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Background

The National COVID Cohort Collaborative (N3C) dataset1, one of the largest and most detailed collections
of electronic health record (EHR) data related to COVID-19 patients, encompasses diverse patient
information across the USA dating back to 2018. It also enables COVID-19 vaccine studies with rich
vaccination records. N3C employs the Observational Medical Outcomes Partnership Common Data
Model (OMOP CDM)2 as its basic infrastructure. However, the vast and heterogeneous nature of the N3C
dataset presents significant challenges for integrating and analyzing specific vaccine terms. Although
leveraging CVX3, RxNorm4, and RxNorm Extension5 codes to standardize vaccine-related concepts, these
terminologies lack robust semantic relations and proper hierarchy, leading to ineffective and discrepancy
in the vaccine-related research6,7.

The Vaccine Ontology (VO)8,9 is a community-based biomedical ontology that provides a systematic
ontological representation of vaccine terms with wide coverage and proper hierarchy. The VO facilitates
the consistent annotation and integration of vaccine-related data, so it can serve as a backbone to
integrate vast and heterogeneous vaccine vocabularies. In this study, we investigate the coverage of
vaccine records in N3C by mapping these records to the VO and demonstrating how the VO can support
more advanced data classification and analysis.

Method

1. Extraction of COVID-19 vaccine data from N3C

Based on the current designated hierarchy of Athena10 and standard vocabulary, we first used concept
‘947817:covid-19 vaccines; systemic’ as the highest level ancestor term of COVID-19 vaccines terms to
retrieve all COVID-19 vaccine records. The used SQL code is shown as follows.

WITH cte_covid_vaccine AS

( SELECT b.*

FROM concept_ancestor a JOIN concept b ON a.descendant_concept_id = b.concept_id

AND a.ancestor_concept_id = 947817 )

SELECT drug_concept_id, drug_concept_name, vocabulary_id, COUNT(*) AS counts

FROM drug_exposure a JOIN cte_covid_vaccine b ON a.drug_concept_id = b.concept_id

GROUP BY drug_concept_id, drug_concept_name, vocabulary_id;

In addition, we used wildcards to retrieve COVID-19 vaccine terms as a comparison to see if any records
are uncaptured. The used code is shown as follows.

SELECT drug_concept_id, drug_concept_name, vocabulary_id, COUNT(*) AS counts

FROM drug_exposure a



WHERE drug_concept_name like '%COVID-19%vaccine%'

GROUP BY drug_concept_id, drug_concept_name, vocabulary_id;

All data were accessed on June 12, 2024 on N3C enclave. A data quality check was executed to check for
missing value and outliers. All qualified vaccine records data was included regardless of brands,
platforms, variants, and time of administration. Then we collected and classified terms.

2. Mapped vaccine terms to VO

All collected vaccine terms were mapped to VO and then classified, analyzed based on VO pattern.
One-to-one exact mapping was employed throughout the process, which means that for any single term,
there is one and only one VO term mapped to it with the same gratuity and semantic content. No uphill
or downhill mapping was allowed. So we might add new VO terms if necessary corresponding to a
nonexisting vaccine term. To support terminology-specific annotations in VO, specific annotation
properties, including ‘RxNorm ID’, ‘RxNorm Extension ID’, and ‘OMOP concept ID’, among others, were
later added to VO to represent the corresponding content. The Robot tool11 and Protege-OWL editor12

were used to edit and display the terms.

Results

1. Summary of vaccine records from N3C

After using the concept ‘947817:covid-19 vaccines; systemic’ as the ancestor term of COVID-19 vaccines
terms, 25,835,254 rows records were extracted, including 17 distinct COVID-19 vaccine terms. All 17
terms were from RxNorm. While using wildcards in script, 27,371,805 rows were extracted, including 36
different COVID-19 vaccine terms, including 31 terms of RxNorm, 3 of CVX and 1 of RxNorm Extension.
Consequently, the wildcards methods extracted 1,536,560 more rows of data than using the concept
‘947817:covid-19 vaccines; systemic’ as the ancestor term.

