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-14- DECLARATION OF CARRIE L. BYINGTON, M.D. IN SUPPORT OF DEFENDANTS’ OPP. TO PI MOT.; CASE NO. 8:21-cv-01367-JVS-KES 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
CROWELL 

& MORING LLP 
ATTORNEYS AT LAW 

to a contraindication or precaution to COVID-19 vaccination recognized by CDC or by the vaccines’ manufacturers.6  41. Contraindications (conditions in a recipient that increases the risk for aserious adverse reaction) to vaccination are conditions under which vaccines should not be administered.7 A precaution is a condition in a recipient that might increase the risk for a serious adverse reaction, might cause diagnostic confusion, or might compromise the ability of the vaccine to produce immunity.8 42. Based on my experience and in my professional opinion, followingCDC and vaccine manufacturers’ guidance regarding a contraindication or precaution to COVID-19 vaccination is an evidence-based and responsible approach to define the scope of medical exemptions to the UC COVID-19 Vaccine Policy.   I declare under penalty of perjury under the laws of the State of California that the foregoing is true and correct to the best of my knowledge. Executed in Oakland, California, on this 2nd day of September, 2021. 
Carrie L. Byington, M.D. 

6 https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html#Contraindications 7 https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/contraindications.html 8 Id. 
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1 

CURRICULUM VITAE 
CARRIE LYNN BYINGTON, M.D. 

September 22, 2020 

I. PERSONAL DATA
Birth Date-Place:

Citizenship:
Languages: English and Spanish 

II. EDUCATION
Undergraduate: Texas A&M University 1981-1985 

College Station, TX 
B.S.  Biology cum laude 

Graduate: Baylor College of Medicine 1985-1989 
Houston, TX 
M.D. with Honors

University of Utah 
Salt Lake City, UT  
Graduate Certificate 
Conflict Mediation 2010-2011 

Training:  

Internship: Baylor College of Medicine 
Houston, TX  
Pediatrics 1989-1990 

Residency: Baylor College of Medicine 
Houston, TX  
Pediatrics 1990-1992 
Neonatal Chief Resident 1992 

Fellowship: University of California, San Francisco 
San Francisco, CA 
Pediatric Infectious Diseases  1993-1995 

Board Certification/Licenses: 
American Board of Pediatrics  1992 
Recertification #048487 1999-2006 

Recertification #048487 2007-2013 
Recertification  2011-2016 
Recertification  2016-2026 

American Board of Pediatrics 
Pediatric Infectious Diseases 

# 525 1997 
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 2 

Recertification  2004-2011 
Recertification  2011-2015 
Recertification  2014-2024 

     Texas # H7592   1990 (Active) 
     California # A052113   1993 (inactive) 
     Utah # 95-2950011205  1995 (Active) 
     Nevada # 7831   1996 (inactive) 
 
III. PROFESSIONAL EXPERIENCE  
 Administrative and  Faculty Positions:  
  
     Professor, Step VI 
     University of California San Francisco 
     Department of Pediatrics   2020 
 

Executive Vice President 
     University of California Health  2019 
 
       

The Jean and Thomas McMullin Professor and Dean 
College of Medicine 

     Senior Vice President for Health Sciences 
Texas A&M University  2017-2019 
 
Vice Chancellor for Health Services 
Texas A&M System   2017-2019 

 
Distinguished Service Professor 
University of Utah   2015 
 
 
Director and Principal Investigator, 
Utah Center for Clinical and Translational Science 
Salt Lake City, UT   2015-2016 
 
 
Associate Vice President,  
Faculty and Academic Affairs 
University of Utah Health Sciences Center 
Salt Lake City, UT   2013-2016  

 
Co-Director and Principal Investigator, 
Utah Center for Clinical and Translational Science 
Salt Lake City, UT   2013-2016 

 
Vice Dean for Academic Affairs and Faculty Development 

Exhibit A, Page 17

Case 8:21-cv-01367-JVS-KES   Document 21-5   Filed 09/03/21   Page 19 of 187   Page ID
#:771
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University of Utah School of Medicine 
Salt Lake City, UT  2012-2016 

HA and Edna Benning  
Presidential Professor of Pediatrics 
University of Utah Health Sciences Center 
Salt Lake City, UT 2010-2016 

Vice Chair (Oversight Research Enterprise) 
Department of Pediatrics 
University of Utah Health Sciences Center 
Salt Lake City, UT 2009-2013 

Associate Director, 
University of Utah 
Center for Clinical and Translational Science 
Salt Lake City, UT 2008-2013 

Associate Chair for Clinical Research 
Department of Pediatrics 
University of Utah Health Sciences Center 
Salt Lake City, UT 2007-2009 

Professor of Pediatrics 
Division of General Pediatrics 
and Division of Pediatric Infectious Diseases 
University of Utah Health Sciences Center 
Salt Lake City, UT July1, 2006 

Lowell Bennion Public Service Professor 
University of Utah 2001-2002 

Associate Professor 
Division of General Pediatrics 
and Division of Pediatric Infectious Diseases 
University of Utah Health Sciences Center 
Salt Lake City, UT 2000-2006 
Tenure Awarded July 1, 2003 

Assistant Professor 
Division of General Pediatrics 
and Division of Pediatric Infectious Diseases 
University of Utah Health Sciences Center 
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Salt Lake City, UT 1995-2000 

Assistant Professor 
Division of Ambulatory Pediatrics 
Baylor College of Medicine 
Houston, TX  1992-1993 

Additional Research Experience: 
Compucyte Corporation 
Cambridge, MA 1998-1999 

Consumer Health Interactive 
San Francisco, CA 1999 

BabyCenter.com 
San Francisco, CA 2000 

Intermountain Healthcare 
Chair, Pediatric Research Council 2009-17 

US Olympic Committee 
Chair, Infectious Diseases Advisory Group 
Responsible for protecting Team USA athletes and staff 
from Zika Virus during the 2016 Olympic Games in Brazil 

2016-2017 

Scientific Advisory Board 
IDbyDNA 2017 

Houston Methodist Research Institute 
Full Member-Affiliate TAMU 2018 

External Advisory Board 
TL1 and KL2 Training Program 
University of Utah  
Center for Clinical and Translational Science 2020 

Editorial Experience: 
Editorial Board: 

Pediatric Infectious Disease Journal 2009-2016 
Academic Medicine  2018- 

Ad Hoc Reviewer: 
Pediatric Infectious Diseases Journal 1996- 
Pediatrics     1999- 
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 5 

     Clinical Infectious Diseases  2001- 
     The Journal of Pediatrics  2002- 

European Journal of Clinical Microbiology and Infectious 
Diseases  2006- 

JAMA Pediatrics    2007- 
Pediatric Pulmonology  2009- 
Journal of Public Health Management  
and Practice    2010- 
Effective Health Care   2010- 
Academic Pediatrics   2011- 
Journal of Pediatric Infectious Diseases 
 (JPIDS)    2012- 
Academic Emergency Medicine 2013- 
JAMA     2014- 
PLOS One    2015- 

  

 

Research Awards:   Pediatric Scientist Development Program 
     Training Grant    $50,000 
     Molecular Parasitology  1994-1995 

     Division of General Pediatrics 
     Research Award   $4,000 
     Foster Care Clinic   1996 

     Roche Molecular Systems 
     Research Award (in kind)  $75,000 
     Enteroviral PCR Project  1996 
 
     Primary Children's Medical Center Foundation  
    Research Award   $25,000 
     Enteroviral PCR Project  1997 
 
     Pediatric Primary Care Grant  $50,000 
     Salary Support    1997-99 
 

Division of General Pediatrics 
     Research Award   $3,000 
     Orthotic Bracing for Pectus  1997-98 

 
Robert Wood Johnson Generalist 

     Physician Faculty Scholar Award $240,000 
     Viral Diagnostics in the Febrile Infant1998-2003 
 
     Reach Out and Read 
     National Literacy Project 
     Book credit (2000 volumes)  1998 
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 6 

  
First Book Foundation 

    Literacy Project (3000 volumes) 1998 
     

     Compucyte Corp   $10,000 
     CD11b in Infants   1998 
 

Starbucks Opportunity Award $5,000 
     Reach Out and Read   1999 
 
     University of Utah  
     General Clinical Research Center $45,000 
     Rapid Diagnostics for the  

Evaluation of the Febrile Infant 1999-2002 
 

NIAID and CASG   $2,000   
Pleconaril Clinical Trial  1999 
 
Division of General Pediatrics 
Research Award   $4,100 
Viral Respiratory PCR  1999 
 
AAP Resident Research Award 
Empyema in Utah   $2,500 
(LaShonda Spencer)   1999 
 
PCMC Foundation   $3, 500 
Reach Out and Read   2000    
 
Travis Gurr Endowment  $6,500 
Awarded for Research at South Main 1999-2000 
 
I Am Your Child Foundation 
Literacy Project (300 volumes) 2000 
 
 
Chemicon, Inc.   $2,000 
HHV-6 in Infants   2000 
 
Reach Out and Read   $1,500  
Sustainability Award   2000 
 
Leah L. Hartshorn Estate  $2,500 
Reach Out and Read   2000 
 
Castle Foundation   $4,000 

Exhibit A, Page 21

Case 8:21-cv-01367-JVS-KES   Document 21-5   Filed 09/03/21   Page 23 of 187   Page ID
#:775



 7 

Reach Out and Read   2001 
 
Wyeth-Lederle   $5,000 
Pneumococcal Serotype Analysis 2001 
 
 
Lowell Bennion Professorship $5,000 
Reach Out and Read   2001 

 
Reach Out and Read   $2,200  
Sustainability Award   2001 
 
University of Utah Research Foundation 
Technology Commercialization Project 
Decision Support Software for  $50,000 
Evaluation of the Febrile Infant 2003-2004 
 
The Castle Foundation  $5,000 
Reach Out and Read   2002-2003 
 
Reach Out and Read   $1,400  
Sustainability Award   2002 
 
National Medical Fellowship  $6,000 
(Mentor for Miguel Knochel)  2003-2004 
Anemia in US Born Children of Mexican Women 
 
Target Foundation   $3,000 
Literacy Support   2003 
 
Reach Out and Read   $900  
Sustainability Award   2003 

 
Reach Out and Read   $1,400 
Sustainability Award   2004 
 
Katherine Gilbert Foundation  $50,000 
Reach Out and Read   2004 
 
Target Foundation   $2,250 
Literacy Support    2004 
 
Reach Out and Read   $920 
Sustainability Award   2005 

 
U01-A1061611-01 (PI-Poritz) 
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 8 

NIH/NIAID    $4,000,000 
PCR Identification of Respiratory Viruses including 
SARS  
Role-Co-Investigator   2005-2009 
 
K24- HD047249-01A1 (PI Byington) 
NIH/NICHD    $626,591 
Decision Support for Evaluation of the Febrile Infant 
Role: Principal Investigator  2005-2010 
 
2R24HSO11826 (PI Young) 
AHRQ    $190,000 
Intermountain Child Health Services Research Consortium  
    
Role: Mentor    2005-2006 
 
5D14HP00115 (PI Magill) 
HRSA     $275,634 
Faculty Development in Primary Care  
Role: Mentor    2005-2007 
 
5D12HP00122 (PI Magill) 
HRSA     $275,634 
Grants for Academic Administrative Units in Primary Care 
      
Role: Mentor    2005-2008 
 
Reach Out and Read   $1,626 
Sustainability Award   April 2005 
 
Reach Out and Read   $1,551 
Sustainability Award   October 2005 
 
Target Foundation   $1,000 
Reach Out and Read   December 2005 
 
Michael Foundation   $5,000 
Reach Out and Read   December 2005 
 
Reach Out and Read    $2, 325 
Sustainability Award   2006 
 
Travis Gurr Memorial   $12,750 
Reach Out and Read   July 2006 
 
Target Foundation   $5,000 
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 9 

Reach Out and Read   October 2006  
  

1 PO1 CD000284-01 (PI Samore) 
CDC 
Center of Excellence  
in Public Health Informatics  $4,500,000 
Role: Co-Investigator and 
PI INTERACT Project (R-01) 2006-2009 
 
1 U01 AI074419-01 (PI Poritz)  
NIH/NIAID    $8,900,000 
FilmArray for Diagnosis of Influenza 
Role: Co-Investigator   2007-2012 
 
Wyeth (PI-Byington) 
Multilocus Sequence Typing of $75,000  
Pneumococcal Empyema 
Role: PI    2007-2008 
 
Wyeth (Site PI-Byington) 
Clinical Trials of PCV-13 Infants 2007-2010 
 
Wyeth (Site PI-Byington) 
Clinical Trials of PCV-13 Children 2008-2010  
 
Reach Out and Read National (PI Byington) 
Impact of ROR on School Readiness 
of Hispanic Children   $30,000 
Role: PI    2008-2009 
 
1UL1RR025764 (PI McClain, D)   
NIH/NCRR     $22,000,000 
CTSA     2008-2013 
Roles: Associate Program Director - Pediatrics, Participant 
Interaction Core  
Director, Minority Outreach 
Director K12, MSCI  
 
1U01AI082482-01 (PI Byington, Dobrowolski, Kriesel)  
NIH/NIAID    2009-2013 
     $2,000,000 
STI and Respiratory Pathogen Testing in Non-Traditional 
Settings.   
 
1R18HS018034-01 (PI Byington) 
AHRQ    2009-2012 
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 10

     $900,000 
Evaluation of an Evidence-Based Care Process Model (EB-
CPM) for Febrile Infants 
Role: PI 
 
1U01 CDC (PI Ampofo) 
CDC     2009-2013 
     $1,500,000 
Diagnostic Evaluation of Pneumonia in Children 
Role: Co-I/Mentor 
 
AARA/ CIO7-70404 (PI Rolfs, UDOH) 
CDC     2009-2013 
     $112,924 
Effect of PCV-13 on Invasive Pneumococcal Disease in 
Utah 
Role: Consultant 
 
5K12HD001410-08 (PI Clark) 
NIH/NICHD    2003-2013 
     $4,320,000 
Genetic and Developmental Mechanisms of  
Pediatric Disease 
Role: Program Director 
 
1KM1CA156723 (PI Byington) 
NIH/NCI    2010-2013 
     $2,500,000 
Mentored Scholars Program for Translational  
Comparative Effectiveness Research  
Role: PI 
 
 
1R25HL108828 (PI Byington) 
NIH/NHLBI     2011-2016 
     $336,000 
Native American Short-Term Research Education Program 
in Children's Health 
Role: PI 
 
1R25MD00678 (PI Byington) 
NIH/NIMHD     2011-2016 
     $1,250,000 
Native American Summer Research Internship in Maternal 
and Child Health 
Role PI 
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 11

 
5 U50CI000866 (PI Dimond) 
CDC     8/1/11-7/31/14 
     $1,602, 358  
Epidemiology and Laboratory Capacity for Infectious 
Diseases: Vaccine Effectiveness-PCV13   
Role: Consultant 
 
1R43 AI098197 (PI Welch) 
NIH/NIAID    2012-2018 
     $1,000,000 
Protease-resistant D-peptide inhibitors of RSV entry 
Role: Consultant 
 
1 P20MD008777 (PI Byington and Freund) 
NIH/NIMHD    2013-2014 
     $192, 132 
Clinical and Translational Science National Research 
Mentoring Network Furthering a Diverse Biomedical 
Workforce 
Role: Contact PI  
 
1 KL2TR001065 (PI McClain and Byington) 
1 TL1TR001066 (PI McClain and Byington) 
1UL1TR001067 (PI McClain and Byington) 
NIH/NCATS    2013-2015 
     $8,800,000 
Utah Center for Clinical and Translational Science and 
associated TL1 and KL2 Training Programs 
Role: Multi-PI 
 
1 KL2TR001065 (PI Byington and Dere) 
1 TL1TR001066 (PI Byington and Dere) 
1UL1TR001067 (PI Byington and Dere) 
NIH/NCATS    2015-2018 
     $13,200,000 
Utah Center for Clinical and Translational Science and 
associated TL1 and KL2 Training Programs 
Role: Contact-PI 
 
3UL1TR001067-02S1 (PI T. Shanley-Michigan) 
NIH/NCATS    2014-2015 
    $7,000,000 (All Sites) 
     $111,735 (Utah) 
Enhancing Clinical Research Professionals Training and 
Qualifications 

Exhibit A, Page 26

Case 8:21-cv-01367-JVS-KES   Document 21-5   Filed 09/03/21   Page 28 of 187   Page ID
#:780



 12

Role: Site PI 
 
1K12HD085816 (PI Peterson, C, Matthew) 
NIH/NICHD    2015-2020 
     $1,701,00 
Utah Women’s Reproductive Health Research 
Career Development Award 
Role: Director-Mentorship 
 
1K12HD085852 (PI Varner, M) 
NIH/NICHD    2015-2020 
     $1,890,000 
Utah Building Interdisciplinary Research Careers in 
Women's Health Career Development Program 
Role: Director-Mentorship 
 
1R21HD090955 (PI Byington, CL) 
NIH/NICHD    2016-2018 
     $275,00 
Novel Testing to Elucidate Reproductive Outcomes of ZIKV 
Infection—Olympics 2016 
Role: PI 
 
Blue Cross/Blue Shield of Texas Foundation  
(PIs Brown, Byington, Dickey) 
A Rural Health Moonshot   2018 
Role: Multi-PI    $10,000,000 
 
 
 
 
Patents: 
US Patent 7,461,046 entitled:  
Method for Creating and Using a Treatment Protocol for 
the Evaluation of the Febrile Infant 
Awarded     December 2, 2008 
 
Licensed Intellectual Property to  
Idaho Technology/Biofire Diagnostics/bioMerieux 
Clinical Applications of the FilmArray and Rapid Typing of 
Bacteria 
     January 29, 2009 
FilmArray FDA cleared panels 

      Respiratory Panel  2011 
      Blood Culture Panel  2013 
      Gastrointestinal Panel  2014 
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 13

      Meningitis/Encephalitis 2015 
      Pneumonia   2018 
      Respiratory Panel 2 +COVID 2020 
 

 
 
 
 
 
IV. HONORS and AWARDS 
 National Merit Scholar      1981-1985 

 Dean's List Texas A&M University     1981-1985 

 Lechner Undergraduate Research Fellow    1985 

 Alpha Omega Alpha       1988 

 Lange Medical Publications Award     1989 

 Janet M. Glasgow Memorial Achievement Citation of the 
  American Medical Women's Association   1989 

 Outstanding Resident Award, Houston Pediatric Society  1992 

 Pediatric Scientist Development Award    1994-1995 
  
 Robert Wood Johnson Generalist Physician Faculty Scholar 
   Nominee/Finalist, University of Utah   1996, 1997 
 
 Excellence in Teaching Award-Pediatric Housestaff   1997-1998 
  
 Nomination: Early Career Teaching Award    1999 
 
            Nomination: Leon W. Jarcho Distinguished Teaching Award 2000, 2005 
 
           Selected for Best Doctors in America  
 (General Pediatrics and Pediatric Infectious Diseases)  2002-2017 
            

The University of Utah Golden Anniversary Prize for Distinguished  
Clinical Investigation       2004 
 
Doris Duke Charitable Foundation: Distinguished Clinical Scientist Award 
 Semi-Finalist       2006 
 
Gary C. Schoenwolf Mentorship Award-Department of Pediatrics 2011 
 
Department of Pediatrics Grand Rounds MVP   2011 
 
Beacon of Excellence Award—Native American Summer Internship 
 University of Utah      2012 
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 14

 
Linda Amos Award for Service to Women-University of Utah 2012 
 
Beacon of Excellence Award—Academic Associates Program 
 University of Utah      2013 
 
AAMC Building Bridges and Spanning Boundaries Award for  
 Innovation in Research and Research Education 
 Academic Associates Program     2014 
 
American Academy of Pediatrics Unsung Hero Award 
  In recognition of work of the  
  Committee on Infectious Diseases    2015 
 
Distinguished Service Professor 
 University of Utah      2015 
 
AAMC Group on Women in Medicine and Science  
 Leadership Award for Individuals    2015 
 
36th Annual Mossell Lectureship on Health Equity   2017 
 
Barbara Stark Baxter Medical Volunteer of the Year    2017 
 
Election—National Academy of Medicine    2017 
 
Election—National Academy of Inventors    2017 
 
Texas A&M College of Science Academy of  
Distinguished Former Students     2018 
 
Marion Spencer Fay Award—Drexel University 
Institute for Women’s Health and Leadership    2019 
 
AAMC Innovation in Research and  
Research Education Award for the  
VPCAT Program (University of Utah)    2019  
         
        
 

V. ADMINISTRATIVE EXPERIENCE  
 Director-Pediatric Telemedicine Clinic    1996-1998 
  
 Core Faculty-Primary Care Track Residency Program   1995-2000 
  
 Medical Director-Reach out and Read  
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 15

South Main Clinic       1997-2009 
 
 Chair-PCMC Committee: Management of the Febrile Infant 1998-2000 
 
 Research Committee, Department of Pediatrics   2004-present 
 
 Co-Director of the Pediatric Honors Research Program  2004-2006 
 
 Division of General Pediatrics Executive Committee  2005-2009 
  
 Director of the Mentored Program in Pediatric Research  2006-present 
 

Associate Director of the Huntsman 
  General Clinical Research Center-Pediatrics   2006-2008 
 
 Member Internal Advisory Committee for the  
  General Clinical Research Center/ 

CTSA Clinical Services Core     2006-2012 
 
 Primary Care Research Center Steering Committee   2006-present 
 
 Associate Chair for Clinical Research 
  Department of Pediatrics     2007-2009 
 
 Director of the Pediatric Clinical and Translational (PCAT) 
  Research Scholars Program     2007-2012 
 
 University of Utah Center for Clinical and Translational Science 

Associate Director of the University of Utah   2008-2012 
 
 University of Utah Center for Clinical and Translational Science 

Director of Research with Minority and Vulnerable Populations 
Director K12 program 
Director MSCI       
Clinical Services Core Advisory Committee   2008-2012 
 

 University of Utah Center for Clinical and Translational Science 
  Associate Director and Executive Steering Committee    
         2009-12  
 
 Vice Chair-Research Enterprise 
  Department of Pediatrics     2009-13 
 
  
Director of Graduate Studies-MSCI Program 
  Utah CCTS       2010-13 
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 16

 
 Director-Children’s Health Research Career Development Award 
  Department of Pediatrics     2010-14 
 
 Executive Steering Committee T-32 Training Program in  
  Microbial Pathogenesis     2010-17 
 
 Internal Advisory Board Huntsman Center for Children’s 
  Cancer Research      2010-12 
 
 PI/Program Director Training Program in  

Translational Comparative Effectiveness (T-CER)   2010-13 
 
Member- University of Utah Research Advisory Committee 2011-17 
 
Co-Chair-Search Committee Utah Center for Health Delivery  
and Implementation Research      2012-13 
 
Benning Society/SOM Lecture Series Planning Committee   2012-2015 
 
Director, 
Vice President’s Clinical and Translational Scholar Program 2012- 
 
Co-Director Utah Center for Clinical and Translational Science 2012-2015 
 
School of Medicine Executive Committee    2012-17 

 
University Community Physicians Executive Committee  2013-17 
 
Health Care Executive Committee     2014-17 
 
Health Sciences Executive Committee    2014-17 
 
SOM Academic Executive Committee    2014-17 
 
Director, Utah Center for Clinical and Translational Science 2015-17 
 
Dean, SVP Health Sciences Texas A&M University   2017-2019 
 
Vice Chancellor for Health Services, Texas A&M  
University System       2017-2019 
 
Executive Vice President,  
University of California Health System    2019- 
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 17

 
 
 
        
VI. PROFESSIONAL ACTIVITIES (Current)  
 

AAMC Council of Teaching Hospitals (COTH )  
Administrative Board       2020 

 
Co-Chair—Health Evolution Work Group on Leveraging Data  
to Improve Health Equity      2020- 

 
Presidential Council—Association of Academic Health Centers 2020- 

• Focus on Academic Health Plans 
 

Board Member—ROCS for Health Care    2020 
 

 Board Member—The Commonwealth Fund   2020- 
 
Board Member—Houston Methodist Research Institute  2017-19 
 
The Cancer Prevention and Research Institute of Texas 
University Advisory Committee     2017-19 
 
NIH/NIAID—Microbiology and Infectious Diseases (MID) 
Career Development Study Section     2017-19 
 
External Advisory Board 
Georgetown and Howard Universities 
Center for Clinical and Translational Science   2016-18 
 
AAMC Annual Meeting Advisory Committee   2015-16 
 
NIH Clinical and Translational Awards (CTSA) 
National Steering Committee      2015-16  
 
NIH Clinical and Translational Awards 
Lead Team-Workforce Development     2015-16 
 
AAP Liaison to the Canadian Pediatric Society 
Infectious Diseases and Immunization Committee   2014-18 
 
 
US Centers for Disease Control and Prevention 
Expert Consultant Panel on Parental Presence During the  
Evaluation of a Child with Suspected or Confirmed  
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Ebola Virus Disease       2014-15 
 
Society of Pediatric Research  
Young Investigator Coaching Program    2014-16 
 
Chair: American Academy of Pediatrics  
Committee on Infectious Diseases (Red Book)   2014-2018 
 
Robert Wood Johnson-Harold Amos- 
Career Development Award 
National Advisory Committee      2014- 
 
Mountain West Research Consortium: Alaska, Hawaii, Idaho, Montana, Nevada, New 
Mexico, and Wyoming (IDeA Institutions)  
Study Section        2013-17 
 
NIH Infectious Diseases, Reproductive Health, and Pulmonary  
(IRAP) Study Section       2012-15 
 
Association of Medical School Pediatric Department Chairs 
Pediatric Leadership Development Program    2012-13 
 
National CTSA Consortium-Child Health Oversight  
Committee (elected office)      2011-13 
 
American Academy of Pediatrics 

Subcommittee on Fever in Infants Younger than 3 months 2010-18 
 
SPR Mentorship Committee      2010-14 

 
Vice Chair: AAP Committee on Infectious Diseases  
(Red Book)        2010-2014 
 
2011 International Meeting Planning Committee, 
European Society of Pediatric Infectious Diseases   2010 
 
2010 23rd Annual Infectious Diseases in Children Symposium 
National Program Committee      2010 
 
Federation of Pediatric Organizations (FOPO) Task Force 
On Women in Pediatrics (SPR Representative)   2010-12 
 
National Medical Advisory Board Amigos de las Americas  2010-12 
 
 
2010 National Meeting Planning Committee-Infectious Disease Society 
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of America        2009-10 
 
Pediatric Infectious Diseases Society Awards and Nomination Committee 
(Elected position)       2009-12 
 
Centers for Disease Control and Prevention 
Pediatric Infectious Diseases Technical Expert and 
Liaison for American Academy of Pediatrics for 
Guideline Committee for Prevention of  
Early Onset GBS       2009-2010 
 
Infectious Disease Society of America 
Co-Chair Guideline Committee for 
Pediatric Community Acquired Pneumonia    2009-2011 
 
Director, Intermountain Healthcare, University of Utah,  
and Intermountain Pediatric Society (AAP), American Board of Pediatrics (ABP) 
Maintenance of Certification Process,  
An Evidence Based Care Process Model for the Febrile Infant.  
Approved by ABP January 1, 2009.     2009-13 
 
Thrasher Research Foundation Scientific Advisory Board   2009-10 
 Chair Scientific Advisory Board    2010-13 
 
Intermountain Healthcare Research Guidance Council  2008-17 
 
International Working Group on Pediatric Empyema, 
(Representation from US, Canada, Europe, Asia, Latin America) 
 Founding Chair      2007-12 
 
AHRQ/AAP Technical Expert Panel on the Management  
Of Febrile Infants       2007-2011 
 
National Advisory Board for Leyendo Juntos, a Reach 
Out and Read Initiative to improve literacy in  
Spanish-speaking Families      2007-2010 
 
American Academy of Pediatrics, Executive Committee 
of the Committee on Infectious Diseases  
(Red Book Committee)      2007-2010 
  
Executive Leadership in Academic Medicine (ELAM)  2007-2008 
 
IHC Pediatric Subspecialty Guidance Council 
 Director of Pediatric Infectious Disease Committee  2005-present 
 

Exhibit A, Page 34

Case 8:21-cv-01367-JVS-KES   Document 21-5   Filed 09/03/21   Page 36 of 187   Page ID
#:788



 20

Utah Department of Health Vaccine Advisory Committee  2005-present 
 
PCMC Foundation Innovative Research Grant Review Panel 2004-present 
 Chair        2009 
 
CDC National Respiratory and Enteric Virus Surveillance System 
 PCMC Laboratory Representative    2004-present 
 
US Pediatric Multicenter Meningococcal Surveillance Group 2001-13 
 
Subspecialty abstract reviewer-PAS annual meeting   2001-15 
 
IDSA-Emerging Infections Network     1998-present 
 
NIAID Collaborative Antiviral Study Group 
  Enteroviruses      1998-present 
 
American Academy of Pediatrics 
 Section on Infectious Diseases    1996-present 

 
Professional Activities (Past) 
Moderator, Infectious Diseases and Immunology, National Institute 
of Child Health and Human Development (NICHD) Children’s Health  
Research Center Annual Retreat     2006 
  
Invited Reviewer for Proposals to the Michael Smith Foundation 
For Health Services Research British Columbia, Canada  2005   
  
Poster Facilitator, Infectious Diseases, PAS 2005 Annual Meeting 2005   
          
Utah Department of Health Perinatal GBS Work Group  2003 
 
SPR Student Research and House Officer Award Committee 2003-2006 
 
Moderator: Underserved Populations Platform 
 PAS Annual Meeting      2002  

 
The Migrant Head Start Health Advisory Committee         2000-2007 

 
Utah State Task Force on Child Care 

  Early Childhood Literacy Committee    1998-2000 
 
Utah State Health Care Advisory Board- 

  Task Force on Foster Care- 
  Executive Committee      1997-2000 
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American Board of Pediatrics 
  Question Writer for ID Exam     1998-2000 
  
 Moderator: Pediatric and Neonatal Infections 
  WSPR annual meeting     1998 
  
 American Academy of Pediatrics- 
  Section on Community Pediatrics    1996-1999 
 American Academy of Pediatrics- 
  Section on Child Abuse and Neglect    1996-1999 
 American Academy of Pediatrics- 
  Section on International Child Health   1996-2000  

 

VII. UNIVERSITY COMMUNITY ACTIVITIES  
 Volunteer, Migrant Health Care Clinic    1996 
 Volunteer, Women in Medicine     1996, 1997 
 Pediatric Grand Rounds Advisory Committee   1996-1999 
 Promotion, Retention, Tenure Subcommittee   1997 
 Medical Student Core Curriculum Committee   1997 
 University of Utah Diversity Committee    1999 
 Retention, Promotion, Tenure Pediatric Ad-Hoc Committee 1999-2007 
 Research Enterprise Committee     2003-present 
 University Academic Senate      2004-2007 
  Senate Executive Committee    2005-2007 
 Center of Excellence in Women’s Health 
  Leadership Committee     2006-2010 
 Presidential Committee for the Status of Women   2006-2010 
 Personalized Health Care Pilot Project Review Committee  2011-2015 
 Council of Academic Deans      2012- 
 Academic Senate Ex-Officio      2012- 
 BIRCWH and WRHR Selection and Oversight   2015- 
  

VIII. PROFESSIONAL SOCIETIES 
 American Medical Association     1985-present 
 American Academy of Pediatrics     1989-present 
  Fellow        1998  
 Pediatric Infectious Diseases Society     1993-present 
 Infectious Diseases Society of America    1993-present 
  Fellow        2014 
 American Academy of Pediatrics, Utah Chapter &  
  Intermountain Pediatric Society    1996-present 
 Ambulatory Pediatric Association     1996-present 
 Western Society for Pediatric Research    1998-present 
 National Association for the Education of Young Children  1998-present 
 Utah Association for the Education of Young Children  1999-2016 
 American Society of Microbiology     1999-present 
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 Pan American Society for Clinical Virology    1999-present 
 Association for Academic Minority Physicians   1999-present 
 National Hispanic Medical Association    2001-present 
 Society for Pediatric Research     2003-present 
 American Pediatric Society      2009-present 
 Association for Academic Minority Physicians   2014-present 

 

IX. TEACHING RESPONSIBILITIES 

 Mentoring Junior Faculty 

  Pediatric Clinical and Translational Scholars 
  1) Mandy Allison, MD 
  General Pediatrics      2007-2009 
 
  2) Krow Ampofo, MD 
  Pediatric Infectious Diseases     2007-2009 
 
  3) Cammon Arrington, MD, PHD 
  Pediatric Cardiology      2007-2009 
 
  4) Anne Blaschke, MD, PhD   
  Pediatric Infectious Diseases     2007-2009 
 
  5) Kristine Campbell, MD, MSPH 
  Safe and Healthy Families     2007-2009 
 
  6) Per Gesteland, MD, MS 
  Inpatient Medicine      2007-2009 
 
  7) Maija Holsti, MD 
  Emergency Medicine      2007-2009 
 
  8) Nicole Mihalopoulos, MD 
  General Pediatricss/Adolescent Medicine   2007-2009 
 
  9) Tess Saarel, MD 
  Pediatric Cardiology      2007-2009 
 
  10) Tamara Simon, MD, MPH 
  Inpatient Medicine      2007-2009 
 
  11) Kimberly Statler, MD 
  Critical Care       2007-2009 
 
  12) Kathleen Ventre, MD 
  Critical Care       2007-2009 
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  13) Andrew Zeft, MD, MS 
  Pediatric Immunology and Rheumatology   2007-2009 
 
  14)  AK Kaza, MD 
  Pediatric CV Surgery      2008-2010 
  
  15) Nelangi Pinto, MD, MSCI 
  Pediatric Cardiology      2008-2010  
   
  16) Julie Shakib, MD, MPH, MSCI       
 General Pediatrics      2008-2010   
    
  17) Marcia Feldkamp, PhD     
  Medical Genetics      2009-2011 
 
  18) Ellie Hirshberg, MD   
  Intermountain Healthcare/Critical Care   2009-2011 
 
  19) Laurie Linder, PhD 
  Pediatric Oncology/School of Nursing   2009-2011 
 
  20) Shajii Menon, MD 
  Pediatric Cardiology      2009-2011 
 
  21) Joshua Schiffman, MD   
  Pediatric Hematology/Oncology    2009-2011 
 
  22) Susan Benedict, MD 
  Pediatric Neurology      2010-2012 
 
  23) Pamela Clarkson-Freeman, PhD, MSW 
  Social Research Institute     2010-2012 
 
  24) Mark Fluchel, MD 
  Pediatric Hematology/Oncology    2010-2012 
 
  25) Jerry Jou, MD 
  Pediatric Cardiology      2010-2012 
 
  26) Tracy Manuk, MD    
  Department of Obstetrics/Gynecology   2010-2012 
 
  27) Ryan Metzgar, PhD 
  Pediatric Surgery      2010-2012  
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  Child Health Research Career Development Scholars 
  1) Camille Fung, MD, PhD        
 Neonatology       2010 
 
  2) Jeff Ekstrand, MD, PhD   
  Pediatric Neurology      2010-2011 
 
  3) Michelle Schoeber, MD 
  Neonatology       2010-2012 
 
  4) Karin Chen, MD 
  Pediatric Rheumatology     2010-2012 

   

CCTS KL2 Scholars 
1) Matthew Rondina, MD 

Internal Medicine      2008-2009 
 

2) Kristine Campbell, MD, MSPH 
Pediatric Safe and Healthy Families   2008-2010 

 
3) Per Gesteland 

Pediatric Inpatient Medicine    2008-2010 
 

4) Curry Koenig, MD 
Internal Medicine      2009-2010 

  
5) Julie Shakib, DO, MSCI 

General Pediatrics      2009-2011 
 

6) Aga Lewalt, MD 
Pediatric Physical Medicine and Rehabilitation  2010-2012 
 

7) Lance Davidson, PhD     2011-2013 
Medicine/Cardiology 

   
  8)  Siam Oottamasathien, MD    2011-2013 
       Pediatric Urology 
     

8) Tracy Manuk ,MD     2011-2013 
Obstetrics and Gynecology 
 

9) Tracy Frech, MD      2012-2014 
       Medicine/Rhuematology 
 
  10) Nicholas Johnson, MD     2013-2014 
        Neurology 
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11) Adam Hersh, MD      2013-2014 
Pediatric Infectious Diseases 

 
12) Deanna Kepka, PhD     2013-2015 

Nursing 
 

13) Adam Spivak, MD     2013-2015 
Internal Medicine-Infectious Diseases      
  

14) Robert Schlaberg, MD     2014-2016 
Pathology 
 

15) Noah Kolb, MD      2014-2015 
Neurology 
 

16) Kailah Davis, PhD     2014-2016 
Utah Department of Health 
 

17) Adam deHavenon      2015- 
Neurology 
 

18) Adam Bress, PhD      2015- 
Pharmacology 
 
 

Translational-Comparative Effectiveness Research Scholars 
1) Tellen Bennett, MD 

Pediatric Critical Care     2010-12 
2) Mark Fluchel, MD 

Pediatric Hematology/Oncology    2010-12 
3) Nelangi, Pinto, MD, MSCI  

Pediatric Cardiology     2010-12 
4) Lance Davidson, PhD 

Cardiovascular Genetics     2010-12 
5) Jennifer Majersick, MD, MSPH 

Neurology       2010-12 
6) Richard Nelson, PhD 

Internal Medicine, Epidemiology    2010-12 
7) Kalani Raphael, MD 

Internal Medicine, Nephrology    2010-12 
8) Nazem Akoum, MD 

Internal Medicine      2011-13 
9) Kristina Callis-Duffin, MD      

Dermatology      2011-13 
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10) Jaewhan Kim, PhD  
Family and Preventive Medicine    2011-13 

11) Carrie McAdam-Mark 
Pharmacotherapy      2011-13 

12) Christian Niedzwecki, MD 
Pediatrics/PM&R      2011-13 

13) Bryan Stone, MD, PhD 
Pediatric Inpatient Medicine    2011-13 

14) Emily Thorell, MD 
Pediatric Infectious Diseases    2011-13 

15) Ashley Warnock, MD  
Pediatric Genetics      2011-13  

 
  
Vice President’s Clinical and Translational (VPCAT) Scholars 

1) Richard Gurgel, MD 
Otolaryngology       2013-2015 

2)  Gang Luo, PhD             Biomedical 
Informatics      2013-2015 

3)  Heather Major, MD         
                 Maternal Fetal Medicine      2013-2015 

4)  Jeremy Meier, MD                   
Pediatric Otolaryngology      2013-2015 

 5)  Jewel Samadder, MD 
      Medicine/Gatroenterology      2013-2015 
 6) Robert Schmidt, MD, PhD 
      Pathology        2013-2015 
 7) Emily Sydnor, MD  
                 Medicine/Infectious Diseases     2013-2015 
 8) Jessica Walsh, MD 
                 Medicine/Rhuematology      2013-2015 
 9) Theresa Werner, MD 
                 Medicine/Oncology      2013-2015 
 10) Robert Bollo, MD 
       Neurosurgery       2014-2016 
 11) Benjamin Brooke, MD, PhD 
       Vascular Surgery       2014-2016 
 12) Melissa Cheng, MD, MOH, MSPH 
       Occupational Medicine      2014-2016 
 13) Jane Dyer, CNM, FNP, MBA, PhD 
       College of Nursing      2014-2016 
 14) Summer Gibson, MD     
                  Neurology        2014-2016 
 15) Skyler Jennings, PhD, AuD 
                  College of Health       2014-2016 
 16) Sujee Jeyapalina, PhD 
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                  Orthopaedics/Bioengineering     2014-2016 
 17) Giavonni Lewis, MD 
                  Surgery        2014-2016 
 18) Catherine Loc-Carillo, PhD 
                   Orthopaedics       2014-2016 
 19) William Lowrance, MD 
                   Urology        2014-2016 
 20) Scott McNally 

      Radiology        2014-2016 
21) Jose Nativi-Nicolau 
      Cardiology       2014-2016 
22) Quynh Nguyen, PhD 
       College of Health       2014-2016 
23) Robert Schlaberg, MD 
      Pathology        2014-2016 
24) Adam Spivak, MD 
      Infectious Diseases      2014-2016 
25) Gail Towsley, PhD 
      College of Nursing      2014-2016 
26) Yelena Wu, PhD 
      Family and Preventive Medicine     2014-2016 
27) Vanessa Stevens, PhD 
       College of Pharmacy-Pharmacotherapy    2014-2016 
28) Deanna Kepka, PhD 
      College of Nursing      2014-2016 
29) Nancy Allen, PhD 
      College of Nursing      2015-2017 
30) Jeremiah Alt, PhD 
      Otolaryngology       2015-2017 
31) Adam Bress, MS, PharmD 
      Pharmacotherapy       2015-2017 
32) Mignan Chen, PhD 
      Pharmaceutical Chemistry     2015-2017 
33) Lori Gawron, MD, MPH 
      Obstetrics and Gynecology     2015-2017 
34) Andrew Gawron, MD, PhD 
      Gastroenterology       2015-2017 
35) Heidi Hanson, PhD 
      Ramily and Preventive Medicine     2015-2017 
36) Noah Kolb, MD 
      Neurology        2015-2017 
37) Stephen McKellar, MD, MSc 
      Cardiovascular Surgery      2015-2017 
38) Mateo Paz-Soldan, MD, PhD 
      Neurology        2015-2017 
39) Ana Sanchez-Birkhead, PhD 
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      College of Nursing      2015-2017 
40) Deborah Stephens, DO 
      Hematology/Bone Marrow Transplant    2015-2017 
41) Alexandra Terrill, PhD 
      Occupational Therapy      2015-2017 
42) Anandh Velayutham, PhD 
      College of Health       2015-2017 
 
