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I, Dr. Deena Hinshaw, MD, MPH, FRCPC, CCFP, of the City of Edmonton, in the 

Province of Alberta, AFFIRM AND DECLARE THAT: 

1. I am currently employed by the Government of Alberta as Chief Medical Officer of 

Health in the Ministry of Health. In this role, I provide public health expertise to support health 

surveillance, population health, and disease control initiatives on issues of public health 

importance under the authority of the Public Health Act, RSA 2000 c P-37. 

2. I have personal knowledge of the facts and matters stated in this affidavit - except where 

they are based upon information and belief, in which case I believe them to be true. 
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A. Chief Medical Officer of Health and the Speciality of Public Health and Preventive 

Medicine 

My education and training 

3. I completed my medical degree in 2004, and my residencies in family medicine in 2006 

and community medicine in 2009, at the University of Alberta. In 2008, I received my Master of 

Public Health degree from the University of Alberta, while completing my public health and 

preventive medicine residency (at the time, called "community medicine"). 

4. I am a member of the College of Physicians and Surgeons of Alberta and have been an 

active member since 2006. As a physician, I specialize in public health and preventive medicine. 

5. I worked as a Medical Officer of Health in the Central Zone of Alberta Health Services 

(AHS) from January 2010 until July 2017. I also served as the Medical Officer of Health lead in 

the area of public health surveillance and infrastructure for AHS from 2014 to 2017. From 2017 

until my appointment as the Chief Medical Officer of Health on January 28, 2019, I served as 

Alberta Health's Deputy Chief Medical Officer, supporting the Chief Medical Officer of Health 

in her duties. Attached and marked as Exhibit "A" to this Affidavit is a copy of my curriculum 

vitae. 

6. As a part of my training and experience as a Public Health and Preventative Medicine 

specialist, I have expertise in assessing and interpreting evidence on public health matters, and my 

personal assessment of the facts in this affidavit based on my experience and expertise is that 

these facts represent the best currently-available evidence related to SARS-CoV-2 and COVID-

19. 

7. I can attest that the information contained in this affidavit is true based on two things: 

a. The rigorous framework of evidence assessment and use of this evidence in public 

health and healthcare standard and guideline development in Canadian and 

Albertan context; and 

b. My training and experience as a Public Health and Preventative Medicine 

specialist. 
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Appointment as Alberta's Chief Medical Officer of Health 

8. I was appointed Alberta's Chief Medical Officer of Health by the Minister of Health 

pursuant to s. 13 of the Public Health Act, and I report directly to the Deputy Minister of Health. 

9. While the Chief Medical Officer of Health plays a leadership role in Alberta's public 

health system within government and giving advice to AHS, the Chief Medical Officer of Health 

is not an independent officer of the Legislature like the Auditor General or the Child and Youth 

Advocate. Rather, as I serve at the pleasure of the Minister of Health, I can be removed from my 

position at any time. I am therefore subject to oversight within the democratic structure of the 

Government of Alberta. 

10. I work alongside the Deputy Chief Medical Officer of Health (DCMOH) and the Deputy 

Medical Officer of Health (DMOH). The DCMOH role has been filled over this past year by Dr. 

Marcia Johnson and Dr. Andre Corriveau respectively, and the DMOH role is filled by Dr. Jing 

Hu. Alberta Health also employs numerous other experts in a variety of public health disciplines 

who provide me with information and advice to assist me in fulfilling my roles as the Chief 

Medical Officer of Health. Among these other experts that have been critical in supporting my 

office's work during the COVID-19 pandemic is Alberta's Emergency Operations Centre's 

Analytics team that provides modeling and surveillance support as detailed in the Affidavit of Dr. 

Kimberley Simmonds, and Alberta's Provincial Laboratory that provides PCR testing information 

as detailed in the Affidavit of Dr. Nathan Zelyas. I also work with various medical officers and 

other employees of AHS as detailed further in the next section of this Affidavit. 

The Specialty of Public Health and Preventive Medicine 

11. Chief Medical Officers of Health are public health physicians. Public Health and 

preventative medicine is a specialty within the field of medicine. The University of Alberta's 

Department of Medicine's website https://www.ualberta.ca/department-of

medicine/education/residency-programs/public-health-preventive-medicine/index.html, the 

relevant portion of which is attached as Exhibit "B" to this Affidavit, describes the specialty at p. 

3 of 9 as follows: 
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Public Health and Preventive Medicine deals with groups or populations, rather than 
individuals. Using population health knowledge and skills, the Public Health and 
Preventive Medicine specialist plays a role in the maintenance and improvement of 
the health and well-being of the community. This function is accomplished by 
evaluating the health needs of a population and developing, implementing and 
assessing programs that meet those needs. Recognition of specialty training in Public 
Health and Preventive Medicine by the Royal College of Physicians and Surgeons of 
Canada (RCPSC) began in the mid l 970's and specialty certificates are conferred by a 
dozen programs in Canada. 

12. The Royal College defines the specialty as the branch of medicine "primarily concerned 

with the health of populations", focussing on controlling disease and preventing injury through 

health protection and health promotion activities. The College's training materials explain that the 

public health specialist achieves this by monitoring and assessing the health needs of a population 

and developing, implementing, and evaluating strategies for improving health and well-being 

through interdisciplinary and intersectoral partnerships. Attached as Exhibit "C" to this Affidavit 

is a copy of pages 1 and 2 of the Royal College's publication entitled "Objectives of Training in 

the Specialty of Public Health and Preventive Medicine (2014)" revised in March 2018, which 

sets out the Royal College's definition and goals of the Speciality, and contains the above 

descriptions. 