Table 1 lists the top ten most frequently identified terms with detail. ‘SARS-CoV-2 (COVID-19) vaccine,
mRNA-BNT162b2 0.1 MG/ML Injectable Suspension’ was the most frequent COVID-19 vaccine term in
N3C.

Table 1. Top 10 RxNorm COVID-19 Vaccine Concepts Based on Record Counts

Ranking OMOP_concept_id OMOP_concept_name Vocabulary Counts VO_ID

1 37003436
SARS-CoV-2 (COVID-19) vaccine, mRNA-BNT162b2 0.1

MG/ML Injectable Suspension
RxNorm 7,913,175 VO:0020221

2 1759206
SARS-CoV-2 (COVID-19) vaccine, mRNA-BNT162b2 0.1

MG/ML Injectable Suspension [Comirnaty]
RxNorm 7,141,808 VO:0020222

3 37003518
SARS-CoV-2 (COVID-19) vaccine, mRNA-1273 0.2 MG/ML

Injectable Suspension
RxNorm 5,405,988 VO:0020206

4 779679
SARS-CoV-2 (COVID-19) vaccine, mRNA-1273 0.2 MG/ML

Injectable Suspension [Spikevax]
RxNorm 1,290,092 VO:0020207

5 1525538

SARS-CoV-2 (COVID-19) vaccine, mRNA-BNT162b2 0.05
MG/ML / SARS-CoV-2 (COVID-19) vaccine,

mRNA-BNT162b2 OMICRON (BA.4/BA.5) 0.05 MG/ML
Injectable Suspension

RxNorm 1,012,279 VO:0020217

6 702118
SARS-CoV-2 (COVID-19) vaccine, mRNA-BNT162b2 0.05

MG/ML Injectable Suspension
RxNorm 793,039 VO:0020216



Ranking OMOP_concept_id OMOP_concept_name Vocabulary Counts VO_ID

7 724904 SARS-COV-2 (COVID-19) vaccine, UNSPECIFIED CVX 703,050 VO:0006704

8 37003432 SARS-CoV-2 (COVID-19) vaccine, mRNA spike protein RxNorm 650,716 VO:0020194

9 1525543
SARS-CoV-2 (COVID-19) vaccine, mRNA-1273 0.05 MG/ML
/ SARS-CoV-2 (COVID-19) vaccine, mRNA-1273 OMICRON

(BA.4/BA.5) 0.05 MG/ML Injectable Suspension
RxNorm 533,834 VO:0020201

10 739906
SARS-COV-2 (COVID-19) vaccine, vector - Ad26
100000000000 UNT/ML Injectable Suspension

RxNorm 515,887 VO:0020227

2. VO-based analysis of N3C vaccine records after vaccine term mapping

Figure 1 shows how the VO represents the hierarchical structure of the vaccines with records in N3C. Our
study found clearer relations among these vaccine terms. For example, the RxNorm vaccine term: ‘0.5
ML SARS-CoV-2 (COVID-19) vaccine, mRNA-1273 OMICRON (XBB.1.5) 0.1 MG/ML Injection’ is classified as
the parent of another vaccine, ‘0.5 ML SARS-CoV-2 (COVID-19) vaccine, mRNA-1273 OMICRON (XBB.1.5)
0.1 MG/ML Injection [Spikevax 2023-2024]’. The latter term has the brand name ‘Spikevax’, while the
other does not. Each of these vaccines is associated with specific N3C records (Figure 1). In addition to
the “Injection” dose form, we also identified another dose form, “Prefilled Syringe”, with the same
vaccine ingredient and dose strength (i.e., concentration) (Figure 1).

Figure 1. An example of VO hierarchical structure of the vaccines with N3C records. Protégé-OWL
editor was used for ontology visualization. The numbers represent the counts of vaccine records in N3C.