Building Interdisciplinary Research Careers 
In Women’s Health (BIRCWH) Scholars 
 

1) Heidi Hanson, PhD      2015-2017 
Department of Family and Preventive Medicine 

2) Cindy Matsen, MD      2015-2017  
Department of Surgery    

 
 Women’s Reproductive Health Research Scholars 

1) Laurie Gawron, MD     2015-2017 
2) Karen Gibbens, MD     2015-2017 

 

Other Academic Institutions 
  1) Derek Williams, MD 
  Pediatric Community Acquired Pneumonia 
  Associate Professor of Pediatrics 
  Vanderbilt University 
  Memphis, TN       2010-2017 
  (K12 awarded July 2011 and K23 awarded Jan 2013) 
       
  2) Margaret Rosenfeld, MD 
  Mentoring of Junior Faculty and K-24 
  Associate Professor of Pediatrics 
  University of Washington 
  Seattle, WA       2010-2012 
 

3) Pui-Ying Iroh Tam 
Pneumococcal Epidemiology and Vaccine Selective Pressure 
SPR Young Investigator 
Assistant Professor of Pediatrics 
University of Minnesota     2014-2017 
 
4) Richelle Charles, MD 
Cholera vaccine development 
Assistant Professor, Internal Medicine 
Harvard Medical School 
Harold Amos Scholar      2014-2018 
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5) Florence Momplaisir, MD 
HIV perinatal treatment 
Assistant Professor, Obstetrics and Gynecology 
Drexel University College of Medicine 
Harold Amos Scholar      2015-2019   

 
 

Mentoring of Post-Graduate Fellows 
Nicole Pershing, MD 
Fellow Pediatric Infectious Diseases 
Pneumococcal Empyema      2019- 
 
Eric Glissmeyer, MD 
Fellow Pediatric Emergency Medicine 
UTI Diagnostics in Febrile Infants and  
HSV Infection in Infants      2013-14 
 
Brian Kendall, MD 
Fellow Adult Infectious Diseases 
Epidemiology S.pneumoniae Adults     2010-2012 

  
Elizabeth Justice, MD 
Fellow Pediatric Infectious Diseases 
Molecular Epidemiology of S. pneumoniae     
Molecular Diagnostics of Respiratory Viruses   2009-2013 
 
Jeffrey Bender, MD 

 Fellow Infectious Diseases 
 Influenza and Streptococcus pneumoniae    2006-2009 
 

Laurie Pulver, MD 
Fellow General Pediatrics 
GBS in the Era of Prophylaxis 
Probiotics and Maternal/Infant Flora     2006-2009 
 
Julie Shakib, MD 
Fellow General Pediatrics 
Maternal/Infant Pertussis Immunity 
Optimizing Pertussis Immunization     2006-2009 
 
Amy Herbener, MD 
Infectious Diseases Fellow 
PCR Analysis of DFA negative Respiratory Illness   2005-2008 
 

 Anne Blaschke, MD 
 Fellow Pediatric Infectious Diseases 
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 Molecular Diagnosis of CNS Infections    2004-2006 

Alison C. Rentz, MD 
 Fellow, Neonatology 
 Early Onset Sepsis in the Term Infant  

HHV-6 Infections in the NICU 
ECHO 7 Infection in the Neonate 
University of Utah (PCMCF Award)     2002-2005 
 
Gregory Harlan, MD 
Fellow General Pediatrics 
Monoarticular arthritis in Rheumatic Fever    2004-2005 
 
Michael Mallory, MD 
Fellow Pediatric Emergency Medicine 
Evaluation of Health Literacy in Spanish-Speaking Families  2004 
(PCMCF Award) 
 
Maija Holsti, MD 
Fellow Pediatric Emergency Medicine 
Evaluation of a Model to Predict SBI in Febrile Infants  2004-2005 
 
Christian Rochell, MD 
Pediatric Chief Resident 
Adenoviral Infections in Immune Competent Children 
University of Utah       2002-2003 
 
Lonnie Miner, MD 
Fellow, Neonatology 
Understanding Bacterial Culture-Negative “Sepsis” in the NICU 
University of Utah       2002-2003 
 
Sherrie Butler, MD 
Fellow Critical Care 
Understanding Bacterial Culture-Negative “Sepsis” in the PICU 
University of Utah       2002-2003 
(PCMCF Award) 
Paul Bryan, MD 
Fellow Pediatric Emergency Medicine 
Evaluation of an Early Discharge Protocol for the Febrile Infant 2001-2003 
 
Scholarship Oversight Committee 

 Laurie Pulver, MD 
 Fellow General Pediatrics      2006-2009 
 

Julie Shakib, MD 
 Fellow General Pediatrics      2006-2009 
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Jeffery Bender, MD 

 Fellow Pediatric ID       2006-2009 
 
 Anne Blaschke, MD 
 Fellow Pediatric ID       2005-2006 
 

Wyc Cheatam, MD       2005-2006 
 Fellow Neonatology 
 
 Alison Rentz, MD 
 Fellow Neonatology       2002-2005 
 

Thesis Committee 
 
Dana Seif, MS 
Diagnosis of Parechovirus Infections in Children   2009-2010 
 
Audrey Stevenson, MSN, MPH     2006-2007 
Barriers to Immunization in an Insured Population 
PhD Thesis 
  

 Ann Marie Hannon, RN- The Development and Implementation of an HIV   
 Prevention Program for Adolescents in Foster Care 
 Masters Thesis CPNP-Degree awarded 6/13/97   1996-97 
 
 Undergraduate Research 
 Rachel Korth 
 HHV-6 Infection in Febrile Infants 1-90 days of age   2003 
  

Maria Arce-Larreta 
 Impact of a Clinic-Based Literacy Support Program on the Academic  
 Achievement of Children Living in Poverty    2002 
 

David Glover 
 Serotype Analysis of Invasive Pneumococcal Isolates   2002 

 
 
Dawn Ngo    

 Genetic Susceptibility to Pneumococcal Infections   2001 
 
 Graduate Research 
 Heidi Castillo, MD 
 DFA testing in Hospitalized Children and 
 The Changing Epidemiology of Bacterial Infections in Infants 2001-2002 
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Richard Tuohy, MBA 
 Cost-Effectiveness of Rapid Diagnostics in the 
 Evaluation of the Febrile Infant     1999-2000 
 
 Resident Research 
 Rebecca Partridge, MD and  
 Colleen Druzgal, MD 
 DFA testing for Respiratory Viruses Using  

a Gargle Technique (AAP Resident Research Award)  2004-2006 
 
 
Allison Keller, MD 
Adenovirus as a Mimic of Kawasaki Disease   2004-2005 
 
Jasmine Low, MD 
Comparison of CSF Results from Bactec vs. Conventional Media 2004-2005 
 
Noemi Adame, MD 
Radiographic Imaging in Pediatric Brain Abscess 
(IPS AAP Service to Children Award)    2003-2004 
 
Bryan Upham, MD 
Parainfluenza Infection and the Risk for SBI    2003-2004 
 

 Mandy Allison, MD 
 Risk Factors for Anemia in US-Born Children 

of Foreign-Born Mothers      2002-2003 
  

Joshua Bonkowsky, MD, PhD 
 Metamizole Use by Latino Immigrants    2001-2002 
  

Peter Lindgren, M.D., Pediatrics 
 An Analysis of the Cost and Length of Stay for 
 Latino vs. Non-Latino Febrile Infants    1999 
  

LaShonda Spencer, M.D., Medicine/Pediatrics 
 An Epidemiologic Evaluation of Pulmonary Empyema in  

Pediatric Patients from Utah (AAP Resident Research Award) 1999-2001 
 
Robin Nemer, M.D., Pediatrics 

 Evaluation of a Developmental Screening Tool in  
 English and Non-English Speaking Patients    1999-2000 
  

Susan Wiet, M.D., Psychiatry 
 Screening Adolescents in Foster Care for Depression and  

Suicidal Ideation in a Primary Care Setting    1997-1998 
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Margaret Kluthe, M.D., Pediatrics 

 Orthotic Bracing for Pectus Carinatum    1997-1999 
 

Medical Student Research 
 Research Elective 
 Analysis of the Rochester Criteria in Infants with Confirmed Viral Infection 
  Sean Biggs, MS III      1999 
 
 Analysis of the Rochester Criteria in Infants with Confirmed Viral Infection 
  Jon Bowman, MS III      1999 
 

 
PCR for the Identification of Enteroviral Infection in Febrile Infants 

  Nicole Priest, MS IV             1997 
 
 NIH-funded Summer Research 
 HHV-6 in the Febrile Infant 
  Mindy McCurry, MS I     2004 
 

Anemia in US-Born Children of Foreign-Born Mothers 
  Miguel Knochel MS IV     2003 
 

An Evaluation of Compliance with the Rochester Criteria 
 In a Children’s Hospital: Consequences of Variation 
  Neal Davis, MS I      2000 
 
 The Role of HHV-6 in Fever in Infants Under 90 Days 
  Neal Davis, MS I      2000 
 

An Epidemiologic Evaluation of Pulmonary Empyema  
in Pediatric Patients from Utah 

  Tim Johnson, MS I      1999 
 
 Senior Pediatric Honors Research 
 The Impact of the Sepsis Evaluation on Families 
  Richard Paxton, MS IV     1998-99 
 
 Comparison of Bacterial PCR to Blood Culture  

Michelle Burnside, MS IV     1998-99 
 
 Analysis of the Rochester Criteria in Infants with Confirmed Viral Infection 
  Sean Biggs, MS IV      1999-2000 
 
 Impact of Respiratory Viral DFA on Patient Management 
  Heidi Castillo, MS IV      2000-2001 
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 Anemia in US-Born Children of Foreign-Born Mothers 
  Miguel Knochel MS IV  

(National Medical Foundation Award)    2002-2003 
 

 
Epidemiology of Invasive Pneumococcal Infections in Children  

Jasmine Jensen, MS II    2003 
 
 An Analysis of Bronchiolitis by Virus Type 
  Jose Mendoza, MS IV     2004 
 
 Normal CSF Values in the Febrile Infant  
  Jeremy Kendrick, MS IV     2004 
 
 Economic Impact of Antibiotic Resistant Infections in  

Pediatric Settings 
Jasmin Jensen MS IV      2005 

 
 Group B Streptococcal Infections in the Era of Prophylaxis 

Mindy McCurry, MS IV     2006 
 
Courses/ Electives: 
  
 Management Essentials for Principal Investigators   2012- 
  2-year course for all VPCAT and other Career Development Scholars 
 
 Team Communication and Collaboration    2011- 
  Masters of Science in Clinical Investigation 
  Semester course  
 
 Clinical Research Methods and Practice    2009- 
  Undergraduate Health Science Majors 
  Semester long course (3 sessions/yr with 30 students per session) 
 
 Mentored Program in Pediatric Research    2007- 
  4th Year Medical Students 
  Year long course 
 
 Graduate Students and Fellows 
 Case Studies in Research Ethics 
  Biomedical Sciences       Fall 2004 
  Social and Behavioral Sciences    Spring 2005 
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Primary Care Essentials (12 Primary Care Residents)    
 Topics: Delivery of Health Care to the Underserved, Cultural Diversity,  
 Alternative Medicine, Foster Care, Antibiotic Use   1996-1998 
  

Freshman Medical Students 
 Longitudinal Patient in the Community    1997-2002 
 The Social Aspects of Care in the Community   2003-2005 
 

Sophomore Medical Students 
 Medical Microbiology: Virology Study Group (13 students)1997 
 
 Pediatrics Organ System Course        

The Infant and Illness      1999-2005 
 
 Third Year Medical Students 
 Pediatric Core Lectures 
  Immunizations (q 6 weeks)     1999-2000 
  

Senior Medical Students 
 Clinical Elective 
 The Practice of Pediatrics in Underserved Communities.   
  Ben Stevens MS IV              1996 

 
Resident Supervision: 

 Continuity Clinic  
 Pediatric Residents at the University South Main Community Health Center 
(1995-present) with more than 100 residents trained 

 Infectious Diseases Inpatient Attending – 12-26 weeks per year (1995-200 
 
 
X. PUBLICATIONS ( 0000-0002-7350-9495) 
  

Other Peer- Reviewed Educational Materials: 
 
1) Leyendo Juntos (Reading Together: Spanish Language Literacy Promotion for 

Primary Care Providers. Glusman, M (Chair) and Aristy, C, Arauz-Boudreau, A, 
Augustyn, M, Betances, JA, Byington, CL, et al. Reach Out and Read. 2009.  

2) Management of the Febrile Infant and Child. PREP Audio Issue #70, American 
Academy of Pediatrics. October 2011. 

 
Other Publications 
1) Use of Regional Epidemiologic Data May Help Determine Timing of RSV 

Immunoprophylaxis. Carrie L. Byington, MD  and H. Cody Meissner, MD. AAP 
News 2007. 28:14. 

2) CDC updates guidelines on prevention of perinatal GBS. Carrie L. Byington, MD  
and Carol Baker, MD. AAP News December 2010. 31:1 
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3) Evidence-based guidelines for pediatric CAP offer diagnosis, treatment 
recommendations. Carrie L. Byington, MD . AAP News October 2011. 32:30 

4) Be ready to respond to traveler’s questions about novel viruses. Carrie L. Byington, 
MD . AAP News. 2013. 34:8 

5) Study: Number of antigens in vaccines unrelated to neuropsychological outcomes. 
Carrie L. Byington, MD . AAP News. November 2013: 34:1 

6) Ebola and Children: Identifying and meeting the needs. Carrie L. Byington, MD . 
AAP News. 2014. 

7) Ebola virus epidemic: global picture and impact on children. H. Dele Davies, MD and 
Carrie L. Byington, MD. AAP News. February 2015. 

8) Updated AAP guidance will help you prepare for 2015-16 flu season. Henry H. 
Berstein, DO and Carrie L. Byington, MD . AAP News September 2015. 

 
 
 
Ori ginal Peer-Reviewed Articles and Policy Statements Published: 
 
196) Lypson, M, Ross, P, Byington, CL et al. Learning from the Past and Working in the 
present to create an anti-racist future for academic medicine. Academic Medicine October 2020. 
 
195) Hobson, WL, Olson, LM, Hopf, HW, Winters, LC, Byington, CL. The adjunct faculty are 
our lifeblood: An institution’s response to deliver value to volunteer community faculty. Family 
Medicine. 2020 (in press). 
 
194) Holsti, M, Keenan, H, Clark, E, Fischer, S, Hawkins, S, Just, S, Lee, J, Napia, E, Taylor, F, 
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and Practice of Pediatric Infectious Diseases Fourth Edition. Edited by Long, S, Pickering, L, 
and Prober, C. 2017. 

2015 American Academy of Pediatrics Report of the Committee on Infectious Diseases 
(Red Book). I reviewed and edited the entire document and served as Chair of the 
Committee during preparation. 

Byington, CL and Ampofo, K. Streptococcus pneumoniae (Chapter 123) in Principles 
and Practice of Pediatric Infectious Diseases Fourth Edition. Edited by Long, S, 
Pickering, L, and Prober, C. 2015.  

2012 American Academy of Pediatrics Report of the Committee on Infectious Diseases 
(Red Book). I reviewed and edited the entire document and served as Vice Chair 
of the Committee during preparation. 

Byington, CL and Ampofo, K. Streptococcus pneumoniae (Chapter 123) in Principles 
and Practice of Pediatric Infectious Diseases Fourth Edition. Edited by Long, S, 
Pickering, L, and Prober, C. 2012.  

2009 American Academy of Pediatrics Report of the Committee on Infectious Diseases 
(Red Book). I reviewed and edited the entire document and drafted a new chapter: 
Fusobacterium Infections (including Lemierre Disease). 

Byington, CL. Enteroviruses, Current Pediatric Therapy, 18th edition, eds. 
Burg/Ingelfinger/Polin/Gershon, 2005 

Byington, CL, Basow R.D., Streptobacillus moniliformis, The Textbook of   

 Pediatric Infectious Diseases, eds. Ralph D. Feigin & James Cherry, 5th   
 ed., 2003. 

Byington, CL, Basow R.D., Spirillum minus, The Textbook of Pediatric    

 Infectious Diseases, eds. Ralph D. Feigin & James Cherry, 5th ed., 2003. 
Byington,CL, Evaluation of Immigrant Children; International Adoptees, Refugees, and 

Migrants, Textbook of Pediatric Travel Medicine, editors John C. Christenson 
and Phillip Fischer, 1st edition, 2002.  

 Byington, CL, Basow R.D., Streptobacillus moniliformis, The Textbook of   

 Pediatric Infectious Diseases, eds. Ralph D. Feigin & James Cherry, 4th   
 ed., 1997. 
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  Byington, CL, Basow R.D., Spirillum minus, The Textbook of Pediatric    

 Infectious Diseases, eds. Ralph D. Feigin & James Cherry, 4th ed., 1997. 
   Feigin, R. D., Byington, CL, Pneumococcal Infections;  Nelson’s Textbook   

 of Pediatrics, ed. Richard Berhman, 14th ed., 1992. 
  Byington, CL, Basow, R. D., Rat Bite Fever;  The Textbook of Pediatric    

 Infectious Diseases, eds. Ralph D. Feigin & James Cherry, 3rd ed., 1992. 
 

Letters to the Editor 
Byington, CL, Ampofo, K, Korgenski, K, Daly, J, Pavia, AT. Empyema and Viral 

Illness in UT. PIDJ. 2006. 25: 854. 
 
Glasgow, T, Young, PC, Byington, CL. Impact of Peripartum Antibiotics on Risk for 

Late Onset Infection. Pediatrics. 2006. 117: 256-257. 
 
Byington, CL, Korgenski, K, Daly, J, Samore, M, Pavia, AT. Invasive pneumococcal 

disease in children: changing serotypes and clinical expressions of disease (reply). 
Clinical Infectious Diseases. 2005. 41:1822-23. 

 
Byington, CL. Diagnostic Testing for Enteroviral Infections. Pediatrics in Review. 2005. 
 
Antonow, JA, Byington, CL.  Use of RSV Elisa May Decrease Need For Sepsis 

Evaluations in Certain Febrile Infants.  Arch Pediatr Adolesc Med, 1999.  153: 
1310.  

 
Antonow, JA, Byington, CL.  Sepsis Evaluations in Hospitalized Infants with 

Bronchiolitis. Pediatric Infectious Disease Journal, 1998.  17:938-9. 
 
Abstracts: * Indicates Pediatric Academic Societies presentation-103 abstracts presented 
through 2016 
 
 209) Pershing, NL, Kapusta, A, Nielsen, S, Crandall, H, Korgenski, K, Byington, CL, 
Ampofo, K, Blaschke, AJ. The capsule and beyond: genetic determinants of pediatric 
Streptococcus pneumoniae empyema. ID Week 2020. October 21-25 2020. 
 
 208) Ory, MG, Alonzo, JP, Lee, S, Waer, A, Pulliam, CL, Ellis, ML, Williams, M, and 
Byington, CL. Interprofessional Education: Opiod Education and Training. 5th Annual 
Interprofessional Education and Research Symposium. Bryan, TX October 23, 2019.  
 

207) Blaschke, A, Korgenski, EK, and Byington , CL. Meningitis in Well-Appearing 
Febrile Infants aged 1-90 Day. ID Week 2017. San Francisco, CA. October 7, 2018 
 

206) Byington, CL, Ampofo, K, Lewis, T, Mathie, T. Nanayakkara, D, Pavia, AT, 
Hanson, K, Couturier, M, Moreau, B. Arboviral Infections Following the 2016 Olympic and 
Paralympic Games in a Cohort of US Athletes and Support Staff. ID Week 2017. San Diego, 
CA. October 7, 2017 
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205) Korgenski, EK, Byington, CL. Et al. Provider Compliance with Rapid Influenza 
Detection Testing Guidelines During the 2016-2017 Influenza Season. ID Week 2017. San 
Diego, CA. October 7, 2017 
 

204) Blaschke, AJ, Korgenski, EK, Wilkes, J, Presson, AP, Thorell, E, Stockmann, C,       
Pavia, AT, Knackstedt, ED, Reynolds, C, Schunk, JE, Daly, JA, Byington, CL. Human 
Rhinovirus Detection by PCR in Febrile Infants and Risk of Concomitant Bacterial Infection. ID 
Week 2017. San Diego, CA. October 7, 2017 

 
203)  Rothwell, E., Case, G., Cheek-O’Donnell, S., Wong, B., Johnson, E.J., Matheson, 

T., Wilson, A., Robinson, N.R., Rawlings, J., Horesjsi, B., Botkin, J.R., & 
Byington, C. (2017).  Empirical Assessment of a Theatrical Performance on 
Attitudes and Behavior Intentions Toward Research: The Informed Consent Play. 
Translational Science, Association for Clinical and Translational Science, 
Washington, DC, April 19-21, 2017.  

 
202) Chow, C, Olson, L, Lopez, AM, Byington, CL. An exploratory study of how 

physician identities inform clinical research practice. Translational Science 2017. 
Washington DC. 

 
201) Hernandez, EJ, Kapusta, A, Flygare, S, Crandall, H, Blaschke, AJ, Byington, CL, 

Schlaberg, R, andYandell, M. Ultra-fast sequence classification with 
Taxonomer—a case study of Staphylococcus aureus. The Biology of  Genomes 
Conference. Cold Spring Harbor. May 2017.  

 
200) Association of Palivizumab use in CF Infants with Longitudinal Outcomes. Fink, 

AK, Graff, GR, Rosenfeld, M, Byington, CL, and Saiman, L. North American CF 
Meeting. Orlando, FL. October 2016. 

 
199) Assessment of Adjunct Faculty Experience: Results and Actions. Hopf, H, Hobson-

Rohr, W, Carcelli, L. Olson, L, Akimseu, P, Byington, CL. AAMC Group on 
Faculty Affairs Professional Development Conference. Vancouver, BC, Canada. 
July 15, 2016. 

 
198) Initial Presentation of Neonatal Herpes Simplex Virus Infection. Curfman, AL, 

Glissmeyer, EW, Ahmad, FA, KOrgenski, EK, Blaschke, AJ, Byington, CL, 
Miller, AS. Pediatric Academic Societies Annual Meeting. Baltimore, MD. April 
30, 2016.  

 
197) A Syndromic Evidence-Based Antibiotic Prescribing Tool to Improve Antibiotic 

Therapy for Febrile Infants 1-90 Days. Korgenski, EK, Stockmann, C, Pavia, AT, 
Gesteland, PH, Thorell, EA, Stenehjem, E, Hersh, AL, Olson, J, Byington, CL. 
ID Week 2015. San Diego, CA October 7-11, 2015.  

 
196) Shared Genetic Variants among Empyema Causing Isolates of Streptococcus 

pneumoniae. Osborne, EJ, Blaschke, AJ, Crandall, H, Pavia, AT, Killpack, J, 
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Stockmann, C, Ampofo, K, Eilbeck, K, Farrell, AP, Schlaberg, R, Fischer, K, 
Yandell, M, Byington, CL. ID Week 2015. San Diego, CA October 7-11, 2015.  

 
195) Initial Presentation of Herpes Simplex Virus Infection in Infants 0-60 Days. Miller, 

A, Curfman, C, Ahmad, F, Glissmeyer, E, Byington, CL, Blaschke, AJ, 
Korgenski, EK. ID Week 2015. San Diego, CA October 7-11, 2015.  

 
194) Changing Trends in Parapneumonic Empyema (PPE) in the United States during the 

Pneumococcal Conjugate Vaccine Era. Ampofo, K, Pavia, AT, Hersh, AL, 
Thorell, EA, Stockmann, C, Blaschke, AJ, Rosen, P, Korgenski, EK, Daly, J, 
Byington, CL. ID Week 2015. San Diego, CA October 7-11, 2015.  

 
193) Changing Etiology of Parapneumonic Empyema through the Pneumococcal 

Conjugate Vaccine Era in Utah. Sanderson, SK, Ampofo, K, Stockmann, C, 
Pavia, AT, Mason, EO, Daly, J, Blaschke, AJ, Rosen, P, Korgenski, EK, 
Byington, CL. ID Week 2015. San Diego, CA October 7-11, 2015.  

 
192) Limited and Variable Use of Antivirals for Children Hospitalized with Influenza, 

2009-2014. Stockmann, C, Byington, CL, Pavia, AT, Ampofo, K, Wilkes, J, 
Korgenski, EK, Hersh, AL. ID Week 2015. San Diego, CA October 7-11, 2015. 

  
191)* Invasive Bacterial Infection Associated with Skin and Soft Tissue Infections in 

Infants. Hester, GZ, Hersh, A, Mundorff, MB, Wilkes, JF, Korgenski, K, 
Byington, CL, Srivastava, R. Pediatric Academic Societies Annual Meeting. 
Vancouver, Canada. May 4, 2014 

 
190)* National Trends in Pediatric Pyogenic Arthritis and Osteomyelitis, 1997-2009. 

Stockmann, C, Hersh, AL, Pavia, AT, Byington, Cl. Blaschke, AJ, Sherwin, 
CMT, Spigarelli, MG, Ampofo, K. Pediatric Academic Societies Annual Meeting. 
Vancouver, Canada. May 5, 2014. 

 
189) Does monthly palivizumab prevent nosocomial Respiratory Syncytial Virus (RSV) 

in high-risk infants in Newborn Intensive Care (NICU)? Olson, J, Byington, CL, 
Hersh, AL, Pavia, AT, Ampofo, KK, Faix, R, Thorell, EA. ID Week 2013. San 
Francisco, CA. October 5, 2013. 

 
188) Probability of Serious Bacterial Infection (SBI) in 1-90 Day old Febrile Infants with 

Laboratory Viral Testing Performed. Korgenski, EK, Wilkes, J,  Reynolds, C, 
Sheng, X, Byington, CL. ID Week 2013. San Francisco, CA. October 5, 2013. 

 
187) Polymerase Chain Reaction (PCR) Improves Pathogen Identification from Pleural 

Fluid of Children and Adults hospitalized with Community Acquired Pneumonia 
(CAP): Preliminary Results from the Etiology of Pneumonia in the Community 
(EPIC) Study. Ampofo, KK, Stockmann, C, Blaschke, AJ, Carvahlo, MG, 
Bramley, AM, Williams, DJ, Self, WH, Edwards, KE, Grijalva, CJ, Zhu, Y, 
Anderson, EJ, Wunderink, RG, Courtney, DM, Qi, C, Arnold, SR, McCullers, J, 
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Hicks, LA, Erdman, D, Hersh, AL, Byington, CL, Jain, S, Pavia, AT. ID Week 
2013. San Francisco, CA. October 4, 2013. 

 
187) Stockmann, C, Ampofo, K, Hersh, A. Blaschke, AJ, Byington, CL, Korgenski, K, 

Pavia, AT. Age-Specific Patterns of Human Metapneumovirus and Respiratory 
Syncytial Virus Activity. ID Week 2013. San Francisco, CA. October 3, 2013. 

 
186) The Clinical Epidemiology of Human Coronavirus Infections among Hospitalized 

Children. Sanderson, S, Stockmann, C, Pavia, AT, Byington, CL, Blaschke, AJ, 
Thorell, E, Hersh, AL, Herbener, A, Cowan, P, Korgenski, K, Daly, J, Ampofo, 
K. ID Week 2013. San Francisco, CA. October 3, 2013. 

 
185) Comparison of Nasopharyngeal and Anterior Nare Swabs for PCR Detection of         

Respiratory Viruses in Children. Byington, CL., Hobson-Rorher, Hersh, AL, 
Blaschke, AJ. ID Week 2013. San Francisco, CA. October 3, 2013. 

 
 
184)* Respiratory Syncytial Virus Associated Mortality in Hospitalized US Infants and 

Children Younger than 2 Years. Wilkes, J, Korgenski, KK, Sheng, X, Byington, 
CL . Pediatric Academic Societies Annual Meeting. Washington, DC. May 5, 
2013. 

 
183)* Analysis of Serious Bacterial Infection in Febrile Infants 1-90 Days by Week of 

Age. Byington, CL, Korgenski, KK, Sheng, X. Pediatric Academic Societies 
Annual Meeting. Washington, DC. May 5, 2013. 

 
182)* Evidence for Red Queen Dynamics in Invasive Streptococcus pneumoniae 

Serotypes following Vaccine Introduction. Byington, CL, Stockmann, C, 
Ampofo, K, Pavia, AT, Mason, EO, Forney, L. Pediatric Academic Societies 
Annual Meeting. Washington, DC. May 4, 2013. 

 
181) Community Engagement: A Novel Method for Development of American Indians in 

the Biomedical Workforce. Holsti, M, White, R, Bloom, K, Byington, CL. 2012 
NIH/NIMHD Science of Eliminating Health Disparities, National Harbor, MD. 
November 2, 2012. 

 
180) A Comparison of the Incidence, Outcomes, and Cost of Human Metapneumovirus, 

RSV, and Influenza among Hospitalized Children. Davis, C, Stockman, C, 
Ampofo, K, Korgenski, K, Byington, CL, Pavia, AT. ID Week 2012. San Diego, 
CA, October 20, 2012. 

 
179) Quantification of Human Rhinovirus Load and Disease Severity among 

Hospitalized Children with Pneumonia Enrolled in the CDC Etiology of 
Pneumonia in the Community (EPIC) Study. Stockman, C, Pavia, AT, Hymas, W, 
London, H, Myer, T, Hillyard, D, Byington, CL, Liu, X, Erdman, D, Jain, S, 
Ampofo, K and the Centers fro Disease Control and Prevention (CDC) Etiology 
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of Pneumonia in the Community (EPIC) Study Team. ID Week 2012. San Diego, 
CA, October 20, 2012. 

 
178) Community Surveillance of Respiratory Viruses among Families in the Utah Better 

Identification of Germs-Longitudinal Viral Epidemiology (BIG-LoVE) Study. 
Ampofo, K, Stockman, C, Pavia, AT, Blaschke, AJ, Miller, T, Crisp, R, 
Byington, CL. ID Week 2012. San Diego, CA, October 20, 2012. 

 
177) Human Coronavirus (HCoV) Shedding and Association with Illness among Families 

in a Longitudinal Cohort Study: The Utah Better Identification of Germs-
Longitudinal Viral Epidemiology (BIG-LoVE) Study. Ampofo, K, Stockman, C, 
Pavia, AT, Blaschke, AJ, Miller, T, Crisp, R, Byington, CL. ID Week 2012. San 
Diego, CA, October 20, 2012. 

 
176) Quantification of Human Metapneumovirus Load and Disease Severity among 

Hospitalized Children with Pneumonia Enrolled in the CDC Etiology of 
Pneumonia in the Community (EPIC) Study. Stockman, C, Pavia, AT, Hymas, W, 
London, H, Myer, T, Hillyard, D, Byington, CL, Liu, X, Erdman, D, Jain, S, 
Ampofo, K and the Centers fro Disease Control and Prevention (CDC) Etiology 
of Pneumonia in the Community (EPIC) Study Team. ID Week 2012. San Diego, 
CA, October 18, 2012. 

 
175) Symptoms Associated with Molecular Viral Detection in the Utah Better 

Identification of Germs-Longitudinal Viral Epidemiology (BIG-LoVE) Study. 
Byington, CL, Ampofo, KK, Herbener, A, Miller, T, Stockman, C, Sheng, X, 
Pavia, AT, Crisp, R. 112th General Meeting, American Society of Microbiology. 
San Francisco, CA. June 17, 2012.  

 
174) * Seasonal Acute Otitis Media and the Role of Respiratory Viral Activity in 

Children. Stockman, C, Ampofo, K, Hersh, A, Carleton, S, Sheng, X, Weng, 
HYC, Korgenski, K, Pavia, AT, Byington, CL. Pediatric Academic Societies 
Annual Meeting. Boston, MA, April 28, 2012  

 
173) * A Care Process Model for Febrile Infants Increases Evidence-Based Care, 

Improves Outcomes, and Reduces Costs. Byington, CL, Reynolds, C, Korgenski, 
K, Sheng, X, Valentine, K, Nelson, R, Daly, J, Osguthorpe, R, James, B, Savitz, 
L, Pavia, AT, Clark, EB. Pediatric Academic Societies Annual Meeting. Boston, 
MA, April 29, 2012. 

 
172) * Neutrophil Profile at Diagnosis of Invasive Meningococcal Infection in Children. 

Demisse, DE, Kaplan, SL, Romero, J, Leake, J, Barson, W, Halasa, N, Byington, 
CL, Peters, T, Tan, T, Hoffman, J, Lin, P, Edwards, KM, Mason, EO, 
Cooperstock, M. Pediatric Academic Societies Annual Meeting. Boston, MA, 
April 29, 2012.   
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171) * Population-Based Incidence and Costs of Hospitalization of Children with Human 
Metapneumovirus Infection. Davis, C, Stockman, C, Korgenski, K, Daly, J, 
Byington, CL, Pavia, AT, Ampofo, K. Pediatric Academic Societies Annual 
Meeting. Boston, MA, April 30, 2012.  

 
170) * Performance of Urinaysis Tests to Detect Urinary Tract Infection in 1-90 day old 

Febrile Infants. Korgenski, K, Sheng, X, Valentine, K, Reynolds, C, Wilkes, J, 
Byington, CL. Pediatric Academic Societies Annual Meeting. Boston, MA, April 
29, 2012. 

 
 
169)* Cerebrospinal Fluid Pleocytosis in Febrile Infants 1-90 Days with Urinary Tract 

Infection; Can a Cause be Identified? Doby, E, Korgenski, K, Byington, CL. 
Pediatric Academic Societies Annual Meeting. Boston, MA, April 29, 2012. 

 
 
168)* Invasive Pneumococcal Disease in Infants 1-90 Days Before and After 

Introduction of Pneumococcal Conjugate Vaccine. Olarte, L, Ampofo, K, 
Stockman, C, Korgenski, K, Mason, EO, Byington, CL.  Pediatric Academic 
Societies Annual Meeting. Boston, MA, May 1, 2012. 

 
 
167) Expansion of Serotypes Causing Invasive Pneumococcal Disease among Utah 

Children through the PCV7 Era.  8th International Symposium on Pneumococci 
and Pneumococcal Diseases. Ampofo, K, Stockman, C, Korgenski, K, Mason, 
EO, Byington CL. Iguacu, Brazil. March 11-15, 2012. 

 
166) Invasive Pneumococcal Disease in Infants 90 Days and Younger. 8th International 

Symposium on Pneumococci and Pneumococcal Diseases. Iguacu, Brazil. 
Ampofo, K, Stockman, C, Olarte, L, Korgenski, K, Mason, EO, Byington, CL. 
March 11-15, 2012. 

 
165) Once a Year and Every Other Friday: Peer Mentoring for Academic Women. Bar-

On, M, Byington, CL, Cosgrove, E, Gordon, L, Joad, J, Kutner, J, Lopez, AM, 
Wren, S. AAMC Annual Meeting, Denver, CO. November 6, 2011. 

 
164) Financial Impact of an Imported Measles Outbreak on Public and Private Sectors. 

Leniek, K, Pavia, AT, Abouzelof, R, Ampofo, K, Byington, CL, Vernon, V, Risk, 
I, Vitek, D, Hill, M. 49th Annual Meeting of the Infectious Disease Society of 
America. Boston, MA. October 21, 2011. 

 
163) Streptococcus pneumoniae serotypes in Utah Adults with Invasive Pneumococcal 

Disease at the End of the PCV7 Era. Kendall, B, Dascombe, K, Mehta, RR, 
Mason, EO, Pombo, DJ, Pavia, AT, Byington, CL. 49th Annual Meeting of the 
Infectious Disease Society of America. Boston, MA. October 21, 2011. 
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162) Serious Bacterial Infections in Infants 1-90 Days: Pathogen Incidence and in-vitro 

Susceptibility. Korgenski, EK, Hersh, AL, Thorell, EA, Valentine, KJ, Reynolds, 
C, Clark, EB, Byington, CL. 49th Annual Meeting of the Infectious Disease 
Society of America. Boston, MA. October 21, 2011. 

 
161) Molecular Evaluation and Pathogen Identification from Pleural Fluid in Pediatric 

Parapneumonic Empyema: Preliminary Data from the CDC Etiology of 
Pneumonia in the Community (EPIC) Study. Ampofo, K, Stockman, C, Blaschke, 
A, Byington, CL, Heyrend, C, Williams, DJ, Edwards, KE, Arnold, S, 
McCullers, JA, Hicks, L, Carvahlo, M, Jain, S, Pavia, AT. 49th Annual Meeting of 
the Infectious Disease Society of America. Boston, MA. October 21, 2011.   

 
160) Influenza Immunization During Pregnancy and Infant Antibody at 4 Months. 

Shakib, JH, Suarez, CM, Pavia, AT, Varner, MW, Rock, MT, Edwards, KM, 
Byington, CL. 49th Annual Meeting of the Infectious Disease Society of 
America. Boston, MA. October 21, 2011.  

 
159) Impact of Rapid Influenza Testing on Specificity of Clinical Care in the Emergency 

Department. Blaschke, AJ, Hersh, AL, Shapiro, DJ, Byington, CL, Pavia, AT. 
49th Annual Meeting of the Infectious Disease Society of America. Boston, MA. 
October 21, 2011. 

 
158) Teaching Future Clinician Scientists and Supporting the Research Infrastructure of 

an Academic Medical Center. Holsti, M, Adelgais, K, Jacobson, K, Willis, L, 
Clark, E, Byington, CL. Pediatric Educational Excellence Across the Continuum. 
2nd Biannual Conference. Arlington, VA. September 9, 2011. 

 
157)* Clinical Features and Risk Factors for Severe Influenza. Stockmann C, Ampofo K, 

Willis L, Bender JM, Korgenski K, Byington CL, Pavia AT.. Pediatric Academic 
Societies Annual Meeting. Denver CO. April 30, 2011. 

 
156)* Characteristics of Severe 2009 H1N1 vs. Seasonal Influenza -- Which is More 

Severe? Stockmann C, Ampofo K, Willis L, Bender JM, Korgenski K, Byington 
CL, Pavia AT. Pediatric Academic Societies Annual Meeting. Denver CO. April 
30, 2011. 

 
155)* Development of a Viral Respiratory Activity Information Dashboard: Supporting 

Outbreak Response and Clinical Decision Making through Information 
Visualization. Gesteland, P, Korgenski, K, Pavia, AT, Byington, CL. Platform 
Presentation. Pediatric Academic Societies Annual Meeting. Denver, CO April 
30-May 3, 2011. 

 
154)* The Accuracy of Detecting ILI (Influenza-Like Illness) Using Electronic 

Surveillance in the Intermountain West. Korgenski, EK, Gesteland, P, Byington, 
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CL. Poster Presentation. Pediatric Academic Societies Annual Meeting. Denver, 
CO April 30-May 3, 2011. 

 
152)* Detection of Rhinovirus does not Decrease the Liklihood of Serious Bacterial 

Infection in Febrile Infants Younger than 90 Days of Age. Doby, B, Korgenski, 
K, Reynolds, C, Byington, CL. Poster Presentation. Pediatric Academic Societies 
Annual Meeting. Denver, CO April 30-May 3, 2011. 

 
151)* Rapid Implementation of Viral Testing for Pandemic Influenza in a Hospital 

Setting. Valentine, K, Ballard, J, Korgenski, EK, Osguthorpe, RJ, Nygaard, M, 
Brenneman, A, Garner, NK, Christensen, A, Sharp, M, Cartwright, CD, Young, 
A, Petersen, GL, Reynolds, CC, Clark, EB, Byington, CL. Platform Presentation. 
Pediatric Academic Societies Annual Meeting. Denver, CO. April 30-May 3, 
2011. 

 
150)* Respiratory Viruses are Common in Children Attending School. Allison, MA, 

Carter, M, Mallin, B, Taylor, K, LaFluer, B, Pavia, AT, Young, PC, Byington, 
CL . Pediatric Academic Societies Annual Meeting. Denver, CO. April 30-May 3, 
2011. 

 
149) Rapid Molecular Identification of Pathogens from Positive Blood Cultures. Herend, 

C, Poritz, M, Ota, I, Byington, CL, Pavia, AT,48th  Daly, JA, Blaschke, A. 48th 
Annual Infectious Disease Society of America Meeting. October 23, 2010. 
Vancouver, British Columbia, Canada. 

 
148) Changes in the Clinical Syndromes of Invasive Group A Streptococcus in Utah. 

Stockman, C, Ampofo, K, Korgenski, EK, Weng, HY, Byington, CL, Pavia, AT. 
48th Annual Infectious Disease Society of America Meeting. October 23, 2010. 
Vancouver, British Columbia, Canada. 

 
147) Characteristics of Secondary Attack Rates of H1N1 in Families. Herbener, A, 

Ampofo, K, Miller, T, Weng, HY, Crisp, RJ, Byington, CL. 48th Annual 
Infectious Disease Society of America Meeting. October 22, 2010. Vancouver, 
British Columbia, Canada. 

 
146) High Rates of Invasive Methicillin Susceptible Staphylococcus aureus in a Pediatric 

Population with Little USA300. Blaschke, A, Thorell, EA, Korgenski, EK, 
Byington, CL, Pavia, AT, Daly, JA, Hulten, K. 48th Annual Infectious Disease 
Society of America Meeting. October 22, 2010. Vancouver, British Columbia, 
Canada. 