My roles as Alberta's Chief Medical Officer of Health 

13. The Chief Medical Officer of Health is a role that all provinces and territories have. 

Though several different legislative frameworks exist, all Chief Medical Officers have a common 

core set of responsibilities that, as reflected in the above descriptions of what a public health 

expert does, involve monitoring and assessing the health of a population, and developing and 

implementing strategies for improving health outcomes for the population. 

14. Section 14 of the Public Health ;\ct, which sets out my powers, reflects the 

responsibilities of a public health specialist described in the materials from the Department of 

Medicine and the Royal College. Section 14 requires that I shall: 

(a) on behalf of the Minister, monitor the health of Albertans and make 
recommendations to the Minister and AHS on measures to protect and promote 
the health of the public and to prevent disease and injury, 
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(b) act as a liaison between the Government and AHS, medical officers of health 
and executive officers in the administration of the Act, 

(c) monitor the activities of AHS, medical officers of health and executive 
officers in the administration of this Act, and 

(d) that I may give directions to AHS, medical officers of health and executive 
officers in the exercise of their powers and the carrying out of their 
responsibilities under the Public Health Act. 

15. As can be seen from my powers, the Public Health Act gives Alberta's Chief Medical 

Officer of Health two main overarching roles. The first is to monitor and assess the health of the 

population and provide recommendations to the Minister of Health, to the Deputy Minister of 

Health, and to AHS, to protect and promote the health of the population. The second is to give 

directions to others who are specified in the Public Health Act such as medical officers of health 

and executive officers in the exercise of their responsibilities and authorities. All of this is done 

for the purpose of improving public health outcomes across a wide range of acute and chronic 

health issues affecting the population of Alberta. 

16. As the Royal College's training materials explain, fulfilling these two overarching roles 

requires the Chief Medical Officer to have developed foundational competencies in clinical 

medicine and the determinants of health upon which are built further competencies in public 

health sciences, including but not limited to epidemiology, biostatistics, and surveillance, 

planning, implementation and evaluation of programs and policies, leadership, collaboration, 

advocacy, and communication. 

17. Thus, Medical Officers of Health have training and practice based in large part on a 

population focus, which training and practice then provides us with a deep understanding of 

subjects such as molecular biology, human anatomy, and other basic science that is essential to an 

understanding of the interaction between people, their environment, and the social environment as 

well. In summary, my specialized training equips me to treat the population of Alberta as my 

patient. 

The ethical framework in which public health decisions are made 
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18. The public health specialist's practice is founded on a common core of ethical principles 

and values that are an integral part of our five-year training program. These ethical principles 

guide our public health practice, including our decision-making. 

19. The Canadian Public Health Association in a working paper entitled Public Health: A 

Conceptual Framework (second edition, 2017), a copy of which is attached as Exhibit "D" to this 

Affidavit also provides a definition of public health practice. The Association's definition 

connects the specialist's overarching roles with the ethical principles that provide a framework 

within which the specialist makes public health decisions. The Association's definition states: 

DEFINING PUBLIC HEALTH PRACTICE 

Public health practice can be viewed as an approach to maintaining and improving 
the health of populations that is based on the principles of social justice, attention 
to human rights and equity, evidence-informed policy and practice, and 
addressing the underlying determinants of health. Such an approach places health 
promotion, health protection, population health surveillance, and the prevention of 
death, disease, injury and disability as the central tenets of all related initiatives. It 
also means basing those initiatives on evidence of what works or shows promise 
of working. It is an organized, comprehensive, and multi-sectoral effort. 

This definition and the practice of public health have developed over time, and 
will continue to develop to meet the evolving health requirements of the 
population. As these demands grow, there will be debates concerning the role and 
purpose of public health practice and the scope of practitioners' activities. 
Underlying these debates and developments, however, are an amalgam of 
concepts and practices that are the foundation and building blocks of public 
heal th. h ttps ://www .cp ha. ca/sites/ de fau l t/fi les/u pl oads/po l i c y/p h-
framework/p hcf e.pdf 

20. The various types of principles that have provided the framework for Alberta's public 

health actions and decision-making in response to the COVID-19 pandemic are explained in 

Alberta Health's document entitled "Alberta's Ethical Framework for Responding to Pandemic 

Influenza" published in January 2016, which is attached as Exhibit "E" to this Affidavit: 

https://open.alberta.ca/dataset/5ae20e2c-4d4a-425 l-bf05-dcdf32d0cd97 /resource/5621 dbe3-4b27-

4c37-9073-58d7 623l2d6f/download/apip-pandemic-ethics-framework-2016.pdf 

The proportionality principle and the use of least restrictive means 
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21. Chief among these core principles is the proportionality principle that requires actions 

taken to protect the public health from harm and that result in the restriction of liberties and 

freedoms to be proportionate to the risks and to the benefits of the proposed action. This requires 

not only that the proposed measures be required in order to achieve the public health purpose, but 

also that if it is necessary to restrict a right or freedom in achieving the purpose, the least 

restrictive means that will do so should be chosen. Thus, mandatory public health measures are 

only used when voluntary public health measures would not be sufficient to prevent the harm to 

public health. 