Figure 2 shows a Description Logic (DL)-query that queries for all XBB.1.5-containing COVID-19 vaccines
recorded in the N3C specific VO OWL file. XBB.1.5 is the latest subvariant of the Omicron variant of
SARS-CoV-2 virus. Vaccines targeting XBB.1.5 have been available on the market since September 23,
202313. The VO represents the information of the pathogen that a vaccine targets, so XBB.1.5 containing
COVID-19 vaccines were queried using the following axiom:

‘immunizes against pathogen’ some ‘SARS Coronavirus 2 XBB.1.5’

Overall, our DL-query identified 11 specific XBB.1.5-containing COVID-19 vaccines (Figure 2). Similarly,
SPARQL can be used to perform such a query (data not shown). These queries demonstrate that the VO
supports more advanced data analysis of N3C vaccine studies.



Figure 2. DL-query of XBB.1.5 containing COVID-19 vaccines

Conclusion

The vaccines recorded in the N3C dataset were mapped to and then analyzed using the VO. Our study
shows that the VO improves semantic classification and applications of vaccine records in N3C, leading to
more advanced data query and analysis.

References

1. Haendel MA, Chute CG, Bennett TD, Eichmann DA, Guinney J, Kibbe WA, et al. The National COVID
Cohort Collaborative (N3C): Rationale, design, infrastructure, and deployment. J Am Med Inform
Assoc. 2021;28(3):427-43.

2. Makadia R, Ryan PB. Transforming the Premier Perspective Hospital Database into the Observational
Medical Outcomes Partnership (OMOP) Common Data Model. EGEMS (Wash DC). 2014;2(1):1110.

3. IIS: Current HL7 Standard Code Set CVX -- Vaccines Administered.
https://www2a.cdc.gov/vaccines/iis/iisstandards/vaccines.asp?rpt=cvx. Accessed 24 May, 2024.

4. RxNorm. https://www.nlm.nih.gov/research/umls/rxnorm/index.html. Accessed 12 Jun, 2024.
5. OHDSI. RxNorm Extension - an OHDSI resource to represent international drugs.

https://www.ohdsi.org/web/wiki/doku.php?id=documentation:international_drugs. Published 2019.
Accessed 12 Jun, 2024.

6. Yupeng Li AB, Gretchen A. Baltus, Carolyn Cho, Vasu Chandrasekaran, Erik Dasbach, Lixia Yao. Quality
assessment of vaccine concepts in OMOP common data model. 2020 OHDSI global symposium2020.

7. Abeysinghe R, Black A, Kaduk D, Li Y, Reich C, Davydov A, et al. Towards quality improvement of
vaccine concept mappings in the OMOP vocabulary with a semi-automated method. J Biomed
Inform. 2022;134:104162.

8. He Y, Cowell L, Diehl A, Mobley H, Peters B, Ruttenberg A, et al. VO: Vaccine Ontology. Nature
Precedings. 2009.

9. Vaccine Ontology. https://github.com/vaccineontology. Accessed 1 Jun, 2024.

https://www2a.cdc.gov/vaccines/iis/iisstandards/vaccines.asp?rpt=cvx
https://www2a.cdc.gov/vaccines/iis/iisstandards/vaccines.asp?rpt=cvx
https://www.nlm.nih.gov/research/umls/rxnorm/index.html
https://www.ohdsi.org/web/wiki/doku.php?id=documentation:international_drugs
https://www.ohdsi.org/web/wiki/doku.php?id=documentation:international_drugs


10. Odysseus Data Services I. Athena. https://athena.ohdsi.org/search-terms/start. Published
2015-2024. Accessed 12 Jun, 2024.

11. Jackson RC, Balhoff JP, Douglass E, Harris NL, Mungall CJ, Overton JA. ROBOT: A Tool for Automating
Ontology Workflows. BMC Bioinformatics. 2019;20(1):407.

