility into
study-level details even when data files become unavailable,
we acknowledge that a formal policy guaranteeing long-term
metadata persistence has not yet been established. As part of
our commitment to enhancing FAIRness, we plan to explore
mechanisms to ensure long-term metadata retention.

I nteroperability: Enforcing Data and Metadata
Standards

The Data Hub establishes a foundation for interoperability by
adopting globally recognized data formats and metadata
standards, alongside a standardized set of NIH common data
elements (CDEs). CDEs are defined as combinations of
standardized questions (variables) paired with an enumerated
set of possible responses (values) that are common across
multiple studies[28]. Variablesin datafiles are mapped to these
CDEsto ensure consistent (ie, harmonized) interpretation across
studies.

The CDEs used in the Data Hub are defined in the Data Hub
Globa Codebook [29]. This listing includes 133 core CDEs
that provide a consistent framework for representing essential
variables, such as demographic and participant health
information, acrossall RADx studies. These CDESsare organized
into 12 categories, including race, ethnicity, age, sex, education,
domicile, employment, insurance status, disability status,
medical history, symptoms, and health status. The Data Hub
team isresponsiblefor performing harmonization to these CDEs
where possible by using a harmonization methodol ogy detailed
in the Data and M etadata Harmonization section of this paper.
However, submitted studies are not limited by these CDEs and
may include additional variables collected by the original
researchers.

Beyond the provision of CDES, the Data Hub uses standardized
file formats and metadata specifications to further enhance
interoperability. Data files are provided in CSV format,
organized in a consistent structure where variables are
represented as columns and rows as individual data points.
While CSV files are not inherently self-descriptive or
semantically annotated, their accompanying data dictionaries
and metadata files include machine-readable definitions that
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support automated data interpretation and integration. Data
dictionaries follow the RADx Data Dictionary Specification
[19], also in CSV format, ensuring uniform interpretation of
variables. Metadata for data files and studies are formatted in
JSON for linked data, adhering to the CEDAR model
specification [30]. In addition, study documentation is provided
in standard formats, such as PDF and plain text, ensuring
accessibility and compatibility for awide range of users.

In practice, the (C)DCCs collaborate closely with the DataHub
team to ensure compliance with these global standards. The
(C)DCCsconduct theinitial harmonization, whilethe DataHub
team maintains the Global Codebook and performs additional
post hoc harmonization as needed before studies are made
publicly available. These efforts am to enhance the
interoperability of study data within the RADx ecosystem and
with external data repositories and analytical platforms. This
comprehensive standardization approach maximizes the data's
utility for research and public health applications.

Reusability: Prioritizing Data Quality and Enabling
Secondary Data Analysis

The Data Hub promotes study data reusability by focusing on
2 critical aspects. ensuring high data quality and providing an
integrated platform for secondary data analysis.

Data Quality

To ensure study data utility and reliability, the Data Hub uses
arigorous quality assurance and quality control process. This
process begins with close collaboration between the Data Hub
team and (C)DCC staff during data submission, ensuring
adherence to the data and metadata standards for metadatafiles,
data dictionaries, and documentation described in previous
sections. Quality assurance and quality control reviews are
performed rigorously before data and metadata are made
publicly findable, ensuring compliance with privacy policies,
alignment with the Data Hub’s standards, and readiness for
harmonization and secondary use.

A key aspect of this process involves evaluating file bundle
completeness, identifying and addressing missing values, and
standardizing metadata formats to ensure consistency across
datafiles and studies. While the quality of the data reflects the
efforts of the original data producers, the Data Hub enhances
value by applying harmonization practices during ingestion and
by documenting any data and metadata gaps or limitations.
These enhancementsimprove transparency, facilitate cross-study
comparisons, and make the data more reliable for downstream
analyses.

Data Analytics Wor kbench

The Data Hub features a cloud-enabled platform called the
Analytics Workbench as akey feature for promoting data reuse
(Figure 6). Thisworkbench is aversatile platform, powered by
the Amazon Web Services (AWS) SageMaker Studio
technol ogy, that enables usersto create personalized workspaces
and to deploy advanced analytical tools. By leveraging this
platform, researchers can securely access, manipulate, and
analyze Data Hub data. The workbench provides users with
standard data analysis tools, such as RStudio, Python, and
JupyterLab, all readily accessible without additional setup. The
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workbench also supports integration with external platforms,
such as DockerHub and GitHub, enabling users to tailor their
workflows to specific research needs.

The Public Data page provides access to synthetic data files,
which are openly availableto usersfor exploration, testing, and
familiarization with the platform’s tools. Users can download
these data files directly or transfer them to the Analytics
Workbench for further analysis. Thisfeature allowsresearchers

Martinez-Romero et al

to explorethe platform’stools and capabilities before requesting
access to protected study data. The Analytics Workbench is
shown on the right-hand side of Figure 6, where a Jupyter
Notebook environment allows analysis of the distribution of
the individual’s education levels within a synthetic data file.
This example highlights the Workbench's capacity to facilitate
secure data analysis and visualization, offering a flexible
environment equipped with various analytical tools.

Figure 6. Public data and Analytics Workbench. This figure demonstrates 2 key components of the Data Hub that support data accessibility and
exploratory analysis. The left panel shows the Public Data page, where users can browse and download openly available, harmonized synthetic datasets
or transfer them to the A nalytics Workbench environment. Example filesinclude harmonized data tabl es, codebooks, and metadatafiles. Theright panel
displays the Analytics Workbench in use, where a Jupyter Notebook is used to analyze education-level distributions using bar chart visualizations. This
interface supportsinteractive, code-based data exploration using Python, R, and other tools, enabling secure, scalable, and reproducible analysis directly

within the cloud platform.
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will first need to create a workbench using the ‘Create Workbench' button. Then, select your files and transfer them to

the 'Analytics Workbench' by pressing 'Add to Workbench'.
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RADx-UP Tier 1 CDE Synthetic Study
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y.csv

RADx_Tier1_CDE_Analysis htm| Markdown 1.29 MB

FAIR Evaluation

To assess the RADx Data Hub's adherence to the FAIR
principles, we conducted an internal evaluation using the
Research DataAlliance (RDA) FAIR datamaturity model [31].
This model defines a structured set of indicators and scoring
criteriafor evaluating findability, accessibility, interoperability,
and reusability. The assessment was carried out by members of
the Data Hub team with expertise in metadata standards and
data governance. Each indicator was evaluated based on
available system features and documentation. A summary of
the evaluation results is presented in the Results section, with
the compl ete assessment table provided in Multimedia A ppendix
1.

System Architecture

The DataHub is a cloud-based platform designed to provide a
scalable, secure, and FAIR-compliant infrastructure for
collecting, harmonizing, and analyzing COVID-19 data. The
Data Hub architecture supports the flow of diverse data types
from data producers to a centralized data repository, enabling
researchers and stakeholders to leverage data effectively. The
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architecture comprises 2 functiona layers—the frontend and
backend—both hosted on AWS cloud infrastructure and
interconnected through secure application programming
interfaces (Figure 7). Thisarchitectureisdesigned to scalewith
increasing data and user demands, while maintaining high
performance and availability.