My legislative authority 

22. If necessary, I also have the tools under s. 29 of the Public Health Act to address 

communicable disease outbreaks or a state of public health emergency by judiciously applying 

restrictions when necessary to intervene on outbreaks and in public health emergencies ("CMOH 

Orders"). Section 29(2)(b)(i) of the Act has provided me with the power to take whatever steps I 

consider necessary: (A) to suppress COVID-19 in those who may have already been infected with 

COVID-19; (B) to protect those who have not already been exposed to COVID-19; (C) to break 

the chain of transmission and prevent spread of COVID-19; and (D) to remove the source of 

infection. I also have the authority under section 29(2.1), to take whatever other steps, in my 

opinion, are necessary in order to lessen the impact of the public health emergency. 

23. Consistent with the proportionality principle, and the other principles framing Alberta's 

public health response, mandatory CMOH Orders are issued pursuant to s. 29 only as a last resort 

when other voluntary measures are not successful or not possible. Further, more wide-ranging 

orders are only used if targeted measures will not achieve the public health objective. Mandatory 

CMOH Orders under s. 29 are, however, sometimes necessary, for example, if the behaviour of 

an individual or a group will put the health of the larger public at risk. In such situations, the 

Chief Medical Officer of Health has the necessary powers to minimize the risk through 

mandatory orders that create restrictions that are both necessary and proportional to the risk. My 

legislative powers have been critical to Alberta's management of the COVID-19 public health 

crisis. 
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24. The physician appointed as the Chief Medical Officer of Health therefore has a 

tremendous responsibility to provide a trusted, credible voice both when there is an urgent need to 

assess risks, contend with fear, and galvanize groups to act during an emergency as well as in 

day-to-day responses to public health issues in the province, including when issuing voluntary 

public health guidance or mandatory public health restrictions. 

The Chief Medical Officer of Health provides advice to elected officials who make the final 

decisions on Alberta's public health measures 

25. The majority of the time and resources of the office of the Chief Medical Officer of 

Health have been spent responding to the COVID-19 pandemic since early in 2020. During this 

time, I have therefore obtained considerable knowledge and understanding about the SARS-CoV-

2 virus and the COVID-19 disease. 

26. Alberta Health's Emergency Operations Centre ("EOC") is the organizational unit in the 

Ministry of Health responsible for overseeing COVID-19 health policy development and 

implementation. The EOC is made up of staff from the Ministry of Health. I have worked closely 

with the EOC Incident Commander and have served as the Expert Advisor to the EOC in 

developing recommendations and policy options for the COVID-19 response. 

27. I have also had the responsibility to provide advice to the Premier and Cabinet, including 

the Priorities Implementation Cabinet Committee (PICC) and the Emergency Management 

Cabinet Committee (EMCC) on the need to declare a state of public health emergency in response 

to the COVID-19 pandemic, and to discuss and finalize public health measures to address the 

threat caused by COVID-19. The Priorities Implementation Cabinet Committee includes the 

Premier, and the Ministers of Health; Treasury Board and Finance; Justice and Solicitor General; 

Energy; Transportation; Environment and Parks; Jobs, Economy and Innovation; and Children's 

Services. The EMCC includes the Premier, and the Ministers of Health; Treasury Board and 

Finance; Justice and Solicitor General; Transportation; Environment and Parks; Education, 

Indigenous Relations, Children's Services, Community and Social Services; and Member of the 

Legislative Assembly of Alberta Mickey Amery. 
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28. In my role, I am not directed by elected officials what advice to give, rather I give my 

advice as I am directed and required to do by the Public Health Act, and the advice that I give is 

always my best advice based on the best available evidence. As Chief Medical Officer of Health, 

I have done my best throughout the pandemic to monitor the health of Albertans and provide 

advice and recommendations to protect their health based on the best evidence available. 

29. While my office and the Ministry of Health and AHS have played a lead role in 

informing the Province of Alberta's strategy to respond to the COVID-19 pandemic, under the 

Public Health Act, the Chief Medical Officer of Health is not the final decision-maker. Rather, the 

Chief Medical Officer provides advice and recommendations to elected officials on how to 

protect the health of Albertans. Those elected officials take that advice as one part of the 

considerations in the difficult decisions that they have had to make in response to COVID-19. The 

final policy decision-making authority rests with the elected officials, and these policy decisions 

are then implemented through the legal instrument of CMOH Orders. 

B. The Ministry of Health and The Regional Health Authority (Alberta Health 

Services) 

Alberta Health Services 

30. The Chief Medical Officer of Health, and the Ministry of Health, as part of government, 

provide high-level direction and set health policy, and AHS, as the regional health authority, 

carries out the operationalization of that policy. AHS is a fully-integrated health system, 

responsible for delivering health services to nearly 4.4 million people living in Alberta, as well as 

to some residents of Saskatchewan, B.C. and the Northwest Territories. 

31. AHS has more than 103,000 direct employees (excluding Covenant Health and other 

contracted service providers) and almost 11,800 staff working in AHS' wholly-owned 

subsidiaries such as Alberta Precision Laboratories, Carewest and Capita!Care Group. AHS is 

also supported by nearly 15, 100 volunteers and more than 10,800 physicians practicing in 

Alberta, approximately 8,200 of whom are members of the AHS medical staff (physicians, 

dentists, podiatrists, oral and maxillofacial surgeons). 
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32. As explained in the pre-amble to the Regional Health Authorities Act, RSA 2000, c R-10, 

AHS is the sole regional health authority for Alberta; is Canada's first single province-wide 

health authority; and was established because the Government of Alberta believed a single 

regional health authority was the most effective and efficient way to deliver health services to 

Albertans. AHS brought together 12 formerly separate health entities in the province including 

nine geographically based health authorities as well as the Alberta Alcohol and Drug Abuse 

Commission, Alberta Mental Health Board and Alberta Cancer Board. 