12. Musen MA. The Protégé Project: A Look Back and a Look Forward. AI Matters. 2015;1(4):4-12.
13. US Food and Drug Administration. Updated COVID-19 vaccines for use in the United States beginning

in fall 2023. June 16, 2023.
https://www.fda.gov/vaccines-blood-biologics/updated-covid-19-vaccines-use-united-states-beginni
ng-fall-2023. Accessed 12, Jun, 2024.

Ethics Approval 
The N3C Data Enclave is managed under the authority of the NIH. Data transferred to the National
Center for Advancing Translational Sciences (NCATS) from N3C is conducted under a Johns Hopkins
University Reliance Protocol (IRB00249128) or individual site agreements with NIH. Data usage of this
study was authorized by N3C (DUR-36ED2AE) and had been reviewed and approved by the Medical
School Institutional Review Board (IRB) at the University of Michigan (HUM00243962).

Contributorship statement
YP was responsible for data generation, analysis and writing the first version of the manuscript. YH
initiated the project and provided the original project design. JZ is an ontology expert. YHe served as the
vaccine domain expert.

Competing interests
There are no competing interests for any author.

Acknowledgements
The analyses described in this publication were conducted with data or tools accessed through the
NCATS N3C Data Enclave and N3C Attribution & Publication Policy v 1.2-2020-08-25b supported by
NCATS U24 TR002306. This research was possible because of the patients whose information is included
within the data and the organizations and scientists who have contributed to the on-going development
of this community resource. We also appreciate the Unit for Laboratory Animal Medicine of the
University of Michigan for hosting YP’s visiting research.

Disclaimer
The N3C Publication committee confirmed that this manuscript msid:1834.309 is in accordance with N3C
data use and attribution policies; however, this content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes of Health or the N3C program.
Individual Acknowledgements for Core Contributors
We gratefully acknowledge the following core contributors to N3C:Adam B. Wilcox, Adam M. Lee, Alexis
Graves, Alfred (Jerrod) Anzalone, Amin Manna, Amit Saha, Amy Olex, Andrea Zhou, Andrew E. Williams,
Andrew Southerland, Andrew T. Girvin, Anita Walden, Anjali A. Sharathkumar, Benjamin Amor, Benjamin
Bates, Brian Hendricks, Brijesh Patel, Caleb Alexander, Carolyn Bramante, Cavin Ward-Caviness, Charisse
Madlock-Brown, Christine Suver, Christopher Chute, Christopher Dillon, Chunlei Wu, Clare Schmitt, Cliff
Takemoto, Dan Housman, Davera Gabriel, David A. Eichmann, Diego Mazzotti, Don Brown, Eilis
Boudreau, Elaine Hill, Elizabeth Zampino, Emily Carlson Marti, Emily R. Pfaff, Evan French, Farrukh M

https://www.fda.gov/vaccines-blood-biologics/updated-covid-19-vaccines-use-united-states-beginning-fall-2023
https://www.fda.gov/vaccines-blood-biologics/updated-covid-19-vaccines-use-united-states-beginning-fall-2023


