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COVID-19: Coronavirus Disease 2019

• Caused by SARS-CoV-2 coronavirus

• First found in Wuhan, China, in 
December 2019 

• COVID-19 Pandemic
o Declared by WHO on March 11
o At the time: 118,326 confirmed cases 

and 4,292 deaths globally
o As of 9/26/2022: >614 mill. cases, 

>6.5 mill deaths As of 9/26/2022



Other Coronavirus Diseases

• SARS: Severe Acute Respiratory Syndrome
o Emerged in China in Nov. 2002, lasted 8 months 
o 8,098 confirmed cases in 29 countries, 774 deaths 
o Case-fatality rate: 9.6% 

• MERS: Middle East Respiratory Syndrome 
o Emerged Saudi Arabia in June 2012 
o 2,260 confirmed cases in 27 countries, 803 deaths
o Case-fatality rate: 35.5%

• Many other coronaviruses cause mild disease in 
humans, similar to the common cold



CIDO: Coronavirus Infectious Disease Ontology

• Community Effort:
– https://github.com/CIDO-ontology/cido
– An Open Biological and Biomedical Ontology (OBO) Foundry 

library ontology

• Integrates coronavirus data concerning:
– Coronaviruses (etiology); Hosts (phenotypes); Reservoirs 

(Transmission); Host-Coronavirus Interactions; 
– Diagnosis; Drugs; Vaccines;
– Metadata; Data Standardization 

Ref: He Y, Yu H, Ong E, Wang Y, Liu Y, Huffman A, Huang H, Beverley J, Hur J, Yang X, Chen 
L, Omenn GS, Athey B, Smith B. CIDO, a community-based ontology for coronavirus disease 
knowledge and data integration, sharing, and analysis. Scientific Data. (2020) 7:181.

https://github.com/CIDO-ontology/cido


CIDO design pattern (2020)

Ref: He Y, Yu H, Ong E, Wang Y, Liu Y, Huffman A, Huang H, Beverley J, Hur J, Yang X, Chen 
L, Omenn GS, Athey B, Smith B. CIDO, a community-based ontology for coronavirus disease 
knowledge and data integration, sharing, and analysis. Scientific Data. (2020) 7:181.



CIDO Statistics: 

• 11,284 terms in total
o 1,526 CIDO specific terms
o Others imported from 53 existing ontologies 

(note: many terms such as vaccines are from our 
own or our co-authors’ ontologies such as 
Vaccine Ontology and Protein Ontology. 

Version: 1.0.337 (08-01-2022):

https://ontobee.org/ontostat/CIDO 

https://ontobee.org/ontostat/CIDO


Architecture of CIDO

Aligns with 
Basic 
Formal 
Ontology 
(BFO)

Fig. 1.



Representing Coronaviruses and COVID-19 Phenotypes 

NCBITaxon
hierarchy 
imported to 
CIDO, 
representing 
coronaviruses

HP imports 
represent 
phenotypes 
shown in 
COVID-19

Strategy used: (1) Only import needed, (2) Semantics & additional terms also imported. 



SARS-CoV-2 
proteins 
and 
genes 

Fig. 2.

By: Darren A. 
Natale, Oliver He



CIDO modeling of AA variants and mutations

Fig. 3.

− ‘characteristic AA variant of’ some 

‘SARS-CoV-2 Omicron variant’

− ‘is a’ some ‘AA variant in 

SARS-CoV-2 S protein S1 RBD 

region’

− ‘has amino acid position’ value 

614

− ‘has part’ some ‘glycine residue’

− ‘has mutated from’ some ‘aspartic 

acid’

‘D-614G in SARS-CoV-2 S protein’: 



Ontological modeling of epidemiology and public health

Fig. 3.

‘blood plasma specimen 1’ rdf:type ‘blood plasma specimen’

and ‘has part’ some ‘SARS-CoV-2’

and ‘has viral load measurement’ value 108

Epidemiology: 

‘SARS-CoV-2 reference strain: ‘has average R0’ value 2.69 

‘SARS-CoV-2 Delta variant’: ‘has average R0’ value 5.02 

‘SARS-CoV-2 Omicron BA.1 variant’: ‘has average R0’ value 9.05 

By: John 
Beverley, VIDO



Modeling of COVID-19 diagnostic testing using CIDO

Fig. 4.