Thefrontend layer provides user-facing functionalities through
a modern web interface built with React and Next.js. The
frontend layer supports dynamic page rendering, device
compatibility, and accessibility requirements (including
compliance with Section 508 of the Rehabilitation Act [32]).
Key features include the Study Explorer, Variables Catalog,
and Metadata Viewer, which allow usersto browse, search, and
explore data and metadata, and access secure user registration
and authentication systems. Additional capabilitiesinclude the
Analytics Workbench, which supports advanced data analysis
and visualization through interactive environments such as
Jupyter for both R and Python. Complementing these tools,
Metrics Reports provide actionable insights into data use,
quality, and platform performance, supporting effective system
monitoring.

JMIR Public Health Surveill 2025 | vol. 11 | €72677 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Martinez-Romero et al

Figure 7. Overview of the Data Hub's software architecture. This diagram presents the architecture of the Data Hub, highlighting its integration of
backend services, web features, and data access pathways. On the |eft, data producers—including individual investigators and (C)DCCs (coordination
and data collection centers)—submit study data via secure web or secure file transfer protocol interfaces. The core platform provides system features
such asthe Study Explorer, Variable Catalog, Metadata Viewer, and Analytics Workbench, with user authentication managed viathe National Institutes
of Health’sResearcher Auth Service (RAS) and dataaccess controlled by the Database of Genotypes and Phenotypes (dbGaP). Backend services support
ontol ogy-based metadata management (Center for Expanded Data Annotation and Retrieval [CEDAR], BioPortal), metadata-driven search (OpenSearch),
and scalable analytics in a cloud-hosted workspace (Amazon SageMaker). On the right, data consumers—including researchers, National Institutes of
Health staff, and system administrators—access harmonized study data through web interfaces or application programming interfaces (APIs) for
exploration, analysis, and reuse. The modular architecture supports secure, interoperable, and reproducible digital health research across a wide range

of public health applications.
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The backend layer is implemented using a microservice
architecture powered by Spring Boot and Python. It handles
business logic and workflows essential for data ingestion,
harmonization, and search. Core components include (1)
submission services for validating and processing incoming
data, (2) search services powered by AWS OpenSearch for
efficient metadata-based retrieval, and (3) an integrated analytics
workbench leveraging AWS SageMaker for scalable machine
learning workflows. Security and compliance are maintained
through robust identity-management systems, including NIH
Researcher Auth Service integration and role-based access
control.

The system'’s software architecture is designed for flexibility
and scalability to accommodate additional COVID-19 study
data, facilitate the addition of new features, and support the
potential expansion into other health domains. A Postgres
relational database, managed viathe AWS Relational Database
Service, stores metadata, whileraw datafiles (without metadata)
are housed in Amazon Simple Storage Service. This separation
ensures efficient querying and modular scalability. AWS
OpenSearch indexes metadatato provide fast and precise search
capabilities. CEDAR and BioPortal enable metadataannotation
and semantic interoperability, ensuring adherence to FAIR
principles.

The cloud infrastructure isbuilt on AWS, leveraging serverless
technologies, such as AWS Fargate and Lambda for
containerized microservices and tasks, and Elastic Load
Balancers for high availability. Development, testing, and
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production environments are isolated to enhance security and
streamline deployment workflows. Automated continuous
integration and continuous delivery pipelines enable rapid and
reliable updatesto the system, maintaining operational stability
and performance.

Data and M etadata Har monization

Harmonization is a key component of the Data Hub’s mission
to standardize study data, enabling cross-study analysesand the
re-exploration of datawithinindividual studies. Harmonization
can be approached in two ways: (1) prospective harmonization,
where common data and metadata standards are defined and
established ahead of data collection, and (2) retrospective
harmonization, which enforces common data standards and
ensures consistent representation of semantically equivalent
datathrough careful curation and processing after the datahave
been collected [33-35]. Given the urgent, time-sensitive nature
of the RADx initiative, comprehensive prospective
harmoni zation was not feasible. Devel oping and implementing
advanced standards before data collection would have delayed
critical public health research efforts. Therefore, retrospective
harmonization was adopted as a pragmatic solution, enabling
the standardization of diverseinformation while ensuring timely
data availability for the broader goals of the RADX initiative.

The harmonization process within the Data Hub (Figure 8),
involves two main steps: (1) mapping data dictionaries to the
Data Hub's Global Codebook [29] and (2) transforming data
and metadata to align with standardized templ ates.

JMIR Public Hedlth Surveill 2025 | val. 11| e72677 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Martinez-Romero et al

Figure8. Harmonization workflow for data and metadata. This figure outlines the two-step process used to harmonize incoming data files and metadata
within the Data Hub. The Data Hub receives original data files, accompanied by their respective metadata files and data dictionaries (left). In step 1,
the original datadictionaries are mapped to the Data Hub Global Codebook for common data elements, standardizing variable definitions and allowable
values across studies. In step 2, the original data and metadata are transformed into harmonized formats: datafiles are transformed using mappings from
step 1; metadata files are aligned to a Center for Expanded Data Annotation and Retrieval (CEDAR) metadata template; and data dictionaries are
converted to the Data Hub Data Dictionary Specification (center). This process ensures the resulting harmonized data files, metadata, and dictionaries

are consistent and interoperable across the Data Hub (right).
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The harmonization workflow beginswith mapping original data
dictionaries provided by investigatorsto the CDEsin the Global
Codebook, which serve asaunified framework for standardizing
variable definitions and values across studies. Theidentification
and creation of these mappings are performed manualy by the
Data Hub team, leveraging their expertise to account for the
variability and complexity of submitted data. The resulting
mappings are stored in the Global Codebook, creating a
centralized, reproducible resource that supports ongoing and
future harmonization efforts.

Following the mapping process, data and metadata are
transformed to achieve harmonization, ensuring consistency
and interoperability across datasets. Data files are transformed
by the (C)DCCs using the mappings identified previously.
Study-level metadata (eg, principa investigator information,
funding sources, and institutional affiliations) are aligned with
a dedicated CEDAR metadata template [36]. Similarly, data
file metadata (eg, file name, version, and creator) are structured
using aCEDAR template[37] inspired by the DataCite M etadata
Schema[38]. The DataCite Metadata Schema providesawidely
recognized list of standard core metadata propertiesfor citation
and retrieval purposes, which the CEDAR template augments
by incorporating additional fields tailored to specific needs,
such as detailed funding information and file characteristics.
By leveraging the strengths of the DataCite standard while
extending its functionality, the CEDAR template ensures that
metadata are both globally compatible and capable of meeting
diverseresearch requirements. In addition, datadictionariesare
converted to the Data Hub Data Dictionary Specification [19],
ensuring uniformity in structure and representation.
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Figure 9 illustrates an example of data harmonization for the
variable edu_years of school, found in an original RADx-UP
data file, representing a study participant’s level of education.
On the left, the original variable includes values and
corresponding definitions outlined in the RADx-UP data
dictionary. For example, a value of 3 represents 9th to 12th
grade, no diploma, whereas 4 corresponds to High school
graduate or GED completed.

The center panel demonstrates how these original values and
definitions are mapped to the corresponding CDE,
nih_education, within the Data Hub Global Codebook. For
instance, the value 4 in the original data file maps to 2: High
school graduate or GED completed in the Global Codebook,
ensuring semantic consistency.

Finally, the right panel shows the harmonized data file, where
the variable has been renamed nih_education and the values
updated according to the mappings. This harmonized format
ensuresthat the data are consistent and interoperable within the
Data Hub, facilitating cross-study analysis and integration.