 
145) School Characteristics Associated with Decreased Absenteeism: Implications for 

Infection Control Practices. Allison, M, LeFleur, B, Young, PC, Byington, CL. 
American Academy of Pediatrics National Conference and Exhibition. October 3, 
2010. 
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144)* Modeling the Variation in Pediatric Seasonal RSV Epidemics. Leecaster, M, 
Gesteland, P, Greene, T, Walton, N, Gundlapalli, A, Rolfs, R, Byington, CL, 
Samore, M. Pediatric Academic Societies Annual Meeting. Vancouver, CA. May 
2, 2010. 

 
143)* Comparison of Children Hospitalized with 2009 Influenza A (H1N1) Infection 

during the First Wave to Seasonal Influenza; Is It More Severe? Herbener, A, 
Ampofo, K, Bender, J, Pavia, AT, Korgenski, K, Byington, C. Pediatric 
Academic Societies Annual Meeting. Vancouver, CA. May 2, 2010. 

 
 
142)* A Comparison of 2009 Influenza A (H1N1) to Seasonal Influenza in Hospitalized 

Infants 1-90 Days of Age. Herbener, A, Ampofo, K, Bender, J, Pavia, AT, 
Korgenski, K, Byington, C. Pediatric Academic Societies Annual Meeting. 
Vancouver, CA. May 2, 2010. 

 
141)* Non-Invasive Sample Collection for Respiratory Virus Testing by Multiplex PCR. 

M Allison, A. Blaschke, B. LaFleur, M. Portiz, T. Barney, J. Daly, L. Meyers, C. 
Heyrend, CL. Byington. Pediatric Academic Societies Annual Meeting. 
Vancouver, CA. May 2, 2010. 

 
140)* Elementary Schools’ Infection Control Policies and Practices Improved after 

the  Spring 2009 H1N1 Influenza A Outbreak. K. Whittemore, MD; M. Allison, 
MD, MSPH; M. Carter, MSPH; B. Mallin, MA, MPH; CL. Byington, MD. 
Pediatric Academic Societies Annual Meeting. Vancouver, CA. May 2, 2010. 

 
139)* Molecular Diagnostics Improve Pathogen Identification in Culture Negative 

Pediatric Parapneumonic Empyema. Ampofo, K, Blaschke, AJ, Pavia, AT, 
Heyrand, C, Poritz, M, Teng, D, Justice, EH, Korgenski, K, Daly, J, Byington, 
CL.  Pediatric Academic Societies Annual Meeting. Vancouver, CA. May 2, 2010. 

 
138)* Detection of Polymicrobial Parapneumonic Empyema using Molecular Methods. 

Doby, EH, Blaschke, AJ, Pavia, AT, Heyrand, C, Poritz, M, Teng, D, Korgenski, 
K, Daly, J, Byington, CL, Ampofo, K. Pediatric Academic Societies Annual 
Meeting. Vancouver, CA. May 2, 2010. 

 
137)* Inability of a Rapid Test and Direct Fluorescent Antibody Stain To Detect 2009 

Pandemic Influenza A/H1N1 in a Pediatric Population in the Intermountain West. 
Korgenskli, K, Sheng, X, Byington, CL. Pediatric Academic Societies Annual 
Meeting. Vancouver, CA. May 2, 2010. 

 
136)* Pertussis Immunization During Pregnancy. Shakib, J, Korgenski, K, Sheng, X, 

Pavia, AT, Byington, CL. Pediatric Academic Societies Annual Meeting. 
Vancouver, CA. May 2, 2010. 
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135)* Pregnancy Outcomes in Women with Group B Streptococcus (GBS) Bacteriuria. 
Weng, C, Korgenski, K, Sheng, X, Byington, CL. Pediatric Academic Societies 
Annual Meeting. Vancouver, CA. May 2, 2010. 

 
134)* Kindergarten Performance in Latino Children Participating in Reach Out and Read. 

Byington, CL, Hobson, W, Buchi, K, Allison, M, Campbell, K, Deiner, M.  
Pediatric Academic Societies Annual Meeting. Vancouver, CA. May 1, 2010. 

 
 
 
133) Vancomycin Use in the Neonatal ICU: Limited Impact of Negative Culture. 

Blaschke, A, Korgenski, K, Thorell, E, Weng, Hsin-Yi, Byington, CL. 47th 
Annual Meeting of the Infectious Diseases Society of America. Philadelphia, PA. 
October 31, 2009. 

 
132) Serious Bacterial Infection in Febrile Infants with Viral Disease.  Korgenski, K, 

Sheng, X, Valentine, KL, Reynolds, C, Byington, CL. 47th Annual Meeting of 
the Infectious Diseases Society of America. Philadelphia, PA. October 31, 2009. 

 
131) Pertussis Immunization During Pregnancy. Shakib, J, Korgenski, K, Sheng, X, 

Pavia, AT, Byington, CL. 47th Annual Meeting of the Infectious Diseases Society 
of America. Philadelphia, PA. October 31, 2009. 

 
130) Pediatric Invasive Group A Streptococcus Infections in Utah. Bender, J, Ampofo, K, 

Osguthorpe, RJ, Korgenski, K, Daly, J, Hill, HR, Byington, CL, Pavia, AT. 47th 
Annual Meeting of the Infectious Diseases Society of America. Philadelphia, PA. 
October 31, 2009. 

  
129) Influenza Virus Infection in Infants Younger than Three Months. Bender, J, 

Gesteland, P, Sheng, X, Korgenski, K, Daly, JA, Valentine, K, Srivatatava, R, 
Pavia, AT, Byington, CL. 47th Annual Meeting of the Infectious Diseases Society 
of America. Philadelphia, PA. October 31, 2009. (Fellow Award for Best Poster 
to J Bender) 

 
128) Impact of Rotavirus Vaccination in Two Utah Hospitals. Herrera-Guerra, A, 

Thorell, E, Ampofo, K, Korgenski, K, Byington, CL, Pavia, AT. 47th Annual 
Meeting of the Infectious Diseases Society of America. Philadelphia, PA. October 
31, 2009. 

 
127) Comparison of Blood and CSF PCR to Identify Herpes Simplex Virus in Febrile 

Infants. Osguthorpe, RJ, Bender, J, Korgenski, K, Daly, JA, Pavia, AT, Byington, 
CL . 47th Annual Meeting of the Infectious Diseases Society of America. 
Philadelphia, PA. October 31, 2009.  

 

Exhibit A, Page 80

Case 8:21-cv-01367-JVS-KES   Document 21-5   Filed 09/03/21   Page 82 of 187   Page ID
#:834



 66

126) Automated Nested Multiplex PCR Detects a Large Spectrum of Known Viral 
Variants. Myers, L, Blaschke, A, Poritz, M, Ririe, K, Byington, CL. Association 
for American Pathology 2009 Annual Meeting. 

 
125) Enhancing Population-Based Practice and Clinical Care of Acute Respiratory Tract 

Infections through Data Visualization and Decision Support. Gesteland, PH, 
Staes, CJ, Samore, MH, Pavia, AT, Korgenski, K, Savitz, L, James, BC, 
Byington, CL. 2009 AMIA Spring Conference. May 28, 2009. Orlando, FL. 

 
124)* Improvement in Laboratory Testing of Febrile Infants Using an Evidence Based 

Care Process Model. Byington, CL, Valentine, K, Reynolds, C, Conway, T, 
Clark, E. Pediatric Academic Societies Annual Meeting. May 4, 2009. Baltimore, 
MD. 

 
123)*  S. pneumoniae: Serotype 7F, the New Contender. Ampofo, K, Sheng, X, 

Korgenski, K, Mason, EO, Daly, J, Pavia, AT, Byington, CL. Pediatric Academic 
Societies Annual Meeting. May 4, 2009. Baltimore, MD. 

 
122)* The Changing Age and Serotype Distribution of Invasive Pneumococcal Disease in 

the PCV-7 Era; Implications for New Pneumococcal Vaccines. Ampofo, K, 
Sheng, X, Korgenski, K, Mason, EO, Daly, J, Pavia, AT, Byington, CL. Pediatric 
Academic Societies Annual Meeting. May 4, 2009. Baltimore, MD. 

 
121)* Factors Associated with Parental Acceptance of School Based Influenza 

Vaccination. Reyes, M, Calame, L, Young, PC, Byington, CL, Allison, M. 
Pediatric Academic Societies Annual Meeting. May 3, 2009. Baltimore, MD. 

 
120) Clinician Use and Acceptance of Population-Based Data about Respiratory 

Pathogens: Implications for Enhancing Population-Based Clinical Practice. 
Gesteland, PH, Allison, M, Staes, CJ, Samore, MH, Rubin, MA, Carter, ME, 
Wuthrich, A, Kinney, AY, Mottice, S, Byington, CL. American Medical 
Informatics Association Annual Meeting. Washington, DC November 8, 2008. 

 
119) Predominant Clone of Methicillin-Susceptible Staphylococcus aureus Causing 

Severe Disease. Blaschke, A, Thorell, EA, Jackson, MA, Korgenski, K, Daly J, 
Pavia, AT, Byington, CL, Mason, EO, Hulten, K. 48th Annual ICCAC/46th 
Annual Infectious Disease Society of America Meeting. Washington, DC. 
October 25-28, 2008. 

 
118) Clinical and cost analysis of children hospitalized due to Human Parainfluenza virus 

infection. Thorell, E, Ampofo, KK, Blaschke, AJ,  Korgenski, K, Daly, J, 
Byington, CL, Pavia, AT. 48th Annual ICCAC/46th Annual Infectious Disease 
Society of America Meeting. Washington, DC. October 25-28, 2008. 

 
117) Human Metapneumovirus infection in Children; Comparison with other Common 

Respiratory Viruses. Ampofo, K, Byington, CL, Bender, J, Blaschke, A, Pavia, 
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AT. 48th Annual ICCAC/46th Annual Infectious Disease Society of America 
Meeting. Washington, DC. October 25-28, 2008. 

 
116) Pneumococcal Meningitis in Utah Children; Evolution of Serotypes (1996- 2008). 

Ampofo, K, Osguthorpe, R, Mason, EO, Pavia, AT, Byington, CL. 48th Annual 
ICCAC/46th Annual Infectious Disease Society of America Meeting. Washington, 
DC. October 25-28, 2008. 

 
115) Streptococcus pneumoniae Hemolytic Uremic Syndrome in Utah Children. Bender, 

J, Ampofo, K, Byington, CL, Grinsell, M, Korgenski, K, Daly, J, Mason, EO, 
Pavia, AT. 48th Annual ICCAC/46th Annual Infectious Disease Society of 
America Meeting. Washington, DC. October 25-28, 2008. 

 
114) Molecular Epidemiology of Pediatric Pneumococcal Empyema in Utah 2001-2007. 

Byington, CL, Mason, EO, Korgenski, K, Daly, J, Hulten, K. 6th International 
Symposium on Pneumococci and Pneumococcal Diseases. Reykjavik, Iceland. 
June 8-12, 2008. 

 
113) Pediatric Parapneumonic Empyema and Complicated Pneumonia after Introduction 

of 7-Valent Pneumococcal Conjugate Vaccine. Byington, CL, Pirez, MC, Hsieh, 
YC, Huang, LM, Kellner, J, Obando, I, Fletcher, M, Spencer, D. 6th International 
Symposium on Pneumococci and Pneumococcal Diseases. Reykjavik, Iceland. 
June 8-12, 2008. 

 
112) Rapid Molecular Diagnostics for Serious Bacterial Infection. Blaschke, A, 

Byington, CL, Bawden, AJ, Thopmpson, J, Myers, L, Teng, D, Pavia, AT, Daly, 
JA, Poritz, MA. American Society for Microbiology. 108th Annual Meeting. 
Boston, MA. June 2, 2008. 

 
111)* Missed Serious Bacterial Infection in Febrile Infants Managed as Outpatients. 

Glissmeyer, E, Valentine, K, Reynolds, C, Korgenski, K, Vayo, T. Byington, CL. 
Pediatric Academic Societies Annual Meeting. Honolulu, HI. May 5, 2008. 

 
110)* Emerging Respiratory Viruses, Especially Rhinoviruses, Are Common in Children 

Evaluated for Respiratory Illness. Herbener, A, Poritz, M, Meyers, L, Korgenski, 
K, Daly, J, Byington, CL. Pediatric Academic Societies Annual Meeting. 
Honolulu, HI. May 4, 2008. 

 
109)* Influenza Antibodies in Post-partum Women and Newborns. Shakib, J, Edwards, 

K, Byington, CL. Pediatric Academic Societies Annual Meeting. Honolulu, HI. 
May 4, 2008. 

 
108)* Pediatric Parapneumonic Empyema and Complicated Pneumonia Before and After 

the Introduction of Pneumococcal Conjugate Vaccine. Byington, CL., Hsieh, Y-
C, Huang, L-M, Kellner, J, Obando, I, Fletcher, M, Spencer, D. Pediatric 
Academic Societies Annual Meeting. Honolulu, HI. May 4, 2008.   
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107)* The Role of Frontier Physicians in Utah in the Recognition of Human Tularemia. 

Byington, CL and Bender, J. Historical Perspectives. Pediatric Academic 
Societies Annual Meeting. Honolulu, HI. May 3, 2008. 

 
106) Pediatric Parapneumonic Empyema and Complicated PneumoniaBefore and After 

the Introduction of Pneumococcal Conjugate Vaccine.  Hsieh, Y-C, Huang, L-M, 
Byington, CL., Kellner, J, Obando, I, Fletcher, M, Spencer, D. World Society for 
Pediatric Infectious Diseases. Bangkok, Thailand. November 15, 2007. 

 
105) Informing the Front Line about Common Respiratory Viral Epidemics. Gesteland, 

PH, Samore, M, Pavia, AT, Srivastava, R, Korgenski, K, Gerber, K, Daly, JA, 
Mundorff, MB, Rolfs, RT, James, BC, Byington, CL.  American Medical 
Informatics Association Annual Meeting. Chicago, IL November 10, 2007. 

 
104) Population Analysis of Routine Viral Diagnostic Testing ad a Novel, Useful 

Paradigm for Public Health Surveillance. Wyman, L, Gesteland, P, Samore, M, 
Byington, CL. Public Health Information Networks Conference. August 27-29, 
2007. Atlanta, GA. 

 
103) Analysis of a Century of Empyema Deaths: Implications for Pandemic Influenza 

Preparedness. Bender, J, Ampofo, K, Sheng, X, Pavia, AT, Cannon-Albright, L, 
Byington, CL. Infectious Disease Society of America 45rd Annual Meeting. San 
Diego, CA . October 7, 2007. 

 
102) Carbapenem-Resistant Pseudomonas aeruginosa in Pediatrics. Blaschke, AJ, 

Korgenski, K, Daly, J, Pavia, AT, Byington, CL. Infectious Disease Society of 
America 45rd Annual Meeting. San Diego, CA . October 7, 2007. 

 
101) Polymerase Chain Reaction and the Clinical Diagnosis of Pertussis. Shakib, JH, 

Wyman, L, Gesteland, PH, Wuthrich-Reggio, A, Byington, CL. Infectious 
Disease Society of America 45rd Annual Meeting. San Diego, CA . October 7, 
2007. 

 
100) An Automated, Nested Multiplex PCR System to Detect 16 Respiratory Viruses. 

Myers, L, Rink, C, Daly, J, Poritz, M, Byington, CL. European Respiratory 
Society Annual Congress. September 18, 2007. Stockholm Sweden. 

 
99) Population Analysis of Routine Viral Diagnostic Testing as a Novel, Useful 

Paradigm for Public Health Surveillance. Byington, CL, Wyman, L, Gesteland, 
PH, Gundlapalli, A, Rolfs, RT, Samore, M. CDC Public Health Information 
Network Conference. Atlanta, GA. August 27, 2007. 

 
 98)* Nasopharyngeal Carriage of Common and Emerging Respiratory Viruses in 

Pediatric Health Care Workers. Gundlapalli, A, Byington, CL, Greenberg, R, 
Poritz, M, Mayer, L, Korgenski, K, Benuzillo, J, Carter, M, Wuthrich-Reggio, A, 
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Petty, W, Fejlstad, M, Jacketta, C, Stoddard, G, Daly, J, Pavia, AT, Samore, M. 
Pediatric Academic Societies Annual Meeting, Toronto, Ontario, Canada. May 5, 
2007. 

 
97)* Feasibility of Elementary School Children’s Use of Hand Gel and Face Masks 

During Influenza Season. Allison, MA, Guest-Warnick, G, Gesteland, PH, 
Srivastava, R, Nelson, D, Pavia, AT, Rolfs, RT, Calame, L, Byington, CL. 
Pediatric Academic Societies Annual Meeting, Toronto, Ontario, Canada. May 5, 
2007. 

 
96)* Extended Spectrum β-Lactamases: A Problem in Pediatrics? Blaschke, A, 

Korgenski, K, Daly, JA, Byington, CL. Pediatric Academic Societies Annual 
Meeting, Toronto, Ontario, Canada. May 8, 2007. 

 
95)* Early Onset Group B Streptococcus Infection in the Era of Intrapartum Prophylaxis. 

Pulver, L, McCurry, M, Young, PC, Stoddard, G, Byington, CL. Pediatric 
Academic Societies Annual Meeting, Toronto, Ontario, Canada. May 8, 2007. 

  
94)* Pertussis Diagnosis by PCR. Shakib, JH, Gesteland PH, Byington, CL. Pediatric 

Academic Societies Annual Meeting, Toronto, Ontario, Canada. May 7, 2007. 
  
93)* Viral Diagnostic Testing in Febrile Infants. Byington, CL, Valentine, K, Korgenski, 

K, Reynolds, C, Daly, J, Raines, B, Gesteland, P. Pediatric Academic Societies 
Annual Meeting, Toronto, Ontario, Canada. May 7, 2007. 

  
92)* Compliance with Recommended Laboratory Testing for Febrile Infants. Byington, 

CL , Valentine, K, Korgenski, K, Reynolds, C, Daly, J, Raines, B, Gesteland, P. 
Pediatric Academic Societies Annual Meeting, Toronto, Ontario, Canada. May 7, 
2007. 

 
91)* Pertussis Antibodies in Postpartum Women and Newborns. Shakib, JH, Ralston, S, 

Raissy, HH, Stoddard, G, Byington, CL. Pediatric Academic Societies Annual 
Meeting, Toronto, Ontario, Canada. May 6, 2007. 

 
90)* Pediatric Pneumococcal Meningitis in the Post-Vaccine Era: The Emergence of 

Serogroup 22F. Byington, CL, Korgenski, K, Daly, JA, Mason, EO. Pediatric 
Academic Societies Annual Meeting, Toronto, Ontario, Canada. May 6, 2007. 

 
89) Naso-Pharyngeal Carriage of Common and Emerging Respiratory Viruses in Health 

Care Workers. Gundlapalli, A, Byington, CL, Greenberg, R, et al. Society for 
Healthcare Epidemiology of America. Baltimore, MD. April 16, 2007. 

  
88) Pneumococcal Necrotizing Pneumonia in Utah: Does Serotype Matter? Bender, J, 

Ampofo, K, Pavia, AT, Daly, J, Byington, CL. Infectious Diseases Society of 
America, 44th Annual Meeting. Toronto, Ontario, Canada. October 13, 2006. 
(Travel Award- Dr. Bender) 
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87) Broad-Range Bacterial PCR of CSF in Infants Evaluated for Meningitis. Blaschke, A, 

Voelkerding, K, Zurcher, BA, Daly, J, Byington, CL, Hillyard, D, Petti, C. 
Infectious Diseases Society of America, 44th Annual Meeting. Toronto, Ontario, 
Canada. October 13, 2006. (Travel Award- Dr. Blaschke) 

 
86) Pediatric Invasive Pneumococcal Disease in Utah 2005. Byington, CL, Mottice, S, 

Ampofo, K, Pavia, AT, Mason, EO, Rolfs, R. Infectious Diseases Society of 
America, 44th Annual Meeting. Toronto, Ontario, Canada. October 13, 2006. 

 
85)* Outcomes of Influenza Infection in Infants 1-90 Days of Age. Byington, CL, 

Ampofo, K, Korgenski, K, Raines, B, Daly, J, Srivastava, R, Bender, J, Pavia, 
AT, Gesteland, P. Pediatric Academic Societies Annual Meeting, San Francisco, 
CA. May 2, 2006. 

 
84)* Risk Factors and Costs of Respiratory Failure in Children with Hospitalized 

Influenza. Gesteland, P, Ampofo, K, Pavia, AT, Byington, CL, Bender, J, James, 
B, Srivastava, R. Pediatric Academic Societies Annual Meeting, San Francisco, 
CA. May 2, 2006. 

 
83)* Differentiating Between Hospitalized and Non-Hospitalized Children with Proven 

Influenza Infection. Bender, J, Ampofo, K, Gesteland, P, Pavia, AT, Byington, 
CL , Srivastava, R. Pediatric Academic Societies Annual Meeting, San Francisco, 
CA. May 2, 2006. 

 
82)* Impact of Rapid Viral Testing and Virus-Specific Cohorting on the Rate of 

Nosocomial RSV infection at a Tertiary Children’s Hospital. Gesteland, P, 
Jenkins, E, Shunk, A, Daly, J, Pavia, AT, Sheng, X, Byington, CL. Pediatric 
Academic Societies Annual Meeting, San Francisco, CA. May 2, 2006. 

 
81)* Predictors of Need for Salvage Therapy with VATS after Chest Tube and 

Fibinolysis in the Management of Parapneumonic Effusion. Ampofo, K, 
Byington, CL, Myers, R, Feola, P, Gesteland, P, Bender, J, Srivastava, R, Pavia, 
AT. Pediatric Academic Societies Annual Meeting, San Francisco, CA. April 30, 
2006. 

 
80)* Association of Parapneumonic Effusions, Hospitalization, and Streptococcus 

Empyema with Viral Respiratory Tract Infections in Children in Utah. Ampofo, 
K, Byington, CL, Daly, J, Sheng, X, Gesteland, P, Bender, J, Srivastava, R, 
Pavia, AT. Pediatric Academic Societies Annual Meeting, San Francisco, CA. 
April 30, 2006. 

 
79)* Comparison of Bacteremia Due to Antibiotic Susceptible and Resistant 

Staphylococcus aureus and Streptococcus pneumoniae. Jensen, J, Korgenski, K, 
Daly, JA, Gesteland, P, Byington, CL. Pediatric Academic Societies Annual 
Meeting, San Francisco, CA. April 30, 2006. 
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78)* Impact of Age and Viral Status on Rochester Criteria and Risk of Serious Bacterial 

Infection in Febrile Infants. Byington, CL, Cutler, C, Sheng, X, Enriquez, FR, 
Pavia, AT. Pediatric Academic Societies Annual Meeting, San Francisco, CA. 
April 29, 2006. 

 
77) Differences between Hospitalized and Non-Hospitalized Children with Proven 

Influenza. Bender, J, Ampofo, K, Gesteland, P, Thompson, M, Pavia, AT, 
Srivatava, R, Byington, CL. Infectious Disease Society of America 43rd Annual 
Meeting. San Francisco, CA . October 8, 2005. 

 
76) Pediatric Pneumococcal Empyema: Increasing Rates and Emerging Serotypes. 

Byington, CL, Korgenski, K, Ampofo, K, Daly, JA, Pavia, AT, Mason, EO. 
Infectious Disease Society of America 43rd Annual Meeting. San Francisco, CA . 
October 7, 2005. 

  
75) Impact of Rapid Viral Testing and Virus Specific Cohorting on the Rate of 

Nosocomial RSV Infections in a Children’s Hospital. Gesteland, P, Jenkins, E, 
Schunk, A, Daly, JA, Pavia, AT, Sheng, X, Byington, CL. Infectious Disease 
Society of America 43rd Annual Meeting. San Francisco, CA . October 7, 2005. 

  
74)* Diagnosis of Sinogenic Intracranial Empyema in Children. Adame, N, Hedlund, G, 

Byington, CL. Pediatric Academic Societies Annual Meeting, Washington, DC, 
May 16, 2005.  

 
73)* Literacy of Hispanic Caregivers in a Pediatric Emergency Department. Mallory, M, 

Tapia-Guzman, J, Byington, CL, Dudley, N. Pediatric Academic Societies 
Annual Meeting, Washington, DC, May 16, 2005. 

 
72)* Evolution of Caries in Latino Preschool Children. Ortiz, K, Buchi, K, Watson, D, 

Johnson, J, Byington, CL. Pediatric Academic Societies Annual Meeting, 
Washington, DC, May 15, 2005. 

 
71)* Use of Bactec Blood Culture System for Culture of Cerebrospinal Fluid. Low, JI, 

Korgenski, K, Daly, J, Byington, CL. Pediatric Academic Societies Annual 
Meeting, Washington, DC, May 15, 2005. 

 
70)* Cerebrospinal Fluid Profiles in Febrile Infants 1-90 Days of Age without Evidence 

of Bacterial or Enteroviral Infection. Kendrick, J, Sheng, X, Byington, CL. 
Pediatric Academic Societies Annual Meeting, Washington, DC, May 15, 2005. 

 
69)* Monoarticular Arthritis Differentiating Septic Arthritis from Rheumatic Fever. 

Harlan, G, Tani, L, Byington, CL. Pediatric Academic Societies Annual Meeting, 
Washington, DC, May 15, 2005. 
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68)* Epidemiology of Persistent Coagulase Negative Staphylococcal Bacteremia in 
Newborn Intensive Care Infants. Anderson-Berry, A, Stoddard, G, Britton, B, 
Samore, M, Byington, CL, Faix, R. Pediatric Academic Societies Annual 
Meeting, Washington, DC, May 14, 2005. 

 
67)* Human Herpesvirus 6 Infections in Febrile Infants. McCurry, M, Taggart, EW, 

Stevenson, JB, Hymas, W, Hillyard, D, Byington, CL. Pediatric Academic 
Societies Annual Meeting, Washington, DC, May 14, 2005. 

 
66)* Bacteremia in Infants and Children with Bronchiolitis: Impact of Virus Type. 

Mendoza, J, Raines, WM, Ballard, J, Korgenski, K, Bennion, K, Daly, J, Gerber, 
K, Byington, CL. Pediatric Academic Societies Annual Meeting, Washington, 
DC, May 14, 2005. 

 
65) Epidemiology of Meningococcal Disease Among Adolescents in 10 Children’s 

Hospitals in the United States 2001-2003. Kaplan, SL and the US Pediatric 
Meningococcal Surveillance Group. Infectious Disease Society of America 42nd 
Annual Meeting. Boston, MA. October 2, 2004. 

 
64) Human Herpes Virus 6 Infections in the Neonatal Intensive Care Unit. Rentz, A, 

Taggart, EW, Stevenson, J, Hillyard, D, Byington, CL. Infectious Disease 
Society of America 42nd Annual Meeting. Boston, MA. October 2, 2004. 

 
63) Temporal Trends in Pediatric Pneumococcal Disease in the Intermountain West. 

Byington, CL,  Stoddard, G, Barlow, S, Korgenski, K, Daly, J, Mason, EO, 
Jensen, J, Pavia, AT. Infectious Disease Society of America 42nd Annual Meeting. 
Boston, MA. October 2, 2004. 

 
62)* Temporal Trends for Invasive Disease due to Streptococcus pneumoniae in Children 

in the Intermountain West: Increasing Importance of Non-Vaccine Serogroups. 
Byington, CL, Samore, M, Glover, D, Jensen, J, Daly, J, Korgenski, K, Mason, 
EO, Pavia, AT. Pediatric Academic Societies Annual Meeting, San Francisco, 
CA.  May 3, 2004.  

 
61)* Multicenter Pediatric Surveillance of Invasive Meningococcal Infection. Kaplan, 

SL, Mason, EO, Shutze, G, Edwards, K, Barson, WJ, Byington, CL, et al. 
Pediatric Academic Societies Annual Meeting, San Francisco, CA.  May 2, 2004.  

 
60)* Prevalence and Comparison of Bottled, Filtered and Tap Water Use between Latino 

and Caucasian Children. Wendy L. Hobson, Miguel Knochel, Carrie Byington , 
Charles Hoff, Karen Buchi. Pediatric Academic Societies Annual Meeting, San 
Francisco, CA.  May 2, 2004. 

 
59)* Iron Deficiency Anemia in Children of Foreign Born Mothers. Mandy Allison, 

Carrie Byington , Karen Buchi. Pediatric Academic Societies Annual Meeting, 
San Francisco, CA.  May 2, 2004. 
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58)* 16s Ribosomal PCR in Pediatrics. Sherri Butler, Carl Wittwer, Robert Pryor, Carrie 

Byington. Pediatric Academic Societies Annual Meeting, San Francisco, CA.  
May 2, 2004. 

 
57)* Occurrence of Bacterial and Viral Infections in Febrile Infants 1-90 days Old Based 

on Age. Carrie Byington , F. Rene Enriquez, Sean Firth. Pediatric Academic 
Societies Annual Meeting, San Francisco, CA.  May 2, 2004. 

 
56)* Parainfluenza and Secondary Bacterial Infections in Children. Bryan Upham, Kris 

Gerber, Judy Daly, Carrie Byington. Pediatric Academic Societies Annual 
Meeting, San Francisco, CA.  May 2, 2004.  

 
55)* Parental Perceptions of a Reach Out and Read Program: La Sabiduria esta en la 

Lectura. Carrie Byington, Wendy Hobson, Kim Winter, Gloria Torres, Karen F. 
Buchi. Pediatric Academic Societies Annual Meeting, San Francisco, CA.  May 2, 
2004. 

 
54)* Risks for Iron Deficiency in Pregnant Mexican Women Living in the United States. 

Miquel Knochel, Karen Buchi, Reta Van Orden, Nica Clark, Laurie Moyer-
Mileur, Mandy Allison, Carrie Byington. Pediatric Academic Societies Annual 
Meeting, San Francisco, CA.  May 2, 2004. 

 
53)* Dental Health and Habits of Hispanic Two-Year Olds in an Urban Clinic. Karen 

Ortiz, Jared Johnson, Karen F. Buchi, Carrie Byington. Pediatric Academic 
Societies Annual Meeting, San Francisco, CA.  May 2, 2004. 

 
52)* Impact of Health Supervision Visit Forms with Oral Health Prompts on Physician 

and Patient Behaviors. Karen Ortiz, Jonathan Castillo, Dustin Watson, Karen F. 
Buchi, Charles J. Hoff, Carrie Byington. Pediatric Academic Societies Annual 
Meeting, San Francisco, CA.  May 2, 2004. 

 
51)* Broad Spectrum Intrapartum Antibiotics Associated With Late-Onset Serious 

Bacterial Infection in Term Infants. Tiffany Glasgow, Paul Young, Carolyn 
Kwok, Sean Firth, Matthew Samore, Carrie Byington . Pediatric Academic 
Societies Annual Meeting, San Francisco, CA.  May 2, 2004. 

 
50)* Human herpes Virus 6: Infections in a Neonatal Intensive Care Unit. A C Rentz, E 

W Taggart, J B Stevenson, D R Hillyard, C L Byington. Pediatric Academic 
Societies Annual Meeting, San Francisco, CA.  May 1, 2004.  

 
49) Temporal Trends in Pediatric Pneumococcal Serogroup Distribution C. L. 

BYINGTON , K. CARROLL, S. ALDER, J. DALY, A. T. PAVIA, M. SANDE, 
and M. SAMORE.  Infectious Diseases Society of America Annual Meeting, San 
Diego, CA, October 2003. 
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48) ECHOVirus 7 Infection in a Neonate: A Discussion of Potential Therapies.  Rentz, 
AC, Miles, R, Fujinami, RS, Pevear, DC, Byington, CL. AAP District VIII 
Section on Perinatal Pediatrics.  28th Annual Conference, Hawaii.  June 26, 2003 
(Presented by Dr. Rentz) 

   
47) Epidemiology of Early Onset Sepsis in Infants > 1500 grams in the Era of Group B 

Streptococcus Prophylaxis.  Rentz, AC, Samore, M, Faix, R, Byington, CL.  
AAP District VIII Section on Perinatal Pediatrics.  28th Annual Conference, 
Hawaii.  June 26, 2003 (Presented by Dr. Rentz, awarded Best Poster of the 
Meeting) 

 
46)* Oral Health Habits of Toddlers in an Urban Clinic.  Ortiz, KA, Castillo, J, Buchi, 

KF, Hoff, C, Byington, CL. Pediatric Academic Societies Annual Meeting, 
Seattle, WA.  May 3, 2003.  

 
45)* The Impact of Intrapartum Antibiotics on Late-Onset Serious Bacterial Infection in 

Term Infants.  Glasgow, TS, Young, PC, Samore, M, Byington, CL. Pediatric 
Academic Societies Annual Meeting, Seattle, WA.  May 5, 2003.  

  
44)* Epidemiology of Early Onset Sepsis in Infants > 1500 grams in the Era of Group B 

Streptococcus Prophylaxis.  Rentz, AC, Samore, M, Faix, R, Byington, CL. 
Pediatric Academic Societies Annual Meeting, Seattle, WA.  May 3, 2003. 

    
43)* Serious Bacterial Infection in Febrile Infants 1-90 Days of Age with Viral Illness.  

Byington, CL, Enriquez, R, Taggart, EW, Hillyard, D, Carroll, K, Hoff, C. 
Pediatric Academic Societies Annual Meeting, Seattle, WA.  May 5, 2003. 

  
42)* Reassessment of the Rochester Criteria in Febrile Infants 1-90 Days of Age.  

Byington, CL, Hoff, C, Enriquez, R, Pavia, AT, Christenson, JC. Pediatric 
Academic Societies Annual Meeting, Seattle, WA.  May 3, 2003. 

  
41)* Enteroviral Infections in Infants Younger than 90 Days of Age.  Rittichier, KK, 

Bryan, P, Bassett, KE, Enriquez, R, Byington, CL. Pediatric Academic Societies 
Annual Meeting, Seattle, WA.  May 4, 2003. 

 
40)* Serious Bacterial Infections in Febrile Infants Younger than 90 Days of Age with 

Respiratory Syncytial Virus Infection.  Bassett, KE, Rittichier, KK, Enriquez, R, 
Byington, CL. Pediatric Academic Societies Annual Meeting, Seattle, WA.  May 
3, 2003. 

 
39)* Adenovirus Infections in Children.  Rocholl, C, Gerber, K, Daly, J, Pavia, AT, 

Byington, CL. Pediatric Academic Societies Annual Meeting, Seattle, WA.  May 
3, 2003.  

 
38) Invasive Isolates of Streptococcus pneumoniae from Children in the Intermountain 

West: The Importance of Non-Vaccine Serotypes.  C L Byington, D Glover, J 

Exhibit A, Page 89

Case 8:21-cv-01367-JVS-KES   Document 21-5   Filed 09/03/21   Page 91 of 187   Page ID
#:843



 75

Daly, K Korgenski, E O Mason, S Murala, A T Pavia.  Infectious Diseases 
Society of America Annual Meeting.  October 26, 2002.  Chicago, IL. 

 
37)*Metamizole Use: An Under-Recognized Health Threat in Latino Immigrants.  

Bonkowsky, JL, Frazer, JK, Buchi, KJ, Byington, CL. Pediatric Academic 
Societies Annual Meeting, Baltimore, MD.  May 7, 2002. (Presented by J. 
Bonkowsky). 

     
36)* Evaluation of a Protocol for Early Discharge of Hospitalized Febrile Infants 1-90 

Days of Age.  Byington, CL, Bryan, PA, Castillo, H, Riley, N, Miescer, M, 
Zebrack, M, Omura, T, Bassett, KE, Rittichier, K. Pediatric Academic Societies 
Annual Meeting, Baltimore, MD.  May 7, 2002. 

    
35)* Human Herpes Virus-6 in Febrile Infants 1-90 Days of Age.  Byington, CL, Zerr, 

D. Taggart, EW, Hillyard, DR, Carroll, K. Pediatric Academic Societies Annual 
Meeting, Baltimore, MD.  May 5, 2002. 

 
34)* Serious Bacterial Infections in Febrile Infants 1-90 Days of Age:  The Importance of   

Ampicicllin Resistant Gram-Negative Pathogens.  Byington, CL, Castillo, H, 
Rittichier, KK, Bassett, KE, Daly, J, Pavia, AT. Pediatric Academic Societies 
Annual Meeting, Baltimore, MD.  May 5, 2002. 

 
33) The Accuracy of Rapid Respiratory Viral Direct Fluorescent Testing Compared to 

Viral Culture in Pediatric Patients.  Gerber, K, Castillo, H, Byington, CL, Daly, J. 
American Society for Microbiology Annual Meeting.  Salt Lake City, UT May 
20, 2002 

   
32) Invasive Isolates of Streptococcus pneumoniae from Children in the Intermountain 

West.  Byington, CL, Daly, J, Korgenski, K, Glover, D, Mason, EO, Pavia AT, 
Hausdorff, WP.  American Society for Microbiology Annual Meeting.  Salt Lake 
City, UT May 23, 2002 

 
31) Evaluation of a Protocol for Early Discharge of Hospitalized Febrile Infants 1-90 

Days of Age.  Byington, CL, Bryan, PA, Castillo, H, Riley, N, Miescer, M, 
Zebrack, M, Omura, T, Bassett, KE, Rittichier, K. Western Ambulatory Pediatric 
Association Meeting, Carmel, CA.  February 10, 2002 (presented by Paul Bryan).  

 
30) Impact of Respiratory Viral DFA Testing on Antibiotic Use in a Children’s Hospital.  

Byington, CL, Castillo, H, Daly, J, Gerber, K, Brimley, L. Adams, S, 
Christenson, JC.  Infectious Diseases Society of America Annual Meeting.  San 
Francisco, CA. October 27,2001. 

 
29)* Compliance with Rochester Guidelines in High-Risk Infants.  Byington, CL . And 

Davis, RN.   Pediatric Academic Societies Annual Meeting, Baltimore, MD.  May 
1, 2001. 
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28) Compliance with Rochester Guidelines in High-Risk Infants.  Davis, RN, Byington, 
CL . Western Ambulatory Pediatric Association Meeting, Carmel, CA.  February 
11, 2001 (presented by Neal Davis).  

 
27)* The Longitudinal Behavior and Development Rotation of the Innovative Track of 

the University of Utah Pediatric Residency.  Parker-Cohen, NY, Buchi, K, 
Byington, CL, Young, PC. Pediatric Academic Societies and American Academy 
of Pediatrics Joint Meeting.  Boston, MA.  May 12, 2000. 

 
26)* Invasive Disease due to Haemophilus influenza type a (Hia): An Emerging 

Pathogen of the Post-Vaccine Era?  Adderson, EA, Spencer, LY, Kimball, A, 
Hindiye,M, Carroll, K, Mottice, S, Korgenski, K, Byington, CL, Christenson,J, 
Pavia, AT. Pediatric Academic Societies and American Academy of Pediatrics 
Joint Meeting.  Boston, MA.  May 13, 2000. 

   
25)* Sleeping Patterns and Behavioral Concerns of Latino and Non-Latino Parents.  

Nemer, RB, Parker-Cohen, NY, Young, PC, Terashima, R, Byington, CL. 
Pediatric Academic Societies and American Academy of Pediatrics Joint Meeting.  
Boston, MA.  May 12, 2000. 

 
24)* An Epidemiologic Investigation of Pediatric Empyema in Utah.  Spencer, LY, 

Johnson, T, Samore, MH, Byington, CL. Pediatric Academic Societies and 
American Academy of Pediatrics Joint Meeting.  Boston, MA.  May 13, 2000.   

 
23)* An Analysis of Time to Positive Culture for Blood, Urine, and Cerebrospinal Fluid 

from Febrile Infants.  Byington, CL, Tuohy, RP, Enriquez, FR, Pavia, AT, 
Christenson, JC. Pediatric Academic Societies and American Academy of 
Pediatrics Joint Meeting.  Boston, MA.  May 13, 2000. 

  
22)* Analysis of the Rochester Criteria in Febrile Infants Under 90 Days of Age with 

Viral Infections.   Byington, CL, Biggs, S, Bowman, J, Antonow, JA, Taggart, 
EW, Hindiyey, M, Hillyard, DR, Carroll, K.  Pediatric Academic Societies and 
American Academy of Pediatrics Joint Meeting.  Boston, MA.  May 13, 2000. 

 
21) Historical, Physical Examination, and Laboratory Findings in Patients with 

Enteroviral Meningitis.  Kadish, H, Peterson, D, Byington, CL, Bolte, R. Western 
Ambulatory Pediatric Association Meeting, Carmel, CA.  February 13, 2000.    

 
20) Analysis of the Rochester Criteria in Febrile Infants Under 90 Days of Age with Viral 

Infections.   Byington, CL, Biggs, S, Bowman, J, Antonow, JA, Taggart, EW, 
Hindiyey, M, Hillyard, DR, Carroll, K.  Western Ambulatory Pediatric 
Association Meeting, Carmel, CA.  February 13, 2000. 

 
19) An Analysis of Time to Positive Culture for Blood, Urine, and Cerebrospinal Fluid 

from Febrile Infants.  Byington, CL, Tuohy, RP, Enriquez, FR, Pavia, AT, 
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Christenson, JC. Western Ambulatory Pediatric Association Meeting, Carmel, 
CA.  February 12, 2000.  