Koraishy, Federico Mariona, Fred Prior, George Sokos, Greg Martin, Harold Lehmann, Heidi Spratt,
Hemalkumar Mehta, Hongfang Liu, Hythem Sidky, J.W. Awori Hayanga, Jami Pincavitch, Jaylyn Clark,
Jeremy Richard Harper, Jessica Islam, Jin Ge, Joel Gagnier, Joel H. Saltz, Joel Saltz, Johanna Loomba, John
Buse, Jomol Mathew, Joni L. Rutter, Julie A. McMurry, Justin Guinney, Justin Starren, Karen Crowley, Katie
Rebecca Bradwell, Kellie M. Walters, Ken Wilkins, Kenneth R. Gersing, Kenrick Dwain Cato, Kimberly
Murray, Kristin Kostka, Lavance Northington, Lee Allan Pyles, Leonie Misquitta, Lesley Cottrell, Lili
Portilla, Mariam Deacy, Mark M. Bissell, Marshall Clark, Mary Emmett, Mary Morrison Saltz, Matvey B.
Palchuk, Melissa A. Haendel, Meredith Adams, Meredith Temple-O'Connor, Michael G. Kurilla, Michele
Morris, Nabeel Qureshi, Nasia Safdar, Nicole Garbarini, Noha Sharafeldin, Ofer Sadan, Patricia A. Francis,
Penny Wung Burgoon, Peter Robinson, Philip R.O. Payne, Rafael Fuentes, Randeep Jawa, Rebecca
Erwin-Cohen, Rena Patel, Richard A. Moffitt, Richard L. Zhu, Rishi Kamaleswaran, Robert Hurley, Robert T.
Miller, Saiju Pyarajan, Sam G. Michael, Samuel Bozzette, Sandeep Mallipattu, Satyanarayana Vedula,
Scott Chapman, Shawn T. O'Neil, Soko Setoguchi, Stephanie S. Hong, Steve Johnson, Tellen D. Bennett,
Tiffany Callahan, Umit Topaloglu, Usman Sheikh, Valery Gordon, Vignesh Subbian, Warren A. Kibbe,
Wenndy Hernandez, Will Beasley, Will Cooper, William Hillegass, Xiaohan Tanner Zhang. Details of
contributions available at covid.cd2h.org/core-contributors
Data Partners with Released Data
The following institutions whose data is released or pending:
Available: Advocate Health Care Network — UL1TR002389: The Institute for Translational Medicine (ITM)
• Aurora Health Care Inc — UL1TR002373: Wisconsin Network For Health Research • Boston University
Medical Campus — UL1TR001430: Boston University Clinical and Translational Science Institute • Brown
University — U54GM115677: Advance Clinical Translational Research (Advance-CTR) • Carilion Clinic —
UL1TR003015: iTHRIV Integrated Translational health Research Institute of Virginia • Case Western
Reserve University — UL1TR002548: The Clinical & Translational Science Collaborative of Cleveland
(CTSC) • Charleston Area Medical Center — U54GM104942: West Virginia Clinical and Translational
Science Institute (WVCTSI) • Children’s Hospital Colorado — UL1TR002535: Colorado Clinical and
Translational Sciences Institute • Columbia University Irving Medical Center — UL1TR001873: Irving
Institute for Clinical and Translational Research • Dartmouth College — None (Voluntary) Duke University
— UL1TR002553: Duke Clinical and Translational Science Institute • George Washington Children’s
Research Institute — UL1TR001876: Clinical and Translational Science Institute at Children’s National
(CTSA-CN) • George Washington University — UL1TR001876: Clinical and Translational Science Institute
at Children’s National (CTSA-CN) • Harvard Medical School — UL1TR002541: Harvard Catalyst • Indiana
University School of Medicine — UL1TR002529: Indiana Clinical and Translational Science Institute •
Johns Hopkins University — UL1TR003098: Johns Hopkins Institute for Clinical and Translational Research
• Louisiana Public Health Institute — None (Voluntary) • Loyola Medicine — Loyola University Medical
Center • Loyola University Medical Center — UL1TR002389: The Institute for Translational Medicine
(ITM) • Maine Medical Center — U54GM115516: Northern New England Clinical & Translational
Research (NNE-CTR) Network • Mary Hitchcock Memorial Hospital & Dartmouth Hitchcock Clinic —
None (Voluntary) • Massachusetts General Brigham — UL1TR002541: Harvard Catalyst • Mayo Clinic
Rochester — UL1TR002377: Mayo Clinic Center for Clinical and Translational Science (CCaTS) • Medical
University of South Carolina — UL1TR001450: South Carolina Clinical & Translational Research Institute
(SCTR) • MITRE Corporation — None (Voluntary) • Montefiore Medical Center — UL1TR002556: Institute
for Clinical and Translational Research at Einstein and Montefiore • Nemours — U54GM104941:
Delaware CTR ACCEL Program • NorthShore University HealthSystem — UL1TR002389: The Institute for
Translational Medicine (ITM) • Northwestern University at Chicago — UL1TR001422: Northwestern
University Clinical and Translational Science Institute (NUCATS) • OCHIN — INV-018455: Bill and Melinda



