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DOCUMENT

AFFIDAVIT OF DR. JOEL KETTNER
Sworn on December 9, 2021

I, Dr. Joel Kettner, of the City of Winnipeg, in the Province of Manitoba, SWEAR AND SAY THAT:
1. | am qualified to give expert opinion on public health matters. My qualifications are set out

in the attached Curriculum Vitae (“CV”) and marked as Exhibit “A” to this my Affidavit.

2. | have been asked, as a public health physician and former provincial chief medical officer

of health, to give my professional opinion on the following questions.

l. How does protection against COVID-19 infection by natural immunity compare with
protection against COVID-19 from vaccine-induced immunity? Specifically, how do

these compare with respect to levels of protection and duration of protection?

Il. Regarding question 1, what are current stated facts and opinions of official public

health organizations?



In my opinion, what issues should be considered, what information should be
obtained, and how should these considerations and information be used to set
policies regarding the hindering of previously infected unvaccinated physicians and

other health care workers to work in Alberta Health Services facilities?

| agreed to provide an expert report with my professional opinion on these matters.

Attached at Exhibit “B” to this my Affidavit is a copy of my report which sets out the

information and assumptions on which my opinion is based.

In summary my opinion to the questions posed are as follows:

Current evidence and previous scientific observation of other anti-viral vaccines
indicate that natural immunity from previous infection is at least as protective — and

for at least as long — as vaccine-induced immunity.

There is a high level of consistency of observations and/or conclusions between
the major public health organizations considered in this report — the World Health
Organization, the European Centres for Disease Control, the USA Centers for
Disease Control and Prevention and the Canadian Public Health Agency’s National
Advisory Committee on Immunization — with respect to the similarity of levels and
duration of protection by natural immunity from previous infection and the levels

and duration of protection by vaccine-induced immunity.

| have been unable to find relevant data or clear rationale for policies pertaining to
the exclusion of health care workers because of their vaccination status, especially
since there has been consistent evidence for equivalent — if not superior -
protection by natural immunity resulting from previous infection, as described by
the major public health organizations and the Public Health Agency’s National

Advisory Committee on Immunization.

Attached at Exhibit “C” to this my Affidavit are all sources referenced in my report.

| confirm that | was not physically present before Eva Chipiuk, a lawyer and Notary

Public, at the time of swearing this Affidavit. | was, however, linked to zoom utilizing

videoconferencing software.






Exhibit "A"



This is Exhibit "A" referred to in the
Affidavit of Joel Kettner
sworn before me via videoconferencing
at Calgary, Alberta, this

9th dai of Decemberl 2021.

of Alberta

CURRICULUM VITAE

Joel David Kettner
MSc MD FRCSC FRCPC

December 1, 2021
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PERSONAL AND PROFESSIONAL INFORMATION, CONTACT INFORMATION

Home Address: I
...
.

Home Telephone Numbers: I
I

Work Phone Number: I

Mobile Phone ]

Work Emails: I
|

UM Address: University of Manitoba

Personal History

Date of Birth: ]

Place of Birth: Minneapolis, Minnesota, U.S.A.
(Canadian citizen born abroad)

Citizenship: Canadian

Marital Status: Married, six children, seven grandchildren
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Places of Residence

1951 — 1955
1955 — 1967
1967 — 1968
1968 — 1985
1985 — 1988

1988 — present

Minneapolis, Minnesota, U.S.A.
Winnipeg, Manitoba, Canada
London, England, United Kingdom
Winnipeg, Manitoba, Canada
London, England, United Kingdom

Winnipeg, Manitoba, Canada
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PRESENT EMPLOYMENT

University of Manitoba

University of Winnipeg

Self-Employment

Associate Professor, Departments of Community Health
Sciences and Surgery (since 1990);

Associate Director, Public Health clerkship rotation,
undergraduate medical education program;

Postgraduate Medical Education CanMEDS intrinsic roles lead;
Co-chair, Postgraduate Medical Education Truth and
Reconciliation Action Plan Committee

Adjunct professor, Dept of Indigenous Studies
Independent consultant

Consultant to several organizations with respect to COVID-19
(see court affidavits and expert reports, page 31.

Lead and administrator, WhatsApp chat group for COVID-19
Open Minded Critical Thinkers (physicians from across Canada)

Consultant, Advisory Circle, Health Transformation Project,
Southern Chief’s Organization, Manitoba.

Vaccinator, First Nations Communities COVID-19 vaccine
project.

Chair, College of Physicians and Surgeons of Manitoba Inquiry
Panel
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EDUCATION and TRAINING

Pre-University
1968 — 1969

1967 — 1968
1964 — 1967

University — Undergraduate

1972 - 1976

1969 - 1971

St. John’s High School, Winnipeg, Canada
Woodhouse Grammar School, London, England
St. John’s High School, Winnipeg, Canada

Faculty of Medicine, University of Manitoba,
Dean A. Naimark
Winnipeg, Canada

“Pre-med” Arts & Science”
University of Manitoba, Winnipeg, Canada

University — Graduate and Post — Graduate

2000

1989 — 1990
(6 months)

1988 — 1990

1987 — 1988

1986 — 1987

Medical Assistance in Dying
Addictions medicine, opiate agonist therapy

Family Medicine Weekly clinics,
Family Medicine Centre,
University of Manitoba
Winnipeg, Canada

Community Medicine (now Public Health and Preventive Medicine)

Residency,

Dept. of Community Health
Sciences, Faculty of Medicine
University of Manitoba
Winnipeg, Canada

Clinical Research Fellow, Imperial
Cancer Research Fund
Colorectoral Cancer Unit, St.
Mark’s Hospital, London, England

Clinical Research Fellow, Hepato-
biliary Surgical Unit, Dept. of Surgery,
University of London

Royal Postgraduate Medical School
and Hammersmith Hospital,

London, England
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1985 — 1986

1985

1979 — 1984

1977

1976 — 1977

Master of Science, Epidemiology,
Faculty of Medicine, University of
London, England, London School
of Hygiene and Tropical Medicine

Post — fellowship, Gastrointestinal
Endoscopy, Gastrointestinal Surgery and
Gastroenterology (Health Sciences Centre and
St. Boniface General Hospital, Winnipeg
Canada

General Surgery Residency, Dept.
Faculty of Medicine, University of
Manitoba (Health Sciences Centre
and St. Boniface General Hospital),
Winnipeg, Canada

Extended Internship, Intensive
Care (voluntary), Health Sciences
Centre and St. Boniface General
Hospital, Winnipeg, Canada

Rotating Internship, University of
Manitoba, Faculty of Medicine
(Manitoba Affiliated Teaching
Hospitals — Health Sciences Centre
and St. Boniface General Hospital,
Winnipeg, Canada)
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UNIVERSITY DEGREES AND CERTIFICATES

1991

1985

1984

1976

1976

Specialist Certification, Community Medicine (now Public Health and
Preventive Medicine), Royal College of Physicians of Canada (FRCPC)

Master of Science in Epidemiology, London School of
Hygiene and Tropical Medicine, Faculty of Medicine,

University of London, England, (MSc) (MSc Thesis —
Epidemiology for Surgeons)

Specialist Certification, General Surgery, Royal College
Surgeons of Canada (FRCSC)

Doctor of Medicine (MD), University of Manitoba,
Winnipeg, Canada

Licentiate, Medical Council of Canada (LMCC)
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FELLOWSHIPS, ACADEMIC PRIZES, DISTINCTIONS AND AWARDS

1991-2020

2016

2012-2014

2012

2010

1987 — 1988

1987 — 1988

1985 — 1987

1985 — 1987

1983

1982

1969 - 1971

Nominated for best teacher of the year by undergraduate medical
students in most years; most recently for small group teaching,
inspiration, innovation, and mentorship by first and second year medical
students.

Long Service Award in Recognition and Appreciation of Twenty-five
Years of Loyal Service, University of Manitoba.

McArthur Foundation Fellowship (two years), Masters Development
Practice program, University of Winnipeg

Nominated for Manitoba Civil Service Excellence Team Award —
CPPHO Report on the Health of Manitobans report-team (leader).

Winner of Manitoba Civil Service Excellence Team Award - Manitoba
Health Pandemic H1N1 Influenza Incident Command Team (Medical
lead)

University of Manitoba Faculty Fund Fellowship for
studies in the clinical epidemiology of colorectal cancer.

Visiting Clinical Research Fellowship, Imperial Cancer
Research Fund, UK, to study clinical epidemiology and
Screening of colorectal cancer at the ICRF Colorectal
Cancer Unit, St. Mark’s Hospital, London, England

J.H.F. Knight Fellowship (University of London, England)
to study epidemiology and screening for colorectal cancer

R.S. McLaughlin Foundation Fellowship (University
of Manitoba) to study epidemiology and surgery at the
University of London, England

Davis and Geck Award for Best Surgical Resident
of the Year

Second Prize for paper presented at the American
College of Surgeons (Manitoba Chapter), Manitoba

Dean’s Honour List, both years of Pre-Medicine,
Faculty of Science, University of Manitoba
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MEDICAL WORK EXPERIENCE

Current

2017

2012-2017

2012-2015

2012-2015

2012-2014

2008-2012

1999 — 2008

1999

1995 — 1999

1995 - 1999

1995 - 2010

1991 - 1995

1990

See “Present Employment”

Consultant to Manitoba Keewatinowi Okimakanak, Inc. re northern
health clinical transformation

Medical director, International Centre for Infectious Diseases
Director, Master of Public Health program, University of Manitoba

Scientific director, National Collaborating Centre for Infectious
Diseases, International Centre for Infectious Diseases.

University of Winnipeg

Visiting Professor and Senior Fellow

Masters in Development Practice Program, Indigenous
Faculty of Graduate Studies

Chief Provincial Public Health Officer of Manitoba

Chief Medical Officer of Health
Province of Manitoba

Medical Officer of Health
Winnipeg Community Health Authority

Medical Officer of Health
Winnipeg Region, Manitoba

Part-time general medical practice and travel clinics, Winnipeg City
Clinic, 385 River Avenue, Winnipeg

Casual employment as emergency room physician, urgent care
physician, and surgical assistant, Seven Oaks General Hospital
Concordia General Hospital, Misericordia General Hospital, Grace
Hospital, Victoria Hospital

Medical Officer of Health
Thompson, Norman and Interlake
Regions, Manitoba Health

Attending surgeon, Surgical

Intensive Care Unit, Health
Sciences Centre
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1986 — 1988

1984 — 1985

1977 - 1979

Locum tenens as senior registrar
in Surgery, Hammersmith and
St. Mark’s Hospitals,

London, England

Surgical Assistant, Cardiac,
Surgery Unit, Health Sciences
entre, Winnipeg, Canada

Full-time emergency room physician,
St. Boniface General Hospital,
Winnipeg, Canada
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SELECTED CONTINUING PROFESSIONAL DEVELOPMENT

2020 Weekly Dept of Community Health Sciences Colloquia, on-line
sessions, webinars, and conferences on topics including medical
education and COVID-19.

2019 Many family medicine sessions and teaching development sessions at
the University Office of Continuing Professional Development and the
Office of Educational and Faculty Development.
Annual Scientific Assembly, Manitoba College of Family Physicians,
Canadian Conference of Medical Education, Niagara Falls.
Canadian Public Health Association annual conference, Ottawa
Public Health Physicians of Canada annual Continuing Professional
Development Symposium, Ottawa.

2018 Canadian Conference Medical Education, Halifax.
Canadian Public Health Association annual meeting, Montreal.
Public Health Physicians of Canada annual meeting, Montreal.
Weekly Colloquia, Department of Community Health Sciences.
CPD sessions, Office of Educational and Faculty Development.
Preparation for CAPE (clinical assessment and professional
enhancement for re-entry to clinical practice.

2017 Canadian Conference Medical Education, Winnipeg.
Canadian Public Health Association annual meeting.
Public Health Physicians of Canada annual meeting.
Weekly Colloquia, Department of Community Health Sciences.

2015-2016 Canadian Conference Medical Education, Montreal.
Canadian Public Health Association Annual Meeting, Toronto.
Choosing Wisely symposium, Public Health Physicians of Canada,
Toronto.
Association of Medical Microbiology and Infectious Diseases Annual
Meeting, Vancouver.
Annual BIO Conference, San Francisco.
Weekly Colloquia, Department of Community Health Sciences and
Weekly Medical Microbiology Case Presentations.
Peer Mentoring session for instructors of Indigenous health course.

2014 Faculty Development Workshop - Community Health Sciences June 12,
2014
2012 Medical Education Workshops, University of Manitoba
Learning Styles in the Classroom Feb 16/12
Teaching Clinical Reasoning April 10/12
Teaching Critical Thinking May 22/12
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2007

1994-1995

1993

Queen’s University Executive Leadership Course

Observation and supervised experience in Emergency Medicine, Seven
Oaks Hospital, Winnipeg Canada (organized by Dr. Kopelow,
Department of Continuing Medical Education)

Clinician’s Assessment and Enhancement Program, Department of

Continuing Medical Education, Faculty of Medicine, University of
Manitoba, Winnipeg, Canada
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PROFESSIONAL MEMBERSHIPS, ORGANIZATIONS AND LICENSES

2020

2013 - 2016

2012 — present

2012 — 2015

2012 - 2014

1999 — present

1993 - present
2000 — present

1991 — present

1990 - 2012

2012 - present

1990 — present

1988 — present

1984 — present

1976 — present

Lead, WhatsApp Chat Group, Open-Minded Critical Thinkers, COVID-
19

President, Public Health Physicians of Canada.

Member, Board of Directors, Canadian Association of Medical
Education Foundation, currently liaison member to the Canadian
Medical Education Journal.

Executive member, Clinical Teachers Association of Manitoba

Member, Board of Directors, Canadian Public Health Association of
Canada

Member, Public Health Physicians of Canada, previously National
Specialty Society of Community Medicine

Member, College of Family Physicians of Canada
Member, Canadian Association of Medical Education

Fellow of the Royal College of Physicians of Canada
(Community Medicine — now Public Health and Preventive Medicine)

Assistant Professor, Depts. of Community Medicines, Surgery and
Family Medicine, Faculty of Medicine, University of Manitoba

Associate Professor, Depts. of Community Medicines, Surgery and
Family Medicine, College of Medicine, Faculty of Health Sciences,
University of Manitoba

Member of the Canadian Association of Teachers of
Community Health

Member of the Canadian Public Health Association and the
Manitoba Public Health Association

Fellow of the Royal College of Surgeons of Canada
(General Surgery)

Licentiate of the College of Physicians and Surgeons of
Manitoba, Current license, General Practice, with
Specialty privileges in General Surgery and Community
Medicine
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1976 — present

1976 — present

1976 — present

Licentiate of the Medical Council of Canada

Member of the Canadian Medical Association
(Manitoba Division)

Member of the Canadian Medical Protective Association

UNIVERSITY AND OTHER ACADEMIC ACTIVITIES

2020

2018 - 2020

2019 — present

2017 - present

2015 - present

2013- 2017

1991- present

2012-2015

2012-2014

2012

2012-2015

2011-2012

Faculty appointee, Undergraduate Medical Education Financial Award
Committee

Member, Postgraduate Medical Education Assessments Committee,
Professional Curriculum Committee, Education Advisory Committee,
Accreditation Working Group, and Competency-based Medical
Education Committee.

Co-chair, Post-graduate Medical Education Truth and Reconciliation
Action Plan Working Group

Post-graduate medical education CanMEDSs intrinsic roles subject
advisor

Associate director, Public Health part of Family Medicine/Public Health
Clerkship.

Member, Healthy Campus Advisory Committee, University of
Winnipeg.

Member (and previous chair), Dept of Community Health Sciences
Undergraduate Committee

Director, Master of Public Health program, University of Manitoba

Visiting professor and senior fellow, University of Winnipeg, Masters
in Development Practice program, Faculty of Graduate Studies

Promoted to associate professor, University of Manitoba

Elected to University of Manitoba Senate by the Faculty Council of
Medicine

Co-chair Curriculum Renewal Task Group on Health systems, Public
Health, and Environmental and Occupational Health and member of the
Curriculum Renewal Steering Committee, Faculty of Medicine,
University of Manitoba
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2007-2012 Founding member of the first national Public Health Educators
Network, and participant author of its first national on-line learning
resource for medical students (The Primer);

1995, 2006, 2010 Member, Search Committees for Head of the Department
Community Health Sciences, Department of Community
Health Sciences, Faculty of Medicine, University of
Manitoba

1992-1994 MSc thesis advisor for Anita Kozyrskyj: Validation of an Electronic
Prescription Database in Manitoba: An Opportunity to Evaluate
Pharmacist Participation in Drug Utilization Review.

1994 — 1996 Member, Med I and Il Curriculum Reform Committee —Core Concepts
Block, Faculty of Medicine, University of Manitoba

1994 - 1995 Member, Search Committee for new tenure-track position, Department
of Community Health Sciences, Faculty of Medicine, University of
Manitoba

1991 - 2011 Member, Executive Committee, Department Community
Health Sciences, Faculty of Medicine, University of
Manitoba

1991 — 2015 Member, Committee of Evaluation, Faculty of Medicine, University of
Manitoba

1991 — 2015 Member, Clerkship Curriculum Committee, Faculty of Medicine,

University of Manitoba

1991 - 2011 Director, Undergraduate Program, Department of Community Health
Sciences, Faculty of Medicine, University of Manitoba (special teaching
responsibilities include Course Director, Line and major clerkship-
Family Medicine Community Medicine, graduate course teaching,
thesis supervision and teaching and supervision of community medicine
residents).
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Undergraduate courses taught at University of Manitoba

2015 - present Small group teaching in the population and public health pre-clerkship
and clerkship programs and the Indigenous health longitudinal course,
totaling now more than 100 hours per year.

1991- 2014 Average of more than 50 hours per year in undergraduate teaching,
including 2-5 lectures and 2-3 tutorials in Population Health and
Medicine, including Introduction to Health and Medicine (first lecture
to first year medical students), Natural History of Disease and Levels of
Prevention, Measurements of Health and Disease, Determinants of
Health, Social Responsibility of Physicians;

Public Health part of the Family Medicine/Public Health clerkship
rotation (8 rotations per year), including orientation, community health
status assessment, a “hot” current topic, followed after the rotation by a
debrief;

Annual summary presentation of Population and public health (invited
consistently by 4" year students) as part of the LMCC QE Part | exam
review.

Graduate and Postgraduate courses taught at University of Manitoba

2004 — present Graduate teaching (MPH, MSc and PhD level): Problem Solving in
Public Health (formerly Current Topics in Community Medicine
93.7510)

2016 - present Invited speaker on Population Health and Health Care Organization to
surgical residents as part of their Principles of Surgery training
program.

2019 Invited speaker, Clinical Investigators Program: Health advocacy and
health advocacy research.

1991- 2015 Annual guest teaching of “Principles of Prevention” in Epidemiology I
and “Risk Communication” in Epidemiology II
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1995-2008

Graduate Student Supervisi

Designer, supervisor, and lecturer in a recurring series of learning
sessions in Epidemiology, Statistics, and Critical Appraisal in the
PGME Core curriculum for all residents at the Faculty of Medicine;

on

2015-2016

1994 - 2015

2012-2015

1992-1994

Current Research Activities

2013 — present

Supervised practicum of MPH student at International Centre for
Infectious Diseases and National Collaborating Centre for Infectious
Diseases

Supervisor for PGME students in Public Health and Preventive
Medicine (average one - two per year for one to four month rotations)

Advisor to 13 MPH students, including field placement supervision.

MSc thesis advisor for Anita Kozyrskyj: Validation of an Electronic
Prescription Database in Manitoba: An Opportunity to Evaluate
Pharmacist Participation in Drug Utilization Review.

Health mentor, Grand Challenges Phase 1 Grant (total $100,000)
"Improving Maternal and Child Health at the Root through Village
Level Biotechnologies” with International Institute of Sustainable
Development (co-Pl) and CTx Green (P.1.)
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SELECTED SERVICES, PROVINCIAL COMMITTEES AND OTHER RELEVANT
ACTIVITIES

2012 — present Member, Manitoba Provincial Vaccine Advisory Committee

2015-2016

Member, planning committee, Conference to develop a federal
framework on Lyme disease, Ottawa, May 15-17, 2016

1994 — 2018 Examiner, Medical Council of Canada Part Il Qualifying Exam

2014 - 2016 Member, Winnipeg Harvest Health and Hunger Committee

2015 - 2016 Member, Advisory committee to the Public Interest Law Committee
research study on guaranteed annual income.

2003 — 2015 Statistics Canada Canadian Health Measures Survey Expert Advisory
Committee

2013-2015 Member, Public Health Infrastructure Task Group to develop a
blueprint for a federated surveillance system in Canada

2006 — 2012 Member of the Advisory Committee, National Collaborating Centre for
Infectious Disease

2003 — 2007 Healthy Living Issue Group of the Population Health Promotion Expert
Group, Canadian Public Health Network responsible for leading the
writing of the Pan-Canadian Healthy Living Strategy,

2006 — 2011 Federal Provincial Territorial Roles & Responsibilities in Pandemic
Preparedness and Response Task Group, Public Health Network
Council

2006 Member of the selection committee for scientific director, National
Collaborating Centre for Infectious Disease

2006 — 2008 Medical Advisory Committee, Health Science Centre, Winnipeg,
Manitoba, representing Department of Community Health Sciences

2002 - 2009 Emergency Preparedness Expert Group, Canadian Public Health
Network

2002 — 2006 Manitoba member, Federal Provincial Territorial Deputy Ministers of
Health Advisory Committee Population Health
and Health Security

2004 Member of the Canadian delegation to the World Health

Organization special meeting in Geneva November 1-12, 2004 to
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2002 — 2003

2000-2001

1999 — 2002

1999 - 2012

1995 - 1999

1995

1995

1995 - 1999

1995

1994 — 1995

1994 — 1999

1994 — 1999

1993 — 1995

1993-1994

develop the fourth edition (2005) of the International Health
Regulation introducing the concept, definition, and expectations of
countries during a Public Health Emergency of International
Concern (PHEIC).

Co-chair, Health Disparities Task Group, Federal Provincial Territorial
Deputy Ministers of Health Advisory Committee Population Health and
Health Security

Chair, Province of Manitoba Drinking Water Advisory Committee and
sole accountable author of Report on Bacterial Safety of Drinking
Water In Manitoba

Chair, Federal Provincial Territorial Deputy Ministers of Health
Advisory Committee on Population Health

Council of Chief Medical Officers of Health of Canada (CCMOH)

Co-chair, Project Team, Community Health Status Assessments,
Epidemiology Unit, Manitoba Health

Participant, Federal-Provincial Working Group/Workshop for present
the Prevention of Neural Tube Defects, Manitoba Health and Health
Canada, Ottawa

Member, Provincial Committee on Hepatitis A, B and C amongst
Winnipeg street-evolved youth

Member, core committee to review the Public Health Act of Manitoba
Member, Advisory Committee to the Baby Alert Program

Member, Steering Committee for Psychiatric Day Hospital and
Community Services in Mental Health for Winnipeg, Manitoba Health

Member of the Manitoba Health Communicable Disease Control
Surveillance Review Committee and Chairman, Subcommittee on
Analysis and Dissemination of Results.

Member of the Winnipeg Air Quality Index Committee

Member, Provincial Cancer Control Committee and Chair of
Subcommittee on Secondary Prevention of Cancer, Manitoba Health

Member, Working Group for Psychogeriatric Services in Winnipeg,
Manitoba Health
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1993-1994

1993-1994

1993

1991 — 1995

1989

1986-1988

1985-1988

1977-1985

1974-1976

1974-1976

1974-1976

Member, Committee to Define Core Services for Rural Health
Associations, Manitoba Health

Member, Provincial Surgery Committee, Manitoba Health

Participant, national workshop and consensus conference on the training
of community medicine specialists, Toronto

Member, National Population Health Survey Provincial Advisory
Committee, Manitoba Health

Member, Provincial Task Force on Breast Cancer Screening in
Manitoba, Manitoba Health

Member, Public Health Alliance of Britain
Member, International Physicians for the Prevention of Nuclear War
President, Progressive Medical Association, Winnipeg

Founding member of “The Community Medicine Group” medical
students concerned about social and public health issues

Founding co-editor (with Dr. Brian Postl) of “The Meditoban”, medical
school student newspaper

Founding board member, NorWest Health Co-op, Winnipeg
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PUBLISHED BOOKS

Northover, John M.A., Kettner, Joel D. and Mr. Barry Paraskeva PhD, FRCS. Your Guide to Bowel
Cancer (Royal Society of Medicine). A Hodder Arnold Publication, 2007

Northover, John M.A. and Kettner, Joel D. Bowel Cancer: The Facts. New York, Oxford University
Press, 1992

SIGNIFICANT REPORTS

Chief Provincial Public Health Officers’ “Report on the Health Status of Manitobans 2010: Priorities
for Prevention — Everyone, Every Place, Every Day” (published November, 2011)

PUBLISHED PAPERS

e SM Moghadas, M Haworth-Brockman, H Isfeld-Kiely, J Kettner. Improving public health
policy through infection transmission modelling: Guidelines for creating a Community of
Practice. Can J Infect Dis Med Microbiol 2015;26(X):1-5.

e Mahmud S, Hammond G, Elliott L, Hilderman T, Kurbis C, Caetano P, Van Caeseele P,
Kettner J, Dawood M. Effectiveness of the pandemic H1N1 influenza vaccines against
laboratory-confirmed H1N1 infections: population-based case-control study. Vaccine. 2011
Oct 19;29(45):7975-81. Epub 2011 Aug 30.

e Writing Committee of the WHO Consultation on Clinical Aspects of Pandemic (H1N1) 2009
Influenza, Bautista E, Chotpitayasunondh T, Gao Z, Harper SA, Shaw M, Uyeki TM, Zaki SR,
Hayden FG, Hui DS, Kettner JD, Kumar A, Lim M, Shindo N, Penn C, Nicholson KG.
Clinical aspects of pandemic 2009 influenza A (H1N1) virus infection. Review. N Engl J
Med. 2010 May 6;362(18):1708-19.

e Zarychanski R, Stuart TL, Kumar A, Doucette S, Elliott L, Kettner J, Plummer F. Correlates
of severe disease in patients with 2009 pandemic influenza (H1N1) virus infection. CMAJ.
2010 Feb 23; 182(3): 257-64. Epub 2010 Jan 21, 2010

e VerneJ, Kettner J, Mant D et al. Self-administered faecal occult blood tests do not increase
compliance with screening for colorectal cancer: results of a randomized controlled trial. Eur
J Cancer Prev 1993; Jul: 301-305

e Yassi A, Kettner J, Hammond, G et al. Effectiveness and costs-benefit of an Influenza
Vaccine Program for Healthcare Workers. Can J In Dis 1991: 101-108;

e Kettner, JD, Whatrup C, Verne JE et al. Is there a preference for different ways of performing
faecal occult blood tests? Int J. Colorectal Dis 1990; May:82-86;
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http://www.ncbi.nlm.nih.gov.proxy2.lib.umanitoba.ca/pubmed/21884747
http://www.ncbi.nlm.nih.gov.proxy2.lib.umanitoba.ca/pubmed/21884747
http://www.ncbi.nlm.nih.gov.proxy2.lib.umanitoba.ca/pubmed/20445182

PUBLISHED ABSTRACTS

Kettner JD, Whatrup C, Miller K. A comparative study of three patient approach methods for faecal
occult b1000 testing in a North London general practice. Coloproctology. 1988;10:129

Kettner JD, Whatrup C, Young K. A within-person comparison of efficacy and individual preference
for two methods of faecal occult blood detection. Coloproctology 1988;10:123

Kettner JD, Whatrup C, Miller K et al. Evaluation of new faecal occult blood test-a comparison of
individual preference and efficacy using Early Detector and Haemoccult. Theoretical Surgery
1987;2:82

Kettner JD, Whatrup C, Miller K et al. A randomized trail of invitation methods for occult blood
screening. Theoretical Surgery 1987;2:81-82

Kettner J, Paetkau D, Slykerman L et al. Effect of treatment on cardiac performance when right
ventricular afterload is gradually increased in dogs. Critical Care Medicine 1983; 11;3:217

Paetkau D, Kettner J, Girling L, Slykerman L, Prewitt RM. What is the appropriate therapy to
maintain cardiac output as pulmonary vascular resistance increases? Anacsthesiology, 57;3:A-56,
September, 1982

PUBLISHED LETTERS

Kettner, J. Quebec’s Public Health Cuts Canadian Journal of Public Health 2015:106:3 March/April.

Scholefield JH, Kettner, JD, Northover JMA. Papillomavirus infection and progress to abnormal
cervical smears. Lancet, 1988:i:1405;

Scholefield JH, Kettner, JD, Northover JMA. Problems with anal cancer demographics. Diseases of
the Colon and Rectum; 1988:31:10:831,

Kettner JD, Mant D, Northover JIMA. Ethics of preventive medicine. Lancet; 1988;ii:44-45;
Kettner Joel and Northover, JM. Screening for colorectal cancer, Lancet 1986;i:562-563;

Kettner Joel and Northover, JM. Occult-blood screening, Lancet 1986;ii:110;
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PRESENTATIONS, WEBINARS AND OTHER SCHOLARLY AND EDUCATIONAL
ACTIVITIES

2016 Planning consultant and facilitator, NCCID-Y ork University Workshop on
Mathematical Modelling in Public Health Infectious Diseases, York University,
Toronto, October 3-4, 2016

2016 Guest (as Infectious Diseases Public Health specialist) on This Hour Has 22
Minutes, CBC Television.

2016 Member of scientific planning committee, Lyme Disease symposium, May 15-17,
2016, Ottawa.

Public Health 2016 (annual conference of the Canadian Public Health Association)

- Member, Conference Scientific Planning Committee

- Welcoming remarks on behalf of the Public Health Physicians of Canada at the opening
ceremony

- Organized and participated in a panel discussion on “Public Health Inspectors, Public Health
Nurses, and Public Health Physicians As Leaders: A Candid Conversation about Collaboration
and Change ”

Moderator, and member of the scientific planning committee, International Centre for Infectious
Diseases National Grand Rounds:

- February 18, 2016: Zika virus - What to Know, What to Do, University of Manitoba, in
collaboration with the Dept of Community Health Sciences Bold Ideas Colloquium Series.

Moderator, and member of the scientific planning committee, International Centre for Infectious
Diseases International Webinars:

- December 1, 2016: Difficult-to-treat Gram Negative Pathogens

- November 8, 2016: The Burden and Preventability of Non-respiratory Complications of
Influenza in Older Adults

- October 27, 2016: Antibacterial Resistance in Gram-Negatives: Prevalence, risk factors, and
impact of inappropriate therapy

- October 13, 2016: Pneumococcal Immunization for Older Adults.

- August 17, 2016: Pneumococcal conjugate vaccines for infants: What have we learned since
their introduction?

- June 22, 2016: HPV Immunization Programs: What is the advantage of including males?

- February 25, 2016: Vaccine Hesitancy: What is it, Why is it, What to do about it?

- January 13, 2016: Mind your T's and Q's - What do we know about today’s influenza vaccine
options? (moderator) and speaker: Today’s Menu of Vaccine Choices — the Basics and the
New Ingredients

2017 Radio interview re: legal age of marijuana purchase and use in Manitoba.
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2015-2016 Radio, Television, and Media interviews on subjects including Ebola, ZikaVirus,
Malathion, Influenza.

2015-2016 Designer, moderator, and speaker of ICID National Grand Rounds (Influenza
vaccine for under 2 year olds, Influenza vaccine choices for seniors, Zika virus)
and webinars (e.g. HPV vaccine, new vaccine options including quadrivalent,
pneumococcal disease)

2015-2016 Co-chair (International Centre for Infectious Diseases/National Foundation for
Infectious Diseases) of scientific planning committee and chair of international
advisory committee for an accredited on-line learning module produced by
MDBriefcase on Seasonal Influenza in Older Adults: Immunization Challenges
and Options for Vaccination Strategies

2015:

Moderator, and member of the scientific planning committee, International Centre for Infectious
Diseases National Grand Rounds:

- December 17, 2015: Influenza Vaccines for Adults Over 65: Evaluating the Evidence,
University of Manitoba Medical College

- October 27, 2015: Flu Vaccines for Little Kids — What’s New, What'’s True, University of
Toronto

Moderator, and member of the scientific planning committee, International Centre for Infectious
Diseases International Webinars:

- May 6, 2015: Males and HPV: Burden of Disease and Prevention through Immunization

November 25, 2015: Invited speaker, Public Health Physicians of Canada Residents’ national
educational webinar series: Life After Residency.

Lyme Disease Best Brains Exchange in Ottawa, June, 2015.

Chaired panel discussion at annual meeting of CHVI RD Alliance Coordinating Office at Canadian
Association of HIV Research annual meeting, Toronto, 2015.

DCHS Colloquium presentation on the NCCID program: with Ms. Margaret Haworth Brockman:
Ebola Virus Disease and other Challenges and Opportunities for the NCCID

Activities at Public Health 2015 (annual conference of the Canadian Public Health Association)
- Welcoming remarks on behalf of the Public Health Physicians of Canada at the opening
ceremony

- Organized and chaired a panel discussion on “The ebola outbreak: What have we learned that
we didn’t know before?”
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- Facilitated a workshop on Burden of Iliness in Infectious Diseases

Association of Medical Microbiology and Infectious Diseases annual conference, Charlottetown,
May, 2015.

- Poster presentation: AMR, Public Health, and Knowledge Translation: A Forward Approach

2014 Reviewer of research proposals for CIHR SPOR projects, Institutes of Population
and Public Health and Health Services Delivery.

2013-2014 Member, scientific planning committee, Consensus Conference on Antimicrobial
Resistant Organisms, University of and Institute of Health Economics, June 18-20,
2014

2014 Invited speaker, Consensus Conference on Antimicrobial Resistant Organisms,

University of Alberta Institute of Health Economics, June 18-20, 2014: “What is
surveillance? What is screening? How are they related?”

2014 Series of four public lectures at the University of Winnipeg on Public Health in the
21 Century:
- Public Health Unpacked: What is it? Who needs it?
- Priorities for Prevention in Manitoba: our Provincial Profile
- Public Health ahead: What are the Possibilities? How can we prevent the threats
that we do not see or know?
- Power, Process, and Public Policy: The Peculiar Ethics and Politics of Public
Health and its relationship to Sustainable Development.

2013-2014 National webinars for Public Health and Preventive Medicine residents and public
health physicians hosted by the National Collaborating Centres for Public Health.
Topic:
- “Treatment as Prevention” with Drs. A. Ronald and J. Montaner
- “ Knowledge Translation for Emerging Diseases”

2013 Options (V111) for the Control of Influenza, September 5-9, Capetown, South
Africa
- Paper: Rapid Knowledge Translation during the 2009 influenza pandemic
- Poster: A project to translate and exchange knowledge towards more effective,
efficient and equitable public health and primary care strategies for influenza and
influenza-like illness (ILI) in Canada. JD Kettner, E Cheuk

2013 Innovation in Medicine and Health Care, University of Piraeus, Piraeus, Greece

- Paper: Knowledge Translation for Emerging Infectious Diseases: Challenges and
Opportunities
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2013

2014

2012

2003-2011

2010

2010

2010

2010

2009

2009

2008

2007-2013

2007

University of Winnipeg Summer Institute Course: Hosted a morning session and
presented a lecture on "Principles of prevention of infectious and chronic diseases"

Series of four public lectures on public health, University of Winnipeg.

Surgery Grand Rounds: “A Surgeon’s Career in Public Health — the Long and
the Short of It”

Annual lecture (most years) at “Bug Day” including SARS, “Little Bugs in the
Big Picture”, HIN1, and tuberculosis.

National Collaborating Centre for Public Health, Making Connections, Opening
Ceremony and plenary, keynote speaker, and co-presenter with Dr. Pat Martens
on partnerships between government and university in public health policy
setting, Summer Institute of the National Collaborating Centres of Canada

The Manitoba College of Family Physicians, 52 Annual Scientific Assembly,
key note speaker: H1IN1 De-Brief

Doctors Manitoba, Western Conference of Provincial/Territorial Medical
Association, “How to Survive a Pandemic —What have we learned?”