The harmonization process is supported by rigorous quality
assurance measures conducted by the Data Hub team.
Automated toolsand structured workflows check for compliance
with CDE standards, formatting specifications, and metadata
guidelines. Any discrepancies or issues are communicated back
to data contributors, creating a feedback loop that promotes
iterative improvements and alignment with the Data Hub’s
standards (Figure 2). This quality assurance process ensures
that harmonized dataare reliable, consistent, and ready for reuse.
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Figure 9. Data harmonization example. This figure illustrates the transformation of an origina variable, "edu_years of school," from a RADx-UP
study into a harmonized common data element (CDE) named nih_education using the Data Hub's Global Codebook. The left panel displays original
data values and their definitions as captured in the study-specific data dictionary. In the center, these original values are mapped to standardized values
in the Global Codebook, aligning semantically equivalent categories across studies. For instance, “6: Bachelor’s degree” in the original dictionary maps
to “4: Bachelor’'s degree” in the CDE. Theright panel shows the resulting harmonized data, where the variable name and val ues have been transformed
to conform with the CDE definition, ensuring consistency and interoperability for cross-study analyses.
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To ensure semantic consistency across studies, harmonization
mappings to CDEs are collaboratively developed by domain
experts from both the (C)DCCs and the Data Hub team. Each
mapping undergoes manual review to validate alignment with
the Data Hub Global Codebook, ensuring standardized
interpretation of variables and values. Thisdual-review approach
provides iterative feedback and consensus-building to improve
consistency and reproducibility. Future enhancements may
include structured auditing protocols or interrater agreement
assessments to further strengthen the harmonization quality.

The Data Hub stores both original and harmonized versions of
data files. Harmonized data are recommended for cross-study
analyses and datare-exploration dueto their standardized format
and semantic consistency. However, the original raw data are
also retained and made accessiblefor usersrequiring unmodified
datafor specialized research needs. Thisdual offering supports
diverse research applications while ensuring the integrity and
reusability of the Data Hub's data resources.

Data Deidentification

To protect participant privacy, the (C)DCCs apply a
comprehensive deidentification process[39] to study databefore
their submission to the Data Hub. This process ensures data are
anonymized while preserving their scientific utility for
secondary research. The (C)DCCs are tasked with balancing
PHI and Pl removal with the retention of sufficient data to
maintain their research value. The Data Hub leverages Amazon
Macie at the time of data submission to automatically detect
and flag potential PHI and PIl. Amazon Macie uses machine
learning and pattern matching to identify sensitive data, allowing
(C)DCCsto review and apply additional deidentification steps
as needed. This automated screening process helps ensure that
all data submitted to the Hub meet privacy and regulatory
requirements.

The deidentification process follows a standard operating
procedure that incorporates several key techniques. Direct
identifiers, such as names and addresses, are redacted entirely
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to eliminate any risk of reidentification. In compliance with
Health Insurance Portability and Accountability Act rules, zip
codes are generalized by retaining only thefirst 3 digits, unless
the area’s population is 20,000 or fewer, in which case the zip
code is replaced with 000. Dates are shifted by a consistent
interval to obscure precise temporal details while preserving
temporal relationships within the data. Sites within studies are
anonymized using random codes, and participant ages are
altered: individuals aged <1 years are recorded as 0, aged 21 to
89 years are modified by adding or subtracting 2 years, and
aged >90 are top-coded as 90.

These procedures are meticulously documented by the (C)DCCs
to ensure traceability, replicability, and accountability within
their centers. The DataHub does not receive theinternal linkage
or detailed records used by the (C)DCCs to perform
deidentification; it relieson the (C)DCCs' adherenceto the Data
Hub’s dei dentification guidance and on automated PHI and PI|
detection at submission time. In addition, each submitted file
undergoes a manual and thorough deidentification review by
the DataHub team to ensure the absence of PlI or PHI, and files
are approved for release only if no issues are identified. By
applying these deidentification standards, the Data Hub
safeguards participant privacy while enabling meaningful
secondary use of the data for public health research.

Ethical Consider ations

The Data Hub hosts data originally collected by NIH-funded
studies and submitted to the Data Hub by third-party (C)DCCs.
These (C)DCCs gather datafrom studies conducted by original
investigators, each of which obtained an institutional review
board (IRB) approval or a documented waiver at the time of
primary data collection. The (C)DCCs are responsible for
managing participant consent, including documentation of
informed consent forms and any applicable IRB waivers. The
Data Hub does not collect data directly from participants. It
receives only deidentified data that have been processed by the
(C)DCCs in accordance with the Data Hub's deidentification

JMIR Public Health Surveill 2025 | vol. 11 | €72677 | p. 12
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

guidance. Only data from participants who consented to the
sharing of their dei dentified information are submitted. Because
the DataHub handles only deidentified secondary datafor which
consent and | RB oversight are managed upstream, no additional
IRB approval isrequired for its operation or for most secondary
analysesit supports. However, certain studies may include data
elements that require IRB approval at the time of data access
request, in accordance with the NIH dbGaP policies. Dataaccess
and use are governed by a Data Use Certification through
dbGaP, ensuring compliance with data protection and ethical
standards. Participant compensation, if applicable, is determined
and administered by the original study teamsin accordance with
their IRB-approved protocols and is not processed or tracked
by the DataHub. The platform does not host or disseminate any
identifiable personal information, multimedia, or supplementary
materials.

Results

Overview

Asof May 2025, the Data Hub hosts 187 studies and over 1700
data files contributed by researchers from more than 100
organizations across 46 US states and territories. The DataHub
represents one of the largest coordinated efforts to centralize
COVID-19-related public hedth data, supporting both
immediate and long-term responsesto health crises. By adhering

Martinez-Romero et al

to the FAIR principles, the Data Hub enhances access to
high-quality, standardized study data for secondary analyses
and public health research.

The studies stored in the Data Hub cover a broad range of
domains, including community-based research, diagnostic
technologies, and surveillance in underserved populations.
Metadata and documentation for these studies are openly
accessible through the Study Explorer, enabling researchersto
evaluate the relevance of datasets before requesting full access
via dbGaP [23]. This governance ensures compliance with
privacy protections and ethical standards while facilitating
secure access to sensitive health data.

Figures 10 to 13 show the distribution of studies by domain,
population focus, data collection method, and study design.
Stacked bar charts highlight the contributions from the different
RADx programs, illustrating the diverse focus areas and
methodological approaches across RADx initiatives. The
RADx-UP program, with its emphasis on health disparities,
contributes a substantial portion of these studies. Many studies
focus on underserved populations, including racial minority
groups, older adults, and individuals with low socioeconomic
status. Data collection methods, such as surveys, wearable
device monitoring, and diagnostic testing, offer opportunities
for cross-study integration. Most studies follow observational
designs.

Figure 10. Distribution of Data Hub studies by study domain. This histogram illustrates the distribution of studies across various research domains,
highlighting the diverse focus areas of RADXx studies. RADx-UP accounts for the largest share of studies, particularly in domains such as community
outreach, social determinantsof health, and vaccination. The notable representation of RADx-rad in areas|ike rapid diagnostics and biosensing underscores
the emphasis on novel and experimental approachesto COVID-19 detection and monitoring. Thisdistribution highlightsthe cross-programmatic diversity
and strategic focus areas of the RADx initiative. Note: Only the top 20 study domains are shown; additional study domains were excluded for clarity.
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Figure 11. Distribution of Data Hub studies by population focus. This chart presents the breakdown of studies based on population focus. The figure
underscores the RADx-UP program’s emphasis on underserved and vulnerable populations, with substantial representation of studies involving older
adults, racial and ethnic minorities, low socioeconomic status groups, rural communities, and incarcerated or institutionalized individuals. While many
studies target specific at-risk groups—including children, essential workers, and people living with HIV/AIDS—a significant number also focus on
general adult populations. This distribution highlights the wide demographic coverage of the Data Hub, supporting diverse and comparative analyses
on health disparities, equity, and access in the context of the COVID-19 pandemic. Note: Only the top 20 population focus categories are shown;

additional categories were excluded for clarity.
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The Data Hub streamlines data discovery through tools such as
the Study Explorer, Variables Catalog, and Metadata Viewer.
Each study is assigned a persistent DOI to support long-term
access and citation. The platform’s metadata-driven
infrastructure enables researchers to efficiently search for and
explore studies and variables, reducing barriers to data reuse
and collaboration.

