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Background

The OHDSI OMOP CDM! is a widely recognized open-science community data model, standardizing data
from diverse clinical domains and sources to support robust and reliable analysis. To fully leverage the
power of OMOP CDM, various terminologies and ontologies are utilized. As standard OHDSI vocabularies
in the Drug domain, RxNorm? and RxNorm Extension? represent vaccines licensed in the United States and
globally, respectively. The existing RxNorm/RxNorm Extension vaccine hierarchies mainly focus on
ingredients and components.

As an Open Biomedical Ontologies (OBO) Foundry* library ontology, the Vaccine Ontology (VO)®
represents licensed/authorized vaccines, vaccines used in clinical trials and research, vaccine components,
and vaccine responses. In this study, we classified and integrated the RxNorm and RxNorm Extension
vaccine-related terms in the VO with the goal of enhancing systematic classification and analysis of
vaccine-related information for vaccine researchers.

Methods

RxNorm and RxNorm Extension vaccine and vaccine ingredient terms were first extracted from the OHDSI
vocabulary database. An automated approach® was adopted to identify identical terms by comparing the
similarity of the extracted term names and VO term labels, which was followed by a manual review. When
RxNorm and RxNorm Extension vaccine-related terms were not present in VO, they were added into VO
according to a vaccine design pattern (ODP)’. This VO ODP was modified to include additional RxNorm
vaccine attributes. The vaccines with their associated information were formatted according to the ODP
into a ROBOT? template file (.csv) and then converted to OWL format using ROBOT's template function.
The mappings between VO and RxNorm/RxNorm Extension terms are available at:
https://github.com/vaccineontology/VO/blob/master/src/templates/vo RxNorm.csv.

Results

We extracted a total of 7,440 vaccine and vaccine ingredient terms, including 2,051 terms from RxNorm
(version 2023-07-03) and 5,389 terms from RxNorm Extension (version 2023-08-24). Our automated


https://github.com/vaccineontology/VO/blob/master/src/templates/vo_RxNorm.csv

approach identified 681 RxNorm and 2 RxNorm extension terms that exist in the VO (release 2024-01-03).

As illustrated in Figure 1, an updated VO ODP (Figure 1) was developed to semantically represent the
RxNorm and RxNorm Extension vaccines together with their associated attributes and relations.
Specifically, RxNorm includes six class types (i.e., clinical drug component, clinical drug, branded drug,
qguantified branded drug, and quantified branded box) and six attributes (i.e., ingredient, drug strength,
dose form, brand name, quant factor, and box size). These are illustrated using the RxNorm term “1ML
Hepatitis B surface antigen 0.01 MG/ML injection [H-B-Vaxll] Box of 10” (Figure 1A).

In VO, the RxNorm ingredient is represented as a ‘vaccine component’ and other RxNorm class types are
represented as vaccines. The existing VO ODP7 focuses on vaccine attributes: 1) pathogen that a vaccine
immunizes against; 2) a vaccine immunizes recipient; 3) vaccine component (e.g. ‘vaccine antigen’,
‘vaccine adjuvant’); 4) vaccine platform. We further extend the existing design pattern by representing
specific RxNorm attributes (such as ‘dose form’ and ‘box size’) as ontology terms and linking the vaccine
with these attribute-mapped ontology terms by specific relations (Figure 1B). The vaccine ingredients in
RxNorm have two main types, antigens and pathogenic organisms, which could be mapped to more
specific ‘vaccine component’ types, ‘vaccine antigen’ and ‘pathogen organism component in vaccine’ in
VO. As an ingredient of the vaccine, pathogenic organisms are either inactivated or attenuated. VO
contains organism quality, ‘vaccine organism live attenuated’ and ‘vaccine organism inactivated’, which
was used to specify the status of a ‘pathogen organism component in vaccine’ (Figure 1B).
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Figure 1. RxNorm-to-VO design illustration. (A) RkNORM vaccine representation design. (B) RxNorm-to-VO design pattern.



Figure 2 illustrates how the above VO design is used to represent the hierarchical structure of Hepatitis B
surface antigen vaccines (Figure 2A) and one specific RxNorm vaccine in VO (Figure 2B). In addition to the
RxNorm axioms, VO includes other logical axioms:

- ‘vaccine immunizes against pathogen’ some ‘Hepatitis B virus’
- ‘vaccine immunizes recipient’ some ‘Homo sapiens’
‘has role’ some ‘licensed vaccine role’.

These axioms represent additional vaccine attributes that support computer-assisted vaccine
classification.
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Figure 2. VO representation of a vaccine (highlighted in red box) in a hierarchical structure (A) and ontology representation
(B). Green boxes highlight the concepts in RxNorm or RxNorm Extension and the text in green indicates the mapped RxNorm
concept class types or attributes. Orange boxes are new axioms added in VO based on the VO design pattern.

Our work resulted in the addition of 1,370 RxNorm and 4,089 RxNorm Extension vaccine-related terms to
VO (release 2024-06-26). Seven pairs of RxNorm Extension vaccine terms were found having the same
names and considered as the same vaccines. The terms were merged in VO by assigning 7 unique VO IDs.
A total of 1,298 RxNorm Extension terms have incomplete names (containing “..." in long-length names);
as a result, these terms have not yet been added to VO, and we are working to solve this issue.

Ontological representation of vaccines using logical axioms in VO enables us to construct the RxNorm and
RxNorm Extension vaccines hierarchy based on vaccine attributes in addition to asserted hierarchy
structures. The intermediate terms were added to group RxNorm and RxNorm Extension vaccine-related
terms based on specific vaccine properties. With the addition of vaccine-against-pathogen information,
we identified that RxNorm vaccines targeted 24 different pathogens and organized them according to the
targeted pathogens in VO (Figure 3A). Figure 3B showed the hierarchy of influenza vaccines based on
vaccine targeted flu season.
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Figure 3. Hierarchy of RxNorm/RxNorm Extension vaccines based (A) vaccine against pathogen and (B) flu season.

Using a Description Logic (DL) query, we could retrieve vaccines of interest according to logical axioms.
Figure 4 demonstrates a Description Logic (DL) query was developed to identify 315 vaccines against
pathogen 'Hepatovirus A' that have the dose form of ‘injectable product’.

Query (class expression)

vaccine and 'immunizes against pathogen' some 'Hepatovirus A’ and 'has drug dose form' some 'injectable product’
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0.5 ML Hepatitis A Vaccine (Inactivated) Strain HM175
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Figure 4. Demonstration of a DL-query based on the VO representation.

Conclusion

We integrated 2,051 RxNorm terms (including vaccines and vaccine ingredients) and 4,091

RxNorm



Extension terms into VO, incorporating additional semantic relations. RxNorm attributes such as
ingredient, dose form, brand name, and box size have been represented using logical axioms in VO. The
newly added hierarchy aligns with the existing VO structure, and intermediate VO terms were added to
provide new hierarchies of RxNorm and RxNorm Extension vaccine-related terms based on specific
vaccine types such as targeted pathogen and disease types and flu seasons. This integration greatly
enhances the representation, querying, and analysis of various vaccine information within a single
ontological knowledge resource. A future task will be to identify the needs of OMOP and better support
vaccine data analysis within the OMOP framework.
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