 
18) A Comparison of Bacterial PCR of Whole Blood to Bacterial Culture for the 

Detection   of Bacteremia in the Febrile Infant.  Byington, CL , Burnside, M, 
Nelson, L, Kaddish, H, Ward, K.  AAP Annual Meeting, October, 1999.  
Washington, D.C. 

 
17) A Comparison of Bacterial PCR of Whole Blood to Bacterial Culture for the 

Detection of Bacteremia in the Febrile Infant.  Byington, CL , Burnside, M, 
Nelson, L, Kaddish, H, Ward, K.  39th Interscience Conference on Antimicrobial 
Agents and Chemotherapy.  San Francisco, CA.  September, 1999. 

 
16)* An Examination of the Unintended Consequences of the Rule Out Sepsis 

Evaluation: A Parental Perspective. Byington, CL, Paxton, RD. Ambulatory 
Pediatric Association Annual Meeting, San Francisco, CA, May 4, 1999. 

 
15) Screening Adolescents in Foster Care for Depression and Suicidal Ideation in a 

Primary Care Setting.  Beall, S.A., Wiet, S.M., Buchi, K.F., Byington, CL, 
National Association of Nurse Practitioners Annual Meeting, San Antonio, TX.  
April 16, 1999. 

 
14) Rapid Detection of Bacteremia in Febrile Infants Using Polymerase Chain Reaction.  

Byington, CL , Burnside, M, Nelson, L, Ward, K.  American Medical Student’s 
Association Annual Meeting, Chicago, IL , March 13, 1999. (Presented by Dr. 
Burnside and voted top ten abstract for meeting).  

 
13) Parental Perceptions of the Consequences of the Rule Out Sepsis Evaluation.  Paxton, 

RD, Byington, CL, Western Ambulatory Pediatric Association Annual Meeting, 
Carmel, CA.  January 30, 1999. 

 
12) Reach Out and Read: A Pediatric Early Literacy Program.  Wright, C, Deiner, M., 

Byington, CL, National Association for the Education of Young Children Annual 
Meeting, Toronto, Ontario, Canada, November, 1998. 

 
11) Collaboration Between a Public Health Department and an Academic Residency 

Program to Improve Pediatric Training: The Innovative Track of the Pediatric 
Residency Program at the University of Utah.  Buchi, K.F, Byington, CL, Norlin, 
E.C., and Young, P.C., Education for the 21st Century-National Initiatives, 
Baltimore, MD, September, 1998.   

  
10)* Screening Adolescents in Foster Care for Depression and Suicidal Ideation in a 

PrimaryCare Setting.  Beall, S.A., Wiet, S.M., Buchi, K.F., Byington, CL, 
Ambulatory Pediatric Association Annual Meeting, New Orleans, LA.  May, 
1998.  
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9)* The Use of PCR for the Identification of Enteroviral Infection in Febrile and Afebrile 
Infants under 90 days of age.   Byington, CL,  Taggart, EW, Carroll, K., Hillyard, 
D., Society for Pediatric Research Annual Meeting, New Orleans, LA.  May, 
1998. 

 
8) Enterovirus Detection in Cerebrospinal Fluid by Spin Amplified Shell Vial Culture 

and Polymerase Chain Reaction.  Taggart, EW, Hillyard, D, Byington, CL, 
Robinson, J, Carroll, K.  14th Annual Pan-American Society for Clinical Virology 
Symposium and Meeting, Clear Water, FL.  April 26-29, 1998. 

 
 
7) The Use of PCR for the Identification of Enteroviral Infection in Febrile Infants under 

90 days of age.   Byington, CL,  Taggart, EW, Carroll, K, Hillyard, D, Western 
Society for Pediatric Research Annual Meeting, Carmel, CA  February 6, 1998.  

  
 6) The Use of Telemedicine in a Pediatric Primary Care Residency Program.    
  Byington, CL: MEDNET 97, World Congress of the Internet in    
 Medicine, Brighton, England.  November 4, 1997. 
 

5) The Identification of Enteroviral Infection in Febrile Infants During Non-Summer 
Months.  Byington, CL, Taggart, EW, Carroll, K, Hillyard, D, Infectious 
Diseases Society of America Annual Meeting.  San Francisco, CA September 14, 
1997. 

 
4)* Comparison of Outcomes: The Sepsis Work-up in Hospitalized Infants with   

 Bronchiolitis.  Antonow, JA, Hansen, K, McKinstry, CA, Byington,   
 CL, National Ambulatory Pediatric Association Meeting, Plenary    
 Session, Washington, D.C., May 1997. 
 

3) Comparison of Outcomes: The Sepsis Work-up in Hospitalized Infants with   
 Bronchiolitis.  Antonow, J.A., Hansen, K., McKinstry, C.A., Byington,   
 CL, Western Ambulatory Pediatric Association Meeting, Carmel CA,   
 February 1997. 
 

2)* Molecular Modeling of PFK from Entamoeba histolytica for the Prediction of New 
Antiparasitic Agents.   Byington, C.L., Dunbrack, R.L., Cohen, F.E., and 
Agabian, N.   Presented at the Society for Pediatric Research Annual Meeting, ID 
Platform, Washington, D.C., May 1996.  Published in  Pediatric Research  
39(2): 1996. 

  
1) Molecular Modeling of Phosphofructokinase from Entamoeba histolytica for   

 the Prediction of New Antiparasitic Agents.  Byington, C.L., Dunbrack,   
 R.L., Cohen, F.E., and Agabian, N.,  Presented at the Infectious Diseases   
 Society of America Annual Meeting, San Francisco, CA  September 17,   
 1995.  Published in Clinical Infectious Diseases 21(3): 781 1995. 
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XI. INVITED PRESENTATIONS 
  
International: 
 

Working Together—Through Academic Health Centers.  Association of Academic 
Health Centers International (AAHCI ) European Roundtable - COVID-19 Epicenters: Lessons 
Learned, Impact, and Next Steps. Virtual Round Table Berlin, Germany. June 22, 2020.  
 
 

Remaining Challenges in Treatment of Pneumococcal Pneumonia. 10th International    
Symposium on Pneumococci and Pneumococcal Diseases. Glasgow, Scotland. June 26-30, 
2016. (Voted best presentation of the meeting) 

 
    Tackling the Problem of Antibiotic Resistance in Streptococcus pneumoniae. 17th Annual 

Meeting of the Hong Kong Society of Pediatric Research and 6th Annual Meeting 
of the Asian Pediatric Respirology Forum. Hong Kong SAR, People’s Republic 
of China. October 19, 2014. 

 
        Key Note: Changing Epidemiology of Pneumococcal Diseases and Serotype Replacement 

in the US and Utah after a Decade of Pneumococcal Conjugate Vaccine. 17th 
Annual Meeting of the Hong Kong Society of Pediatric Research and 6th Annual 
Meeting of the Asian Pediatric Respirology Forum. Hong Kong SAR, People’s 
Republic of China. October 19, 2014. 

 
         Workshop (Core Curriculum for Pediatric Academic Societies): Navigating Career     

Development Awards: Lessons from the CTSA Sites. PAS Annual Meeting. May 
14, 2014 (Session 2474; 3 hours; 40 attendees). Vancouver, British Columbia, 
Canada. Role Leader 

 
An Evidence-Based Care Process Model for the Evalaution of the Febrile Infant 1-90            

Days and Bacterial and Viral Diagnostics in the Febrile Infant. 10th Annual China 
Pediatric World Window. August 10-13, 2013. Beijung, Shanghai, and 
Guangzhou China. 

 
Pinnacles of Infectious Diseases: Red Book 2012. University of Miami 47th Annual 

Perspectives in Pediatrics. Miami, FL (webcast and translated for audience in 
Latin America). February 13, 2012. 

 
   Meet the Red Book Committee. Infectious Disease Society of America. Annual Meeting. 

Vancouver, Canada. October 25, 2010. 
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   Topic Symposium: Management of the Febrile Child-A 21st Century Approach? The 
Role Inflammatory Markers and Viral Diagnostics. Pediatric Academic Societies 
Annual Meeting. Vancouver, Canada, May 3, 2010. 

 
Pediatric Empyema in Utah: Molecular Epidemiology, MLST and Vaccine Implications. 

Visiting Professor: Taipei University, Taipei, Taiwan. March 24-25, 2008. 
 
Empyema in Children in the USA: The Possible Impact of Introduction of Routine 

Pneumococcal Immunization. European Respiratory Society Annual Congress. 
Stockholm, Sweden. September 18, 2007 

 
Complicated Pediatric Pneumococcal Pneumonia in Utah. North American 

Pneumococcal Advisory Board. Montreal, Quebec. Canada. September 14, 2006. 
   
The Importance of Rapid Viral Diagnostic Testing in Pediatrics. Sino-American Medical 

Science Exchange, “Best Pediatric Seminar China 2006”. Web-based 
presentation. Beijing Pediatric Hospital. Beijing, China. August 28, 2006.  

 
Rapid Viral Diagnostics in the Evaluation of the Febrile Infant and The Impact of Rapid 

Respiratory Viral Testing on Antibiotic Use in a Children’s Hospital: Visiting 
Professor: Hospital Pediatrico de Sinaloa, Culiacan, Mexico, Annual Meeting of 
the Mexican Academy of Pediatrics. November 6-8, 2003. 

 
Reach Out and Read: A Pediatric Early Literacy Program. National Association for the 

Education of Young Children Annual Meeting, Toronto, Ontario, Canada, 
November 18, 1998. 

 
The Use of Telemedicine in a Pediatric Primary Care Residency Program.  

 MEDNET 97, World Congress of the Internet in Medicine, Brighton, 
England.  November 4, 1997. 

 
The Use of Single Mode DOCK for the Prediction of Clinically Useful Inhibitors of  

 PFK from Entamoeba histolytica.  XIII Seminario International Sobre   
 Amibiasis-Bernardo Sepulveda Memorial Lecture: Molecular    
 Frontiers in Amibiasis Mexico City, Mexico. January 29,1997  
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National: 
 
 Advances in Measuring Disparities Across the University of California Health. 
Annual Meeting Association of Academic Health Centers (virtual). October 15, 2020.  
 
 
 Panelist: COVID-19 and Higher Education—Returning to University Campuses. JP 
Morgan Higher Education Webinar. October 6, 2020.  
 
 Keynote: Leadership Lessons for Pediatricians. American Academy of Pediatrics 
Young Physician Leadership Academy at the National Conference and Exhibition (via ZOOM). 
October 2, 2020. 
  

Panelist representing University of California Health: NIH Government-University 
Dialogue on COVID-19 Testing and Surveillance. July 24, 2020. Moderated by Dr. Francis 
Collins. 
 
 Keynote: Leadership Lessons: Learning Crossing Borders. Focus on Health and 
Leadership for Women. University of Pennsylvania Perlman School of Medicine. October 18, 
2019. 
 
Elizabeth Blackwell Visiting Professor. Leadership Lessons: Learning from Crossing Borders. 
Mayo Clinic. September 11, 2019. 
 
 Keynote: Times Up: Organizational Changes that Support Gender Equity in Academic 
Health Centers. AAMC CFAS and WIMS Annual Meeting. Chicago, Il. July 11, 2019 
 
 Keynote: Engineering Medicine: Developing Physicianeers to Shape the Future of 
Healthcare through Innovation. ASAIO 65th Annual Conference. San Francisco, CA. June 26, 
2019. 
 
 Effective Educational Partnerships Workshop (presented 4 times with Co-presenter Dr. 
Joy Alonzo). AAMC National Workshop to Advance Medical Education to Combat Opioid 
Misuse: Working Together Across the Continuum. May 9-10, 2019 
 
 

Plugging in to Rural Healthcare Solutions. South by Southwest (SXSW) March 12, 
2019. Austin, TX.  

 
Disrupting Traditional Healthcare with Innovation and Technology. South by Southwest 

(SXSW) March 13, 2018. Austin, TX 
 

Theodore Panos Visiting Professor—University of Arkansas January 28-30, 2018 
 Matrix Mentoring for KL2 Scholars 
 Pneumococcal Pneumonia—Epidemiology to Entrepreneurship 
 A 21st Century Approach to the Febrile Infant (Panos Lecture) 
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Nathan Frances Mossell Visiting Professor—Perelman School of Medicine, University 

of Pennsylvania. October 3-4-2017   
 

Meet the Red Book. American Academy of Pediatrics National Conference and Exhibit. 
San Francisco, CA. September 18, 2017. 
 

Meet the Red Book. American Academy of Pediatrics National Conference and Exhibit. 
San Francisco, CA. October 25, 2016. 

 
Meet the Red Book. ID Week 2015. New Orleans, LA. October 28, 2016. 
 
Vaccine Success and Addressing Vaccine Hesitancy and 21st Century Vaccine        

Challenges. Alaska Maternal Child Health & Immunization Conference. Anchorage, AK. 
September 27-28, 2016. 

 
         2016 Visiting Scholar, One Academic Journey: Lessons from Many Mentors. Vanderbilt 
University Medical Center Faculty Research Scholars Program. Nashville, TN. July 2016. 

 
Institutional Support for Physician Scientists: The Return on a Mentoring Investment. 
AAMC Annual Meeting. Baltimore, MD. November 9, 2015. 

 
Meet the Red Book. American Academy of Pediatrics National Conference and Exhibit. 

Washington, DC. October 25, 2015. 
 
Meet the Red Book. ID Week 2015. San Diego, CA. October 9, 2015. 
 
Key Note: Streptococcus pneumoniae from Epidemiology to Evolution: My Adventures 

with the Captain of the Men of Death. Symposium of the Statewide Ohio 
Infectious Diseases Consortium. Visiting Professor The Nationwide Children’s 
Hospital. Columbus, OH. November 19-21, 2014. 

 
Structured Mentoring in Preserving Science in Medical Schools: Sustaining Funding, 

Aligning Investigation, and Valuing Teaching. AAMC Annual Meeting. Chicago, 
Il. November 9, 2014. 

 
The Evidence-Based Management of the Febrile Infant. American Academy of Pediatrics 

Annual Meeting. San Diego, CA. October 13, 2014. 
 
Meet the Red Book: National Influenza Guidelines and Ebola Virus Disease. American 

Academy of Pediatrics Annual Meeting. San Diego, CA. October 13, 2014. 
 
Using Data to Drive Policies that can Address Salary Equity at US Medical Schools. 

AAMC Group on Faculty Affairs Annual Meeting. Boston, MA June 19, 2014. 
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Navigating Career Development Awards: Best Practices from the CTSA Child Health 
Oversight Committee. Byington, CL, Kaskel, R, and Purucker, M. Workshop. 
Pediatric Academic Societies Annual Meeting. Vancouver, Canada. May 4, 2014. 

 
Pediatric Pneumococcal Empyema: Translating Epidemiology and Evolution into Clinical 

Care. 13th Annual St. Jude/PIDS Pediatric Infectious Diseases Research 
Conference. St. Jude Research Institute. Memphis, TN February 21, 2014. 

 
Getting Started: A Career in Pediatric Infectious Diseases. Meet the Professor. Pediatric 

Academic Societies Annual Meeting. Washington, DC. May 4, 2013. 
 
Use of an Evidence-Based Care Process Model for the Management of the Febrile      

Infant. Pediatric Academic Societies Annual Meeting. Washington, DC. May 5, 
2013. 

 
Survey of K12/KL2 Programs: The Importance of the CTSA Consortium in Supporting 

Child Health Investigators. CTSA Consortium-Child Health Oversight Committee 
Annual Meeting. Boston, MA. April 26, 2012. 

 
The Evidence-Based Care of the Febrile Infant, Management of Pediatric Community 

Acquired Pneumonia, Periodic Fever Syndromes, and Challenging Pediatric 
Infectious Disease Cases. William L.  Bradford Visiting Professor at the 44th 
Annual Clinical Advances in Pediatrics Symposium. Children’s Mercy Hospital. 
Kansas City, MO. November 16-18, 2011. 

 
Evidence-Based Care of the Febrile Infant. Visiting Professor and Pediatric Grand 

Rounds. University of Alabama, Birmingham. Birmingham, AL. June 2, 2010. 
 
Advances in Diagnostic Testing that Improve the Care of the Febrile Infant. Carl Smith 

Visiting Professor in Laboratory Medicine. Washington University and St. 
Louis Children’s Hospital. St. Louis, MO. February 18, 2011. 

 
Public Health Communication with Physicians During the 2009 Influenza Pandemic. 

American Academy of Pediatrics and Centers for Disease Control and Prevention 
Enhancing Pediatric Partnerships to Promote Pandemic Preparedness. Chicago, Il. 
February 4, 2011. 

 
Meet the Red Book Committee, 2010-2011 Influenza Guidelines and Immunization for the 

Healthcare Worker. Infectious Disease Society of America Annual Meeting. 
Vancouver, BC, Canada. October 22 and 23, 2010. 

 
Diagnosis and Management of Pediatric Community Acquired Pneumonia. American 

Academy of Pediatrics National Conference and Exhibit. Washington, DC. 
October 10, 2010. 
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Improving Care of the Febrile Infant: Lessons Learned from the AHRQ Implementation 
Science Awards. Agency for Health Care Quality and Research Annual Meeting. 
Bethesda, MD, September 28, 2010. 

 
Challenging Cases in Pediatric Infectious Diseases. Infectious Disease Society Annual 

Meeting. Philadelphia, PA. October 29, 2009. 
 
The Evaluation of Periodic and Persistent Fever Syndromes. American Academy of 

Pediatrics National Conference and Exhibit. Washington, DC. October 17, 2009. 
  
The Changing Epidemiology of Invasive Pneumococcal Disease. Infectious Diseases 

Grand Rounds. Long Island Jewish Schneider Children’s Hospital. New York, 
New York. May 1, 2009. 

 
Evidence Based Care of the Febrile Infant. Pediatric Grand Rounds. Long Island Jewish 

Schneider Children’s Hospital. New York, New York. May 1, 2009. 
 
Evidence Based Care of the Febrile Infant. Medical University of South Carolina 11th 

Annual Pediatric Review Charleston, SC.  December 6, 2008. 
 
Evidence Based Care of the Febrile Infant. Pediatric Grand Rounds. Long Island Jewish 

Health System and Schneider Children’s Hospital. New Hyde Park, NY. 
December 5, 2008. 

  
Meet the Red Book. American Academy of Pediatrics National Conference and 

Exhibition. Boston, MA. October 13, 2008. 
 
Diagnostic Testing and the Care of the Febrile Infant, Children’s Health research 

Evaluation Unit (CHEAR), University of Michigan. Ann Arbor, MI. August 28, 
2007. 

 
Translational Research in Public Health Informatics: Linking Healthcare, Communities, 

and Public Health: Centers for Disease Control and Prevention National Center 
for Public Health Informatics Webinar. May 30, 2007. 

 
Neonatal Intestinal Microbiota: The Rights and Wrongs of Succession. American Society 

for Microbiology Symposium: Human Microbial Communities and the Immune 
System. Toronto, Canada. May 24, 2007. 

 
Impact of Age and Viral Status on Rochester Criteria and Risk of Serious Bacterial 

Infection in Febrile Infants. Pediatric Academic Societies Annual Meeting, San 
Francisco, CA. April 29, 2006. 

 
The Management of the Febrile Infant: Importance of Viral Diagnostic Testing. Medical 

University of South Carolina 7th Annual Pediatric Review Charleston, SC.  
December 3, 2004 
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Herpes Virus Infections in the Young Infant.  Medical University of South Carolina 7th 

Annual Pediatric Review Charleston, SC.  December 3, 2004  
 
Temporal Trends for Invasive Disease due to Streptococcus pneumoniae in Children in 

the Intermountain West: Increasing Importance of Non-Vaccine Serogroups. 
Pediatric Academic Societies Annual Meeting, San Francisco, CA.  May 3, 2004 

 
Parental Perceptions of a Reach Out and Read Program: La Sabiduria esta en la Lectura.  

Fifth Annual National Reach Out and Read Conference.  San Francisco, CA May 
1, 2004. 

 
The Impact of Intrapartum Antibiotics on Late-Onset Serious Bacterial Infection in Term 

Infants. Pediatric Academic Societies Annual Meeting.  Seattle, WA.  May 5, 
2003. (Presented by Tiffany Glasgow, MD) 

 
Reassessment of the Rochester Criteria in Febrile Infants 1-90 Days of Age. Pediatric 

Academic Societies Annual Meeting.  Seattle, WA.  May 3, 2003. 
 
Serious Bacterial Infections in Febrile Infants Younger than 90 Days of Age with 

Respiratory Syncytial Virus Infection. Pediatric Academic Societies Annual 
Meeting.  Seattle, WA.  May 3, 2003. (Presented by Kathlene Bassett, MD)  

 
Adenovirus Infections in Children. Pediatric Academic Societies Annual Meeting.  

Seattle, WA.  May 3, 2003. (Presented by Christian Rocholl, MD) 
 
Evaluation of a Protocol for Early Discharge of Hospitalized Febrile Infants 1-90 Days of 

Age.  Pediatric Academic Societies Annual Meeting, Baltimore, MD.  May 7, 
2002. 

 
The Management of the Febrile Infant: An Evidence-Based Approach. Annual Meeting 

of the Robert Wood Johnson General Physician Scholars Program.  La Costa, CA.  
December 6, 2001.  

  
Impact of Respiratory Viral DFA Testing on Antibiotic Use in a Children’s Hospital. 

Infectious Diseases Society of America Annual Meeting.  San Francisco, CA. 
October 27,2001. 

 
An Evaluation of the Clinical Utility and Cost-Effectiveness of Rapid Diagnostics in the 

Management of Febrile Infants at Low, Moderate, and High-Risk for Bacterial 
Infection.  Annual Meeting of the Robert Wood Johnson General Physician 
Scholars Program.  La Costa, CA.  December 6, 2000. 

 
An Analysis of Time to Positive Culture for Blood, Urine, and Cerebrospinal Fluid from 

Febrile Infants. Pediatric Academic Societies and American Academy of 
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Pediatrics Joint Meeting.  General Pediatrics: Infectious Diseases Platform,  
Boston, MA.  May 13, 2000. 

  
Analysis of the Rochester Criteria in Febrile Infants Under 90 Days of Age with Viral 

Infections.  Pediatric Academic Societies and American Academy of Pediatrics 
Joint Meeting. General Pediatrics: Infectious Diseases Platform, Boston, MA.  
May 13, 2000. 

 
Pediatric Early Literacy in Residency Training.  The First Reach Out and Read National 

Conference: Pediatrics and Early Literacy, March 4, 2000.  Cambridge, MA. 
 
A Comparison of Bacterial PCR of Whole Blood to Bacterial Culture for the Detection   

of Bacteremia in the Febrile Infant. AAP Annual Meeting, Section on Emergency 
Medicine, October 8, 1999.  Washington, D.C. 

  
Comparison of Outcomes: Sepsis Evaluations in Hospitalized Infants with   

 Bronchiolitis.  Ambulatory Pediatric Association Annual Meeting 
   Plenary Session.  Washington, D.C.  May 4, 1997 (presented by    

 Juli Antonow, M.D.) 
   
  Molecular Modeling of PFK from Entamoeba histolytica  for the Prediction of   

 New Antiparasitic Agents.  Society for Pediatric Research Annual Meeting.   
 Infectious Diseases Platform Session Washington, D.C. May 9, 1996 

 
 
Regional: 
 
Culture Inside the Hospital: The Impact and Innovation Within. National Healthcare 
South. Houston, TX. February 27, 2018. 
 
Grand Rounds—A 21st Century Approach to the Febrile Infant. Dell Children’s 
Hospital. Austin, TX. January 19, 2018. 
 
Adventures with the Captain (Pediatric Pneumococcal Empyema). Texas Branch of the 
American Society of Microbiology. Keynote address. October 20, 2017. 
 
Red Book 2015: An Update from the AAP Committee on Infectious Diseases. University 
of Utah Department of Pediatrics Grand Rounds. December 10, 2015. 
 
An Evidence-Based Approach to the Management of the Febrile Infant. 33rd Annual 
Conference on Pediatric Infectious Diseases. Vail, CO. August 1-3, 2015. 
 
Meet the Red Book. Common Problems in Pediatrics. June 1, 2015. Salt Lake City, UT. 

 
The Prevention and Management of RSV Bronchiolitis: Update of the AAP Guidelines. 
University of Utah Department of Pediatrics Grand Rounds. September 2012. 
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Career Development in the Pediatric Research Enterprise. University of Utah Department 
of Surgery Grand Rounds. July 12, 2011. Salt Lake City, Utah 
 
Management of Pediatric Community Acquired Pneumonia. Common Problems in 
Pediatrics. June 8, 2011. Salt Lake City, UT. 

 
Understanding the 2011 IDSA/PIDS Guidelines for the Management of Pediatric 
Community Acquired Pneumonia. Intermountain Medical Center Clinical Learning Days. 
May 20, 2011. Salt Lake City, UT. 
 
Understanding the 2011 IDSA/PIDS Guidelines for the Management of Pediatric 
Community Acquired Pneumonia. Logan Regional Medical Center May 6, 2011. Logan, 
UT. 

 
2010 Guidelines for the Prevention of Perinatal Group B Streptococcal (GBS) Disease. 
Logan Regional Medical Center Grand Rounds. Salt Lake City, UT. May 6, 2011. Logan, 
UT 

 
2010 Guidelines for the Prevention of Perinatal Group B Streptococcal (GBS) Disease. 
University of Utah Obstetrics and Gynecology Grand Rounds. Salt Lake City, UT. April 
14, 2011. 
 
Evidence-Based Care of the Febrile Infant. Intermountain 8th Annual Research Summit. 
Implementation Science: Finding What Works. March 11, 2011. Salt Lake City, UT.  
 
The Febrile Infant: A Model for Team Science. Benning Society Seminar Series. January 
25, 2011. Salt Lake City, UT. 
 
2010 Guidelines for the Prevention of Perinatal Group B Streptococcal (GBS) Disease. 
PCMC Grand Rounds. Salt Lake City, UT. December 2, 2010. 
 
Management of Community Acquired Pneumonia. Annual CME Conference. Kid’s Care. 
Sundance, UT. June 12, 2010. 
 
The Health Professions and Latino Values. Latino Medical Student Association, Utah 
Chapter. Annual Meeting. Keynote Speaker. University of Utah, Salt Lake City, UT 
April 24, 2010. 
 
Evidence Based Care of the Febrile Infant: Analysis of the New Care Process Model. 
Pediatrics in the Wasatch. Intermountain Clinical Learning Days, Salt Lake City, UT. 
October 10, 2009. 

 
Bad Bugs, MRSA and Drug-Resistant Pneumococci. University of Utah Alumni 
Association. Salt Lake City, UT. September 26, 2009. 
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Molecular Diagnostics in Pediatrics. University of Utah Alumni Association. Salt Lake 
City, UT. September 25, 2009. 
 
Evidence Based Care of the Febrile Infant: Analysis of the New CPM. Pediatric Grand 
Rounds, McKay Dee Regional Medical Center, Ogden, UT. June 3, 2009. 

 
Persistently Challenging: Periodic Fever Syndromes. 31st Annual Common Problems in 
Pediatrics. Salt Lake City, UT June 1, 2009. 
 
Evidence Based Care of the Febrile Infant: Analysis of the New CPM. Urban Central 
Learning Days. Intermountain Healthcare. Intermountain Medical Center, Salt Lake City, 
UT. May 15, 2009. 
 
Evidence Based Care of the Febrile Infant: Analysis of the New CPM. Ogden Medical 
and Surgical Society Annual Meeting, Ogden, UT. May 14, 2009. 

 
Evidence Based Care of the Febrile Infant: Analysis of the New CPM. Utah Northern 
Region Learning Days. Intermountain Healthcare. The Canyons, UT. September 12, 
2008. 
 
Evidence Based Care of the Febrile Infant. Intermountain Pediatric Society Regional 
Meeting. Dixie Regional Medical Center, St. George, UT February 15, 2008.  
 
How Doctor’s Think: Simple Strategies to Avoid Medical Errors. Morbidity and 
Mortality Report. Primary Children’s Medical Center. January 29, 2008.   
  
The Diagnostic Evaluation of the Febrile Infant. CHILD Dx Annual Conference. 
University of Utah. November 15, 2007. 
 
How to Choose a Mentor. University of Utah 1st Annual Mentoring U Workshop, March 
1, 2007. 
 
Building Your CV. University of Utah. Women in Medicine. February 13, 2007. 
 
Infectious Diseases in Infants and Children. University of Utah GCRC Skills Day. 
January 29, 2007. 
 
How to Write a Manuscript Reporting Clinical Science. Women’s Research Caucus. 
University of Utah. December 13, 2006. 
 
Care of the Febrile Infant: The Utah Experience. Pediatric Grand Rounds. PCMC May 
25, 2006. 
   
Computerized Decision Support and Advanced Diagnostic Technology for the Evaluation 
of the Febrile Infant. Combined Noon Conference/RIP. PCMC May 9, 2006. 
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Outcomes of Influenza in Infants 1-90 Days of Age. Utah Health Services Research 
Conference. Salt Lake City. February 24, 2006. 
 
Understanding the New Recommendations for Acellular Pertussis Vaccine. Association 
of College Health Providers. Salt Lake City, UT August 12, 2005. 
  
Reducing the Risk of Meningococcal Disease in College Students. Association of College 
Health Providers. Salt Lake City, UT August 12, 2005. 
 
Future Methods of Identifying Neonatal Infection. American Academy of Pediatrics, 
District VIII Perinatal section Meeting. Homestead, UT June 24, 2005 
 
Temporal Trends in Invasive Pneumococcal Disease in the Intermountain West. 
Epidemiology in Action, Utah Department of Health and the Centers for Disease Control 
and Prevention. Salt Lake City, UT December 10, 2004 
 
Temporal Trends in Invasive Pneumococcal Disease in the Intermountain West. Pediatric 
Grand Rounds, Primary Children’s Medical Center, Salt Lake City, UT December 9, 
2004. 
 
Temporal Trends in Invasive Pneumococcal Disease in the Intermountain West. Utah 
Chapter of the National Association of Pediatric Nurse Associates and Practitioners.  Salt 
Lake City, UT September 23, 2004. 
 
Update on Meningococcal Disease Including Strategies for Prevention.  Salt Lake County 
Health Department Lunch and Learn.  Salt Lake City, UT September 22, 2004. 
 
The Management of the Febrile Infant: An Evidence Based Approach.  IHC Clinical 
Learning Days.  Park City, UT September 18, 2004. 
 
Herpes Simplex Infections in Neonates and Young Infants.  Pediatric Grand Rounds, 
LDS Hospital, Salt Lake City, UT.  March 12, 2004. 
 
Pneumococcal Infections in Children. University of Utah Nurse Practitioner Training. 
March 1, 2004, Salt Lake City, UT (Webcast to 5 rural areas in UT). 
 
The Management of the Febrile Infant: An Evidence Based Approach. Pediatric Grand 
Rounds, St. Marks Hospital, Salt Lake City, UT, January 19, 2004. 
 
The Management of the Febrile Infant: An Evidence Based Approach. Pediatric Grand 
Rounds, Cottonwood Hospital, Salt Lake City, UT, January 14, 2004. 
 
The Management of the Febrile Infant: An Evidence Based Approach. Pediatric Grand 
Rounds, IHC Kids Care and InstaCare Grand Rounds, Salt Lake City, UT January 8, 
2004. 
 

Exhibit A, Page 104

Case 8:21-cv-01367-JVS-KES   Document 21-5   Filed 09/03/21   Page 106 of 187   Page ID
#:858



 90

The Management of the Febrile Infant: An Evidence Based Approach. Pediatric Grand 
Rounds, Utah Valley Regional Medical Center, Ogden, UT, November 11, 2003. 
 
The Management of the Febrile Infant: An Evidence Based Approach. Pediatric Grand 
Rounds, McKay Dee Hospital Provo, UT, November 11, 2003 
 
Health Issues in Refugee Children.  University of Utah and the Utah Department of 
Health Refugee Health Conference.  Salt Lake City, UT.  September 20, 2003. 
   
The Management of the Febrile Infant: An Evidence Based Approach.  Common 
Problems in Pediatrics.  Salt Lake City, UT,  June 11, 2003. 
 
Streptococcus pneumoniae: An Update:  University of Utah College of Nursing Graduate 
Nurse Practitioner Pediatric Primary Care Course (N6041).  April 7, 2003. 
 
Viral Diagnostics and the Management of Febrile Infants and Children.  ARUP Infectious 
Diseases Conference.  March 26, 2003. 
 
Update on Viral Pathogens, Diagnostics, and Treatment:  University of Utah 
Neonatology.  March 17, 2003. 
 
Covering the Uninsured: A Robert Wood Johnson Panel Discussion.  University of Utah 
School of Medicine.  March 11, 2003. 
 
Herpes Virus Infections in the Young Infant:  Pediatric Grand Rounds Wee Care 
Pediatrics.  Layton, UT February 6, 2003. 
 
Bugs and Drugs: An Antibiotic Update.  Utah Chapter of the National Association of 
Pediatric Nurse Associates and Practitioners.  Salt Lake City, UT October 24, 2002. 
 
The Management of the Febrile Infant: An Evidence Based Approach.  Issues in Pediatric 
Care. Primary Children’s Medical Center, Salt Lake City, UT October 18, 2002. 
 

 The Management of the Febrile Infant: An Evidence Based Approach.  Colorado 
Academy of Family Physicians Annual Meeting.  Breckenridge, CO.  September 19, 
2002. 

 
The Management of the Febrile Infant: An Evidence Based Approach.  Pediatric Grand 
Rounds, Utah Valley Medical Center, Provo, UT.  July 23, 2002. 

 
 The Management of the Febrile Infant: An Evidence Based Approach.  Pediatric Grand 

Rounds, Primary Children’s Medical Center, Salt Lake City, UT.  April 18, 2002. 
 
 Reaching Every Patient: Health Care for Diverse Communities.  Martin Luther King 

Memorial Panel Discussion.  University of Utah.  January 15, 2002. 
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 The Evaluation and Treatment of the Febrile Infant.  Utah Annual Meeting of the 
National Association of Pediatric Nurse Practitioners.  Park City, UT.  September 7, 
2001. 

 
 Pediatric Pneumococcal Empyema in Utah: Unraveling a Mystery.  Children’s Hospital 

of Oakland Research Institute.  Oakland, CA.  September 6, 2001. 
 
 The Evaluation of the Internationally Adopted Child or Refugee. Common Problems in 

Pediatrics.  Salt Lake City, UT.  June 2001. 
   
 The Evaluation of the Febrile Infant in 2001.  Common Problems in Pediatrics.  Salt Lake 

City, UT.  June 2001. 
 
 The Role of Viral Diagnostics in the Evaluation of the Febrile Infant.  National 

Children’s Health Improvement Through Laboratory Diagnostics Project.  Associated 
and Regional University Pathologists.  Salt Lake City, UT.  June 7, 2001. 

 
 Cultural Competence.  Food and Nutrition 1620: Cultural Aspects of Food.  University of 

Utah.  April 9, 2001. 
 
 The Evaluation of the Febrile Infant in 2001.  Key Note Speaker.  30th Annual University 

of Utah Family Practice Refresher Course.  Salt Lake City, UT.  March 20,  2001. 
 
 Compliance with Rochester Guidelines in High-Risk Infants.  Western Ambulatory 

Pediatric Association Meeting, Carmel, CA.  February 11, 2001 (presented by Neal 
Davis). 

 
Rule Out Sepsis: What Have We Learned at PCMC?  Family Medicine Grand Rounds, 
Salt Lake Regional Medical Center, October 25, 2000 

 
Rule Out Sepsis: What Have We Learned at PCMC?  Pediatric Grand Rounds, Primary 
Children’s Medical Center, September 28, 2000 
 
Management of Rochester High-Risk Febrile Infants:  Analysis of Variation. The Sixth 
Annual Frank Tyler Fall Medical Student Research Symposium.  Deer Valley, UT. 
September 14, 2000. (Presented by R. Neal Davis, MS I) 
    

 A Description of a Previously Unknown Human Bunyavirus Responsible for Severe 
Encephalitis in a Child.  The Annual Interim Meeting of the Rocky Mountain Infectious 
Diseases Society, Salt Lake City, UT, March 11, 2000. 

 
 Historical, Physical Examination, and Laboratory Findings in Patients with Enteroviral 

Meningitis. Western Ambulatory Pediatric Association Meeting, Carmel, CA.  February 
13, 2000. (Presented by H. Kadish) 
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Analysis of the Rochester Criteria in Febrile Infants Under 90 Days of Age with Viral 
Infections.  Western Ambulatory Pediatric Association Meeting, Carmel, CA.  February 
13, 2000. (Presented by Sean Biggs, MS IV) 
 
An Analysis of Time to Positive Culture for Blood, Urine, and Cerebrospinal Fluid from 
Febrile Infants. Western Ambulatory Pediatric Association Meeting, Carmel, CA.  
February 12, 2000. 
 
Reading Right: A Documentary on Early Literacy.  Family Now, KSL Channel 5 
Production.  Aired in Salt Lake City, UT January 25, 2000. 
 
An Epidemiologic Investigation of Empyema in Pediatric Patients from Utah.  The Fifth 
Annual Frank Tyler Fall Medical Student Research Symposium.  Deer Valley, UT. 
September 9, 1999. (Presented by Tim Johnson, MS I) 
 

 Alternative Therapies and Culturally Competent Medicine for the Pediatric Patient.  
Critical Issues In Children and Adolescents.  Salt Lake City, UT.  September 2, 1999. 

 
 Strategies for Increasing Literacy for Children Living in Poverty.  Bonneville   Exchange 

Club.  Salt Lake City, UT.  August 18, 1999. 
 
Strategies for Increasing Literacy for Children Living in Poverty.  Sugarhouse Rotary 
Annual Meeting.  Salt Lake City, UT.  April 22, 1999.  
 
Hepatitis A, B, and C Considerations During Pregnancy and the Peripartum Period.  The 
University of Utah Pregnancy Risk Line Group, March 17, 1999. 

 
The Pediatrician’s Role in Identifying Adolescent Depression.  First Annual Eric Moerer 
Memorial Lecture Series.  University of Utah.  November 7, 1998. 
 
A Pediatric Model for Improving Early Childhood Literacy in a Latino Population.  The 
Utah Coalition of La Raza.  Salt Lake City, UT.  November 5, 1998. 

  
What am I? An Interactive Presentation of Infectious Rashes.  Primary Children’s 
Medical Center IX Annual Pediatric Update Conference, Sun Valley, ID.  September 13, 
1998  

  
 Enteroviral Infections in Infancy. Primary Children’s Medical Center IX Annual 

Pediatric Update Conference, Sun Valley, ID.  September 13, 1998  
 
 Principles of Judicious Antibiotic Use. Primary Children’s Medical Center IX Annual 

Pediatric Update Conference, Sun Valley, ID.  September 13, 1998 
  

Potential for the Rapid Diagnosis of Fever in Infants.  Compucyte Corporation, 
Cambridge, MA, August 31, 1998.  
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Enteroviral Infections in Infancy.  Pediatric Grand Rounds, Primary Children’s 
Medical Center.  April 30, 1998. 

Neonatal Enteroviral Infections.  Neonatal Fellows Conference, University of Utah. 
March 9, 1998. 

Persistent Pneumonia , Fever, and Elevated LDH.  Audio Case Conference, Primary 
Children’s Medical Center.  February 23, 1998. 

The Use of PCR for the Identification of Enteroviral Infection in Febrile Infants under 
90 days of age.  Western Society for Pediatric Research Annual Meeting,   
Infectious Diseases Platform Session, Carmel, CA February 6, 1998.  

Purulent Rhinitis: Is it Sinusitis or the Common Cold?  Common Problems in 
Pediatrics Nineteenth Annual Conference.  Salt Lake City, UT June 
16,1997 

Pediatric Immunizations: An Update.  University of Utah-Division of Family 
Medicine Grand Rounds, Salt Lake Regional Medical Center. March 12,  1997. 

Pediatric Immunizations: An Update.  Wyoming Academy of Family Physicians  Annual 
Meeting.  Jackson, WY.  February 25, 1997. 

Pharyngitis. Wyoming Academy of Family Physicians Annual Meeting 
Jackson, WY. February 25, 1997 

Comparison of Outcomes: Sepsis Evaluations in Hospitalized Infants with Bronchiolitis. 
Western Section of the Ambulatory Pediatric Association Annual Meeting. 
Carmel, CA. February 8, 1997 (presented by Kim Hansen,     
M.D.)

Penicillin Resistant Streptococcus pneumoniae.  Medical Advisory Committee, Salt 
Lake City-County Health Department.  October, 1995. 