International College of Dentists Annual meeting, Winnipeg. Public Health and
the HIN1 Pandemic Influenza

Continuing Medical Education, Mini Medical School, University of Manitoba
2009;

Presented on H1N1 for disadvantaged populations and led a practice guidelines
consensus session at the Pan-American Health Organization of the World Health
Organization consultation conference in October 14-16, 2009 in Washington,
D.C.,

Mini-university lecture on what on public health and evidence for the news
Annual lecture on Issues and Trends in Public Health at Red River Community
College Issues and Trends in Health course taught by Jim Hayes as part of the
Health management course for employees in regional health authorities

Plenary speaker and panel discussant: Ethical issues in the practice of public

health. The First Canadian Roundtable on Public Health: Exploring the
Foundations, Montreal, Quebec.
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2000-2018 Department of Community Health Sciences Colloquia:

e 2020: COVID-19 — Is the Prevention Worse than the Disease?

e February 5, 2020: Organizer and moderator of Coronavirus —an Open
Forum, livestreamed, University of Manitoba Faculty of Health Sciences.

e 2018: Seeking Bold Ideas to Strengthen Inter-College Collaboration in
Primary Care and Public Health

e 2017: Trumpism: Another Global Public Health Threat Originating in
the USA?

e 2015: Colloquium presentation on the status and future of the National
Collaborating Centre for Infectious Diseases

e 2014: Hosted colloquium and joint learning session with students and
staff of the University of Winnipeg MDP program and University of the
North Midwifery program: Dr. Janet Smylie and Sara Wolfe:
“Indigenous Knowledge Work as a tool for Community Driven Health
Services Development”

e 2013: Co-presented with Dr. Julie Pelletier (University of Winnipeg) on
“Two Masters Programs — Two Universities — One Vision?”

e CPPHO Report on the Health Status of Manitobans ... Priorities for
Prevention: Everyone, Every Place, Every Day — 2011

e The New Public Health Act “Does it meet the Public’s Needs of Today
and Tomorrow?”” — 2009

e Reorganization of Public Health in Manitoba: Challenges and
Opportunities —2008

e Healthy Living Strategy: New-Old or Old-New? —2003

e Walkerton Water — Could it happen here? - 2000

1993 The role of the urban medical officer of health. Cadham Provincial Laboratory
Seminar

1990 “Screeening” for an awful disease. Community Health Sciences, Colloquium,
Faculty of Medicine, University of Manitoba

1990 Epidemiology in Orthopedic Surgery, Orthopedic Grand Rounds, Health
Sciences Centre

1989 Surgical Epidemiology, Western Association of Clinical Surgeons

1989 Screening for colorectal cancer, Concordia General Hospital Medical Rounds

1989 Screening for colorectal cancer, Surgery Grand Rounds, Health Sciences Centre

1987 Epidemiology of hepatic metastases, Annual course in advance hepatobiliary and

pancreatic surgery, Royal Postgraduate Medical School, Hammersmith Hospital,
London, England

1987 Obstructive jaundice, Surgery for GPs annual course. Royal Postgraduate
Medical School. Hammersmith Hospital, London England
1987 Epidemiological aspects of hepatobiliary malignancies. Workshop in Research

Methods in Surgery, Royal Postgraduate in Medical School, Hammersmith
Hospital, London, England
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1987

1987

1987

1986

The surgical epidemiology of cholangiocarcinomas. UK Chapter of the World
Congress of Hepato-biliary Surgeons, Cardiff, Wales

Community Screening — Early Diagnosis and Prevention of Colorectal Cancer —
a meeting for general practitioners, St. Mark’s Hospital, London, England

Mass Screening for colorectal cancer. Common Gastrointestinal Problems —
Course for general practitioners, St. Bartholomew’s Hospital Medical College,
London, England.

Mass Population Screening for Colorectal Cancer. Symposium on Screening,
Carmarthen General District Hospital Carmarthen, Wales

Prior to career as medical officer of health 1990-2012;

1990

1987-1988

1982-1983

“Community Health Status Assessment — A model for Aboriginal Communities”.
Poster presentation, circumpolar health Conference, Whitehorse, Yukon;

The following two papers were presented by me at the Surgical Efficiency and
Economy World Conference, Lund, Sweden, August, 1987 and at the 2" Beonnial
Congress of the European Council of Coloproctology Advances in Coloproctology,
Geneva, Switzerland, 1988:

“ A randomized trail of invitation methods for occult blood screening”

“Evaluation of new faecal occult blood test- a comparison of individual preference
and efficacy using Early Detector™ and Haemoccult™”

“Effect of treatment on cardiac performance when right ventricular afterload is
gradually increased in dogs” (Authors: Kettner Joel, Paetkau Don, Slykerman M,
Girling L and Prewitt R. Departments of Surgery, Anaesthesia and medicine,
University of Manitoba.

This paper was presented by me at the following meetings:

% American College of Surgeons, Manitoba Chapter, Winnipeg, 1982
(awarded 2™ prize);
Critical Care Society Meeting, New Orleans, USA, 1983;
American Society of Anaesthesiologists, Las Vegas, USA 1982;
Canada Anaesthetists Society Meeting, Vancouver, 1983
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CONTRACTED AND OTHER REPORTS

Manitoba Health Provincial Health Indicators, member of Working Group. 1999.
https://www.gov.mb.ca/health/documents/ind-all.pdf

Kettner, Joel D. Community Health Status Assessment, Waterhen First nation; 1993 (for Waterhen
First Nation, Manitoba)

Kettner, Joel D. and Postl, B Community Health Status Assessment: a tool to understand and
improve the health of Aboriginal communities: 1991 (Northern Health Research Unit for Medical
Services Branch, Health Canada)

Kettner, Joel D. Community Health Status Assessment, Cross Lake, Manitoba; 1989 (for Medical
Services Branch, Health Canada)

INVITED REVIEWS

2017- 2021: Canadian Journal of Public Health
2018-2021: Canadian Journal of Medical Education
2021: Association of Medical Microbiologists and Infectious Disease Specialists of Canada

2021: University of Manitoba Medical Students Journal

SELECTED MEDIA, COVID 19

Winnipeg Free Press panel, Dec 10, 2020
https://www.youtube.com/watch?v=9152CWsUGTE

Toronto Caribbean interview, November 26, 2020
https://www.youtube.com/watch?v=cpjk53umB 0&feature=emb title

CBC West of Centre panel discussion

Circuit Breakers and Personal Freedom, November 12, 2020.
https://www.cbc.ca/listen/cbc-podcasts/407-west-of-centre/episode/15808413-circuit-breakers-and-
personal-freedom

Open letter to first ministers, July 29, 2020
https://healthydebate.ca/opinions/an-open-letter-to-pm-covid19

Opinion piece CBC Manitoba, July 25, 2020
A new normal, or new abnormal? Change in direction needed on COVID-19 response
https://www.cbc.ca/news/canada/manitoba/joel-kettner-opinion-covid-19-response-1.5654062
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Letter to the editor, Winnipeg Free Press, June, 27, 2020
https://www.winnipegfreepress.com/search/?keywords=clergy+kettner&searchSubmitted=y&sortBy=
-startDate

Cross-country Check-up, March 15, 2020.
https://www.cbc.ca/listen/live-radio/1-13-cross-country-checkup/clip/15765826-march-15-2020-is-
enough-done-slow-covid-19

Invited interviews and expert advice between March 15, 2020 till August 15, 2021:
- CTV local news
- Global TV local news
- CBC TV local news
- CJOB local radio
- Winnipeg Free Press
- Shaw local television, Victoria, BC

COURT AFFIDAVITS AND EXPERT REPORTS (available from courts or by request to
I

Supreme Court of Yukon 20-AP002
Mercer vs Government of Yukon
Affidavit filed January 28, 2021

Supreme Court of British Columbia S 210209
Beaudoin vs Government of British Columbia and the Provincial Health Officer
Affidavit filed February 12, 2021

Supreme Court of Manitoba Cl 20-01-29284
Gateway Bible Baptist Church et al vs Government of Manitoba
Affidavit filed April 1, 2021

Ontario Superior Court of Justice CV-20-00652216-000
Adamson Barbeque et al vs Ontario (Attorney General)
Affidavit filed April 14, 2021

Reply affidavit filed May 17, 2021

Ontario Superior Court of Justice CV-21-00013361-0000

Wellandport United Reformed Church vs Ontario (Attorney General)
Affidavit filed May 4, 2021.
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This is Exhibit "B" referred to in the
Affidavit of Joel Kettner
sworn before me via videoconferencing
at Calgary, Alberta, this
9th day of December, 2021.

December 9, 2021

A Notary Public in and for the Province

of Alberta Expert Report prepared by Dr. Joel Kettner, MSc MD FRCSC FRCPC
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INTRODUCTION

1. | have been asked, as a public health physician and former provincial chief medical officer of health,
to give my professional opinion on the following questions:

1. How does protection against COVID-19 infection by natural immunity compare with
protection against COVID-19 from vaccine-induced immunity? Specifically, how do
these compare with respect to levels of protection and duration of protection?

2. Regarding question 1, what are current stated facts and opinions of official public health
organizations?

3. In my opinion, what issues should be considered, what information should be obtained,
and how should these considerations and information be used to set policies regarding
the hindering of previously infected unvaccinated physicians and other health care
workers to work in Alberta Health Services facilities?

2. My opinions, along with my reasoning and supporting evidence are found below.

l. How does protection against COVID-19 infection by natural immunity compare with protection
against COVID-19 from vaccine-induced immunity? Specifically, how do these compare with respect to
levels of protection and duration of protection?

Conclusion summary: Current evidence and previous scientific observations of other anti-
viral vaccines indicate that natural immunity from previous infection is at least as protective
— and for at least as long — as vaccine-induced immunity.

a)  UNDERSTANDING AND ASSESSING THE NATURAL HISTORY OF A DISEASE

3. When comparing protection by natural immunity following infection with vaccine-induced
immunity following vaccination, there are many considerations. First, we must understand the
natural history of infection of respiratory viruses. This is because there is more than one point at
which immunity can influence the transmission and course of a disease. Typically, frameworks for
this understanding can be used for all respiratory viruses, but the specifics vary between virus
species and types.

4, The framework is relatively simple, but the application of the framework to decision-making is not.
The following framework is called the “natural history” of a disease. These are the stages:

Exposure -> transmission -> infection -> asymptomatic or pre-symptomatic infectious period ->
symptomatic infectious period -> mild symptoms (recovery without need for hospitalization) or
more severe symptoms -> hospitalization (+/- intensive care) -> death or recovery.

5. Not every step or outcome described above occurs with every case. For example, death may occur
without hospitalization. Recovery may be complete or associated with ongoing illness.
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For exposure to result in transmission of infection, an infected person (“case”) must expose directly
or indirectly another person (“contact”) to the virus. An exposure is necessary, but not sufficient,
to result in the transmission of infection. For transmission to occur, one person must be infectious
and the other person must be susceptible, i.e. unprotected by a previous vaccination or previous
infection.

Even without specific immunity to a specific virus, the innate, inherited, and generic immune
system of humans can respond to previously undetected viruses. The innate ability of the human
immune system is evident given that more than 80% of humans that were not previously infected
or vaccinated have recovered from COVID-19 infections without any treatment.! Although often
stated in categorical terms, one’s biological immune state is more of a continuous variable, i.e.
degrees of susceptibility or resilience. In other words, any one person’s susceptibility is not 100%
or 0%. Levels of protection can be estimated using epidemiological and laboratory evidence.

The definition or diagnosis of “infected” requires objective observation of pathological changes
associated with direct impacts of the virus or the inflammatory response of the host (human). These
phenomena may be obvious such as fever, cough, inflamed throat, or they may be inapparent such
as microscopic signs of inflammation or the presence of new and specific antibodies in the blood.
Without any of these phenomena, a more likely conclusion is that an exposure to the virus may
have occurred, but transmission of infection did not.

There are several factors that determine whether exposure is likely to result in transmission of
infection. The most important are: 1) the volume of virus (from the case) which contacts the surface
of the mucous membranes of the respiratory tract of the exposed person (contact); and 2) the
immune status of the exposed person (contact).

Note, | am using the term “case” as equivalent to being infected, regardless of whether that person
has been tested and identified officially as a case. Similarly, | am using the term “contact” as
equivalent to a person exposed to an infectious person (case), whether the infectious person has
been officially determined to be a case, and whether the person that has been exposed has been
identified officially as a contact.

Regardless of whether symptoms occur or not, cases are potentially infectious for a time that is
defined as the “infectious period”. For COVID-19, there is general agreement that the infectious
period is, on average, about one week in the absence of symptoms (asymptomatic) or beginning
one or two days prior to symptoms (pre-symptomatic).? If transmission occurs from an exposure
during this period to one or more of their contacts, the chain of transmission continues. If no
transmission occurs from a case, the propagation of that chain of transmitted infections comes to
an end.

1 MyHealth.Alberta.ca: Patient Care Handouts, Coronavirus disease (COVID-19): Care instructions.
https://myhealth.alberta.ca/health/AfterCarelnformation/pages/conditions.aspx?hwid=custom.ack9673ahs.

2 World Health Organization Scientific Brief, Transmission of SARS-CoV-2: implications for infection prevention precautions, 9 July 2020.
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-

precautions.
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13.

14.

15.

16.

17.

18.

19.

In addition to the modes of transmission of communicable diseases, the term “natural history”
refers to the clinical course of one person’s infection. As above, this begins with an exposure that
results in transmission of infection. After infection has occurred, the person may or may not
develop symptoms. It is estimated that about one-third of infections are asymptomatic, i.e. have
no symptoms.3 For the other two-thirds, symptoms may be mild or severe, on a continuum.

A usual way to think about severity is the degree of impact of the infection on the person’s activities
and their need for care. These include interference with activities of daily living, the need for
medical care - especially hospitalization or intensive care -, duration of illness, or, in rare cases,
death.

In other words, we need to know how infection is transmitted — the modes of transmission — and
we need to know about the clinical course —the natural history - in persons that have been infected.

Transmission is the first stage of the natural history of an infection. We need to measure how
frequently infection is transmitted. We need to measure the severity of the clinical course. These
two measurements — frequency and severity - are the fundamental epidemiological descriptors of
the burden of illness from COVID-19 and any other disease.

Understanding and measuring burden of illness, combined with understanding and measuring the
benefits and harms of intervention options are the basis for proposing and implementing rational
public health policies and actions. To justify any policy requires a transparent description of the
guantitative measurements and estimates used as well as the rationale for how they have been
used.

In communicable diseases, the transmission of infection and the course of the disease describes
the impact of infection on individuals. In addition, it is important to understand the impact of one
person’s infection on others. This happens in two main ways: 1) transmission of their infection to
another person; or 2) their utilization of health care services, potentially limiting access to care for
others.

PUBLIC HEALTH CONSIDERATIONS WHEN ASSESSING DISEASES AND ASSOCIATED PUBLIC RISKS

Public health uses this framework to estimate and monitor harmful impacts associated with the
disease. These include severity of illness and deaths, utilization of health services, and impacts on
the health care, social, and economic determinants of health.

A major challenge of making and describing these estimates is distinguishing harmful impacts
attributable to direct consequences for infected persons from the impacts of the policies and
interventions of public health officials and their governments. For example, health care workers
may be in reduced supply because of absenteeism from COVID infections or they may be in reduced

3 QOran, D. P.; Topol, E. The Proportion of SARS-CoV-2 Infections That Are Asymptomatic, A Systematic Review. Annals of Internal
Medicine. May 2021. https://www.acpjournals.org/doi/10.7326/M20-6976.
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20.

21.

22.

supply because of policies which hinder them from working, such as isolation, quarantine protocols
or mandatory vaccination policies.

To compare the immune protection of two states — post-vaccination with post-infection — requires
clarification of what we are comparing. As described in paragraph three, immunity can offer
protection for the individual exposed to the virus at three stages of the natural history:

1. It can enable the contact to interrupt transmission, thus preventing infection from
occurring;

2. It can reduce the severity of infection; and

3. It can reduce the transmission of infection to others by reducing the volume of virus and
symptoms (e.g. coughing, sneezing).

In other words, to compare levels of protection, the outcome of interest, each of these stages must
be specified, measured, and compared. Good public health planning sets measurable objectives for
relevant outcomes, identifies optimal strategies to address them, and monitors progress of
achieving the outcomes.

Let’s use the example of a policy to hinder from working unvaccinated healthcare workers.

1. To estimate the transmission of infection to unvaccinated healthcare workers, case counts
of new infections should be estimated in advance of formulating such a policy and should be
used for monitoring. This should include similar measurements for comparison with
healthcare workers that have been vaccinated. This makes it possible to estimate the size of
any additional risk for unvaccinated healthcare workers to get infected in comparison to
vaccinated healthcare workers.

2. To assess severity of illness and need for hospitalization, indicators should be identified and
estimated in advance of formulating such a policy and should be used for monitoring. This
should include measurements of hospital admissions associated with exposure to
unvaccinated healthcare workers in comparison with exposure to vaccinated healthcare
workers. This comparison would make it possible to estimate the size of any additional risk
of severe illness and hospitalizations associated with the provision of health care by
unvaccinated healthcare workers.

3. To compare unvaccinated healthcare workers with vaccinated healthcare workers with
respect to transmission of infection to others in healthcare facilities , case counts of new
infections associated with transmission from healthcare workers should be estimated in
advance of formulating such a policy and should be used for monitoring. This makes it
possible to estimate the size of any additional risk of unvaccinated healthcare workers
transmitting infection in healthcare facilities.

Policies which disrupt the work and personal lives of health care workers should be justified
by estimates of the size of the risk attributable to unvaccinated status and the estimated
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23.

24,

25.

26.

27.

28.

effect size of policy intervention. Both beneficial and harmful effects should be estimated.

There are many factors to consider. A fundamental consideration is the comparison of
protection by natural immunity following infection with the protection by vaccine-induced
immunity following vaccination. In other words, the comparisons described above in 1), 2),
and 3) should also be analyzed in consideration of whether previous infection had occurred,
both for vaccinated and unvaccinated workers.

These beneficial outcomes of immune protection can be estimated for the three stages in the
natural history of transmission and the clinical course of the illness described above. They can be
estimated generally, and they can be estimated for specific sub-groups of individuals, characterized
and stratified by variations of biological (e.g. age, chronic conditions) and social factors, such as
being disadvantaged by access to health care, income, discrimination, and in other ways.

In addition to estimating the beneficial outcomes of immune protection for individuals, public
health undertakes assessments of protection at a population level. This is a more complicated
assessment because of the dynamic processes of human interactions and the multiplicative impacts
of exposure to infectious persons.

The higher the proportion of immune/protected individuals, the lower the probability of
transmission in the population. This is true whether any one person has protection by natural
immunity following previous infection, vaccine-induced immunity, and/or innate immunity prior to
infection or vaccination. It is evident from Alberta’s data that most people’s innate immune systems
have been able to prevent transmission and severity of illness related to Covid-19 infection.

Alberta’s reported rate of death amongst cases for people under the age of 70 has been two per
1000 cases* and would be expected to be significantly lower amongst persons in good health. Even
amongst the frailest —people over 80 years - more than 80% have survived an infection®. These
rates are similar to those observed before vaccines were available. This is in part because of our
innate immune systems, which have evolved to respond to new viruses that have not been “seen”
before.

The actual infection fatality rates (proportion) are usually lower than the case fatality rates because
of the higher number of actual infections — including asymptomatic infections — that have not been
tested and identified as cases. The case fatality rate (proportion) is a simple calculation of the
number of deaths from COVID-19 divided by the number of identified cases. If the actual number
of infections is significantly greater than the number of identified cases, the true denominator is
greater, and the infection fatality proportion is lower than that which only includes identified cases
in the denominator.

To develop a rational policy regarding the provision of health care by people based on their innate
immunity, natural immunity from previous infection, or vaccine-induced immunity requires many

4 Government of Alberta, COVID-19 Alberta statistics. https://www.alberta.ca/stats/covid-19-alberta-statistics.htm#severe-outcomes.
5 |bid.
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29.

30.

31.

32.

33.

considerations. To estimate the frequency of transmission and the level of protection from
exposure in health care facilities or other settings, requires surveillance and analysis of data from
laboratories, contact tracing programs, medical care records in the community, and hospital and
fatalities data.

Most provincial governments and public health officials, including Alberta, have not shown or
explained information sufficiently for others to understand the trajectory of the pandemic or to
understand the rationale for policy decisions. This may be because the data has not been collected
and/or analyzed and/or summarized and/or made available in a transparent way. For example,
data from the case and contact tracing program combined with laboratory data, hospital records,
and mortality data should be used to estimate the number and rates of exposures, settings, and
health, access to health care, and social circumstances associated with transmission, serious
outcomes, and the need for hospitalization. Within such an analysis, one could estimate how much
health care workers — vaccinated v unvaccinated — have contributed to the burden of illness and
pressure on the health care system.

The estimates and information described above are only some of the ways to determine and
estimate which inputs and which outputs are most important to compare in order to choose
strategy options that will:

a. achieve optimal benefit (e.g. reduction of serious infections and need for hospitalization);

b. cause the least harm (e.g. adverse side-effects of vaccination, reduced capacity to care for
all diseases),

c. cause the least negative impact on everyday life (e.g. unemployment); and

d. the least costly (e.g. costs for infection and control procedures and materials).

Despite efforts to find data, information, and rationale of the kind described in paragraphs 20-30,
| have been unable to find evidence or rationale for Alberta Health Services’ policies to prevent
unvaccinated previously infected health care providers from working in health care facilities.
Without such information, | have been unable to understand the rationale for such a policy and the
estimated quantitative expectations of its benefits, harms, impacts on everyday life, and monetary
costs.

PUBLIC HEALTH CONSIDERATIONS REGARDING PEOPLE PREVIOUSLY INFECTED

An important question, attracting worldwide attention, is to what degree vaccination increases the
protection of people previously infected. There is increasing information in the literature, some of
which has been summarized below by official national and international public health
organizations.

As shown below in my answers to the second question, current evidence cited by official public
health organizations has consistently shown that even the most effective vaccinations such as
Pfizer's and Moderna’s mRNA products produce, at best, similar levels of protection than that
obtained by natural immunity in previously infected persons.
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This observation is consistent with the overview of evidence in the Rapid Review Update of October
15, 2021, by the Public Health Agency of Canada National Collaborating Centre on Methods and
Tools®. It stated that “Across immunogenicity studies, findings are consistent that those with a prior
infection have a stronger response with follow-up periods closer to receipt of vaccination. The
magnitude of the difference between groups appears to decrease over time, and in several studies
was no longer statistically significant at the longest follow-up periods (5 - 7 months)”.” In other
words, natural immunity following infection provided better protection than immunization up until
the longest period of follow-up of seven months. This difference appeared to decrease over time,
but natural immunity remained stronger, albeit not statistically significant. It is not clear whether
the lack of statistical significance is because of the small magnitude of the difference or the small
size of the sample. Regardless, no evidence was found for inferiority of protection from natural
infection in comparison to vaccination.

An updated USA Centers for Disease Control and Prevention Science Brief, found that “the
immunity provided by vaccine and prior infection are both high but not complete (i.e. not 100%)”2.
This is only one of many studies and summary statements of official public health organizations
which are consistent in the opinion that natural immunity is at least as protective of vaccine-
induced protection.

There are, however, differences of opinion about the degree, if any, of increased protection from
vaccination in previously infected persons. Whereas there may be some increased protection, the
estimated effect size is likely to be small given the high level of protection already conferred by
natural immunity from a previous infection. Larger studies have observed that protection by
natural immunity following infection is greater than 90%. A recent UK study quoted by the
European Centre for Disease Control and Public Health England showed that for persons previously
infected, the observed protection from re-infection with the Delta variant was greater than 99%°.
Such observations reduce to negligible the potential of additional protection from vaccination in
persons previously infected. Recent reports of waning immunity and the need for a third (booster)
suggest that superiority of natural immunity may be increasing over time. This is discussed further
later in this report.

Regarding the benefit and harm of vaccination in previously infected persons, the National Advisory
Committee on Immunization (NACI) refers to an October 15, 2021 Rapid Review Update of the
Public Health Agency of Canada National Collaborating Centre for Methods and Tools, McMaster
University'. The most relevant finding was that “The evidence is very uncertain about the risk of

6 The National Collaborating Centre for Methods and Tools Prepared for: National Advisory Committee on Immunization (NACI), Rapid

© N

©

Review Update 1: What is the ongoing effectiveness, immunogenicity, and safety of COVID-19 vaccines in persons who have had a
prior, confirmed COVID-19 infection? October 15, 2021. https://www.nccmt.ca/covid-19/covid-19-rapid-evidence-service/36 [NACI].
Ibid. at page 3.

Centre for Disease Control and Prevention, Science Brief: SARS-CoV-2 Infection-induced and Vaccine-induced Immunity, October 29,
2021. https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/vaccine-induced-immunity.html

Public Health England, SARS-CoV-2 variants of concern and variants under investigation in England, Technical briefing 19, July 23,
2021.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/1005517/Technical Briefing 19

.pdf at page 36. [Public Health England].

10 NACI, supra note 6.
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infection in individuals with previous COVID-19 infection who receive vaccination compared to
those who remain unvaccinated.”*! In other words, Canada’s National Collaborating Centre could
not find sufficient evidence to confirm that vaccination for previously infected persons provided
any additional protection.

Of equal concern is the occurrence of harmful adverse events from vaccination in persons
previously infected. Policies mandating vaccination in people with evidence of previous infection
should be able to demonstrate even more substantive evidence that vaccination will result in more
benefit than harm. For healthcare workers and others previously infected, the benefit of
vaccination appears to be of negligible value. Given current evidence for an equivalent if not higher
level and duration of protection from previous infection, even a low rate of significant adverse
events may well outweigh the small, if any, expected benefit.

In its Recommendations on the COVID-19 vaccines, NACI quotes a study entitled “Previous COVID-
19 infection but not Long-COVID is associated with increased adverse events following
BNT162b2/Pfizer vaccination”by Raw et al from the British Medical Journal.!? This study estimated
the risk of harmful adverse effects of COVID-19 vaccination in healthcare workers previously
infected with COVID-19 and healthcare workers that were not previously infected. The authors
concluded that prior COVID-19 infection was associated with a 50% higher rate of reported
moderate/severe symptoms (e.g. fever, fatigue, muscle or joint pain, swollen lymph glands).*3

Regarding booster doses in persons previously vaccinated with two doses, the NACI states in its
Intermittent Guidance on booster COVID-19 vaccine doses in Canada, October 29, 2021, that its
number one research question is “What is the efficacy, effectiveness, immunogenicity and safety
of a booster dose in COVID-19 vaccine individuals who have had a previous laboratory-confirmed
SARS-CoV-2 infection?”14

With regard to current knowledge on this question, NACI’s Interim Guidance on Booster COVID-19
Vaccine Doses has one sentence. “The safety and effectiveness of a third dose in persons who had
a previous SARS-CoV-2 infection is currently unknown.”®

Given the current trends towards recommendations for routine administration of a booster (third)
dose in all sub-populations, mandatory vaccination of healthcare workers may well soon include a
third dose requirement. The frequency and severity of adverse events from a booster dose will
become increasingly important to estimate, especially for previously infected persons, the
incremental benefit and harms. As the incremental benefit from additional doses diminish and the
incremental harm of adverse events increase, it can be anticipated that the benefit/harm ratio will

11 /bid. at page 8.

12 Raw. R.; Kelly, C.; et. al. medRxiv, Previous COVID-19 infection but not Long-COVID is associated with increased adverse events
following BNT162b2/Pfizer vaccination, April 22, 2021. https://www.medrxiv.org/content/10.1101/2021.04.15.21252192v1.

13 |pid. at Abstract and page 6.

14 Government of Canada, Archived 21: National Advisory Committee on Immunization statement: Interim guidance on booster COVID-
19 vaccine doses in Canada [2021-10-29]. https://www.canada.ca/en/public-health/services/immunization/national-advisory-
committee-on-immunization-naci/recommendations-use-covid-19-vaccines/statement-guidance-booster-doses.html#a8. [NACI
COVID-19 Booster Guidance]

15 |pid.
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a)

43.

44,

45,

46.

decrease. This should be estimated to explain and justify a policy to require booster doses,
especially for previously infected persons.

Regarding question |, what are current stated facts and opinions of official public health

organizations?

Conclusion summary. There is a high level of consistency of observations and/or
conclusions between the major public health organizations considered in this report — the
World Health Organization, the European Centres for Disease Control, the USA Centers for
Disease Control and Prevention, and the Canadian Public Health Agency’s National
Advisory Committee on Immunization —with respect to the similarity of levels and duration
of protection by natural immunity from previous infection and the levels and duration of
protection by vaccine-induced immunity.

USA CENTERS FOR DISEASE CONTROL AND PREVENTION (CDCP)

As of December 3, 2021, the USA Centers for Disease Control and Prevention (CDCP) has
recommended COVID -19 vaccination for people that were previously infected.®

Without providing evidence that vaccination provides superior protection than previous infection,
the public-oriented document claims that “emerging evidence “shows that getting a COVID-19
vaccine following previous infection provides added protection, referring only to one study to
support this statement — a study of 246 cases and 492 controls.’

CDCP claims that Cavanaugh’s study “showed” that previously infected unvaccinated persons had
twice the odds of getting re-infected than previously infected vaccinated persons. However, the
authors themselves did not claim that their study “showed” any conclusions. In fact, they clarified
that their type of study could not be used to show a cause-and-effect connection, and instead use
the word “suggested” rather than “showed”, while pointing out that their study had “at least five

limitations”.18

This one and only study relied on by CDCP is inconsistent with the cited evidence and conclusions
of the other major public health organizations included in this report.

16 Centre for Disease Control and Prevention, COVID-19 Preparing for Your Vaccine, December 3, 2021.
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/prepare-for-vaccination.html.

17 Centre for Disease Control and Prevention, Morbidity and Mortality Weekly Report (MMWR), August 13, 2021.
https://www.cdc.gov/mmwr/volumes/70/wr

18 |bid.
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b)

47.

48.

49.

50.

51.

EUROPEAN CENTRE FOR DISEASE CONTROL (ECDC)

The following information was obtained from the Rapid Risk Assessment 16" update of September
30, 2021, found on the European Centre for Disease Control (ECDC) website on November 21,
2021.1°

The section Disease Background beginning on page 12 addresses issues of protection against
infection, comparing natural immunity with vaccination.?° It also considers duration of protection
and variants of concern.

Recognizing that there is a sparseness of longitudinal cohort comparisons, ECDC refers to a
systematic review of 11 key studies by the Irish Health Information and Quality Authority?!. This
review estimated that the range of reinfection rates amongst previously infected persons was from
0% to 1.1%.2% In other words, there was 99% or greater protection resulting from previous
infection. This protection was observed to be maintained for up to 10 months after initial infection.

Of significance, ECDC, in its baseline modeling, assumed 100% protection by natural immunity in
previously infected persons. It used in its model a 71% vaccine-induced protection against infection
and an 82% vaccine-induced protection from hospitalization or death?3. In modeling, the most
important and impactful variables are selected for the mathematical formula and an estimate of
their value is inserted into the model formula. The values selected should be realistic and based on
best available evidence. The choice of these values indicate that the modelers considered the
protection by natural immunity to be significantly higher than the protection from vaccination.

Regarding protection against reinfection by the Delta variant, ECDC refers to a Public Health
England study?* indicating that there was an adjusted odds ratio of 1.46 when comparing the odds
of reinfection by the Delta variant to the odds of reinfection by the alpha variant. This indicates a
46% higher risk of reinfection with the Delta variant than the previously dominant Alpha strains.
What is most important to understand is that in absolute terms and before adjustments were made
for age and other variables, the protection by natural immunity against Alpha variant reinfection
was 99.4% in comparison to protection of 98.7% for the Delta variant. Inversely, the probability of
reinfection with the Delta virus was 100% - 99.4% = 0.6% compared to the probably of re-infection
with the Alpha variant of 100% - 98.7% = 1.3%. After adjustments for relevant variables, this 0.7%
difference (0.13% - 0.6% = 0.7%) shrinks to 0.9% - 0.6% = 0.3%.

19 European Centre for Disease Prevention and Control, Assessing SARS-CoV-2 circulation, variants of concern, non-pharmaceutical
interventions and vaccine rollout in the EU/EEA, 16th update, September 30, 2021.
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-rapid-risk-assessment-16th-update-september-2021.pdf
[ECDC].

20 /pjd. at page 12.

21 Murchu, E.; Byrne. P. et al. Medical Virology, Quantifying the risk of SARS-CoV-2 reinfection over time, May 27, 2021.
https://onlinelibrary.wiley.com/doi/10.1002/rmv.2260.

22 |pid. at Section 4.1.

23 ECDC supra. note 19 at page 15.

24 public Health England supra. note 9 at page 36.
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52.

53.

54.

55.

56.

In other words, the probably of reinfection by a Delta variant in previously infected persons is 9 per
1000 compared with the probably of reinfection by the Alpha variant of 6 per 1000, an absolute
rate difference of 3 per 1000. These rates are much lower than the rates of infection that have been
observed post-vaccination in persons that did not have previous infection. Even if one uses the
highest estimates of 95% protection by vaccines, the probability of infection by the Delta virus is
50 per 1000 for vaccinated persons compared to 10 per 1000 for previously infected persons.

Given the imprecision of observations of this study, one must be cautious in their interpretation of
their results. This difference may be statistically significant because of the large numbers, but the
magnitude of the difference and the relevance of this difference is of doubtful significance. A
reasonable conclusion from these data, the prime evidence provided by ECDC for its assessment,
is that natural immunity protects from reinfection with Delta variants in a similar way that it does
for reinfection from an Alpha variant. None of the major public health organizations included in
this report provided evidence or that natural immunity cannot be relied on as much as vaccine-
induced immunity to protect against reinfection or infection, respectively, from the Delta virus or
anticipated future variants of concern.

ECDC's section on “Reinfection with SARS-CoV-2" concludes with the statement “Taken together,
the risk of reinfection with the Delta variant remains low, albeit with evidence of increased risk
relative to the previously circulating Alpha variant.”?> Given the magnitude of the absolute risk
difference of reinfection between two variants, the conclusion provided by the ECDC is reasonable
and consistent with the very low risk of reinfection, with a negligible difference between the two
variants.

WORLD HEALTH ORGANIZATION (WHO)

In May of 2021, WHO posted a technical guidance scientific brief on COVID-19 Natural Immunity?®.
WHO states that it monitors for changes that may affect the information in the brief, in which case
further updates will be issued. The brief has yet to be updated, suggesting that there has been no
new information of significance.

The brief concludes that “current evidence points to most individuals developing strong protective
immune responses following natural infection” and that “recent evidence suggests that natural
infection may provide similar protection against symptomatic disease as vaccination, at least for
the available follow up period.”

25 ECDC supra. note 19 at page 15.

26 World Health Organization, COVID-19 natural immunity, Scientific brief, May 10, 2021.
https://apps.who.int/iris/bitstream/handle/10665/341241/WH0-2019-nCoV-Sci-Brief-Natural-immunity-2021.1-
eng.pdf?sequence=3&isAllowed=y.
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d)

57.

58.

59.

60.

61.

PUBLIC HEALTH AGENCY OF CANADA (PHAC) NATIONAL ADVISORY COMMITTEE ON
IMMUNIZATION (NACI)

The Public Health Agency of Canada is the Government of Canada’s official public health leading
organization in Health Canada. The National Advisory Committee on Immunization (NACI) is the
official advisory body to the Public Health Agency with respect to immunization policies for all types
of infectious diseases and all types of vaccinations. It is not authorized to make decisions nor to set
policy, but its advice (of credentialled experts and other members) is usually followed by federal
and provincial jurisdictions, subject to feasibility, economic, and other considerations. In emerging
events such as HIN1 (2009) or COVID-19, NACI produces rapid recommendations, updates, and
interim guidance on the indications and contraindications of the use of vaccines. The approval of
vaccines is the responsibility of the Health Products and Food Branch of Health Canada.

What has NACI recommended with respect to vaccination of persons previously infected with
COVID-19? NACI’s October 22, 2021, Recommendations on the Use of COVID-19 Vaccines classifies
Recommendation 4 as a “Discretionary Recommendation”. It states: “NACI recommends that a
complete series with a COVID-19 vaccine may be offered to individuals in the authorized age group
without contraindications to the vaccine who have had previously PCR-confirmed SARS-CoV-2
infection”.?” In other words, for those that have had a positive COVID-19 test and without
contraindications to the vaccine, NACI is permissive, but does not actually recommend that they
should get vaccinated.

NACI’'s recommendations are usually categorized as either “strong” or “discretionary”. The
rationale for a discretionary recommendation is “Known/anticipated advantages are closely
balanced with known/anticipated disadvantages, or uncertainty in the evidence of advantages and
disadvantages exists”28.

The evidence provided in NACI’'s Recommendation 4 shows why NACI’'s recommendation is
“discretionary” and why it has concluded that the advantages and disadvantages of vaccinating
persons that were previously infected are “closely balanced” or that there is “uncertainty in the
evidence”.

For example, it is stated that “A number of large observational studies have found the incidence of
reinfection in individuals with prior SARS-CoV-2 infection, with and without subsequent mRNA
COVID-19 vaccination, to be comparable to individuals without prior infection who have received
two doses of mMRNA vaccine. In addition, a prospective observational study of the Israeli adult (216
years) population estimated that prior SARS-CoV-2 infection provided very high (94 to 96%)
protection against subsequent infection, hospitalization, and severe illness, which were

27 public Health Agency of Canada, Advisory Committee Statement (ACS) National Advisory Committee on Immunization (NACI)
Recommendations on the use of COVID-19 vaccines, October 22, 2021, at page 56. https://www.canada.ca/content/dam/phac-
aspc/documents/services/immunization/national-advisory-committee-on-immunization-naci/recommendations-use-covid-19-

vaccines/recommendations-use-covid-19-vaccines-en.pdf. [Public Health Canada]

28 |pid. at page 61.
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62.

63.

64.

65.

comparable to the estimates of protection provided by two doses of vaccine in the previously
uninfected vaccinated cohort.”?®

NACI’'s Recommendations document refers to three “large observational studies”, cited as 88, 89,
90 in NACI’s endnotes, that compare natural immunity following infection with vaccine-induced
immunity following vaccination.3® The pertinent findings of each of these three studies by Shrestha,
Hall, and Goldberg, respectively, are described in more detail in the following three paragraphs.
Shrestha’s study indicated that previously infected USA healthcare workers had the same
protection from re-infection, whether vaccinated or not, as the protection from vaccination in
previously uninfected persons.3! Hall’s study of UK healthcare workers indicated that vaccination
was less protective than a previous infection.3? Goldberg’s population-based study in Israel showed
that protection from previous infection was comparable to two doses of the Pfizer vaccine.?® These
three studies were the only large observational studies selected by NACI as evidence for comparing
the protection from previous infection with protection from vaccination. The subjects in the studies
in the USA and the UK were healthcare workers. The Israeli study was a whole population-based
study, i.e. not a sample of subjects. The results are consistent in all three studies; natural immunity
from previous infection provided equal or better protection than vaccination.

