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What are potential adverse effects 
of a group of COVID-19 drugs?

What is the risk of prescribing a 
COVID-19 treatment to patients 
with comorbidities? 

Motivation

● Improve patients' treatments
and outcomes;

● Anticipate and prevent new 
infections with informed processes, 
protocols, and policies; and 

●  Equip healthcare systems to 
respond more effectively to new 
medical challenges.

?
Objectives:
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Dataset of COVID-19 Scientific Publications 

https://www.semanticscholar.org/cord19

Open Dataset of COVID-19 
Scientific Publications

Human readable representation of 
a scientific publication

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7182748/
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Scientific Databases Describing Drugs

https://www.drugbank.ca/drugs/DB01611/

Scientific Database with 
information about drugs
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Scientific Databases Describing Drugs

Scientific Database with 
information about drugs

“Manual work” for checking 
scientific publications and 
databases for answering 
research questions

What are potential adverse effects 
of a group of COVID-19 drugs?

What is the risk of prescribing a 
COVID-19 treatment to patients with 
comorbidities? 

?
https://www.drugbank.ca/drugs/DB01611/
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Our Approach: Transforming Data into Knowledge

https://github.com/SDM-TIB/COVID-19-KG-Exploration-API https://metamap.nlm.nih.gov/
https://semrep.nlm.nih.gov/
https://bio.tools/BioBERT
https://bern.korea.ac.kr/

https://labs.tib.eu/falcon/falcon2/

https://github.com/SDM-TIB/SDM-RDFizer

https://github.com/SDM-TIB/COVID-19-KG-Exploration-API
https://github.com/SDM-TIB/COVID-19-KG-Exploration-API
https://metamap.nlm.nih.gov/
https://semrep.nlm.nih.gov/
https://bio.tools/BioBERT
https://bern.korea.ac.kr/
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What are Knowledge Graphs?

Entities and relationships are both first-class 
citizens in a graph data model. 

● Natural representation of a large number 
of relationships between entities 

● Enable easy traversal along those 
connections

Metadata represents meaning 
of entities and relationships.

● Provenance
● Taxonomies
● Languages

Metadata is empowered with 
inference processes to deduce 
new facts.
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Knowledge graphs are data structures that represent factual knowledge using the graph data model.
● Provide a formal specification of biomedical knowledge (metadata)
● Model taxonomies of entities and relationships
● Develop a common understanding of the meaning of the entities of a certain universe of discourse
● Enable knowledge management and discovery 
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Controlled Vocabularies (Metadata) 
UMLS provides a formal 
description of biomedical 
terms and their relationships

https://www.ncbi.nlm.nih.gov/books/NBK9679/figure/ch05.F3/
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Fine-Grained Semantic Description  

Human readable representation 
of a scientific publication

Graph-based, machine and 
human readable representation 
of a scientific publication

D
at

a

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7182748/
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Fine-Grained Description Drug-Drug Interactions
https://www.drugbank.ca/drugs/DB01611 Hydroxychloroquine

Human readable representation 
of drug-drug interactions

Machine and human readable 
representation of drug-drug 
interactions

Data
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Relationships Extracted From Publications

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166303/

Extracted entities and predicate from scientific publications represent that Chloroquine, 
Hydroxychloroquine, and Azithromycin Affect  QT prolongation

D
at
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Relationships Extracted From Publications

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204701/

Extracted entities and predicate from scientific publications represent that Chloroquine, 
Hydroxychloroquine, and Azithromycin interact and cause adverse reactions in the heart

D
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Semantic Data Integration into a Knowledge Graph 
Machine and human readable 
representation of the integration 
of publications and drug-drug 
interactions

Semantic data 
integration enriches 
knowledge represented 
in the knowledge graph

Human readable representation 
of publications and drug-drug 
interactions

Term IDs from 
UMLS

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7182748/

https://www.drugbank.ca/drugs/DB01611/
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Pattern Extraction from DDIs in the KG

Drug-drug interactions (DDIs) among the COVID-19 treatment Hydroxychloroquine, 
Chloroquine, and Azithromycin and drugs commonly prescribed to treat diabetes

According to entities and predicates extracted from Drugbank
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Explanations of the Extracted Patterns from KG 