PPi-PFK in Entamoeba histolytica .  Audio-conference:  Research in Glycolytic 
Enzymes.  California State University-Northridge, Department of Cell  
Biology, September, 1995.  
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REVIEW SUMMARY
◥

CORONAVIRUS

Airborne transmission of respiratory viruses
Chia C. Wang*, Kimberly A. Prather*, Josué Sznitman, Jose L. Jimenez, Seema S. Lakdawala,
Zeynep Tufekci, Linsey C. Marr

BACKGROUND: Exposure to droplets produced
in the coughs and sneezes of infected indi-
viduals or contact with droplet-contaminated
surfaces (fomites) have been widely perceived
as the dominant transmissionmodes for respi-
ratory pathogens. Airborne transmission is tra-
ditionally defined as involving the inhalation
of infectious aerosols or “droplet nuclei” smaller
than 5 mm and mainly at a distance of >1 to 2 m
away from the infected individual, and such
transmission has been thought to be relevant
only for “unusual” diseases. However, there is
robust evidence supporting the airborne trans-
mission of many respiratory viruses, including
severe acute respiratory syndrome coronavirus
(SARS-CoV), Middle East respiratory syndrome
(MERS)–CoV, influenza virus, human rhino-
virus, and respiratory syncytial virus (RSV).
The limitations of traditional views of droplet,
fomite, and airborne transmission were illumi-
nated during the COVID-19 pandemic. Droplet
and fomite transmission of SARS-CoV-2 alone
cannot account for the numerous superspread-
ing events and differences in transmission be-
tween indoor and outdoor environments observed
during the COVID-19 pandemic. Controversy sur-
rounding how COVID-19 is transmitted and what
interventions are needed to control the pandemic
has revealed a critical need to better under-
stand the airborne transmission pathway of
respiratory viruses, which will allow for better-
informed strategies tomitigate the transmission
of respiratory infections.

ADVANCES: Respiratory droplets and aerosols
can be generated by various expiratory activ-
ities. Advances in aerosol measurement tech-
niques, such as aerodynamic and scanning
mobility particle sizing, have shown that the
majority of exhaled aerosols are smaller than
5 mm, and a large fraction are <1 mm for most
respiratory activities, including those produced
during breathing, talking, and coughing. Ex-
haled aerosols occur in multiple size modes
that are associated with different generation
sites and production mechanisms in the re-
spiratory tract. Although 5 mm has been used
historically to distinguish aerosols from drop-
lets, the size distinction between aerosols and
droplets should be 100 mm, which represents
the largest particle size that can remain sus-
pended in still air for more than 5 s from a
height of 1.5 m, typically reach a distance of
1 to 2 m from the emitter (depending on the
velocity of airflow carrying the aerosols), and
can be inhaled. Aerosols produced by an in-
fected individual may contain infectious viruses,
and studies have shown that viruses are en-
riched in small aerosols (<5 mm). The transport
of virus-laden aerosols is affected by the physico-
chemical properties of aerosols themselves and
environmental factors, including temperature,
relative humidity, ultraviolet radiation, airflow,
and ventilation. Once inhaled, virus-laden aero-
sols can deposit in different parts of the re-
spiratory tract. Larger aerosols tend to be
deposited in the upper airway; however, smaller

aerosols, although they can also be deposited
there, can penetrate deep into the alveolar
region of the lungs. The strong effect of ven-
tilation on transmission, the distinct difference
between indoor and outdoor transmission,
well-documented long-range transmission, the
observed transmission of SARS-CoV-2 despite
the use of masks and eye protection, the high
frequency of indoor superspreading events of
SARS-CoV-2, animal experiments, and airflow
simulations provide strong and unequivocal
evidence for airborne transmission. Fomite
transmission of SARS-CoV-2 has been found
to be far less efficient, and droplets are only
dominant when individuals are within 0.2 m
of each other when talking. Although both
aerosols and droplets can be produced by in-
fected individuals during expiratory activities,
droplets fall quickly to the ground or surfaces
within seconds, leaving an enrichment of
aerosols over droplets. The airborne pathway
likely contributes to the spread of other re-
spiratory viruses whose transmission was pre-
viously characterized as droplet driven. The
World Health Organization (WHO) and the
US Centers for Disease Control and Preven-
tion (CDC) have officially acknowledged the
inhalation of virus-laden aerosols as a main
transmission mode in spreading COVID-19
at both short and long ranges in 2021.

OUTLOOK: Airborne transmission of pathogens
has been vastly underappreciated, mostly be-
cause of an insufficient understanding about
the airborne behavior of aerosols and at least
partially because of the misattribution of an-
ecdotal observations. Given the lack of evi-
dence for droplet and fomite transmission and
the increasingly strong evidence for aerosols
in transmitting numerous respiratory viruses,
we must acknowledge that airborne transmis-
sion is much more prevalent than previously
recognized. Given all that we have learned
about SARS-CoV-2 infection, the aerosol trans-
mission pathway needs to be reevaluated for
all respiratory infectious diseases. Additional
precautionary measures must be implemented
for mitigating aerosol transmission at both
short and long ranges, with particular atten-
tion to ventilation, airflows, air filtration, UV
disinfection, andmask fit. These interventions
are critical tools for ending the current pan-
demic and preventing future outbreaks.▪
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Infected person Potential host

<5 µm
5-100 µm

>100 µm

Aerosols

Droplets

Within and beyond 
1 meter
Can float in air for hours
Can be inhaled

<1 m >1 m
Fomites: contaminated surfaces

Can travel less 
than 1 meter
Fall to the ground in
under 5 seconds
Cannot be inhaled Alveolar

Oral

Laryngeal

Bronchial

Phases involved in airborne transmission of respiratory viruses. Virus-laden aerosols (<100 mm) are first
generated by an infected individual through expiratory activities, through which they are exhaled and transported in
the environment. They may be inhaled by a potential host to initiate a new infection, provided that they remain
infectious. In contrast to droplets (>100 mm), aerosols can linger in air for hours and travel beyond 1 to 2 m from
the infected individual who exhales them, causing new infections at both short and long ranges.C
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REVIEW
◥

CORONAVIRUS

Airborne transmission of respiratory viruses
Chia C. Wang1,2*, Kimberly A. Prather3*, Josué Sznitman4, Jose L. Jimenez5, Seema S. Lakdawala6,
Zeynep Tufekci7, Linsey C. Marr8

The COVID-19 pandemic has revealed critical knowledge gaps in our understanding of and a need to
update the traditional view of transmission pathways for respiratory viruses. The long-standing
definitions of droplet and airborne transmission do not account for the mechanisms by which virus-laden
respiratory droplets and aerosols travel through the air and lead to infection. In this Review, we
discuss current evidence regarding the transmission of respiratory viruses by aerosols—how they are
generated, transported, and deposited, as well as the factors affecting the relative contributions of
droplet-spray deposition versus aerosol inhalation as modes of transmission. Improved understanding of
aerosol transmission brought about by studies of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection requires a reevaluation of the major transmission pathways for other respiratory
viruses, which will allow better-informed controls to reduce airborne transmission.

O
ver the past century, respiratory viruses
were thought to be spreadmainly through
large respiratory droplets, produced in the
coughs and sneezes of infected individuals
that deposit on the mucous membranes

of the eyes, nose, or mouth of potential hosts
(droplet transmission) or that deposit on sur-
faces that are then touched by potential hosts
and transferred to mucousmembranes (fomite
transmission). Such droplets are thought to fall
to the ground within 1 to 2 m of the infectious
person—a key assumption used by most public
health agencies in recommending a safe dis-
tance from people infected with respiratory
viruses. Thought to be less common, airborne
transmission refers to the inhalation of infec-
tious aerosols or “droplet nuclei” (droplets that
evaporate in the air), often defined to be smaller
than 5 mm and traveling distances of >1 to 2 m
away from the infected individual. Aerosols are
microscopic liquid, solid, or semisolid particles
that are so small that they remain suspended in
air. Respiratory aerosols are produced during all
expiratory activities, including breathing, talk-
ing, singing, shouting, coughing, and sneezing
from both healthy individuals and those with
respiratory infections (1–4).

The historical definition of airborne trans-
mission ignores the possibility that aerosols can
also be inhaled at close range to an infected
person, where exposure is more likely because
exhaled aerosols are more concentrated closer
to the person emitting them. Moreover, rather
than the conventional definition of 5 mm, it has
recently been suggested that the size distinc-
tion between aerosols and droplets should be
updated to 100 mm, as this distinguishes be-
tween the two on the basis of their aerody-
namic behavior (5–7). Specifically, 100 mm
represents the largest particles that remain
suspended in still air for >5 s (from a height
of 1.5 m), travel beyond 1 m from the infec-
tious person, and can be inhaled. Although
droplets produced by an infectious individual
through coughing or sneezing may convey
infection at short distances (<0.5 m), the
number and viral load of aerosols produced
through speaking and other expiratory activ-
ities are much higher than those of droplets
(8–10). Aerosols are small enough to linger in
air, accumulate in poorly ventilated spaces,
and be inhaled at both short and long ranges,
calling for an urgent need to include aerosol
precautions in current respiratory disease con-
trol protocols. During the COVID-19 pandemic,
controls have focused mainly on protecting
against droplet and fomite transmission,whereas
the airborne route has required much more
evidence before controls can be added to pro-
tect against it.
Debates surrounding the relative importance

of different transmission modes in spreading
respiratory disease have spanned centuries.
Before the 20th century, infectious respiratory
diseaseswere thought to spread by “pestilential
particles” released by infected individuals
(11, 12). This view of airborne transmission was
dismissed in the early 1900s byCharles Chapin,
who claimed that contact was the chief route

for respiratory disease transmission, with spray-
borne (droplet) transmission being an ex-
tension of contact transmission (13). Chapin
was concerned that mentioning transmission
by air would scare people into inaction and
displace hygiene practices. Chapin erroneously
equated infections at close range with droplet
transmission—neglecting the fact that aerosol
transmission also occurs at short distances.
This unsupported assumption became wide-
spread in epidemiological studies (14), and
mitigation strategies for controlling respira-
tory virus transmission have since focused
on limiting droplet and fomite transmission
(15). Some of these strategies are also par-
tially effective for limiting aerosol transmis-
sion, leading to the erroneous conclusion that
their efficacy proved droplet transmission.
Despite the assumed dominance of droplet

transmission, there is robust evidence support-
ing the airborne transmission of many respira-
tory viruses, including measles virus (16–18),
influenza virus (19–24), respiratory syncytial
virus (RSV) (25), human rhinovirus (hRV)
(9, 26–28), adenovirus, enterovirus (29), severe
acute respiratory syndrome coronavirus (SARS-
CoV) (30, 31), Middle East respiratory syndrome
coronavirus (MERS-CoV) (32), and SARS-CoV-2
(33–36) (Table 1). Airborne transmission has
been estimated to account for approximately
half of the transmission of influenza A virus
in one study of a household setting (20). A
human challenge study on rhinovirus trans-
mission concluded that aerosols were likely
the dominant transmission mode (26). SARS-
CoV-2 infection of hamsters and ferrets has
been shown to transmit through air in ex-
perimental configurations designed to exclude
contributions from direct contact and droplet
transmission (33, 37, 38). Analysis of respira-
tory emissions during infection with influenza
virus, parainfluenza virus, RSV, human meta-
pneumovirus, and hRV has revealed the
presence of viral genomes in a variety of aerosol
sizes, with the highest amount detected in
aerosols <5 mm rather than in larger aerosols
(39). SARS-CoV-2 RNA has been detected and
infectious virus has been recovered in aerosols
ranging from 0.25 to >4 mm (34, 35, 40–44).
Influenza virus RNA has also been detected in
both fine (≤5 mm) and coarse (>5 mm) aerosols
exhaled from infected individuals, with more
viral RNA contained in the fine aerosol par-
ticles (23). Laboratory studies have found that
aerosolized SARS-CoV-2 has a half-life of ~1 to
3 hours (45–47). The World Health Organi-
zation (WHO) and the US Centers for Dis-
ease Control and Prevention (CDC) officially
acknowledged inhalation of virus-laden aero-
sols as amainmode in spreading SARS-CoV-2 at
both short and long ranges in April and May of
2021, respectively (48, 49).
Mathematical modeling of exposure to re-

spiratory pathogens supports that transmission
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is dominated by short-range aerosol inhalation
at most distances within 2 m of the infectious
person, and droplets are only dominant when
individuals are within 0.2 m when talking or
0.5 m when coughing (50). Anecdotal observa-
tionsofmeasles virus (16–18) andMycobacterium
tuberculosis (51, 52) infection in close proximity,
previously attributed solely to droplets, include
transmission by aerosols at short range. Further
studies are warranted for respiratory diseases
whose transmission has previously been char-
acterized as droplet driven because it is plausi-
ble that airborne transmission is important or
even dominant for most of them.
Early in the COVID-19 pandemic, it was as-

sumed that droplets and fomites were the
main transmission routes on the basis of the
relatively low basic reproduction number (R0)
comparedwith that ofmeasles (53–55) (Table 1).
R0 is the averagenumberof secondary infections
caused by a primary infected individual in a
homogeneously susceptible population. This
argument was built on a long-standing belief
that all airborne diseases must be highly con-
tagious. However, there is no scientific basis
for such an assumption because airborne dis-
eases exhibit a range of R0 values that cannot
be well represented by a single average value,
which depends on numerous factors. For ex-
ample, tuberculosis (R0, 0.26 to 4.3) is an ob-
ligate airborne bacterial infection (56), but it
is less transmissible than COVID-19 (R0, 1.4 to
8.9) (57–59). The factors affecting airborne
transmission include viral load in different-
sized respiratory particles, the stability of the
virus in aerosols, and the dose-response rela-
tionship for each virus (the probability of in-
fection given exposure to a certain number of
virions through a particular exposure route).
Moreover, R0 is an average, and COVID-19 is
greatly overdispersed,meaning that, under cer-

tain conditions, it can be highly contagious.
Epidemiological studies have found that 10 to
20% of infected individuals account for 80 to
90% of subsequent infections for SARS-CoV-2,
highlighting the heterogeneity in secondary
attack rates (the proportion of exposed indi-
viduals who become infected) (60–63).
A growing body of research on COVID-19

provides abundant evidence for the predom-
inance of airborne transmission of SARS-CoV-2.
This route dominates under certain environmental
conditions, particularly indoor environments that
arepoorly ventilated (6,34,35,41,42,45,50,64–68),
an observation that implicates solely aerosols
because only aerosols—and not large droplets
or surfaces—are affected by ventilation. More-
over, the marked difference between rates of
indoor and outdoor transmission can only be
explained by airborne transmission, because
large droplets, whose trajectories are affected
by gravitational settling but not ventilation,
behave identically in both settings (69). Vari-
ous combinations of epidemiological analyses;
airflowmodel simulations; tracer experiments;
and analysis and modeling of superspreading
events in restaurants (36), in meatpacking
plants (70), on a cruise ship (71), during singing
at a choir rehearsal (64), and the long-distance
transmission at a church (72) all implicate
aerosols as the most likely mode of transmis-
sion over fomites and droplets. It is highly
unlikely that most people at any of these events
all touch the same contaminated surface or
are exposed to droplets produced from the
cough or sneeze of an infectious person at close
range and encounter sufficient virus load to
cause infection. However, the one common
factor for all people at these indoor events is
the shared air they inhale in the same room.
Commonalities among superspreading events
include indoor settings, crowds, exposure dura-

tions of 1 hour or more, poor ventilation, vo-
calization, and lack of properly worn masks
(36). Given that droplet transmission domi-
nates only when individuals are within 0.2 m
when talking (50) and that transmission of
SARS-CoV-2 through contaminated surfaces
is less likely (73–75), superspreading events
can only be explained by including aerosols
as a mode of transmission.
To establish effective guidance and policies

for protecting against airborne transmission
of respiratory viruses, it is important to better
understand the mechanisms involved. For air-
borne transmission to occur, aerosols must be
generated, transported through air, inhaled by
a susceptible host, and deposited in the re-
spiratory tract to initiate infection. The virus
must retain its infectivity throughout these
processes. In this Review, we discuss the pro-
cesses involved in the generation, transport,
and deposition of virus-laden aerosols, as well
as the important parameters that influence
these processes, which are critical to informing
effective infection control measures (Fig. 1).

Generation of virus-laden aerosols

Expiratory activities produce aerosols from
different sites in the respiratory tract through
distinct mechanisms. Aerosols produced by
activities such as breathing, speaking, and
coughing exhibit different aerosol size distri-
butions and airflow velocities (76, 77), which in
turn govern the types and loads of viruses that
each aerosol particle may carry, the residence
time in air, the distance traveled, and ultimately
the deposition sites in the respiratory tract of a
personwho inhales them (78). Aerosols released
by an infected individual may contain viruses
(39, 79–81) as well as electrolytes, proteins, sur-
factants, and other components in the fluid that
lines respiratory surfaces (82, 83) (Fig. 2).
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Table 1. Airborne transmission of respiratory viruses. Representative evidence of airborne transmission for various respiratory viruses and their basic
reproduction number. Cells with dashes indicate not applicable.

Virus name

Scope of studies and/or approaches Basic
reproduction
number (R0)

Air
sampling
and PCR

Air sampling
and cell
culture

Animal
models

Laboratory
or clinical
studies

Epidemiological
analysis

Simulation
and

modeling

Size-resolved
information

SARS-CoV (31) (31) – (30) (30) (30) – 2.0–3.0 (197)
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. .

MERS-CoV (32) (32, 103) (103, 198) (32) – – – 0.50–0.92 (197)
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. .

SARS-CoV-2 (41–44) (34, 35,
40)

(33, 37,
199)

(34, 45,
107)

(36, 64,
71, 72, 186)

(36, 50) (34, 41, 43) 1.4–8.9 (57, 58)

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. .

Influenza virus (22, 23,
98, 102,
106)

(23, 98,
101)

(24, 137,
200, 201)

(24, 138,
202, 203)

(20) (20, 114, 204) (23, 105, 106) 1.0–21 (205)

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. .

Rhinovirus (9, 27) (26, 28) – (26–28) – (27) (9) 1.2–2.7 (205)
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. .

Measles virus (16) (16) – – (17) (17) (16) 12–18 (206)
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. .

Respiratory syncytial virus (RSV) (102) (25) – (25) – – (25) 0.9–21.9 (205)
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. .
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Sites of aerosol formation
Respiratory aerosols can be classified into al-
veolar, bronchiolar, bronchial, laryngeal, and
oral aerosols, according to the sites where they
are produced (3, 84, 85). Bronchiolar aerosols
are formed during normal breathing (3). During
exhalation, the liquid film lining the lumenal
surfaces of the bronchioles ruptures to produce
small aerosols. Such aerosols are generated by
shear forces that destabilize the air-liquid or air-
mucous interface. Respiratory airflows are often
turbulent under high airflow velocities, particu-
larly in the large lumens of the upper airways,
which transition to laminar flow in the bronchi

and bronchioles (76, 86–88). Laryngeal aerosols
are generated through vocal fold vibrations
during vocalization (3). The apposition of vocal
folds forms liquid bridges, which burst into
aerosols during exhalation. By contrast, droplets
(>100 mm) are primarily produced from saliva in
the oral cavity (3). Aerosol emission rates in-
crease with airflow velocity and speech volume
during activities such as singing and shouting
(9, 89, 90).

Number and size distributions

The size of exhaled aerosols is one of the most
influential properties governing their fate, be-

cause size not only determines their aerody-
namic characteristics but also their deposition
dynamics and the site of infection. Size dis-
tributions of respiratory aerosols have been
investigated since the 1890s using various
approaches, including optical microscopy,
high-speed photography, and, more recently,
laser-based detection techniques (1, 2, 91). Early
studies used measuring techniques and analyt-
ical methods that were unable to detect aero-
sols <5 mm (1, 92), but current instruments,
such as aerodynamic and scanning mobility
particle sizing systems, have enabled the de-
tection of smaller aerosols. Respiratory aero-
sols produce a multimodal size distribution,
with peaks around 0.1 mm, 0.2 to 0.8 mm, 1.5 to
1.8 mm, and 3.5 to 5.0 mm, each representing a
different generation site, production process,
and expiratory activity (2, 8, 9, 85, 91, 93). The
smaller the modal size, the deeper the aerosols
originate in the respiratory tract. A largermode
centered at 145 mm for talking and 123 mm for
coughing originatesmainly from the oral cavity
and lips (3). In terms of number, themajority of
exhaled aerosols are <5 mm, and a large fraction
are <1 mm for most respiratory activities, in-
cluding those produced during breathing, talk-
ing, and coughing (8,9). Overall, speechproduces
100 to 1000 times the number of aerosols
<100 mm in size for every droplet that is
>100 mm (3).
Normal breathing has been shown to re-

lease up to 7200 aerosol particles per liter of
exhaled air (9, 93). The number of virus-laden
aerosols expelled by individuals while breath-
ing varies widely between individuals and de-
pends on disease stage, age, body mass index,
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<5 µm 100-5 µm

Alveolar

Oral

Laryngeal

Bronchial

Bronchiolar

Phase 1 Phase 2 Phase 3
Generation and exhalation Transport Inhalation, deposition and infection

• Generation mechanisms
• Viral load at generation sites
• Size distribution of exhaled aerosols
• Number of virions in aerosol

• Size distribution of inhalable aerosols
• Deposition mechanisms
• Size-dependent deposition sites
• Deposition site susceptibility

• Settling velocity and residence time in air
• Size change during transport
• Persistence of viruses in aerosols
• Environmental factors: temperature, humidity, 

airflow and ventilation, UV radiation

Fig. 1. Airborne transmission of respiratory viruses. Phases involved in the airborne transmission of virus-laden aerosols include (i) generation and exhalation;
(ii) transport; and (iii) inhalation, deposition, and infection. Each phase is influenced by a combination of aerodynamic, anatomical, and environmental factors. (The
sizes of virus-containing aerosols are not to scale.)

Fig. 2. Physicochemical properties of virus-laden aerosols. The behavior and fate of virus-laden aerosols
are inherently governed by their characteristic properties, including physical size, viral load, infectivity,
other chemical components in the aerosol, electrostatic charge, pH, and the air-liquid interfacial properties.
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and preexisting health conditions (94, 95).
Children generally produce fewer virus-laden
aerosols than adults because their lungs are
still developing and have fewer bronchioles
and alveoli in which aerosols can form (96).
The processes involved in aerosol formation,
particularly the properties of fluid lining the
airways that affect its propensity to break up
to form aerosols, plays a crucial role in the
number of aerosols exhaled (94). One study
showed that 1 min of speaking may produce
at least 1000 aerosols (97). Although coughing
can produce more aerosols in a short period
of time, it is much more sporadic than con-
tinuous breathing and speaking, especially for
infected individuals who display no clinical
symptoms. Therefore, breathing, speaking, and
other continuous vocalization by infected in-
dividualswill likely releasemore total virus-laden
aerosols overall than less-frequent coughing.

Viral content of aerosols

The viral load of aerosols is a key factor in de-
termining the relative contribution of airborne
transmission. However, sampling and detecting
airborne viruses is challenging because of their
low concentrations in air and susceptibility to
destruction and inactivation during sampling.
Air samples are often analyzed for the presence
of viral genomes by quantitative polymerase
chain reaction (qPCR) or quantitative reverse
transcription PCR (qRT-PCR) methods, which
are highly sensitive. Nevertheless, the presence
of genetic material alone does not indicate
whether the virus is infectious. The viability
of viruses depends on the integrity and func-
tion of their genomicmaterial, nucleoprotein,
capsid, and/or envelope. Although some studies
have tried and failed to culture viruses from air,
the use ofmore gentlemethods, such as a liquid
condensation collection device, has enabled
the detection of numerous viable respiratory
viruses, including influenza viruses and SARS-
CoV-2 in aerosols (35, 40, 98).
Many viruses have been isolated from breath

and indoor air samples, including adenovirus
(29, 99), coxsackievirus (100), influenza viruses
(22, 23, 98, 101), rhinovirus (9, 26–28), measles
virus (16, 17), RSV (25, 102), SARS-CoV (31),
MERS-CoV (32, 103), andSARS-CoV-2 (34,35,40–44)
(Table 1). The concentration of SARS-CoV-2 in
the air of a hospital room with two COVID-19
patients was between 6 and 74 TCID50 per liter
(median tissue culture infectious dose per liter)
(35). The distribution of virions across different
sizes of aerosol particles is related to their site
of generation, the production mechanism, and
the severity of infection at the generation site,
which varies among different viruses (104). It is
commonly assumed that viral concentrations
in clinical samples (e.g., sputum or saliva) trans-
late directly to the concentration in droplets and
aerosols generated from respiratory fluid—i.e.,
that viral load scales with the initial volume of

droplets and aerosols (50, 55, 71). However, size-
segregated samples of aerosols collected in the
exhaled breath of individuals infected with
influenza A or B viruses, parainfluenza virus,
coronaviruses, hRV, or RSV and air collected
in various settings show that viruses are en-
riched in smaller aerosols (10). In samples
collected from influenza patients while breath-
ing, talking, and/or coughing, more than half
of the viral RNA was found in aerosols <4 to
5 mm (23, 104, 105). A study of several respi-
ratory viruses found viral RNAmore commonly
in small (<5 mm) than in large aerosols (39). The
distribution of influenza virus and RSV in
ambient aerosols measured in a medical clinic
revealed that 42% of influenza A virus RNA,
but only 9% of RSV RNA, was in aerosols
≤4 mm (102). In a study that collected aerosols
in a health clinic, childcare center, and air-
planes, more than half of influenza A virus
RNA was found in aerosols <2.5 mm (106). A
study found that a subset of COVID-19 pa-
tients release up to 105 to 107 SARS-CoV-2 ge-
nome copies per hour in exhaled breath,whereas
others do not exhale detectable virus (107). Large
interpersonal variability in both the number
of aerosols produced and their viral load may
contribute to overdispersion in COVID-19
transmission, a crucial component in super-
spreading events (108).
Although infectious viruses are enriched in

small aerosols, the dose-response relationship
that governs the probability of infection given

exposure to a certain number of virions, re-
mains to be determined. In a susceptible host,
the minimum infectious dose varies on the
basis of virus type and deposition site within
the respiratory tract, such that the inhalation
of smaller aerosols that deposit deeper in the
lungs could require less virus to initiate in-
fection. Studies on influenza virus have shown
that the dose required to initiate infection in
humans, in terms of plaque-forming units
(PFU), is, for the inhalation of aerosols, about
a hundredth the size of the dose for intranasal
inoculation (101). Improved characterization
of the viral load and distribution of infectious
virions in individual aerosols as a function of
particle size, for different people and stages of
disease, will greatly contribute to our under-
standing of airborne transmission of respira-
tory viruses.

Virus-laden aerosols in the environment

The physical characteristics of aerosols affect
their transport in air. The initial velocity of
respiratory aerosols depends on how they are
generated within and released from the re-
spiratory tract; for example, coughing produces
droplets and aerosols released at higher veloc-
ities than speaking (109). Aerosol transport is
controlled by a combination of airflow and
environmental properties and by the physical
characteristics of the aerosols themselves.
Aerosols may diverge from streamlines as a
result of inertia, Brownianmotion, and external
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Fig. 3. How long can aerosols linger in air? Residence time of aerosols of varying size in still air can be
estimated from Stokes’ law for spherical particles (116). For example, the time required for an aerosol of 100, 5, or
1 mm to fall to the ground (or surfaces) from a height of 1.5 m is 5 s, 33 min, or 12.2 hours, respectively.
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forces including gravitational, electrophoretic,
and thermophoretic forces. Such motions can
also lead to removal from air by deposition on
surfaces. The lifetime of viruses in air is a func-
tion of physical transport and biological inac-
tivation, which are affected by environmental
factors, such as temperature, humidity, and
ultraviolet (UV) radiation.
The sizes of exhaled aerosols that remain

airborne evolve over time as a result of evap-
oration, coagulation, and/or deposition. Evap-
oration of water from aqueous aerosols is
normally described by the Hertz-Knudsen
equation (110). However, because respiratory
aerosols contain nonvolatile components in-
cludingproteins, electrolytes, andotherbiological
species, the evaporation rate is slower than that
of pure water (111). During evaporation, aerosols
are subject to changes in phase, morphology,
viscosity, and pH, all of which have been studied
in simulated but not actual respiratory aerosols
(83, 112). Changes in physical characteristics
of aerosols will affect the transport and fate of
any viruses they contain, and associated changes
in chemical characteristics of aerosols can affect
virus viability (113). The overall size distributions
of virus-laden aerosols in air also evolve over
time because larger aerosols are preferentially
removed by sedimentation to the ground or
other surfaces, causing the median of the dis-
tribution to shift toward smaller sizes (114).
The residence time of virus-laden aerosols

in air is crucial in determining their range of
spread. In the absence of other forces, the resi-
dence time of an aerosol of a specific size is
related to its terminal settling velocity, up, re-
sulting froma balance between the viscous drag
force and the gravitational force, as describedby
Stokes’ law for small particles subject to laminar
flow (115, 116)

up ¼ d2
pgrpCc

18h

where dp is the diameter of the aerosol particle,
g is gravitational acceleration, rp is the density
of the aerosol particle, Cc is the Cunningham
slip correction factor accounting for the reduced
air resistance caused by slippage when the par-
ticle size becomes comparable to the mean free
path of gas molecules, and h is the dynamic
viscosity of air.
The settling time for aerosols of a specific

size to reach the ground can thus be estimated
on the basis of an assumption that the sur-
rounding air is at rest (Fig. 3). In still air, a 5-mm
aerosol takes 33 min to settle to the ground
from a height of 1.5 m, whereas a 1-mm aerosol
can remain suspended in air for >12 hours
(116). However, in most realistic environments,
the velocity of the surrounding airflow should
be taken into consideration. Additionally, when
respiratory aerosols are exhaled, these particles
are contained in an exhaled humid plume with

its own speed and trajectory, which also play a
role in determining the final reachable distance
anddirection (86). The distance that virus-laden
aerosols travel depends on aerosol size, initial
velocity of the flow carrying them, and other
environmental conditions, such as outdoor
wind speed or indoor air currents induced by
natural ventilation or heating, ventilation,
and air conditioning (HVAC) systems (117, 118).
The concentration of exhaled aerosols is
highest close to the source (i.e., the infec-
tious individual) and decreases with distance
as the respiratory plume mixes with ambient
air (50, 119).
The trajectory and evaporation of exhaled

aerosols generated during coughing and speak-
ing have been studied with computational
modeling (117, 120). Large droplets tend to reach
their maximum horizontal distances quickly
and fall to the ground or surfaceswithin a few
meters,whereas aerosols can remain suspended
for many seconds to hours, travel long dis-
tances, and accumulate in air in poorly venti-
lated spaces (117). The multiphase nature of
virus-laden aerosol flows greatly affects flow
dynamics and how far aerosols travel, espe-
cially for exhalations with higher airflow veloc-
ities, such as in a cough (121).

Environmental factors that affect
aerosol transmission

Survival of viruses in aerosols, also known as
persistence, stability, or retention of infectiv-
ity, is commonly determined experimentally
using a rotating drum, which allows the
aerosols to remain suspended longer than in
a stationary chamber. The decay of the virus
can be described by first-order kinetics

C = Co × e−kt

where C is the concentration of infectious
viruses at time t, Co is the initial concentration
of infectious viruses, and k is the inactivation
rate constant (122). The inactivation rate
constant differs by virus and depends on
a number of factors, including temperature,
humidity, UV radiation, and chemical compo-
sition of the fluid from which the virus was
aerosolized (45, 46, 123). This dependence,
especially on respiratory fluid composition,
makes it challenging to compare results across
different studies. The time needed to reach
99.99% inactivation varies from hours to
months (124). The decay rate can be quan-
tified in terms of the half-life, which is ~1 to
3 hours for SARS-CoV and SARS-CoV-2 in
laboratory-generated aerosols (125–127).

Temperature

Temperature is critical in mediating the sur-
vival and transmission of viruses in aerosols
(125, 128, 129), likely by affecting the stability
of the proteins, lipids, and genetic material

that make up the virus. The upper respiratory
tract is maintained at a few degrees cooler
than the lungs (130), suggesting an enhanced
replication capacity in the upper respiratory
tract (131). SARS-CoV (132), SARS-CoV-2 (133),
and influenza virus (134) are more stable at
lower temperatures, possibly because of slower
decay rates (as governed by the Arrhenius
equation) and stronger ordering of phospho-
lipids for enveloped viruses. Epidemiological
evidence and animal studies suggest that the
transmission of respiratory viruses known to
infect the upper airways is favored at lower
temperatures (128, 135).

Relative humidity

By modulating the evaporation rate and equi-
librium size of aerosols, relative humidity
(RH) affects their transport and the viability
of viruses they contain (113, 114, 129). Respi-
ratory aerosols undergo evaporation upon
release from the respiratory tract into ambi-
ent air as they transition from a saturated
environment to lower RH. The evaporation
process is expected to take seconds (114, 136).
At lower ambient RH, evaporation occursmore
quickly and equilibrates at a smaller equilib-
rium size (136). At RH below ~80%, respiratory
aerosols reach a final diameter that is 20 to
40% of the original size (129).
The seasonality of cases of influenza virus,

human coronaviruses that cause commoncolds,
RSV, and others has been at least partially
attributed to RH (134). The sensitivity of a virus
to RH may be influenced by RH-related effects
on virus persistence in the environment and/or
immune defenses. Mucociliary clearance is not
as efficient at lowRH (134). Animal studies have
shown that influenza virus transmission is
favored at low RH (135, 137); however, a study
of the 2009 pandemic influenza A virus (H1N1)
in more physiologically realistic medium re-
ported that the virus remained highly stable
and infectious over a broad RH range between
20 and 100% (138). A study investigated the
sensitivity of 11 airborne viruses to RH and
found that although someRNAviruses survived
best at low RH, other viruses survived better at
high RH (139). The relationship between RH
and virus viability in droplets and aerosols is
characteristic to the virus, modulated by both
the intrinsic physicochemical properties of
the virus and its surrounding environment
(113, 129, 139) (Fig. 2).

UV radiation

Irradiation with UV light has long been es-
tablished as an effective approach to inactivate
airborne viruses, including influenza virus
(127, 140), SARS-CoV, and other human corona-
viruses (141). UV radiation rapidly inactivates
SARS-CoV-2 in bulk culture medium (142) and
in aerosols (47) at wavelengths found in ground-
level sunlight. UV radiation damages genetic
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material, leading to inactivation of the virus
(143). Nevertheless, caution must be taken
during operation of UV disinfection lamps to
avoid direct eye and skin contact.

Airflow, ventilation, and filtration

Airflow strongly influences the transport of
virus-laden aerosols (81) in contrast to drop-
lets, which are rapidly deposited because of
gravity. Aerosols in exhaled air tend to rise
because the exhaled air is warmer than the
environment (50), and their trajectories can
also be influenced by the body’s thermal plume
(81). Greater airflow outdoors contributes to
greater dispersion, whereas indoors the airflow
is restricted by the surrounding walls and
ceiling. Ventilation rate and airflow patterns
play an important role in airborne transmission
of viruses in indoor environments (144–146). A
study of rhinovirus transmission showed that a
low ventilation rate increases the risk of expo-
sure to virus-laden aerosols indoors (27, 28). An
outbreak of COVID-19 in a high-rise apartment
building occurred along vertically aligned units
that were connected by a single air duct, dem-
onstrating the risk of airborne transmission
associated with shared air (147). Improving
ventilation rates to reduce the carbon dioxide
levels in under-ventilated buildings from 3200
parts per million (ppm) to 600 ppm (corre-
sponding to an estimated increase of ventila-
tion rate from 1.7 liters per second per person
to 24 liters per second per person) has been
shown to reduce the secondary attack rate of
tuberculosis to zero (146).
The airflow in indoor environments is me-

diated by the design and operational status of
ventilation systems, including the type of ven-
tilation system (whether natural with open
windows and doors, mechanical with blow-
ers, or a hybrid of these), airflow patterns, air

change rate, and supplementary systems such
as air filtration (145, 148) (Fig. 4). The WHO
has recently recommended a ventilation rate
of 10 liters per second per person (149). Proper
placement of portable high-efficiency particu-
late air (HEPA) purifiers, which are capable of
removing ≥99.97% of aerosol particles ≥0.3 mm,
is also effective in reducing exposure of infec-
tious aerosols, especially when combined with
ventilation and universal masking (150–152).
Although ventilation and filtration help to
remove virus-laden aerosols, they must be im-
plemented correctly to reduce the spread and
risk of aerosol inhalation (93, 151). A study
quantitatively assessed the risk of airborne
transmission of COVID-19 by asymptomatic
individuals in elevator, classroom, and super-
market settings by combining in situ measure-
ments and computational fluid dynamics
(CFD) simulations, showing that inappropriate
ventilationmay create hotspotswith risksmuch
higher than in other room locations (93). Ad-
ditionally, the physical plexiglass barriers de-
signed to block droplet spray from coughs and
sneezes in indoor spaces can impede the airflow
and even trap higher concentrations of aerosols
in the breathing zone and has been shown to
increase transmission of SARS-CoV-2 (153).
The risk of airborne infection and correla-

tion with ventilation rate can be assessed by a
boxmodel of virus transport and theWells-Riley
infection model (17, 64)

P ¼ N

S
¼ 1� e�Iqpt=Q

where P is the probability of infection, N is the
number of confirmed infection cases, S is the
number of susceptible cases, I is number of
infectors, q is the quanta (infectious dose)
generation rate (quanta per hour), p is the
pulmonary ventilation rate of susceptible

individual (cubic meters per second), t is the
exposure time (hours), and Q is the room
ventilation rate (cubic meters per second). A
model using the Wells-Riley method was ap-
plied to a large community outbreak of COVID-19
in a choir practice with one index case known
to be symptomatic that led to 53 cases among
61 members in attendance (87% secondary
attack rate), which concluded that poor ven-
tilation along with a crowded venue, loud vo-
calization, and long duration all contributed to
the high secondary attack rate (64). The choir
practice had limited face-to-face interaction and
strong attention on hand disinfection, which
allowed major contributions from fomite or
droplet transmission to be ruled out (64). Re-
search is needed to establish minimum accep-
table ventilation rates under different conditions
and the effect of ventilation type on the risk
of transmission.

Deposition of virus-laden aerosols

Once inhaled, virus-laden aerosols may deposit
in the respiratory tract of a potential host. The
size of aerosols is again central to determining
the deposition site, although numerous ana-
tomical, physiological, and aerodynamic factors
(including the airway anatomical structure,
breathing patterns, aerosol transport aerody-
namics in the respiratory tract, and the physico-
chemical properties of inhaled aerosols) also
affect the deposition pattern. Infection may be
initiated at the deposition site if the virus
remains infectious and appropriate receptors
are present.
Aerosols up to 100 mm can be inhaled. De-

pending on their size, they deposit in different
regions of the respiratory tract, based on one
of several key mechanisms, including inertial
impaction, gravitational sedimentation, Brow-
nian diffusion, electrostatic precipitation, and
interception (154, 155) (Fig. 5A). Upon inhala-
tion, the size of inhaled aerosols may increase
as a result of hygroscopic growth in the nearly
saturated respiratory tract (156). The Interna-
tional Committee for Radiological Protection
(ICRP) has developed a model, based on hu-
man lung architecture, that quantifies deposi-
tion efficiency as a function of aerosol size
(157) (Fig. 5B). Aerosols >5 mm deposit primar-
ily in the nasopharyngeal region (87 to 95%),
mainly through inertial impaction and gravi-
tational sedimentation (115); although aerosols
<5 mm also deposit there, they also may pen-
etrate more deeply into the lungs and deposit
in the alveolar lumen (115, 157, 158). Brownian
diffusion is the dominant deposition mecha-
nism of inhaled particles <0.1 mm in the
bronchiolar and alveolar regions (78, 116, 159).
Aerosols that carry natural electrostatic charge
may be attracted to the airway walls (160).
Provided a cellular receptor is present at the
deposition site, infection may be initiated. The
infection efficiency is further governed by
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Fig. 4. Factors affecting indoor airborne transmission. Whereas the motion of large droplets is
predominantly governed by gravity, the movement of aerosols is more strongly influenced by airflow direction
and pattern, type of ventilation, and air filtration and disinfection.
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the distribution of cellular receptors along the
respiratory tract and the virus-host interaction.
Deposition of aerosols in diseased lungs may

differ from that in normal lungs because of
airway surface structure changes and obstruc-
tion by mucous (161). Changes in the surface
properties of the respiratory epithelium in
asthmatic airways and airway narrowing as a
result of chronic obstructive pulmonary dis-
ease (COPD) alter the airflow and aerodynamic

behaviors of inhaled aerosols, thus modifying
their deposition dynamics and sites (162, 163).
Deposition is generally higher in patients with
COPD than in healthy individuals; bronchial
deposition is higher in patients with asthma
and chronic bronchitis (154).
Because viruses are enriched in small aero-

sols (<5 mm), they can travel deeper into and
be deposited in the lower respiratory tract. The
viral loadof SARS-CoV-2has been reported to be

higher and the virus persists longer in the lower
respiratory tract compared with the upper re-
spiratory tract (164, 165). Initiation of an infec-
tion in the lower respiratory tract adds technical
challenges in diagnosing patients because cur-
rent screening commonly collects samples from
the nasopharyngeal or oral cavity using swabs.