In the Shrestha study, 2,600 previously infected persons were followed up for 5 months. No cases
of reinfection were observed. This group was part of a study of 52,000 health care system
employees in the USA. The cumulative incidence rate (total cases) of SARS-COV-2 infection amongst
previously infected unvaccinated employees did not differ from that of previously infected fully
vaccinated employees or from that of previously uninfected fully vaccinated employees.?* In other
words, vaccination of previously infected healthcare workers did not reduce their risk of re-
infection. The study concluded that “Individuals who have had SARS-CoV-2 infection are unlikely to
benefit from COVID-19 vaccination, and vaccines can be safely prioritized to those who have not
been infected before.”3>

Hall is cited for his study of 23,324 staff working for the National Health Service in UK hospitals. The
protection for vaccinated (two-dose) persons without prior infection was 86% in comparison with
90% for unvaccinated persons with prior infections.®

Goldberg’s paper is a prospective observational study capturing the entire adult (=16 years) Israeli
population. It provided estimates of protection against subsequent infection, hospitalization, and

29 Goldberg, Y.; Mandel M.; et al. medRxiv, Protection of previous SARS-CoV-2 infection is similar to that of BNT162b2 vaccine
protection: A three-month nationwide experience from Israel, April 24. 2021.
https://www.medrxiv.org/content/10.1101/2021.04.20.21255670v1.full.pdf. [Israel Study]

30 public Health Canada supra note 27 at page 39.

31 Shrestha N.; Burke P.; et al. medRxiv, Necessity of COVID-19 vaccination in previously infected individuals. July 19, 2021.
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v2. [Previous Infection Study]

32 Hall V.; Foulkes S.; et al. Saei A, Andrews N, Oguti B, Charlett A, et al. Lancet prepublication, Effectiveness of BNT162b2 mRNA vaccine
against infection and COVID-19 vaccine coverage in healthcare workers in England, multicentre prospective cohort study (the SIREN
Study), February 22, 2021. https://papers.ssrn.com/sol3/papers.cfm?abstract id=3790399. [Healthcare Workers in England]

33 |sreal Study, supra note 29.

34 https://www.Previous Infection Study supra. note 31 at Results: Cumulative Incidence of COVID-19.

35 |pid. at ABSTRACT: Conclusions.

36 Healthcare Workers in England supra. note 32.
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69.

severe illness in previously infected unvaccinated individuals over 3 months of follow-up, when the
B.1.1.7 (alpha) variant was the most prevalent variant. “In this unvaccinated population, the
estimates of protection due to prior SARS-CoV-2 infection were 95% against subsequent infection,
94% against hospitalization, and 96% against severe illness compared to unvaccinated individuals
without prior infection. These estimates of protection from previous infection were comparable to
the protection from two doses of Pfizer-BioNTech vaccine in the previously uninfected vaccinated
cohort” (emphasis mine).3’

It is further stated by NACI that “These observational studies suggest previous infection with SARS-
CoV-2 induces good protection against subsequent infection and that the protective effect may be
comparable to complete mRNA COVID-19 vaccination in individuals without prior infection.
However, whether the duration of protection generated from previous infection is similar to that
elicited by mRNA COVID-19 vaccination remains unknown. The duration of protection provided by
vaccination also remains unclear at this time.”38

Research has not yet been able to answer other relevant questions such as duration of protection
and cross-protection from variants of concern (VOCs). There is a lack of evidence comparing the
immune responses against VOCs in unvaccinated, previously infected persons to immune
responses against VOCs in vaccinated individuals.

Based on these studies and the recommendations of the Public Health Agency of Canada NACI, it is
reasonable to conclude that there is a consensus or majority view amongst NACI’s committee
members that previous infection results in equivalent protection to that of vaccination. It is clear
that NACI’s Recommendation 4 does not say that vaccination of previously infected persons should
be done, the wording that would be used for strong recommendations. It says, instead, that it may
be done, but that there is insufficient evidence to support or reject this practice. This opinion is not
gualified by the presence of predominance of a variant of concern. What this means to me is that
NACI, as stated on October 22, 2021, has been of the opinion that there is insufficient evidence at
this time to support a conclusion that vaccination of a previously infected person would improve
the strength or duration of their protection from subsequent infection or infectiousness. NACI’s
opinion appears to apply to any variant of SARS-CoV-2. Furthermore, it appears NACI members
share a concern that harmful adverse reactions to the vaccine by persons previously infected by
COVID-19 could outweigh any benefits. | find these opinions and concerns of NACI to be reasonable
and am not aware of any reasonable basis for policy makers to reject or ignore them.

With respect to the duration of protection, there is increasing evidence that immunity wanes within
a few months after “full vaccination” of two doses of an mRNA vaccine. In a subsequent document
prepared by NACI entitled: “Interim Guidance on Booster COVID-19 Vaccine Doses in Canada,

37 |sreal Study, supra note 29.
38 Public Health Canada supra note 27 at page 39.
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October 29, 2021”3° NACI recommends that a booster dose should be offered to key populations
at highest risk of severe illness from COVID-19 and highest risk of waning protection?. It also
recommends that booster doses may be offered to key populations of increased risk of severe
illness from COVID-19 and increased risk of waning and/or lower protection. This recommendation
of a third (booster) dose is based on several observations and opinions, including:

e Emerging evidence suggests a waning in COVID-19 vaccine immunogenicity and
effectiveness against SARS-CoV-2 infection over time following completion of the
primary series, although protection against severe COVID-19 outcomes appears to be
more durable than protection against infection.*!

e Increased incidence of breakthrough infections amongst those fully vaccinated is
expected in the context of high community rates of SARS-CoV-2 (especially where
vaccination coverage rates for the primary COVID-19 vaccine series are low) and the
predominance of the Delta variant in Canada, given the somewhat lower vaccine
effectiveness against infection with this VoC.”#?

Despite NACI’s recognition in its October 22, 2021 Recommendations on the Use of COVID-19
Vaccines of the observed equivalence of immune protection from previous infection in
unvaccinated persons and full vaccination of non-infected persons, there is no mention of any
evidence regarding waning of natural immunity following previous infection. Neither is this
guestion listed as a research priority. Given the importance of this question, it appears that NACI
has accepted for now current observations and past empirical and scientific knowledge of the high
levels and long duration of protection from natural immunity following infection from different
types of viruses.

Policies which recommend or require persons previously infected by SARS-CoV-2 to be vaccinated
are inconsistent with usual public health policies and practice for other vaccines. Vaccination is
usually not recommended or contraindicated for persons with evidence of previous infection, such
as measles, rubella, hepatitis A, hepatitis B, and rabies. This is because the harm from vaccination
in these circumstances is considered to outweigh the benefit. In other words, when previous
infection confers adequate levels and duration of protection, the benefit of vaccination is
negligible. Any risk of harm, whether mild or severe, is likely to outweigh that benefit.

The Alberta Health Services Standard on the Contraindications and Precautions Related to
Immunization defines contraindication as a “Situation in which a vaccine should not be given
because the risk of an adverse event outweighs any potential therapeutic benefit of the vaccine”43.

39 public Health Agency of Canada, An Advisory Committee Statement (ACS) National Advisory Committee on Immunization (NACI)
Interim guidance on booster COVID-19 vaccine doses in Canada, October 29, 2021. https://www.canada.ca/content/dam/phac-
aspc/documents/services/immunization/national-advisory-committee-on-immunization-naci/recommendations-use-covid-19-
vaccines/statement-guidance-booster-doses/statement-guidance-booster-doses.pdf.

40 |bid. at page 16.

41 |pid. At page 18.

42 |pid. at page 18.

43 Alberta Health Services, Standard on the Contraindications and Precautions Related to Immunization, Revised: September 12, 2016.
https://www.albertahealthservices.ca/assets/info/hp/cdc/if-hp-cdc-ipsm-standard-contraindications-precautions.pdf at page 2.
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Alberta’s immunization policy states that the vaccines for measles, mumps, and rubella are
indicated for persons without previous recommended vaccination or a history of laboratory-
confirmed disease.**

In NACI's Recommendations on the Use of COVID-19 Vaccines, referred to previously, several
research priorities are listed regarding the use of vaccines in individuals who have had previous
laboratory evidence of SARS-CoV-2 infection.*

For these questions to be in NACI’s research priorities list shows that they are important questions
for immunization policy-setting and that their answers are not yet known. NACI’s questions
include?e:

What is the efficacy, effectiveness, immunogenicity, and safety of COVID-19 vaccines in
individuals who have had a previous laboratory evidence of SARS-CoV-2 infection?

a. Is there a discernable difference between seronegative and seropositive people in any of
the above parameters? (*Note, seronegative refers to persons whose blood does not have
antibody evidence of previous infection; seropositive refers to persons whose blood has
antibody evidence of previous infection.)

b. Does previous exposure to SARS-COV-2 impact efficacy, effectiveness, immunogenicity, or
safety of COVID-19 vaccines?

c. Can a single-dose vaccine series be as effective and safe in individuals with previously
proven COVID-19 disease?

d. Are there any emerging safety signals with COVID-19 immunization that are not predicted
by current understanding of the safety profile of similar vaccines?

e. Does vaccination following prior SARS-CoV-2 infection or vaccination of SARS-CoV-2 naive
individuals elicit enhanced or altered disease upon subsequent infection by SARS-CoV-2 or
other endemic coronaviruses?

It is significant that NACI considers these questions to be unanswered and to be relevant to COVID-
19 policy-setting. Cautionary public health decision-making should take these uncertainties into
account and explain transparently how they have been considered in the context of the evidence
for and the expected outcomes of their policies.

In NACI’s October 29, 2021 Interim Guidance on Booster COVID-19 vaccine doses?’, the first two of
seven research priorities are: 1) “What is the efficacy, effectiveness, immunogenicity and safety of

44 Alberta Immunization Policy, MMR Vaccine, December 2021. https://open.alberta.ca/dataset/aip/resource/722329ea-4d90-42eb-
8a7a-10c9fa0249d0/download/AIP-BP-MMR.pdf at pages 1-2.

45 Public Health Canada supra note 27 at page 56.

46 |pid. at page 56.
47 NACI COVID-19 Booster Guidance supra. note 14.
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a booster dose COVID-19 vaccine in individuals who have had a previous laboratory-confirmed
SARS-CoV-2 infection?”; and 2) “What is the effect of booster doses of COVID-19 vaccines on
transmission of infection at a population level? How long do any beneficial effects on transmission
last?”48

Of significance, these two research priorities for the COVID-19 vaccines reveal that there is
insufficient evidence regarding the effectiveness and safety of a booster shot in individuals
previously infected and the impact and duration at a population level of booster doses of COVID-
19 vaccines.

In summary, regarding comparability of protection by natural immunity or vaccination, there is
remarkable consistency between the documents of the official public health organizations most
often referred to by Canada and the provinces, namely the United Nations World Health
Organization, the European Centre for Disease Control, the USA Centers for Disease Control and
Prevention, and the Public Health Agency’s National Advisory Committee on Immunization. These
reports and/or their referenced evidence indicate that natural immunity has been shown to be at
least as protective as vaccine-induced immunity, while recognizing that the periods of follow-up
have been of limited length of time to confirm the long-term strength and duration of protection.

M. In my opinion, what issues should be considered, what information should be obtained, and
how should these considerations and information be used to set policies regarding the hindering of
previously infected unvaccinated physicians and other health care workers to work in Alberta Health
Services facilities?

Conclusion summary: | have been unable to find relevant data or clear rationale for policies
pertaining to the exclusion of health care workers because of their vaccination status, especially
since there has been consistent evidence for equivalent — if not superior - protection by natural
immunity resulting from previous infection, as described by the major public health
organizations and the Public Health Agency’s National Advisory Committee on Immunization.

Alberta Health Services (AHS) has posted an “Ethics Decision-making Process”*® on its website. It
outlines five steps: 1) Clarify the key question, 2) Identify facts and stakeholders, 3) Identify values
and prioritize, 4) Identify options, and 5) Make a decision and evaluate.

These steps are consistent with other public health decision-making frameworks. The question of
importance is not whether the framework or process is good. The question is whether it has been
used or not — and if so, how.

Consistent with the Canadian Charter of Rights and Freedoms, most public health acts and
emergencies acts refer to the requirement of governments and public health authorities to use the
least intrusive means necessary to respond to a public health threat. These decisions are matters

48 |pid.
49 Alberta Health Services, Values-Based Decision-Making Toolkit, December 2019. if-hp-ethics-toolkit.docx (live.com)

Page | 18


https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/recommendations-use-covid-19-vaccines/statement-guidance-booster-doses.html#a8
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.albertahealthservices.ca%2Fassets%2Finfo%2Fhp%2Fces%2Fif-hp-ethics-toolkit.docx&wdOrigin=BROWSELINK

of judgment. The standards and ethics of public health practice require that they be reasonable,
fair, based on science and evidence, and be explained transparently. Like most ethical frameworks
for public health, it is expected that respect for autonomy is listed along with beneficence, non-
malevolence, and equity/fairness.

The Public Health Agency of Canada (PHAC) has posted the Public Health Ethics Framework: A guide
for use in response to the COVID-19 pandemic in Canada®’. One of the listed selected sources is
Alberta’s Ethical Framework for Responding to a Pandemic Influenza (2016)>*. PHAC’s framework
includes the following.

In order to promote well-being and minimise harm, the following must be considered when
weighing options:

Effectiveness: there should be a reasonable likelihood that the proposed decision or action
will achieve its goals, and that its implementation is feasible. If scientific evidence is
available, the proposed action or decision should be supported by the evidence;

Proportionality: potential benefits should be balanced against risks of harm. Measures
should be proportionate to the relevant threat and risks, and the benefits that can be
gained. If a limitation of rights, liberties or freedoms is deemed essential to achieve an
intended goal, the least restrictive measures possible should be selected, and imposed only
to the extent necessary to prevent foreseeable harm;

Reciprocity: those who are asked to take increased risks or face greater or disproportionate
burdens in order to protect the public good should be supported by society in doing so, and
the burdens they face should be minimised to the greatest extent possible;

Precaution: scientific uncertainty should not prevent decision makers from taking action to
reduce risks associated with COVID-19. The continued search for scientific evidence should
nonetheless be a goal.

Alberta’s Ethical Framework for Responding to a Pandemic Influenza (2016) includes all of the
above considerations in “weighing options” in decision-making. How well does the Alberta Health
Services Policy “Immunization of Workers for COVID-19"°? conform to the expectations of Alberta’s
and Canada’s frameworks for ethical decision-making?

Regarding “effectiveness”, | have been unable to find in the policy or its listed references any
measurable goals (i.e. objectives) for disease transmission rates in health facilities, an assessment
of causes and risk factors of outcomes (e.g. severe illness), or how this policy will achieve such

50 Government of Canada, Public health ethics framework: A guide for use in response to the COVID-19 pandemic in Canada
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/canadas-reponse/ethics-framework-
guide-use-response-covid-19-pandemic.html#a2. [Canada Public Health Ethics Framework]

51 Alberta Government Publications, Alberta’s ethical framework for responding to pandemic influenza, January 1, 2016. Alberta's
Ethical Framework for Responding to Pandemic Influenza

52 Alberta Health Services, Policy 1189 — Immunization of Workers for COVID-10, Revised: November 29, 2021.
https://extranet.ahsnet.ca/teams/policydocuments/1/clp-ahs-immunization-workers-1189.pdf.
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objectives. There are no references to persons previously infected and how their immune
protection compares with immunized workers. There is no explanation of why testing is not
required for immunized workers whose protection has been shown to be similar, if not less than,
previously infected workers.

Regarding “proportionality”, there is no explanation of how other less restrictive options were
considered in comparison. “If a limitation of rights, liberties or freedoms is deemed essential to
achieve an intended goal, the least restrictive measures possible should be selected, and imposed
only to the extent necessary to prevent foreseeable harm.”>3

Regarding “reciprocity”, it is unclear why previously infected healthcare workers are expected to
pay for testing and do the tests on their own time despite being equally or more protected from
infection than their immunized co-workers.

Regarding “precaution”, for example, | have not found references to precautions with respect to
the impact that restrictions on unvaccinated healthcare workers will have on the number of
healthcare workers available for staffing the health care facilities.

The Government of Canada has posted a document Federal/Provincial/Territorial Public Health
Response Plan for Ongoing Management of COVID-19°* wherein the broad goal of the plan is “to
minimize serious illness and overall deaths while minimizing societal disruption as a result of the
COVID-19 pandemic.”>> More specifically, there are 10 objectives, including “taking public health
action to reduce the incidence, morbidity and mortality of COVID-19 to a locally manageable level
(including operationalizing the vaccine strategy)” and “ensuring access to health care services
(both COVID-19 and non-COVID-19 related services), supplies and treatment options.”>®

As expressed by the Federal/Provincial/Territorial Public Health Response Plan for Ongoing
Management of COVID-19, to justify the use of any one specific restrictive public health measure,
governments and public health officials are expected to demonstrate transparently a risk, benefit,
and harm analysis.

PUBLIC HEALTH ASSESSMENT REQUIREMENTS

To be consistent with these expectations, decisions should consider several factors, including the
severity of the public health threat, the goals and objectives of the strategy, and the pros and cons
of intervention options. In public health plans or strategies, goals are usually broad and
unmeasured (e.g., reduced burden of COVID-19 on hospitals), whereas objectives are specific and
measurable (e.g., to maintain health care worker absence because of illness or quarantine (self-
isolation) to one percent at any one time). Without specific objectives, there is no rational basis for
choosing and implementing specific policies or interventions. Measurable and time-defined

53 Canada Public Health Ethics Framework supra. note 50.

54 Government of Canada, Federal/Provincial/Territorial Public Health Response Plan for Ongoing Management of COVID-19, April 19,
2021. https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/guidance-documents/federal-
provincial-territorial-public-health-response-plan-ongoing-management-covid-19.html#a4.1.

55 |bid. at COVID-19 response goal, objectives and response to date.
56 Ibid.
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objectives require making decisions based on evidence and reason — and explaining how the
specified outcomes would be achieved and how the intervention can be evaluated and modified.

| have not been able to find in any of the public health orders or on an Alberta government website
a description or explanation of specific objectives of the COVID-19 strategy in general, or specifically
the mandating of vaccination in health care workers. A Google word search for “Alberta COVID
strategies goals objectives” failed to find a website with a description of a strategy with goals and
measurable objectives.

On Alberta’s website for ‘COVID-19 Info for Albertans’>’, the tag line is “taking action to protect
the health care system, increase vaccination rates, and reduce the transmission of COVID-19”. In
the overview of its public health actions, it is stated that “Alberta has declared a state of public
health emergency. Measures to protect the health care system, stop the spread, and increase
vaccination rates are in effect.”>® No other details are provided to describe the data analysis,
information, evidence, or rationale for these strategies or specific actions. Nor are there any
“SMART” objectives (specific, measurable, achievable, reasonable, time-defined).

There is a table of vaccination phases, describing targeted age groups, but no measurable targets
or objectives (e.g., a defined percentage of eligible persons to be vaccinated) were found.

Alberta Health Service’s vision, mission, values, and strategies include broad and inspirational goals
for Covid-19 but not specific, measurable, or time-defined objectives.>® The “main objectives” are
more like goals with a broad direction, but lacking in specifics. There are some specified and
quantifiable measures such as “total Alberta residents who received a COVID-19 vaccination (at
least the first dose)”, but there are no objectives such as the percentage target or the time to
achieve it. This is important because without such specific targets, any health policies (e.g.
restrictions, incentives, and other public health measures) cannot be rationally determined or
justified; nor can their progress or end-points be measured or evaluated.

The pros and cons of interventions should consider net effectiveness (benefit minus harm),
efficiency (e.g., cost-effectiveness), and equity (fairness of the different impacts the intervention
might have on people and communities, especially those that were already disadvantaged with
respect to the determinants of health). | have not been able to find a description of the method or
estimates used to consider effectiveness, cost-effectiveness, or equity of the orders for mandatory
vaccination. Nor have | been able to find a description or comparative analysis of effectiveness,
cost-effectiveness, and equity of other options.

Decisions and judgments should be made using available data and evidence, including scientific
principles and previous relevant empirical experience. Because of the complex and changing nature

57 Alberta, COVID-19 info for Albertans, Taking action to protect the health care system, increase vaccination rates, and reduce the
transmission of COVID-19. https://www.alberta.ca/coronavirus-info-for-albertans.aspx.

58 Alberta, COVID-19 public health actions, Public health restrictions are in place to reduce the impacts of COVID-19 on the health care
system. Some businesses can participate in the Restrictions Exemption Program. https://www.alberta.ca/covid-19-public-health-
actions.aspx

59 Alberta Health Services, AHS’ Four Foundational Strategies. https://www.albertahealthservices.ca/about/Page12951.aspx
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of biology and human society, the available evidence is always incomplete.

This lack of complete data is often truer in a public health threat that has new and unforeseen
elements, especially when the reactions of governments, public health leaders, and members of
the public may be more difficult to predict or influence than the biological interactions between
the virus and its human host organism.

The expected approach of decision-makers when data is incomplete is to make the best estimates
possible of the most relevant and consequential parameters. It is incumbent on decision-makers to
explain why they have chosen such parameters, their best estimates of each parameter, the
evidence that has been used for making these estimates, and how they have used these estimates
in their decision-making. Other considerations, some of which may be more qualitative than
guantitative, should also be explained. These include values, norms, beliefs and other ethical
principles. For further clarity, considerations and outcomes of various strategy options should
include personal, psychological, spiritual, health and social care, social relationships, and networks,
educational, environmental, economic (including employment and income), and recreational
determinants of health.

For quantitative estimates, such as the effectiveness of certain interventions, it is not enough to
say that “something works” or that something “may happen”. In public health, like clinical
medicine, effect size (measured benefits and harms) and probabilities should be estimated even in
the absence of strong evidence. Assertions that mandatory vaccination will “work” without an
estimate of the infection transmission reduction and other benefits and harms are just as
unacceptable as asserting that a vaccine “works” without providing a numerical estimation of its
efficacy or effectiveness such as the reduction of infections, hospitalizations, and deaths as well as
the rate and severity of side effects.

For further clarity, public health strategies such as mandatory vaccination or restriction of activities
for people without full vaccination, the beneficial effects and harms of such an intervention should
be estimated, measured, and monitored. The choice of measurements should be determined by
the objectives of the strategy, whether they are to incentivize and increase vaccination rates and/or
to reduce infection transmission.

Interventions in public health should be explained and justified transparently, including admissions
of uncertainty. Options should be described. Reasons for their acceptance or rejection should be
explained. Without these, the ability of those most affected, experts, the media, and politicians to
engage in meaningful discussion and debate is limited. Active engagement based on these
principles should be expected to improve government decision-making and should be expected to
gain the trust and willingness of those who are asked or mandated to make personal and family
sacrifices in the interest of the public good.

PUBLIC HEALTH MEASURES REGARDING HEALTH CARE WORKERS

In my opinion, with respect to mandatory vaccination of health care workers, the following
guestions must be answered — as best as can be reasonably estimated — to rationally develop,
implement, and monitor an effective, efficient, and equitable public health intervention of this
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type. This is especially important when a policy could decrease the number of available healthcare
workers, resulting in less patient care and more stress for those at work.

What are the specific targets for the number/rate of patients admitted to hospital and
number/rate of patients currently in hospital and/or ICU’s in which the reason for admission
is attributable to COVID-19?

What is the estimated proportion of health care workers that have been vaccinated and/or
previously infected (nasal swab/PCR or blood/antibodies)?

What is the estimated occurrence of transmission of infection from health care workers to
other health care workers or to patients in health care facilities?

What is the estimated occurrence of new infections/cases of health care workers?

Of new infections/cases of health care workers, what proportion have been transmitted in
health care facilities?

What has been the impact of transmission from health care workers with respect to the
average number of cases of transmission, contribution to outbreaks (dependent on
definition), need for hospitalizations, need for ICU, or deaths?

What is the estimated impact of anticipated missed work because of mandatory vaccination
of healthcare workers and their families, other healthcare workers that they work with, all
other health care workers because of less staff, and on the health care of patients, the
families of patients and the length of patient wait lists?

What are the anticipated adverse events and what is the estimated frequency of side effects
from vaccines given to persons that already have natural immunity from previous infection?

What is the estimated impact of mandatory vaccination for health care workers on the rates
of hospitalizations and deaths attributable to COVID-19?

What is the estimated comparison of a policy of exclusion of unvaccinated health care
workers previously infected with a policy of non-exclusion of unvaccinated health care
workers previously infected with respect to absenteeism of healthcare workers,
transmission of infections, and severe outcomes — direct and indirect — associated with
transmission of infection in healthcare facilities?

Public health strategies should be based on specific and measurable objectives or targets that are
appropriate to the public health threat and are reasonable and achievable in a way that optimizes
overall population benefit and minimize harmful consequences. Without the information
enumerated above, it is my opinion there is insufficient evidence and rationale to reasonably
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105.

106.

107.

108.

demonstrate the appropriateness of implementing a public health policy to prohibit or otherwise
hinder previously infected healthcare workers from doing their jobs.

For further clarity, | have been unable to find relevant and clear data or rationale for policies
pertaining to the exclusion of health care workers because of their vaccination status, especially
when there has been consistent evidence for equivalent — if not superior - protection from the
natural immunity resulting from previous infection, as described by the major public health
organizations and the Public Health Agency’s National Advisory Committee on Immunization.

SUMMARY AND CONCLUSIONS

| have been asked, as a public health physician and former provincial chief medical officer of
health, to give my professional opinion on the following questions.

. How does protection against COVID-19 infection by natural immunity compare with protection

against COVID-19 from vaccine-induced immunity? Specifically, how do these compare with
respect to levels of protection and duration of protection?

Current evidence and previous scientific observation of other anti-viral vaccines indicate that
natural immunity from previous infection is at least as protective — and for at least as long — as
vaccine-induced immunity.

. Regarding question I, what are current stated facts and opinions of official public health

organizations?

There is a high level of consistency of observations and/or conclusions between the major public
health organizations — the World Health Organization, the European Centres for Disease Control,
the USA Centers for Disease Control and Prevention and the Canadian Public Health Agency’s
National Advisory Committee on Immunization — with respect to the similarity of levels and
duration of protection by natural immunity from previous infection and the levels and duration of
protection by vaccine-induced immunity.

In my opinion, what issues should be considered, what information should be obtained, and
how should these considerations and information be used to set policies regarding the
hindering of previously infected unvaccinated physicians and other health care workers to
work in Alberta Health Services facilities?

In summary, public health strategies should be based on specific and measurable objectives or
targets that are appropriate to the public health threat and are reasonable and achievable in a
way that optimize overall population benefit and minimize harmful consequences. This approach
should apply to interventions in specific settings.

In conclusion, | have been unable to find relevant data or clear rationale for policies pertaining to
the exclusion of health care workers because of their vaccination status, especially since there has
Page | 24



been consistent evidence for equivalent — if not superior - protection by natural immunity resulting
from previous infection, as described by the major public health organizations and the Public
Health Agency’s National Advisory Committee on Immunization.

Page | 25



Exhibit "C"

This is Exhibit "C" referred to in the
Affidavit of Joel Kettner
sworn before me via videoconferencing at
Calgary, Alberta, this
9th day of December, 2021.

A Notary Public in and for the Province
of Alberta



Table of Sources

TAB | SOURCE

1. MyHealth.Alberta.ca: Patient Care Handouts, Coronavirus disease (COVID-19): Care instructions.

2. World Health Organization Scientific Brief, Transmission of SARS-CoV-2: implications for infection
prevention precautions, 9 July 2020.

3. Oran, D. P.; Topol, E. The Proportion of SARS-CoV-2 Infections That Are Asymptomatic, A Systematic
Review. Annals of Internal Medicine. May 2021.

4, Government of Alberta, COVID-19 Alberta statistics.

5. SEE TAB 4.

6. The National Collaborating Centre for Methods and Tools Prepared for: National Advisory Committee on
Immunization (NACI), Rapid Review Update 1: What is the ongoing effectiveness, immunogenicity, and
safety of COVID-19 vaccines in persons who have had a prior, confirmed COVID-19 infection? October 15,
2021.

7. SEE TAB 6 at page 3.

8. Centre for Disease Control and Prevention, Science Brief: SARS-CoV-2 Infection-induced and Vaccine-
induced Immunity, October 29, 2021.

9. Public Health England, SARS-CoV-2 variants of concern and variants under investigation in England,
Technical briefing 19, July 23, 2021.

10. | SEE TAB 6.

11. SEE TAB 6 at page 8.

12. Raw. R.; Kelly, C.; et. al. medRxiv, Previous COVID-19 infection but not Long-COVID is associated with
increased adverse events following BNT162b2/Pfizer vaccination, April 22, 2021.

13. SEE TAB 12 at Abstract and page 6.

14, Government of Canada, Archived 21: National Advisory Committee on Immunization statement. Interim
guidance on booster COVID-19 vaccine doses in Canada [2021-10-29].

15. | SEE TAB 14.

16. | Centre for Disease Control and Prevention, COVID-19 Preparing for Your Vaccine, December 3, 2021.

17. Centre for Disease Control and Prevention, Morbidity and Mortality Weekly Report (MMWR), August 13,
2021.

18. | SEETAB 17.

19. European Centre for Disease Prevention and Control, Assessing SARS-CoV-2 circulation, variants of

concern, non-pharmaceutical interventions and vaccine rollout in the EU/EEA, 16th update, September 30,
2021.

Page | 26



20. SEE TAB 19 at page 12.

21. | Murchu, E.; Byrne. P. et al. Medical Virology, Quantifying the risk of SARS-CoV-2 reinfection over time,
May 27, 2021.

22. SEE TAB 21 at Section 4.1.

23. SEE TAB 19 at page 15.

24, SEE TAB 9 at page 36.

25. SEE TAB 19 at page 15.

26. | World Health Organization, COVID- 19 natural immunity, Scientific brief, May 10, 2021.

27. | Public Health Agency of Canada, Advisory Committee Statement (ACS) National Advisory Committee on
Immunization (NACI) Recommendations on the use of COVID-19 vaccines, October 22, 2021, at page 56.

28. SEE TAB 27 at page 61.

29. Goldberg, Y.; Mandel M.; ef al. medRxiv, Protection of previous SARS-CoV-2 infection is similar to that of
BNT162b2 vaccine protection: A three-month nationwide experience from Israel, April 24. 2021.

30. SEE TAB 27 at page 39.

31. Shrestha N.; Burke P.; et al. medRxiv, Necessity of COVID-19 vaccination in previously infected individuals.
July 19, 2021.

32. Hall V.; Foulkes S.; et al. Saei A, Andrews N, Oguti B, Charlett A, et al. Lancet prepublication, Effectiveness of
BNT162b2 mRNA vaccine against infection and COVID-19 vaccine coverage in healthcare workers in
England, multicentre prospective cohort study (the SIREN Study), February 22, 2021.

33. | SEE TAB 29.

34, SEE TAB 31 at Results: Cumulative Incidence of Covid-19.

35. SEE TAB 31 at ABSTRACT: Conclusions.

36. | SEE TAB 32.

37. | SEE TAB 29.

38. SEE TAB 27 at page 39.

39. | Public Health Agency of Canada, An Advisory Committee Statement (ACS) National Advisory Committee
on Immunization (NACI) Interim guidance on booster COVID-19 vaccine doses in Canada, October 29,
2021.

40. SEE TAB 39 at page 16.

Page | 27



41. SEE TAB 39 at page 18.

42. SEE TAB 39 at page 18.

43, Alberta Health Services, Standard on the Contraindications and Precautions Related to Immunization,
Revised: September 12, 2016.

44. | Alberta Immunization Policy, MMR Vaccine, December 2021.

45, SEE TAB 27 at page 56.

46. SEE TAB 27 at page 56.

47. | SEE TAB 14.

48. | SEETAB 14

49. | Alberta Health Services, Values-Based Decision-Making Toolkit, December 2019.

50. Government of Canada, Public health ethics framework: A guide for use in response to the COVID-19
pandemic in Canada.

51. | Alberta Government Publications, Alberta’s ethical framework for responding to pandemic influenza,
January 1, 2016.

52. Alberta Health Services, Policy 1189 — Immunization of Workers for COVID-10, Revised: November 29,
2021.

53. | SEE TAB 50.

54. | Government of Canada, Federal/Provincial/Territorial Public Health Response Plan for Ongoing
Management of COVID-19, April 19, 2021.

55. SEE TAB 54 at Covid-19 response goal, objectives, and response to date.

56. | SEE TAB 54.

57. | Alberta, COVID-19 info for Albertans, Taking action to protect the health care system, increase vaccination
rates, and reduce the transmission of COVID-19.

58. | Alberta, COVID-19 public health actions, Public health restrictions are in place to reduce the impacts of
COVID-19 on the health care system. Some businesses can participate in the Restrictions Exemption
Program.

59. | Alberta Health Services, AHS’ Four Foundational Strategies.

Page | 28



TAB 1



Coronavirus disease (COVID-19): Care instructions

This information has been translated into other languages — see the links at the bottom of this page.
Overview

The coronavirus disease (COVID-19) is caused by a virus. COVID-19 symptoms are a lot like symptoms of the flu (influenza) or
other illnesses that affect the lungs and airways (called respiratory illnesses). COVID-19 can cause:

= fever

= cough

= shortness of breath
= trouble breathing

= sore throat

= runny nose

If you're an adult and have any of these symptoms, you must self-isolate for at least 10 days after your symptoms started or
until your symptoms are gone, whichever is longer.

For children and anyone over 18 years of age attending high school, use the daily screening checklist every day before they go
to school, child care, or other activities. If your child has symptoms, follow the advice on the checklist.

If you are tested, follow instructions at ahs.ca/results based on your test results.

Other symptoms can include:

= stuffy nose

= painful swallowing

= headache

= chills

= muscle orjoint aches

= feeling unwell in general

= feeling more tired than usual or having no energy at all

= feeling sick to your stomach (nausea), throwing up, diarrhea (watery stool), or not feeling hungry
= loss of sense of smell or taste

= pink eye (conjunctivitis)

If you have any of the other symptoms, stay home and limit your contact with others until your symptoms go away.
Most people (about 80%) have only mild symptoms or no symptoms at all. But people who are very sick may need care in a
hospital. In severe cases, COVID-19 can cause pneumonia, make it hard to breathe without help, and can even lead to death.

How does it spread?

This virus spreads person-to-person through droplets from coughing and sneezing. It may also spread by touching something
that has the virus on it, such as a doorknob or a tabletop, and then touching your face.

How is it diagnosed?

The virus is diagnosed with a test that uses a swab of fluid from your nose or throat, or sometimes uses sputum (phlegm) from
the lungs. You may have other tests, such as blood tests and a computed tomography (CT) scans of the lungs. But even if you
don't have a test, you may be told you probably have the virus based on your symptoms and history.

If you think you've been exposed to COVID-19 and have symptoms, take the COVID-19 Self-Assessment.

Is there medicine for COVID-197?



There is no medicine to fight the virus. If you have mild symptoms, you can care for yourself at home. You can take
acetaminophen (Tylenol) for a fever or pain, if it's safe for you. Check with your doctor or pharmacist if you're not sure.
Treatment in the hospital for more serious cases includes support, such as oxygen and help with breathing.

What should | do if | have COVID-19 or have symptoms of COVID-19?

If you've been diagnosed with COVID-19 or have symptoms of COVID-19, you must self-isolate for 10 days after your symptoms
started or until your symptoms are gone (whichever is longer). This means you need to stay home and away from other people.
To learn more visit www.alberta.ca/isolation.aspx.

Take the COVID-19 Self-Assessment to know if you need to be tested for COVID-19.

Call Health Link at 811 as soon as you have symptoms. Call ahead from home before going to a healthcare facility, such as a
doctor’s office or walk-in clinic.

Call 911 if you're seriously ill and need medical help right away. Tell them that you may have COVID-19.

Follow-up care is a key part of your treatment and safety. Be sure to make and keep all your healthcare appointments, and call
your doctor or Health Link at 811 if you're having problems. It's also a good idea to know your test results and keep a list of the
medicines you take.

Where can | learn more?
You can find the latest information about COVID-19 from these sources:

= Alberta Health
= Alberta Health Services
= Government of Canada

| have been diagnosed with COVID-19 or am self-isolating because | might have COVID-19. How can | care for
myself at home?

= Be safe with medicines. Take your medicines exactly as prescribed. Call your doctor or Health Link at 811 if you think you're
having a problem with your medicine.

= Stay home. Don't go to school, work, or public places. Don't use public transportation (such as the bus or train). Leave your
home only if you need to get medical care. Call ahead from home before you go to a doctor’s office. They can decide if in-
person care or virtual care (such as a phone call or video call) is best for you. If you don't have a family doctor, go to
AlbertaFindADoctor.ca.

= Wear a face mask if you have symptoms of COVID-19 and can't stay away from other people, such as in your own home or
when you're going to get medical help. Wearing a mask can help stop the virus from spreading when you cough or sneeze.

= Limit contact with people in your home. Only one healthy person should care for you. If possible, stay in a separate bedroom
and use a separate washroom from everyone else in your home.

= Cover your mouth and nose with a tissue when you cough or sneeze. Throw it in the trash right away.

= Wash your hands often, especially after you cough or sneeze. Use soap and water, and scrub for at least 20 seconds. If you
don't have soap and water at the time, use an alcohol-based hand sanitizer.

= Don't share personal household items. These include bedding, towels, cups, eating utensils, and electronic devices (such as
tablets and phones).

= Clean and disinfect your home every day. Use household cleaners and disinfectant wipes or sprays. Take special care to
clean things that you grab with your hands. These include doorknobs, remote controls, phones, and handles on your
refrigerator and microwave. And don't forget to clean countertops, tabletops, washrooms, and computer keyboards.

= Follow the advice you've been given about when it's safe to leave isolation. If you're not sure, call Health Link at 811.

When should | call for help?

&3 Call 911 anytime you think you may need emergency care. Tell them you have COVID-19 symptoms.
For example, call if:



= You have severe trouble breathing or severe chest pain.

= You are very confused and not thinking clearly.

= You pass out (lose consciousness).

Call your doctor or Health Link at 811 now or get medical care right away if:

= You have new or worse trouble breathing.

= Your symptoms are getting worse.

= You start getting better than you get worse.