… …

… …

Pfizer/BioNTech vaccine - Comirnaty
Example vaccine in Cov19VaxKB and VO modeling: 

http://www.violinet.org/cov19vaxkb/authorized
cov19vax.php#Comirnaty 

http://www.violinet.org/vax
query/vaccine_detail.php?

c_vaccine_id=5784 

Vaccine Ontology ID

VIOLIN vaccine ID
Vaccine Ontology ID

http://purl.obolibrary.org/obo/VO_0004987 

http://www.violinet.org/cov19vaxkb/authorizedcov19vax.php#Comirnaty
http://www.violinet.org/cov19vaxkb/authorizedcov19vax.php#Comirnaty
http://www.violinet.org/vaxquery/vaccine_detail.php?c_vaccine_id=5784
http://www.violinet.org/vaxquery/vaccine_detail.php?c_vaccine_id=5784
http://www.violinet.org/vaxquery/vaccine_detail.php?c_vaccine_id=5784
http://purl.obolibrary.org/obo/VO_0004987


Representative clinical metadata types covered in CIDO

Table 1

Metadata types Metadata Examples

person (NCBITaxon_9606) person ID (OPMI_0000470), gender (PATO_0001894), year of birth (OPMI_0000473), 
race (NCIT_C17049 ), ethnicity (NCIT_C16564 ), care site (OPMI_0000479), geographic 

location (GAZ_00000448) 

specimen (OBI_0100051) specimen ID  (OBI_0001616), date of specimen collection (OBIB_0000714), anatomical 
structure (UBERON_0000061)

visit occurrence (OPMI_0000482) visit occurrence identifier (OPMI_0000483), visit start date (OPMI_0000487), visit end 
date (OPMI_0000488), preceding visit occurrence (OPMI_0000492), ER visit 

(OPMI_0000486)

procedure occurrence (OPMI_0000505) procedure (NCIT_C25218), procedure start date (OPMI_0000508), procedure end date 
(OPMI_0000510), care provider (OPMI_0000163) 

drug exposure (OPMI_0000572) and 
device exposure (OPMI_0000554)

drug (CIDO_0000167), drug exposure start time (OPMI_0000565), drug exposure end 
time (OPMI_0000567), medical device (NCIT_C16830), diagnostic kit (CIDO_0000453) 

clinical measurement (CMO_0000000) clinical measurement identifier (OPMI_0000582), care provider (OPMI_0000163), 
measurement time (OPMI_0000579), measurement unit label (IAO_0000003), 

measurement date (OPMI_0000580)

observation period (OPMI_0000575) observation period start date (OPMI_0000577), 
observation period end date (OPMI_0000578), 

provenance of observation record (OPMI_0000522)



Host-coronavirus protein-protein interactions (PPIs) and 
drugs targeting the viral or host proteins

Fig. 5.



Modeling of COVID-19 diagnostic testing using CIDO

Fig. 4.



The weighted 
aggregate 

taxonomy (WAT) 
for CIDO 

(version 1.0.306) 
with 10,853 
concepts

Fig. 6.

By: Ling Zheng, 
Yehoshua Perl



CIDO Use Cases

1. Ontology-based coronavirus-related knowledge and data 
standardization, annotation, mapping, integration, and 
inferencing, supporting advanced COVID-19 data analysis

2. CIDO queries for Delta and Omicron differences for better 
mechanistic understanding of virulence and transmission

3. CIDO-supported NLP for clinical and basic mechanism 
research

4. CIDO-based machine learning and drug cocktail design for 
COVID-19 treatment



DL Query Demos

A: Query for AA variants 
shared by Delta and 
Omicron strains

C: Query for amino 
acid variants that 
belong to Delta.

B: Query for amino 
acid variants that 
belong to Omicron

Fig. 7.



Host-SARS-CoV-2 
gene-gene 
interaction 

network using 
SciMiner on the 
litCovid paper 

abstracts

Fig. 8.

By: Junguk Hur, 
Oliver He



SARS-CoV-2 drug screening based on the drug cocktail strategy

Fig. 9.



Conclusion & Discussion

• CIDO integrates terms for coronaviruses, associated 
diseases, phenotypes, medical devices, treatments, 
vaccines, etc. 

• CIDO supports computational analysis of coronavirus and 
disease data, evidenced by drug repurposing applications

• Representations of important coronavirus mechanisms 
are crucial for our progress

• Collaborations welcome!