Discussion

Airborne transmission has long been an under-
appreciated route for contributing to the trans-
mission of respiratory viral diseases, largely
because of an insufficient understanding of
the generation and transport processes of virus-
laden aerosols as well as misattribution of
anecdotal observations. The epidemiological
evidence for the dominance of airborne spread
of SARS-CoV-2 has increased over time and
has become especially strong. First, the distinct
difference between indoor and outdoor trans-
mission cannot be explained by droplet trans-
mission because gravity-driven droplets behave
identically indoors and outdoors. The high fre-
quency of indoor superspreading events relative
to those outdoors points to the importance of
airborne transmission (63). The demonstrated
role of poor ventilation in transmission and
superspreading clusters indoors is also only
compatible with aerosols, because droplets
and fomite transmission are not affected by
ventilation. Long-range airborne transmission
of SARS-CoV-2 has been observed in hotel
quarantines in countries with very low trans-
mission (166) and in a large church (72).
During the emergence of novel respiratory

viruses, a more holistic approach that acknowl-
edges all modes of transmission (airborne,
droplet, and fomite) is needed to successfully
mitigate risk and prevent spread. The require-
ment for direct evidence of infectiousness of
sampled aerosols before acknowledging and
adding controls to address airborne transmis-
sion leaves people at potential risk (69). When
unburdened by conventional definitions of
transmission routes, the available evidence
for SARS-CoV-2, influenza virus, and other
respiratory viruses is much more consistent
with transmission by aerosols <100 mmrather
than by rare, large droplets sprayed onto
mucous membranes of people in very close
proximity.Recent acknowledgementof airborne
transmission of SARS-CoV-2 by the WHO (48)
and US CDC (49) reinforces the necessity to
implement protection against this transmission
route at both short and long ranges.
Once the mechanisms leading to airborne

transmission are fully understood—acknowledging
that transmission by aerosols is largest at close
range—it becomes clear there is an overlap in
precautions and mitigation measures for both
droplets and aerosols (such as distancing and
masks), but extra considerationsmust be taken
into account for mitigating aerosol transmis-
sion at both short and long ranges. These
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Fig. 5. Size-dependent aerosol deposition mechanisms to sites in the respiratory tract. (A) Main
deposition mechanisms and corresponding airflow regimes in different regions of the human respiratory
tract. Large aerosols tend to deposit in the nasopharyngeal region as a result of inertial impaction, whereas
small aerosols tend to deposit in the tracheobronchial and alveolar regions on the basis of gravitational
sedimentation and Brownian diffusion. An enlarged view of tracheobronchial and alveolar regions illustrates
the deposition mechanism. (B) The deposition efficiency of aerosols at different regions of the respiratory
tract as a function of aerosol diameter based on the ICRP lung deposition model is shown (116). The majority
of large aerosols deposit in the nasopharyngeal region; only aerosols that are sufficiently small can reach
and deposit in the alveolar region.
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include attention to ventilation, airflows,mask
fit and type, air filtration, and UV disinfection,
as well as distinguishing measures between
indoor and outdoor environments. Although
our knowledge is still increasing, enough is
already known to add protective measures to
better protect against airborne transmission
of respiratory viruses, noting that “droplet
precautions” are not replaced but instead
expanded.
A high proportion of individuals infected

with SARS-CoV-2 have no symptoms at the
time of testing (167, 168). About 20 to 45% of
individuals infected with SARS-CoV-2 remained
asymptomatic throughout the course of infec-
tion, whereas some infected individuals expe-
rienced a presymptomatic phase and began to
develop symptoms several days after infection
(168, 169). The infectiousness of SARS-CoV-2
peaks two days before and extends to one day
after symptom onset (170). High asymptomatic
infection rates have also been reported for
influenza virus and other respiratory virus
infections (171–173). Although some studies
suggest that airborne transmission is not an
efficient route, particularly for asymptomatic
andmildly symptomatic individuals who likely
have low viral loads in their saliva (55), the viral
load in presymptomatic individuals is compa-
rable to that of symptomatic patients (174, 175).
It is important to implement controls that
protect against exposure of infectious virus-
laden aerosols produced when infected indi-
viduals without any symptoms speak, sing, or
simply breathe. Because these individuals do
not know they are infected, they generally
continue to be involved in social activities,
leading to airborne transmission.
Universal masking is an effective and eco-

nomical way to block virus-laden aerosols (67).
Model simulations show thatmasks effectively
prevent asymptomatic transmission and reduce
the total number of infected individuals as well
as mortalities as a result of COVID-19 (176). It is
crucial to optimize the allocation of masks (177).
Surgical masks have been shown to reduce
the release of influenza virus, seasonal hu-
man coronaviruses, and rhinovirus in aero-
sols <5 mm into the air by infected individuals
by up to 100% (104, 178), although for some
individuals there was no reduction; andmasks
are more effective for limiting droplets (179).
Masksmade of combinations of different fabrics
and/or multiple layers, when worn properly
with no leaks, can block up to 90% of particles
between 0.5 and 10 mm (179). Small gaps be-
tween the maskmaterial and skin can lead to
substantial decreases in the overall filtration
efficiency. For aerosols <2.5 mm, filtration ef-
ficiency decreases by 50% for a relative leak
area of 1% (180). A study compared the viral
filtration efficiency of N95, surgical, and fabric
masks using a model virus and found that the
efficiency of N95 and some surgical masks

exceeded 99%; all fabric masks tested were at
least 50% efficient (181). The effectiveness of
N95, surgical, and cotton masks in blocking
SARS-CoV-2–containing aerosols has been
investigated using manikins placed face-to-
face. N95 respirators demonstrated the highest
efficiency in blocking infectious SARS-CoV-2
(182). Almost all masks offer at least some
protection, but they are not 100% effective.
Transmission of SARS-CoV-2 has occurred in
health care settings despite medical masks
(designed for droplets not aerosols) and eye
protection (183–185), which illustrates the need
for proper personal protective equipment (PPE)
and layering multiple interventions against
airborne transmission, especially in high-risk
indoor settings.
Health care facilities are more likely to ac-

commodate patients infected with respiratory
viruses. Thus, health care personnel should be
provided with proper PPE to reduce airborne
exposure. People occupying indoor spaces have
increased potential to be exposed to high con-
centrations of virus-laden aerosols, especially
in poorly ventilated and/or crowded indoor
settings where virus-laden aerosols can readily
accumulate (93). Preventive measures should
be implemented at all times when traveling in
airplanes, trains, buses, ships, and cruise ships,
which have relatively small and enclosed air
spaces where the ventilation may not always
be optimal. Many studies indicate that the risk
of airborne transmission in outdoor environ-
ments is substantially lower than indoor environ-
ments (186); however, the risk of transmission
outdoors exists in close proximity situations,
especially if talking, singing, or shouting over
time. The risk of outdoor transmission may
rise with increased lifetime and transmissi-
bility of viruses, such as certain variants of
SARS-CoV-2 (187, 188). Aerosolization of virus-
containing wastewater and hospital fecal dis-
charges also poses potential outdoor exposure
risks, which should not be underestimated (189).
Implementing effective ventilation systems

reduces airborne transmission of infectious
virus-laden aerosols. Strategies such as ensur-
ing sufficient ventilation rates and avoiding
recirculation are advised (190, 191). Carbon
dioxide sensors can be used as indicators
of the build-up of exhaled air and serve as a
simple way to monitor and optimize ven-
tilation (192, 193). Aerosol sensors can also
be used to assess HEPA and HVAC aerosol
filtration efficiencies, which are key to lower-
ing infections caused by virus-laden aerosols.
Assuring a minimum ventilation rate of 4 to
6 air changes per hour (ACH) andmaintaining
carbon dioxide levels below 700 to 800 ppm
have been advised, although the ventilation
type and airflow direction and pattern should
also be taken into account (148, 194). Increasing
the efficiency of air filtration in HVAC systems,
stand-alone HEPA purifiers, or implementing

upper roomUVdisinfection systems can further
reduce the concentrations of virus-laden aero-
sols (47, 127, 140, 141, 195).
Physical distancing, a mitigation put in place

to address droplet transmission, is also effective
in reducing the chances of aerosol inhalation
because aerosol concentrations aremuchhigher
in close proximity to an infected individual (50).
The WHO and many national public health
agencies recommend maintaining physical dis-
tances of either 1 or 2 m. However, this distance
is not sufficient to protect against aerosols that
travel beyond this range. If large droplets dom-
inated transmission, distancing alone would
have effectively suppressed the transmission
of SARS-CoV-2. As has been repeatedly shown
in superspreading events, airborne transmission
occurs in poorly ventilated rooms when occu-
pants inhale infectious roomair (18, 36, 62, 64, 71).
Additionally, although distancing helps by
moving people away from the most concen-
trated parts of respiratory plumes, distanc-
ing alone does not stop transmission and is
not sufficient without accounting for other
measures, such as ventilation and filtration,
the number of people emitting infectious
aerosols, and the amount of time spent in
enclosed spaces (196). The unknown number
of asymptomatic (including presymptomatic)
infected individuals present in specific envi-
ronmental settings is an additional challenge
in respiratory disease control. Engineering
measures to reduce aerosol concentrations
through ventilation, filtration, and upper room
UV disinfection remain critical strategies for
reducing airborne transmission risks.
Despite the emerging recognition of airborne

transmission of respiratory viruses, numerous
issues require further exploration. For example,
direct measurements are needed of the con-
centration of virus in aerosols and droplets as a
function of size and their potential to initiate a
new infection. The lifetime of viruses in aero-
sols of varying size requires systematic investi-
gation.More studies are needed to quantify the
relationship between viral dose delivered by
aerosols and droplets and severity of infection;
this relationship likely varies considerably for
different viruses. It is also important to inves-
tigate whether the severity of disease correlates
with the size and number of aerosols and the
location in which they are deposited in the
respiratory tract. Although more studies are
needed, unequivocal evidence indicates that
airborne transmission is a major pathway for
the spread of SARS-CoV-2 and many other
respiratory viruses. Additional precautionary
measures must be implemented for mitigat-
ing aerosol transmission at both short and
long ranges, with a major focus on ventila-
tion, airflows, air filtration, UV disinfection,
and mask fit. These interventions are critical
strategies for helping end the current pan-
demic and preventing future outbreaks. It is
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important to note that these proposed mea-
sures to improve indoor air quality will lead
to long overdue improvements that have health
benefits extending well beyond the COVID-19
pandemic.
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Mechanisms of airborne transmission
The COVID-19 pandemic has highlighted controversies and unknowns about how respiratory pathogens spread
between hosts. Traditionally, it was thought that respiratory pathogens spread between people through large droplets
produced in coughs and through contact with contaminated surfaces (fomites). However, several respiratory pathogens
are known to spread through small respiratory aerosols, which can float and travel in air flows, infecting people who
inhale them at short and long distances from the infected person. Wang et al. review recent advances in understanding
airborne transmission gained from studying the spread of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infections and other respiratory pathogens. The authors suggest that airborne transmission may
be the dominant form of transmission for several respiratory pathogens, including SARS-CoV-2, and that further
understanding of the mechanisms underlying infection from the airborne route will better inform mitigation measures.
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July 2, 2021 Update 
COVID-19 AND ‘CORONAVIRUS’ UPDATES  
 
CARRIE L. BYINGTON, MD 
Executive Vice President, University of California Health 

THE IMPACT ON OUR HEALTH SYSTEM  
This is the 31st update for Regents regarding the SARS-CoV-2 virus 
pandemic and its impact on the University’s health and academic 
enterprise. This issue will be the last in the series unless circumstances 
necessitate a resumption. 
 
On Sunday, we will celebrate Independence Day. Two hundred and forty 
five years ago, our nation’s founders signed the Declaration of 
Independence with this closing message, “We mutually pledge to each 

other our lives, our fortunes and our sacred honor.” Those words continue to ring true after 
the searing events of the past 18 months. A new virus emerged half a world away, swept every 
continent, disrupted the world’s economy and killed more than 600,000 Americans. This shared 
experience speaks to our interdependence.  
 
Yet through science and perseverance, we developed three new vaccines and administered 
more than 320 million doses in the United States. Case numbers, hospitalizations and daily 
death rates have plunged since our peak in January 2021. Nearly all COVID-19 deaths in the 
U.S. now are in people who have not been vaccinated, according to an Associated Press 
analysis of data from the Centers for Disease Control and Prevention (CDC). Of the 
hospitalizations that occurred in May, “breakthrough” infections in fully vaccinated people 
accounted for fewer than 1,200, or 0.1%, of more than 853,000 hospitalizations attributable to 
COVID-19, and 0.8% of deaths. 
 
The end of the pandemic in this country is within reach. For those who have been vaccinated, 
this July 4th commemorates our freedom not only as a people but also from overwhelming fear. 
 
The return of joy, however, does not signal a return to normal. Things cannot truly return to 
normal until more of us are vaccinated. Viruses, of course, evolve, and the strain of greatest 
concern today is the delta variant.  
 
The World Health Organization reports the delta variant has 
been detected in at least 96 countries and is the most 
transmissible of the variants thus far. Fortunately, the vaccines 
approved for emergency use in the U.S. by the Food and Drug 
Administration continue to be effective, but wherever there are 
pockets of unvaccinated people, there will be outbreaks.  
 
Unfortunately, we will not achieve the goal set by the Biden-
Harris administration to have 70% of all eligible Americans 
vaccinated by July 4th. 
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That’s why, after a consultative process, the University is finalizing a policy that will require UC 
students and employees to be vaccinated before the start of the fall 2021 academic year, unless 
a person has been approved for a medical exemption or religious accommodations. The policy 
announcement, expected in mid-July will include implementation guidance that campuses can 
tailor to their needs. 

COVID-19 BY THE NUMBERS 
As of June 28, California has experienced more than 3.7 million cases of COVID-19 infection, 
nearly 63,000 deaths and 7-day average test positivity rate that has crept back up to 1.2 
percent, according to the California Department of Public Health (CDPH). Fortunately, with more 
than 41.6 million doses administered, 59.0% of eligible Californians are fully vaccinated and 
9.7% are partially vaccinated, as of June 29. A vaccination breakdown by county can be seen 
here.  
 
Nationally, 54.3% of eligible people have been fully vaccinated and another 9.1% partially 
vaccinated, according to the CDC, as of June 29 Although those percentages are impressive 
compared to where we were just a few months ago, vaccination rates vary significantly by 
location. There’s already been an increase in hospitalizations in areas with lower vaccination. 
The darker the color blue on the map, the higher the vaccination rate. 

 
 
Since we announced our million-dose milestone in April, UC personnel have continued to 
vaccinate Californians with an emphasis on the most vulnerable populations. As traffic to mass 

Source: CDC COVID Data Tracker 
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vaccination sites slows to a trickle, vaccination emphasis pivots to smaller groups, individualized 
outreach and promotional efforts like lotteries. 
 
As with so many things in the pandemic, significant disparities exist in vaccinations based on 
socioeconomic and health status. The below chart from CDPH shows vaccinations in four 
population segments based on health status. Vaccinations are highest among the healthiest 
segment (71.5% fully vaccinated) while the least healthy segment is 47.1% fully vaccinated.  

 

 

Source CDPH: The Vaccine Equity Metric (VEM) combines the Healthy Places Index with CDPH-derived scores to create 
four population quartiles, ranging from less healthy community conditions in Quartile 1 to healthier communities in 
Quartile 4. 
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The electronic health records at our academic 
health centers not only capture an individual’s 
health status but also overlay place of 
residence with the Healthy Places Index. We 
will continue leveraging these tools to the 
fullest of our ability to close the gap among the 
most vulnerable.  
 
By now, you are very familiar with our inpatient 
data, which we’ve tweeted each weekday for 
more than a year (left). I want to thank Dr. Atul 
Butte and his team at the UCH Center for Data 
Driven Insights & Innovation (CDI2) for this 
heavy lift. We are discontinuing external 
reporting but stand ready to resume if needed. 

Source: UCH Data Warehouse 

RECOVERING FROM THE FINANCIAL 
IMPACT 
The human toll is the figure foremost in our 
minds. The more than 600,000 deaths across 
the country are accompanied by that many 
grieving families and many times that of friends 
and colleagues. Health care workers on the 

front lines, and those who support them, bear an emotional toll that will take time to process. 
 
Operational costs have been significant. From the earliest days of the pandemic, University of 
California Health prepared and supported the state’s response. The soaring costs and plunging 
revenues for the health centers have moderated and stabilized.  
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A FOURTH VACCINE MAY BE ON ITS WAY IN THE U.S. 
There are three COVID-19 vaccines in the U.S. with Emergency Use Authorization (EUA) 
approval from the Food and Drug Administration. They may soon be joined by a fourth. 
 
Vaccine maker Novavax reported preliminary results of its vaccine from late-stage clinical trials, 
indicating approximately 90% effectiveness, including against many variants. UC Davis Health 
participated in its clinical trials. 
 
In its June 14 announcement, Novavax said it would seek U.S., European, and other 
authorizations in the fall with a goal of producing 100 million doses per month. Although 
vaccines are readily available now in this country, there remains a worldwide shortage of 
vaccine, especially in countries with the lowest household incomes. Like the Jansen/Johnson & 
Johnson vaccine, the Novavax product is less temperature sensitive, which increases its ability 
to be transported and administered in more settings. 
 
I urge all of us to remember that beyond our borders, there are literally billions of people who 
remain at risk of COVID-19. Ensuring global access to vaccination is not simply ethical and 
humane, but it is also the only way to stop the widespread circulation of the virus that leads to 
mutations. I applaud the efforts of the Biden-Harris administration to provide up to 80 million 
doses of vaccines internationally by the end of June 2021, and remind us that the global 
population stands at 7.6 billion. 

NEWS OTHER THAN COVID-19 
We have an extraordinary organization and some of the world’s most talented people. Each 
academic health center, health professional school and the Global Health Institute have earned 
national and international acclaim. When we work together, amazing things happen.  
 
Our journey toward ‘systemness’ 
began long before COVID-19. The 
experience of working closely in 
pandemic response brought that 
strength to the forefront. To us, 
‘systemness’ means we share 
knowledge and work with colleagues 
across all locations with a common 
purpose. By working within each 
location and across the system, we 
accelerate the pace of discovery and 
sharing of best practices for the 
common good. Thus, systemness 
does not refer to a top-down 
structure, but one that is dynamic and 
naturally drawn to the toughest 
challenges in health and society. 
 
We now have a platform to express our unique version of systemness – 
UniversityofCalifornia.Health is a new website that helps tell our story to prospective patients, 
aspiring health students, elected officials, media and others. It does not replace our other 
platform, but tells our story from another perspective and links to each entity for the visitor’s 
benefit. I hope you will explore it and share it.  

Source: UniversityofCalifornia.Health website 
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IN CLOSING 
Summer has always been my favorite season. I am hopeful that in California, with our excellent 
vaccine rates, we can enjoy summer 2021. As you enjoy the season, I ask you to remember the 
sacrifice, work, and miracles of science that have brought us to this moment.  
 
Vaccination is key to maintaining the gains we have made in the US and is key to controlling the 
pandemic globally. You can help by ensuring that you and your loved ones are vaccinated. Talk 
with your friends, acquaintances, neighbors, and 
co-workers to encourage them to be vaccinated. 
Support efforts in your communities to bring 
vaccines to those in hard-to-reach areas. Finally 
consider supporting efforts to bring COVID-19 
vaccines to less affluent parts of the world by 
donating to established non-profits such as 
UNICEF USA, the GAVI Alliance COVAX 
program or the charitable organization of your 
choice. 
 
I will gratefully celebrate another birthday on July 1 and on the same day, across University of 
California Health we start a new academic year. This is a time both for new beginnings and a 
time for reflection.  
 
I found this verse in the recently published crowd-
sourced poem by Kwame Alexander particularly 
resonant. I hope you will enjoy the full poem 
available here.   
 
I wish you all a happy 4th of July and a joyful and 
safe summer. At UCH, be assured that we will 
continue to monitor the trajectory of the pandemic 
and work to keep our patients and communities 
healthy and informed. Like each of you, we hope 
this will be our last COVID-19 newsletter. 
 
Fiat Lux. 
 
Carrie L. Byington, MD 
Executive Vice President 
University of California Health 

I WAKE WITH WONDER 
 

We rise 
even when our spirits feel deflated 

because this too shall be past 
because we are made of stardust 

I am 
A new breath in an older body 

with  
A future to ponder  

 
 

Crowd Sourced by Kwame Alexander 
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ABSTRACT 

College reopening decisions during the SARS-CoV-2 pandemic represent a trade-off between competing 

risks to students, faculty and staff, and college finances. Additionally, risks taken in reopening colleges 

can impose significant burdens on individuals living in surrounding communities. Many colleges that 

reopened for in-person instruction have reported frequent SARS-CoV-2 outbreaks. La Crosse County, 

Wisconsin experienced a substantial SARS-CoV-2 outbreak (2,002 cases in September 2020) that 

coincided with the return to in-person instruction at three local academic institutions. Genomic 

sequencing of SARS-CoV-2 cases in La Crosse during that period found rapid expansion of two viral 

substrains. Although the majority of cases were among college-age individuals, from a total of 111 

genomes sequenced we identified rapid transmission of the virus into more vulnerable populations. 

Eight sampled genomes represented two independent transmission events into two skilled nursing 

facilities, resulting in two fatalities. Our study highlights the very significant risks imposed by college 

administrator reopening decisions, not just on college-associated populations, but on vulnerable 

individuals in surrounding communities. 
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INTRODUCTION 

 

The SARS-CoV-2 betacoronavirus is a novel respiratory pathogen which emerged in Wuhan, China in late 

2019 (1). Numerous teams around the world have produced a rapidly increasing number of publicly 

available sequences (116,650 in GISAID on 9/28/20) with obvious sequence diversification as viral 

replication and spread has continued. These sequence variants, inherited in each cycle of viral 

replication, allow the generation of phylogenetic trees through which the evolution of the virus can be 

traced. Individual viruses acquire mutations during replication at an approximate rate of 1-2 sites per 

month (2). This mutation rate provides good resolution for both global and local tracking of viral 

substrains. Because viral replication occurs in individuals, tracking these inherited variants acts as a 

proxy for tracking the spread of the virus through populations of individuals. 

 

Starting in late March 2020, we have monitored the introduction and spread of SARS-CoV-2 to the 

service area of the Gundersen Health System, an integrated healthcare system headquartered in La 

Crosse, WI and providing care in 21 counties in southwestern Wisconsin, northeastern Iowa and 

southeastern Minnesota. We have performed whole viral genome sequencing on 514 positive cases 

from this region, spanning three states which have adopted mitigation approaches of differing intensity. 

 

In September 2020, La Crosse County (Wisconsin) experienced a rapid increase in cases, strongly driven 

by infections among the 10-19 and 20-29 age groups. The period coincided with the return of college 

students to three institutions of higher education in the city of La Crosse: University of Wisconsin La 

Crosse, Western Technical College and Viterbo University, with total enrollments of 10,558, 4,004 and 

2,592, respectively (3). Our regional SARS-CoV-2 surveillance and sequencing program captured many of 

these genomes, allowing assessment of the substrain contributions to the outbreak and analysis of the 

speed with which vulnerable non-student populations were affected. 

 

MATERIALS AND METHODS 

 

Specimens 

Specimens were nasopharyngeal swabs taken for diagnostic purposes and evaluated for SARS-CoV-2 

positivity at the Gundersen Medical Foundation’s Molecular Diagnostics Laboratory using the CDC 2019-

nCoV Real-Time RT-PCR Diagnostic assay. This study includes positive cases diagnosed between 
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3/18/2020 and 9/23/2020. Ethical approval was obtained from the Gundersen Health System 

Institutional Review Board (#2-20-03-008; PI: Kenny) to perform additional next-generation sequencing 

on remnant specimens after completion of diagnostic testing. Samples for this study include only those 

testing positive in Gundersen Healthcare System’s diagnostic laboratories and, as such, do not include 

other cases from the region which may have been tested in other healthcare systems and/or public 

health laboratories.  

 

RNA isolation and cDNA synthesis  

Nasopharyngeal swabs were immersed in liquid medium. RNA was isolated using QIAmp Viral RNA Mini 

kit (Qiagen, Germantown, MD). cDNA was synthesized from 5 μl of purified RNA using ProtoScript II First 

Strand cDNA Synthesis Kit (New England Biolabs, Ipswich, MA) with random hexamers.  

 

Next Generation sequencing 

We used the Ion AmpliSeq SARS-CoV-2 Panel (Thermo-Fisher, Waltham, MA) to sequence 237 viral 

specific targets encompassing the complete viral genome from cDNA derived from SARS-COV-2-positive 

clinical specimens. Barcoded multiplexed libraries were prepared in batches of eight on the Ion Chef 

(Thermo-Fisher) and sequenced on the Ion Torrent S5 (Thermo-Fisher). 

 

Bioinformatics 

Demultiplexed Tmap-aligned bam files were produced by the Ion Torrent S5. To overcome difficulties 

caused by read soft-clipping by this non-splice aware aligner, individual sequence reads were extracted 

using samtools (4) and re-aligned to the SARS-CoV-2 genome using a splice-aware aligner, hisat2 (5). 

These bam files were subjected to QC review in IGV. Samples passing QC had a consensus sequence 

computed according to the method of Cavener (6). Consensus sequences were reported to GISAID (7). 

For phylogenetic inference (i.e. to determine the hierarchy of case relationships) samples were 

integrated with associated metadata and aligned on a local implementation of NextStrain (8) using 

augur and displayed via a web browser using auspice. Choropleth maps were generated using folium. 

 

RESULTS 

 

The cumulative history of SARS-CoV-2 cases, stratified by age, for La Crosse county is shown in Figure 1. 

Notable events along this timeline include the reopening of bars in Wisconsin (5/14/2020) and the onset 
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of warm summer weather (first day above 80’F was on Memorial Day Weekend on 5/24/2020) which 

preceded a rapid rise in cases in early-mid June. Case growth continued at a slower rate for much of the 

summer before abruptly increasing in the second week of September, coinciding with the return of 

students to three colleges located in the city of La Crosse. Analysis of cases by census tract showed that 

the most rapid case growth was occurring the immediate vicinity of the three colleges, an area of high 

density student housing (Figure 2).  

 

Between 3/18/20 and 9/23/20 we obtained 514 high quality genomes (Figure 3A) from surveillance in a 

21-county region of western Wisconsin, southeastern Minnesota and northeastern Iowa. Clades are 

colored for ease of visualization and include several epidemiologically relevant outbreaks. Significant 

examples include (i) an outbreak originating in a meatpacking plant in Postville, IA (9) and (ii) a large 

outbreak associated with a cluster of bars in downtown La Crosse in June/July. Figure 3B highlights 

newly sequenced genomes in our region in September 2020. The overwhelming majority of case growth 

in La Crosse county was explained by two clusters, designated “College A” and “College B”. The small 

light-blue cluster at the 11 o’clock position represents a substrain detected in the city of Holmen, which 

did not involve college students, while the other highlighted clades represented case growth in our 

region outside of La Crosse county. Here we focus on the analysis of the College A and College B clusters. 

 

During this period, all three academic institutions posted “COVID19 dashboards” on their websites, 

analysis of which indicated that the majority of cases were associated with the largest institution 

(University of Wisconsin – La Crosse, “UWL”), followed by Viterbo University and with relatively few 

cases affecting students enrolled at Western Technical College. UWL ran its own surveillance and 

diagnostic program for students living in dormitories (approximately 3000 students), but did not deploy 

resources sufficient to provide any surveillance for its large off-campus student population. Our 

sequencing program captured all positive tests conducted at the Gundersen Health System molecular 

diagnostic laboratory, a service availed of by many members of the off-campus population. Accordingly, 

while we generally lack genomes from the student dorm populations, our considerable coverage of the 

off-campus population and the presumably large amount of intermixing that occurred between the on 

and-off campus student populations due to the prevalent “party culture” (10,11) makes it unlikely that a 

substantial outbreak comprising an unrelated substrain might have occurred in and been restricted to 

the dorm-dwelling population.  
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Demographic details of the 111 individuals carrying the College A and B substrains are shown in Table 1. 

In total, 40.5% of the specimens were obtained from individuals aged between 17 and 24, with a further 

16.2% from the 25-29 age group. For the entire cohort, 57.7% of cases affected females, although cases 

were more evenly distributed between sexes among the 17-29 year old group. 19 cases (17.1%) affected 

individuals aged over 60, including 4 cases among individuals in their 90s. This pattern of spread from 

clusters of younger age individuals into more vulnerable age groups is consistent with observations of a 

time-lag in which cases among older individuals tend to rise after outbreaks among young individuals 

(12). Although this statistical trend is evident from a nationwide analyses (12), our ability to establish 

direct genetic links using sequencing between the two age groups provides compelling evidence that 

risks of rapid spread of SARS-CoV-2 among college-age individuals are not limited to college environs but 

pose a direct threat to older persons in the surrounding community. 

 

Table 1: Demographics of individuals associated with College A and College B clusters 

  College A (n=68) College B (n=43) Both Strains (n=111) 

Age Group 0-5 0 (0%) 1 (2.3%) 1 (0.9%) 

 6-16 1 (1.5%) 1 (2.3%) 2 (1.8%) 

 17-24 24 (35.3%) 21 (48.8%) 45 (40.5%) 

 25-29 15 (22.1%) 3 (7%) 18 (16.2%) 

 30-39 6 (8.8%) 4 (9.3%) 10 (9.0%) 

 40-49 9 (13.2%) 1 (2.3%) 10 (9.0%) 

 50-59 4 (5.9%) 2 (4.7%) 6 (5.4%) 

 60-69 4 (5.9%) 3 (7%) 7 (6.3%) 

 70-79 3 (4.4%) 1 (2.3%) 4 (3.6%) 

 80-89 2 (4.7%) 2 (4.7%) 4 (3.6%) 

 90-99 0 (0%) 4 (9.3%) 4 (3.6%) 

     

Sex (All ages) Male 30 (44.1%) 17 (39.5%) 47 (42.3%) 

 Female 38 (55/9%) 26 (60.5%) 64 (57.7%) 

     

Sex (Ages 17-29) Male 22 (56.4%) 10 (41.6%) 32 (50.8%) 

 Female 17 (43.6%) 14 (58.3%) 31 (49.2%) 
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Detailed phylogenetic trees for both College A and B clusters are shown in Figure 4. Trees are scaled to 

show genetic divergence of the virus, such that samples aligned vertically are genetically identical and 

placement of a sample one increment to the right indicates acquisition of a single new mutation. Within 

both clusters, we found evidence of subgroups sharing identical viruses which typically reflect 

individuals infected in quick succession from a common source (e.g. at one or more parties). Groups of 

cases containing five or more genetically identical genomes are highlighted in orange, and the median 

age of individuals in these four groups were 20.5, 21, 25 and 29. This pattern is consistent with rapid 

spread of SARS-CoV-2 among the younger age group. Although both College A and B clusters included 

older individuals (See Table 1), analysis of the College B cluster indicated that this particular substrain 

had been transmitted into two skilled nursing facilities. The sequencing data revealed independent 

clusters affecting three patients in one facility and two staff and five patients in the second facility. Two 

of these patients died from COVID-19. 

 

DISCUSSION 

This study provides an interim yet comprehensive look at a still-ongoing outbreak centered on the 

neighborhoods surrounding college campuses in a midwestern city, La Crosse, WI. While the 111 

genomes sampled represent a fraction of the total cases in La Crosse county in this September outbreak, 

the data appear sufficient to draw some important conclusions about the nature of the outbreak and 

early consequences for vulnerable populations, as well as prompting consideration of whether various 

mitigation strategies adopted elsewhere could have been helpful. 

 

Firstly, this large outbreak was overwhelmingly driven by just two substrains of SARS-CoV-2 which was 

quite surprising. Restarting of in-person education involved the return of many thousands of students 

from a wide range of cities and small towns throughout the Midwest at a time when SARS-CoV-2 cases 

in Midwestern 18-22 year olds were increasing at a rate more than twice the national average for that 

age group (13). Accordingly, we had expected greater viral diversity consistent with multiple 

independent viral introductions. In contrast, the major signal detected was for just two substrains which 

spread very rapidly among an at-risk population which socialized repeatedly at high-density alcohol-

fueled indoor and outdoor gatherings. We cannot exclude the possibility that there were additional 

contemporaneous viral introductions and that these two substrains fortuitously happened to be the 

earliest to be exposed to large susceptible populations at events favoring rapid SARS-CoV-2 spread such 

that other potential substrains did not have the opportunity to access such a large susceptible 
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population. Nevertheless, our data imply that the overwhelming majority of students were SARS-CoV-2-

negative upon return to the campus environs and that rapid local spread, rather than imported cases, 

was the primary cause of the local outbreak. 

 

Nationally, several universities made very considerable financial investments in pre-testing all students 

before their return to campus, a mitigation strategy that was not attempted in La Crosse. Our data 

suggest that, had that strategy been employed in La Crosse, it would have had a negligible impact on 

preventing the outbreak. At best, it might have delayed an inevitable outcome by a few days. Clearly, 

introduction of just two viral substrains was sufficient to fuel this very significant outbreak. In a setting 

where students from multiple colleges interact with each other and with other residents of a city with 

pre-existing SARS-COV-2 cases, student behavior will likely lead to significant outbreaks whether the 

initial student-imported viral input is large or small.  

 

Testing of symptomatic and asymptomatic students after college opening is likely a more useful 

intervention, if performed at a sufficient frequency. When modeling multiple scenarios to mitigate 

SARS-CoV-2 spread during college re-opening for an 80-day fall semester, Paltiel and colleagues 

estimated that testing the entire student population every two days could limit cumulative infections to 

4.9% of students, while weekly testing would result in 37% of students becoming infected (14). 

Importantly, both estimates involved assumptions of strong adherence to mask-wearing, handwashing, 

social-distancing, de-densifying classrooms and limiting bathroom sharing. The UWL plan for its 10,500 

student body involved asymptomatic testing of its dormitory resident population (3000 students) once 

every 14 days with no surveillance testing among the much larger off-campus population. Considering 

that Paltiel estimated that testing 100% of an idealized guideline-adherent student population weekly 

would still lead to a cumulative infection rate of 37%, it seems likely that testing only 28% of an actual 

student population at half that frequency would be utterly inadequate to manage inevitable outbreaks. 

Success in Paltiel’s model also required efficiently functioning quarantine and isolation dormitories, a 

situation at variance with the chaotic situation at UWL where student reporters described individuals 

quarantined while the results of their tests were pending, partying in the quarantine dorm with 

COVID19-positive individuals, and then being released when their pre-quarantine test returned negative 

(15).  
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We detected these student-amplified infection clusters as part of a 21-county surveillance program in 

the Gundersen Healthcare System’s service area. Because this program was not student focused, we 

were collecting and sequencing other community cases in parallel. This allowed us to quickly detect the 

overspill from the college-age population in older adults. While these findings were consistent with 

public health expectations about risk to older population in settings of wide community spread and with 

epidemiological studies showing a statistical association in which case increases in young adults are 

typically followed by cases among older adults (12), our ability to genetically link these groups of cases 

provides direct evidence of transmission between these different age groups. Of particular concern, was 

the rapid transmission of one of these SARS-CoV-2 substrains into two skilled nursing facilities, causing 

sustained outbreaks with two fatalities so far. Our first case of what we came to call the “College B” 

cluster was collected on 8/27/20, a time when cases were slowly but steadily rising (Figure 1). The 

inflection point on the curve when cases began to rise more rapidly was on 9/10/20 (Figure 1) and the 

first skilled nursing facility patient specimen associated with this cluster was detected on 9/14/20.  

 

CONCLUSIONS 

For college clusters, much concern has focused on higher risks to older faculty/staff as well as less 

frequent but significant adverse outcomes in younger individuals. In addition, university leaders clearly 

face a range of concerns including very significant financial pressures. Given the described testing 

strategy, the highly contagious properties of SARS-CoV-2, news reports of widespread outbreaks in 

other college communities that had attempted return to in-person instruction at earlier dates (16,17) 

and the well-understood risk-embracing nature of college students (18), the outbreak that occurred in 

La Crosse in September 2020 was likely inevitable once the decision to return to in-person instruction 

was taken. Our study highlights the very significant risks imposed by college administrator reopening 

decisions, not just on college-associated populations, but on vulnerable individuals in surrounding 

communities. Although our primary focus has been on using viral genetics to track introduction and 

spread of these substrains, we note that the adverse effects of college-amplified clusters are not limited 

to the morbidity and mortality of infected individuals and the substantial associated healthcare costs. 

Rapid case growth, as experienced in La Crosse, intensifies the magnitude of the multifaceted adverse 

effects of the pandemic upon communities. These effects include significantly extending the period 

during which children are unable to attend in-person K-12 schooling (19), further exacerbation of the 

many psychosocial stresses affecting both individuals and families (20), extending the ongoing 

unemployment crisis (21), placing more families at risk of losing health insurance (22) and harming small 
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businesses (23). These factors should all be considered as part of any cost-benefit analysis of reopening 

colleges and universities. 
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FIGURES LEGENDS 

Figure 1. Cumulative SARS-CoV-2 case incidence in La Crosse County, WI, stratified by age group (March 

– September 2020).  

 

Figure 2. Choropleth heatmaps showing a weekly assessment of the 7-day rolling average of daily case 

numbers per 100,000 population in census tracts in the city of La Crosse. Census tract populations were 

taken from 2010 census data. The locations of University of Wisconsin – La Crosse (UWL), Western 

Technical College (WTC) and Viterbo University (VIT) are indicated. 

 

Figure 3. Radial time resolved phylogenetic trees containing (A) all 514 high-quality genomes sequenced 

between 3/18/20 and 9/28/20 and (B) highlighting just those specimens sequenced in September. 

Sequencing results are from a 21-county region of Wisconsin, Minnesota and Iowa. The case growth in 

La Crosse County in September was attributed to the College A and College B clusters. 

 

Figure 4. Phylogenetic trees demonstrating the relationships between cases in the College A and College 

B substrains. Trees are scaled by sequence divergence so that identical genomes are vertically aligned 

and each further increment to the right represents acquisition a new nucleotide variant. Clade-defining 

mutations are indicated in both cases. Groups of 5 or more genetically identical cases are highlighted in 

orange, with the median age of individuals in each group indicated. Transmission chains in two skilled 

nursing facilities, detected in the College B cluster, are also highlighted. 
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Opening of Large Institutions of Higher Education and County-Level COVID-19 
Incidence — United States, July 6–September 17, 2020

Andrew J. Leidner, PhD1; Vaughn Barry, PhD1; Virginia B. Bowen, PhD1; Rachel Silver, MPH1; Trieste Musial, MS2; Gloria J. Kang, PhD1;  
Matthew D. Ritchey, DPT3; Kelly Fletcher, MPH2; Lisa Barrios, DrPH1; Eric Pevzner, PhD1

During early August 2020, county-level incidence of 
coronavirus disease 2019 (COVID-19) generally decreased 
across the United States, compared with incidence earlier 
in the summer (1); however, among young adults aged 
18–22 years, incidence increased (2). Increases in incidence 
among adults aged ≥60 years, who might be more susceptible 
to severe COVID-19–related illness, have followed increases 
in younger adults (aged 20–39 years) by an average of 8.7 days 
(3). Institutions of higher education (colleges and universi-
ties) have been identified as settings where incidence among 
young adults increased during August (4,5). Understanding 
the extent to which these settings have affected county-level 
COVID-19 incidence can inform ongoing college and univer-
sity operations and future planning. To evaluate the effect of 
large colleges or universities and school instructional format* 
(remote or in-person) on COVID-19 incidence, start dates and 
instructional formats for the fall 2020 semester were identi-
fied for all not-for-profit large U.S. colleges and universities 
(≥20,000 total enrolled students). Among counties with large 
colleges and universities (university counties) included in the 
analysis, remote-instruction university counties (22) experi-
enced a 17.9% decline in mean COVID-19 incidence during 
the 21 days before through 21 days after the start of classes 
(from 17.9 to 14.7 cases per 100,000), and in-person instruc-
tion university counties (79) experienced a 56.2% increase in 
COVID-19 incidence, from 15.3 to 23.9 cases per 100,000. 
Counties without large colleges and universities (nonuniversity 
counties) (3,009) experienced a 5.9% decline in COVID-19 
incidence, from 15.3 to 14.4 cases per 100,000. Similar find-
ings were observed for percentage of positive test results and 
hotspot status (i.e., increasing among in-person–instruction 

* Instructional format was assigned based on the advertised method of instruction 
for the first day of fall 2020 classes. “Remote” format was defined as an 
instructional format that appeared to minimize in-person classwork on campus. 
This definition did allow in-person instruction for a very select number of 
students, including those in laboratory courses, studio courses, or courses for 
small groups of students with specific instructional needs. In contrast, the “in-
person” format was defined for all other colleges and universities that were not 
considered remote, which included any instructional format that did not appear 
to minimize in-person classwork on campus. “Hybrid” instructional formats that 
had reduced, but reoccurring, in-class experiences for many college and university 
courses (i.e., beyond laboratory and studio courses) were considered “in-person” 
for this study. The assignment of instructional format was based on the advertised 
method of instruction and was not based on the college or university policy toward 
on-campus housing; therefore colleges and universities with remote instruction 
could have allowed students to stay in on-campus housing.

university counties). In-person instruction at colleges and uni-
versities was associated with increased county-level COVID-19 
incidence and percentage test positivity. Implementation of 
increased mitigation efforts at colleges and universities could 
minimize on-campus COVID-19 transmission.

The National Center for Educational Statistics’ Integrated 
Postsecondary Education Data System (6) was used to identify 
not-for-profit baccalaureate degree–granting colleges and uni-
versities enrolling ≥20,000 full-time and part-time students. 
Colleges and universities that enrolled <20,000 students or 
were considered for-profit were excluded. Fall class start dates 
and instructional formats on the first day of scheduled classes 
were abstracted from college and university websites during 
early September 2020. Counties with large colleges and uni-
versities were assigned the start date and instructional format 
of the school. If a county contained multiple large colleges or 
universities with different start dates, the earliest start date and 
corresponding instructional format was assigned. If a county 
contained multiple large schools with the same start date but 
different instructional formats, then in-person instruction was 
assigned. Among 133 counties with large colleges and univer-
sities (university counties),† the 101 (76%) in which classes 
started from July 27 to August 28 were included in the analysis 
(i.e., 32 were excluded because they included institutions that 
started on or after August 29 and had insufficient data for 
the 21 days after the start of classes at the time of analysis). 
County-level mean estimates of COVID-19 incidence,§ test-
ing rates, percentage test positivity,¶ and hotspot status** were 
compared for university counties with remote-instruction, 
in-person–instruction, and nonuniversity counties during the 
21 days before and after the start of classes.