33. The AHS Emergency Coordination Centre (ECC) is AHS' incident response team for 

urgent situations. Working with me and other medical officers of health and emergency planners, 

ECC has addressed questions of health operations and operational policy across the organization 

as part of Alberta's response to the COVID-19 pandemic. I have worked very closely with AHS 

and the ECC during the pandemic. The Affidavit of Deb Gordon provides details on how AHS 

has planned and managed health care capacity in response to the COVID-19 pandemic as well as 

evidence on AHS' contact tracing efforts. 

34. Section 5 of the Regional Health Authorities Act sets out AHS' responsibilities as 

follows, AHS shall: (a) plan for the provision of health services in the health region, and (b) 

provide health services in the health region. In carrying out its responsibilities under this section, 

AHS shall (a) promote and protect the health of the population in the health region and work 

toward the prevention of disease and injury, (b) assess on an ongoing basis the health needs of the 

health region, (c) determine priorities in the provision of health services in the health region and 

allocate resources accordingly, (d) ensure that reasonable access to quality health services is 

provided in and through the health region, and (e) promote the provision of health services in a 

manner that is responsive to the needs of individuals and communities and supports the 

integration of services and facilities in the health region. 

35. Pursuant to s. 6 of the Regional Health Authorities Act, and subject to the Act and the 

regulations, AHS has the rights, powers and privileges of a natural person, and may delegate any 

of its powers and duties under the Act or any other Act to an AHS committee, or to any AHS 

employees, officers, agents, or to a community health council. 

Lieutenant Governor and Ministerial Powers to control AHS 
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36. However, the Regional Health Authorities Act also gives the Lieutenant Governor in 

Council and the Minister very broad powers to control AHS and its members and to direct how 

AHS provides health services to Albertans. Pursuant to s. 8 of the Act, the Minister of Health may 

direct AHS for the purpose of (a) providing priorities and guidelines for it to follow in the 

exercise of its powers, and (b) co-ordinating the work of the regional health authority with the 

programs, policies and work of the Government and public and private institutions in the 

provision of health services in order to achieve the best health outcome and to avoid duplication 

of effort and expense. 

37. The Minister may also by order, under s. 2 of the Act, establish any other regional health 

authorities in addition to or instead of the AHS, or disestablish the AHS and wind-up its affairs; 

and the Minister may by order, under s. 11, dismiss all the members of the AHS if he considers 

that AHS is not properly exercising its powers or carrying out its duties under the Act, or if he 

considers for some other reason it is in the public interest to do so. 

38. The Minster also has the power under s. 16 of the Regional Health Authorities Act, to do 

any other thing that he considers necessary to promote and ensure the provision of health services 

in Alberta, and both the Minister, in s. 24, and the Lieutenant Governor in Council, in s. 17 and s. 

23, have broad regulation making powers under the Regional Health Authorities Act. 

C. SARS-CoV-2 is a New and Infectious Virus that Has Caused a Global pandemic 

COVID-19 and the SARS-CoV-2 virus 

39. On February 11, 2020 the World Health Organization announced an official name for the 

disease that is causing the 2019 novel coronavirus pandemic, first identified in Wuhan China. The 

new name given to this disease was coronavirus disease 2019, abbreviated as COVID-19, in 

which "CO" stands for corona, "VI" for virus, and "D" for disease. Formerly, this disease was 

referred to as "2019 novel coronavirus" or "2019-nCoV." 

40. COVID-19 is a new respiratory disease caused by the Severe Acute Respiratory 

Syndrome Coronavirus 2, or "SARS-CoV-2" virus. The disease COVID-19 was first recognized 

in the city of Wuhan, China in late 2019. The SARS-CoV-2 virus is a type of coronavirus, which 

can infect humans and animals. Not all coronaviruses infect humans. Those strains that do, and 
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that are new to humans, are called "novel". The SARS-CoV-2 is a novel coronavirus as it was 

found to infect humans in January 2020. 

41. COVID-19 primarily affects the respiratory tract and lungs but can also affect other 

organs. COVlD-19 is highly communicable and contagious among people. SARS-Co V-2 is 

spread primarily from close person to person contact. The virus may be transmitted by respiratory 

droplets (>5-10 um in diameter) or smaller droplet nuclei (small-particle aerosols) ( <5 um) 

produced when an infected person breathes, coughs, sneezes, talks, or sings. Aerosols remain 

airborne while traveling longer distances than droplets. 

42. SARS-CoV-2 can be spread through direct or indirect (surfaces) contact with an infected 

person. A person becomes infected by inhaling the infected droplets or aerosols or by the droplets 

or aerosols coming into direct contact with the mucous membranes of the person's nose, mouth or 

eyes. The virus may also be transmitted by a person touching a surface of an object or other 

person (i.e. handshake) contaminated with the virus and then touching their own nose, mouth or 

eyes. 

Activities and locations associated with a higher risk of transmission of the virus 

43. Evidence shows singing, talking loudly and shouting, and activities that result in heavy 

breathing, such as heavy exercising, are higher risk activities for the spread of the virus. These 

higher risk activities pose a higher risk of transmission of the SARS-CoV-2 virus because they 

result in more expulsions of air than other activities, and with increased expulsions of air, there is 

an increased risk of respiratory droplets or aerosols, which is one factor that may increase 

transmission. 

44. These higher risk activities may also occur in higher risk settings, such as in indoor 

settings or settings where individuals will remain for prolonged periods of time. Spending time in 

crowded indoor locations with inadequate ventilation is another factor that can lead to a higher 

risk of transmission. For example, choirs performing indoors are a particular concern for the 

spread of the virus. 