The Analytics Workbench offers a secure, cloud-based
environment where researchers can access harmonized datasets
and perform analyses using tools such as Jupyter and RStudio.
By enabling data manipulation, visuaization, and advanced
analyses directly on the platform, the Workbench reduceslocal

https://publichealth.jmir.org/2025/1/€72677

RenderX

resource demands and improves reproducibility. Researchers
can analyze trends, compare study outcomes, and conduct
large-scale investigations efficiently without managing their
own infrastructure.

The Data Hub’s ability to centralize and harmonize data is
crucial in addressing key public health questions related to the
COVID-19 pandemic. By enabling multistudy analyses, the
DataHub can facilitate research on health disparities, diagnostic
effectiveness, and public health response strategies, reinforcing
its role as a crucial resource for pandemic preparedness and
response, with significant potential for long-term adaptation to
future public health challenges.
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Figure12. Distribution of Data Hub studies by data collection method. This chart categorizes studies based on their data collection approaches, stratified
by RADx program. Survey-based and interview or focus group methods are predominant, particularly among RADXx-UP studies, reflecting an emphasis
on community engagement and participant-reported outcomes. RADx Tech and RADx DHT programs contribute more heavily to studies utilizing
device-based methods, including molecular and antigen testing, wearables, smartphones, and contact tracing tools. Less common but innovative
modalities—such as wastewater sampling, breath and chemosensory testing, and electrochemical diagnostics—demonstrate methodological breadth
across the RADx portfolio. The heterogeneity of data sources supports integration and cross-study analyses for richer insights into pandemic-related

health outcomes.
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The Data Hub's value is evidenced by the substantial number
of peer-reviewed publications derived from the studiesit hosts.
Since itsinception, the RADXx initiative has produced over 900
peer-reviewed publications across its constituent programs,
addressing topics in diagnostics, health disparities, behavioral
science, and digital health. The Data Hub serves as the central
repository for the study data underlying many of these
publications. Some examples of relevant RADx-supported
studies include a qualitative investigation of vaccine hesitancy
among staff in skilled nursing facilities [40], environmental

https://publichealth.jmir.org/2025/1/€72677

RenderX

surveillance of airborne SARS-CoV-2 particles [41],
community-based testing strategies implemented in rural
Alabama[42], an epidemiological study on the transition from
Deltato Omicron variants[43], modeling responsesto pathogens
using laboratory-grown placenta models [44], and an analysis
of school masking policies and secondary transmission of
COVID-19 [45]. These publications exemplify the scientific
breadth and translational relevance of RADx-funded research
and highlight the DataHub'’s pivotal rolein enabling data-driven
discovery and public health innovation.
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Figure 13. Distribution of Data Hub studies by study design. This chart illustrates the frequency of study designs used across the Data Hub, categorized
by program. Longitudinal cohort designs are by far the most common, particularly within RADx-UP, reflecting afocus on long-term, community-based
public health research. Interventional or clinical trial designs also feature prominently, especially in RADx Tech and RADx DHT, which emphasize
testing and digital health innovation. Additional designs—including cross-sectional, case-control, device validation and verification studies, and mixed
methods—demonstrate methodological diversity across the platform. This variety supports a wide range of analyses, from exploratory to evaluative,

across observational and experimental frameworks.
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FAIR Evaluation Results

We evaluated the Data Hub's alignment with the FAIR
principlesusing the RDA FAIR datamaturity model [31], which
providesastructured set of indicators across 4 key dimensions:
findability, accessibility, interoperability, and reusability. The
assessment revealed that the platform demonstrates strong
foundational support for FAIR data practices, with several areas
for continued improvement. A summary of these findings is
providedin Table 1, and afull breakdown of the FAIR maturity
assessment is provided in Multimedia Appendix 1.

Findability is supported through the assignment of persistent
DOlIs to each study. These DOIs resolve to public Study
Overview pages that provide descriptive metadata,
documentation, and linksto related data artifacts. Metadata are
structured using CEDAR templates and enriched with ontology
terms from BioPortal, enabling semantic search and discovery.
The Study Explorer interface further enhances findability by
offering keyword search, filtering, and browsing tools.

Accessibility is facilitated through open access to metadata
without requiring authentication. Metadata and public datafiles

https://publichealth.jmir.org/2025/1/€72677

RenderX

can be accessed via HTTPS, including support for automated
download of synthetic data. For controlled-access data, each
Study Overview pagelinksdirectly to its dbGaP accession, and
detailed instructions are provided for users to request access.
While authorization is required for sensitive data, access
protocols are standardized and widely supported.

Interoperability isenabled by the use of CEDAR templates that
incorporate controlled vocabularies, as well as harmonization
of many data fields using CDEs from the RADx Global
Codebook. Data dictionaries define variable-level metadataand
enable machine processing. These practices support semantic
consistency across datafilesand improvethe platform’s capacity
for integration and automated interpretation.

Reusability is supported through study overview pages that
include data use limitations and metadata structured using
CEDAR templates for machine readability. Provenance is
tracked with the provenance, authoring, and versioning ontology,
and metadatafilesincludefile-level details, such as contributor
information, creation dates, and versioning. Harmonization to
CDEs promotes consistent representation of core variables
across studies.
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Table 1. Summary of Rapid Acceleration of Diagnostics (RADXx) Data Hub's adherence to the findable, accessible, interoperable, reusable (FAIR)
principles based on the Research Data Alliance (RDA) FAIR data maturity model.

FAIR principle Strengths Areas for improvement

Findable Each study is assigned a DOI? that resolves to astudy overview N0 persistent IDs for individual metadata or data
page; detailed and structured metadata are available in machine-  €cords; some metadata lack direct links to data
readable formats; easy-to-use search and filter tools files

Accessible Metadata i nclude human-readable access information and are Metadatalack machine-actionable accessinforma-
manually accessible without log-in; datacan be manually accessed tion; individual metadataand datafileslack persis-
viadbGaP® or direct download for public data; study DOIsresolve tent IDs; no APIC or token-based system for auto-
to overview pages; metadata and data are accessed viaHTTPS; mated access to restricted data; no policy for long-
public data support automated HTTPS access; metadataremain  term metadata availability
accessible even if data are not

Interoperable Metadata are partially annotated with controlled termsfrom Bio-  Some metadata fields still use free text and lack
Portal; datadictionaries enable machine processing; datafieldsare | yR|<® CDEsdo not cover al datafields metadata
harmonized using RADx CDES? cross-referencing is still under development; data

fileslack linksto related data or metadata
Reusable Each study overview pageincludes datause limitations; provenance Broader provenance standards and more controlled

istracked using Pav' ontol ogy; metadata follows CEDARY spec-
ifications for machine readability; data use RADx standards and

CDEs

vocabularies are needed to improve machine under-
standing

3DOI: digital object identifier.

bdbGaP; Database of Genotypes and Phenotypes.