Gates Foundation grant to Sage Bionetworks • Oregon Health & Science University — UL1TR002369:
Oregon Clinical and Translational Research Institute • Penn State Health Milton S. Hershey Medical
Center — UL1TR002014: Penn State Clinical and Translational Science Institute • Rush University Medical
Center — UL1TR002389: The Institute for Translational Medicine (ITM) • Rutgers, The State University of
New Jersey — UL1TR003017: New Jersey Alliance for Clinical and Translational Science • Stony Brook
University — U24TR002306 • The Alliance at the University of Puerto Rico, Medical Sciences Campus —
U54GM133807: Hispanic Alliance for Clinical and Translational Research (The Alliance) • The Ohio State
University — UL1TR002733: Center for Clinical and Translational Science • The State University of New
York at Buffalo — UL1TR001412: Clinical and Translational Science Institute • The University of Chicago
— UL1TR002389: The Institute for Translational Medicine (ITM) • The University of Iowa —
UL1TR002537: Institute for Clinical and Translational Science • The University of Miami Leonard M.
Miller School of Medicine — UL1TR002736: University of Miami Clinical and Translational Science
Institute • The University of Michigan at Ann Arbor — UL1TR002240: Michigan Institute for Clinical and
Health Research • The University of Texas Health Science Center at Houston — UL1TR003167: Center for
Clinical and Translational Sciences (CCTS) • The University of Texas Medical Branch at Galveston —
UL1TR001439: The Institute for Translational Sciences • The University of Utah — UL1TR002538: Uhealth
Center for Clinical and Translational Science • Tufts Medical Center — UL1TR002544: Tufts Clinical and
Translational Science Institute • Tulane University — UL1TR003096: Center for Clinical and Translational
Science • The Queens Medical Center — None (Voluntary) • University Medical Center New Orleans —
U54GM104940: Louisiana Clinical and Translational Science (LA CaTS) Center • University of Alabama at
Birmingham — UL1TR003096: Center for Clinical and Translational Science • University of Arkansas for
Medical Sciences — UL1TR003107: UAMS Translational Research Institute • University of Cincinnati —
UL1TR001425: Center for Clinical and Translational Science and Training • University of Colorado Denver,
Anschutz Medical Campus — UL1TR002535: Colorado Clinical and Translational Sciences Institute •
University of Illinois at Chicago — UL1TR002003: UIC Center for Clinical and Translational Science •
University of Kansas Medical Center — UL1TR002366: Frontiers: University of Kansas Clinical and
Translational Science Institute • University of Kentucky — UL1TR001998: UK Center for Clinical and
Translational Science • University of Massachusetts Medical School Worcester — UL1TR001453: The
UMass Center for Clinical and Translational Science (UMCCTS) • University Medical Center of Southern
Nevada — None (voluntary) • University of Minnesota — UL1TR002494: Clinical and Translational
Science Institute • University of Mississippi Medical Center — U54GM115428: Mississippi Center for
Clinical and Translational Research (CCTR) • University of Nebraska Medical Center — U54GM115458:
Great Plains IDeA-Clinical & Translational Research • University of North Carolina at Chapel Hill —
UL1TR002489: North Carolina Translational and Clinical Science Institute • University of Oklahoma
Health Sciences Center — U54GM104938: Oklahoma Clinical and Translational Science Institute (OCTSI)
• University of Pittsburgh — UL1TR001857: The Clinical and Translational Science Institute (CTSI) •
University of Pennsylvania — UL1TR001878: Institute for Translational Medicine and Therapeutics •
University of Rochester — UL1TR002001: UR Clinical & Translational Science Institute • University of
Southern California — UL1TR001855: The Southern California Clinical and Translational Science Institute
(SC CTSI) • University of Vermont — U54GM115516: Northern New England Clinical & Translational
Research (NNE-CTR) Network • University of Virginia — UL1TR003015: iTHRIV Integrated Translational
health Research Institute of Virginia • University of Washington — UL1TR002319: Institute of
Translational Health Sciences • University of Wisconsin-Madison — UL1TR002373: UW Institute for
Clinical and Translational Research • Vanderbilt University Medical Center — UL1TR002243: Vanderbilt
Institute for Clinical and Translational Research • Virginia Commonwealth University — UL1TR002649: C.
Kenneth and Dianne Wright Center for Clinical and Translational Research • Wake Forest University