45. The Government of Canada's website modified June 29, 2021 

(https://www .canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-
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infection/health-professionals/main-modes-transmission.html# Settings with higher) provides 

the following information about locations with a higher risk of transmission, a print-out of which 

is attached as Exhibit "F" to this Affidavit: 

Settings with higher risk of transmission 

Outbreak investigations and scientific studies are revealing more about COVID-
19 and this new knowledge is being applied to reduce its spread. We know that 
the virus is most frequently transmitted when people are in close contact with 
others who are infected with the virus (either with or without symptoms). We also 
know that most transmission occurs indoors. 

Reports of outbreaks in settings with poor ventilation suggest that infectious 
aerosols were suspended in the air and that people inhaled the virus at distances 
beyond 2 metres . Such settings have included choir practice, fitness classes, and 
restaurants, as well as other settings. Transmission can be facilitated by certain 
environmental conditions, such as re-circulated air. Activities that increase 
generation of respiratory droplets and aerosols may increase risk in these settings 
(such as singing, shouting, or exercising). 

It is still unclear how easily the virus spreads through contact with surfaces or 
objects. 

Pre-symptomatic transmission 

46. The time from infection with SARS-Co V-2 until the development of observable 

symptoms is called the incubation period. The incubation period can last 14 days or very rarely 

longer. Unfortunately, infected people can transmit SARS-CoV-2 to others beginning about 48 

hours before symptoms are present (pre-symptomatic transmission) until at least 10 days after, 

longer if symptoms continue past 10 days. 

47. Evidence points to a small number of people being responsible for seeding a vast 

majority of new COVID-19 infections. The science of COVID-19 dispersion is not fully 

understood, but experts agree that some people emit more virus than others as described in the 

article by (Asadi et al. ) attached as Exhibit "G" to this Affidavit while others seem to 

develop higher amounts of the virus in their system, increasing their odds of transmitting the 

virus, as described in the article attached as Exhibit "H" to this Affidavit by (Jones et al. ) One 

study, attached as Exhibit "I" to this Affidavit by (Goyal et al. ), estimates that about 62 percent 

of transmissions to multiple individuals happened when the index case was pre-symptomatic. 
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Asymptomatic transmission 

48. Not all people infected with SARS-CoV-2 develop symptoms but, even without 

symptoms, an infected person can transmit the virus to others. This is called asymptomatic 

transmission. Asymptomatic and especially pre-symptomatic transmission of SARS-CoV-2 does 

occur. There is strong scientific evidence that virus transmission primarily occurs from a few days 

before symptom onset up to about five days after. This issue is discussed in further detail in Dr. 

Jason Kindrachuk's filed expert report in this matter. 

49. While Dr. Bhattacharya at p. 10 of his report states "according to a comprehensive survey 

of the literature on reported cases through early June 2020, about 20 percent of COVID-19 cases 

are asymptomatic", the cited paper did not make an estimate of the contribution of pre

symptomatic transmission. However, importantly, it acknowledged that pre-symptomatic virus 

spread was substantial enough to justify continued social distancing measures. 

COVID-19 symptoms and outcomes 

50. Infection with the SARS-Co V-2 virus may involve a range of potential symptoms that 

can also vary in frequency and severity. The most common symptoms have included fever, cough, 

fatigue, shortness of breath, loss of appetite, and loss of smell and taste. Many who are infected 

experience only mild symptoms followed by a quick return to completely normal health. 

However, certain segments of the population suffer very serious symptoms only treatable through 

hospitalization, and some of these individuals require admission to an Intensive Care Unit (ICU) 

and ventilation. COVID-19 has also been fatal for over 2,300 people in Alberta. Finally, it is also 

important to note that a proportion of those with COVID-19, even some with initial mild illness, 

experience symptoms for many months following their infection, and these persistent symptoms 

can be life-altering. 

51. Thus, COVID-19 has both morbidity outcomes (illness) and mortality outcomes (death), 

and these outcomes may both impact hospitalization and require significant and critical medical 

treatment, including admission to intensive care. The risk of serious outcomes, including deaths, 

hospitalizations and ICU admissions, grows with the age and presence of pre-existing conditions 

in the population. 
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COVID-19 and mortality in Alberta 

52. In Alberta, as of July 6, 2021, there have been 2,307 deaths due to COVID-19. The 

average age of death is 80 (range: 20-107), and the majority of Alberta's deaths have been in the 

80+ age range (1,353 or 59 percent). One in three deaths (766 people) have been between the ages 

of 60 and 79, and 187 of the people that have died in Alberta due to COVID-19 have been under 

the age of 60 (8.1 percent of total). 

COVID-19: comorbidities and serious outcomes 

53. COVID-19 disproportionally causes adverse health outcomes, including death, in people 

in two segments of the population: (1) those with pre-existing medical conditions, and/or (2) those 

over 65 years of age. People with these characteristics are more likely to have been hospitalized 

and more likely to have been admitted to ICUs with COVID-19. 

54. Statistics Canada states the following on COVID-19 comorbidities and pre-existing 

conditions as of May 14, 2021 at https://www 150.statcan.gc.ca/n I/daily-

guotidien/2105 l 4/dg210514c-eng.htm, a printout of which is attached as Exhibit "J" to this 

Affidavit: 

The risk of severe outcomes due to COVID-19 varies depending on individual 
vulnerabilities. One of these susceptibilities is pre-existing health conditions. The 
Public Health Agency of Canada has advised that certain pre-existing conditions such 
as diabetes, chronic obstructive pulmonary disease, cancer and heart disease put 
individuals at higher risk of severe illness or death from COVID-19. In addition, the 
suggested Canadian vaccination rollout prioritizes vulnerable populations, including 
those with underlying conditions. The provisional data released today confirm that 
about 9 out of I 0 Canadians who have died of COVID-19 had at least one other 
condition or complication, or comorbidity, reported on their medical certificate of 

death. 