CAPI: application programming interface.

dCDE: common data element.

€URI: uniform resource identifier.

fPav: provenance, authoring, and versioning.

9CEDAR: Center for Expanded Data Annotation and Retrieval.

While these features reflect strong FAIR alignment, severa
areas for improvement remain. For findability, individual data
and metadata artifacts—such as specific data files and
dictionaries—currently lack persistent identifiers, and DOIsdo
not resolve directly to stand-alone machine-readable metadata
records. In the accessibility dimension, although metadata are
openly available, access conditions for restricted data are not
yet expressed in machine-actionable formats, and no application
programming interface or token-based mechanism is available
for automating controlled data access. Regarding
interoperability, some key metadatafiel ds, such asstudy design
or domain, still accept free-text values or lack uniform resource
identifier—based annotations, and metadata cross-referencing
between study- and file-level recordsis still under devel opment.
For reusability, broader provenance standards (eg, PROV
Ontology) are not yet implemented, and semantic alignment is
incomplete for variables not covered by the Global Codebook.

Discussion

Principal Findings

The Data Hub provides a centralized platform to support rapid
public health responseto the COV1D-19 pandemic, overcoming
the challenges posed by fragmented public health data systems.
By promoting data sharing, reuse, and analysis, the Data Hub
enhances data usability and fosters collaboration among
researchers, public health officias, and policy makers, ultimately
strengthening the ability to respond swiftly and effectively to
public health crises, such asthe COVID-19 pandemic. The Data
Hub uses modern integration techniques and robust data

https://publichealth.jmir.org/2025/1/€72677

governance practicesto ensure data security, privacy protection,
and compliance with regulatory standards. The infrastructure
and data management techniques developed as part of the Data
Hub serve as invaluable tools to combat future public health
events by maximizing the utility and impact of shared data
within the public health and research communities.

Through rich, structured metadata, the DataHub improves data
findability and enables researchers to quickly assess whether
the collected data aligns with their research interests and topic
areas before initiating access requests. Moreover, the curation
and standardization of datathroughout the platform isintended
to ensure data quality, resolveinconsistencies and heterogeneity
where possible, and identify missing information. Standardizing
data formats and metadata enhances interoperability and
facilitates data integration, enabling the creation of aggregate
datafilesfor large-scale cross-study analyses. These capabilities
are vital for evaluating and understanding the COVID-19
pandemic response, addressing disparities in intervention
outcomes, advancing biomedical technologies such as testing
and rapid detection, and preparing for future pandemics[46-48].
Importantly, the Analytics Workbench reduces common
infrastructure  barriers—such as the need for locd
high-performance computing resources, complex software
installation, and advanced IT support—by providing a secure,
cloud-based environment for reproducible analysis. Thisdesign
enables more equitable access to advanced data analysis
capabilities, particularly benefiting researchersin low-resource
institutions or regionswhere such infrastructure may belimited.
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Unlike some pandemic data platforms, the Data Hub prioritizes
retrospective harmonization and metadata-driven
interoperability. Harmonized data are supported by CDEs
specified in the Global Codebook, structured metadatatemplates
viaCEDAR, and ontology annotationsthrough BioPortal. These
components work in concert with automated validation tools
and collaborative curation workflows to ensure semantic
consistency across studies. By aligning heterogeneousvariables,
resolving data quality issues, and enabling ready-to-use,
interoperable study data, the platform strengthensthe reusability
and integration of public health data for secondary research.

Limitations

While the Data Hub has made significant stridesin facilitating
data sharing and reuse, its development and implementation
have highlighted key challenges in managing a large-scale,
multi source data platform. Retrospective harmonization remains
amajor challenge due to the diversity of study types—ranging
from human participants to environmental monitoring—which
often require extensive curation to align with evolving metadata
models and the RADx Globa Codebook. Although data
stewards assist contributors during submission, the variability
in data quality and standardization across studies demands
ongoing refinement. Some datasets must be accepted with
minimal curation to ensure repository completeness,
emphasizing the need for sustained collaboration with (C)DCCs.
In addition, whilethe data access process—governed by dbGaP
and the DataHub's user code of conduct—supports ethical and
legal compliance, it can pose usability barriers. Researchers
must evaluate the potential utility of data using only metadata
and study overviews before initiating access requests.

Despite strong alignment with many aspects of the FAIR
principles, our structured evaluation using the RDA FAIR data
maturity model revealed several limitationsthat we are actively
addressing. These include the lack of persistent identifiers for
individual data and metadata artifacts, the continued use of
free-text fieldswhere standardized vocabul aries would improve
consistency, and incomplete links from metadata to the
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associated data filess We dso plan to enhance
machine-actionability by encoding access conditions in
structured, reusable formats. Addressing these gaps is a key
focus of our development road map for advancing FAIR
compliance. A detailed assessment is provided in Multimedia
Appendix 1.

Conclusions

The DataHub addresses critical challengesin public health data
management by providing a centralized, FAIR-compliant
platform that integrates diverse datasets for secondary analyses.
Through its scalable architecture, metadata-driven workflows,
and robust privacy measures, the Data Hub has become apivotal
resource for facilitating cross-study research. By enabling rapid
access to harmonized COVID-19 data, the platform advances
research efforts on health disparities, diagnostic tools, and
pandemic preparedness. The cloud-based Analytics Workbench
further supports secure, reproducible analysis without local
infrastructure requirements. Ongoing enhancements include a
software framework to automate integration of heterogeneous
data[49] and improvements in metadata quality and usability.

Beyond COVID-19, the Hub's modular design and governance
model position it as a template for future public health data
infrastructures. Features such as ontol ogy-annotated metadata,
Open Researcher and Contributor Identifier [50], and Research
Organization Registry [51] integration, and improved metadata
visualization arelaying the groundwork for amoreinteroperable
and user-friendly research ecosystem. Planned
developments—such as a user-friendly data dictionary viewer,
artifact-level persistent identifiers, and expanded use of
standardized vocabularies and provenance—directly respond
to gapsidentified in our FAIR evaluation. These efforts aim to
ensure that dataremain findable, accessible, interoperable, and
reusable across evolving needs. By enabling scaable,
standards-based data reuse, the RADx Data Hub supports more
agile, collaborative, and equitable research—critical for
evidence-based responses to current and future public health
challenges.
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Data Availability
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Instructions for submitting a data access request are provided on the RADx Data Hub Resource Center web page [27].
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Multimedia Appendix 1

FAIR assessment results for the RADx Data Hub, conducted using the Research Data Alliance’'s FAIR Data Maturity Model.
This spreadsheet details the platform’s compliance with each FAIR subprinciple, including identified gaps and planned
enhancements.