= You have severe dehydration. Symptoms of dehydration include:

= having a very dry mouth
= passing only a little urine
= feeling very light-headed

Whether you have symptoms or not, call your doctor's office before you go. If you have symptoms, make sure you wear a face
mask when you go to the doctor to stop the virus from spreading.

Related to Coronavirus Disease (COVID-19): Care Instructions

= COVID-19: Alberta Health Services
= COVID-19 information for Albertans: Alberta Health
=  COVID-19 Self-Assessment

Other languages
Coronavirus Disease (COVID-19): Care instructions

For 24/7 nurse advice and general health information call Health Link at 811.

Current as of: Nov 2, 2020

Author: Adapted from Healthwise

Care instructions adapted under license by your healthcare professional. If you have questions about a medical condition or this
instruction, always ask your healthcare professional. Healthwise, Incorporated disclaims any warranty or liability for your use of
this information.
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Transmission of SARS-CoV-2:
implications for infection
prevention precautions

Scientific Brief

9 July 2020

This scientific brief (text below) is outdated. For the latest information on COVID-19
transmission, please see:

Mask use in the context of COVID-19 (1 December 2020)

Roadmap to improve and ensure good indoor ventilation in COVID-19 context (1 March 2021).

This document is an update to the scientific brief published on 29 March 2020 entitled “Modes of
transmission of virus causing COVID-19: implications for infection prevention and control (IPC)
precaution recommendations” and includes new scientific evidence available on transmission of
SARS-CoV-2, the virus that causes COVID-19.

Overview

This scientific brief provides an overview of the modes of transmission of SARS-CoV-2, what is
known about when infected people transmit the virus, and the implications for infection prevention
and control precautions within and outside health facilities. This scientific brief is not a systematic


https://www.who.int/
https://www.who.int/publications-detail-redirect/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications-detail-redirect/9789240021280

review. Rather, it reflects the consolidation of rapid reviews of publications in peer-reviewed journals
and of non-peer-reviewed manuscripts on pre-print servers, undertaken by WHO and partners.
Preprint findings should be interpreted with caution in the absence of peer review. This brief is also
informed by several discussions via teleconferences with the WHO Health Emergencies Programme
ad hoc Experts Advisory Panel for IPC Preparedness, Readiness and Response to COVID-19, the
WHO ad hoc COVID-19 IPC Guidance Development Group (COVID-19 IPC GDG), and by review of
external experts with relevant technical backgrounds.

The overarching aim of the global Strategic Preparedness and Response Plan for COVID-19(1) is to
control COVID-19 by suppressing transmission of the virus and preventing associated illness and
death. Current evidence suggests that SARS-CoV-2, the virus that causes COVID-19, is
predominantly spread from person-to-person. Understanding how, when and in what types of
settings SARS-CoV-2 spreads is critical to develop effective public health and infection prevention
and control measures to break chains of transmission.

Modes of transmission

This section briefly describes possible modes of transmission for SARS-CoV-2, including contact,
droplet, airborne, fomite, fecal-oral, bloodborne, mother-to-child, and animal-to-human transmission.
Infection with SARS-CoV-2 primarily causes respiratory illness ranging from mild disease to severe
disease and death, and some people infected with the virus never develop symptoms.

Contact and droplet transmission

Transmission of SARS-CoV-2 can occur through direct, indirect, or close contact with infected
people through infected secretions such as saliva and respiratory secretions or their respiratory

droplets, which are expelled when an infected person coughs, sneezes, talks or sings.(2-10)
Respiratory droplets are >5-10 uym in diameter whereas droplets <5um in diameter are referred to as
droplet nuclei or aerosols.(11) Respiratory droplet transmission can occur when a person is in close
contact (within 1 metre) with an infected person who has respiratory symptoms (e.g. coughing or
sneezing) or who is talking or singing; in these circumstances, respiratory droplets that include virus
can reach the mouth, nose or eyes of a susceptible person and can result in infection. Indirect
contact transmission involving contact of a susceptible host with a contaminated object or surface
(fomite transmission) may also be possible (see below).

Airborne transmission
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Airborne transmission is defined as the spread of an infectious agent caused by the dissemination of
droplet nuclei (aerosols) that remain infectious when suspended in air over long distances and time.
(11) Airborne transmission of SARS-CoV-2 can occur during medical procedures that generate
aerosols (“aerosol generating procedures”).(12) WHO, together with the scientific community, has
been actively discussing and evaluating whether SARS-CoV-2 may also spread through aerosols in
the absence of aerosol generating procedures, particularly in indoor settings with poor ventilation.

The physics of exhaled air and flow physics have generated hypotheses about possible mechanisms
of SARS-CoV-2 transmission through aerosols.(13-16) These theories suggest that 1) a number of
respiratory droplets generate microscopic aerosols (<5 ym) by evaporating, and 2) normal breathing
and talking results in exhaled aerosols. Thus, a susceptible person could inhale aerosols, and could
become infected if the aerosols contain the virus in sufficient quantity to cause infection within the
recipient. However, the proportion of exhaled droplet nuclei or of respiratory droplets that evaporate
to generate aerosols, and the infectious dose of viable SARS-CoV-2 required to cause infection in
another person are not known, but it has been studied for other respiratory viruses.(17)

One experimental study quantified the amount of droplets of various sizes that remain airborne
during normal speech. However, the authors acknowledge that this relies on the independent action
hypothesis, which has not been validated for humans and SARS-CoV-2.(18) Another recent
experimental model found that healthy individuals can produce aerosols through coughing and
talking (19), and another model suggested high variability between individuals in terms of particle
emission rates during speech, with increased rates correlated with increased amplitude of
vocalization.(20) To date, transmission of SARS-CoV-2 by this type of aerosol route has not been
demonstrated; much more research is needed given the possible implications of such route of
transmission.

Experimental studies have generated aerosols of infectious samples using high-powered jet
nebulizers under controlled laboratory conditions. These studies found SARS-CoV-2 virus RNA in air
samples within aerosols for up to 3 hours in one study (21) and 16 hours in another, which also
found viable replication-competent virus.(22) These findings were from experimentally induced

aerosols that do not reflect normal human cough conditions.

Some studies conducted in health care settings where symptomatic COVID-19 patients were cared
for, but where aerosol generating procedures were not performed, reported the presence of SARS-
CoV-2 RNA in air samples (23-28), while other similar investigations in both health care and non-
health care settings found no presence of SARS-CoV-2 RNA; no studies have found viable virus in
air samples.(29-36) Within samples where SARS-CoV-2 RNA was found, the quantity of RNA
detected was in extremely low numbers in large volumes of air and one study that found SARS-CoV-



2 RNA in air samples reported inability to identify viable virus. (25) The detection of RNA using
reverse transcription polymerase chain reaction (RT-PCR)-based assays is not necessarily indicative
of replication- and infection-competent (viable) virus that could be transmissible and capable of
causing infection.(37)

Recent clinical reports of health workers exposed to COVID-19 index cases, not in the presence of
aerosol-generating procedures, found no nosocomial transmission when contact and droplet
precautions were appropriately used, including the wearing of medical masks as a component of the
personal protective equipment (PPE). (38, 39) These observations suggest that aerosol
transmission did not occur in this context. Further studies are needed to determine whether it is
possible to detect viable SARS-CoV-2 in air samples from settings where no procedures that
generate aerosols are performed and what role aerosols might play in transmission.

Outside of medical facilities, some outbreak reports related to indoor crowded spaces (40) have
suggested the possibility of aerosol transmission, combined with droplet transmission, for example,
during choir practice (7), in restaurants (41) or in fitness classes.(42) In these events, short-range
aerosol transmission, particularly in specific indoor locations, such as crowded and inadequately
ventilated spaces over a prolonged period of time with infected persons cannot be ruled out.
However, the detailed investigations of these clusters suggest that droplet and fomite transmission
could also explain human-to-human transmission within these clusters. Further, the close contact
environments of these clusters may have facilitated transmission from a small number of cases to
many other people (e.g., superspreading event), especially if hand hygiene was not performed and
masks were not used when physical distancing was not maintained.(43)

Fomite transmission

Respiratory secretions or droplets expelled by infected individuals can contaminate surfaces and
objects, creating fomites (contaminated surfaces). Viable SARS-CoV-2 virus and/or RNA detected
by RT-PCR can be found on those surfaces for periods ranging from hours to days, depending on
the ambient environment (including temperature and humidity) and the type of surface, in particular
at high concentration in health care facilities where COVID-19 patients were being treated.(21, 23,

24, 26, 28, 31-33, 36, 44, 45) Therefore, transmission may also occur indirectly through touching
surfaces in the immediate environment or objects contaminated with virus from an infected person
(e.g. stethoscope or thermometer), followed by touching the mouth, nose, or eyes.

Despite consistent evidence as to SARS-CoV-2 contamination of surfaces and the survival of the
virus on certain surfaces, there are no specific reports which have directly demonstrated fomite
transmission. People who come into contact with potentially infectious surfaces often also have



close contact with the infectious person, making the distinction between respiratory droplet and
fomite transmission difficult to discern. However, fomite transmission is considered a likely mode of
transmission for SARS-CoV-2, given consistent findings about environmental contamination in the
vicinity of infected cases and the fact that other coronaviruses and respiratory viruses can transmit
this way.

Other modes of transmission

SARS-CoV-2 RNA has also been detected in other biological samples, including the urine and feces
of some patients.(46-50)One study found viable SARS-CoV-2 in the urine of one patient.(51)Three
studies have cultured SARS-CoV-2 from stool specimens. (48, 52, 53) To date, however, there have
been no published reports of transmission of SARS-CoV-2 through feces or urine.

Some studies have reported detection of SARS-CoV-2 RNA, in either plasma or serum, and the
virus can replicate in blood cells. However, the role of bloodborne transmission remains uncertain;
and low viral titers in plasma and serum suggest that the risk of transmission through this route may
be low.(48, 54) Currently, there is no evidence for intrauterine transmission of SARS-CoV-2 from
infected pregnant women to their fetuses, although data remain limited. WHO has recently published

a scientific brief on breastfeeding and COVID-19.(55) This brief explains that viral RNA fragments
have been found by RT-PCR testing in a few breast milk samples of mothers infected with SARS-
CoV-2, but studies investigating whether the virus could be isolated, have found no viable virus.
Transmission of SARS-CoV-2 from mother to child would necessitate replicative and infectious virus
in breast milk being able to reach target sites in the infant and also to overcome infant defense
systems. WHO recommends that mothers with suspected or confirmed COVID-19 should be
encouraged to initiate or continue to breastfeed.(55)

Evidence to date shows that SARS-CoV-2 is most closely related to known betacoronaviruses in
bats; the role of an intermediate host in facilitating transmission in the earliest known human cases
remains unclear.(56, 57) In addition to investigations on the possible intermediate host(s) of SARS-
CoV-2, there are also a number of studies underway to better understand susceptibility of SARS-
CoV-2 in different animal species. Current evidence suggests that humans infected with SARS-CoV-
2 can infect other mammals, including dogs(58), cats(59), and farmed mink.(60) However, it remains
unclear if these infected mammals pose a significant risk for transmission to humans.

When do people infected with SARS-CoV-2
infect others?



Knowing when an infected person can spread SARS-CoV-2 is just as important as how the virus
spreads (described above). WHO has recently published a scientific brief outlining what is known
about when a person may be able to spread, based on the severity of their illness.(61)

In brief, evidence suggests that SARS-CoV-2 RNA can be detected in people 1-3 days before their
symptom onset, with the highest viral loads, as measured by RT-PCR, observed around the day of
symptom onset, followed by a gradual decline over time.(47, 62-65) The duration of RT-PCR
positivity generally appears to be 1-2 weeks for asymptomatic persons, and up to 3 weeks or more
for patients with mild to moderate disease.(62, 65-68) In patients with severe COVID-19 disease, it
can be much longer.(47)

Detection of viral RNA does not necessarily mean that a person is infectious and able to transmit the
virus to another person. Studies using viral culture of patient samples to assess the presence of
infectious SARS-CoV-2 are currently limited. (61) Briefly, viable virus has been isolated from an
asymptomatic case,(69) from patients with mild to moderate disease up to 8-9 days after symptom
onset, and for longer from severely ill patients.(61) Full details about the duration of viral shedding
can be found in the WHO guidance document on “Criteria for releasing COVID-19 patients from
isolation”. (61) Additional studies are needed to determine the duration of viable virus shedding
among infected patients.

SARS-CoV-2 infected persons who have symptoms can infect
others primarily through droplets and close contact

SARS-CoV-2 transmission appears to mainly be spread via droplets and close contact with infected
symptomatic cases. In an analysis of 75,465 COVID-19 cases in China, 78-85% of clusters
occurred within household settings, suggesting that transmission occurs during close and prolonged
contact.(6) A study of the first patients in the Republic of Korea showed that 9 of 13 secondary
cases occurred among household contacts.(70) Outside of the household setting, those who had
close physical contact, shared meals, or were in enclosed spaces for approximately one hour or
more with symptomatic cases, such as in places of worship, gyms, or the workplace, were also at
increased risk of infection.(7, 42, 71, 72) Other reports have supported this with similar findings of
secondary transmission within families in other countries.(73, 74)

SARS-CoV-2 infected persons without symptoms can also
infect others



Early data from China suggested that people without symptoms could infect others.(6) To better
understand the role of transmission from infected people without symptoms, it is important to
distinguish between transmission from people who are infected who never develop symptoms(75)
(asymptomatic transmission) and transmission from people who are infected but have not developed
symptoms yet (pre-symptomatic transmission). This distinction is important when developing public
health strategies to control transmission.

The extent of truly asymptomatic infection in the community remains unknown. The proportion of
people whose infection is asymptomatic likely varies with age due to the increasing prevalence of
underlying conditions in older age groups (and thus increasing risk of developing severe disease
with increasing age), and studies that show that children are less likely to show clinical symptoms
compared to adults.(76) Early studies from the United States (77) and China (78) reported that many
cases were asymptomatic, based on the lack of symptoms at the time of testing; however, 75-100%
of these people later developed symptoms. A recent systematic review estimated that the proportion
of truly asymptomatic cases ranges from 6% to 41%, with a pooled estimate of 16% (12%—20%).
(79) However, all studies included in this systematic review have important limitations.(79) For
example, some studies did not clearly describe how they followed up with persons who were
asymptomatic at the time of testing to ascertain if they ever developed symptoms, and others
defined “asymptomatic” very narrowly as persons who never developed fever or respiratory
symptoms, rather than as those who did not develop any symptoms at all.(76, 80) A recent study
from China that clearly and appropriately defined asymptomatic infections suggests that the
proportion of infected people who never developed symptoms was 23%.(81)

Multiple studies have shown that people infect others before they themselves became ill, (10, 42, 69,
82, 83) which is supported by available viral shedding data (see above). One study of transmission
in Singapore reported that 6.4% of secondary cases resulted from pre-symptomatic transmission.
(73) One modelling study, that inferred the date of transmission based on the estimated serial
interval and incubation period, estimated that up to 44% (25-69%) of transmission may have
occurred just before symptoms appeared.(62) It remains unclear why the magnitude of estimates
from modelling studies differs from available empirical data.

Transmission from infected people without symptoms is difficult to study. However, information can
be gathered from detailed contact tracing efforts, as well as epidemiologic investigations among
cases and contacts. Information from contact tracing efforts reported to WHO by Member States,
available transmission studies and a recent pre-print systematic reviews suggests that individuals
without symptoms are less likely to transmit the virus than those who develop symptoms.(10, 81, 84,



85) Four individual studies from Brunei, Guangzhou China, Taiwan China and the Republic of Korea
found that between 0% and 2.2% of people with asymptomatic infection infected anyone else,
compared to 0.8%-15.4% of people with symptoms.(10, 72, 86, 87)

Remaining questions related to transmission

Many unanswered questions about transmission of SARS-CoV-2 remain, and research seeking to
answer those questions is ongoing and is encouraged. Current evidence suggests that SARS-CoV-2
is primarily transmitted between people via respiratory droplets and contact routes — although
aerosolization in medical settings where aerosol generating procedures are used is also another
possible mode of transmission - and that transmission of COVID-19 is occurring from people who
are pre-symptomatic or symptomatic to others in close contact (direct physical or face-to-face
contact with a probable or confirmed case within one meter and for prolonged periods of time), when
not wearing appropriate PPE. Transmission can also occur from people who are infected and remain
asymptomatic, but the extent to which this occurs is not fully understood and requires further
research as an urgent priority. The role and extent of airborne transmission outside of health care
facilities, and in particular in close settings with poor ventilation, also requires further study.

As research continues, we expect to gain a better understanding about the relative importance of
different transmission routes, including through droplets, physical contact and fomites; the role of
airborne transmission in the absence of aerosol generating procedures; the dose of virus required
for transmission to occur, the characteristics of people and situations that facilitate superspreading
events such as those observed in various closed settings, the proportion of infected people who
remain asymptomatic throughout the course of their infection; the proportion of truly asymptomatic
persons who transmit the virus to others; the specific factors that drive asymptomatic and pre-
symptomatic transmission; and the proportion of all infections that are transmitted from
asymptomatic and pre-symptomatic individuals.

Implications for preventing transmission

Understanding how, when and in which settings infected people transmit the virus is important for
developing and implementing control measures to break chains of transmission. While there is a
great deal of scientific studies becoming available, all studies that investigate transmission should be
interpreted bearing in mind the context and settings in which they took place, including the infection
prevention interventions in place, the rigor of the methods used in the investigation and the
limitations and biases of the study designs.



It is clear from available evidence and experience, that limiting close contact between infected
people and others is central to breaking chains of transmission of the virus causing COVID-19. The
prevention of transmission is best achieved by identifying suspect cases as quickly as possible,
testing, and isolating infectious cases. (88, 89) In addition, it is critical to identify all close contacts of
infected people (88) so that they can be quarantined (90) to limit onward spread and break chains of
transmission. By quarantining close contacts, potential secondary cases will already be separated
from others before they develop symptoms or they start shedding virus if they are infected, thus
preventing the opportunity for further onward spread. The incubation period of COVID-19, which is
the time between exposure to the virus and symptom onset, is on average 5-6 days, but can be as
long as 14 days. (82, 91) Thus, quarantine should be in place for 14 days from the last exposure to a
confirmed case. If it is not possible for a contact to quarantine in a separate living space, self-
quarantine for 14 days at home is required; those in self-quarantine may require support during the
use of physical distancing measures to prevent the spread of the virus.

Given that infected people without symptoms can transmit the virus, it is also prudent to encourage
the use of fabric face masks in public places where there is community transmission[1] and where
other prevention measures, such as physical distancing, are not possible.(12) Fabric masks, if made
and worn properly, can serve as a barrier to droplets expelled from the wearer into the air and
environment.(12) However, masks must be used as part of a comprehensive package of preventive
measures, which includes frequent hand hygiene, physical distancing when possible, respiratory
etiquette, environmental cleaning and disinfection. Recommended precautions also include avoiding
indoor crowded gatherings as much as possible, in particular when physical distancing is not
feasible, and ensuring good environmental ventilation in any closed setting. (92, 93)

Within health care facilities, including long term care facilities, based on the evidence and the advice
by the COVID-19 IPC GDG, WHO continues to recommend droplet and contact precautions when
caring for COVID-19 patients and airborne precautions when and where aerosol generating
procedures are performed. WHO also recommends standard or transmission-based precautions for
other patients using an approach guided by risk assessment.(94) These recommendations are
consistent with other national and international guidelines, including those developed by the
European Society of Intensive Care Medicine and Society of Critical Care Medicine (95) and by the
Infectious Diseases Society of America. (96)

Furthermore, in areas with COVID-19 community transmission, WHO advises that health workers
and caregivers working in clinical areas should continuously wear a medical mask during all routine

activities throughout the entire shift.(12) In settings where aerosol-generating procedures are
performed, they should wear an N95, FFP2 or FFP3 respirator. Other countries and organizations,
including the United States Centers for Diseases Control and Prevention (97) and the European



Centre for Disease Prevention and Control (98) recommend airborne precautions for any situation
involving the care of COVID-19 patients. However, they also consider the use of medical masks as
an acceptable option in case of shortages of respirators.

WHO guidance also emphasizes the importance of administrative and engineering controls in health
care settings, as well as rational and appropriate use of all PPE (99) and training for staff on these
recommendations (IPC for Novel Coronavirus [COVID-19] Course. Geneva; World Health
Organization 2020, available at (https://openwho.org/courses/COVID-19-IPC-EN). WHO has also
provided guidance on safe workplaces. (92)

Key points of the brief

Main findings

e Understanding how, when and in what types of settings SARS-CoV-2 spreads between people is
critical to develop effective public health and infection prevention measures to break chains of
transmission.

e Current evidence suggests that transmission of SARS-CoV-2 occurs primarily between people through
direct, indirect, or close contact with infected people through infected secretions such as saliva and
respiratory secretions, or through their respiratory droplets, which are expelled when an infected
person coughs, sneezes, talks or sings.

e Airborne transmission of the virus can occur in health care settings where specific medical
procedures, called aerosol generating procedures, generate very small droplets called aerosols. Some
outbreak reports related to indoor crowded spaces have suggested the possibility of aerosol
transmission, combined with droplet transmission, for example, during choir practice, in restaurants
or in fitness classes.

e Respiratory droplets from infected individuals can also land on objects, creating fomites
(contaminated surfaces). As environmental contamination has been documented by many reports, it is
likely that people can also be infected by touching these surfaces and touching their eyes, nose or
mouth before cleaning their hands.

e Based on what we currently know, transmission of COVID-19 is primarily occurring from people when
they have symptoms, and can also occur just before they develop symptoms, when they are in close
proximity to others for prolonged periods of time. While someone who never develops symptoms can
also pass the virus to others, it is still not clear to what extent this occurs and more research is needed
in this area.

e Urgent high-quality research is needed to elucidate the relative importance of different transmission
routes; the role of airborne transmission in the absence of aerosol generating procedures; the dose of
virus required for transmission to occur; the settings and risk factors for superspreading events; and
the extent of asymptomatic and pre-symptomatic transmission.



How to prevent transmission

The overarching aim of the Strategic Preparedness and Response Plan for COVID-19(1) is to
control COVID-19 by suppressing transmission of the virus and preventing associated illness and
death. To the best of our understanding, the virus is primarily spread through contact and respiratory
droplets. Under some circumstances airborne transmission may occur (such as when aerosol
generating procedures are conducted in health care settings or potentially, in indoor crowded poorly
ventilated settings elsewhere). More studies are urgently needed to investigate such instances and
assess their actual significance for transmission of COVID-19.

To prevent transmission, WHO recommends a comprehensive set of measures including:

e Identify suspect cases as quickly as possible, test, and isolate all cases (infected people) in appropriate
facilities;

¢ Identify and quarantine all close contacts of infected people and test those who develop symptoms so
that they can be isolated if they are infected and require care;

e Use fabric masks in specific situations, for example, in public places where there is community
transmission and where other prevention measures, such as physical distancing, are not possible;

e Use of contact and droplet precautions by health workers caring for suspected and confirmed COVID-
19 patients, and use of airborne precautions when aerosol generating procedures are performed;

e Continuous use of a medical mask by health workers and caregivers working in all clinical areas,
during all routine activities throughout the entire shift;

e At all times, practice frequent hand hygiene, physical distancing from others when possible, and
respiratory etiquette; avoid crowded places, close-contact settings and confined and enclosed spaces
with poor ventilation; wear fabric masks when in closed, overcrowded spaces to protect others; and
ensure good environmental ventilation in all closed settings and appropriate environmental cleaning
and disinfection.

WHO carefully monitors the emerging evidence about this critical topic and will update this scientific
brief as more information becomes available.

[1]Defined by WHO as “experiencing larger outbreaks of local transmission defined through an
assessment of factors including, but not limited to: large numbers of cases not linkable to
transmission chains; large numbers of cases from sentinel surveillance; and/or multiple unrelated
clusters in several areas of the country/territory/area” (https://www.who.int/publications-detail/global-

surveillance-for-covid-19-caused-by-human-infection-with-covid-19-virus-interim-guidance)
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Abstract

Background:

Asymptomatic infection seems to be a notable feature of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), the pathogen that causes

coronavirus disease 2019 (COVID-19), but the prevalence is uncertain.

Purpose:

To estimate the proportion of persons infected with SARS-CoV-2 who never

develop symptoms.

Data Sources:

Searches of Google News, Google Scholar, medRxiv, and PubMed using the
keywords antibodies, asymptomatic, coronavirus, COVID-19, PCR,
seroprevalence, and SARS-CoV-2.

Study Selection:

Observational, descriptive studies and reports of mass screening for S .,
CoV-2 that were either cross-sectional or longitudinal in design; were

published through 17 November 2020; and involved SARS-CoV-2 nucleic acid
or antibody testing of a target population, regardless of current symptomatic

status, over a defined period.

Data Extraction:
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The authors collaboratively extracted data on the study design, type of
testing performed, number of participants, criteria for determining

symptomatic status, testing results, and setting.

Data Synthesis:

Sixty-one eligible studies and reports were identified, of which 43 used
polymerase chain reaction (PCR) testing of nasopharyngeal swabs to detect
current SARS-CoV-2 infection and 18 used antibody testing to detect current
or prior infection. In the 14 studies with longitudinal data that reported
information on the evolution of symptomatic status, nearly three quarters of
persons who tested positive but had no symptoms at the time of testing
remained asymptomatic. The highest-quality evidence comes from
nationwide, representative serosurveys of England (n =365 104) and Spain
(n=61075), which suggest that at least one third of SARS-CoV-2 infections

are asymptomatic.
Limitation:

For PCR-based studies, data are limited to distinguish presymptomatic from
asymptomatic infection. Heterogeneity precluded formal quantitative

Help

syntheses.

Conclusion:

Available data suggest that at least one third of SARS-CoV-2 infections are
asymptomatic. Longitudinal studies suggest that nearly three quarters of
persons who receive a positive PCR test result but have no symptoms at the

time of testing will remain asymptomatic. Control strategies for COVID-19
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should be altered, taking into account the prevalence and transmission risk

of asymptomatic SARS-CoV-2 infection.

Primary Funding Source:

National Institutes of Health.

The asymptomatic fraction of infection is the proportion of infected persons
who never develop, perceive, and report symptoms (1). Among common
pathogens, the asymptomatic fraction varies widely. For example, an
asymptomatic carrier state has not been documented for measles virus
infection (2), whereas a significant proportion of persons with
cytomegalovirus or poliovirus infection have no symptoms and are unaware
of infection (3, 4). The asymptomatic fraction of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection seems to be sizable (5). The
range of severity of illness associated with SARS-CoV-2 infection is
noteworthy because it spans asymptomatic infection; mild illness; and

severe, life-threatening illness.

Perhaps because of this broad spectrum of presentation, the topic of
asymptomatic SARS-CoV-2 infection has generated some controversy (6). N
Imprecise use of the term “asymptomatic” is partly to blame.
“Asymptomatic” should be reserved for persons who never develop
symptoms, whereas “presymptomatic” is a better description of those who
have no symptoms when they receive a positive test result but who
eventually develop symptoms. We know for certain who is asymptomatic

only in retrospect. On the basis of our current knowledge of the natural
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history of coronavirus disease 2019 (COVID-19), after a person is infected
with SARS-CoV-2, we must wait approximately 14 days to determine whether
symptoms have developed (7). Infection without symptoms, whether
presymptomatic or asymptomatic, is important because infected persons

can transmit the virus to others even if they have no symptoms (8, 9).

In June 2020, we published a review of the limited data then available on the
prevalence of asymptomatic SARS-CoV-2 infection (5). Since then,
considerable new data have become available. The present review
summarizes currently available data that might allow us to estimate the

proportion of persons infected with SARS-CoV-2 who are asymptomatic.

Methods

Data Sources, Search Terms, and Study Selection

Using the keywords antibodies, asymptomatic, coronavirus, COVID-19, PCR,
seroprevalence, and SARS-CoV-2, we periodically searched Google News,
Google Scholar, medRxiv, and PubMed for observational, descriptive s

and reports of mass screening for SARS-CoV-2 that were either cross- .,
sectional or longitudinal in design; were published through 17 November
2020; and involved SARS-CoV-2 nucleic acid or antibody testing of a target

population, regardless of current symptomatic status, over a defined period.

Data Extraction and Quality Assessment
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We recorded the total number of persons tested, the number that tested
positive, the number of positive cases without symptoms, the criteria for
determining symptomatic status, whether the data were cross-sectional or
longitudinal in nature, whether random selection techniques were used to
achieve a representative sample of a target population, and whether the
testing involved polymerase chain reaction (PCR) analysis of a
nasopharyngeal swab or serologic analysis of antibodies in a blood sample.
For longitudinal studies that provided information on the evolution of
symptomatic status, we recorded the proportion of persons who tested
positive but had no symptoms at the time of testing and who then remained
asymptomatic during a follow-up period. In addition, we flagged studies that

required clarification of ambiguous details.

Studies or reports that are based on PCR results and include only cross-
sectional data do not make it possible to distinguish between
presymptomatic and asymptomatic SARS-CoV-2 infection because
symptomatic status is observed on only 1 occasion, which may occur before
the development of symptoms, if any. In contrast, we can distinguish
between presymptomatic and asymptomatic infection with either ant:
based studies, in which an interview or questionnaire gathers information

about symptoms reported at the time a blood sample is taken and during a

prior period, or PCR-based studies that include longitudinal data.

In assessing quality, we put the greatest emphasis on random selection of
participants to achieve a representative sample of a regional or national

population, a large number of study participants (n > 10 000), and study
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designs that make it possible to distinguish between presymptomatic and
asymptomatic infection. Evaluated in this manner, the highest-quality
evidence comes from large-scale, national studies with representative
samples that include data from either antibody or longitudinal PCR testing.
In Tables 1 and 2, we show in boldface the details that increase a study's

likelihood of providing higher-quality evidence.

Table 1. Nucleic Acid PCR Testing

Table 2. Antibody Testing

Data Synthesis and Analysis

We synthesized evidence qualitatively by evaluating study design, incl- "~
whether data were collected longitudinally; testing methods; number
participants; and setting. We compared the range and consistency of
estimates of the proportion of persons who tested positive but had no

symptoms at the time of testing.

Role of the Funding Source
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The National Institutes of Health played no role in the design, conduct, or
analysis of this review or in the decision to submit the manuscript for

publication.

Results

We identified 61 studies or reports that met eligibility criteria. Table 1 (10-
54) summarizes data from the 43 that used PCR testing, and Table 2 (55-72)
summarizes data from the 18 that used antibody testing. The heterogeneity
of the studies—in particular, disparate settings and populations—precluded
quantitative summaries using meta-analysis. We summarize the evidence in
terms of the number of studies and the range, median, and interquartile
range (IQR) for persons who tested positive but had no symptoms at the time
of PCR testing or who reported having had no symptoms before or at the
time of antibody testing. Thirty of the studies included a list of specific
symptoms, independent of signs, used to determine symptomatic status (10-
14,17, 18, 22-28, 35, 36, 38, 42, 49, 51, 55-57, 60-62, 64). Many of the
remaining studies used some variation of the catch-all phrase “symptoms
compatible with COVID-19.”

Help

Nucleic Acid PCR Testing

Among the 43 studies using PCR testing (10-54), the proportion of persons
who tested positive but had no symptoms at the time of testing ranged from

6.3% to 100%, with a median of 65.9% (IQR, 42.8% to 87.0%).
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Nineteen of the PCR-based studies collected data on symptoms
longitudinally after testing, making it possible to distinguish between
presymptomatic and asymptomatic infection (15, 17, 18, 20, 22, 25, 26, 27, 32,
37-40, 45, 47, 48, 51, 53, 54). The follow-up period in these studies ranged
from 2 to 70 days, with a median of 14 days (IQR, 14.0 to 15.8 days). The
proportion of persons who tested positive and remained asymptomatic

ranged from 6.3% to 91.7%, with a median of 42.5% (IQR, 29.6% to 77.8%).

Of the 19 longitudinal studies, 14 provided information on the evolution of
symptomatic status (Table 3) (15, 17, 18, 20, 22, 32, 37-40, 47, 51, 53, 54).
Among persons who tested positive but had no symptoms at the time of
testing, the proportion who remained asymptomatic during a follow-up
period ranged from 11.1% to 100%, with a median of 72.3% (IQR, 56.7% to
89.7%).

Table 3. Evolution of Symptomatic Status

Of the 43 studies that used PCR testing, 24 collected cross-sectional dawaarna
reported only the symptomatic status at the time of testing, so we could not
distinguish between presymptomatic and asymptomatic cases (10-14, 16, 19,
21, 23, 24, 28-31, 33-36, 41-44, 46, 49, 50, 52). In these studies, the proportion
of persons who tested positive but had no symptoms at the time of testing

ranged from 40.7% to 100%, with a median of 75.5% (IQR, 50.3% to 86.2%).
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Of the 43 studies that used PCR testing, 4 used random selection of
participants to achieve a representative sample of their target population:
residents of England (10-12, 14), Iceland (16), or Indiana (23). Proportions of
persons who tested positive but had no symptoms at the time of testing
ranged from 43.0% to 76.5%, with a median of 45.6% (IQR, 43.6% to 61.8%).
None of the PCR testing studies that used random selection of participants
collected longitudinal data on symptoms, so we could not distinguish

between presymptomatic and asymptomatic cases.

The largest of the representative data sets, and the largest study identified in
our search, was from the REACT (Real-time Assessment of Community
Transmission) program. REACT has implemented nationwide nucleic acid
and antibody testing (discussed later) for SARS-CoV-2 of persons in England
aged 5 years and older in multiple phases since May 2020 (10-12). In Table 1,
we have combined the results of 6 phases of nucleic acid testing from
REACT, yielding data for 932 072 persons (England residents 1). At the time of
testing, 1425 of 3029 persons (47.0%) who tested positive had no symptoms.
The study did not collect longitudinal data on symptoms, so we could not

distinguish between presymptomatic and asymptomatic cases.

Help

The second largest of the representative studies was also from England; it
included 36 061 persons tested between 26 April and 27 June 2020 (14). The
proportion of persons who tested positive was 0.3%, identical to that
reported by REACT, but the proportion of persons who tested positive but

had no symptoms at the time of testing was 74.8%, much larger than in the
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REACT study. The study did not collect longitudinal data on symptoms, so we

could not distinguish between presymptomatic and asymptomatic cases.

In the cross-sectional study of Belgian long-term care facilities (n = 280 427),
age did not seem to affect the proportion of persons who tested positive but
had no symptoms at the time of testing (13). The study tested 138 327 staff
and 142 100 residents. Median age was 42 years for staff and 85 years for
residents; despite this considerable difference, the proportion of those who
tested positive without symptoms was 74.0% for staff and 75.3% for
residents. This finding is consonant with the finding of a longitudinal study
from Vo), Italy, in which more than 85% of the town's 3275 residents were
tested: “Among confirmed SARS-CoV-2 infections, we did not observe
significant differences in the frequency of asymptomatic infection between

age groups” (17).

Of the 43 studies that used PCR testing, 21 involved high-density living or
working environments, such as nursing homes and factories (13, 15, 18, 19,
21, 22, 24-28, 30, 38, 40, 42, 46, 50, 51, 53, 54). The settings with the highest
proportion of persons who tested positive without symptoms includec
prisons (19) and poultry processing plants (21). Yet, the data seemto b s
insufficient to conclude that setting was a causative factor. In the 21 studies
of high-density environments, the proportion of persons who tested positive
but had no symptoms at the time of testing ranged from 6.3% to 96.0%, with
a median of 62.8% (IQR, 40.6% to 87.0%). In the remaining 22 studies that
did not involve such high-density environments, the proportion ranged from

27.3% to 100%, with a median of 67.2% (IQR, 43.5% to 84.7%).
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Antibody Testing

In the 18 studies based on antibody testing (Table 2) (55-72), the proportion
of persons who tested positive but did not report having had symptoms

ranged from 21.7% to 85.0%, with a median of 41.2% (IQR, 32.6% to 48.1%).

Among the 18 antibody testing studies, 6 used random selection of
participants to achieve a representative sample of their target population:
residents of England (55); Spain (56); Bavaria, Germany (59); Louisiana (60);
Maranhdo, Brazil (64); or Connecticut (68). In these antibody studies with
representative samples, the proportion of persons who tested positive but
did not report having had symptoms ranged from 21.7% to 47.3%, with a
median of 32.7% (IQR, 28.7% to 43.4%).

The 2 largest studies based on antibody testing were nationwide serosurveys
from England (55) and Spain (56), both designed to achieve representative
samples of community-dwelling persons. The English data, from the REACT
program described earlier, were collected during 3 rounds of testing from
June through September 2020 and include 365 104 persons. The Spanis’
were collected 27 April to 11 May 2020 and include 61 075 persons. The .,

proportion of persons who tested positive but did not report having had

symptoms was 32.4% in England and 33.0% in Spain.

Discussion

Symptom detection relies on the subjective reports of patients (73). For

example, anosmia has turned out to be a distinctive symptom of COVID-19
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(74), and we depend on patients to perceive and report a diminution,
however slight, of their normal olfactory abilities. But such self-reports are
influenced by many factors, including variability in the ability to recall

symptoms and idiosyncratic awareness of bodily sensations.

Current data suggest that infected persons without symptoms—including
both presymptomatic and asymptomatic persons—account for more than
40% of all SARS-CoV-2 transmission (75-77). The proportion of new
infections caused by asymptomatic persons alone is uncertain, but when
researchers in Wanzhou, China, analyzed epidemiologic data for “183
confirmed COVID-19 cases and their close contacts from five generations of
transmission,” they determined that the asymptomatic cases, which made up

32.8% of infected persons, caused 19.3% of infections (78).

The 61 studies and reports that we have collected provide compelling
evidence that the asymptomatic fraction of SARS-CoV-2 infection is sizable.
These data enable us to make reasonable inferences about the proportion of

SARS-CoV-2 infections that are asymptomatic.