Almost 90% of people who died of COVID-19 in 2020 had at least one other 
comorbidity 

Of the nearly 15,300 people who died of COVID-19 between March and December 
2020, 89% had one or more other conditions or complications reported on their death 
certificate. In fact, almost two-thirds (65%) had two or more comorbidities and 
almost half (46%) had three or more comorbidities reported. These results, along with 
the specific conditions listed on the death certificate, highlight some of the 
populations in Canada most vulnerable to severe outcomes of COVID-19. Although 
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individuals had pre-existing conditions, it does not imply that they were at risk of 
dying if there had been no COVID-19 infection. 

55. The Government of Canada outlines "People who are at risk of more severe disease or 

outcomes from COVID-19", in its document of that name dated October 23, 2020 and published 

December 8, 2020, and which is attached as Exhibit "K" to this Affidavit 

(https://www .canada.ca/content/dam/phac-aspc/documents/services/publications/diseases

conditions/people-high-ri sk-for-severe-illness-covid- l 9/people-high-risk-for-severe-illness-covid-

19-eng. pdf) as follows: 

•Older adults (increasing risk with each decade, especially over 60 years). 
•People of any age with chronic medical conditions including: 

o lung disease 
o heart disease 
o hypertension (high blood pressure) 
o diabetes 
o kidney disease 
o liver disease 
o dementia 
o stroke 

• People of any age who are immunocompromised, including those: 
o with an underlying medical condition (e.g., cancer) 
o taking medications that lower the immune system 

(e.g., chemotherapy) 
•People living with obesity (BMI of 40 or higher). 

56. In Alberta, the majority of fatalities as of July 6, 2021 (76.3 percent) have had 3 or more 

comorbidities (1,760) as detailed in the following table found on the Government of Alberta's 

website at: https://www.alberta.ca/stats/covid-l 9-alberta-statistics.htm. A copy of Figures and 

Tables from this website as at July 6, 2021 is attached as Exhibit "L" to this Affidavit. 
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Table 6. Number and percent of health conditions among COVID-19 deaths. Data updated on 2021-07-0 I. 

Condition Count Percent 

H)·pertension 1939 84.3%1 

Cardio-Vascular Diseases 1202 52.2% 

Renal Diseases 1156 50.2% 

Dementia 1054 45.8% 

Diabetes 1038 45.1%1 

Respiratory Diseases 938 40.8% 

Cancer 552 24.0% 

Stroke 457 19.9% 

Liver Diseases 102 4.4%1 

Im mono-Deficiency Diseases 66 2.9% 

Note: 

One individual can have multiple conditions. 

57. The following graph from that website shows the percent of COVID-19 cases with no 

comorbidities, one comorbidity, two comorbidities, or three or more comorbidities by case 

severity: non-severe, hospitalized but non-ICU, ICU but not deceased, and deceased. The 

comorbidities included are indicated in the description under the graph. 
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Figure 17: Percent of COVID·19 cases with no comorb1d1ties, one comorbidity, two comorbid1ties, or three or more comorbidities by case seventy (non

severe, hospitalized but non·ICU, ICU but not deceased, and deceased), all age groups and both sexes combined, all Alberta. Comorbitities included 

are: Diabetes, Hypertension, COPD, Cancer, Dementia, Stroke, Liver cirrhosis, Cardiovascular diseases (including IHD and Congestive heart failure), 

Chronic kidney disease, and tmmuno-deficiency. Data updated on 2021-07-06. 
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58. However, to be clear, not all comorbidities are the result of pre-existing conditions: 

common comorbidities such as pneumonia and respiratory failure can also be the result of 

COVID-19 rather than underlying reasons why the individual had a severe COVID-19 outcome. 

COVID-19 and children 

59. Although risk of death is significantly higher in some groups, and while children tend to 

experience less severe symptoms of the disease (unless they have an underlying condition), 

COVID-19 continues to negatively impact young healthy adults. There is a body of evidence that 

supports this, for example: 

a. Faust JS, Krumholz HM, Du C, et al. All-Cause Excess Mortality and 
COVID-19-Related Mortality Among US Adults Aged 25-44 Years, March
July 2020. JAMA. Published online December 16, 2020, and attached as 
Exhibit "M" to this Affidavit, 

b. Cunningham JW, Vaduganathan M, Claggett BL, et al. Clinical Outcomes in 
Young US Adults Hospitalized With COVID-19. JAMA Intern 
Med. Published online September 09, 2020, and attached as Exhibit "N" to 
this Affidavit. 

60. Evidence also supports that children can transmit the virus, and that older children and 

teenagers may transmit the virus as efficiently as adults. The issue of transmission by those under 

18 is discussed in more detail in the expert report of Dr. Jason Kindrachuk. 

61. Further, while it now is recognized that symptoms of SARS-CoV-2 infection can persist 

for months following acute COVID-19 disease, the understanding of the long term effects of 

COVID-19 are not yet completely understood. The current knowledge on long term effects of the 

disease is discussed in more detail in the expert report of Dr. Jason Kindrachuk. 