[XLSX File (Microsoft Excel File), 16 KB-Multimedia Appendix 1]

References

1.  Massoudi BL, SobolevskaiaD. Keep moving forward: health informatics and information management beyond the COVID-19
pandemic. Yearb Med Inform. Aug 2021;30(1): 75-83. [doi: 10.1055/s-0041-1726499] [Medline: 34479380]

2. Bhatias$, Imai N, Watson OJ, Abbood A, Abdelmalik P, Cornelissen T, et a. Lessons from COVID-19 for rescalable data
collection. Lancet Infect Dis. Sep 2023;23(9):€383-€388. [FREE Full text] [doi: 10.1016/S1473-3099(23)00121-4] [Medline:
37150186]

3. Gdaits SE, Cegan JC, Volk K, Joyner M, Trump BD, Linkov |. The challenges of data usage for the United States
COVID-19 response. Int JInf Manage. Aug 2021;59:102352. [FREE Full text] [doi: 10.1016/j.ijinfomgt.2021.102352]
[Medline: 33824545]

4.  Haendd MA, Chute CG, Bennett TD, Eichmann DA, Guinney J, Kibbe WA, et a. The National COVID Cohort Collaborative
(N3C): rationale, design, infrastructure, and deployment. JAm Med Inform Assoc. Mar 01, 2021;28(3):427-443. [FREE
Full text] [doi: 10.1093/jamia/ocaal96] [Medline: 32805036]

5. Pfaff ER, Girvin AT, Bennett TD, Bhatia A, Brooks IM, Deer RR, et a. Identifying who haslong COVID inthe USA: a
machine learning approach using N3C data. Lancet Digit Health. Jul 2022;4(7):e532-e541. [FREE Full text] [doi:
10.1016/S2589-7500(22)00048-6] [Medline: 35589549]

6.  The European COVID-19 data platform. COVID-19 Data Portal. URL : https.//www.covid19dataportal.org/
the-european-covid-19-data-platform [accessed 2025-07-29]

7.  Harrison PW, Lopez R, Rahman N, Allen SG, AdamR, Buso N, et al. The COVID-19 data portal: accelerating SARS-CoV-2
and COVID-19 research through rapid open access data sharing. Nucleic Acids Res. Jul 02, 2021;49(W1):W619-W623.
[EREE Full text] [doi: 10.1093/nar/gkab417] [Medline: 34048576]

8. Azzini AM, Canziani LM, Davis RJ, Mirandola M, Hoelscher M, Meyer L, et a. How European research projects can
support vaccination strategies: the case of the ORCHESTRA project for SARS-CoV-2. Vaccines (Basel). Aug 14,
2023;11(8):1361. [FREE Full text] [doi: 10.3390/vaccines11081361] [Medline: 37631929]

9. NablL, Schaffer AL, Hulme W, DeVito NJ, Dillingham I, Wiedemann M, et al. OpenSAFELY: a platform for analysing
electronic health records designed for reproducible research. Pharmacoepidemiol Drug Saf. Jun 2024;33(6):€5815. [doi:
10.1002/pds.5815] [Medline: 38783412]

10. Datamodernization initiative (DMI). Centers for Disease Control and Prevention. URL: https.//www.cdc.gov/
data-modernization/php/about/dmi.html [accessed 2025-05-22]

https://publichealth.jmir.org/2025/1/€72677 JMIR Public Hedlth Surveill 2025 | vol. 11| e72677 | p. 19
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v11i1e72677_app1.xlsx&filename=cd8443f557d5f69096c1bdc90d0e2205.xlsx
https://jmir.org/api/download?alt_name=publichealth_v11i1e72677_app1.xlsx&filename=cd8443f557d5f69096c1bdc90d0e2205.xlsx
http://dx.doi.org/10.1055/s-0041-1726499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34479380&dopt=Abstract
https://europepmc.org/abstract/MED/37150186
http://dx.doi.org/10.1016/S1473-3099(23)00121-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37150186&dopt=Abstract
https://europepmc.org/abstract/MED/33824545
http://dx.doi.org/10.1016/j.ijinfomgt.2021.102352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33824545&dopt=Abstract
https://europepmc.org/abstract/MED/32805036
https://europepmc.org/abstract/MED/32805036
http://dx.doi.org/10.1093/jamia/ocaa196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32805036&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(22)00048-6
http://dx.doi.org/10.1016/S2589-7500(22)00048-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35589549&dopt=Abstract
https://www.covid19dataportal.org/the-european-covid-19-data-platform
https://www.covid19dataportal.org/the-european-covid-19-data-platform
https://europepmc.org/abstract/MED/34048576
http://dx.doi.org/10.1093/nar/gkab417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34048576&dopt=Abstract
https://www.mdpi.com/resolver?pii=vaccines11081361
http://dx.doi.org/10.3390/vaccines11081361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37631929&dopt=Abstract
http://dx.doi.org/10.1002/pds.5815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38783412&dopt=Abstract
https://www.cdc.gov/data-modernization/php/about/dmi.html
https://www.cdc.gov/data-modernization/php/about/dmi.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Martinez-Romero et &

11.

12.
13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.
30.

31.

32.
33.

35.

The Infectious Diseases Data Observatory homepage. The Infectious Diseases Data Observatory. URL : https://www.
iddo.org/ [accessed 2025-05-19]

Global.health: a data science initiative. Global.health. URL: https://global .health [accessed 2025-05-19]

Maxwell L, Shreedhar P, Dauga D, McQuilton P, Terry RF, Denisiuk A, et al. FAIR, ethical, and coordinated data sharing
for COVID-19 response: a scoping review and cross-sectional survey of COVID-19 data sharing platforms and registries.
Lancet Digit Health. Oct 2023;5(10):€712-e736. [FREE Full text] [doi: 10.1016/S2589-7500(23)00129-2] [Medline:
37775189

Tromberg BJ, Schwetz TA, Pérez-Stable EJ, Hodes RJ, Woychik RP, Bright RA, et al. Rapid scaling up of Covid-19
diagnostic testing in the United States - the NIH RADXx initiative. N Engl JMed. Sep 10, 2020;383(11):1071-1077. [FREE
Full text] [doi: 10.1056/NEIMsr2022263] [Medline: 32706958]

NIH RADx Data Hub homepage. RADx Data Hub. URL : https://radxdatahub.nih.gov/ [accessed 2024-05-10]

Wilkinson MD, Dumontier M, Aalbersberg |1J, Appleton G, Axton M, Baak A, et a. The FAIR guiding principles for
scientific data management and stewardship. Sci Data. Mar 15, 2016;3:160018. [FREE Full text] [doi: 10.1038/sdata.2016.18]
[Medline: 26978244]

RADx programs. National Institutes of Health National Institutes of Health. URL : https://www.nih.gov/research-training/
medi cal-research-initiatives/radx/radx-programs [accessed 2024-11-26]

RAPIDS. URL: https://rapids.Il.mit.edu/ [accessed 2025-08-05]

RADx data dictionary specification. GitHub. URL : https://github.com/bmir-radx/radx-data-dictionary-specification/bl ob/
mai n/radx-data-di ctionary-specification.md [accessed 2024-11-29]

Musen MA, Bean CA, Cheung KH, Dumontier M, Durante KA, Gevaert O, et a. The center for expanded data annotation
andretrieval. JAm Med Inform Assoc. Nov 2015;22(6):1148-1152. [FREE Full text] [doi: 10.1093/jamia/ocv048] [Medline:
26112029]

Musen MA, O'Connor MJ, Schultes E, Martinez-Romero M, Hardi J, Graybeal J. Modeling community standards for
metadata as templates makes data FAIR. Sci Data. Nov 12, 2022;9(1):696. [FREE Full text] [doi:
10.1038/s41597-022-01815-3] [Medline: 36371407]

Noy NF, Shah NH, Whetzel PL, Dai B, Dorf M, Griffith N, et al. BioPortal: ontologies and integrated data resources at the
click of amouse. Nucleic Acids Res. Jul 2009;37(Web Server issue):W170-W173. [FREE Full text] [doi: 10.1093/nar/gkp440]
[Medline: 19483092]