Studies designed to achieve representative samples of large populatios
provide useful data because they may accurately reflect human populati(;erlis
in general. Four of the PCR-based studies are in this category, with target
populations of England (10-12, 14), Iceland (16), and Indiana (23). The
proportion of persons who tested positive but had no symptoms at the time
of testing ranged from 43.0% to 76.5%, with a median of 45.6% (IQR, 43.6%

to 61.8%). However, these studies fall short of providing the highest-quality
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evidence because they collected only cross-sectional data. As a result, we

cannot distinguish between presymptomatic and asymptomatic cases.

In 14 longitudinal studies that reported information on the evolution of
symptomatic status, a median of 72.3% of persons who tested positive but
had no symptoms at the time of testing remained asymptomatic during a
follow-up period (15, 17, 18, 20, 22, 32, 37-40, 47, 51, 53, 54). If a similar
proportion remained asymptomatic in the 4 large, representative, PCR-based
studies, in which the median was 45.6%, the asymptomatic fraction of SARS-

CoV-2 infection would be 33.0%.

Among the data that we have assembled here, the highest-quality evidence
comes from the large-scale studies using antibody testing that were designed
to achieve representative samples of nationwide populations in England (n =
365 104) (55) and Spain (n =61 075) (56). It is remarkable that these
independently conducted serosurveys yielded nearly identical proportions of

asymptomatic SARS-CoV-2 infections: 32.4% in England and 33.0% in Spain.

We may infer that persons who receive positive antibody test results can be
classified accurately as asymptomatic because such results are likely t
occur only after the onset of symptoms, if any. In a study of 222 hospitali;egd
patients in Wuhan, China, IgM and IgG antibodies to SARS-CoV-2 were first
detected 3 and 4 days, respectively, after symptomatic onset of COVID-19
(79). In a study of 109 health care workers and 64 hospitalized patients in
Zurich, Switzerland, the severity of illness seemed to affect how quickly

SARS-CoV-2 antibodies appeared (80). Patients with severe COVID-19 had
detectable SARS-CoV-2 antibody titers after symptom onset, but those with
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mild cases “remained negative or became positive [for SARS-CoV-2
antibodies] 12 to 14 days after symptom onset” (80). These data suggest that
positive antibody test results are unlikely to occur during the period when it
is uncertain whether an infected person is presymptomatic or

asymptomatic.

However, serosurveys do have significant limitations for the purpose of
estimating the asymptomatic fraction. Not all persons who are believed to
have been infected with SARS-CoV-2 later have a positive result for SARS-CoV-
2 antibodies (81). The reasons may include a false-positive result on the
initial PCR test; a false-negative result on the antibody test; or the absence of
detectable antibodies, perhaps because the infection was cleared without
requiring adaptive immunity. In addition, the role of mucosal immunity in
clearing SARS-CoV-2 infection has not yet been fully elucidated (82), and a
nasal wash to detect the IgA antibodies active in mucosal immunity is not
part of standard testing practice. Persons who clear SARS-CoV-2 infection
through innate or mucosal immunity might be more likely to be
asymptomatic but would not be categorized as such in a serosurvey, possibly

contributing to an underestimate of the asymptomatic fraction.

Help

Another limitation of serosurveys is the requirement that an interview or
questionnaire about symptomatic status accompany the blood sample. The
onus is on the study participant to accurately recall symptoms, if any, from
weeks or even months earlier. In the midst of a pandemic that has
transformed everyday life around the globe, it seems reasonable to

hypothesize that awareness of and memory for symptoms possibly related to
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COVID-19 are heightened. This might result in a greater likelihood of
noticing and reporting symptoms that would otherwise be missed or
ignored, thereby leading to a lower estimate of the asymptomatic fraction.
For these reasons, we have evaluated serosurveys in the context of other

results and found them to be concordant.

When estimates from large-scale, cross-sectional, PCR-based studies with
representative samples; longitudinal PCR-based studies; and nationwide
serosurveys with representative samples are combined, it seems that the
asymptomatic fraction of SARS-CoV-2 infection is at least one third. To
confirm this estimate, large-scale longitudinal studies using PCR testing with
representative samples of national populations would be useful. As SARS-
CoV-2 vaccination campaigns are implemented worldwide, though, the

window for such research may be closing.

In light of the data presented here, we believe that COVID-19 control
strategies must be altered, taking into account the prevalence and
transmission risk of asymptomatic SARS-CoV-2 infection. Frequent,
inexpensive, rapid home tests (83) to identify and contain presympton
asymptomatic cases—along with government programs that provide Help
financial assistance and, if necessary, housing to enable infected persons to
isolate themselves (84)—may be a viable option. And as the first generation
of SARS-CoV-2 vaccines is deployed, more research will be needed to

determine their efficacy in preventing asymptomatic infection (85).

Comments
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7 Comments

Eric Topol, Daniel Oran e Scripps Translational Science Institute ¢ 8 June 2021
Authors' Response to Berman

Personal observations are often the starting point of scientific inquiry, so we appreciate that Dr. Berman has
shared his experience in advising camps, schools, and others. But he makes no mention of involvement in
mass SARS-CoV-2 screening programs that test all persons in a group or locale without regard to symptomatic
status. It is only through the study of data from such mass screening that the actual asymptomatic fraction
can be ascertained. In our review, we assembled 61 data sets in this category, including more than 1.8 million
persons worldwide. Regarding Dr. Berman's concern about ambiguity in defining the asymptomatic
condition, we note in our review that "thirty of the studies included a list of specific symptoms, independent
of signs, used to determine symptomatic status." In preparing our review, we relied on the competence and

veracity of researchers in applying these criteria and assessing the symptomatic status of study participants.

Daniel S. Berman, M.D. ¢ Montefiore Medical Center, Bronx, New York ¢ 2 June 2021
Are "asymptomatic" infections truly "asymptomatic?"

In their recent review article on the incidence of asymptomatic SARS-Co-V-2 infection, Drs. Oran and Topol
conclude that at least one third of SARS-Co-V-2 infections are "asymptomatic." The conclusion is based upon a

summary of 61 studies and reports.

To arrive at this conclusion, one has to have a clear definition of "asymptomatic" versus “asymptomatic” cases.
The understanding of symptoms related to SARS-Co-V-2 infection has evolved since we began to identify
SARS-Co-V-2 infections in March 2020. I have been involved personally, in advising camps, schools and many
individuals in managing outbreak situations. Early on in the course of the pandemic, we focused on the
symptoms of cough and fever. Later on, we observed that many individuals, especially children and

adults, presented with more subtle symptoms such as nasal stuffiness, headaches, G.I. symptoms or

fatigue. We would sometimes ask individuals who tested positive about their symptoms and were tolu tiat
they had none. Upon more persistent questioning, we would learn that they had a runny nose or some of the

other mentioned symptoms for several days, but did not relate these symptoms to their positive test result.

In addition, it is difficult to define "asymptomatic" among the elderly or debilitated patients. Such patients
often lack awareness of symptoms. Frequently, they are unable able to report subjective symptoms. These
patients would not be defined as being "symptomatic,” unless they developed fever, cough or shortness of
breath.

In order to properly report on the incidence of "asymptomatic" infection, one must know that the individuals
were carefully questioned about any symptoms, some of which would be subtle. In addition, it would be

reasonable to place elderly debilitated patients in a separate category, as their symptoms can be easily missed.
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In this way, I believe strongly that the actual incidence of "asymptomatic" infection is much lower than what
Oran and Topol estimate. Summarizing studies without a clear understanding of how a history of symptoms
was obtained can lead to false conclusions, which tends to increase the level of anxiety concerning

asymptomatic infections. Such anxiety might not be warranted

Eric Topol, Daniel Oran e Scripps Translational Science Institute ¢ 1 April 2021
Authors' Response to Yang and Ma

As noted in our review, we included data published as of 17 November 2020. It is inevitable, then, because of
typically long lead times in journal publishing, that the data were collected before the widespread circulation
of the SARS-CoV-2 variants of concern mentioned by Drs. Yang and Ma. In addition, all of the studies that they

cite were published after our review appeared.

As new SARS-CoV-2 variants of concern emerge and the mix of variants in widespread circulation changes, we

agree that it will be important to reassess the prevalence of asymptomatic infection.

Fan Yang, M.D.1,2* Dan Ma, M.D.2* *Author Fan Yang and Dan Ma contributed equally to this work. ¢ 1.People’s Hospital of
Leshan 2.Department of Gastroenterology, Changhai Hospital, Second Military Medical University/Naval Medical

University, ®* 28 March 2021
New Variants, Vaccines and The Proportion of Asymptomatic SARS-CoV-2 Infections
TO THE EDITOR:

A recent systematic review by Oran and Topol concluded that at least one third of SARS-CoV-2 infections are
completely asymptomatic (1). As included large-scale representative data, the conclusion seemed more

convincing than the initial narrative review.

Notably, evidence gap was still significant. Except the nationwide program in England, all the other
studies included participants prior to September, 2020. Moreover, the vast majority of studies were howwe st
as 3 months. Therefore, the review was less likely to disclose whether the proportion of asymptomatic SARS-

COV-2 infections would keep stable for a long period.

Since the SARS-COV-2 genome has thrown up numerous variants over one year evolution, it is reasonable to
suspect the coronavirus might undergo phenotypic "drift". Circumstantial evidence came from almost 20
million international entrants to China. Between mid-April and mid-October 2020, the proportion of
asymptomatic infections among all positive individuals increased significantly over time from 27.8% to 59.4%
(2). This finding may signal an increase in asymptomatic infection globally, in which D614-to-G614 transition

might have a place.
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The viral variant problem became prominent at the end of 2020. Take fast-spreading B.1.1.7 as an example.
The tendencies of spike gene dropout transition in the Pillar 2 sample (community testing of people with
symptoms) closely matched the trends of a random sampling of the community (3). This might suggest that
the proportion of asymptomatic infection in B.1.1.7 variant remained relatively stable, whereas hazard of

death was estimated higher compared with previously circulating variants (3).

Further to this, the efficacy of first-generation vaccines on reduction in asymptomatic infections will soon

face the imminent challenges of new variants (4), especially more worrisome lineages such as B.1.351 and P.1.

It is vital to keep track of mutations in the genome of SARS-CoV-2. An interactive mutation tracker system
based on SARS-CoV-2 isolate genomes deposited to GISAID might provide an option to accrue the clinical
metadata. However, with sizable missing data and lack of longitudinal follow-up on symptoms, the tool can

only give a patchy understanding of disease severity (5).

Global coordination in productive expansion of sequencing efforts and robust collection of outcome data can
allow us to really building the capacity to comprehend new variants and asymptomatic infections. The insight
will support meaningful public health actions to choose the highest-efficacy vaccines and to make timely

alterations in the existing vaccines, which could reduce selective pressure for emergence of more variants.
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We are in the midst of a profound transformation in how scientific knowledge is disseminated. As recently as
30 years ago, the gating factors in scientific publishing were the speed of postal mail and the high costs of
printing. Today, ubiquitous access to the Internet allows for nearly instantaneous transmission at an

infinitesimal price. The logical and welcome result has been the rise of preprints.

Peer review certainly serves a valuable role in scientific publishing, usually boosting the quality of the output.
But in the current publishing environment, it would be a mistake to rely exclusively on peer-reviewed articles
as the definitive source of scientific knowledge. Instead, we must become more discriminating consumers of

scientific publications -- from both peer-reviewed journals and preprint servers -- and learn to assess for

ourselves the quality and merit of the knowledge that is being shared.

In preparing our systematic review, we carefully evaluated the preprints that met our criteria for inclusion. In
our opinion, they were of sufficiently high quality to include in our analysis, particularly because they
provided knowledge that was not available from peer-reviewed sources. In the midst of a pandemic, in which
our findings might be useful to both clinicians and policymakers, we decided that this was the most prudent

course of action.

Jyotin Chandarana ¢ ARH Hazard KY 41701 ¢ 25 January 2021
Asymtomatic and presymptomatic cases

Concludng remarks should be added.

Ali Haider Bangash ¢ STMU Shifa College of Medicine, Islamabad, Pakistan ¢ 24 January 2021
Should conclusions be based on preprints that have not been peer-reviewed yet?

With great interest, the manuscript of the research article "The Proportion of SARS-CoV-2 Infections ™ ~* *-~
Asymptomatic: A Systematic Review' was critically evaluated. After expressing commendation for tt

effort by authors to explore the prevalence of asymptomatic SARS-CoV-2 infections, the commenter Help
direct the attention of the Editor towards the fact that data from preprints which have not yet been peer-

reviewed have been included in the synthesis of conclusions.

It is true that the COVID-19 pandemic has lead to an immense rise in the amount of literature getting
published & preprint servers provide the optimal platform for accelerated dissemination of scientific research
around this global health emergency’, one can not deny that no peer-review process whatsoever is adopted
while screening submitted manuscripts for publication at a preprint server which has lead to studies with
flawed methodologies & biased conclusions getting published by the same preprint servers.? Thus, when
conclusions are synthesized by evaluating data from a preprint alongside that taken from research articles
published in peer-reviewed journals which have gone rigorous evaluation reviewers and editors, that

significant status which peer-review process maintains in the scientific research publishing global standards
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gets unintentionally blemished. This may translate into a prediction of the scientific community to disregard
the findings of such research studies that take in data from preprints to synthesize conclusions. Consequently,
the authors of such studies may not achieve their sincerest objective of positively contributing to the scientific

discourse.

The commenter, therefore, suggests revising the methodology of the systematic review under consideration
such that only peer-reviewed research articles are included for data extraction & subsequent qualitative
systematic review. Including only peer-reviewed studies shall translate into a higher quality of synthesized
conclusions which shall be better received by the scientific community. The suggested alternative is to revise
the systematic review once all of the included preprints have either been published in peer-reviewed journals

or have been retracted secondary to any reason.

Regards.
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Notifications
COVID-19 Updates: State of public health emergency declared.

e Public health restrictions to reduce transmission are now in effect.
e Book your vaccine: All Albertans 5+ can get vaccinated.
e Get the facts: Vaccines are safe and save lives.
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Cases in Alberta

COVID-19 Alberta statistics

Interactive aggregate data on COVID-19 cases in Alberta

COVID-19 in Alberta

COVID-19 data included in the interactive data application are up-to-date as of end of day December 06, 2021, unless stated otherwise.

View Alberta seasonal influenza statistics

e Highlights

e New Cases

e Total Cases

o Characteristics

e Vaccinations

e Vaccine Outcomes
e Severe Outcomes

e Pre-existing Conditions
e Healthcare Capacity
e Geospatial

e Laboratory Testing
e Variants of Concern
e Data Export

e Data Notes
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percent positivity, 7-day average average age at death
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total deaths

7,028,981 &

total doses administered
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active cases
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12+ population who received at least one
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https://www.alberta.ca/coronavirus-info-for-albertans.aspx
https://www.alberta.ca/covid-19-public-health-actions.aspx
https://www.alberta.ca/covid19-vaccine.aspx
https://www.alberta.ca/covid19-vaccine-myths-and-facts.aspx
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84.5%

12+ population fully vaccinated
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Figure 1: COVID-19 cases in Alberta by zone. First and second panels display new (from November 30-December 06, 2021) and active cases, respectively. Cases without
a postal code or incorrect postal codes are labelled as unknown. Cases are under investigation and numbers may fluctuate as cases are resolved.
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Figure 2: COVID-19 cases in Alberta by age group. First and second panels display new (from November 30-December 06, 2021) and active cases, respectively. Cases
are under investigation and numbers may fluctuate as cases are resolved.
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Figure 3: COVID-19 cases in Alberta by route of suspected acquisition. First and second panels display new (from November 30-December 06, 2021) and active cases,
respectively. Cases are under investigation and numbers may fluctuate as cases are resolved.
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Figure 4: COVID-19 cases in Alberta by day and case status. Recovered is based on the assumption that a person is recovered 14 days after a particular date (see data
notes tab), if they did not experience severe outcomes (hospitalized or deceased). Cases are under investigation and numbers may fluctuate as cases are resolved. Data
included up to end of day December 06, 2021.
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Figure 5: Cumulative COVID-19 cases in Alberta by route of suspected acquisition. Only includes COVID-19 cases where case report forms have been received. Data

included up to end of day December 06, 2021.
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Figure 6: COVID-19 cases in Alberta by day and case status. Probable cases include cases where the lab confirmation is pending. Data included up to end of day
December 06, 2021.
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Figure 7: Number and rate of COVID-19 cases in Alberta by age group
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Figure 8: COVID-19 cases in Alberta by age group and gender
Table 1. COVID-19 cases in Alberta by age group and gender
Gender
Female Male Unknown All
Age Count Percent Count Percent Count Percent Count Percent
Under 1 year 964 0 1,097 0 2 0 2,063 1
1-4 years 6,366 2 6,842 2 6 0 13,214 4
59 years 10,295 3 11,433 3 3 0 21,731 6
10-19 years 22,851 7 23,876 7 32 0 46,759 14
20-29 years 29,352 9 29,577 9 47 0 58,976 17
30-39 years 32,650 10 31,871 9 13 0 64,534 19
40-49 years 26,011 8 25,839 8 10 0 51,860 15
50-59 years 18,048 5 18,796 6 7 0 36,851 11
60-69 years 10,825 3 11,517 3 3 0 22,345 7
70-79 years 5,043 1 5,004 1 1 0 10,048 3
80+ years 5224 2 3,530 1 2 0 8,756 3
Unknown 139 0 132 0 12 0 283 0
All 167,768 50 169,514 50 138 0 337,420 100
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Figure 9: COVID-19 cases in Alberta by age group. First and second panels display counts (7-day rolling average) and rate per 100,000 (7-day rolling average),
respectively.

Healthcare Workers

Table 2. Healthcare workers among COVID-19 cases

Total Active Recovered Died
Calgary Zone 5950 70 5876 4
Central Zone 2102 38 2064 0
Edmonton Zone 6606 55 6548 3
North Zone 1651 25 1625 1
South Zone 1345 12 1331 2
Alberta 17654 200 17444 10

Note:

Status of Healthcare workers is self-reported and might be different from other sources. Please note these are not necessarily healthcare workers who were infected at
work.

Vaccination data are up-to-date as of end of day December 06, 2021

e 7,028,981 doses of COVID-19 vaccine have been administered in Alberta

o 89 percent of 12+ population has received at least one dose (77.3% total population)

e 84.5 percent of 12+ population fully vaccinated (71.9% total population)
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Cumulative percent of individuals who received at least one dose or are fully vaccinated by day in Alberta

Table 1. Breakdown of COVID-19 vaccine doses administered by provider.

Dose1 Dose 2 Additional dose Total administered

Alberta Health Services 1,741,419 1,488,596 103,006 3,333,021
Pharmacies 1,550,393 1,577,455 320,749 3,448,597

Other 125,537 107,001 14,825 247,363

Total 3,417,349 3,173,052 438,580 7,028,981

Note: Other includes submissions from First Nations communities and online submissions from other providers (e.g. physician clinics).

Table 2. Summary of COVID-19 vaccine doses administered and vaccine coverage by age group

Age Population Atleast 1 % of population with at least 1 dose 3 Fully % of populatim'l fully Additional dose Total administered
group dose vaccinated vaccinated
00-04 267,791 0 0.0 0 0.0 0 0
05-11 391,430 68,282 17.4 0 0.0 0 68,282
12-14 162,518 136,757 84.1 126,714 78.0 203 263,674
15-19 256,700 217,314 84.7 203,000 79.1 780 421,012
20-24 276,916 231,043 83.4 212,826 76.9 2,927 446,529
25-29 314,340 252,434 80.3 234,108 74.5 6,542 492,735
30-34 356,224 291,183 81.7 273,649 76.8 8,760 573,067
35-39 359,135 305,511 85.1 290,226 80.8 11,073 606,236
40-44 319,735 278,664 87.2 268,280 83.9 25,407 571,825
45-49 288,613 253,304 87.8 244,128 84.6 26,628 523,619
50-54 266,607 239,117 89.7 231,116 86.7 25,773 495,624
55-59 284,313 251,481 88.5 242,305 85.2 34,472 527,931
60-64 264,324 245,349 92.8 238,626 90.3 55,820 539,568

65-69 209,995 201,114 95.8 198,209 94.4 32,629 431,785
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70-74 157,696 152,471
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Coverage rate by local geographic area
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347,300
263,181
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71,583
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6,960,699
7,028,981
7,028,981

Note: COVID-19 vaccine doses for all First Nations are included in the overall provincial totals. However, these totals do not necessarily appear in the LGA
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map. First Nations with data sharing agreements with Alberta Health are included in LGA totals. First Nations without data sharing agreements are not

reflected in individual LGAs.

Geographies can be displayed by Alberta local geographic area (LGA). Individuals without a postal code or incorrect postal codes are not included. The
colour categories for each LGA are based on the percent of the population (all ages) vaccinated. Vaccine uptake rates for the Vermilion River County LGA

are underestimated as the Saskatchewan Health Authority provides public health services to all residents of Lloydminster.

e 2,089 adverse events following immunization (AEFI) have been reported to Alberta Health. This represents 2,038 people, and 2,176 symptoms.

o 1,336 related to Pfizer
o 537 related to Moderna

o 210 related to AstraZeneca
¢ There have been 4,925 vaccine refusals and 4,487 contraindications to receiving the vaccine
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Number of adverse events following immunization (AEFI) by condition reported in Alberta

Note: Information is collected on individuals and reported to Alberta Health when an AEFT is confirmed. One AEFI report can have multiple events associated with it. For

AEFI definitions, please refer to this link.

Since Jan 1, 2021, 0.3% of people with one dose (11,779/3,395,472) were diagnosed with COVID-19 14 days after the first immunization date

Since Jan 1, 2021, 0.9% of people with two doses (27,870/3,170,483) were diagnosed with COVID-19 14 days after the second immunization date
78% of cases (182,609/234,157) since Jan 1, 2021 were unvaccinated or diagnosed within two weeks from the first dose immunization date

77.9% of hospitalized cases (9,096/11,675) since Jan 1, 2021 were unvaccinated or diagnosed within two weeks from the first dose immunization date

67.3% of COVID-19 deaths (1,169/1,737) since Jan 1, 2021 were unvaccinated or diagnosed within two weeks from the first dose immunization date

Table 3. COVID-19 case outcomes in Alberta by vaccine status. Counts are provided for new, active cases, and those currently identified as being hospitalized.

Outcome Vaccine status Count (n) Percent (%)
New cases Complete 94 38.52
New cases Partial 9 3.69
New cases Unvaccinated 141 57.79
Active cases Complete 1,739 42.36
Active cases Partial 133 3.24

Unvaccinated 2,233 54.40

Active cases
Note:

Vaccine status category is based on protection. Doses administered within 14 days prior to a person’s COVID-19 diagnosis are not considered protective; as a result,
partial or complete vaccination categories only include those identified as cases over 14 days past their first or second immunization date.


https://open.alberta.ca/dataset/4d885a4c-f9b3-4434-bf5a-5accb63e22a1/resource/7f22f534-f2f1-44ea-9823-6326b99470e4/download/health-aip-aefi-covid-19-20201-02.pdf

Outcome

Currently hospitalized
Currently hospitalized
Currently hospitalized
Note:

Vaccine status

Complete

Partial

Unvaccinated

Count (n)

121
16
236

Percent (%)
32.44

4.29

63.27

Vaccine status category is based on protection. Doses administered within 14 days prior to a person’s COVID-19 diagnosis are not considered protective; as a result,
partial or complete vaccination categories only include those identified as cases over 14 days past their first or second immunization date.

Table 4. COVID-19 cases in the past 120 days in Alberta by vaccine status and pre-existing condition

Age group
Under 12 years
12-29 years
30-39 years
40-49 years
50-59 years
60-69 years
70-79 years
80+ years
Unknown
Note:

Total
18,977
25,375
19,306
14,858

9,469

6,588

3,322

2,444

138

Complete

with condition
n %
0—

991 3.9%
1,387 7.2%
1,539 10.4%
1,537 16.2%
1,722 26.1%
1,438 43.3%
1,525 62.4%

0-—

no condition

n %

0—
3,805 15.0%
4,502 23.3%
4,077 27.4%
2,065 21.8%
1,378 20.9%

439 13.2%
174 7.1%
26 18.8%

Partial

with condition
n %
0-
504 2.0%
427 2.2%
362 2.4%
278 2.9%
202 3.1%
832.5%
77 3.2%
0-—

no condition

n %

0-—

2,088 8.2%
1,459 7.6%
902 6.1%
423 4.5%
146 2.2%
27 0.8%
70.3%
11 8.0%

Vaccine status category is based on protection as Table 3. Pre-existing conditions include respiratory diseases, diabetes,

diseases, renal diseases, cancer and immuno-deficiency diseases.

Table 5. Active COVID-19 cases in Alberta by vaccine status and pre-existing condition

Age group
Under 12 years
12-29 years
30-39 years
40-49 years
50-59 years
60-69 years
70-79 years
80+ years
Unknown
Note:

Total
1,096
630
724
721
373
322
160

Complete

with condition

n %

0—
558.7%
115 15.9%
124 17.2%
91 24.4%
106 32.9%
68 42.5%
46 59.0%

0—

no condition
n %
0-—
224 35.6%
334 46.1%
330 45.8%
130 34.9%
86 26.7%
25 15.6%
56.4%
0-

Partial

with condition

n %
0—
12 1.9%
50.7%
12 1.7%
30.8%
41.2%
31.9%
11.3%
0—

no condition
n %
0-

29 4.6%

253.5%

212.9%

112.9%
61.9%
1 0.6%
0-—
0-—

Unvaccinated

with condition
n %
1,988 10.5%
3,601 14.2%
2,594 13.4%
2,075 14.0%
1,850 19.5%
1,582 24.0%
905 27.2%
53321.8%
0-

no condition
n %
16,989 89.5%
14,386 56.7%
8,937 46.3%
5,903 39.7%
3,316 35.0%
1,558 23.6%
430 12.9%
128 5.2%
101 73.2%

stroke, dementia, cardiovascular disease, liver

Unvaccinated

with condition

n %
138 12.6%
67 10.6%
557.6%
56 7.8%
5113.7%
61 18.9%
45 28.1%
2532.1%
0—

no condition
n %
958 87.4%
243 38.6%
190 26.2%
178 24.7%
87 23.3%
59 18.3%
18 11.2%
11.3%
1 100.0%

Vaccine status category is based on protection as Table 3. Pre-existing conditions include respiratory diseases, diabetes, stroke, dementia, cardiovascular disease, liver

diseases, renal diseases, cancer and immuno-deficiency diseases.

Table 6. COVID-19 hospitalization, count and rate (per 100,000 population) in the past 120 days in Alberta by vaccine status Vaccine status category is based on

protection as Table 3.

Age  Fully vaccinated & Fully vaccinated &

group hospitalized (n)

Under
12 years

0.00

hospitalized (rate per 100K)

Partially vaccinated & Partially vaccinated &

hospitalized (n)

0.00

hospitalized (rate per 100K)

hospitalized (n)

Unvaccinated &

Unvaccinated &

130 19.67

hospitalized (rate per
100K)



Unvaccinated &

Age  Fully vaccinated & Fully vaccinated & Partially vaccinated & Partially vaccinated & Unvaccinated & .
hospitalized (rate per

group hospitalized (n)  hospitalized (rate per 100K) hospitalized (n) hospitalized (rate per 100K) hospitalized (n)

100K)
12-29
39 5.07 22 33.61 444 25574
years
30-39
66 11.85 42 117.10 630 514.06
years
40-49
58 11.46 45 191.51 595 754.24
years
50-39 106 22.50 57 320.49 773 1246.71
years
60-69 216 49.88 41 331.13 833 2881.90
years
70-79
303 123.99 37 715.81 642 5731.63
years
80+
440 345.30 44 1292.22 402 4090.58
years
12+
1228  39.50 288 176.08 4319 886.87
years
Table 7. Hospitalized COVID-19 cases in the past 120 days in Alberta by vaccine status and pre-existing condition
Complete Partial Unvaccinated
with condition no condition with condition no condition with condition no condition
Age group Total n % n % n % n % n % n %
Under 12 years 130 0- 0- 0- 0- 28 21.5% 102 78.5%
12-29 years 505 132.6% 26 5.1% 10 2.0% 12 2.4% 137 27.1% 307 60.8%
30-39 years 738 273.7% 395.3% 172.3% 253.4% 248 33.6% 382 51.8%
40-49 years 698 39 5.6% 192.7% 233.3% 223.2% 290 41.5% 305 43.7%
50-59 years 936 90 9.6% 16 1.7% 45 4.8% 12 1.3% 464 49.6% 309 33.0%
60-69 years 1,090 193 17.7% 232.1% 373.4% 40.4% 565 51.8% 268 24.6%
70-79 years 982 281 28.6% 222.2% 373.8% 0- 526 53.6% 116 11.8%
80+ years 886 419 47.3% 212.4% 424.7% 20.2% 33337.6% 69 7.8%
Unknown 2 0- 0- 0- 150.0% 0- 1 50.0%

Note:

Vaccine status category is based on protection as Table 3. Pre-existing conditions include respiratory diseases, diabetes, stroke, dementia, cardiovascular disease, liver

diseases, renal diseases, cancer and immuno-deficiency diseases.

Table 8. COVID-19 ICU admission, count and rate (per 100,000 population), in the past 120 days in Alberta by vaccine status. Vaccine status category is based on
protection as Table 3.

Full inated & Partiall inated & U inated &
Age  Fully vaccinated & : }.ft:a(:c.m;lceU " Partially vaccinated & ;r }:t Z‘jaclccng‘ ¢ ¢ ;Vz_ltctcgl? eICU Unvaccinated & admitted
adm n ra r adm n ra r adm n
group admitted in ICU (n) 10 01;) edt (rate pe admitted in ICU (n) 10 01;) edt (rate pe ! in)l in ICU (rate per 100K)
Under
12 0 0.00 0 0.00 18 2.72
years
12-2
? 5 0.65 1 1.53 75 43.20
years
30-39 7 1.26 4 11.15 117 9547
years
40-49
15 2.96 7 29.79 161 204.09
years
2059 15 3.18 5 28.11 256 412.88

years



Fully vaccinated & Partially vaccinated & Unvaccinated &

Partially vaccinated & Unvaccinated & admitted

Age  Fully vaccinated &

itted in I itted in I t itted in I
group admitted in ICU (n) “OmittedinICU (rateper —  itted in 1CU () 2dmitted in ICU (rate per admitted inICU .0 (rate per 100K)
100K) 100K) ()

60-69 48 1108 13 104.99 262 906.43
years
70-79 48 19.64 8 154.77 163 1455.23
years
80+

21 1648 1 29.37 33 335.79
years
12+

159 5.1 39 2384 1067 219.10
years

Table 9. Hospitalized COVID-19 cases in ICU in the past 120 days in Alberta by vaccine status

Complete Partial Unvaccinated

Age group Total n % n % n %
Under 12 years 18 0- 0- 18 100.0%
12-29 years 81 56.2% 11.2% 75 92.6%
30-39 years 128 75.5% 43.1% 117 91.4%
40-49 years 183 158.2% 73.8% 161 88.0%
50-59 years 276 15 5.4% 51.8% 256 92.8%
60-69 years 323 48 14.9% 13 4.0% 262 81.1%
70-79 years 219 48 21.9% 83.7% 163 74.4%
80+ years 55 21 38.2% 11.8% 33 60.0%
Unknown 1 0-— 0— 1 100.0%

Note:

Vaccine status category is based on protection as Table 3. Pre-existing conditions include respiratory diseases, diabetes, stroke, dementia, cardiovascular disease, liver

diseases, renal diseases, cancer and immuno-deficiency diseases.

Table 10. Hospitalized COVID-19 cases in ICU in the past 120 days in Alberta by vaccine status and pre-existing condition

Complete Partial Unvaccinated
with condition no condition with condition no condition with condition no condition
Age group Total n % n % n % n % n % n %
All ages 1,284 144 11.2% 151.2% 322.5% 70.5% 695 54.1% 391 30.5%

Note:

Vaccine status category is based on protection as Table 3. Pre-existing conditions include respiratory diseases, diabetes, stroke, dementia, cardiovascular disease, liver

diseases, renal diseases, cancer and immuno-deficiency diseases.

Table 11. COVID-19 deaths, count and rate (per 100,000 population), in the past 120 days in Alberta by vaccine status. Vaccine status category is based on protection as
Table 3.

Age  Fully vaccinated & Fully vaccinated & died Partially vaccinated Partially vaccinated & died Unvaccinated & Unvaccinated & died (rate
group died (n) (rate per 100K) & died (n) (rate per 100K) died (n) per 100K)
der 12
Under 0 0.00 0 0.00 1015
years
12-2
? 1 0.13 0 0.00 7 4.03
years
30-39 1 0.18 1 2.79 18 14.69
years
40-49
8 1.58 1 4.26 25 31.69
years
50-59
8 1.70 2 11.25 80  129.03

years



Age  Fully vaccinated & Fully vaccinated & died Partially vaccinated Partially vaccinated & died Unvaccinated & Unvaccinated & died (rate

group died (n) (rate per 100K) & died (n) (rate per 100K) died (n) per 100K)
60-69 27 6.24 8 64.61 116 401.32
years
70-79
67 27.42 7 135.42 190 1696.28
years
80+ years 165 129.49 16 469.90 188 1913.01
12+ years 277 8.91 35 21.40 624 128.13

Table 12. COVID-19 deaths in the past 120 days in Alberta by vaccine status

Complete Partial Unvaccinated

Age group Total n % n % n %
Under 12 years 1 0- 0- 1 100.0%
12-29 years 8 112.5% 0- 7 87.5%
30-39 years 20 15.0% 15.0% 18 90.0%
40-49 years 34 823.5% 12.9% 2573.5%
50-59 years 90 88.9% 22.2% 80 88.9%
60-69 years 151 27 17.9% 85.3% 116 76.8%
70-79 years 264 67 25.4% 72.7% 190 72.0%
80+ years 369 165 44.7% 16 4.3% 188 50.9%
Unknown 2 150.0% 0- 150.0%

Note:

Vaccine status category is based on protection as Table 3. Pre-existing conditions include respiratory diseases, diabetes, stroke, dementia, cardiovascular disease, liver
diseases, renal diseases, cancer and immuno-deficiency diseases.

Table 13. COVID-19 deaths in the past 120 days in Alberta by vaccine status and pre-existing condition

Complete Partial Unvaccinated
with condition no condition with condition no condition with condition no condition
Age group Total n % n % n % n % n % n %
All ages 939 270 28.8% 80.9% 313.3% 40.4% 508 54.1% 118 12.6%

Note:

Vaccine status category is based on protection as Table 3. Pre-existing conditions include respiratory diseases, diabetes, stroke, dementia, cardiovascular disease, liver
diseases, renal diseases, cancer and immuno-deficiency diseases.

Table 14. COVID-19 vaccine effectiveness in Alberta by vaccine manufacturer
Vaccine Vaccine Effectiveness: Partial (95% CI) Vaccine Effectiveness: Complete (95% CI)

AstraZeneca 61% (58 to 63%) 89% (89 to 90%)
Moderna  81% (80 to 82%) 91% (90 to 91%)
Pfizer 75% (74 to 76%) 90% (90 to 90%)

Table 15. COVID-19 vaccine effectiveness against variants of concern in Alberta

Variant of Concern Vaccine Effectiveness: Partial (95% CI) Vaccine Effectiveness: Complete (95% CI)

Alpha 76% (75 to 77%) 90% (88 to 91%)
Delta 57% (51 to 63%) 89% (89 to 90%)
Gamma 72% (67 to 76%) 88% (80 to 93%)

Note:
(a) Vaccine effectiveness estimates include 95% confidence intervals (CI) and describes the protection against infection. Vaccine effectiveness for hospitalization and

death could have different estimates.



(b) Vaccine effectiveness estimates for some variants are not provided due to limited sample sizes, which make estimates unstable and difficult to interpret. Information on
other variants will be provided when estimates become stable.

(c) Partial vaccination: people are considered partially vaccinated 14 days after their first dose of a two dose series (for vaccines that require two doses)
(d) Effectiveness: how well a vaccine prevents the outcome of interest in the real world
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Figure 10: Case rate per 100,000 population by vaccination status in Alberta, 12+ population only. Note: Vaccine status category is based on protection as Table 3.

Non ICU (n)

ICU cases (n)

=== Additional dose after 14 days

Additional dose within 14 days == Complete dose after 14 days

==== Complete dose within 14 days = Partial dose after 14 days == Partial dose within 14 days
=== Unvaccinated

Figure 11: Current non-ICU (top) and ICU(bottom) by vaccine status.
Note:
Time from immunization date to COVID-19 diagnosis date (or Date reported to Alberta Health). COVID-19 hospitalizations reported are not due to immunization events.
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Figure 12: Time from first dose (left) and second dose immunization (right) to COVID-19 diagnosis by age group:

TOP: cases

MIDDLE: of those who became hospitalized

BOTTOM: of those who died from COVID-19

Note: First dose immunization also includes people who became a case prior to their second dose immunization date. COVID-19 hospitalizations reported are not due to
immunization events.

Summary

o Average age for COVID cases that died is 78 years (range: 1-107)

o Average age for COVID cases hospitalized with an ICU stay is 56 years (range: 0-99)
e Average age for COVID cases hospitalized is 59 years (range: 0-104)

o Average age for COVID cases not hospitalized is 34 years (range: 0-121)
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Figure 13: Rate of total hospitalizations, ICU admissions, and deaths among COVID-19 cases in Alberta
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Figure 14: Total hospitalizations, ICU admissions and deaths (ever) among COVID-19 cases in Alberta by age group. Each ICU admission is also included in the total
number of hospitalizations.This is based on totals rather than current hospitalizations and ICU admissions.

Table 16. Total Hospitalizations, ICU admissions and deaths (ever) among COVID-19 cases in Alberta by age group
Age Group Cases Hospitalized ICU Deaths

Count Count Case rate Pop. rate Count Case rate Pop. rate Count Case rate Pop. rate
Note:

Based on total hospitalizations and ICU admissions ever.