† A total of 149 large colleges and universities were identified across 133 counties.
§ Incidence was calculated using COVID-19 case counts from state and county 

health department websites compiled by USAFacts (https://usafacts.org/).
¶ County-level testing rates and rates of percentage positivity represent viral 

COVID-19 laboratory diagnostic and screening test (RT-PCR) results and 
exclude antibody and antigen tests. COVID-19 Electronic Laboratory Reporting 
state health department-reported data are used to describe county-level RT-PCR 
result totals when information is available on patients’ county of residence or 
health care providers’ practice location. HHS Protect laboratory data (provided 
directly to the federal government from public health laboratories, hospital 
laboratories, and commercial laboratories) are used otherwise. Total RT-PCR 
tests reflect the number of tests performed, not the number of persons receiving 
testing. RT-PCR test positivity rate is the number of positive tests divided by 
the total number of tests performed and for which results were available.
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For all analyses, mean county population size, full-time stu-
dent enrollment size, urban-rural classifications (large central 
metro, large fringe metro, medium metro, small metro, micro-
politan, and noncore), and COVID-19 outcomes are reported 
and stratified by county university status and instructional for-
mat. The COVID-19 outcomes included incidence and testing 
rates per 100,000 population, test positivity by SARS-CoV-2 
reverse transcription–polymerase chain reaction (RT-PCR) 
testing, and the percentage of counties identified as hotspots 
for ≥1 day during the observation periods. COVID-19 out-
comes were reported as means for the 21 days before and after 
the class start date. Absolute differences (i.e., percentage point 
differences) are described for percentage-based measures (test 
positivity and hotspot detection) and relative changes described 
for rate-based measures (testing rate and incidence). Seven-day 
moving averages for testing rates, percentage test positivity, and 
incidence are presented as trends over the observation period 
(day –21 to day +21). In an unmatched analysis, remote-
instruction and in-person instruction university counties were 
compared with nonuniversity counties. Nonuniversity counties 
were assigned the median start date of university counties. In 
the matched analysis, in-person–instruction university counties 
were matched with nonuniversity counties based on geographic 
proximity and population size. This analysis of 68 matched 
pairs was conducted to account for differences in population 
size, urbanicity, and geographic location between university 
and nonuniversity counties.†† Nonuniversity counties in the 
matched sample were assigned the start date of their matched 
university-county counterpart. In the matched analysis, a 
regression-based difference-in-difference approach§§ was used 
to quantify the impact of in-person instruction on COVID-19 

 ** Hotspot , or rapid riser, counties met all four of the following criteria, relative 
to the date assessed: 1) >100 new COVID-19 cases in the most recent 7 days; 
2) an increase in the most recent 7-day COVID-19 incidence over the 
preceding 7-day incidence; 3) a decrease of no more than 60% or an increase 
in the most recent 3-day COVID-19 incidence over the preceding 3-day 
incidence; and 4) a ratio of 7-day incidence to 30-day incidence exceeding 
0.31. In addition, hotspots must have met at least one of the following criteria: 
1) >60% change in the most recent 3-day COVID-19 incidence or 2) >60% 
change in the most recent 7-day incidence. CDC and other federal agencies 
that are monitoring trends in COVID-19 are collaborating to refine approaches 
to define and monitor hotspots. As a result, terminology or definitions used 
in future reports might differ from those used in this report.

 †† Matches for each in-person university county were identified by listing all candidate 
(county) matches without large colleges or universities that had a similar population 
size (± 30%) and that were located within 500 miles (805 km) of each university 
county. From these candidate matches, the final match was selected based on 
closest proximity such that no nonuniversity county was matched more than once. 
After matching, the average distance between counties in matched in-person 
university county and nonuniversity county pairs was 114 miles (183 km) with 
a maximum distance of 471 miles (758 km). Eleven in-person university counties 
were excluded from the matched analysis because there were no candidate matches 
meeting population size and proximity specifications. All remote university 
counties were excluded from the matched analysis because there were an insufficient 
number of nonuniversity county matches.

incidence, with and without adjustment for transient student 
populations,¶¶ and percentage test positivity. A sensitivity 
analysis was conducted to explore whether students’ early 
return to campus might affect observed changes using day –7 
as the demarcation between before and after periods. Statistical 
significance was set at α = 0.05. Analyses were conducted using 
R statistical software (version 4.0.2; The R Foundation).

Among 101 university counties (3.2% of all U.S. counties, 
accounting for 29.4% of the U.S. population), instructional 
format was remote for 22 (22%) and in-person for 79 (78%). 
University counties had higher mean population size and were 
more urban than were nonuniversity counties (Table). Before 
the start of school, COVID-19 testing rates at the county-level 
were already higher in university counties than in nonuniversity 
counties (Figure). Comparing the time from the start of classes 
through day 21 with the 21 days before classes began, mean 
daily testing increased 4.2% and 14.1% among remote instruc-
tion and in-person instruction university counties, respectively, 
and decreased 1.0% among nonuniversity counties. Mean 
test positivity decreased among remote-instruction university 
counties (absolute change = –1.8%) and nonuniversity counties 
(–0.6%) but increased among in-person instruction university 
counties (1.1%). Incidence decreased in nonuniversity counties 
(–5.9%) and remote-instruction counties (–17.9%), whereas, 
incidence increased in in-person (56.2%) university counties. 
The percentage of counties identified at least once as a hotspot 

 §§ Difference-in-difference is a statistical technique that compares the changes 
in outcomes over time between two groups: those who are part of a control 
group and those who are part of a treatment or an intervention group. In this 
analysis, the intervention group was considered to be the counties with colleges 
and universities that had in-person instruction and the control group was 
considered to be nonuniversity counties. Difference-in-difference estimates 
used a regression model with the following specification: Yct = α + β1∙In 
Personct + β2∙Afterct + δIP∙Afterct∙In personct + θc + θs + θweek + θweekday + 
εct, where Yct is the outcome of interest (i.e., either COVID-19 incidence or 
percentage test positivity) for each county c and each unit of time t (days); In 
Personct is an indicator equal to 1 if the county has a college or university that 
started classes in an in-person format; Afterct is an indicator equal to 1 for all 
the days after the county’s assigned start date (i.e., an indicator equal to 1 for 
days 0 to 21, where day 0 is the start date); θc and θs are county- and state-
level fixed effects; θweek and θweekday are fixed effects for each calendar week 
and each weekday; and εct is the unobserved error term. The coefficient of 
interest is δIP, which captures the difference in outcome before and after the 
start date among in-person university counties, minus the difference in 
outcome before and after the assigned start date in nonuniversity counties. 
Standard errors were clustered at the county level. A placebo test was conducted 
where the college or university start date used day –21 as the demarcation of 
before and after periods, and no violation of the parallel trends assumption 
was found.

 ¶¶ Because transient student populations might not be included in the population 
denominator for county incidence estimates, incidence is assessed two ways 
in the difference-in-difference models: first using county population reported 
by the U.S. census, then adjusting for student influx by adding full-time 
student enrollment to each college or university’s county population for the 
period after classes start. The full-time student population was used for this 
adjustment instead of the total student population, which includes full-time 
and part-time students.
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TABLE. COVID-19 testing, percentage positivity, incidence, and county hotspot status among counties with and without colleges and universities,* 
by instructional format on the first day of the fall 2020 semester — United States, 2020

Characteristic

Unmatched analysis Matched analysis†

University counties§

Nonuniversity 
counties

University counties

Nonuniversity 
counties

Remote  
instruction

In-person 
instruction

In-person 
instruction

Total no. of counties 22 79 3,009 68 68
Mean county population 1,694,739 748,544 69,574 467,187 413,460
Total no. of large colleges/universities 31 84 — 71 —
Mean college/university full-time enrollment in county§ 37,769 27,451 — 27,084 —
Mean percentage full-time college/university enrollment of 

total county population
7.7 11.7 — 13.3 —

Percentage of counties in each urban-rural category¶

Large central metro 59 27 1 16 9
Large fringe metro 9 13 12 13 32
Medium metro 18 28 11 32 28
Small metro 5 25 11 29 18
Micropolitan 9 8 21 9 9
Noncore 0 0 44 0 4
County COVID-19 testing rate per 100,000 population**
Mean daily rate from day –21 to day –1†† 308 255 209 256 216
Mean daily rate from day 0 to day 21 321 291 207 304 204
Relative change, %§§ 4.2 14.1 −1.0 18.8 –5.6
County COVID-19 RT-PCR test percentage positivity**
Mean from day –21 to day –1 8.1 7.8 8.7 7.5 8.6
Mean from day 0 to day 21 6.4 8.9 8.0 9.1 7.9
Absolute change, %§§ −1.8 1.1 –0.6 1.6 –0.8
County COVID-19 incidence¶¶

Mean incidence from day –21 to day –1 17.9 15.3 15.3 14.3 16.9
Mean incidence from day 0 to day 21 14.7 23.9 14.4 25.5 13.6
Relative change, %§§ –17.9 56.2 –5.9 78.3 –19.5
County COVID-19 hotspot activity ***
Percentage detected as a hotspot from day –21 to day –1 9.1 8.9 4.4 8.8 13.2
Percentage detected as a hotspot from day 0 to day 21 18.2 39.2 5.9 42.6 14.7
Absolute change, %§§ 9.1 30.4 1.5 33.8 1.5

Abbreviations: COVID-19 = coronavirus disease 2019; RT-PCR = reverse transcription–polymerase chain reaction.
 * 133 counties had institutions of higher education (large colleges or universities). Some counties (n = 32; 24%) opened on or after August 29 and were excluded from 

analysis. University counties are defined as counties with a large college or university. Nonuniversity counties are defined as counties without a large college or university.
 † University counties matched to geographically proximate comparison counties with similar population size. Matches for each university county were identified by first 

listing all candidate (county) matches without large colleges and universities (nonuniversity counties) that had a similar population size (± 30%) and that were located 
within 500 miles (805 km) of each university county. From these candidate matches the final match was selected based on closest proximity. After matching, the average 
distance between counties in matched university county and nonuniversity county pairs was 114 miles (183 km) with a maximum distance of 471 miles (758 km).

 § Colleges and universities were included in the analysis if they had ≥20,000 total enrolled students, which included full-time and part-time students. The full-time 
student enrollments from these included institutions were combined across each university county. The number of full-time student enrollments in the university 
counties ranged from 11,774 to 192,173.

 ¶ Urban-rural classifications are from the National Center for Health Statistics’ six-level urban-rural classification scheme for U.S. counties (https://www.cdc.gov/
nchs/data_access/urban_rural.htm).

 ** Testing rates and percentage positivity for reverse transcription–polymerase chain reaction tests were obtained from COVID-19 electronic laboratory reporting 
data submitted by state health departments and from data submitted directly by public health, commercial, and reference laboratories.

 †† Day –21, –1, and 21 are relative to day 0, which indicates the start date of instruction at colleges and universities for the fall 2020 semester. The nonuniversity counties 
were assigned the median start date in the unmatched analysis and were assigned the start date of their matched university county counterpart in the matched analysis.

 §§ Absolute differences are described for percentage-based measures (i.e., test positivity and hotspot detection) and relative changes described for rate-based 
measures (i.e., testing rate and incidence).

 ¶¶ Incidence (cases per 100,000) was calculated using daily reported COVID-19 case-counts from state and county health department websites compiled by USAFacts 
(https://usafacts.org/).

 *** Hotspot, or rapid riser, counties met all four of the following criteria, relative to the date assessed: 1) >100 new COVID-19 cases in the most recent 7 days; 2) an 
increase in the most recent 7-day COVID-19 incidence over the preceding 7-day incidence; 3) a decrease of no more than 60% or an increase in the most recent 
3-day COVID-19 incidence over the preceding 3-day incidence; and 4) a ratio of 7-day incidence to 30-day incidence exceeding 0.31. In addition to those four 
criteria, hotspots met at least one of the following criteria: 1) >60% change in the most recent 3-day COVID-19 incidence or 2) >60% change in the most recent 
7-day incidence.
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FIGURE. Trends* in COVID-19 testing rates (A, D), percentage test positivity (B, E), and incidence (C, F) for unmatched U.S. counties† and counties 
matched§ based on population size and geographic proximity, 7-day moving average — United States, 2020
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Abbreviation: COVID-19 = coronavirus disease 2019.
* Trends are presented relative to the start date for fall 2020 classes for counties with large colleges and universities (university counties) and the assigned start date 

for nonuniversity counties.
† University counties with remote (n = 22) and in-person (n = 79) instruction versus nonuniversity (n = 3,009) counties.
§ University counties with in-person instruction versus nonuniversity counties (68 matched pairs). Matches for each in-person university county were identified by 

listing all candidate (county) matches without large colleges or universities that had a similar population size (± 30%) and that were located within 500 miles (805 km) 
of each university county. From these candidate matches, the final match was selected based on closest proximity such that no nonuniversity county was matched 
more than once. After matching, the average distance between counties in matched in-person university county and nonuniversity county pairs was 114 miles 
(183 km) with a maximum distance of 471 miles (758 km). Eleven in-person university counties were excluded from the matched analysis because there were no 
candidate matches meeting population size and proximity specifications. All remote university counties were excluded from the matched analysis because there 
was an insufficient number of nonuniversity county matches.

increased for all three groups, with the highest percentage 
observed in in-person instruction university counties (30.4% 
absolute increase), followed by remote-instruction university 
counties (9.1%) and nonuniversity counties (1.5%).

COVID-19 outcomes were similar in the matched analysis. 
Compared with nonuniversity counties, in-person instruction 
university counties experienced a higher relative change in test-
ing rates (18.8% versus –5.6%), a higher absolute change in 
test positivity (1.6% versus –0.8%), a higher relative change 

in incidence (78.3% versus –19.5%) (Table) (Figure), and a 
higher absolute change in the percentage identified as hotspots 
(33.8% versus 1.5%). Based on the difference-in-difference 
analysis, university counties with in-person instruction were 
associated with an increase of 14.4 cases per 100,000 (p<0.05) 
and an increase of 2.4 percent test positivity (p<0.05) relative 
to nonuniversity counties with in-person instruction. When 
adjusting incidence for the influx of full-time students, in-
person instruction university counties were associated with an 
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increase of 10.6 cases per 100,000 (p<0.05) (Supplementary 
Table, https://stacks.cdc.gov/view/cdc/99533). These results 
did not change meaningfully in the sensitivity analysis.

Discussion

County-level COVID-19 incidence decreased in much of the 
United States in late summer 2020. Comparing the 21 days 
before and after instruction start dates, university counties with 
in-person instruction experienced a 56% increase in incidence 
and 30% increase in hotspot occurrence as well as increases 
in COVID-19-related testing and test percentage positivity. 
Results from the unmatched analysis were consistent with 
those from the matched analysis. If percentage positivity had 
been stable or declining across the observation period, then 
efforts on the part of many colleges and universities to conduct 
or require testing before students’ return to campus and their 
ongoing surveillance efforts might explain an increase in case 
counts, as a result of increased case discovery. However, the 
concurrent increases in percentage positivity and in incidence 
in these counties suggest that higher levels of transmission, in 
addition to increased case discovery, occurred in these com-
munities (2).

The findings in this report are subject to at least six 
limitations. First, data abstraction for schools’ instructional 
formats was conducted in early September and focused on 
identifying the format used on the first day of classes; some 
misclassification of instructional format might have occurred 
because of changes during the first few weeks of instruction. 
Second, this study did not adjust for mitigation strategies 
(e.g., mask and social distancing requirements and limits on 
large crowds and athletic events) implemented at local or 
state levels or at colleges and universities, which could have 
affected the association between the institution’s opening and 
county-level incidence. Similarly, whether cases in university 
counties were college- or university-related (i.e., through 
contact in classrooms, dormitories, cafeterias, or off-campus 
activities) or related to community transmission could not be 
discerned. Third, these results might not be generalizable to 
counties with smaller colleges and universities. Fourth, U.S. 
Census 2019 population estimates were used to calculate rates, 
which do not include all college and university enrollments. 
County-level rate calculations could be inflated for university 
counties, especially those for which the enrollment numbers 
are relatively large compared with the county’s population 
size. Fifth, the longer-term implications for county incidence 
(i.e., beyond 21 days) were not assessed. Finally, the university 
counties in the unmatched analysis have larger populations and 
likely additional characteristics that are different from those of 
nonuniversity counties. This limitation prompted the decision 
to conduct the matched analysis, which focused on counties 

Summary
What is already known about this topic?

Increasing COVID-19 incidence was observed among young 
adults in August 2020, and outbreaks have been reported at 
institutions of higher education (colleges and universities).

What is added by this report?

U.S. counties with large colleges or universities with remote 
instruction (n = 22) experienced a 17.9% decrease in incidence 
and university counties with in-person instruction (n = 79) 
experienced a 56% increase in incidence, comparing the 21-day 
periods before and after classes started. Counties without large 
colleges or universities (n = 3,009) experienced a 6% decrease in 
incidence during similar time frames.

What are the implications for public health practice?

Additional implementation of effective mitigation activities at 
colleges and universities with in-person instruction could 
minimize on-campus COVID-19 transmission and reduce 
county-level incidence.

with more similar population levels and geographic proxim-
ity. However, broader generalizations based on the matched 
analysis might not be warranted because 11 university counties 
with in-person instruction were excluded from the matched 
analysis because no appropriate matches were available.

COVID-19 incidence, hotspot occurrence, COVID-19-
related testing, and test positivity increased in university 
counties with in-person instruction. Efforts to prevent and 
mitigate COVID-19 transmission are critical for U.S. colleges 
and universities. Congregate living settings at colleges and 
universities were linked to transmissions (7). Testing students 
for COVID-19 when they return to campus and throughout 
the semester might be an effective strategy to rapidly identify 
and isolate new cases to interrupt and reduce further transmis-
sions (8).  Colleges and universities should work to achieve 
greater adherence to the recommended use of masks, hand 
hygiene, social distancing, and COVID-19 surveillance among 
students (9), including those who are exposed, symptomatic, 
and asymptomatic. The increase in testing rates likely reflects 
local efforts already underway to improve COVID-19 surveil-
lance and response. Increasing testing capacity and engaging 
in other COVID-19 mitigation strategies might be especially 
important for colleges and universities in areas where transmis-
sion from students into the broader community could exac-
erbate existing disparities, including access to and utilization 
of health care, as well as the disproportionate morbidity and 
mortality of COVID-19 among populations with prevalent 
underlying conditions associated with more severe outcomes 
following infection. Some university counties might have one 
or more concerning factors, such as higher levels of older adult 
populations, high rates of obesity and cardiovascular disease, 
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or strained health care resources. These counties might need 
to consider the implications of in-person instruction on spread 
of COVID-19 among a student population that might have 
interactions with persons at higher risk in the community. 
College and university administrators should work with local 
decision-makers and public health officials to strengthen com-
munity mitigation, in addition to continuing efforts to slow 
the spread of COVID-19 on college and university campuses.
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Use of mRNA COVID-19 Vaccine After Reports of Myocarditis  
Among Vaccine Recipients: Update from the Advisory Committee on 

Immunization Practices — United States, June 2021
Julia W. Gargano, PhD1,*; Megan Wallace, DrPH1,*; Stephen C. Hadler, MD1; Gayle Langley, MD1; John R. Su, MD, PhD1; Matthew E. Oster, MD1; 
Karen R. Broder, MD1; Julianne Gee, MPH1; Eric Weintraub, MPH1; Tom Shimabukuro, MD1; Heather M. Scobie, PhD1; Danielle Moulia, MPH1; 
Lauri E. Markowitz, MD1; Melinda Wharton, MD1; Veronica V. McNally, JD2; José R. Romero, MD3; H. Keipp Talbot, MD4; Grace M. Lee, MD5; 

Matthew F. Daley, MD6; Sara E. Oliver, MD1

On July 6, 2021 this report was posted as an MMWR Early 
Release on the MMWR website (https://www.cdc.gov/mmwr). 

In December 2020, the Food and Drug Administration 
(FDA) issued Emergency Use Authorizations (EUAs) for 
the Pfizer-BioNTech COVID-19 (BNT162b2) vaccine and 
the Moderna COVID-19 (mRNA-1273) vaccine,† and the 
Advisory Committee on Immunization Practices (ACIP) 
issued interim recommendations for their use in persons aged 
≥16 years and ≥18 years, respectively.§ In May 2021, FDA 
expanded the EUA for the Pfizer-BioNTech COVID-19 vac-
cine to include adolescents aged 12–15 years; ACIP recom-
mends that all persons aged ≥12 years receive a COVID-19 
vaccine. Both Pfizer-BioNTech and Moderna vaccines are 
mRNA vaccines encoding the stabilized prefusion spike gly-
coprotein of SARS-CoV-2, the virus that causes COVID-19. 
Both mRNA vaccines were authorized and recommended as 
a 2-dose schedule, with second doses administered 21 days 
(Pfizer-BioNTech) or 28 days (Moderna) after the first dose. 
After reports of myocarditis and pericarditis in mRNA vaccine 
recipients,¶ which predominantly occurred in young males 
after the second dose, an ACIP meeting was rapidly convened 
to review reported cases of myocarditis and pericarditis and 
discuss the benefits and risks of mRNA COVID-19 vaccina-
tion in the United States. Myocarditis is an inflammation 
of the heart muscle; if it is accompanied by pericarditis, an 
inflammation of the thin tissue surrounding the heart (the 
pericardium), it is referred to as myopericarditis. Hereafter, 
myocarditis is used to refer to myocarditis, pericarditis, or 
myopericarditis. On June 23, 2021, after reviewing available 
evidence including that for risks of myocarditis, ACIP deter-
mined that the benefits of using mRNA COVID-19 vaccines 
under the FDA’s EUA clearly outweigh the risks in all popula-
tions, including adolescents and young adults. The EUA has 

* These authors contributed equally to this work.
† All EUA documents for COVID-19 vaccines, including fact sheets, are available 

at https://www.fda.gov/emergency-preparedness-and-response/coronavirus-
disease-2019-covid-19/covid-19-vaccines.

§ ACIP recommendations for all COVID-19 vaccines are available at https://
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html.

¶ COVID-19 Vaccine Safety Technical Work Group Reports are available at 
https://www.cdc.gov/vaccines/acip/work-groups-vast/index.html.

been modified to include information on myocarditis after 
receipt of mRNA COVID-19 vaccines. The EUA fact sheets 
should be provided before vaccination; in addition, CDC has 
developed patient and provider education materials about the 
possibility of myocarditis and symptoms of concern, to ensure 
prompt recognition and management of myocarditis.

Since June 2020, ACIP has convened 15 public meet-
ings to review data on COVID-19 epidemiology and use of 
COVID-19 vaccines. The ACIP COVID-19 Vaccines Work 
Group, comprising experts in infectious diseases, vaccinology, 
vaccine safety, public health, and ethics, has held weekly meet-
ings since April 2020 to review COVID-19 surveillance data, 
evidence for vaccine efficacy and safety, and implementation 
considerations for COVID-19 vaccination programs. After 
reports of myocarditis, the work group met twice to review 
clinical trial and postauthorization safety data for myocarditis 
after receipt of mRNA COVID-19 vaccines. The work group 
also reviewed a benefit-risk assessment of myocarditis events 
after receipt of mRNA COVID-19 vaccines, considering recent 
epidemiology of COVID-19 and sequelae of COVID-19, 
including myocarditis and multisystem inflammatory syn-
drome in children (MIS-C).** The ACIP COVID-19 Vaccines 
Safety Technical (VaST) Work Group, comprising independent 
vaccine safety expert consultants, had also reviewed safety data 
on myocarditis after receipt of mRNA COVID-19 vaccines 
at its weekly meetings. The findings from the VaST and the 
ACIP COVID-19 Vaccines Work Group assessments, includ-
ing a summary of the data reviewed, were presented to ACIP 
during its meeting on June 23, 2021.

Myocarditis typically occurs more commonly in males than 
in females, and incidence is highest among infants, adolescents, 
and young adults (1,2). The clinical presentation and severity of 
myocarditis vary among patients. Symptoms typically include 
chest pain, dyspnea, or palpitations, although other symptoms 
might be present, especially in younger children (3). Diagnostic 
evaluation might reveal an elevated troponin level or abnormal 
findings on electrocardiogram, echocardiogram, or cardiac 
magnetic resonance imaging (Table 1). Supportive therapy is 

 ** https://www.cdc.gov/mis/hcp/index.html
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a mainstay of treatment, with targeted cardiac medications or 
interventions as needed. Current guidelines from the American 
Heart Association and American College of Cardiology recom-
mend exercise restriction until the heart recovers.††

As of June 11, 2021, approximately 296 million doses of 
mRNA COVID-19 vaccines had been administered in the 
United States, with 52 million administered to persons aged 
12–29 years; of these, 30 million were first and 22 million were 
second doses. Within the Vaccine Adverse Event Reporting 
System (VAERS) (4), the national vaccine safety passive 
monitoring system, 1,226 reports of myocarditis after mRNA 
vaccination were received during December 29, 2020–June 11, 
2021. Among persons with reported myocarditis after mRNA 
vaccination, the median age was 26 years (range = 12–94 years), 
with median symptom onset interval of 3 days after vaccina-
tion (range = 0–179). Among 1,194 reports for which patient 
age was known, 687 were among persons aged <30 years and 
507 were among persons aged ≥30 years; of 1,212 with sex 
reported, 923 were male, and 289 were female.§§ Among 1,094 
patients with number of vaccine doses received reported, 76% 
occurred after receipt of dose 2 of mRNA vaccine; cases were 
reported after both Pfizer-BioNTech and Moderna vaccines. 
Informed by early reports, CDC prioritized rapid review 
of myocarditis in persons aged <30 years reported during 
May 1–June 11, 2021; the 484 patient records in this subset 
were evaluated by physicians at CDC, and several reports were 
also reviewed with Clinical Immunization Safety Assessment 
Project investigators,¶¶ including cardiologists. At the time of 
this report, 323 of these 484 cases were determined to meet 
criteria in CDC’s case definitions for myocarditis, pericarditis, 
or myopericarditis by provider interview or medical record 
review (Table 1). The median age of the 323 patients meeting 
CDC’s case definitions was 19 years (range = 12−29 years); 
291 were male, and 32 were female. The median interval from 
vaccination to symptom onset was 2 days (range = 0−40 days); 
92% of patients experienced onset of symptoms within 7 days 
of vaccination. Of the 323 persons meeting CDC’s case defini-
tions, 309 (96%) were hospitalized. Acute clinical courses were 
generally mild; among 304 hospitalized patients with known 
clinical outcomes, 95% had been discharged at time of review, 
and none had died. Treatment data in VAERS are preliminary 
and incomplete; however, many patients have experienced 
resolution of symptoms with conservative treatment, such as 
receipt of nonsteroidal antiinflammatory drugs. Follow-up is 

 †† https://www.ahajournals.org/doi/10.1161/CIR.0000000000000239?url_
ver = Z39.88-2003&rfr_id = ori:rid:crossref.org&rfr_dat = cr_pub%20%20
0pubmed#d3e785

 §§ Age was not reported for 32 patients, and sex was not reported for 14 patients.
 ¶¶ https://www.cdc.gov/vaccinesafety/ensuringsafety/monitoring/cisa/index.html

TABLE 1. Case definitions of probable and confirmed myocarditis, 
pericarditis, and myopericarditis

Condition Definition

Acute 
myocarditis

Probable case Confirmed case
Presence of ≥1 new or 

worsening of the following 
clinical symptoms:*

Presence of ≥1 new or 
worsening of the following 
clinical symptoms:*

• chest pain, pressure, or 
discomfort

• chest pain, pressure, or 
discomfort

• dyspnea, shortness of breath, 
or pain with breathing

• dyspnea, shortness of breath, 
or pain with breathing

• palpitations • palpitations
• syncope • syncope
OR, infants and children aged 

<12 years might instead 
have ≥2 of the following 
symptoms:

OR, infants and children 
aged <12 years might 
instead have ≥2 of the 
following symptoms:

• irritability • irritability
• vomiting • vomiting
• poor feeding • poor feeding
• tachypnea • tachypnea
• lethargy • lethargy

AND AND
≥1 new finding of ≥1 new finding of
• troponin level above upper 

limit of normal (any type of 
troponin)

• Histopathologic 
confirmation of 
myocarditis†

• abnormal electrocardiogram 
(ECG or EKG) or rhythm 
monitoring findings 
consistent with myocarditis§

• cMRI findings consistent 
with myocarditis¶ in the 
presence of troponin level 
above upper limit of 
normal (any type of 
troponin)

• abnormal cardiac function 
or wall motion 
abnormalities on 
echocardiogram

• cMRI findings consistent 
with myocarditis¶

AND AND
• No other identifiable cause of 

the symptoms and findings
• No other identifiable cause of 

the symptoms and findings
Acute 
pericarditis**

Presence of ≥2 new or worsening of the following  
clinical features:

• acute chest pain††

• pericardial rub on exam
• new ST-elevation or PR-depression on EKG
• new or worsening pericardial effusion on  

echocardiogram or MRI

Myopericarditis This term may be used for patients who meet criteria for 
both myocarditis and pericarditis.

Abbreviations: AV = atrioventricular; cMRI  =  cardiac magnetic resonance 
imaging; ECG or EKG = electrocardiogram.
 * Persons who lack the listed symptoms but who meet other criteria may be 

classified as subclinical myocarditis (probable or confirmed).
 † Using the Dallas criteria (Aretz HT, Billingham ME, Edwards WD, et al. Myocarditis. 

A histopathologic definition and classification. Am J Cardiovasc Pathol 1987; 
1:3–14). Autopsy cases may be classified as confirmed clinical myocarditis on 
the basis of meeting histopathologic criteria if no other identifiable cause.

 § To meet the ECG or rhythm monitoring criterion, a probable case must include 
at least one of 1) ST-segment or T-wave abnormalities; 2) Paroxysmal or 
sustained atrial, supraventricular, or ventricular arrhythmias; or 3) AV nodal 
conduction delays or intraventricular conduction defects.

 ¶ Using either the original or the revised Lake Louise criteria. https://www.
sciencedirect.com/science/article/pii/S0735109718388430?via%3Dihub

 ** https://academic.oup.com/eurheartj/article/36/42/2921/2293375
 †† Typically described as pain made worse by lying down, deep inspiration, or cough, 

and relieved by sitting up or leaning forward, although other types of chest pain 
might occur.
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ongoing to identify and understand longer-term outcomes after 
myocarditis occurring after COVID-19 vaccination.

Using myocarditis cases reported to VAERS with onset within 
7 days after dose 2 of an mRNA vaccine, crude reporting rates 
(i.e., using confirmed and unconfirmed cases) per million second 
dose recipients were calculated using national COVID-19 vaccine 
administration data as of June 11, 2021. Myocarditis report-
ing rates were 40.6 cases per million second doses of mRNA 
COVID-19 vaccines administered to males aged 12−29 years 
and 2.4 per million second doses administered to males aged 
≥30 years; reporting rates among females in these age groups were 
4.2 and 1.0 per million second doses, respectively.*** The highest 
reporting rates were among males aged 12−17 years and those 
aged 18−24 years (62.8 and 50.5 reported myocarditis cases per 
million second doses of mRNA COVID-19 vaccine administered, 
respectively). Myocarditis rates from Vaccine Safety Datalink 
(VSD), based on electronic health records, were also evaluated. 
Although numbers were too small to show rates in all subgroups 
by age, VSD data indicated increased risk of myocarditis in the 
7 days after receipt of dose 1 or dose 2 of an mRNA COVID-19 
vaccine compared with the risk 22–42 days after the second dose, 
particularly among younger males after dose 2 (5).

To assess the benefit-risk balance of mRNA vaccines in ado-
lescents and young adults, ACIP reviewed an individual-level 
assessment that compared the benefits (i.e., COVID-19 infec-
tions and severe disease prevented) to the risks (number of cases 
of myocarditis) of vaccination, using methods similar to those 
described previously.††† Specifically, the benefits per million 
second doses administered (i.e., the benefits of being fully vacci-
nated in accordance with the FDA EUA) were assessed, including 
1) COVID-19 cases prevented based on rates the week of May 29, 
2021§§§; 2) COVID-19 hospitalizations prevented based on rates 
the week of May 22, 2021¶¶¶; and 3) COVID-19 intensive care 
unit (ICU) admissions and deaths prevented based on the pro-
portion of hospitalized patients who were admitted to the ICU 
or died.**** The risks were assessed as the number of myocarditis 
patients reported to VAERS that occurred within 7 days of receipt 
of a second dose of an mRNA COVID-19 vaccine per million 
second doses administered through the week of June 11, 2021.†††† 

 *** Data collection for race/ethnicity of myocarditis cases is ongoing.
 ††† https://www.cdc.gov/vaccines/covid-19/info-by-product/janssen/risk-

benefit-analysis.html
 §§§ https://covid.cdc.gov/covid-data-tracker/#demographicsovertime. Data 

were used for the most recent week not subject to reporting delays prior to 
the ACIP meeting.

 ¶¶¶ https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html. Data were used for 
the most recent week not subject to reporting delays prior to the ACIP meeting.

 **** https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html
 †††† Because of uncertainty in the accuracy of myocarditis reporting, given that 

reviews are ongoing, and some cases might not have been reported yet, 
myocarditis reporting rates are presented as a range of values, calculated as 
±10% of the observed reporting rates.

The benefit-risk assessment was stratified by age group and sex. 
The analysis assumed 95% vaccine effectiveness§§§§ of 2 doses 
of a mRNA COVID-19 vaccine in preventing COVID-19 cases 
and hospitalization and assessed outcomes for a 120-day period. 
The 120-day period was selected because 1) no alternative vaccine 
options currently exist for persons aged <18 years or are expected 
to be available during this period, and 2) inputs regarding com-
munity transmission have high uncertainty beyond this period, 
particularly in the context of circulating variants.¶¶¶¶

The benefits (prevention of COVID-19 disease and associ-
ated hospitalizations, ICU admissions, and deaths) outweighed 
the risks (expected myocarditis cases after vaccination) in all 
populations for which vaccination has been recommended. 
However, the balance of benefits and risks varied by age and sex 
because cases of myocarditis were primarily identified among 
males aged <30 years, and the risks of poor outcomes related 
to COVID-19 increase with age. Per million second doses 
of mRNA COVID-19 vaccine administered to males aged 
12–29 years, 11,000 COVID-19 cases, 560 hospitalizations, 
138 ICU admissions, and six deaths due to COVID-19 could 
be prevented, compared with 39–47 expected myocarditis cases 
after COVID-19 vaccination (Table 2). Among males aged 
≥30 years, 15,300 COVID-19 cases, 4,598 hospitalizations, 
1,242 ICU admissions, and 700 deaths could be prevented, 
compared with three to four expected myocarditis cases after 
COVID-19 vaccination. This analysis did not include the 
potential benefit of preventing post-COVID-19 conditions, 
such as prolonged symptoms and MIS-C (6,7).

ACIP also reviewed population-level considerations regard-
ing vaccination. No alternatives to mRNA COVID-19 vaccines 
for adolescents will be available for the foreseeable future, and 
vaccination of adolescents offers protection against COVID-19 
that can be important for returning to educational, social, and 
extracurricular activities. Higher levels of vaccination coverage 
can reduce community transmission, which can protect against 
development and circulation of emerging variants. Regarding 
health equity considerations, racial and ethnic minority groups 
have higher rates of COVID-19 and severe disease*****; poten-
tial changes in vaccine policy, or anything that would affect 
vaccination coverage for adolescents or young adults, might 
disproportionately affect those groups with the highest rates 
of poor COVID-19 outcomes.

The ACIP discussion concluded that 1) the benefits of vac-
cinating all recommended age groups with mRNA COVID-19 
vaccine clearly outweigh the risks of vaccination, including the 
risk of myocarditis after vaccination; 2) continuing to monitor 

 §§§§ https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-
vaccinated-people.html

 ¶¶¶¶ https://covid.cdc.gov/covid-data-tracker/#variant-proportions
 ***** https://covid.cdc.gov/covid-data-tracker/#demographics
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TABLE 2. Individual-level estimated number of COVID-19 cases and COVID-19–associated hospitalizations, intensive care unit admissions, and 
deaths prevented after use of 2-dose mRNA COVID-19 vaccine for 120 days and number of myocarditis cases expected per million second 
mRNA vaccine doses administered, by sex and age group* — United States, 2021

Sex/Benefits and harms from mRNA vaccination

No. per million vaccine doses administered in each age group (yrs)†

12–29 12–17 18–24 25–29 ≥30

Male
Benefit
COVID-19 cases prevented§ 11,000 5,700 12,100 15,200 15,300
Hospitalizations prevented 560 215 530 936 4,598
ICU admissions prevented 138 71 127 215 1,242
Deaths prevented 6 2 3 13 700
Harms
Myocarditis cases expected¶ 39–47 56–69 45–56 15–18 3–4
Female
Benefit
COVID-19 cases prevented§ 12,500 8,500 14,300 14,700 14,900
Hospitalizations prevented 922 183 1,127 1,459 3,484
ICU admissions prevented 73 38 93 87 707
Deaths prevented 6 1 13 4 347
Harm
Myocarditis cases expected¶ 4–5 8–10 4–5 2 1

Abbreviations: ICU = intensive care unit; VAERS = Vaccine Adverse Event Reporting System.
* This analysis evaluated direct benefits and harms, per million second doses of mRNA COVID-19 vaccine given in each age group, over 120 days. The numbers of 

events per million persons aged 12–29 years are the averages of numbers per million persons aged 12–17 years, 18–24 years, and 25–29 years.
† Receipt of 2 doses of mRNA COVID-19 vaccine, compared with no vaccination.
§ Case numbers have been rounded to the nearest hundred.
¶ Ranges calculated as ±10% of crude VAERS reporting rates. Estimates include cases of myocarditis, pericarditis, and myopericarditis.

outcomes of myocarditis cases after COVID-19 vaccination is 
important; and 3) providers and the public should be informed 
about these myocarditis cases and the use of COVID-19 vac-
cines. Based on ACIP’s conclusion regarding the benefit-risk 
assessment on June 23, 2021, COVID-19 vaccination contin-
ues to be recommended for all persons aged ≥12 years under the 
FDA’s EUA. ACIP emphasized the importance of informing 
vaccination providers and the public about the benefits and 
the risks, including the risk for myocarditis after COVID-19 
vaccination, particularly for males aged 12–29 years.

CDC has provided guidance regarding evaluation and 
management of myocarditis after mRNA COVID-19 vac-
cine (https://www.cdc.gov/vaccines/covid-19/clinical-con-
siderations/myocarditis.html), as well as considerations for 
a second vaccine dose in persons who develop myocarditis 
after a first dose (https://www.cdc.gov/vaccines/covid-19/
info-by-product/clinical-considerations.html). FDA has added 
information to the Pfizer-BioNTech††††† and Moderna§§§§§ 
COVID-19 vaccine EUA and fact sheets regarding myocar-
ditis cases that have been reported among vaccine recipients. 
In addition, CDC has updated patient education and com-
munication materials reflecting this information for the 

  ††††† https://www.fda.gov/media/144413/download
  §§§§§ https://www.fda.gov/media/144637/download

Pfizer-BioNTech¶¶¶¶¶ and Moderna****** COVID-19 vac-
cines; these are important to ensure that vaccine recipients, 
especially males aged 12–29 years, are aware of increased risk 
for myocarditis and to seek care if they develop symptoms 
of myocarditis. The vaccine product-specific EUA fact sheet 
should be provided to all vaccine recipients and their caregivers 
before vaccination with any authorized COVID-19 vaccine.

CDC and FDA will continue to closely monitor reports of 
myocarditis after receipt of the mRNA COVID-19 vaccines 
and will bring any additional data to ACIP for consideration. 
The benefit-risk analysis can be updated as needed to reflect 
changes in the COVID-19 pandemic and additional infor-
mation on the risk for and outcomes of myocarditis after 
COVID-19 vaccination. The ACIP recommendation for use 
of mRNA COVID-19 vaccines under an EUA is interim and 
will be updated as additional information becomes available.