Welcome to dbGaP. National Institutes of Health National Library of Medicine. URL: https://dbgap.nchi.nlm.nih.gov/
[accessed 2024-11-28]

Cedar embeddable editor (CEE). GitHub. URL: https://github.com/metadatacenter/cedar-embeddable-editor [accessed
2024-12-03]

Whetzel PL, Noy NF, Shah NH, Alexander PR, Nyulas C, Tudorache T, et a. BioPortal: enhanced functionality via new
web services from the National Center for Biomedical Ontology to access and use ontologiesin software applications.
Nucleic Acids Res. Jul 2011;39(Web Server issue):W541-W545. [FREE Full text] [doi: 10.1093/nar/gkr469] [Medline:
21672956]

RADXx user code of conduct. RADx Data Hub. 2024. URL : https:.//radxdatahub.nih.gov/radx-s3-resources/

RA DxDataHubCodeOfConduct.pdf [accessed 2024-11-30]

NIH RADx data hub - resource center. RADx Data Hub. URL : https.//radxdatahub.nih.gov/resourceCenter [accessed
2024-11-29]

Huser V, AmosL. Analyzing real-world use of research common dataelements. AMIA Annu Symp Proc. 2018;2018:602-608.
[FREE Full text] [Medline: 30815101]

RADx data hub global codebook. Zenodo. URL: https://zenodo.org/records/16754495 [accessed 2024-11-30]

O’ Connor MJ, Martinez-Romero M, Egyedi AL, Willrett D, Graybeal J, Musen MA. An open repository model for acquiring
knowledge about scientific experiments. In: Proceedings of the 20th International Conference on Knowledge Engineering
and Knowledge Management. 2016. Presented at: EKAW 2016; November 19-23, 2016; Bologna, Italy. [doi:
10.1007/978-3-319-49004-5_49]

Bahim C, Casorran-Amilburu C, Dekkers M, Herczog E, Loozen N, Repanas K, et a. The FAIR data maturity model: an
approach to harmonise fair assessments. Data Sci J. 2020;19. [FREE Full text] [doi: 10.5334/dsj-2020-041]
Section508.gov homepage. Section508.gov. URL: https://www.section508.gov/ [accessed 2024-12-02]

Cheng C, Messerschmidt L, Bravo |, Waldbauer M, Bhavikatti R, Schenk C, et al. A general primer for data harmonization.
Sci Data. Jan 31, 2024;11(1):152. [FREE Full text] [doi: 10.1038/s41597-024-02956-3] [Medline: 38297013]

Fortier I, Raina P, Van den Heuvel ER, Griffith LE, Craig C, SalibaM, et al. Maelstrom research guidelines for rigorous
retrospective data harmonization. Int JEpidemiol. Mar 01, 2017;46(1):103-105. [FREE Full text] [doi: 10.1093/ije/dywQ75]
[Medline: 27272186]

Cheng C, Messerschmidt L, Bravo |, Waldbauer M, Bhavikatti R, Schenk C, et al. Harmonizing government responses to
the COVID-19 pandemic. Sci Data. Mar 14, 2024;11(1):204. [FREE Full text] [doi: 10.1038/s41597-023-02881-x] [Medline:
38355867]

https://publichealth.jmir.org/2025/1/e72677 JMIR Public Health Surveill 2025 | vol. 11 | €72677 | p. 20

(page number not for citation purposes)


https://www.iddo.org/
https://www.iddo.org/
https://global.health
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(23)00129-2
http://dx.doi.org/10.1016/S2589-7500(23)00129-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37775189&dopt=Abstract
https://europepmc.org/abstract/MED/32706958
https://europepmc.org/abstract/MED/32706958
http://dx.doi.org/10.1056/NEJMsr2022263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706958&dopt=Abstract
https://radxdatahub.nih.gov/
https://doi.org/10.1038/sdata.2016.18
http://dx.doi.org/10.1038/sdata.2016.18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26978244&dopt=Abstract
https://www.nih.gov/research-training/medical-research-initiatives/radx/radx-programs
https://www.nih.gov/research-training/medical-research-initiatives/radx/radx-programs
https://rapids.ll.mit.edu/
https://github.com/bmir-radx/radx-data-dictionary-specification/blob/main/radx-data-dictionary-specification.md
https://github.com/bmir-radx/radx-data-dictionary-specification/blob/main/radx-data-dictionary-specification.md
https://europepmc.org/abstract/MED/26112029
http://dx.doi.org/10.1093/jamia/ocv048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26112029&dopt=Abstract
https://doi.org/10.1038/s41597-022-01815-3
http://dx.doi.org/10.1038/s41597-022-01815-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36371407&dopt=Abstract
https://europepmc.org/abstract/MED/19483092
http://dx.doi.org/10.1093/nar/gkp440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19483092&dopt=Abstract
https://dbgap.ncbi.nlm.nih.gov/
https://github.com/metadatacenter/cedar-embeddable-editor
https://europepmc.org/abstract/MED/21672956
http://dx.doi.org/10.1093/nar/gkr469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21672956&dopt=Abstract
https://radxdatahub.nih.gov/radx-s3-resources/RADxDataHubCodeOfConduct.pdf
https://radxdatahub.nih.gov/radx-s3-resources/RADxDataHubCodeOfConduct.pdf
https://radxdatahub.nih.gov/resourceCenter
https://europepmc.org/abstract/MED/30815101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30815101&dopt=Abstract
https://zenodo.org/records/16754495
http://dx.doi.org/10.1007/978-3-319-49004-5_49
https://datascience.codata.org/articles/10.5334/dsj-2020-041
http://dx.doi.org/10.5334/dsj-2020-041
https://www.section508.gov/
https://doi.org/10.1038/s41597-024-02956-3
http://dx.doi.org/10.1038/s41597-024-02956-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38297013&dopt=Abstract
https://europepmc.org/abstract/MED/27272186
http://dx.doi.org/10.1093/ije/dyw075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27272186&dopt=Abstract
https://doi.org/10.1038/s41597-023-02881-x
http://dx.doi.org/10.1038/s41597-023-02881-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38355867&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Martinez-Romero et &

36.

37.
38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

RADx data hub study metadata template. Zenodo. Jan 11, 2025. URL: https://zenodo.org/records/14630797 [accessed
2025-07-29]

RADx data hub data file metadata template. Zenodo. URL: https://zenodo.org/records/14630748 [accessed 2025-07-29]
DataCite metadata schema documentation for the publication and citation of research data and other research outputs.
DataCite. URL: https://datacite-metadata-schema.readthedocs.io/en/4.6/ [accessed 2024-12-02]

De-identification guidance. RADx Data Hub. URL : https://radxdatahub.nih.gov/radx-s3-resources/

RADx_Data Hub-Deldentification Guidance.pdf [accessed 2024-11-05]

Harrison J, Berry S, Mor V, Gifford D. "Somebody like me": understanding COV1D-19 vaccine hesitancy among staff in
skilled nursing facilities. JAm Med Dir Assoc. Jun 2021;22(6):1133-1137. [FREE Full text] [doi:
10.1016/j.jamda.2021.03.012] [Medline: 33861978]

Puthussery JV, GhumraDP, McBrearty KR, Doherty BM, Sumlin BJ, Sarabandi A, et a. Real-time environmental surveillance
of SARS-CoV-2 aerosols. Nat Commun. Jul 10, 2023;14(1):3692. [FREE Full text] [doi: 10.1038/s41467-023-39419-7]
[Medline: 37429842]