Row percent is out of the number of cases in each age group.

Each ICU admission is also included in the total number of hospitalization
Case rate (per 100 cases)

Population rate (per 100,000 population)



Age Group Cases Hospitalized ICU Deaths

Count Count Case rate Pop. rate Count Case rate Pop. rate Count Case rate Pop. rate

Total 337420 15190 4.5 343.7 2949 0.9 66.7 3268 1.0 73.9
Under 1 year 2063 100 4.8 198.1 22 1.1 43.6 0 0.0 0.0
1-4 years 13214 82 0.6 37.7 14 0.1 6.4 1 0.0 0.5
5-9 years 21731 46 0.2 16.6 14 0.1 5.0 0 0.0 0.0
10-19 years 46759 241 0.5 452 32 0.1 6.0 1 0.0 0.2
20-29 years 58976 853 1.4 144.3 117 0.2 19.8 16 0.0 2.7
30-39 years 64534 1560 2.4 218.1 250 0.4 349 34 0.1 4.8
40-49 years 51860 1842 3.6 302.8 407 0.8 66.9 81 0.2 13.3
50-59 years 36851 2553 6.9 463.4 679 1.8 1232 208 0.6 37.8
60-69 years 22345 2741 12.3 5779 778 35 164.0 447 2.0 94.2
70-79 years 10048 2486  24.7 953.4 507 5.0 1944 751 7.5 288.0
80+ years 8756 2682  30.6 1906.8 127 1.5 90.3 1726 19.7 1227.1
Unknown 283 4 1.4 NA 2 0.7 NA 3 1.1 NA

Note:

Based on total hospitalizations and ICU admissions ever.

Row percent is out of the number of cases in each age group.

Each ICU admission is also included in the total number of hospitalization
Case rate (per 100 cases)

Population rate (per 100,000 population)
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Figure 16: Rate of new hospitalizations (7-day rolling average, average of current day and previous 6 days) by admission date in Alberta and by zone
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Figure 17: Daily COVID-19 attributed deaths. Data are subject to change; when death date is unavailable the date reported to Alberta Health is used until a death date is

known.

Table 17. Number and percent of health conditions among COVID-19 deaths. Data updated on 2021-12-06.

Condition

Hypertension 2690
Cardio-Vascular Diseases 1693
Renal Diseases 1653
Diabetes 1445
Respiratory Diseases 1297
Dementia 1222
Cancer 752
Stroke 592
Liver Diseases 145

Immuno-Deficiency Diseases 119
Note:

InC T0

Count Percent

82.3%
51.8%
50.6%
44.2%
39.7%
37.4%
23.0%
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Figure 18: Percent of COVID-19 cases with no pre-existing conditions, one condition, two conditions, or three or more conditions by case severity (non-severe,
hospitalized but non-ICU, ICU but not deceased, and deceased), all age groups and both sexes combined, all Alberta. Pre-existing conditions included are: Diabetes,
Hypertension, COPD, Cancer, Dementia, Stroke, Liver cirrhosis, Cardiovascular diseases (including IHD and Congestive heart failure), Chronic kidney disease, and
Immuno-deficiency. Data updated on 2021-12-06.

Table 18. Number and percent of COVID-19 cases with no pre-existing conditions, one condition, two conditions, or three or more conditions by case severity (non-
severe, hospitalized but non-ICU, ICU but not deceased, and deceased), all age groups and both sexes combined, Alberta. Pre-existing conditions included are: Diabetes,
Hypertension, COPD, Cancer, Dementia, Stroke, Liver cirrhosis, Cardiovascular diseases (including IHD and Congestive heart failure), Chronic kidney disease, and
Immuno-deficiency. Data updated on 2021-12-06.

Non-Severe Non-ICU ICU Deaths

Number Percent Number Percent Number Percent Number Percent

No condition 220579 68.7% 2786 25.8% 480 22.1% 141 4.3%
With 1 condition 66397 20.7% 2161 20.0% 507 23.3% 274 8.4%
With 2 conditions 19919 6.2% 1861 17.2% 459 21.1% 472 14.4%
With 3 or more conditions 14272 4.4% 4005 37.0% 726 33.4% 2381 72.9%
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Figure 19: Intensive Care Unit (ICU) bed capacity. Data included may only be available at a lagged interval. As a result, the number of COVID occupied ICU beds on a
particular day may not match the number reported elsewhere on the dashboard.
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Figure 20: Total ICU bed capacity over time. Data included may only be available at a lagged interval. As a result, the number of COVID occupied ICU beds on a
particular day may not match the number reported elsewhere on the dashboard.
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Figure 21: Non-ICU bed capacity. Data included may only be available at a lagged interval. As a result, the number of COVID occupied inpatient beds on a particular day
may not match the number reported elsewhere on the dashboard. Data reflects the non-ICU hospital occupancy at the 14 largest hospitals, excluding pediatrics.

140k ——

120k _’

=
o
o
~

) cases (n)
o]
o
x



60k

COVID-1¢

20k

0
oo

i
reportedsgFAl

Figure 22: Cumulative COVID-19 cases in Alberta by zone and date reported to Alberta Health. Cases without a postal code or incorrect postal codes are labelled as
unknown.
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Figure 23: Rate of COVID-19 cases (per 100,000 population) in Alberta and by zone

Table 19. COVID-19 cases in Alberta by zone
Zone Count Percent
Calgary Zone 124,538 37
Central Zone 38,341 11
Edmonton Zone 104,623 31
North Zone 46,553 14
South Zone 23,324 7
Unknown 41 0
All 337,420 100

Leaflet


http://leafletjs.com/

Geographies can be displayed by municipality or local geographic area (LGA). When viewing by municipality, regions are defined by metropolitan areas, cities, urban
service areas, rural areas, and towns with approximately 10,000 or more people; smaller regions (i.e. villages, and reserves) are incorporated into the corresponding rural
area. Cases without a postal code or incorrect postal codes are not included. Location information missing/invalid for: 922 case(s).
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Figure 24: Tests performed for COVID-19 in Alberta by day. Tests can be performed for the same person multiple times.

Table 20. COVID-19 testing in Alberta
Number (n)
Test volume 6,181,640
People tested 2,597,485

Table 21. Number of people tested for COVID-19 in Alberta by zone
Zone Count Percent
Calgary Zone 1,029,115 40
Central Zone 235,896 9
Edmonton Zone 817,510 31
North Zone 251,343 10
South Zone 164,933 6
Unknown 98,688 4
All 2,597,485 100
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Figure 25: People tested for COVID-19 in Alberta by age group and gender.

Table 22. People tested for COVID-19 in Alberta by age group and gender

Gender
Female Male Unknown All
Age Count Percent Count Percent Count Percent Count Percent
Under 1 year 10,843 0 12,460 0 30 0 23333 1
1-4 years 57,850 2 63,722 2 82 0 121,654 5
5-9 years 87,408 3 94,413 4 127 0 181,948 7
10-19 years 169,225 7 172,411 7 455 0 342,091 13
20-29 years 205,848 8 186,093 7 722 0 392,663 15
30-39 years 240,651 9 219,098 8 718 0 460,467 18
40-49 years 189,294 7 171,467 7 544 0 361,305 14
50-59 years 159,597 6 137,952 5 446 0 297,996 11
60-69 years 119,264 5 106,903 4 259 0 226,426 9
70-79 years 57,578 2 52,830 2 86 0 110,494 4
80+ years 46,935 2 30,586 1 116 0 77,637 3
Unknown 508 0 562 0 400 O 1,471 0
All 1,345,001 52 1,248,497 48 3,985 0 2,597,485 100

Note:

Count represents the number of people tested
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Figure 26: Cumulative and daily test positivity rate for COVID-19 in Alberta.
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Figure 27: Positivity rate for COVID-19 in Alberta by zone.
Summary

NOTE: People are identified as COVID-19 cases prior to variant of concern identification. As such, variant of concern reporting is delayed compared to date the
case was reported to Alberta Health.

Due to the large number of positive COVID-19 cases, the lab screened a sample of positive cases between May 1, 2021 and May 31, 2021 and again between



September 9 and November 23.

e 112,476 variants of concern identified
o 3376 active cases
o 1,140 died
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Figure 28: Variant of concern COVID-19 cases in Alberta by day. Note: cases are identified as COVID-19 positive prior to being identified as a variant of concern. Data
included up to end of day December 06, 2021.

Table 23. Variants of concern COVID-19 cases identified in Alberta and by Zone

Zone Alpha Beta Delta Gamma Kappa Omicron Total
Calgary Zone 20,046 79 14,389 802 6 8 35,330
Central Zone 5,459 2 7,920 193 0 0 13,574
Edmonton Zone 11,434 6521,574 1,064 13 2 34,152
North Zone 6,249 34 13,677 768 0 1 20,729
South Zone 2,682 0 5908 97 0 0 8,687
Unknown 0 0 4 0 0 0 4
Alberta 45,870 180 63,472 2,924 19 11 112,476

Table 21. Variants of concern COVID-19 cases identified who are active, recovered, or died in Alberta and by Zone

Zone Active Died Recovered Total
Calgary Zone 1,368 209 33,753 35,330
Central Zone 376 244 12,954 13,574
Edmonton Zone 1,007 305 32,840 34,152
North Zone 416 224 20,089 20,729
South Zone 208 158 8,321 8,687
Unknown 1 0 3 4
Alberta 3,376 1,140 107,960 112,476

Note: Active and recovered cases are now based on information on a sample of positive cases only and should be interpreted with caution.



Data are subject to change. Fluctuations are expected as cases are investigated and updated. Data are provided for export in csv format.
Case data

Data included up to end of day December 06, 2021.

Download

Summary data starting March 6, 2020
Data included up to end of day December 06, 2021.

Download

Geospatial data
Data included up to end of day December 06, 2021.

Download
Vaccine data

Data included up to end of day December 06, 2021.

Download

Data sources

The Provincial Surveillance Information system (PSI) is a laboratory surveillance system which receives positive results for all Notifiable Diseases and diseases under
laboratory surveillance from Alberta Precision Labs (APL). The system also receives negative results for a subset of organisms such as COVID-19. The system contains
basic information on characteristics and demographics such as age, zone and gender. The Communicable Disease Reporting System (CDRS) at Alberta Health and the
Communicable Disease Outbreak Management (CDOM) system at Alberta Health Services contains information on COVID-19 cases. Data Integration and Measurement
Reporting (DIMR) database at Alberta Health Services contains up to date information on people admitted and discharged from hospital in Alberta. Information such as
hospitalizations and ICU admissions are received through enhanced case report forms sent by Alberta Health Services (AHS).

COVID-19 vaccinations and AEFIs are reported to the Provincial Immunization and Adverse Reaction to Immunization (Imm/ARI) repository. In Alberta, all health
practitioners are required by law to report Adverse Events Following Immunization (AEFI) to Imm/ARI. The reporting requirements are outlined in the Immunization
Regulation, under the Public Health Act. Case definitions are further defined in the AEFI Policy. As of January 1, 2021, all health practitioners are required to report all
(both provincially funded and privately purchased) vaccinations electronically to Imm/ARI.

Definitions
Recovered

Active and recovered status is a surveillance definition to try to understand the number of active cases in the population. It is not related to clinical management of cases.
It is based on the assumption that a case is recovered 14 days after a particular date. For confirmed cases, specimen collected date is used and for probable cases date
reported to Alberta Health is used. If a case is hospitalized, the recovered date is when their symptoms have resolved based on case follow-up, or 10 days after being
discharged.

COVID-19 Deaths

A death resulting from a clinically compatible illness, in a probable or confirmed COVID-19 case, unless there is a clear alternative cause of death identified (e.g., trauma,

poisoning, drug overdose).

A Medical Officer of Health or relevant public health authority may use their discretion when determining if a death was due to COVID-19, and their judgement will
supersede the above criteria.

A death due to COVID-19 may be attributed when COVID-19 is the cause of death or is a contributing factor.

Lab Positivity

COVID-19 percent positivity in Alberta is calculated using the Test Over Test method, which is the same method employed by the US Centers for Disease Control and
Prevention. The calculation is as follows:

Daily Number of Positive Tests / (Daily Number of Positive Tests + Daily Number of Negative Tests) Q/RT-PCR tests are the only COVID-19 tests included in this
calculation.


https://www.alberta.ca/data/stats/covid-19-alberta-statistics-data.csv
https://www.alberta.ca/data/stats/covid-19-alberta-statistics-summary-data.csv
https://www.alberta.ca/data/stats/covid-19-alberta-statistics-map-data.csv
https://www.alberta.ca/data/stats/lga-coverage.csv

https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/calculating-percent-positivity-faq.html

Pre-existing Conditions

The following pre-existing conditions are included in respective analyses: diabetes, hypertension, COPD, cancer, dementia, stroke, liver cirrhosis, cardiovascular diseases
(including IHD and congestive heart failure), chronic kidney disease, and immuno-deficiency diseases.

Vaccine coverage

Individuals who received at least one dose was calculated as (# of individuals who received at least one dose) / (population estimate). Those who received two doses was
calculated as (# of individuals who received two doses) / (population estimate).

Disclaimer

The content and format of this report are subject to change. Cases are under investigation and numbers may fluctuate as cases are resolved. Data included in the
interactive data application are up-to-date as of end of day December 06, 2021.

© 2021 Government of Alberta
Alberta.ca
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Executive Summary
Background

To date in Canada, four vaccines have been approved to prevent coronavirus disease 2019
(COVID-19): AstraZeneca/COVISHIELD, Janssen (Johnson & Johnson), Moderna and Pfizer-
BioNTech. While their efficacy and effectiveness in preventing COVID-19 infections in the
general population has been shown to be strong, questions remain as to the comparable
effectiveness in those with prior confirmed COVID-19 infection. Given the immune system'’s
previous exposure to the virus, it is not known whether the same vaccination schedule
recommended for the general populations is appropriate for those with prior infection, what
differences may exist in immunogenicity response between those with and without prior
infection (infection naive), and whether there may be differences in adverse events in response
to vaccination in those with prior infection. As questions emerge about waning immunity over
time, and booster shots are planned, it is also not known whether those with previous infection
should receive boosters on the same schedule.

This rapid review was produced to support public health decision makers’ response to the
COVID-19 pandemic. This review seeks to identify, appraise, and summarize emerging
research evidence to support evidence-informed decision making.

This rapid review includes evidence available up to October 6, 2021, to answer the question:
What is the ongoing effectiveness, immunogenicity, and safety of COVID-19 vaccines in
persons who have had a prior, confirmed COVID-19 infection?

What Has Changed in This Version?

e 15 new studies were identified and included in this updated review

e To address emerging questions about waning immunity and the need for booster shots
in specific populations, additional exclusion criteria were applied. To be eligible for
inclusion, studies must report data on outcomes of interest collected at least three
months, 12 weeks, or 90 days post-completion of vaccination regime.

o This resulted in 46 studies that were previously included being excluded from the
current update, and 1 study remaining

e Given the limited data, the previous criteria which required a minimum sample size of 20
to be included has been removed. This did not result in any previously excluded studies
being included in this review.

Key Points

¢ Only three studies were identified that compared the efficacy or effectiveness of
vaccines in those with previous COVID-19 infection compared to those without previous
infection. Vaccination in individuals with previous COVID-19 infection may be slightly
more effective compared to those without previous infection, although the number of
breakthrough infections was low in both groups. The certainty of evidence is low
(GRADE).

e Only two studies compared rates of infection in those with previous COVID-19 infection
who were vaccinated compared to those who were not vaccinated. Given the small

Version 2: October 15, 2021 2



number of events in both groups, the effectiveness of vaccination in those with prior
infection cannot be determined. The certainty of evidence is very low (GRADE).

e Across the 13 studies reporting on the humoral immune response to vaccination those
with a prior COVID-19 infection likely have a stronger response than those without a
prior infection after two doses, with the magnitude of the difference decreasing over
time. The certainty of the evidence is moderate (GRADE).

e No studies compared humoral immune response in individuals with prior COVID-19
infection who had received vaccines to those who were not vaccinated with follow-up
greater than three months.

e No studies reported on cellular immune responses with follow-up greater than three
months.

e No studies compared local or systemic adverse effects with follow-up greater than three
months.

Overview of Evidence and Knowledge Gaps

e There is very limited long-term (> 3 months) data on efficacy and effectiveness of
vaccination to prevent infection specific to those with prior infection. The findings across
studies were consistent: in all but one comparison, vaccinated individuals with prior
infection had a small but statistically significant different decrease in the number of
breakthrough infections compared to vaccinated individuals without prior infection. The
largest difference was seen in residents (mean age 84.6) of a long-term care facility
experiencing an outbreak of the delta variant of concern (1.3% vs. 53.7%). This suggests
that any additional protection from prior infection may be more important in older
adults.

e Within studies reporting on vaccine effectiveness, only the number of cases were
reported without additional information on severity of infection, hospitalization, or
death.

e Across all studies, vaccinated individuals with and without prior infection have vastly
reduced rates of infection compared to unvaccinated individuals.

e Across immunogenicity studies, findings are consistent that those with a prior infection
have a stronger response with follow-up periods closer to receipt of vaccination. The
magnitude of the difference between groups appears to decrease over time, and in
several studies was no longer statistically significant at the longest follow-up periods (5-
7 months).

e Despite noted differences in immunogenicity, it is not clear whether the differences seen
are meaningful in terms of protection offered against infection, severe infection,
hospitalization, or death. One study found that IgG levels following vaccination did not
predict protection in infection naive older adults; it is not known whether this finding
applies to other age groups or those with prior infection.

e Heterogeneity in findings across studies is likely influenced by variations in time since
infection in previously infected individuals, interval between the first and second dose,
the timing of data collection following vaccination and loss to follow-up which varies
across studies. There is insufficient evidence available to draw conclusions as to
whether interval between infection and vaccination, or vaccine product received, or
interval between vaccine doses impacts effectiveness or immune response.

Version 2: October 15, 2021 3



e No included studies reported on vaccine effectiveness or immunogenicity in populations
where vaccines were mixed between first and second doses.

e Immunogenicity studies explored differences by age, or between groups representing
older vs. younger populations (e.g., long-term care residents vs. staff). Findings suggest
that humoral response to vaccination in those previously infected is lower in older age
groups.

e Within the studies that compared immunogenicity response by severity of previous
infection, findings were mixed, and no conclusions can be drawn based on severity of
infection.

e Several studies collected data on either effectiveness and immunogenicity during
periods where new variants of concern (VoC) were prevalent however effectiveness
findings were generally not separated by VoC in those with and without prior infection.

Implications for Policy Making

e While the evidence included in this review suggests that vaccinated individuals with
prior infection may have greater protection against COVID-19 and a stronger immune
response than vaccinated individuals without prior infection, given the small number of
infections in each group, short follow-up time and uncertainty with respect to how
absolute values of humoral or cellular immune response markers correlate to or predict
future infection, this data should be interpreted with caution with respect to
recommendations about needs for additional booster doses in this population.

Version 2: October 15, 2021 4



Methods

Research Question

What is the ongoing effectiveness, immunogenicity, and safety of COVID-19 vaccines in
persons who have had a prior, confirmed COVID-19 infection?

Search

On October 6, 2021, the Public Health Agency of Canada’s database of COVID-19 literature scan
was searched. The search strategy for this database includes the following databases using
key terms COVID-19, SARS-CoV-2, SARS-Coronavirus-2, nCov, "novel CoV", (novel AND
coronavirus) for published and pre-print studies from January 28, 2021, through October 6,
2021. Systematic and rapid reviews are not included in this database.

PubMed

Scopus

BioRxiv preprint server

MedRxiv preprint server

SSRN

Research Square

We screened the database at the title and abstract level for studies related to immunogenicity,
adverse events, and vaccine effectiveness/efficacy.

A copy of the full search strategy is available in Appendix 1.
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https://pubmed.ncbi.nlm.nih.gov/
https://www.scopus.com/home.uri
https://www.biorxiv.org/
https://www.medrxiv.org/
https://www.ssrn.com/index.cfm/en/
https://www.researchsquare.com/
https://www.nccmt.ca/uploads/media/media/0001/02/e9bdfce6de568d2d253ef387cad689b4355d1172.pdf

Study Selection Criteria
English-language, peer-reviewed sources and sources published ahead-of-print before peer
review were included. Surveillance sources were excluded.

Studies which did not report a statistical comparison between exposed and comparator groups
were excluded.

Inclusion Criteria Exclusion Criteria
Population Persons (any age) who had a prior, confirmed
COVID-19 infection or are seropositive at the
baseline of the study

Exposure COVID-19 vaccines which Canada has currently Vaccines not
authorized for use (AstraZeneca, Janssen/J&J, approved in Canada
Moderna, Pfizer/BioNTech)

Comparisons a) COVID-19 vaccination in persons without a

previous confirmed SARS-CoV-2 infection or,
persons with seronegative status at baseline

b) Unvaccinated persons with a previous
confirmed COVID-19 infection

Outcomes Effectiveness:

e Confirmed COVID-19 infection (PCR or
serologic), asymptomatic or symptomatic

e Hospitalizations due to COVID-19

e |CU admissions due to COVID-19

e Deaths due to COVID-19

Immunogenicity:
e Humoral immune responses (e.g., binding
antibodies, neutralizing antibodies)
e Cellular immune responses (e.g., B cells,
CD4+ and CD8+ T-cells, and associated
cytokine responses)

Safety:
e Local reactions due to vaccine
e Systemic reactions due to vaccine
e Serious adverse events due to vaccine

Study designs Interventional trials or observational studies with | Case reports
at least a 3-month follow-up period. Case series

Data Extraction and Synthesis

Data relevant to the research question, such as study design, setting, location, population
characteristics, interventions or exposure and outcomes were extracted when reported. We
synthesized the results narratively due to the variation in methodology and outcomes for the
included studies.
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Appraisal of Evidence Quality

We evaluated the quality of included evidence using critical appraisal tools as indicated by the
study design below. Quality assessment was completed by one reviewer and verified by a
second reviewer. Conflicts were resolved through discussion.

Study Design Critical Appraisal Tool

Cohort Joanna Briggs Institute (JBI) Checklist for Cohort Studies
Cross-sectional Joanna Briggs Institute (JBI) Checklist for Analytical Cross Sectional
Studies

Completed quality assessments for each included study are available on request.

The Grading of Recommendations, Assessment, Development and Evaluations (GRADE)
(Schiinemann et al., 2013) approach was used to assess the certainty in the findings based on
eight key domains.

In the GRADE approach to quality of evidence, observational studies, as included in this
review, provide low quality evidence, and this assessment can be further reduced based on
other domains:

e High risk of bias

e Inconsistency in effects

e Indirectness of interventions/outcomes

e Imprecision in effect estimate

e Publication bias

and can be upgraded based on:
e Large effect
e Dose-response relationship
e Accounting for confounding.

The overall certainty in the evidence for each outcome was determined considering the
characteristics of the available evidence (observational studies, some not peer-reviewed,
unaccounted-for potential confounding factors, different tests and testing protocols, lack of
valid comparison groups). A judgement of ‘overall certainty is very low’ means that the
findings are very likely to change as more evidence accumulates.
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https://joannabriggs.org/sites/default/files/2020-08/Checklist_for_Cohort_Studies.pdf
https://joannabriggs.org/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Analytical_Cross_Sectional_Studies2017_0.pdf
https://joannabriggs.org/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Analytical_Cross_Sectional_Studies2017_0.pdf
https://gdt.gradepro.org/app/handbook/handbook.html

Findings
Summary of the Certainty of Evidence

In this update, 15 new single studies were identified. 46 previously included studies were
excluded based on new eligibility criteria, for a total of 16 publications addressing the research
question.

A full list of studies that were previously included that are now excluded is available in
Appendix 2.

Observational studies included cohort and cross-sectional designs. The certainty of the
evidence included is as follows:

Outcome Studies included Overall Key findings
Study design n certainty of
evidence
(GRADE)

Risk of infection amongst Observational 3 DO00O Vaccination in individuals with
vaccinated individuals, comparing Low! previous COVID-19 infection may
those previously vs. not previously be slightly more effective
infected compared to those without

previous infection.
Risk of infection amongst those Observational 2 OO0 The evidence is very uncertain
with previous infection, comparing Very low? about the risk of infection in
those who received vaccination vs. individuals with previous COVID-
unvaccinated 19 infection who receive

vaccination compared to those

who remain unvaccinated.
Humoral immune responses (e.g., Observational 13 SODO Those with prior infection likely
binding antibodies, neutralizing Moderate? | have a stronger humoral immune
antibodies) amongst vaccinated response to vaccination than
individuals, comparing those those with no prior infection.
previously vs. not previously
infected

'In the GRADE approach to quality of evidence, observational studies, as included in this review, provide low
quality evidence, and this assessment was further downgraded due to imprecision

2In the GRADE approach to quality of evidence, observational studies, as included in this review, provide low
quality evidence, and this assessment was further downgraded due to imprecision and risk of bias

%In the GRADE approach to quality of evidence, observational studies, as included in this review, provide low
quality evidence, and this assessment was upgraded due to large effect.

Warning

Given the need to make emerging COVID-19 evidence quickly available, many emerging
studies have not been peer reviewed. As such, we advise caution when using and interpreting
the evidence included in this rapid review. We have provided a summary of overall certainty of
the evidence to support the process of decision making. Where possible, make decisions using
the highest quality evidence available.

Version 2: October 15, 2021 8



https://www.nccmt.ca/uploads/media/media/0001/02/e9bdfce6de568d2d253ef387cad689b4355d1172.pdf

Abbreviations

Ab: antibody

AU: arbitrary unit

Anti-S: anti-S antibodies

%B/B0: %bound/maximum bound
Cl: confidence interval

dR: relative dissociation rate

GMC: geometric mean count

HCW: health care worker

ICso: half maximal inhibitory concentration
IgG: immunoglobulin G

IQR: interquartile range

LTC: long-term care

mADb: monoclonal antibody

nAb: neutralizing antibody

NR: not reported

RFU: relative fluorescence unit
RT-PCR: real time polymerase chain reaction
RBD: receptor-binding domain

SD: standard deviation

SNADb: serum neutralizing antibody
Tab: total anti-capsid antibody
VoC: variant(s) of concern
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Table 1: Clinical Effectiveness

Reference

Date Released

Study Design

Population

Case

Comparator

Vaccine

Effectiveness

Effect size

(O1TF:1[14Y

definition

Risk of infection amongst those who are vaccinated, comparing those who had a previous infection vs. no infection (n=3)

measure

New evidence reported on October 15, 2021

Blain, H., Tuaillon, Sep 21, 2021 Cohort Vaccinated RT-PCR RT-PCR Pfizer-BioNTech Cumulative Previously Delta-variant Moderate
E., Pisono, A., nursing home | Confirmed Confirmed incidence infected: 1/44 outbreak
Soriteau, L., Million, residents seropositive seronegative 3-5 months prior (1.3%) PREPRINT
E., Leglise, M., during to outbreak
Bussereau, |., Miot, outbreak of n=44 n=96 Infection naive:
S., Rolland, V., delta-variant 55/96 (57.3%)
Picot, M., Christine,
Jean, J. (2021). France p<0.0001
Prior Covid-19 and
high RBD-IgG levels Mean age 84.6
correlate with +9.5
protection against
VOC-§ SARS-CoV-2
infection in
vaccinated nursing
home residents.
Preprint.
Abu-Raddad, L.J., Jul 26, 2021 Cohort Vaccinated Confirmed RT- | Confirmed RT- | Pfizer/BioNTech | Cumulative | Pfizer/BioNTech Alpha and beta High
Chemaitelly, H., adults PCR, PCR or Moderna incidence Previously variants
Ayoub, H.H., seropositive seronegative infected: 0.16% dominant in PREPRINT
Yassine, H.M.,, Qatar 14-146 days after (95% CI=0.11, region during
Benslimane, F.M., n=24,052 n=24,052 2" dose Pfizer 0.23) study follow-up
Al Khatib, H.A. ... Median age 39 period.
Bertollini, R. (2021). (range 32-48) 14-60 days after Naive: 1.45%
Protection afforded 2" dose (95% Cl=1.20,
by the BNT162b2 Moderna 1.76)
and mRNA-1273
COVID-19 vaccines p<0.05
Version 2: October 15, 2021 10



https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.07.25.21261093v1
https://www.medrxiv.org/content/10.1101/2021.07.25.21261093v1
https://www.medrxiv.org/content/10.1101/2021.07.25.21261093v1
https://www.medrxiv.org/content/10.1101/2021.07.25.21261093v1

in fully vaccinated
cohorts with and

without prior
infection. Preprint.

Moderna:
Previously
infected: 0.06%
(95% CI=0.03,
0.12)

Naive: 0.08%

(95% Cl=0.04,

0.15)

p-value NR

Incident Pfizer-BioNTech:
rate ratio 0.15 (95%

Cl=0.11, 0.20)

Moderna:

0.85 (95%

Cl=0.34, 2.05)
Previously reported evidence
Shrestha, N. K., Jun 19, 2021 Cohort Vaccinated Confirmed by | COVID-19 Pfizer/BioNTech | Cumulative | Prior infection: Previously Moderate
Burke, P. C., health system | RT-PCR infection naive | (37%) incidence of | 0/1220 (0%) infected were
Nowacki, A. S., employees confirmed by | Moderna (63%) infection younger (39+13 | PREPRINT
Terpeluk, P., n=1220 nucleic acid Naive: 15/28 855 | vs. 42113,
Nowacki, A. S. & USA amplification Up to 108 days (0.05%) p<0.001), had
Gordon, S. M. Mean age 39+ after the 2" dose patient-facing
(2021). Necessity of SD 13 n=28 855 p-value NR jobs (62% vs.
COVID-19 51%, p<0.001).
vaccination in Time since Mean age 42+
previously infected infection: SD 13
individuals: A median 143
retrospective cohort days (76,179)
study. Preprint.
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https://www.medrxiv.org/content/10.1101/2021.07.25.21261093v1
https://www.medrxiv.org/content/10.1101/2021.07.25.21261093v1
https://www.medrxiv.org/content/10.1101/2021.07.25.21261093v1
https://www.medrxiv.org/content/10.1101/2021.07.25.21261093v1
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3

Risk of infection amongst those with previous infection, comparing those who received vaccination vs. unvaccinated (n = 2)

New evidence reported on October 15, 2021

Bruxvoort, K., Sy, Sep 2, 2021 Cohort Confirmed Vaccinated Unvaccinated | Moderna Cumulative | Vaccinated: 3.99 | This study was Moderate
L.S., Qian, L., seropositive (prior (prior incidence (95% funded by
Ackerson, B.K., Luo, adults symptomatic symptomatic 14 days post Cl=2.73,5.81) Moderna PREPRINT
Y., Lee, G.S,, ... infection) infection) index date to 3 Unvaccinated:
Tseng, H.F. (2021). San Diego, months 5.48 (95% Variants
Real-World USA n=27 n=3 Cl=3.85, 7.79) included delta
Effectiveness of the Adjusted 0.66 (95% (47.1%), alpha
mRNA-1273 Vaccine Median age hazard ratio | Cl=0.38, 1.15) (21.4%), gamma
Against COVID-19: 65 (range 45- Adjusted 33.6% (95% (11.4%), epsilon
Interim Results from 73) vaccine Cl=0.0, 65.8) (4.2%), lota
a Prospective efficacy (4.3%) amongst
Observational Vaccinated Unvaccinated | Moderna Cumulative | Vaccinated: 6.50 | vaccinated.
Cohort Study. (prior (prior incidence (95% Cl=4.84,
Preprint. asymptomatic | asymptomatic | 14 days post 8.763)
infection) infection) index date to 3 Unvaccinated:
months 7.07 (95% CI:
n=44 n=40 5.19, 9.64)
Adjusted 0.92 (95%
hazard ratio | Cl=0.58, 1.45)
Adjusted 8.2% (95%
vaccine Cl=0.0,47.3)
efficacy
Previously reported evidence
Shrestha, N. K., Jun 19, 2021 Cohort Health system | Vaccinated Unvaccinated | Pfizer/BioNTech | Cumulative | Vaccinated: - Moderate
Burke, P. C., employees h (37%), incidence of | 0/1220
Nowacki, A. S., with n=1220 N = 1359 Moderna (63%) infection PREPRINT
Terpeluk, P., confirmed RT- Unvaccinated:
Nowacki, A. S. & PCR infection, | Mean age 39+ | Mean age 42+ 0/1359
Gordon, S. M. SD 13 SD 13
(2021). Necessity of USA p>0.9999
COVID-19 Adjusted 0.313 (95% CI=0,
vaccination in Time since hazard ratio | Infinity)
previously infected infection:
individuals: A median 143
retrospective cohort days (76,179)
study. Preprint.
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https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3916094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3916094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3916094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3916094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3916094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3916094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3916094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3916094
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3
https://www.medrxiv.org/content/10.1101/2021.06.01.21258176v3

Table 2: Inmunogenicity

Date Study Case Dose and Immunoge Unit
Release Design definition follow-up nicity
d I ECT

Reference Population Effect size

Comparator

Humoral immune responses (e.g., binding antibodies, neutralizing antibodies) amongst vaccinated individuals, comparing those previously vs. not previously infected (n = 13)
New evidence reported on October 15, 2021
Blain, H., Tuaillon, Sep 21, | Cohort | Vaccinated RT-PCR RT-PCR Pfizer-BioNTech | IgG (anti- AU/mL Previously infected: Naive individual | Moderate
E., Pisono, A., 2021 nursing Confirmed Confirmed RBD) Median 31,553 (19 667, 40 000) post-vaccination
Soriteau, L., Million, home seropositive seronegative | 6-weeks post 2" (IQR) RBD IgG levels PREPRINT
E., Leglise, M., residents dose Naive: 1050 (334, 3504) | did not predict
Bussereau, |., Miot, n=32 n=25 subsequent
S., Rolland, Y., France p-value NR protection from
Picot, M., Christine, Delta VoC
Jean, J. (2021). Mean age During Previously infected: infection.
Prior Covid-19 and 84.6 +9.5 outbreak, 3-5 22,880 (12 296, 22 888)
high RBD-IgG levels months post 2"
correlate with dose (RT-PCR Naive: 260 (79, 696)
protection against negative only)
VOC-§ SARS-CoV-2 p<0.0001
infection in
vaccinated nursing
home residents.
Preprint.
Kontopoulou, K., Sep 3, Cohort | Vaccinated | Confirmed Confirmed Pfizer-BioNTech | IgG-S GMC Previously infected: >99% of the High
Nakas, C., Ntenti, 2021 HCW, seropositive seronegative (anti-RBD) | (AU/mL) 7460.91 (95% Cl=5872.7, | study sample
C., Katsioulis, C., Greece 3 months post 9477.32) exceeded PREPRINT
Goulas, A., & Vaccinated n=38 n=243 2" does (data seropositivity
Papazisis, G. (2021). HCW, not provided) Naive: 2534.43 (95% threshold of 50
Antibody titers 3- Greece Cl=2246.59, 2859.14) AU/mL.
months post-
vaccination with the p<0.001 The authors
Pfizer/BioNTech GMC fold Previously infected: 0.29 | conclude that
vaccine in Greece. change (95% CI=0.24, 0.33) although a
Preprint. relative to decline in titers

2" dose Naive: 0.17 (95% occurs at 6-

Cl=0.16, 0.19) months, these
levels were still
p<0.001 deemed.
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https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.09.21.21263880v1.full.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3899094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3899094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3899094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3899094
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3899094

Kontopoulou, K., Sep 15, N =33 n=213 6 months after IgG GMC Previously infected: satisfactory to High
Nakas, C., 2021 2" dose (AU/mL) 2848 (95% Cl=2120.77, prevent
Ainatzoglou, A., 3826.68) infection. PREPRINT
Goudi, G,,
Katsioulis, C., & Naive: 825.98 (95%
Papazisis, G. (2021). Cl=745.96, 914.60)
Evolution of
Antibody Titers Up p<0.001
to 6 Months Post- GMC fold Previously infected: 0.10
Immunization with change (95% Cl=0.08, 0.13)
the BNT162b2 relative to
Pfizer/BioNTech 2" dose Naive: 0.06 (95%
Vaccine in Greece. CI=0.05, 0.06)
Preprint.
p<0.05
*Note, unique GMC fold Previously infected: 0.39
publications but change (95% Cl1=0.34, 0.45)
from same study relative to
cohort as above 3-months Naive: 0.33 (95%
Cl=0.31, 0.35)
p<0.05
Chen, Y., Tong, P., Sep 10, | Cohort | Vaccinated Confirmed Confirmed Pfizer/BioNTech | IgG (anti-S | mAb ug/mL | Previously infected had | - High
Whiteman, N.B., 2021 adults, seropositive seronegative | or Moderna and RBD) higher anti-S and anti-
Moghaddam, A.S., USA RBD than naive up until PREPRINT
Zuiani, A., Habibi, n=28 n=18 195 days after 7 months (values NR).
S., ... Wesemann, 2" dose
D.R. (2021). Median age Median age p<0.0001
Differential 46.4 (range 39.8 (range
antibody dynamics 23-77) 22-77)
to SARS-CoV-2
infection and
vaccination.
Preprint.
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https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3922311
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3922311
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3922311
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3922311
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3922311
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3922311
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3922311
https://www.biorxiv.org/node/2149364.abstract
https://www.biorxiv.org/node/2149364.abstract
https://www.biorxiv.org/node/2149364.abstract
https://www.biorxiv.org/node/2149364.abstract
https://www.biorxiv.org/node/2149364.abstract

Racine-Brostek,
S.E., Yee, J., Sukhu,
A., Qiu, Y., Rand, S.,
Barone, P., ... Zhao,
Z.(2021). More
rapid, robust, and
sustainable
antibody responses
to mRNA COVID-19
vaccine in
convalescent
COVID-19
individuals. JC/
Insight. Epub ahead
of print.