COVID-19 and morbidity in Alberta 

62. People not in a high risk group can also experience adverse health outcomes after 

becoming infected with the SARS-Co V-2 virus that may require hospitalization or admission to 

an ICU for treatment. In Alberta, as of July 6 the average age for COVID-19 cases with an ICU 

stay was 57 years (range: 0-90), the average age for COVID cases hospitalized was 60 years 

(range: 0-104 ), and the average age for COVID cases not hospitalized was 34 years (range: 0-
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I 08 ): https://www .alberta.ca/stats/covid-19-alberta-statistics.htm#severe-outcomes, as shown on 

Figure 13 and Table 5 in Exhibit L. Since February 1, 2021, 40 percent of those hospitalized with 

COVID-19 in Alberta have been under 50. 

63. The table below provides a breakdown of Alberta's total hospitalizations, ICU 

admissions and deaths among COVID-19 cases by age as of July 1, 2021. Of particular 

significance for the purposes of Alberta's ability to plan for health care capacity is that, as 

illustrated in the table below, for every 100 people testing positive for COVID-19 in Alberta, just 

over 4 of them (4.1) were hospitalized, just under 1 person (0.8) had to be admitted to ICU, and 1 

person out of every 100 testing positive in Alberta died as a result of the disease. These numbers 

are very important in assessing and managing hospital capacity and resources as part of Alberta's 

response to the pandemic. 

Table 5. 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 

Total 232097 9626 4.1 217.7 1807 0.8 40.9 2301 1.0 52.0 

Under 1 year 1406 58 4.1 112.1 14 1.0 27.1 0 0.0 0.0 

1-4 years 8838 42 0.5 19.3 8 0.1 3.7 0 0.0 0.0 

5-9 years 12247 25 0.2 9.0 12 0.1 4.3 0 0.0 0.0 

10-19 years 31440 158 0.5 29.6 22 0.1 4.1 0 0.0 0.0 

20-29 years 41874 517 1.2 87.4 61 0.1 10.3 II 0.0 1.9 

30-39 years 44142 924 2.1 129.I 136 0.3 19.0 14 0.0 2.0 

40-49 years 36447 1174 3.2 193.0 242 0.7 39.8 47 0.1 7.7 

50-59 years 27064 1676 6.2 304.3 421 1.6 76.4 114 0.4 20.7 

60-69 years 15592 1701 I0.9 358.5 489 3.1 103.I 284 1.8 59.9 

70-79 years 6648 1529 23.0 586.6 313 4.7 120.I 479 7.2 183.8 

80+ years 6274 1819 29.0 1296.8 88 1.4 62.7 1351 21.5 963.2 

Unknown 125 3 2.4 NA 0.8 NA 0.8 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 I00,000 population) 

COVID-19 cases and Alberta's health care capacity 
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64. The rapid spread of the SARS-Co V-2 virus and resulting COVID-19 disease is associated 

with a corresponding increase in hospitalizations, including ICU admissions and deaths. By 

comparison, this requirement for inpatient health care and deaths resulting from COVID-19 is 

significantly higher than that associated with seasonal influenza. Over the last 10 years combined, 

reported deaths from seasonal influenza total just 659 people in Alberta compared to the over 

2,300 deaths reported resulting from COVID-19 in Alberta since the first case of COVID-19 was 

recognized on March 5, 2020. 

65. Seasonal influenza also results in significantly fewer ICU and hospital stays than SARS

Co V-2. For example, the 2018-2019 influenza season resulted in a total of 341 ICU stays and 

2,310 hospital stays, and the 2019-2020 influenza season resulted in a total of 262 ICU stays and 

2,339 hospital stays over a year. By comparison, in Alberta between March 5, 2020 and June 15, 

2021 there have been 1,785 ICU stays, and 9,600 COVID-19 hospital stays. The following graph 

illustrates COVID-19 cases in Alberta from March 2020 until July 1, 2021, and the corresponding 

impact on ICU and hospital admissions. As also illustrated in the graph below, the impact on 

hospital and ICU admissions can be seen to lag by approximately 2 weeks the identification of a 

rise in cases. This lag is because people who test positive for infection with the SARS-CoV-2 

virus generally do not seek admission to hospital until their symptoms become more severe. To be 

clear, COVID-19 has threatened to overrun the health care system in Alberta twice in the last 

year. Seasonal influenza has never done so. 
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66. As shown in the following graph, deaths attributed to COVID-19 spiked significantly in 

Alberta between November 2020 to January 2021 during the second wave of the pandemic. 
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Figure 16: Daily COVID-19 allributc'll deaths. l>Jta arc subject to change; when death date is unavailable the date reported to Alberta Health is used until a death date is 
kno1m. 

67. However, although cases were higher in Alberta during the third wave than the second, 

Alberta was able to control the spread of the virus before it could overrun the health care system 

and avoid the equivalent spike in deaths through a combination of immunization and public health 

measures. 
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Reporting deaths resulting from COVID-19 in Alberta 

68. Alberta Health uses the following definition from the Public Health Agency of Canada 

for 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). 

69. All COVID-19 deaths are assessed by AHS and recorded as COVID-19 if there is a belief 

the death was directly or indirectly related to COVID-19. Since COVID-19 can impact such a 

large range of organs/systems, it was decided to leave it to the judgement of treating physicians to 

make the call rather than trying to specifically define a clinically compatible illness. A Medical 

Officer of Health or relevant public health authority may also use their discretion when 

determining if a death was due to COVID-19, and their judgement will supersede the above 

criteria. In summary, Alberta Health's routine reporting of COVID-19 deaths, as with Alberta 

Health's reporting of opioid deaths, do not wait for the cause of death information from Alberta 

Vital Statistics. Having timely reporting of COVID-19 deaths assists in making timely public 

health decisions. There is a lag from the time of death to the time of reporting the official cause of 

death such that Alberta's ability to make timely decisions would be further limited if it were to 

wait for Vital Statistics to report COVID-19 deaths. 