Reporting of Vaccine Adverse Events
FDA requires that vaccine providers report to VAERS vac-

cination administration errors, serious adverse events,†††††† 
cases of multisystem inflammatory syndrome, and cases 
of COVID-19 that result in hospitalization or death after 

  ¶¶¶¶¶ https://www.cdc.gov/vaccines/covid-19/info-by-product/pfizer/index.html
 ****** https://www.cdc.gov/vaccines/covid-19/info-by-product/moderna/index.html
 †††††† https://vaers.hhs.gov/faq.html  
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administration of a COVID-19 vaccine under an EUA. 
CDC also encourages reporting of any additional clinically 
significant adverse event, even if it is not clear whether a vac-
cination caused the event. Information on how to submit a 
report to VAERS is available at https://vaers.hhs.gov/index.
html or 1-800-822-7967. In addition, CDC has developed a 
voluntary smartphone-based online tool (v-safe) that uses text 
messaging and online surveys to provide near real-time health 
check-ins after receipt of a COVID-19 vaccine. In cases of 
v-safe reports that include possible medically attended health 
events, CDC’s v-safe call center follows up with the vaccine 
recipient to collect additional information for completion of 
a VAERS report. Information on v-safe is available at https://
www.cdc.gov/vsafe.
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BACKGROUND
Preapproval trials showed that messenger RNA (mRNA)–based vaccines against 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) had a good safety 
profile, yet these trials were subject to size and patient-mix limitations. An evaluation 
of the safety of the BNT162b2 mRNA vaccine with respect to a broad range of po-
tential adverse events is needed.
METHODS
We used data from the largest health care organization in Israel to evaluate the 
safety of the BNT162b2 mRNA vaccine. For each potential adverse event, in a popu-
lation of persons with no previous diagnosis of that event, we individually matched 
vaccinated persons to unvaccinated persons according to sociodemographic and 
clinical variables. Risk ratios and risk differences at 42 days after vaccination were 
derived with the use of the Kaplan–Meier estimator. To place these results in con-
text, we performed a similar analysis involving SARS-CoV-2–infected persons 
matched to uninfected persons. The same adverse events were studied in the vac-
cination and SARS-CoV-2 infection analyses.
RESULTS
In the vaccination analysis, the vaccinated and control groups each included a mean 
of 884,828 persons. Vaccination was most strongly associated with an elevated risk of 
myocarditis (risk ratio, 3.24; 95% confidence interval [CI], 1.55 to 12.44; risk differ-
ence, 2.7 events per 100,000 persons; 95% CI, 1.0 to 4.6), lymphadenopathy (risk ratio, 
2.43; 95% CI, 2.05 to 2.78; risk difference, 78.4 events per 100,000 persons; 95% CI, 
64.1 to 89.3), appendicitis (risk ratio, 1.40; 95% CI, 1.02 to 2.01; risk difference, 
5.0 events per 100,000 persons; 95% CI, 0.3 to 9.9), and herpes zoster infection (risk 
ratio, 1.43; 95% CI, 1.20 to 1.73; risk difference, 15.8 events per 100,000 persons; 
95% CI, 8.2 to 24.2). SARS-CoV-2 infection was associated with a substantially in-
creased risk of myocarditis (risk ratio, 18.28; 95% CI, 3.95 to 25.12; risk difference, 
11.0 events per 100,000 persons; 95% CI, 5.6 to 15.8) and of additional serious ad-
verse events, including pericarditis, arrhythmia, deep-vein thrombosis, pulmonary 
embolism, myocardial infarction, intracranial hemorrhage, and thrombocytopenia.
CONCLUSIONS
In this study in a nationwide mass vaccination setting, the BNT162b2 vaccine was 
not associated with an elevated risk of most of the adverse events examined. The 
vaccine was associated with an excess risk of myocarditis (1 to 5 events per 100,000 
persons). The risk of this potentially serious adverse event and of many other serious 
adverse events was substantially increased after SARS-CoV-2 infection. (Funded by 
the Ivan and Francesca Berkowitz Family Living Laboratory Collaboration at Harvard 
Medical School and Clalit Research Institute.)
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More than 1 year into the pan-
demic of coronavirus disease 2019 
(Covid-19), the disease caused by severe 

acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), an unprecedented number of mass vac-
cination efforts are under way worldwide. Glob-
ally, nearly 3.4 billion doses of vaccine have been 
administered over the 6-month period since the 
first vaccines were approved.1

Phase 3 clinical trials showed that several 
Covid-19 vaccines were efficacious and had an 
acceptable safety profile.2-4 A number of poten-
tial adverse events were identified during these 
trials, including lymphadenopathy and idiopathic 
facial-nerve (Bell’s) palsy.2,3 Trials of the BNT162b2 
vaccine (Pfizer–BioNTech) also showed a mild 
imbalance between the vaccinated and placebo 
groups with respect to the number of cases of 
appendicitis, hypersensitivity reactions, acute myo-
cardial infarction, and cerebrovascular accidents.5 
However, phase 3 trials may have inherent limi-
tations in assessing vaccine safety because of a 
small number of participants and a healthier-than-
average sample population. Hence, they are often 
underpowered to identify less common adverse 
events. Postmarketing surveillance is required to 
monitor the safety of new vaccines in real-world 
settings.

Much effort is currently focused on character-
izing the safety profiles of the recently approved 
Covid-19 vaccines. Passive surveillance systems 
such as the Vaccine Adverse Event Reporting Sys-
tem (VAERS)6 collect information about adverse 
events that are potentially related to vaccination. 
This information is voluntarily reported by health 
care providers and the public. These systems are 
useful for quickly identifying potential safety 
signals, which, along with the findings of phase 3 
trials, can be translated to lists of adverse events 
of interest for further exploration (such as that 
provided by the Safety Platform for Emergency 
Vaccines [SPEAC]).7,8 Active surveillance systems 
such as the Biologics Effectiveness and Safety 
(BEST) system (part of the Sentinel Initiative)9 
aim to compare the incidence of adverse events 
of interest in large electronic health record data-
bases with the background historical incidence. 
Although active surveillance can help highlight 
suspicious trends, the lack of a rigorously con-
structed comparable control group limits the abil-
ity of such surveillance to identify causal effects 
of vaccination.

The effectiveness of vaccines against SARS-
CoV-2 has been confirmed in real-world stud-
ies,10,11 but high-quality real-world safety data on 
the messenger RNA (mRNA)–based Covid-19 
vaccines remain relatively sparse in the literature. 
The results of a study based on data reported by 
more than 600,000 vaccinated persons were re-
cently published12; that study mainly assessed 
common and mild side effects. Two additional 
studies, which were based on surveys of vaccinated 
participants, involved small cohorts,13,14 and an-
other study analyzed adverse events reported in 
the VAERS database.15 All these studies lacked 
controls. One study that did incorporate a con-
trol group included 8533 long-term care facility 
residents who had received the first dose of vac-
cine.16 The authors of this study concluded that 
the mRNA-based vaccines had an acceptable safety 
profile, and no notable adverse events were re-
ported.

As of May 24, 2021, nearly 5 million people in 
Israel, comprising more than 55% of the popula-
tion, had received two doses of the BNT162b2 
vaccine.1 In this study, we used the integrated 
data repositories of the largest health care orga-
nization in Israel to evaluate the safety profile of 
the BNT162b2 vaccine. We compared the incidence 
of a broad set of potential short- and medium-
term adverse events among vaccinated persons 
with the incidence among matched unvaccinated 
persons. Potential adverse events related to medi-
cal interventions are best understood in the con-
text of the risks associated with the disease that 
these interventions aim to prevent or treat, so we 
also estimated the effects of SARS-CoV-2 infection 
on this same set of adverse events.

Me thods

Study Setting

We analyzed observational data from Clalit Health 
Services (CHS) in order to emulate a target trial 
of the effects of the BNT162b2 vaccine on a broad 
range of potential adverse events in a population 
without SARS-CoV-2 infection. CHS is the larg-
est of four integrated payer–provider health care 
organizations that offer mandatory health care 
coverage in Israel. CHS insures approximately 
52% of the population of Israel (>4.7 million of 
9.0 million persons), and the CHS-insured popu-
lation is approximately representative of the Israeli 
population at large.17 CHS directly provides out-

The New England Journal of Medicine 
Downloaded from nejm.org on September 2, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 

Exhibit H, Page 173

Case 8:21-cv-01367-JVS-KES   Document 21-5   Filed 09/03/21   Page 175 of 187   Page ID
#:927



n engl j med   nejm.org 3

BNT162b2 mRNA Vaccine in a Nationwide Setting

patient care, and inpatient care is divided between 
CHS and out-of-network hospitals. CHS informa-
tion systems are fully digitized and feed into a 
central data warehouse. Data regarding Covid-19, 
including the results of all SARS-CoV-2 poly-
merase-chain-reaction (PCR) tests, Covid-19 di-
agnoses and severity, and vaccinations, are col-
lected centrally by the Israeli Ministry of Health 
and shared with each of the four national health 
care organizations daily.

This study was approved by the CHS institu-
tional review board. The study was exempt from 
the requirement for informed consent.

Eligibility Criteria

Eligibility criteria included an age of 16 years or 
older, continuous membership in the health care 
organization for a full year, no previous SARS-
CoV-2 infection, and no contact with the health 
care system in the previous 7 days (the latter cri-
terion was included as an indicator of a health 
event not related to subsequent vaccination that 
could reduce the probability of receiving the vac-
cine). Because of difficulties in distinguishing the 
recoding of previous events from true new events, 
for each adverse event, persons with a previous 
diagnosis of that event were excluded.

As in our previous study of the effectiveness 
of the BNT162b2 vaccine,10 we also excluded 
persons from populations in which confounding 
could not be adequately addressed — long-term 
care facility residents, persons confined to their 
homes for medical reasons, health care workers, 
and persons for whom data on body-mass index 
or residential area were missing (missing data for 
these variables are rare in the CHS data). A com-
plete definition of the study variables is included 
in Table S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org.

Study Design and Oversight

The target trial for this study would assign eligi-
ble persons to either vaccination or no vaccina-
tion. To emulate this trial, on each day from the 
beginning of the vaccination campaign in Israel 
(December 20, 2020) until the end of the study 
period (May 24, 2021), eligible persons who were 
vaccinated on that day were matched to eligible 
controls who had not been previously vaccinated. 
Since the matching process each day considered 
only information available on or before that day 
(and was thus unaffected by later vaccinations or 

SARS-CoV-2 infections), unvaccinated persons 
matched on a given day could be vaccinated on 
a future date, and on that future date they could 
become newly eligible for inclusion in the study 
as a vaccinated person.

In an attempt to emulate randomized assign-
ment, vaccinated persons and unvaccinated con-
trols were exactly matched on a set of baseline 
variables that were deemed to be potential con-
founders according to domain expertise — 
namely, variables that were potentially related to 
vaccination and to a tendency toward the devel-
opment of a broad set of adverse clinical condi-
tions. These matching criteria included the socio-
demographic variables of age (categorized into 
2-year age groups), sex (male or female), place of 
residence (at city- or town-level granularity), socio-
economic status (divided into seven categories), 
and population sector (general Jewish, Arab, or 
ultra-Orthodox Jewish). In addition, the matching 
criteria included clinical factors to account for 
general clinical condition and disease load, in-
cluding the number of preexisting chronic con-
ditions (those considered to be risk factors for 
severe Covid-19 by the Centers for Disease Con-
trol and Prevention [CDC] as of December 20, 
2020,18 divided into four categories), the number 
of diagnoses documented in outpatient visits in 
the year before the index date (categorized into 
deciles within each age group), and pregnancy 
status.

All the authors designed the study and critically 
reviewed the manuscript. The first three authors 
collected and analyzed the data. A subgroup of 
the authors wrote the manuscript. The last author 
vouches for the accuracy and completeness of the 
data and for the fidelity of the study to the pro-
tocol. There was no commercial funding for this 
study, and no confidentiality agreements were in 
place.

Adverse Events of Interest

The set of potential adverse events for the target 
trial was drawn from several relevant sources, 
including the VAERS, BEST, and SPEAC frame-
works, information provided by the vaccine man-
ufacturer, and relevant scientific publications. 
We cast a wide net to capture a broad range of 
clinically meaningful short- and medium-term 
potential adverse events that would be likely to 
be documented in the electronic health record. 
Accordingly, mild adverse events such as fever, 
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884,828 Were included in the
unvaccinated control group

Vaccinated before May 24, 2021, ≥16 yr of age at index
date, and no previous PCR-positive result for SARS-CoV-2?

3,455,926 Participants (CHS members of relevant age during 
study years) were considered for inclusion

3,330,435 Were not health care workers and were ≥16 yr of age during
the specific study period, and were included in the derivation group

2,481,826 (74.5%) Were potentially
eligible for the vaccination group

848,609 (25.5%) Were potentially
eligible for the control group

33,365 (1.3%) Were confined to the 
home or were nursing home residents

2,448,461 (98.7%) Were not confined to
the home and were not long-term care facility

residents as of index date

60,435 (2.5%) Did not have
continuous CHS membership

2,388,026 (97.5%) Had continuous
CHS membership as of index date

15,872 (0.7%) Did not have BMI data
or mapped home address available

2,372,154 (99.3%) Did not have missing
data on BMI or on mapped home address

1,736,832 (73.2%) Did not have health care
interaction within 7 days before vaccination

date and were eligible to be included
in the vaccinated group

635,322 (26.8%) Had health care
interaction within 7 days
before vaccination date

884,828 Were included in
the vaccinated group

607,891 Were matched as
controls before receiving

vaccination

235,541 Were rematched to the
vaccinated group after
receiving vaccination

479,654 (27.6%) Were not matched 1,257,178 (72.4%) Were matched

Yes No

1:1 Matching
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malaise, and local injection-site reactions were 
not included in this study. The study included 42 
days of follow-up, which provided 21 days of 
follow-up after each of the first and second vac-
cine doses. A total of 42 days was deemed to be 
sufficient for identifying medium-term adverse 
events, without being so long as to dilute the 
incidence of short-term adverse events. Similarly, 
adverse events that could not plausibly be diag-
nosed within 42 days (e.g., chronic autoimmune 
disease) were not included.

Adverse events were defined according to di-
agnostic codes and short free-text phrases that 
accompany diagnoses in the CHS database. A 
complete list of the study outcomes (adverse 
events) and their definitions is provided in Ta-
ble S2.

For each adverse event, persons were followed 
from the day of matching (time zero of follow-up) 
until the earliest of one of the following: docu-
mentation of the adverse event, 42 days, the end 
of the study calendar period, or death. We also 
ended the follow-up of a matched pair when the 
unvaccinated control received the first dose of 
vaccine or when either member of the matched 
pair received a diagnosis of SARS-CoV-2 infection.

Risks of SARS-CoV-2 Infection

To place the magnitude of the adverse effects of 
the vaccine in context, we also estimated the ef-
fects of SARS-CoV-2 infection on these same ad-
verse events during the 42 days after diagnosis. 
We used the same design as the one that we used 
to study the adverse effects of vaccination, except 
that the analysis period started at the beginning 
of the Covid-19 pandemic in Israel (March 1, 2020) 
and persons who had had recent contact with the 
health care system were not excluded (because 

such contact may be expected in the days before 
diagnosis).

Each day in this SARS-CoV-2 analysis, persons 
with a new diagnosis of SARS-CoV-2 infection 
were matched to controls who were not previ-
ously infected. As in the vaccine safety analysis, 
persons could become infected with SARS-CoV-2 
after they were already matched as controls on a 
previous day, in which case their data would be 
censored from the control group (along with their 
matched SARS-CoV-2–infected person) and they 
could then be included in the group of SARS-
CoV-2–infected persons with a newly matched 
control. Follow-up of each matched pair started 
from the date of the positive PCR test result of 
the infected member and ended in an analogous 
manner to the main vaccination analysis, this time 
ending when the control member was infected or 
when either of the persons in the matched pair 
was vaccinated.

The effects of vaccination and of SARS-CoV-2 
infection were estimated with different cohorts. 
Thus, they should be treated as separate sets of 
results rather than directly compared.

Statistical Analysis

Because a large proportion of the unvaccinated 
controls were vaccinated during the follow-up 
period, we opted to estimate the observational 
analogue of the per-protocol effect if all unvac-
cinated persons had remained unvaccinated dur-
ing the follow-up. To do so, we censored data on 
the matched pair if and when the control member 
was vaccinated. Persons who were first matched 
as unvaccinated controls and then became vac-
cinated during the study period could be included 
again as vaccinated persons with a new matched 
control. The same procedure was followed in the 
SARS-CoV-2 infection analysis (i.e., persons who 
were first matched as uninfected controls and then 
became infected during the study period could 
be included again as infected persons with a new 
matched control).

We used the Kaplan–Meier estimator19 to con-
struct cumulative incidence curves and to estimate 
the risk of each adverse event after 42 days in each 
group. The risks were compared with ratios and 
differences (per 100,000 persons).

In the vaccination analysis, so as not to at-
tribute complications arising from SARS-CoV-2 
infection to the vaccination (or lack thereof), we 
also censored data on the matched pair if and 

Figure 1 (facing page). Study Population for the  
Vaccination Analysis.

Absolute numbers and percentage changes are shown 
for each inclusion and exclusion criterion. The chart  
focuses on the vaccinated population. The derivation 
group includes the entire population, including unvac‑
cinated persons. The shaded boxes indicate the two 
study groups. The same exclusion criteria were applied 
to the unvaccinated persons for each index date on 
which they were considered for matching. BMI denotes 
body‑mass index, CHS Clalit Health Services, and PCR 
polymerase chain reaction.
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Table 1. Baseline Characteristics of the Study Populations According to Vaccination Status and SARS-CoV-2 Infection Status.*

Characteristic Vaccination Analysis SARS-CoV-2 Analysis

Vaccinated 
 Group 

(N = 884,828)

Control 
 Group 

(N = 884,828)

SARS‑CoV‑2–
Infected Group 
(N = 173,106)

Control 
 Group 

(N = 173,106)

Median age (IQR) — yr 38 (27–53) 38 (27–53) 34 (24–47) 34 (24–47)

Age group — no. (%)

16–39 yr 472,095 (53) 472,095 (53) 107,046 (62) 107,046 (62)

40–49 yr 160,413 (18) 160,413 (18) 28,738 (17) 28,738 (17)

50–59 yr 93,110 (11) 93,110 (11) 17,851 (10) 17,851 (10)

60–69 yr 87,236 (10) 87,236 (10) 12,100 (7) 12,100 (7)

70–79 yr 51,924 (6) 51,924 (6) 5,371 (3) 5,371 (3)

≥80 yr 20,050 (2) 20,050 (2) 1,999 (1) 1,999 (1)

Sex — no. (%)

Female 423,238 (48) 423,238 (48) 93,263 (54) 93,263 (54)

Male 461,590 (52) 461,590 (52) 79,843 (46) 79,843 (46)

Population sector — no. (%)

General Jewish 595,897 (67) 595,897 (67) 90,903 (53) 90,903 (53)

Ultra‑Orthodox Jewish 24,343 (3) 24,343 (3) 20,864 (12) 20,864 (12)

Arab 264,588 (30) 264,588 (30) 61,339 (35) 61,339 (35)

No. of risk factors according to CDC criteria — no. (%)

0 571,604 (65) 571,604 (65) 108,980 (63) 108,980 (63)

1 200,789 (23) 200,789 (23) 41,502 (24) 41,502 (24)

2 61,924 (7) 61,924 (7) 11,976 (7) 11,976 (7)

3 27,175 (3) 27,175 (3) 5,181 (3) 5,181 (3)

≥4 23,335 (3) 23,335 (3) 5,467 (3) 5,467 (3)

CDC “certain” risk criteria — no. (%)

Cancer 9,957 (1) 10,300 (1) 2,037 (1) 2,308 (1)

Chronic kidney disease 39,837 (4) 40,339 (5) 8,269 (5) 8,141 (5)

Chronic obstructive pulmonary disease 10,121 (1) 11,498 (1) 1,791 (1) 2,212 (1)

Heart disease 31,836 (4) 31,596 (4) 5,653 (3) 5,880 (3)

Solid‑organ transplantation 351 (<1) 370 (<1) 148 (<1) 136 (<1)

Obesity: BMI, 30 to 40 129,148 (15) 125,120 (14) 30,558 (18) 28,580 (17)

Severe obesity: BMI, ≥40 11,861 (1) 12,568 (1) 3,478 (2) 3,107 (2)

Pregnancy 6,082 (1) 6,082 (1) 4,959 (3) 4,959 (3)

Sickle cell disease 140 (<1) 182 (<1) 50 (<1) 55 (<1)

Smoking 157,803 (18) 187,822 (21) 18,899 (11) 30,376 (18)

Type 2 diabetes mellitus 61,865 (7) 61,093 (7) 12,448 (7) 12,396 (7)

CDC “possible” risk criteria — no. (%)

Asthma 46,836 (5) 47,151 (5) 10,079 (6) 10,413 (6)

Cerebrovascular disease 14,296 (2) 14,919 (2) 2,661 (2) 2,738 (2)

Other respiratory disease 1,884 (<1) 1,961 (<1) 322 (<1) 362 (<1)

Hypertension 94,819 (11) 93,357 (11) 15,514 (9) 15,682 (9)

Immunosuppression 15,430 (2) 15,433 (2) 4,346 (2) 4,457 (3)
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when either member received a diagnosis of 
SARS-CoV-2 infection. Similarly, in the SARS-
CoV-2 infection analysis, we censored data on the 
matched pair if and when either member was 
vaccinated. Additional details are provided in the 
Supplementary Methods 1 section in the Supple-
mentary Appendix.

We calculated confidence intervals using the 
nonparametric percentile bootstrap method with 
500 repetitions. As is standard practice for studies 
of safety outcomes, no adjustment for multiple 
comparisons was performed. Analyses were per-
formed with the use of R software, version 4.0.4.

R esult s

Vaccination Analysis

A total of 1,736,832 persons were eligible for 
inclusion in the vaccination cohort (Fig. 1). The 
median age in the eligible cohort was 43 years 
(Table S3). The final size of the study population 
differed for each studied adverse event because 
of adverse event–specific exclusion of persons 
with a history of that event. On average, across 
the adverse event–specific cohorts, 72.4% of the 
eligible persons were successfully matched. Ta-
ble 1 shows the baseline characteristics of the 
total study population, with the mean distribution 
of characteristics across the various adverse event–
specific cohorts. The characteristics of each ad-
verse event–specific cohort are provided in Table 
S4. The vaccination cohorts included a mean of 
884,828 vaccinated persons, with a median age of 
38 years (5 years younger than the median age 

of the eligible cohort). A total of 48% of the 
population was female.

The effect of vaccination on the various po-
tential adverse events included in this study is 
presented in Table 2. The risk was substantially 
higher on either the multiplicative (risk ratio) or 
additive (risk difference) scales in the vaccinated 
group than in the unvaccinated group for myo-
carditis (risk ratio, 3.24; 95% confidence interval 
[CI], 1.55 to 12.44; risk difference, 2.7 events per 
100,000 persons; 95% CI, 1.0 to 4.6), lymphade-
nopathy (risk ratio, 2.43; 95% CI, 2.05 to 2.78; 
risk difference, 78.4 events per 100,000 persons; 
95% CI, 64.1 to 89.3), appendicitis (risk ratio, 
1.40; 95% CI, 1.02 to 2.01; risk difference, 5.0 
events per 100,000 persons; 95% CI, 0.3 to 9.9), 
and herpes zoster infection (risk ratio, 1.43; 95% 
CI, 1.20 to 1.73; risk difference, 15.8 events per 
100,000 persons; 95% CI, 8.2 to 24.2). Vaccina-
tion was substantially protective against adverse 
events such as anemia, acute kidney injury, in-
tracranial hemorrhage, and lymphopenia.

Figure S1 shows the cumulative incidence 
(risk) curves for each specific adverse event. Spikes 
in the incidence of lymphadenopathy were seen 
after both the first and second doses of vaccine, 
whereas the incidence of myocarditis spiked main-
ly after the second dose of vaccine.

SARS-CoV-2 Infection Analysis

A total of 233,392 persons (median age, 36 years) 
were eligible to be included in the SARS-CoV-2 
infection cohort (Fig. 2). On average, across the 
adverse event–specific cohorts, 75.8% of the eli-

Characteristic Vaccination Analysis SARS-CoV-2 Analysis

Vaccinated 
 Group 

(N = 884,828)

Control 
 Group 

(N = 884,828)

SARS‑CoV‑2–
Infected Group 
(N = 173,106)

Control 
 Group 

(N = 173,106)

Neurologic disease 26,340 (3) 28,421 (3) 5,194 (3) 5,455 (3)

Liver disease 10,491 (1) 12,558 (1) 2,391 (1) 2,600 (2)

Overweight: BMI, 25 to 30 284,904 (32) 271,335 (31) 53,374 (31) 50,038 (29)

Thalassemia 5,884 (1) 5,644 (1) 1,599 (1) 1,595 (1)

Type 1 diabetes mellitus 2,797 (<1) 2,648 (<1) 694 (<1) 763 (<1)

*  Statistics are based on means and distributions from a pool of all the adverse event–specific cohorts. Characteristics of the various study
populations after application of all eligibility criteria and the matching process are listed. BMI denotes body‑mass index (the weight in ki‑
lograms divided by the square of the height in meters), CDC Centers for Disease Control and Prevention, IQR interquartile range, RT‑PCR
reverse‑transcriptase polymerase chain reaction, and SARS‑CoV‑2 severe acute respiratory syndrome coronavirus 2.

Table 1. (Continued.)
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gible persons were successfully matched. Ta-
ble 1 shows the average distribution of charac-
teristics in these cohorts, across the two study 
groups (infected and noninfected). The charac-
teristics of each adverse event–specific cohort 
are provided in Table S5. The cohorts for the 
analysis of SARS-CoV-2 infection comprised a 
mean of 173,106 SARS-CoV-2–infected persons 
(median age, 34 years). A total of 54% of these 
persons were female.

Table S6 shows the effect of SARS-CoV-2 in-

fection on the incidence of various adverse events. 
Infection substantially increased the risk of many 
different adverse events, including myocarditis 
(risk ratio, 18.28; 95% CI, 3.95 to 25.12; risk dif-
ference, 11.0 events per 100,000 persons; 95% CI, 
5.6 to 15.8), acute kidney injury (risk ratio, 14.83; 
95% CI, 9.24 to 28.75; risk difference, 125.4 events 
per 100,000 persons; 95% CI, 107.0 to 142.6), 
pulmonary embolism (risk ratio, 12.14; 95% CI, 
6.89 to 29.20; risk difference, 61.7 events per 
100,000 persons; 95% CI, 48.5 to 75.4), intracra-

Table 2. Adverse Events Associated with SARS-CoV-2 Vaccination.*

Event
Adverse-Event Cohort  

in Each Group
Vaccinated 

Group
Control  
Group

Risk Ratio  
(95% CI)

Risk Difference  
(95% CI)

no. of persons no. of events no. of events/100,000 persons

Acute kidney injury 912,019 20 45 0.44 (0.23 to 0.73) −4.6 (−7.8 to −1.8)

Anemia 709,267 298 378 0.79 (0.67 to 0.93) −18.7 (−32.1 to −6.1)

Appendicitis 900,289 95 66 1.40 (1.02 to 2.01) 5.0 (0.3 to 9.9)

Arrhythmia 856,152 254 284 0.89 (0.74 to 1.04) −6.1 (−14.7 to 1.8)

Arthritis or arthropathy 731,340 64 70 0.95 (0.65 to 1.34) −0.8 (−6.3 to 4.2)

Bell’s palsy 923,692 81 59 1.32 (0.92 to 1.86) 3.5 (−1.1 to 7.8)

Cerebrovascular accident 917,598 45 55 0.84 (0.54 to 1.27) −1.6 (−5.3 to 2.0)

Deep‑vein thrombosis 925,380 39 47 0.87 (0.55 to 1.40) −1.1 (−4.5 to 2.7)

Herpes simplex infection 876,328 219 205 1.13 (0.95 to 1.38) 4.8 (−1.9 to 12.4)

Herpes zoster infection 888,647 283 204 1.43 (1.20 to 1.73) 15.8 (8.2 to 24.2)

Intracranial hemorrhage 933,130 13 30 0.48 (0.20 to 0.89) −2.9 (−5.6 to −0.5)

Lymphadenopathy 823,006 660 279 2.43 (2.05 to 2.78) 78.4 (64.1 to 89.3)

Lymphopenia 938,939 2 7 0.26 (0.00 to 1.03) −0.9 (−2.0 to <0.1)

Myocardial infarction 892,785 59 60 1.07 (0.74 to 1.60) 0.8 (−3.3 to 5.2)

Myocarditis 938,812 21 6 3.24 (1.55 to 12.44) 2.7 (1.0 to 4.6)

Neutropenia 919,291 20 22 0.87 (0.46 to 1.66) −0.5 (−2.8 to 1.8)

Other thrombosis† 932,469 12 22 0.46 (0.19 to 0.91) −2.2 (−4.6 to −0.3)

Paresthesia 827,478 552 496 1.12 (0.98 to 1.24) 10.8 (−1.8 to 21.4)

Pericarditis 936,197 27 18 1.27 (0.68 to 2.31) 1.0 (−1.6 to 3.4)

Pulmonary embolism 937,116 10 17 0.56 (0.21 to 1.15) −1.5 (−3.6 to 0.4)

Seizure 913,091 36 35 0.99 (0.62 to 1.64) −0.4 (−3.0 to 3.1)

Syncope 858,068 326 267 1.12 (0.94 to 1.34) 6.2 (−3.2 to 15.4)

Thrombocytopenia 923,123 56 60 0.94 (0.63 to 1.27) −0.6 (−4.6 to 2.3)

Uveitis 933,217 26 20 1.27 (0.68 to 2.67) 1.0 (−1.5 to 3.8)

Vertigo 773,263 433 395 1.12 (0.97 to 1.28) 9.3 (−2.5 to 20.0)

*  Estimates were calculated with the use of the Kaplan–Meier estimator 42 days after vaccination or SARS‑CoV‑2 infection. Confidence inter‑
vals (CIs) were estimated with the use of the percentile bootstrap method with 500 repetitions.

†  The “other thrombosis” category is a composite diagnosis that includes arterial embolism and thrombosis, venous embolism and thrombo‑
sis, vascular insufficiency of the intestine, portal‑vein thrombosis, or cranial venous sinus thrombosis.
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nial hemorrhage (risk ratio, 6.89; 95% CI, 1.90 to 
19.16; risk difference, 7.6 events per 100,000 per-
sons; 95% CI, 2.7 to 12.6), pericarditis (risk ratio, 
5.39; 95% CI, 2.22 to 23.58; risk difference, 10.9 
events per 100,000 persons; 95% CI, 4.9 to 16.9), 
myocardial infarction (risk ratio, 4.47; 95% CI, 
2.47 to 9.95; risk difference, 25.1 events per 
100,000 persons; 95% CI, 16.2 to 33.9), deep-
vein thrombosis (risk ratio, 3.78; 95% CI, 2.50 to 
6.59; risk difference, 43.0 events per 100,000 
persons; 95% CI, 29.9 to 56.6), and arrhythmia 
(risk ratio, 3.83; 95% CI, 3.07 to 4.95; risk differ-
ence, 166.1 events per 100,000 persons; 95% CI, 
139.6 to 193.2).

Both Analyses

Figure 3 shows estimated risk ratios in both the 
vaccination and SARS-CoV-2 infection analyses 
for adverse events in which vaccination or infec-
tion substantially increased the risk. Figure 4 
shows the absolute risk associated with vaccina-
tion, alongside the absolute risk associated with 
SARS-CoV-2 infection, for the same adverse events.

Discussion

We used a data set involving more than 2.4 mil-
lion vaccinated persons from an integrated health 
care organization to evaluate the safety profile of 
the BNT162b2 mRNA Covid-19 vaccine. The main 
potential adverse events identified included an 
excess risk of lymphadenopathy (78.4 events per 
100,000 persons), herpes zoster infection (15.8 
events), appendicitis (5.0 events), and myocarditis 
(2.7 events).

To place these risks in context, we also exam-
ined data on more than 240,000 infected persons 
to estimate the effects of a documented SARS-
CoV-2 infection on the incidence of the same ad-
verse events. SARS-CoV-2 infection was not es-
timated to have a meaningful effect on the 
incidence of lymphadenopathy, herpes zoster 
infection, or appendicitis, but it was estimated to 
result in a substantial excess risk of myocarditis 
(11.0 events per 100,000 persons). SARS-CoV-2 
infection was also estimated to substantially 
increase the risk of several adverse events for 
which vaccination was not found to increase the 
risk, including an estimated excess risk of ar-
rhythmia (166.1 events per 100,000 persons), 
acute kidney injury (125.4 events), pulmonary 

embolism (61.7 events), deep-vein thrombosis 
(43.0 events), myocardial infarction (25.1 events), 
pericarditis (10.9 events), and intracranial hem-
orrhage (7.6 events).

An association between Covid-19 vaccination 
and myocarditis has been previously reported.20 
Although no cases of myocarditis were reported 
in the BNT162b2 (Pfizer–BioNTech),2 mRNA-1273 
(Moderna),3 or ChAdOx1 nCoV-19 (AstraZeneca)4 
phase 3 clinical trials, multiple cases of myocar-
ditis after Covid-19 vaccination have recently been 
reported in the literature,21-25 and both the Israeli 
Ministry of Health26 and the CDC have investi-
gated this association.27 The risk appears to be 
highest among young men.26,27 We found that 
the risk of myocarditis increased by a factor of 
three after vaccination, which translated to ap-
proximately 3 excess events per 100,000 persons; 
the 95% confidence interval indicated that val-
ues between 1 and 5 excess events per 100,000 
persons were compatible with our data. Among 
the 21 persons with myocarditis in the vaccinated 
group, the median age was 25 years (interquartile 
range, 20 to 34), and 90.9% were male.

Another vaccine-related adverse event that has 
recently received attention in the medical litera-
ture is Bell’s palsy. In a recent article based on 
publicly available data from the BNT162b2 and 
mRNA-1273 vaccine trials, Ozonoff et al.28 sug-
gested a possible association between these vac-
cines and Bell’s palsy and estimated a rate ratio 
of approximately 7.0. This conclusion differed 
from the Food and Drug Administration briefing 
on these vaccines in December 2020; that brief-
ing considered the incidence of Bell’s palsy to be 
similar to the background incidence.5 A small 
number of cases of Bell’s palsy after Covid-19 
vaccination have also been reported in the litera-
ture.29,30 In the current study, the effect estimate 
was consistent with a potentially mild increase 
in the risk of Bell’s palsy after vaccination, with 
a risk ratio of 1.32 (95% CI, 0.92 to 1.86). The 
absolute effect was small, with up to 8 excess 
events per 100,000 persons being highly com-
patible with our data according to the 95% con-
fidence interval. Herpes zoster infection, the inci-
dence of which we found to be increased after 
vaccination, is one of the potential causes of 
facial-nerve palsy.31

Another particularly notable class of adverse 
events that has been reported in the context of 
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Covid-19 vaccines is thromboembolic events. These 
adverse events, which primarily affect young wom-
en, have been linked with the ChAdOx1 nCoV-1932 
and Ad26.COV2.S (Johnson & Johnson–Janssen) 

Covid-19 vaccines,33 both of which are adenoviral 
vector vaccines. However, we did not find an as-
sociation between the BNT162b2 vaccine and 
various thromboembolic events in this study.

173,106 Were included
in the noninfected

control group

PCR-positive result for SARS-CoV-2 before May 24, 2021,
≥16 yr of age at index date, and no previous vaccination?

3,455,926 Participants (CHS members of relevant age during
study period) were considered for inclusion

3,330,435 Were not health care workers and were ≥16 yr of age during
the specific study period, and were included in the derivation group

248,603 (7.5%) Were potentially eligible for
 the SARS-CoV-2 PCR-positive group

3,081,832 (92.5%) Were potentially
eligible for the control group

5612 (2.3%) Were confined to the 
home or were nursing home residents

242,991 (97.7%) Were not confined to
the home and were not long-term care facility

residents as of index date

7614 (3.1%) Did not have
continuous CHS membership

235,377 (96.9%) Had continuous
CHS membership as of index date

1985 (0.8%) Did not have BMI data
or mapped home address available

233,392 (99.2%) Did not have missing
data on BMI or on mapped home address

and were eligible to be included in the
SARS-CoV-2 PCR-positive group 

173,106 Were included
in the SARS-CoV-2
PCR-positive group

13,333 Were matched as
controls before

PCR-positive result for
SARS-CoV-2

9469 Were rematched to the
SARS-CoV-2 PCR-positive group

after contracting Covid-19

56,422 (24.2%) Were not matched 176,970 (75.8%) Were matched

Yes No

1:1 Matching
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Some initially unexpected effects were seen 
in the results of the current study. The BNT162b2 
vaccine appears to be protective against certain 
conditions such as anemia and intracranial hem-
orrhage. These same adverse events are also iden-

tified in this study as complications of SARS-CoV-2 
infection, so it appears likely that the protective 
effect of the vaccine is mediated through its pro-
tection against undiagnosed SARS-CoV-2 infection, 
which may be undiagnosed either because of a 
lack of testing or because of false negative PCR 
results.

This study has several limitations. First, per-
sons in the study were not randomly assigned 
according to exposures (vaccinations and SARS-
CoV-2 infections); this may have introduced con-
founding at baseline and selection bias at censor-
ing, especially since a single set of confounders 
was used for adjustment in the assessment of many 
disparate adverse events. Second, the matching 
process that was necessary to attain exchange-
ability between the study groups resulted in a 

Figure 2 (facing page). Study Population for the SARS-
CoV-2 Analysis.

Absolute numbers and percentage changes are shown 
for each inclusion and exclusion criterion. The chart fo‑
cuses on the SARS‑CoV‑2–infected population. The der‑
ivation group includes the entire population, including 
uninfected persons. The shaded boxes indicate the two 
study groups. The same exclusion criteria were applied 
to the uninfected persons for each index date on which 
they were considered for matching. Covid‑19 denotes 
coronavirus disease 2019.

Figure 3. Risk Ratios for Adverse Events after Vaccination or SARS-CoV-2 Infection.

Estimated risk ratios for adverse events after vaccination or SARS‑CoV‑2 infection are shown. The risk ratio on the y axis is presented on 
a logarithmic scale to facilitate comparison of both increased and decreased risk. I bars indicate 95% confidence intervals.
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study population with a different composition 
than the eligible population (e.g., median age, 
38 years rather than 43 years). Because this dif-
ferent composition changes the population over 
which the causal effect is being estimated, dif-
ferent estimates might be found for adverse 
events for which the incidence may differ sub-
stantially between subgroups (e.g., myocarditis). 
Also, we excluded certain populations (such as 
health care workers and persons residing in long-
term care facilities) that could be at particularly 
high risk for certain adverse events. Both of these 
issues should be taken into account when con-
sidering the generalizability of the findings.

Third, some diagnoses that were recorded in 
out-of-network hospitals, which were delayed in 
being reported to the insurer and were not entered 
by the person’s general practitioner from the hos-
pital discharge notes into the outpatient medical 
record, could have been missed. Fourth, it is 
possible that persons are more likely to increase 
their levels of clinical awareness, concern, or both 
after vaccination or SARS-CoV-2 infection, and 

thus they may be more likely to report or seek 
medical care for their symptoms, resulting in a 
spuriously increased incidence of the various ad-
verse events in the vaccinated or infected groups. 
Similarly, among persons with SARS-CoV-2 in-
fection, the spike in the incidence of certain 
adverse events in the first day of follow-up could 
indicate the initial clinical manifestation of the 
infection, but it could also be related to active 
testing for SARS-CoV-2. Fifth, all the effect mea-
sures that we presented are based only on a new 
incidence of the specific adverse event under study; 
thus, less light was shed on the potential addi-
tional risk among persons with a medical history 
of each of these adverse events. However, this 
choice was necessary to distinguish between true 
new diagnoses of a given adverse event and recod-
ing of past diagnoses and to ensure the accuracy 
of the adverse-event labels.

In this study, we sought to place the increased 
risk of adverse events caused by the BNT162b2 
vaccine in context by contrasting this risk with 
that of the same adverse events after documented 

Figure 4. Absolute Excess Risk of Various Adverse Events after Vaccination or SARS-CoV-2 Infection.

Point estimates of the risk differences for selected adverse events are shown. Estimates were derived 42 days after 
vaccination or SARS‑CoV‑2 infection with the use of the Kaplan–Meier estimator. Risk differences are shown per 
100,000 persons and rounded to the nearest integer. Negative differences (decreased risk) are represented as nega‑
tive values on the y axis, and positive differences (increased risk) are represented as positive values on the y axis. 
The abbreviation mRNA denotes messenger RNA.
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infection with SARS-CoV-2. We thought that this 
was necessary because vaccination and its poten-
tial risks do not occur in a void but rather in the 
context of an ongoing pandemic. Although the 
general risks of hospitalization, severe disease, 
and death from Covid-19 are widely recognized, 
secondary complications of infection are less well 
known. Therefore, in this analysis, we sought to 
estimate the effects of SARS-CoV-2 infection on 
the incidence of the same list of adverse events 
examined in the vaccination analysis. Because 
the cohorts that we used to study the vaccine and 
infection effects were different in composition, 
care should be taken when comparing the re-
sulting risk estimates. In addition, knowledge of 
these risks alone is insufficient for a complete 
decision-theoretic analysis. When a person de-
cides to become vaccinated, this choice results in 
a probability of 100% for the vaccination, whereas 
the alternative of contracting SARS-CoV-2 infec-
tion is an event with uncertain probability that 
depends on the person, place, and time. More-
over, infection with SARS-CoV-2 has many other 
adverse effects beyond those considered here, in-

cluding the risk of transmission to family mem-
bers and others.

We estimated that the BNT162b2 vaccine re-
sulted in an increased incidence of a few adverse 
events over a 42-day follow-up period. Although 
most of these events were mild, some of them, 
such as myocarditis, could be potentially serious. 
However, our results indicate that SARS-CoV-2 in-
fection is itself a very strong risk factor for myocar-
ditis, and it also substantially increases the risk 
of multiple other serious adverse events. These 
findings help to shed light on the short- and 
medium-term risks of the vaccine and place 
them in clinical context. Further studies will be 
needed to estimate the potential of long-term 
adverse events.

Because of data privacy regulations, the raw data for this 
study cannot be shared.
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