Sep 9,
2021

Cohort

Vaccinated
HCW

Confirmed
seropositive

n=19

Mean age 42.5
+11.6

Median days
after onset of
symptoms to
15t dose: 262
(range: 101.5,
275.0)

Confirmed
seronegative

n=49

Mean age
46.3 £13.3

Pfizer-BioNTech | TAb RFU Previously infected
Median higher than naive
6-8 weeks post (IQR) (values NR)
2" dose
p<0.001
~b5 months post Previously infected:
1stdose 8997 (7179, 9916)
Naive: 2706 (1667,
4511),
Between-group
difference 3.3-fold
p<0.001
6-8 weeks post SNAb %B/B0 Previously infected:
2" dose Median 0.8% (0.47, 1.22)
(IQR)
Naive: 17.35% (10.81,
28.76)
p<0.001
~5 months post Previously infected:
2" dose 1.6% (1.359, 4.42)
Naive: 17.35% (10.81,
28.76)
p<0.01
6-8 weeks post Avidity dR Previously infected: 3.89
2" dose Median (3.46, 4.89)
(1QR)

~b5 months post
2" dose

Naive: 7.0 (6.34, 3.38)

p<0.001

Previously infected: 4.43
(3.39, 5.64)

Naive: 5.36 (4.5, 5.98)

p=0.115

Naive had a 50%
decrease by 6
months.

Moderate

Version 2: October 15, 2021
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https://pubmed.ncbi.nlm.nih.gov/34499052/
https://pubmed.ncbi.nlm.nih.gov/34499052/
https://pubmed.ncbi.nlm.nih.gov/34499052/
https://pubmed.ncbi.nlm.nih.gov/34499052/
https://pubmed.ncbi.nlm.nih.gov/34499052/
https://pubmed.ncbi.nlm.nih.gov/34499052/
https://pubmed.ncbi.nlm.nih.gov/34499052/
https://pubmed.ncbi.nlm.nih.gov/34499052/
https://pubmed.ncbi.nlm.nih.gov/34499052/

~5 months post | S- U/mL Previously infected:
2" dose antibodies >2500 at all time points

up to 6 months

Naive: 720 (565, 1269)

p<0.001
Erice, A., Varillas- Sep 8, Cohort | Vaccinated | Confirmed by | Confirmed Pfizer/BioNTech | IgG AU/mL Previously infected: Median High
Delgado, D., & 2021 HCW, Spain | RT-PCR or seronegative Median 19,016 (7974,27 885) antibodies
Caballero, C. (2021). seropositivity 1.6 months after | (anti-RBD) | (IQR) decreased by
Decline of antibody Mean n=194 2" dose Naive: 8,747 (5,631, 58% in all
titres 3 months age=46+11 n=36 15,409) participants
after two doses of (61% in
BNT162b2 in non- p<0.001 previously
immunocompromis 3 months after Previously infected: infected).
ed adults. Clinical 2" dose 9,364 (3975, 22 233)
Microbiology and Titers higher in
Infection. Epub Naive: 3,724 (2003, men, not
ahead of print. 7137) statistically

significant.

p<0.001
Kertes, J., Gez, S.B., | Sep 7, Cohort | Vaccinated | Confirmed Confirmed Pfizer/BioNTech | IgG % <300 Prior infection: 40.3% - Moderate
Saciuk, Y., Supino- | 2021 individuals, | seropositive seronegative AU/mL
Rosin, L., Stein, Israel 7 days after 2" Naive: 65.2% PREPRINT
N.S. ... Zohar, A.E. n =365 dose
(2021). p<0.001
Effectiveness of the 6 months after
mRNA BNT162b2 2" dose
vaccine six months
after vaccination:
findings from a
large Israeli HMO.
Preprint.
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https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(21)00485-7/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(21)00485-7/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(21)00485-7/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(21)00485-7/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(21)00485-7/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(21)00485-7/fulltext
https://www.medrxiv.org/content/10.1101/2021.09.01.21262957v1
https://www.medrxiv.org/content/10.1101/2021.09.01.21262957v1
https://www.medrxiv.org/content/10.1101/2021.09.01.21262957v1
https://www.medrxiv.org/content/10.1101/2021.09.01.21262957v1
https://www.medrxiv.org/content/10.1101/2021.09.01.21262957v1
https://www.medrxiv.org/content/10.1101/2021.09.01.21262957v1

Bayart, J.L., Sep 3, Cohort | Vaccinated | Confirmed Confirmed Pfizer-BioNTech | Mean total | U/mL Previously infected: Moderate
Douxfils, J., Gillot, 2021 HCW, seropositive seronegative antibodies 8,919 (95% Cl=7201,
C., David, C., Time after 2™ Ratio (+/-) 10637) PREPRINT
Mullier, F., Elsen, Mean age n=73 n=157 dose:
M., ... Favresse, J. 44 Naive: 1,262 (95%
(2021). Waning of 69 days Cl=1104, 1420)
IgG, total and
neutralizing p<0.0001
antibodies 6 Ratio: 7.1
months post- 159 days Previously infected:
vaccination with 4,270 (95% Cl=3324,
BNT162b2 in 5215)
healthcare workers.
Preprint. Naive: 998 (95% Cl=848,
1148)
p<0.0001
Ratio: 4.3
69 days IgG AU/mL Previously infected:
14,509 (95% Cl=12 477,
16 541)
Naive: 6050 (95%
Cl=5371, 6729)
p<0.001
Ratio 2.4
159 days Previously infected:
6,333 (95% Cl=5 072, 7
593)
Naive: 1,949 (95% Cl=1
565, 2 332),
p<0.342
Ratio: 3.2
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https://www.researchsquare.com/article/rs-862966/v1
https://www.researchsquare.com/article/rs-862966/v1
https://www.researchsquare.com/article/rs-862966/v1
https://www.researchsquare.com/article/rs-862966/v1
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69 days NAbs ICso Previously infected:
Median 163.1 (95% Cl=83.5,243)
(IQR)
Naive: 127.6 (95%
Cl=84.3, 170.9)
p=0.390
Ratio: 1.3
159 days Previously infected:
30.5 (95% Cl=18.2, 42.7)
Naive: 26.1 (95%
Cl=20.1, 32.1)
p=0.4653
Ratio: 1.2
Kosiorek, P., Sep 2, Case- Vaccinated | Confirmed Confirmed Pfizer-BioNTech | IgM AU/mL IgM, 1gG and S-RBD High
Kazberuk, D., 2021 control | HCW, seropositive seronegative levels were significantly
Hrynieqicz, A., Poland 90 days post 2™ | IgG higher in those PREPRINT
Milewski, R., Stroz, n=312 n=472 dose vaccinated and
S., & Stasiak- Age range: IgG (anti-S previously infected
Barmuta, A. (2021). 18-89 (45% RBD) (values NR).
Systemic COVID-19 >50)
vaccination also p<0.0001
enhances the
humoral immune
response after
SARS CoV-2
infection. An
approach to criteria
for COVID-19 re-
immunization is
needed. Do we
need a third dose?
Preprint.
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Vicenti, l., Basso, Sep 1, Cohort Vaccinated Confirmed Confirmed Pfizer/BioNTech NtAbs IDso Previously infected, No difference High
M., Gatti, F., 2021 HCW seropositive, seronegative | or Median symptomatic: 1707.5 between
Scaggiante, R., symptomatic Moderna (range) (1371.5, 3769.2) symptomatic
Boccuto, A., Zago, Veneto, n=13 and
D., ... Zazzi, M. Italy n=9 20+3 days after Previously infected, asymptomatic
(2021). Faster decay 2" dose asymptomatic: 1450.3 previously
of neutralizing Median age | Confirmed (797.1, 2310) infected, but
antibodies in never 42 (range seropositive, naive
infected than 33-47) asymptomatic p=0.2076 participants had
previously infected lower NtAbs
healthcare workers n=14 Naive: 176 (94.7, 299.7) | than both.
three months after vs. symptomatic
the second Median time
BNT162b2 mRNA since infection p=0.0003
COVID-19 vaccine 292 days
dose. /nternational (range 267- Naive: 176 (94.7, 299.7)
Journal of 300) vs. asymptomatic
Infectious Diseases.
Epub ahead of p=0.0001
print. 90+2 days after Previously infected,
2" dose symptomatic: 647

(308.4, 1439.7)

Previously infected,

asymptomatic: 520.5

(342,669.9)

p=0.438

Naive: 20 (17.5, 37)

vs. symptomatic

p<0.0001

Naive: 20 (17.5, 37)

vs. asymptomatic

p=0.0001
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effects of the
Covishield vaccine
among healthcare
workers in South
India. Preprint.

28 days post 2™
dose

3 months post
2" dose

Previously infected:
12,039 (3032, 37 476)

Naive: 870 (29, 12 824)

p<0.00001

Previously infected:
6545 (1376, 22 004)

Naive: 306 (16, 2660)

p=0.03

Tré-Hardy, M., Aug 22, | Cohort | Vaccinated | Confirmed Confirmed Moderna IgG AU/mL Previously infected: 400 | Among those Moderate
Cupaiolo, R., 2021 HCW, seropositive seronegative Median (400, 400) previously

Wilmet, A., Belgium 2 months after (IQR) infected, at 6
Antoine-Moussiaux, n=43 n=158 2" dose Naive: 400 (400, 400) months 5/43

T., Vecchia, A.D., ... Median age 5 months after Previously infected: 400 | needed an

Blairon, L. (2021). 50.1 (range: 2" dose (365.5, 400) additional

Six-month interim 46.9-52.4) booster to reach
analysis of ongoing Naive: 221.0 (202.3, the 400 AU/mL
immunogenicity 241.2) threshold. All
surveillance of the were >40 years
mRNA-1273 vaccine Decline from 2to 5 (values not

in healthcare months was greater in provided).

workers: A third naive vs. previously

dose is expected. infected.

Journal of Infection.

Epub ahead of p<0.0001

print.

Kannian, P., Aug 7, Cohort | Vaccinated | Confirmed No AstraZeneca Anti- U/mL Previously infected: - High
Mahanathi, P., 2021 HCW, seropositive symptoms of SARS- Median 13,584 (2692, 64 920)

Cohort Ashwini, V., South India COVID-19 14 days post 2" | CoV2 (IQR) PREPRINT
& Kum Cohort Mild Covid dose spike Naive: 1206 (47,16 084)

arasamy, N. (2021). n=88 antibodies

Booster and anergic n=13 p<0.00001
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p<0.0001

Jeulin, H., Craus, Aug 4, Cohort | Vaccinated | Confirmed Confirmed Not specified IgG(S) AlU Residents: Age was Moderate
D., Labat, C., & 2021 nursing seropositive seronegative Median Previously infected: 800 | associated with
Benetos, A. (2021). home HCW: 123-141 (IQR) (800, 800) IgG(S) decline PREPRINT
Comparative residents Residents Residents, days post 2 only in naive
analysis of post- and HCW, n=109 n=234 dose Naive: 76 (20,287) participants
vaccination anti- France median age median age
spike IgG 89 (range: 79- | 88 (range: Residents: 51-84 p<0.01
antibodies in old 93) 83-92) days post 2
Nursing Home dose HCW:
Residents and in HCW HCW, n=187 Previously infected: 781
middle-aged n=21 median age (481, 800)
Healthcare workers. median age 45
Preprint. 46 (range: 42- | (Range: 38- Naive: 304 (182, 762)
56) 54)
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Updated Oct. 29, 2021

This brief provides an overview of the current scientific evidence regarding infection-induced and vaccine-induced immunity,
including both peer-reviewed and preprint publications, as well as unpublished CDC data. Although comprehensive, it is
neither a formal systematic review nor meta-analysis. New data continue to emerge, and recommendations will be updated
periodically, as needed.

Recovery from many viral infectious diseases is followed by a period of infection-induced immunologic protection against
reinfection. This phenomenon is widely observed with many respiratory viral infections, including both influenza and the
endemic coronaviruses, for which acquired immunity also wanes over time making individuals susceptible to reinfection.

CDC continues to recommend COVID-19 vaccination for all eligible persons, including those who have been previously
infected with SARS-CoV-2.

Executive Summary

Key findings and considerations for this brief are as follows:

e Available evidence shows that fully vaccinated individuals and those previously infected with SARS-CoV-2 each have a low
risk of subsequent infection for at least 6 months. Data are presently insufficient to determine an antibody titer
threshold that indicates when an individual is protected from infection. At this time, there is no FDA-authorized or
approved test that providers or the public can use to reliably determine whether a person is protected from infection.

- The immunity provided by vaccine and prior infection are both high but not complete (i.e., not 100%).

- Multiple studies have shown that antibody titers correlate with protection at a population level, but protective titers
at the individual level remain unknown.

- Whereas there is a wide range in antibody titers in response to infection with SARS-CoV-2, completion of a primary
vaccine series, especially with mRNA vaccines, typically leads to a more consistent and higher-titer initial antibody
response.

- For certain populations, such as the elderly and immunocompromised, the levels of protection may be decreased
following both vaccination and infection.

- Current evidence indicates that the level of protection may not be the same for all viral variants.

- The body of evidence for infection-induced immunity is more limited than that for vaccine-induced immunity in
terms of the quality of evidence (e.g., probable bias towards symptomatic or medically-attended infections) and
types of studies (e.g., observational cohort studies, mostly retrospective versus a mix of randomized controlled
trials, case-control studies, and cohort studies for vaccine-induced immunity). There are insufficient data to extend
the findings related to infection-induced immunity at this time to persons with very mild or asymptomatic infection
or children.

e Substantial immunologic evidence and a growing body of epidemiologic evidence indicate that vaccination after infection
significantly enhances protection and further reduces risk of reinfection, which lays the foundation for CDC
recommendations.


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
https://www.cdc.gov/
https://www.cdc.gov/coronavirus/2019-nCoV/index.html

Background

CDC recommends COVID-19 vaccination for all eligible persons, including those who have been previously infected with SARS-
CoV-2 11, As of October 28, 2021, more than 45 million COVID-19 cases and over 740,000 deaths have been reported in the
United States (US) 2. Data from a seroprevalence survey that assessed for presence of antibodies and history of vaccination
among US blood donors from January to August 2021 suggest that approximately half of previously infected adults in the US
have not been vaccinated 3.

Both SARS-CoV-2 infection and COVID-19 vaccination induce an immune response that initially confers high levels of
protection against symptomatic COVID-19 illness. This brief contains a review of evidence regarding vaccine-induced
immunity and infection-induced immunity, including the initial immune response, antibody decay kinetics, protection from
subsequent infection, impact of new variants, and effect of vaccinating previously infected individuals.

Separate overviews have been written on the types of assays used to assess the serologic response to SARS-CoV-2 (Interim
Guidelines for COVID-19 Antibody Testing | CDC) and detailed evidence of the immunity provided specifically by vaccines
(Science Brief: COVID-19 Vaccines and Vaccination).

Immune Response to Infection and Vaccination

Initial Immune Response to Infection

SARS-CoV-2 enters cells by binding to angiotensin converting enzyme-2 (ACE-2) receptors on the cell surface via the viral spike
protein. As described in the Antibody Testing Guidelines, currently available serologic assays measure both overall production
of antibodies against SARS-CoV-2 antigenic targets (binding antibodies) and functional ability to neutralize the SARS-CoV-2
virus via virus neutralization or pseudovirus neutralization tests (neutralizing antibodies). The antigenic targets most
frequently assessed include those to the spike (S) protein, receptor binding domain (RBD) of the spike protein and
nucleocapsid (N) core. IgM, IgA, and IgG isotypes may be developed against any of these antigens. As discussed below, serum
binding antibodies to S and RBD and neutralizing antibodies have all been shown to correlate with protection against
symptomatic SARS-CoV-2 infection.

SARS-CoV-2 infection induces a robust humoral and cellular immune response 8, SARS-CoV-2-specific IgA and IgG have been
detected from both mucosal sites and the serum of infected individuals 8. IgM, IgA, and IgG can be detected in the blood 5-
15 days following symptom onset or a positive reverse transcriptase polymerase chain reaction (RT-PCR) test, with IgM
typically appearing first 91, IgM antibodies peak within the first few weeks following symptom onset, then fall below
detectable limits 2-3 months after infection [© 219, |gA antibodies also decrease rapidly, with some studies noting a return to
undetectable levels within the first 3 months following infection L. IgG antibodies are more durable, though waning is also
noted as described below. SARS-CoV-2-specific memory B- and T-cells also begin to appear within the first month following
infection U1,

The vast majority of persons with SARS-CoV-2 infection generate detectable anti-SARS-CoV-2 antibodies, with multiple studies
reporting seroconversion rates of 90% or higher ['% 121, One large population-based study reported a lower seroconversion
rate of 76%, though, among those who did not seroconvert in this study, only 21% reported symptoms, and authors noted
that only 34% had strong evidence of a true-positive PCR ['3l. Among individuals who seroconvert following infection with
SARS-CoV-2, substantial heterogeneity exists, with a 200-fold difference in peak antibody titers noted in some studies '],

Multiple factors contribute to the degree of immune response mounted following infection. Both binding and neutralizing
antibody titers rise faster and reach a higher peak in persons with more severe COVID-19 1914, People with symptomatic
SARS-CoV-2 infection tend to have higher antibody titers than people who are asymptomatic, and people who are hospitalized
tend to have higher antibody titers than people managed as outpatients [ 1% 15161 Studies have also demonstrated a
correlation between cycle threshold (Ct) value and antibody titer, with lower Ct values being associated with higher antibody
titers at the population level I 131,

Most studies did not find a relationship between sex and level of peak binding or neutralizing antibody titer. Increasing age
has been associated with decreased likelihood of seroconversion '3l but higher peak antibody titers among those who do
seroconvert [10.11.13.151 | ower rates of seroconversion have also been reported in persons with hematologic malignancies or
receiving certain immunosuppressive medications ['7: 18, Data on the impact of other medical conditions is more variable and

~AfbAain mAarFAi iR AAAd Wikl A T mrAaA~A A vicl, Af rAiiAavA AlcAaAarcA Tn mAvcA -~ as Hhh mAavbAln rmAArh A~ A Ad I AAl AR A A~


https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fmore%2Ffully-vaccinated-people.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
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Initial Immune Response to Vaccination

As of October 28, 2021, approximately 92% of people who have been vaccinated in the United States received one of two FDA-
approved or authorized mRNA vaccines (Pfizer/BNT1272b2 and Moderna/mRNA-1273), and 8% received an adenovirus vector
vaccine (Janssen/Ad26.COV2.S) 21, Both vaccine types are designed to elicit an immune response against the spike protein that
is required for SARS-CoV-2 binding, fusion, and cell entry. Consequently, vaccination induces the production of anti-S and anti-
RBD binding and neutralizing antibodies in the blood, but not anti-N antibodies. Similar to infection, vaccines result in early
production of serum IgA, IgM, and IgG antibodies ['% 2%, and also induce long-lasting memory B- and T-cell responses [19.21-23],

In immunogenicity analyses completed during phase I/1l vaccine trials, 100% of participants developed both binding and
neutralizing antibodies following vaccination with Pfizer-BioNTech and Moderna vaccines, and 90% of participants developed
binding and neutralizing antibodies following vaccination with the Janssen vaccine 4261, Whereas there is a wide range in
antibody titers in response to infection with SARS-CoV-2, completion of a primary vaccine series, especially with mRNA
vaccines, typically leads to a more consistent, and higher-titer initial antibody response 24 26-291, However, similar to infection,
this immune response may be decreased in older and immunosuppressed persons. Decreased rates of vaccine-induced
seroconversion have been reported among persons with a variety of immune suppressing conditions, including those on
certain immunosuppressive medications, post-solid organ transplant, and with hematologic cancers 3034, Studies have also
found that persons aged 65-80 years and above have significantly lower peak anti-S and neutralizing antibody titers following
vaccination than persons less than 65 years 3549, This is of particular concern given the increased risk of severe disease in
older and immunosuppressed populations #1421,

Correlation of Immune Response Metrics to Protection

Multiple correlate-of-protection studies have demonstrated that higher antibody titers are associated with decreased risk of
subsequent symptomatic SARS-CoV-2 infection. Data from both the phase 3 AZD1222 and mRNA-1273 vaccine efficacy trials
demonstrated that quantitative titers of anti-S IgG, anti-RBD IgG, and pseudovirus and SARS-CoV-2 neutralizing antibody tests
all correlate with protection against symptomatic infection (though not asymptomatic infection), with neutralizing antibodies
having the strongest correlation in both of these studies 3 44,

Analysis of data across studies has been difficult due to a lack of standardization of serologic assays **.. Two different studies
used data from seven vaccine efficacy studies (standardized against mean convalescent plasma titers) and one convalescent
plasma/reinfection study to model effectiveness as a function of antibody titer ¢ 471, These found a high degree of correlation
between mean peak neutralizing antibody titers and anti-S IgG binding antibodies within a population, and overall decrease in
risk of infection. One study estimated that neutralizing antibody titers amounting to only 20% of the mean convalescent
plasma neutralizing antibody titer (54 international units/ml using the WHO standard) correlated with a 50% reduction in
infection risk; this appeared robust in predicting the effectiveness of vaccines not included in the model 46481, Of note, the
level of antibody associated with protection against severe disease was much lower than the level required to provide
protection against infection, with only 3% of the mean convalescent antibody titer level correlating with 50% protection
against severe disease 401,

Other immune mechanisms are also important in preventing SARS-CoV-2 infection and limiting COVID-19 iliness severity,
although their direct correlation with protection is less defined at this time. A study of rhesus macaques found that adaptive
transfer of plasma with high titers of neutralizing antibodies was sufficient to protect from infection following a SARS-CoV-2
challenge. However, depleting CD8+ T cells compromised their ability to prevent infection once neutralizing antibodies had
waned 91, Analysis of antibody, B-cell and T-cell responses in acutely infected and convalescent humans has shown that
protection depends on coordination of all three components of the immune response %, In the mRNA-1273 phase 3 clinical
trial described above, investigators estimated that 68.5% (95% Cl 58.5-78.4) of the protective effect of vaccination could be
attributed to initial neutralization titers with some degree of protection occurring following vaccination, even when
neutralization titers were not detected 31, These, along with studies noted above, suggest that, while the magnitude of
antibody response following infection or vaccination is correlated with protection and the absence of antibody with risk,
antibody test results (particularly when not standardized nor quantitative) provide only a partial picture of an individual’s
immune response. At this time there is no specific antibody test or antibody threshold that can determine an individual’s risk
of subsequent infection.

Immune Response Kinetics and Duration of Protection


https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html

Immune Response Kinetics Following Infection

Antibody titers peak within 3-5 weeks following infection and then begin to wane in a manner that varies by individual, target
antigen, antibody isotype, and assay used [&>"l. Anti-N antibodies appear to wane fastest, followed by anti-RBD, then anti-S
antibodies. Although at least 30% of persons may lose detectable anti-N antibodies within 10 months after infection, anti-S
and overall SARS-CoV-2-specific IgG remain detectable in approximately 90% of persons who seroconvert up to 10 months to
one year post-infection ['6:52], Neutralizing antibodies appear to have a biphasic decline with an initial half-life of 2-3 months
followed by a slower decline ['". 14131, (Table 1)

For at least 2-3 months following infection, people with moderate-to-severe COVID-19 illness have higher titers of binding and

neutralizing antibodies than people with mild iliness I '4; these differences may persist for 5-8 months following infection !'"
15].

B cells targeting SARS-CoV-2 increase in the first month and then remain at higher concentrations for at least 8 months post
infection 11114331 SARS-CoV-2-specific CD4* T cells increase then decline with a half-life of approximately 3-7 months; CD8* T
cell measurements varied with at least one study reporting virtually no decline over the initial 4 months post-infection ", 141,
(Table 1).

Protection from Reinfection in Cohort Studies

Multiple studies have compared the incidence of reinfection and primary infection during a specific time period to evaluate
the level and duration of protection provided by initial infection with SARS-CoV-2. Table 2 summarizes data from seven
observational cohort studies from six countries, each with >10,000 participants, assessing the risk of reinfection over time.
Five studies used RT-PCR positivity to define initial infection. In these studies, primary RT-PCR-confirmed SARS-CoV-2 infection
decreased risk of subsequent infection by 80-93% for at least 6-9 months P458l, Studies specifically assessing persons
seropositive with anti-N and anti-S antibodies following infection ['6 451 found slightly higher protective effects (89-93%). Most
studies had a mean or median follow-up period of approximately 7 months; the longest reported follow-up was 12 months
post-infection B8, Three studies included sub-analysis to assess if the protection waned over time; none of these found a
decline in protection within the follow-up period % 55571,

It is important to note that all of these studies were observational and all but two were retrospective. Low availability of
testing early in the pandemic may have biased these studies toward populations that were more likely to have had
symptomatic or medically attended primary infection. Most were unable to control for any potential differences in test- or
healthcare-seeking behaviors between previously infected and naive persons, though a large proportion of the reinfections
reported across the studies were asymptomatic infections (Table 2). In one of the prospective cohort studies, over 25,000
healthcare workers were tested using RT-PCR testing every 2 weeks, allowing a more comprehensive ascertainment of
reinfections. This study found that a history of previous RT-PCR-confirmed infection provided 93% protection against a
subsequent symptomatic infection, 52% protection against asymptomatic infection, and 84% protection against overall
infection with SARS-CoV-2 B4,

Many of these studies were completed just as vaccination was being rolled out in their respective countries, which makes it
challenging to follow up and determine when immunity after infection wanes and what markers best predict this waning.
Based on the trajectory of antibody decline, researchers have predicted that the immune response following infection would
continue to provide at least 50% protection against reinfection for 1-2 years following initial infection with SARS-CoV-2 or
vaccination '3 41 This would be similar to what is observed with seasonal coronaviruses . Further epidemiologic analyses
are needed to confirm these hypotheses.

Of note, these studies occurred when the ancestral strain and Alpha variant were the predominantly circulating variants.
There is evidence that protection may decrease in the setting of more transmissible variants of concern (VoC) and variants
being monitored (VBM), as discussed below.

Immune Response Kinetics Following Vaccination

Anti-S, anti-RBD and neutralizing antibodies remain detectable at least 6-8 months following vaccination 212260 Neutralizing
titers following vaccination with the mRNA-1273 vaccine are estimated to decay with a half-life of 68-202 days, whereas
binding anti-RBD antibodies decline with a half-life of 52-109 days [®9. These rates of antibody decay overlap with those
reported for convalescent individuals (as shown in Table 1), though at least one preprint study reported less rapid decay
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effect of vaccine-induced immunity is also supported by longer-term components of the humoral response, including
memory B cells [21.23. 611 yaccine-induced CD4+ and CD8+ T cells continue to be relatively stable up to 6-8 months following
vaccination [21-61,

Although some studies have reported a faster decay of antibodies in persons 65 years or older, as compared to persons less
than 65 years, lower anti-S and neutralizing antibodies at 2-6 months post vaccination appear to be at least partially
attributable to lower peak antibody titers in this population 4%, Nursing home residents are a unique population given age,
co-morbidity, and congregate-setting associated risks. One study reported that detectable pseudovirus neutralization fell
from 84% to 30% among nursing home residents (median age: 76 years, age range: 48-100 years) between 2 weeks and 6
months following vaccination; this was significantly faster than the rate of decline reported among staff-member controls
(median age: 48 years, age range: 26-76 years), 81% of whom continued to have detectable neutralization at 6 months post-
vaccination 42,

Duration of Immune Protection from Vaccination

Evidence is still accruing regarding the duration of protection following vaccination. Using antibody kinetics, one model
predicted that an initial vaccine effectiveness of 90% would likely decline to approximately 70% around 250 days post-
vaccination 8], not accounting for other factors such as non-serologic components of the immune response or the impact of
new circulating variants.

Both Pfizer-BioNTech and Moderna released data from their phase 3 trials reporting overall high efficacy of mRNA vaccines
against laboratory confirmed SARS-CoV-2 infection 5-6 months following vaccination. Pfizer-BioNTech reported an overall
vaccine efficacy of 91% against infection and 97% against severe disease 6 months after vaccination with BNT162b2, though
also reported a gradual decline in efficacy against infection from 96% at 7 days-2 months to 84% at 4-6months %2, Moderna
reported 93% efficacy at a median of 5 months after vaccination with mRNA-1273, without further details on the rate of
decline in efficacy over time 63,

As described in greater detail in CDC's COVID-19 Vaccine and Vaccination Science Brief and in a October 2021 Advisory
Committee on Immunization Practices presentation B, recent studies have demonstrated waning of both antibody titers and
vaccine effectiveness against infection over time, especially among older populations % ¢4, Decreased vaccine effectiveness
may reflect a combination of waning antibody titers and decreased neutralizing capacity in the setting of widespread
circulation of variants with partial immune escape. Notably, multiple studies have found that vaccine effectiveness against
hospitalization and/or severe disease continues to be high, ranging from 84-96%, up to 6 months following vaccination [6>-68],

Impact of Variants on Infection- and Vaccine-induced
Immunity

Variants of SARS-CoV-2 have emerged with multiple mutations in the spike protein that can result in decreased neutralization
by antibodies, including those induced by either prior infection or vaccination 269,

There is laboratory evidence that persons previously infected with the original lineage of SARS-CoV-2 have reduced
neutralizing antibody titers against certain variants (i.e., Beta, Gamma, and Delta variants) [/0-3, One study found that among
367 unvaccinated persons assessed 12 months after infection, 98% had detectable anti-S IgG and 91% had neutralizing
antibodies against wild-type virus. By comparison, among a subset of 78 persons assessed for neutralizing antibodies against
particular variants, these were detectable in 84%, 68%, and 55% for Alpha, Delta, and Beta variants respectively [’2, Of note,
absence of neutralization activity was higher among people reporting mild infection versus those with severe disease 721,

In studies examining neutralization from convalescent sera and vaccinated individuals together, the relative reduction in
neutralization appears to be similar across both groups. A number of studies reported a 2- to 4-fold reduction in
neutralization against Delta and a 6-fold (or higher) reduction in neutralization against Beta but minimal decreased

neutralization against Alpha, as compared to the original SARS-CoV-2 lineage, for both convalescent and vaccinated
individuals [70. 74, 751,

Decreased neutralization against Delta parallels reduced vaccine effectiveness against infection, but effectiveness remains
high against hospitalization or severe disease [65, 66]. As highlighted in the COVID-19 Vaccine and Vaccination Science Brief,
recent studies from the United States, United Kingdom, and Qatar have reported vaccine effectiveness of 54-85% against
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SARS-CoV-2 infection compared with 90-100% against hospitalization/severe disease during periods of widespread circulation
of Delta 6> 7678l

Comparison of Infection- and Vaccine-induced Immune
Responses

A systematic review and meta-analysis including data from three vaccine efficacy trials and four observational studies from
the US, Israel, and the United Kingdom, found no significant difference in the overall level of protection provided by infection
as compared with protection provided by vaccination; this included studies from both prior to and during the period in which
Delta was the predominant variant I’?1, In this review, the randomized controlled trials appeared to show higher protection
from mRNA vaccines whereas the observational studies appeared to show protection to be higher following infection.

A more recent analysis of data from a network of 187 hospitals in the United States found that, among more than 7,000
COVID-19-like illness hospitalizations whose prior infection or vaccination occurred 90-179 days beforehand, there was a 5.5
times higher odds of laboratory-confirmed COVID-19 among previously infected patients than among fully vaccinated
patients 8%, This study included data on persons more recently infected and/or vaccinated than the studies in the systematic
review, though the authors noted one limitation of the design was the potential of missing testing that may have occurred
outside of the healthcare network.

The Office of National Statistics in the United Kingdom used data from a large-scale longitudinal community survey of COVID-
19 to compare the risk of infection among fully vaccinated, partially vaccinated, unvaccinated/previously infected, and
unvaccinated/uninfected persons during two different periods 1) when Alpha was the predominant variant (December 2020-
May 2021) and 2) when Delta was the predominant variant (May-August 2021) 8], Based on results that included over 26,000
RT-PCR positive tests, they found full vaccination to provide the greatest protection during the Alpha predominant period
(79% vs. 65% reduction in risk), but equivalent protection from full vaccination and infection during the Delta predominant
period (67% vs. 71% reduction in risk).

Vaccine-induced Immune Responses after Previous Infection

Although there appears to be varying evidence regarding the relative protection that occurs after surviving COVID-19 as
compared with completing vaccination, there is substantial immunologic and increasing epidemiologic evidence that
vaccination following infection further increases protection against subsequent illness among those who have been
previously infected.

Immunologic Data on Vaccination Following Infection

There is clear evidence that neutralizing antibody and memory B cell response elicited by a single dose of mRNA vaccine
following previous infection with SARS-CoV-2 results in an increased antibody titer that is approximately equivalent to a two-
dose vaccine regimen in individuals who were not previously infected (Table 3) (222382891 |n one study of healthcare workers
vaccinated 7-11 months after infection with SARS-CoV-2, antibody titers measured 6 days following their first vaccination dose
were twice as high as the antibody titers measured the month after their initial infection, and were able to neutralize wild-
type, Alpha, and Beta variants, irrespective of vaccine type, number of doses, or pre-vaccination antibody titers °0,

Risk of Reinfection in Unvaccinated vs. Vaccinated Individuals with a
History of Infection

In studies directly comparing risk of reinfection among previously infected individuals who were never vaccinated versus
individuals who were vaccinated after infection, most, but not all, studies show a benefit of vaccination. One retrospective
cohort study described risk of reinfection from December 2020-May 2021 among 2,579 US-based healthcare users previously
infected with SARS-CoV-2, about 47% of whom were vaccinated over the course of the study. Investigators did not detect any
cases of reinfection, regardless of vaccination status during 5 months of observation and so could not detect a benefit of
vaccination P, In contrast, a case-control study conducted among 738 residents of Kentucky with reported infection during
March-December 2020 found that previously infected persons who were unvaccinated had 2.3 times greater odds of
reinfection during May-June 2021 than previously infected but vaccinated individuals 2. Both studies occurred before Delta
became the dominant variant in the United States.



More recent observational cohort studies including over 700,000 health system users in Israel and over 11,000 healthcare
workers in India reported that history of prior infection provided greater protection from subsequent infection than
vaccination alone, but overall risk of infection was lowest among those that were vaccinated following infection during
periods of Delta predominance 394, |n the systematic review described above, a pooled analysis across seven studies

showed a modest but significant increase in protection from infection when previously infected individuals were vaccinated
[79]

Limitations

This review summarizes characteristics of infection- and vaccine-induced immune responses, evidence regarding duration of
immunity, and the potential impact of circulating variants. The approach was limited in scope focusing primarily on articles
that were published in high-impact journals or novel in their findings; therefore, this does not represent a systematic review
of all the scientific literature on SARS-CoV-2 infection-induced immunity. Particular biases related to observational study
designs have been discussed above. The majority of studies included in this review came from a small number of countries,
often with limited diversity in participants. Many of the immunologic studies did not include detailed demographic data. More
consistent inclusion of descriptive data about demographics of participating populations (e.g., race/ethnicity, socioeconomic
status, educational attainment) and conscious efforts to improve the racial, ethnic, and social diversity of participants in
studies would be of great benefit in ensuring that related policies address the needs of all populations.

Conclusions

Multiple studies in different settings have consistently shown that infection with SARS-CoV-2 and vaccination each resultin a
low risk of subsequent infection with antigenically similar variants for at least 6 months. Numerous immunologic studies and
a growing number of epidemiologic studies have shown that vaccinating previously infected individuals significantly enhances
their immune response and effectively reduces the risk of subsequent infection, including in the setting of increased
circulation of more infectious variants.

Although the Delta variant and some other variants have shown increased resistance to neutralization by both post-infection
and post-vaccination sera in laboratory studies, observed reduction in effectiveness has been modest, with continued strong
protection against hospitalization, severe disease, and death.

Multiple studies have shown that antibody titers correlate with protection at a population level; however, data are presently
insufficient to determine an antibody titer threshold that indicates if an individual is protected from infection. At this time,
there is no FDA-authorized or approved test that providers or the public can use to reliably determine whether a person is

protected from infection.

CDC will continue to follow and evaluate evolving scientific evidence in these areas and update recommendations accordingly.

