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Interoperability

“the ability of two or more systems or 
components to exchange information 
and 
to use the information that has been 
exchanged” IEEE Std 610 1–217 (1991)

https://commons.wikimedia.org/wiki/File:Pieter_Bruegel_the_Elder_-
_The_Tower_of_Babel_(Vienna)_-_Google_Art_Project_-_edited.jpg



Motivation
• Enhance reproducibility of research

• Improve reusability of scientific 
data across projects 

• Harmonize datasets to enable 
integration across studies 

• Make data reusable not only for 
humans, but also machines

https://pixabay.com/photos/archive-boxes-documents-folders-1850170



Digital Medicine Depends on Interoperability

Lehne M, Sass J, Essenwanger A, Schepers J, Thun S (2019). 
Why digital medicine depends on interoperability. npj Digital Medicine.



Communication and Connectivity
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Artificial Intelligence



Research



International Cooperation



International Patient Summary



Reproducibility crisis



Scientific Journals

“A condition of publication in a Nature 
Research journal is that authors are required 
to make materials, data, code, and associated 
protocols promptly available to readers 
without undue qualifications.” – Nature 
Research

“PLOS journals require authors to make all data 
necessary to replicate their study’s findings publicly 
available without restriction at the time of 
publication.” – PLOS One



The FAIR Principles

https://doi.org/10.1038/sdata.2016.18

https://doi.org/10.1038/sdata.2016.18


The FAIR Principles

• Findability
• Accessibility
• Interoperability
• Reusability

Wilkinson, M., Dumontier, M., Aalbersberg, I. et al. The FAIR Guiding Principles for scientific data management and 
stewardship. Sci Data 3, 160018 (2016). https://doi.org/10.1038/sdata.2016.18

https://doi.org/10.1038/sdata.2016.18


FAIR: Findability

To be Findable:
F1. (meta)data are assigned a globally unique and persistent 

identifier
F2. data are described with rich metadata
F3. metadata clearly and explicitly include the identifier of

the data it describes
F4. (meta)data are registered or indexed in a searchable

resource



FAIR: Accessibility

To be Accessible:
A1. (meta)data are retrievable by their identifier using a 

standardized communications protocol
A1.1 the protocol is open, free, and universally implementable
A1.2 the protocol allows for an authentication and authorization

procedure, where necessary

A2. metadata are accessible, even when the data are no
longer available



FAIR: Interoperability

To be Interoperable:
I1. (meta)data use a formal, accessible, shared, and broadly 

applicable language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles
I3. (meta)data include qualified references to other 

(meta)data



FAIR: Reusability

To be Reusable:
R1. meta(data) are richly described with a plurality of 

accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage 

license
R1.2. (meta)data are associated with detailed provenance
R1.3. (meta)data meet domain-relevant community standards



FAIR data vs. Open data



Standards and terminologies



Phenopackets: Standardizing and
Exchanging Patient Phenotypic Data

Source: GA4GH



SNOMED - Systematized Nomenclature of Medicine



ASSESS CT

Thiel, Thun et al Stud Health Technol Inform 2016
Dewenter, Thun Stud Health Technol Inform 2018



LOINC@BfArM



Projects: NFDI4Health



NFDI4Health – Aims

• Creation of the most comprehensive inventory of German 
epidemiological, public health and clinical trial data to date

• Centralized Data catalogue
• Search functionalities
• Sophisticated data access management
• Data analysis toolbox

• Respecting stringent requirements for privacy concerning personal 
health data

• High degree of interoperability



Data Registries – Clinical Trials

https://www.who.int/clinical-trials-registry-platform/the-ictrp-search-
portal

https://www.drks.de/drks_web/navigate.do?navigationId=start



Data Registries – Epidemiological Studies

https://www.rki.de/EN/Content/infections/epidemiolo
gy/outbreaks/COVID-19/AK-Studien 
english/Sero_List.html;jsessionid=3A90E1A2F219ED3E3C6
901547E3BB137.internet101

https://asm.org/COVID/COVID-19-Research-Registry/Epidemiology



NFDI4Health – Aims 

Administrative 
Health 

Databases

Registries

Clinical Trials

Epidemiologic
al Studies

Public 
Health 

Surveillance

The resulting infrastructure will build bridges between user communities 
and data holders from epidemiology, public health and clinical trials



NFDI4Health – Aims 

Interoperability
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Task Area Core-Unit eHealth und 
Interoperability

• Interoperability-Roadmap
• Identification of relevant 

Standards, Terminologies and 
Ontologies

• Value Set Implementation 
• USE of SNOMED CT/ LOINC
• Development of Implementation 

Guidelines (e.g. HL7 FHIR) 
• Development of data models 



Scientific Background



Scientific Background: Harmonization



Clinical Trial Registry based on HL7 Standards



Mapping existing Platforms (XNAT) to
Standards

Source XNAT



Scientific Background

• Overview of instruments and resources
• Scoping of content domain on a selection 

of instruments using the Maelstrom
taxonomy

• Reuse of existing instruments to make 
results openly available (machine-
readable format)

• Facilitate reuse and maximize 
comparability of results across studies and 
countries



NFDI4Health - Task Force COVID-19

Cohort Browsing

Item Browsing

Access to study resources

Harmonized COVID-19 
research



Rating Description Number of 
Concepts (%)

0 Equivalent meaning 141 (69)
1 Source is wholly included 

in target
32 (16)

2 Source is partially included 
in target

23 (11)

3 Source is mapped 
however there were many 
options. Source map is the 
best comparison rather 
than an actual 
correspondence

8 (4)

4 no map possible 1 (0)

NFDI4Health - Task Force COVID-19



Projects: German Corona Consensus 
Dataset (GECCO)



H2020 ORCHESTRA



Medical Informatics Initiative

Source: TMFEV



Core Data Set @ International Patient Summary

Source: TMFEV



Genetic Testing Report 

1+Million Genomes Initiative
Federated, secure, interoperable and
privacy-respecting framework and access
governance

HerediVar
Interactive variant database for 
automated VUS classification

genomDE
INFRASTRUCTURE + TECHNOLOGY 
STANDARDS + QUALITY 



Collaboration on Rare Diseases CORD_MI



Dataset HL7 FHIR ‚Condition‘



Translational Medicine Depends on 
Interoperability

FAIR DATA



Conclusion
• Use FAIR principles: 

• Findable

• Accessible

• Interoperable

• Reusable

• Enhance reusability of scientific data
• Extract maximum benefit from digital data sources
• Allow automatic processing (e.g. AI / machine learning)

This can aid the “democratization” of medicine: making health technologies
(globally) accessible, improving healthcare, fostering innovations to enable

Translational Medicine
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