Health Sciences — UL1TR001420: Wake Forest Clinical and Translational Science Institute • Washington
University in St. Louis — UL1TR002345: Institute of Clinical and Translational Sciences • Weill Medical
College of Cornell University — UL1TR002384: Weill Cornell Medicine Clinical and Translational Science
Center • West Virginia University — U54GM104942: West Virginia Clinical and Translational Science
Institute (WVCTSI)  Submitted: Icahn School of Medicine at Mount Sinai — UL1TR001433: ConduITS
Institute for Translational Sciences • The University of Texas Health Science Center at Tyler —
UL1TR003167: Center for Clinical and Translational Sciences (CCTS) • University of California, Davis —
UL1TR001860: UCDavis Health Clinical and Translational Science Center • University of California, Irvine
— UL1TR001414: The UC Irvine Institute for Clinical and Translational Science (ICTS) • University of
California, Los Angeles — UL1TR001881: UCLA Clinical Translational Science Institute • University of
California, San Diego — UL1TR001442: Altman Clinical and Translational Research Institute • University
of California, San Francisco — UL1TR001872: UCSF Clinical and Translational Science Institute  NYU
Langone Health Clinical Science Core, Data Resource Core, and PASC Biorepository Core — OTA-21-015A:
Post-Acute Sequelae of SARS-CoV-2 Infection Initiative (RECOVER)  Pending: Arkansas Children’s Hospital
— UL1TR003107: UAMS Translational Research Institute • Baylor College of Medicine — None
(Voluntary) • Children’s Hospital of Philadelphia — UL1TR001878: Institute for Translational Medicine
and Therapeutics • Cincinnati Children’s Hospital Medical Center — UL1TR001425: Center for Clinical
and Translational Science and Training • Emory University — UL1TR002378: Georgia Clinical and
Translational Science Alliance • HonorHealth — None (Voluntary) • Loyola University Chicago —
UL1TR002389: The Institute for Translational Medicine (ITM) • Medical College of Wisconsin —
UL1TR001436: Clinical and Translational Science Institute of Southeast Wisconsin • MedStar Health
Research Institute — None (Voluntary) • Georgetown University — UL1TR001409: The
Georgetown-Howard Universities Center for Clinical and Translational Science (GHUCCTS) • MetroHealth
— None (Voluntary) • Montana State University — U54GM115371: American Indian/Alaska Native CTR •
NYU Langone Medical Center — UL1TR001445: Langone Health’s Clinical and Translational Science
Institute • Ochsner Medical Center — U54GM104940: Louisiana Clinical and Translational Science (LA
CaTS) Center • Regenstrief Institute — UL1TR002529: Indiana Clinical and Translational Science Institute
• Sanford Research — None (Voluntary) • Stanford University — UL1TR003142: Spectrum: The Stanford
Center for Clinical and Translational Research and Education • The Rockefeller University —
UL1TR001866: Center for Clinical and Translational Science • The Scripps Research Institute —
UL1TR002550: Scripps Research Translational Institute • University of Florida — UL1TR001427: UF
Clinical and Translational Science Institute • University of New Mexico Health Sciences Center —
UL1TR001449: University of New Mexico Clinical and Translational Science Center • University of Texas
Health Science Center at San Antonio — UL1TR002645: Institute for Integration of Medicine and Science
• Yale New Haven Hospital — UL1TR001863: Yale Center for Clinical Investigation