Table 1: Duration of various immune markers after infection, multiple studies

Immune marker Half-life/Duration Citation
Anti-nucleocapsid 63-85 days [11, 14,15,
IgG 53]
Anti-spike 1gG 126-229 days [11,13-15,

52, 53]
Anti-receptor 83-126 days [11, 14, 53]

binding domain

Neutralizing Abs 55 days (at <70 days post infection), then 519 days 150 days (at >42 days), then 254 [14] [53]
days (at>120 days post symptom onset)



Immune marker

Pseudovirus
neutralization

Memory B Cells
CD4+ T Cells

CD8+ T-Cells

Half-life/Duration

90-114 days

Increased over initial 4 months, then sustained

Increased over first month then declined with half-life of 94-207 days

Increased over first month then declined with half-life of 125-690 days

Citation

[11]

[11] [53]

[11, 14, 53]

[11, 14, 53]

TTable 2: Summary of cohort studies with N>10,000 and population-level observational studies on reinfection, multiple

locations

Study Design/
Location

Multicenter
prospective
cohort (SIREN)
with routine
RT-PCR and
antibody
testing every
2-4 weeks
United
Kingdom

Population/Sample

Size

Healthcare
workers (HCWs)
Median age: 46 yrs
(Range: 18-84yrs)
(N = 25,661)

Definition
of initial
infection

RT-PCR or
antibody
positive

(n=8278)

Follow-up
period

Enrolled:
Jun-Dec
2020
Data
extracted
Feb 2021

Definition of
reinfection

RT-PCR positive >90
days following
previous positive RT-
PCR or >4 weeks
following prior
positive antibody
test (further
classified as
confirmed, probable,
or possible from
clinical review)

Key Findings

Incidence of
reinfections: 7.6
per 100,000
person-days
compared to
57.3 for per
100,000 person-
days for primary
infections
SARS-CoV-2
infection offered
84% protection
against infection
(93% against
symptomatic
infection) at 7-
months following
primary infection
Mean interval to
reinfection was
200 days
50% of cases
were
symptomatic

Citation

[54]



Study Design/
Location

National-level
observational
study
Denmark

Retrospective
observational
study
(national
reporting
system)
Austria

Retrospective
cohort study
(health
system)
United States

Population/Sample
Size

Individuals tested
nationally during
1st wave
(N =525,339)

Compared “COVID-
19 survivors” from
first wave to
general population
(N~8.9 million)

Healthcare users
tested for COVID-
19 from Mar to
Aug 2020
Mean age: 51
years (SD: 22
years)

(N =150,325)

Definition
of initial
infection

RT-PCR
positive
during
the 1st
wave
(Mar-
May
2020)
(n=
11,068)

Positive
RT-PCR
during
1st wave
(Feb to
April
2020)
excluding
deaths
(n=
14,840)

RT-PCR
positive
prior to
Aug 30,
2020
(n=8,845)

Follow-up
period

Assessed
for
reinfections
during 2nd
wave (Sep-
Dec 2020

Assessed
for
reinfections
during 2nd
wave (Sep-
Nov 2020)

Initial
testing:
Mar-Aug
2020
Follow-up
through
Feb 2021

Definition of
reinfection

RT-PCR positive
during the 1st and
2nd wave (or
subsequent positive
>90 days later in
alternative analysis)

RT-PCR positive
during 1st and 2nd
wave (did not track

infections that
occurred from May

to Aug 2020)

RT-PCR positive 290
days after initial
positive test

Key Findings

Protection
against repeat
infection was
80.5% overall;

47.1% in persons

>65years (in
alternate
analysis)
No difference
found when
comparing 3-6
months to >7

months of follow-

up

Odds ratio (OR)
for reinfection

amongst COVID-

19 survivors
compared to
general
population was
.09
Mean time to
reinfection was
212 days
Noted 5
hospitalizations
and one death
amongst 40
“tentative”
reinfections,
though death
was thought to
be unrelated

Protection
against repeat
infection was
81.8% overall
and 84.5%
against
symptomatic
infection
Average time to
reinfection was
139 days;
protection
increased over
time
50% of possible

reinfections were

symptomatic

Citation
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Study Design/
Location

Population-
level
observational
study (using
laboratory-
system)

Italy

National-level
observational
study (using
national
laboratory)
Qatar

Definition

Population/Sample  of initial
Size infection
Healthcare users RT-PCR
Median age: 59 positive
years (Range: O- during
108 years) 1st wave
(N =15,078) (Feb-Jul
2020)
(n=1579)
Individuals with Antibody
testing data in positive
centralized from
national database, Apr-Dec
from April to Dec 2020
2020 (n=
Median age: 35-38 43,044)
years
(N =192,967)

Follow-up
period

Mean
follow-up:
280 days

Median
follow-up:
16.3 weeks
(range: O-
34 weeks)

Definition of
reinfection

RT-PCR positive test
>90 days after
resolution of first
infection (with at
least 2 consecutive
negative tests in-
between)

RT-PCR-positive >14
days after infection,
assessed clinically for
evidence of
reinfection and then
adjusted for
proportion that were
able to be confirmed
as genetically distinct
in paired genomic
sequencing

Key Findings

Incidence of
reinfections: 1.0
per 100,000
person days
compared to
15.1 per 100,000
person days for
primary
infections
Incidence rate
ratio (IRR) 0.07
(93% reduction in
risk)

Mean interval
between primary
infection and
reinfection was
>230 days
Of 5 reinfections,
1 required
hospitalization

Calculated
incidence rate of
reinfection as
0.66 per 10,000
person-weeks
compared to
13.69 per 10,000
person weeks for
primary infection
Amongst
antibody-positive
individuals,
protection was
estimated at
95.2% forup to 7
months of follow-
up
Incidence of
reinfections did
not increase with
time
Reinfections
were less severe
than primary
infections (none
were critical or
fatal)

Citation
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Definition

Study Design/  Population/Sample of initial Follow-up
Location Size infection period
Prospective HCWs at four Anti-S 1gG  Initial
Cohort Oxford University positive testing: Mar
United teaching hospitals ~ (n=1265) 2020
Kingdom Median age: 38 Follow-up
years until Nov
(Range: 18-86 2020 (31
years) weeks)
(N =12,541)

Definition of
reinfection

RT-PCR positive 60
days or more after
their first positive
antibody test or RT-
PCR test

Key Findings

Incidence of
reinfection: 0.13
per 10,000 days
at risk compared

to 1.09 per

10,000 days at
risk for

seronegative
participants
alRR of 0.11 (89%
reduction in risk)
All reinfections
were
asymptomatic

Citation

[96]

Table 3: Selected studies evaluating the immune response to a 1st and 2nd dose of mRNA vaccine following previous infection

Participants

SARS-CoV-2 naive (n=33)
or previously infected
(n=11; 65-275d prior);
similar age and sex
distribution who received
two doses of Pfizer-
BioNTech or Moderna
vaccine

Study within cohort of
participants who were
SARS-CoV-2 naive (n=490
post dose 1, n=228 post
dose 2) or previously
infected (n=35 post dose
1, n=11 post dose 2)

Study within cohort of
participants who were
SARS-CoV-2 naive (n=67
post dose 1, n=36 post
dose 2) with previously
infected (n=43 post dose
1, n=19 post dose 2)

Effect of 15t dose if previously Effect of if

infected vs. 2" dose if SARS- previously

CoV-2 naive infected, 2" dose
vs. 1st dose

Antibody and memory B cell
responses 2 weeks after 15t dose
similar to SARS-CoV-2 naive
participants 1 week after 2nd
dose

Anti-RBD IgG no difference <21d
post 15t dose than for SARS-CoV-
2 naive participants <21d after
2" dose (10.0 [9.2-10.4] vs. 9.9
[9.4-10.3)

Median anti-spike 1gG 6-fold
higher after 2" dose than SARS-
CoV-2 naive participants after 1%
dose

No increase in
overall or
neutralizing
antibodies, or
spike-specific
memory B cells

No difference in
Anti-RBD 1gG

(10.2[8.4-10.5] vs.

9.9[9.4-10.3])

No increase in
antibody titers
after 2" dose

Notes

Included assessment of

response to B.1.351
variant

Sensitivity analysis
including participants
with data at all time
points found similar
results. Timing of
previous infections not
specified.

Assay measured by
area under the curve;
antibody levels 10-45
times higher at
baseline if previous
infection. Timing was
soon after 2" dose but
was unspecified; timing
of prior infection is also
unknown.

Citation
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Group receiving 2 doses
of Pfizer-BioNTech
vaccine, either previously
infected (n=6, 2-7
months post-infection) or
SARS-CoV-2 naive (n=9)

Healthcare workers
infected a median of 2
months previously
(n=18), 9 months
previously (n=19) or
SARS-CoV-2 naive (n=73)
who received 2 doses of
Pfizer-BioNTech vaccine.

Cohort of recipients of
Pfizer-BioNTech vaccine
previously infected (n=51;
25in 1stwave, 26 in 2nd
wave) or SARS-CoV-2
naive (n=50)

Group of recipients of
Pfizer-BioNTech vaccine
previously infected (n=23;
1-9 months after
infection) or uninfected
(n=23)

Recipients of Pfizer-
BioNTech vaccine, 1 dose
if previously infected
(n=43; 17 with severe
illness 12 months prior;
17 with mild illness 12
months prior; 9 with mild
illness 6 months prior); or
2 doses if SARS-CoV-2
naive * (n=25)

Neutralizing anti-RBD IgG at day
7 post 1stvaccine dose in
previously infected group no
different to day 7 post 2" dose
in uninfected group (GMT, 95%
Cl: 906, 552-1348 vs. 670, 364-
1228, p =NS)

(not assessed)

Irrespective of time since
infection, previously infected
recipients had higher spike-
specific IgG and pseudovirus
neutralization than previously
uninfected after 2"d dose.

Higher IFN-gamma 20 d after 1%
dose if previous infection than
20d after 2"9if no previous
infection

Two months after 2" dose
without previous infection,
similar antibody levels but lower
neutralization against variants,
lower proportion of anti-spike B
cells that were anti-RBD, and
less diverse responses.
Neutralizing B-cell clones were
present but less common
without infection.

Results chart
indicates no
difference
between antibody
titers after 15t vs.
2"d dose (hnumbers
not provided)

No substantial
difference in
binding assay
(0.92-fold) or
neutralizing titers
(1.17-fold)
between 21d after
1stdose and 28
days after 2" dose

Neutralization did
not increase
between 15t and
2nd doses.

IFN-gamma
declines after 2nd
dose (but boosted
after 1st dose)

(Not assessed)

Similar antibody
responses after vaccine
by whether previous
infection was ~2
months or ~9 months
previously

This study noted
similar trends for IgA,
IgM, and IgG. There is
limited information on
timing of tests after
vaccine doses.

IFN-gamma from CD4+
T cells assessed to
SARS-CoV-2 spike and
peptide pools. Note
that a separate analysis
indicates natural
infection drives IFN-
gamma responses
more than vaccine-
induced immunity.

Stable IgG and memory
B-cells 6 to 12 months
after infection.

[87]
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Recipients of Pfizer-
BioNTech or Moderna
vaccine, anti-
nucleocapsid negative
(n=148) or positive (n=20;
mostly by RT-PCR)

Similar titers of anti-spike
antibody if previously infected
~21 days post dose 1 compared
with ~66 days after dose 2 if
SARS-CoV-2 naive.

No increase in
median anti-spike
or anti-RBD titers.
However, no. post
infection with
neutralizing

Timing of RT-PCR
positive tests is
unclear.

[89]

antibodies
increased from
10/15to 12/15 and
varied by
individual.
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SARS-CoV-2 variants of concern and variants under investigation

Summary

There are 4 current variants of concern (VOCs) and 10 variants under investigation (VUIs)
(Table 1).

This report has been published to continue to share the detailed variant surveillance
analyses which contribute to the variant risk assessments and designation of new VOCs
and VUIs. The risk assessments updated this week are for Beta and Delta and there is
one new VUI.

A separate report is published covering our routine data on all other variants of concern
and variants under investigation. The specialist technical briefings contain early data and
analysis on emerging variants and findings have a high level of uncertainty.

Principal changes and findings this week are:

e the number of genome sequence results available is maintained but the
coverage has fallen with the increasing case numbers

e Delta variant accounted for approximately 99% of sequenced and 96%
genotyped cases from 4 July to 10 July 2021

e distinct clades within Delta have been identified in the UK, which are primarily
distinguished by changes outside spike — additional spike mutations on Delta
occur at relatively low frequencies at present

e preliminary analysis of national surveillance data finds an increased risk of
reinfection with Delta, compared to Alpha

e B.1.621 has been designated a VUI on 21 July 2021, previously being a signal
in monitoring. The new designation is based on international spread,
importation to the UK, and mutations of concern

e one new variant in monitoring has been designated (C.1.2)

All risk assessments are published separately, except for Gamma, which was published
within Technical Briefing 7 and Alpha within Technical Briefing 9.

All risk assessments are published separately here, except for Gamma, which was
published within Technical Briefing 7, Alpha within Technical Briefing 9, and Delta in
Technical Briefing 10. As Delta is the dominant variant in the UK, epidemiological data
in the weekly surveillance report is highly relevant and available.
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SARS-CoV-2 variants of concern and variants under investigation

Published information on variants

The collection page gives content on variants, including prior technical briefings.
Definitions for variants of concern, variants under investigation, and signals in monitoring
are detailed in technical briefing 8. Data on variants not detailed here is published in the
variant data update. Variant risk assessments are available in prior technical briefings.

Public Health England (PHE) curated a repository on the 5 March 2021 containing the up-
to-date genomic definitions for all VOCs and VUIs. The repository is accessible on GitHub.

World Health Organization (WHQO) nomenclature from 31 May 2021 is incorporated. A
table incorporating WHO and UK designations with Pango lineages is provided below
(Table 1). Following the table, variants are referred to using their WHO designation where
this exists and the UK designation where it does not.

Technical briefings are published periodically. From 15 onwards, briefings include variant
diagnoses made by whole-genome sequencing and a genotyping PCR test, including the
categorisation of confirmed and probable variant results and a rules-based decision
algorithm (RBDA) to identify variant and mutation (VAM) profiles from genotype assay
mutation profiles. Genotyping is used to identify variants Alpha, Beta, Delta, and Gamma.
Targets were updated in mid-May 2021 to prioritise accurate identification of Delta over
Alpha.
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SARS-CoV-2 variants of concern and variants under investigation

Part 1: Surveillance overview

1.1 Variants under surveillance

Table 1 shows the current VOC, VUI, and variants in monitoring as of 21 July. Figure 1

shows the proportion of cases sequenced over time. Figure 2 shows the proportion of

cases sequenced over time by regions. Figure 3 shows the proportion of cases sequenced
amongst cases who tested positive while in hospital. Summary epidemiology on Delta is

shown in Table 2 and for each variant is shown in Table 3, case numbers are also

updated online.

Figure 4 shows cumulative cases of variants over time.

Table 1. Variant lineage and designation as of 21 July 2021

WHO Lineage Designation Status

nomenclature

as of 19 July

2021

Alpha B.1.1.7 VOC-20DEC-01 |VOC

Beta B.1.351 VOC-20DEC-02 |VOC

Gamma P.1 VOC-21JAN-02 |VOC

Delta B.1.617.2, AY.1 and AY.2 VOC-21APR-02 |VOC

Zeta P.2 VUI-21JAN-01 VUI

Eta B.1.525 VUI-21FEB-03 VUI
B.1.1.318 VUI-21FEB-04 VUl

Theta P.3 VUI-21MAR-02 VUI

Kappa B.1.617.1 VUI-21APR-01 VUI
B.1.617.3 VUI-21APR-03 VUl
AV A1 VUI-21MAY-01 VUI
C.36.3 VUI-21MAY-02 VUI

Lambda C.37 VUI-21JUN-01 VUI
B.1.621 VUI-21JUL-01 VUl
B.1.1.7 with E484K VOC-21FEB-02 |*Monitoring

Epsilon B.1.427/B.1.429 Monitoring
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WHO Lineage Designation Status

nomenclature

as of 19 July

2021
B.1.1.7 with S494P Monitoring
A.27 Monitoring

lota B.1.526 Monitoring
B.1.1.7 with Q677H Monitoring
B.1.620 Monitoring
B.1.214.2 Monitoring
R.1 Monitoring
B.1 with 214insQAS Monitoring
AT A Monitoring
Lineage A with R346K, T478R Monitoring
and E484K
Delta like variant with E484A Monitoring
P.1 + N501T and E484Q Monitoring
B.1.629 Monitoring
B.1.619 Monitoring
C1.2 Monitoring

Note that provisionally extinct variants are excluded from this table.

*VOC-21FEB-02 (B.1.1.7 with E484K). This specific clade of B.1.1.7 with E484K has not been detected in
England since 1 March 2021. There is apparent transmission outside the UK based on international
sequence data. It is no longer included in the data update but monitoring of international data continues.
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1.2 Sequencing coverage

Sequencing capacity has been maintained, but the proportion of cases sequenced
has fallen with increasing case numbers.

There is a reduction in overall sequencing coverage (Figure 1). Sequencing
coverage is slightly higher for cases in hospital (Figure 3). During the current surge
period, the sequencing strategy is:

e hospitalised cases and hospital staff

e imported cases

e national core priority studies

e as near random a sample as possible from each region, to the maximum
coverage allowed by laboratory capacity

The increase in cases observed in England since the middle of June has resulted in
a lower proportion of samples being sent for whole-genome sequencing (WGS) and
genotyping. On July 4, 2021, 25.8% of new samples had further typing information of
which 15.5 % of which was derived from WGS and an additional 10.3% provided by

genotyping.
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Figure 1. Coverage of sequencing and genotyping: percentage of SARS-CoV-2 cases sequenced over time as of 19 July 2021
(Find accessible data used in this graph in underlying data)’
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Data extract from 19 July 2021, data from 01 October 2020 to 18 July 2021.
Grey shading was applied to the previous 14 days to account for reporting delays in sequencing data.

' From 14 to 18 June 2021 an operational issue at a sequencing site resulted in a reduction in the number of samples with sequencing data of sufficient quality for
variant assignment. There were 19,502 samples reported to PHE as impacted by the incident. PHE has received approximately 10,000 sample identifiers from the
list of those affected of which sequencing data has been obtained for approximately 4,300 and genotyping data for 3,300 have a reflex assay result. Approximately
9,000 samples are pending analysis and for approximately 2,400 samples variant assignment is not possible. This issue resulted in a reduction in genome coverage
for specimen dates 10 to 15 June 2021 and may impact variant counts in figures and tables for this limited period. The unusable samples were from locations
distributed around the UK and the proportions of different variants by region should be correct. In addition, the genotyping results means that this has limited impact
in the interpretation of the overall data.
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Figure 2. Coverage of sequencing and genotyping: percentage of SARS-CoV-2 cases sequenced over time by region as of
19 July 2021 (Find accessible data used in this graph in underlying data)
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Date extract from 19 July 2021, data from 01 October 2020 to 18 July 2021.
Grey shading was applied to the previous 14 days to account for reporting delays in sequencing data.
There were 5095 cases missing PHEC that were excluded.
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Figure 3. Coverage of sequencing and genotyping: percentage of SARS-CoV-2 cases sequenced among cases who test
positive while in hospital as of 19 July 2021 (Find accessible data used in this graph in underlying data)
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Data extract from 19 July 2021; data from 01 October 2020 to 18 July 2021.
Grey shading was applied to the previous 14 days to account for reporting delays in sequencing data.

" From 14 to 18 June 2021 an operational issue at a sequencing site resulted in a reduction in the number of samples with sequencing data of sufficient quality for
variant assignment. There were 19,502 samples reported to PHE as impacted by the incident. PHE has received approximately 10,000 sample identifiers from the
list of those affected of which sequencing data has been obtained for approximately 4,300 and genotyping data for 3,300 have a reflex assay result. For
approximately 2,400 samples variant assignment is not possible. This issue resulted in a reduction in genome coverage for specimen dates 10 to 15 June 2021 and
may impact variant counts in figures and tables for this limited period. The unusable samples were from locations distributed around the UK and the proportions of
different variants by region should be correct. In addition, the genotyping results means that this has limited impact in the interpretation of the overall data.
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1.3 VOC and VUI case numbers, proportion,
deaths and case fatality rate

Table 3 shows the number of cases and deaths associated with each VOC and VUI, and
the proportion of total sequenced cases accounted for by each variant. Note case fatality
rates are not comparable across variants (see Table 3 footnote). Tables 4 and 5 show the
number of cases known to be infected with a VOC or VUI who visited an NHS Emergency
Department, the number who were admitted, and the number who died in any setting
(note data is shown from 1 February 2021 onwards to enable comparison). Figure 4
shows the cumulative number of cases per variant indexed by days since first report.

Hospitalisation data are subject to reporting delays as hospitals typically submit data once
a month, although some may provide daily updates. The data show only cases who have
been hospitalised and not those who are currently in hospital with COVID-19. As such, it is
not appropriate for use for surveillance of those currently hospitalised with COVID-19. In
addition, the data will not show cases who were directly admitted as inpatients without
presenting to emergency care.

Attended emergency care are those cases with a record in the Emergency Care Data Set
showing that they presented to emergency care one to 28 days after the specimen date.
The Emergency Care Data Set is updated weekly, and sequence data are linked to the
data daily.

Figure 4 shows cumulative case numbers per variant indexed by days since the fifth
reported case.
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Table 2. Number of confirmed and provisional Delta cases by region of residence as

of 19 July 2021
Region Confirmed case Provisional Total case | Proportion of
number case number number total cases

East Midlands 8,192 4,936 13,128 57%
East of England 9,218 4,515 13,733 6.0%
London 18,248 15,099 33,347 14.5%
North East 8,765 10,264 19,029 8.3%
North West 35,996 30,425 66,421 29.0%
South East 13,903 10,868 24,771 10.8%
South West 12,875 3,139 16,014 7.0%
West Midlands 8,702 8,801 17,503 7.6%
szzzi:e and 10,864 13,325 24,189 10.5%
Unknown region 573 594 1,167 0.5%
Total 127,336 101,966 229,302 n/a
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Table 3. Number of confirmed (sequencing) and probable (genotyping) cases by
variant as of 19 July 2021

Confirmed Probablle Total Proportion
Variant (sequencing) (genotyping) case of total Deaths
case humber case number cases
number’

Alpha 220,500 5,677 226,177 49.3% 4,265
Beta 898 71 969 0.2% 13
Delta 127,336 101,966 229,302 50.0% 461
Eta 443 0 443 0.1% 12
Gamma 189 42 231 0.1% 0
Kappa 446 0 446 0.1% 1
Lambda 8 0 8 0.0% 0
Theta 7 0 7 0.0% 0
VOC-21FEB-02 45 0 45 0.0% 1
VUI-21APR-03 13 0 13 0.0% 0
VUI-21FEB-01 79 0 79 0.0% 2
VUI-21FEB-04 292 0 292 0.1% 1
VUI-21MAR-01 2 0 2 0.0% 0
VUI-21MAY-01 184 0 184 0.0% 1
VUI-21MAY-02 140 0 140 0.0% 0
Zeta 54 0 54 0.0% 1

'Genotyping is used to identify variants Alpha, Beta, Delta and Gamma; targets were updated in mid-May
2021 to prioritise accurate identification of Delta over Alpha.
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Table 4. Attendance to emergency care and deaths among all sequenced and genotyped COVID-19 cases in England,
1 February 2021 to 19 July 2021

<50 | 118,082 331 0.3 4,963 4.2 5,808 491 1,230 1.0 | 1,680 1.4 66 0.1
Alpha (VOC-
20DEC-01) =50 32,265 29 0.1 3,125 9.7 4,586 14.2 ] 1,713 53| 2,779 8.6 | 1,548 4.8
All cases | 150,436 361 0.2 8,088 54| 10,394 6.9 | 2,943 2.0 | 4,459 3.0] 1,614 1.1
<50 595 15 25 24 4.0 26 4.4 5 0.8 8 1.3 1 0.2
Beta (VOC-
20DEC-02) 250 161 2 1.2 17 10.6 25 15.5 7 4.3 15 9.3 7 4.3
All cases 763 18 24 41 5.4 51 6.7 12 1.6 23 3.0 8 1.0
<50 209 3 1.4 9 4.3 9 4.3 1 0.5 1 0.5 - 0.0
Gamma (VOC-
21JAN-02) =50 21 3 14.3 1 4.8 1 4.8 - 0.0 - 0.0 - 0.0
All cases 230 6 2.6 10 4.3 10 4.3 1 04 1 0.4 - 0.0
Delta (VOC- <50 | 205,549 | 94,294 | 459 6,471 3.1 8,325 411 1,529 0.7 | 2,327 1.1 45 0.0
21APR-02)
=50 23,379 | 10,933 | 46.8 1,319 5.6 2,263 9.7 687 29| 1,365 5.8 415 1.8
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All cases | 229,218 | 105,298 | 45.9 7,790 3.4 | 10,588 46| 2,216 1.0 | 3,692 1.6 460 0.2
<50 16 - 0.0 0 0.0 - 0.0 0 0.0 0 0.0 0 0.0
Zeta (VUI-
21JAN-01) =50 8 - 0.0 1 12.5 1 12.5 1 12.5 1 12.5 0 0.0
All cases 24 - 0.0 1 4.2 1 4.2 1 4.2 1 4.2 0 0.0
<50 273 - 0.0 11 4.0 13 4.8 5 1.8 6 2.2 0 0.0
Eta (VUI-
21FEB-03) =50 114 - 0.0 4 3.5 7 6.1 1 0.9 3 2.6 6 5.3
All cases 389 - 0.0 15 3.9 20 5.1 6 1.5 9 2.3 6 1.5
<50 230 1 04 6 2.6 9 3.9 1 0.4 2 0.9 0 0.0
VUI-21FEB-04 =50 54 - 0.0 1 1.9 2 3.7 0 0.0 1 1.9 1 1.9
All cases 285 1 04 7 2.5 11 3.9 1 0.4 3 1.1 1 0.4
Theta (VUI- <50 4 0 0.0 1 25.0 1 25.0 0 0.0 0 0.0 0 0.0
21MAR-02)
=50 3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
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Al cases 7 0.0 1] 143 1] 143 0.0 0.0 0.0
<50 382 0.0 10| 26 11| 29 0.3 0.5 0.0

Kappa (VUI-
21APR-01) >50 64 0.0 5| 7.8 5| 7.8 3.1 3.1 1.6
Al cases 446 0.0 15| 3.4 16| 36 0.7 0.9 0.2
<50 11 0.0 ol 00 0| 0.0 0.0 0.0 0.0
VUI-21APR-03 250 2 0.0 0| 00 0| 00 0.0 0.0 0.0
Al cases 13 0.0 ol 00 0| 00 0.0 0.0 0.0
<50 161 0.0 1] 06 2| 1.2 0.0 0.6 0.0
VUI-2IMAY-01 >50 23 0.0 o| 00 0| 00 0.0 0.0 43
Al cases 184 0.0 1] 05 2| 1.1 0.0 0.5 0.5
VUL21MAY-02 <50 109 3.7 8| 73 9| 83 1.8 2.8 0.0
250 30 0.0 ol 00 ol 00 0.0 0.0 0.0

16



SARS-CoV-2 variants of concern and variants under investigation

All cases 140 4 2.9 8 5.7 9 6.4 2 1.4 3 2.1 0 0.0

Lambda (VUI- :28 8 0 0.0 1 12.5 1 12.5 1 12.5 1 12.5 0 0.0
21JUN-01) = - . . . . . . . . - . . .
All cases 8 0 0.0 1 12.5 1 12.5 1 12.5 1 12.5 0 0.0

Data sources: Emergency care attendance and admissions from Emergency Care Dataset (ECDS), deaths from PHE daily death data series (deaths within 28
days). NHS trusts are required to submit emergency care attendances by the 215t of each month. As a result, the number of cases with attendances may show
substantial increases in technical briefs prepared after the monthly cut-off, compared with other briefs from the same month.

¥ Cases without specimen dates and unlinked sequences (sequenced samples that could not be matched to individuals) are excluded from this table.

* Cases are assessed for any emergency care attendance within 28 days of their positive specimen date. Cases still undergoing within 28-day period may have an
emergency care attendance reported at a later date.

§ At least 1 attendance or admission within 28 days of positive specimen date

# Inclusion: Including cases with the same specimen and attendance dates

I Exclusion: Excluding cases with the same specimen and attendance dates. Cases where specimen date is the same as date of emergency care visit are excluded
to help remove cases picked up via routine testing in healthcare settings whose primary cause of attendance is not COVID-19. This underestimates the number of
individuals in hospital with COVID-19 but only includes those who tested positive prior to the day of their emergency care visit. Some of the cases detected on the
day of admission may have attended for a diagnosis unrelated to COVID-19.

A Total deaths in any setting (regardless of hospitalisation status) within 28 days of positive specimen date.
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Table 5. Attendance to emergency care and deaths by vaccination status among all sequenced and genotyped Delta cases in

England from 1 Februa

2021 to 19 Jul

2021

<50 | 205,549 94,294 22,496 20,930 27,714 15,346 119,063
Delta cases 50 | 23,379 | 10,933 2,169 157 5,289 13,427 2,337
All cases | 229,218 105,298 24,952 21,088 33,003 28,773 121,402
<50 6,471 N/A 73 597 851 429 4,521
Cases with an emergency care
visit§ (exclusiont) =50 1,319 N/A 7 11 297 672 332
All cases 7,790 N/A 80 608 1,148 1,101 4,853
<50 8,325 N/A 110 756 1,025 531 5,903
Cases with an emergency care
visit§ (inclusion#) =50 2,263 N/A 18 22 435 1,125 663
All cases 10,588 N/A 128 778 1,460 1,656 6,566
Cases where presentation to <50 1,529 N/A 36 127 158 103 1,105
emergency care resulted in
overnight inpatient admission§ =50 687 N/A 4 9 107 371 196
((exclusiont)
All cases 2,216 N/A 40 136 265 474 1,301
Cases where presentation to
emergency care resulted in <50 2,327 N/A 51 185 239 140 1,712
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overnight inpatient admission§
(inclusion#) 250 1,365 N/A 13 18 191 703 440
All cases 3,692 N/A 64 203 430 843 2,152
<50 45 N/A 1 3 3 4 34
Deaths within 28 days of
positive specimen date =250 415 N/A 5 2 57 220 131
All cases 460 N/A 6 5 60 224 165

Data sources: Emergency care attendance and admissions from Emergency Care Dataset (ECDS), deaths from PHE daily death data series (deaths within 28
days). NHS trusts are required to submit emergency care attendances by the 215t of each month. As a result, the number of cases with attendances may show
substantial increases in technical briefs prepared after the monthly cut-off, compared with other briefs from the same month.

¥ Cases without specimen dates and unlinked sequences (sequenced samples that could not be matched to individuals) are excluded from this table.

* Cases are assessed for any emergency care attendance within 28 days of their positive specimen date. Cases still undergoing within 28-day period may have an
emergency care attendance reported at a later date.

§ At least 1 attendance or admission within 28 days of positive specimen date

# Inclusion: Including cases with the same specimen and attendance dates

T Exclusion: Excluding cases with the same specimen and attendance dates. Cases where specimen date is the same as date of emergency care visit are excluded
to help remove cases picked up via routine testing in healthcare settings whose primary cause of attendance is not COVID-19. This underestimates the number of
individuals in hospital with COVID-19 but only includes those who tested positive prior to the day of their emergency care visit. Some of the cases detected on the
day of admission may have attended for a diagnosis unrelated to COVID-19.

A Total deaths in any setting (regardless of hospitalisation status) within 28 days of positive specimen date.

** Age <50 + >50 do not total ‘all cases’ per category as some cases lack reported age data

19



SARS-CoV-2 variants of concern and variants under investigation

Figure 4. Cumulative cases in England of variants indexed by days since the
fifth reported case as of 19 July 2021
(Find accessible data used in this graph in underlying data)
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SARS-CoV-2 variants of concern and variants under investigation

1.4 Variant prevalence

The prevalence of different variants amongst all genotyped and sequenced cases is
presented in Figures 5 and 6 and split by region in Figures 7 and 8. Genotyping allows a
shorter turnaround time of 12 to 24 hours (after initial confirmation of COVID-19) for a
probable variant result. The initial panel of targets began trials in March 2021, using single
nucleotide polymorphisms that included N501Y, E484K, K417N, and K417T. Results have
been reported and used for public health action since 29 March 2021. On 11 May 2021,
after rapid validation of targets to allow identification of Delta variant, P681R was
introduced in the panel to replace N501Y. Genotyping results have now been fully
integrated into the variant data reports and analyses. Changes in the use of genotyping
over time should be considered when interpreting prevalence from genotyped data.

The ‘Other’ category in Figures 5 to 8 includes genomes where the quality is insufficient to
determine variant status and genomes that do not meet the current definition for a VUI or
VOC. Sequencing numbers and coverage fall in the last week shown due partly to
sequencing lag time, and new sequences are still being produced relating to sample dates
in that week. The supplementary data for figures are available.

Delta variant accounted for approximately 99% of sequenced and 96% genotyped cases
from 4 July to 10 July 2021.
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Figure 5. Variant prevalence for all England available genotyped cases from 1 February 2021 to 19 July 2021
(Find accessible data used in this graph in underlying data)
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Figure 6. Variant prevalence for all England available sequenced cases from 1 February 2021 as of 19 July 2021
Dashed lines indicate period incorporating issue at a sequencing site. (Find accessible data used in this graph in underlying data).
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Figure 7. Variant prevalence from 1 February 2021 as of 19 July 2021 by region for all genotyped cases in England

(Find accessible data used in this graph in underlying data)
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Figure 8. Variant prevalence from 1 February 2021 as of 19 July 2021 by region for all sequenced cases in England
(Find accessible data used in this graph in underlying data)
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Note that 1166 cases were excluded due to missing region or specimen date information. Travel status is assigned based on an interval of <14 days between the
arrival and positive specimen date. Travel information is derived from Passenger Locator Forms (PLF), contact tracing and international arrivals. Where people
indicate that they have not travelled in response to contact tracing and do not have associated PLF data, they are categorised as not-travel associated. Cases for
which there is no matching PLFs or information about travel status from other sources are marked as awaiting information. Travel status was assigned based on the
individual’s history of travel (including transit), rather than contact with a traveller. The area in grey shows weeks where sequence data are still accumulating.
Therefore, the proportions are less likely to reflect prevalence accurately. The total number of sequencing cases in each week is shown in the bars below, split by
travel status.
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1.5 Antigenic change over time (international)

A list of mutations of potential antigenic significance has been compiled using the
available published evidence. The full list of mutations of potential antigenic significance is
compiled and continuously updated by an expert group comprising members of the variant
technical group, COG-UK, and UK-G2P using literature searches and data mining from
publicly available datasets. Data analysis includes GISAID data uploaded before 16 July
2021 (excluding UK data). The increase in the number of antigenic mutations over time is
illustrated for all variants in Figure 9 and for all variants, excluding VOCs and VUIs in
Figure 10.

The plots in Figures 9 and 10 were obtained by first counting the number of high
confidence antigenic mutations for each sequence. The sequences were then grouped
and the prevalence for each number of mutations was estimated weekly from March 2020
until 16 June 2021. All non-synonymous mutations at positions in the spike protein that
have been associated with antigenicity were considered antigenic. VOCs or VUIs were
identified by analysing their spike mutation profile to deal with low-quality and partial
sequences.
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Figure 9. Prevalence of antigenic mutations over time for all genomes in GISAID (excluding UK data), as of 16 July 2021
(Find accessible data used in this graph in underlying data)
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Figure 10. Prevalence of antigenic mutations over time for all genomes in GISAID (excluding UK data), excluding VOCs and
VUIs, as of 16 July 2021

(Find accessible data used in this graph in underlying data)
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1.6 Secondary attack rates

This section includes secondary attack rates for traveller and non-traveller cases, and
separate household contact rates, including new analysis of rates for household and non-
household contacts of non-traveller cases over time for Delta and Alpha variants.

Secondary attack rates are based on positive tests amongst contacts named to NHS Test
and Trace by an original case identified with a confirmed or probable VOC or VUI. Variant
cases are identified using confirmed (sequencing) results supplemented with probable
(genotyping) results as of 19 July 2021 and exclude low-quality results.

Secondary attack rates are shown for cases with and without travel history. In non-travel
settings, only close contacts named by the original case are included, that is, household
members, face-to-face contact, people within one metre of the case for one minute or
longer, or people within 2 metres for 15 minutes. In travel settings, the contacts reported
are not restricted to only close contacts named by the case. For example, they may
include contacts on a plane linked by additional contact tracing efforts. This likely deflates
secondary attack rates amongst travellers compared to non-travellers. In addition, people
recently returning from overseas are subject to stricter quarantine measures and may
moderate their behaviour towards contacts. Travel history suggests where infection of the
original case may have occurred.

Table 6 shows secondary attack rates for all variants. The time period of study for
secondary attack rates is between 5 January 2021 and 30 June 2021 to capture data for
all variants. Vaccination levels and social restrictions in England have varied over this
period, so comparisons between variants prevalent during different periods are not valid.
Estimates of secondary attack rates for contacts of those that have travelled with variants
of concern or variants under investigation were all considerably lower than those that have
not travelled, due to the difference in contact definition.

Figure 11 shows the secondary attack rates amongst household and non-household
contacts of non-travel cases with Delta and Alpha over time for the period 29 March 2021
to 27 June 2021, with 95% confidence intervals. A modest increase in secondary attack
rate amongst household contacts of cases with Delta in the most recent 2 weeks of
reporting is observed, with an estimate of 11.1% (10.9% to 11.4%) for exposure events in
week commencing 21 June 2021 compared to 10.3% (10.1% to 10.6%) in the week
commencing 7 June 2021. Over the period presented, secondary attack rates for
household contacts of cases with Delta remain higher than for Alpha.
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Table 6. Secondary attack rates for all variants
(5 January 2021 to 30 June 2021, variant data as of 19 July 2021, contact tracing data as of 21 July 2021)

Variant Cases in Cases in those Case Secondary Secondary Attack | Secondary Attack
those that that have not proportion | attack rate Rate among Rate among non-
have travell | travelled or unknown | that have among contacts | household household contacts
ed (with (with contacts) travelled of cases that contacts of cases | of cases that have
contacts) have travelled that have not not travelled or

(95% CI) travelled or unknown (95% CI)
[secondary case | unknown (95% CI) | [secondary
s/contacts] [secondary cases/contacts]
cases/contacts]
Alpha 4388 184,980 2.3% 1.5% 10.2% 5.6%
(VOC-20DEC- | (76.6% with (73.0% with (1.4% to 1.6%) (10.1% to 10.3%) (5.5% to 5.8%)
01) contacts) | household, 14.0% with [1,249/81,942] [34596/338352] [3303/58625]
non-household
contacts)
Beta 341 420 44 .8% 1.8% 10.0% 3.0%
(VOC-20DEC- | (69.8% with (64.5% with (1.5% to 2.2%) (8.0% to 12.4%) | (1.4% to 6.3%) [6/202]
02) contacts) | household, 14.5% with [110/6,027] [74/741]
non-household
contacts)
Zeta 4 27 12.9% Unavailable Unavailable [4/51] Unavailable

(VUI-21JAN-01) | (75.0% with (70.4% with [0/159] [0/1]

contacts) household, 3.7% with

non-household
contacts)
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Gamma (VOC- 72 (63.9% 146 33.0% 1.0% 10.3% 3.4%
21JAN-02) with (71.9% with (0.5% to 1.9%) (7.1% to 14.8%) (1.2% to 9.4%)
contacts) | household, 15.8% with [9/889] [25/242] [3/89