McCollum CG, Creger TN, Rana Al, Matthews LT, Baral SD, Burkholder GA, et al. COVID community-engaged testing
in Alabama: reaching underserved rural populationsthrough collaboration. Am JPublic Health. Oct 2022;112(10):1399-1403.
[doi: 10.2105/AJPH.2022.306985] [Medline: 35952331]

Fall A, Eldesouki RE, Sachithanandham J, Morris CP, Norton JM, Gaston DC, et al. The displacement of the SARS-CoV-2
variant Deltawith Omicron: an investigation of hospital admissions and upper respiratory viral loads. EBioMedicine. May
2022;79:104008. [FREE Full text] [doi: 10.1016/j.ebiom.2022.104008] [Medline: 35460989]

Karvas RM, Khan SA, Verma S, Yin Y, Kulkarni D, Dong C, et a. Stem-cell-derived trophoblast organoids model human
placental development and susceptibility to emerging pathogens. Cell Stem Cell. May 05, 2022;29(5):810-25.e8. [FREE
Full text] [doi: 10.1016/j.stem.2022.04.004] [Medline: 35523141]

Boutzoukas AE, Zimmerman KO, Inkelas M, Brookhart MA, Benjamin DK, Buitteris S, et al. School masking policies and
secondary SARS-CoV-2 transmission. Pediatrics. Jun 01, 2022;149(6):€2022056687. [FREE Full text] [doi:
10.1542/peds.2022-056687] [Medline: 35260896]

Happel C, Pefialber-Johnstone C, Tagle DA. Pivoting novel exosome-based technol ogies for the detection of SARS-CoV-2.
Viruses. May 18, 2022;14(5):1083. [FREE Full text] [doi: 10.3390/v14051083] [Medline: 35632824]

Corbie G, D'Agostino EM, Knox S, Richmond A, Woods CW, Dave G, et al. RADx-UP coordination and data collection:
an infrastructure for COVID-19 testing disparities research. Am J Public Health. Nov 2022;112(S9):S858-S863. [FREE
Full text] [doi: 10.2105/AJPH.2022.306953] [Medline: 36194852]

Mannino RG, Nehl EJ, Farmer S, Peagler AF, Parsell MC, ClaveriaV, et a. The critical role of engineering in the rapid
development of COVID-19 diagnostics: lessons from the RADx Tech Test Verification Core. Sci Adv. Apr 07,
2023;9(14):eade4962. [FREE Full text] [doi: 10.1126/sciadv.ade4962] [Medline: 37027461]

Yu JK, Martinez-Romero M, Horridge M, Akdogan MU, Musen MA. A general-purpose data harmonization framework:
supporting reproducible and scalable data integration in the RADx Data Hub. ArXiv. Preprint posted online on March 3,
2025. 2025. [FREE Full text]

Open Researcher and Contributor Identifier (ORCID) homepage. Open Researcher and Contributor Identifier (ORCID).
URL: https://orcid.org [accessed 2025-01-06]

Research Organization Registry (ROR) homepage. Research Organization Registry (ROR). URL: https://ror.org [accessed
2025-01-06]

Abbreviations

(C)DCC: coordination and data collection center
AWS: Amazon Web Services

CEDAR: Center for Expanded Data Annotation and Retrieval
CDE: common data element

dbGaP: Database of Genotypes and Phenotypes
DOI: digital object identifier

FAIR: findable, accessible, interoperable, reusable
IRB: institutional review board

NIH: National Institutes of Health

PHI: protected health information

Pll: personaly identifiable information

RADx: Rapid Acceleration of Diagnostics

RADx DHT: RADx Digital Health Technologies
RADx-rad: RADx Radical

RADx-UP: RADx Underserved Populations

https://publichealth.jmir.org/2025/1/e72677 JMIR Public Health Surveill 2025 | vol. 11 | €72677 | p. 21

(page number not for citation purposes)


https://zenodo.org/records/14630797
https://zenodo.org/records/14630748
https://datacite-metadata-schema.readthedocs.io/en/4.6/
https://radxdatahub.nih.gov/radx-s3-resources/RADx_Data_Hub-DeIdentification_Guidance.pdf
https://radxdatahub.nih.gov/radx-s3-resources/RADx_Data_Hub-DeIdentification_Guidance.pdf
https://europepmc.org/abstract/MED/33861978
http://dx.doi.org/10.1016/j.jamda.2021.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33861978&dopt=Abstract
https://doi.org/10.1038/s41467-023-39419-z
http://dx.doi.org/10.1038/s41467-023-39419-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37429842&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2022.306985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35952331&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-3964(22)00192-X
http://dx.doi.org/10.1016/j.ebiom.2022.104008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35460989&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1934-5909(22)00157-6
https://linkinghub.elsevier.com/retrieve/pii/S1934-5909(22)00157-6
http://dx.doi.org/10.1016/j.stem.2022.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35523141&dopt=Abstract
https://europepmc.org/abstract/MED/35260896
http://dx.doi.org/10.1542/peds.2022-056687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35260896&dopt=Abstract
https://www.mdpi.com/resolver?pii=v14051083
http://dx.doi.org/10.3390/v14051083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35632824&dopt=Abstract
https://europepmc.org/abstract/MED/36194852
https://europepmc.org/abstract/MED/36194852
http://dx.doi.org/10.2105/AJPH.2022.306953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36194852&dopt=Abstract
https:///www.science.org/doi/10.1126/sciadv.ade4962?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1126/sciadv.ade4962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37027461&dopt=Abstract
https://arxiv.org/abs/2503.02115
https://orcid.org
https://ror.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Martinez-Romero et &

Edited by A Mavragani; submitted 14.02.25; peer-reviewed by J Tenenbaum, CH Bernabe, E Mensah; comments to author 22.04.25;
revised version received 13.06.25; accepted 04.07.25; published 20.08.25

Please cite as:

Martinez-Romero M, Horridge M, Mistry N, Weyhmiller A, Yu JK, Fujimoto A, Henry A, O'Connor MJ, Ser A, Suber S, Akdogan
MU, Cao 'Y, Valliappan S, Mieczkowska JO, Krishnamurthy A, Keller MA, Musen MA, RADx Data Hub Team

A Cloud-Based Platform for Harmonized COVID-19 Data: Design and Implementation of the Rapid Acceleration of Diagnostics
(RADx) Data Hub

JMIR Public Health Surveill 2025;11:€72677

URL: https://publichealth.jmir.org/2025/1/e72677

doi: 10.2196/72677

PMID: 40834404

©Marcos Martinez-Romero, Matthew Horridge, Nilesh Mistry, Aubrie Weyhmiller, Jimmy K Yu, Alissa Fujimoto, Aria Henry,
Martin JO'Connor, Ashley Sier, Stephanie Suber, Mete U Akdogan, Yan Cao, Somu Valliappan, Joanna O Mieczkowska, Ashok
Krishnamurthy, Michael A Keller, Mark A Musen, RADx Data Hub Team. Originally published in IMIR Public Health and
Surveillance (https://publicheal th.jmir.org), 20.08.2025. Thisis an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Public Health and Surveillance, is properly
cited. The complete bibliographic information, a link to the original publication on https://publichealth.jmir.org, as well as this
copyright and license information must be included.

https://publichealth.jmir.org/2025/1/€72677 JMIR Public Hedlth Surveill 2025 | vol. 11| e72677 | p. 22
(page number not for citation purposes)

RenderX


https://publichealth.jmir.org/2025/1/e72677
http://dx.doi.org/10.2196/72677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40834404&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