Drug-drug interactions (DDIs) among the COVID-19 treatment 
Hydroxychloroquine, Chloroquine, and Azithromycin and drugs commonly prescribed to 
treat diabetes, can be explained not only based on what extracted from 
Drugbank but also in terms of what is extracted from the related publications

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166303 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204701/
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Our Knowledge4COVID-19 KG in Numbers 

The Knowledge4COVID-19 
Knowledge Graph

Value

Biomedical Entities 5,255,992

Relations between Biomedical Entities 27,158,885

Scientific Publications 51,868

Substances 4,162

Syndrome 2,012

Drug Toxicities 5,965

Links to DBpedia RDF Graph 5,905

Links to Bio2RDF RDF Graph 7,262

Links to DrugBank RDF Graph 14,524

https://f0ffbb86.ngrok.io/sparql

Drug-Drug Interactions 2,205,099

Predicted Drug-Drug Interactions 22,346
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Number of Publications per Drug

Total number of publication and publications in  2019 and 2020

Publications
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Clustering of Drugs based on Scientific Publications

KMeans clustering based on Scientific publications (2019-2020) annotated with the drugs: 
Favipiravir, Merimepodib, Lopinavir, Ritonavir,, Dexamethasone, Prednisone, Methylprednisolone, 
Hydrocortisone, Hydroxychloroquine, Chloroquine, Losartan, Amlodipine, Famotidine, Ivermectin

Relatedness of a set 
of drugs based on the 
publications that 
mention these drugs

Cluster with Chloroquine and Hydroxychloroquine
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The Top Frequent Drugs in Scientific Publications 

Scientific publications (2019-2020) annotated with the drugs: 
Favipiravir, Merimepodib, Lopinavir, Ritonavir,, Dexamethasone, 
Prednisone, Methylprednisolone, Hydrocortisone, Hydroxychloroquine, 
Chloroquine, Losartan, Amlodipine, Famotidine, Ivermectin

v
v
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The Top Frequent Conditions in Scientific Publications 

Scientific publications (2019-2020) annotated with the drugs: 
Favipiravir, Merimepodib, Lopinavir, Ritonavir,, Dexamethasone, 
Prednisone, Methylprednisolone, Hydrocortisone, Hydroxychloroquine, 
Chloroquine, Losartan, Amlodipine, Famotidine, Ivermectin
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Drug-Drug Interactions (DDIs) per Drug

Number of drug-drug interactions per drug 

DDIs
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Clustering of Drugs based on Drug-Drug Interactions

Relatedness of a set of drugs 
based on the drug-drug 
interactions of these drugs

Cluster with Chloroquine

Cluster with Hydroxychloroquine



Page 23

Clustering of Drugs based on Drug-Drug Interactions

Relatedness of a set of drugs 
based on the drug-drug 
interactions of these drugs

Cluster with Chloroquine

Cluster with Hydroxychloroquine



Page 24

Participation in Events

TIB team: Ahmad Sakor, Ariam Rivas, Anery Patel, 
Vitalis Wiens, and Maria-Esther Vidal. Germany

NCSR team: Kostantinos Bougiatiotis, Fotis Aisopos, 
Anastasia Krithara, and George Paliouras. Greece

#t_covid19kg_bzym2m12njf

The Pan-European hackathon #EUvsVirus (From 24 to 26 April 2020) organized with the 
aim of connecting experts, investors, and civilian organizations to devise together 
innovative solutions to the coronavirus outbreak. Citizens of all over the world responded to 
the call, and more than 2,160 proposals were submitted in 37 challenges. 

https://eit.europa.eu/news-events/events/registration-extended-24-april-euvsvirus-pan-european-hackathon

https://eit.europa.eu/news-events/events/registration-extended-24-april-euvsvirus-pan-european-hackathon
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Next Steps: Data to be Integrated 

Protein-Protein Networks

Drug-Gene Networks Drug-Target NetworksClinical Data

Genomic Data

https://www.orkg.org/orkg/
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Next Steps: A Hybrid Framework
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Contact:

Maria-Esther Vidal
Maria.Vidal@tib.eu 

MANY THANKS

Questions?

@MEVidalSerodio
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