70. COVID-19 deaths are submitted to Alberta Health from AHS via the Communicable 

Disease and Outbreak Management System. As reported by Alberta Health, deaths due to 

COVID-19 may be attributed when COVID-19 is either the cause of death or is a contributing 

factor. 

COVID-19 and variants of concern 

71. All viruses evolve and mutate over time as they replicate. Variants are viruses that have 

evolved while reproducing inside an infected person's cells and variants can be transmitted to 

others where they may continue to mutate as they spread. Thus, SARS-CoV-2 has evolved, 

leading to the detection of new variants. Not all variants raise significant concerns for public 

heath purposes. Rather, a variant becomes a variant of concern if it can spread more easily or 

decrease the efficacy of vaccines (increased transmissibility), or it can cause more serious 
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illnesses (increased severity) thereby resulting in increased hospitalizations, ICU admissions and 

deaths. 

72. As of July 6, 2021 there are four Variants of Concern identified globally, all of which 

have been identified m Alberta as described at: https://www.alberta.ca/covid- 19-

variants.aspx#:-:text=Overview,data%20in%20Alberta, a printout of pages 1-3 of which is 

attached as Exhibit "0" to this Affidavit. These are the Alpha variant B. l. l.7 (first described in 

the United Kingdom), which is the dominant strain in Alberta, the Beta variant B. l.351 (first 

described in South Africa), the Gamma variant P.1 (first described in Brazil) and the Delta variant 

B.l.617.2 (first described in India). 

73. As stated in Exhibit 0, we know that all four variants spread more easily than the original 

COVID-19 strain. The Government of Canada's website at: https://www.canada.ca/en/public

health/services/diseases/20 l 9-novel-coronavirus-infection.html#a8 (modified June 15, 2021 ), a 

printout of which is attached as Exhibit "P" to this Affidavit, states that evidence demonstrates 

the Alpha (B.l.1.7) and Delta (B.1.617.2) variants are at least 50 percent easier to spread than the 

original virus. 

74. The World Health Organization states the following on protecting against the 

transmission of variants on its website https://www.who.int/en/activities/tracking-SARS-Co V-2-

variants/ as at July 8, 2021: 

Reducing transmission through established and proven disease control methods 
[and] measures, as well as avoiding introductions into animal populations, are 
crucial aspects of the global strategy to reduce the occurrence of mutations that 
have negative public health implications. 

Current strategies and measures recommended by WHO continue to work against 
virus variants identified since the start of the pandemic. Evidence from multiple 
countries with extensive transmission of voes has indicated that public health 
and social measures (PHSM), including infection prevention and control (IPC) 
measures, have been effective in reducing COVID-19 cases, hospitalizations and 
deaths. National and local authorities are encouraged to continue strengthening 
existing PHSM and IPC measures. Authorities are also encouraged to strengthen 
surveillance and sequencing capacities and apply a systematic approach to 
provide a representative indication of the extent of transmission of SARS-CoV-2 
variants based on the local context, and to detect unusual epidemiological events. 
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COVID-19 and evolving scientific knowledge 

75. Because COVID-19 is a new threat and we continue to learn new things about it, the best 

evidence with respect to COVID-19 has changed and evolved over the course of the pandemic. 

Throughout the pandemic we have sought to learn and adjust to the best evidence to allow Alberta 

to most effectively minimize both the risks of public health measures and the risks of COVID-19. 

76. Given the rapidly evolving scientific knowledge on COVID-19 and the SARS-CoV-2 

virus, many areas require further study, as discussed in more detail in the expert report of Dr. 

Jason Kindrachuk, including: long-term health consequences; the transmissibility of the virus by 

and among children; the degree of asymptomatic and pre-symptomatic transmission; duration of 

immunity after infection or vaccination; the effect of new variants of concern, including on the 

efficacy of the approved vaccines; the effect of infection on reproductive health, including of 

foetuses; the degree to which pre-existing conditions make people more vulnerable; and the 

benefits and detriments of various non pharmaceutical interventions. 

77. Therefore, knowledge about the virus and disease is continually enhanced over time as 

more is learned. The state of the evidence at each given moment in time depends on what was 

known in the period of time being reviewed. At the very beginning of the pandemic, a lack of 

scientific evidence on the effectiveness of the public health measures, including the degree of 

public compliance and the collateral effects, meant decisions had to be taken in circumstances of 

significant uncertainty. Considerably less was known about the virus and the disease during the 

first wave of the pandemic in March and April 2020 than during the second wave in November 

and December 2020. More was known about the underlying science during the third wave than 

either of the two waves before. 

78. Public health evidence is established over time through research, surveillance, 

epidemiology and community outreach. As new findings are made about the virus and disease, 

evidence is analyzed and assessed. Public health officials from Alberta, Canada and around the 

world have worked together to develop and share new information about how to best respond to 

the pandemic. 

79. As explained in more detail in the Affidavit of Dr. Kimberley Simmonds, EOC's 

Analytics team conducts risk assessments to inform Alberta's pandemic response policy 
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decisions. The Analytics team reviews all the available data to identify key trends. The team also 

reviews the literature and experiences in other jurisdictions to supplement the local evidence. The 

role of the Analytics team during the COVID response was to provide the evidence to the Chief 

Medical Officer of Health and senior leadership at Alberta Health, who in turn determined what 

recommendations would proceed to elected officials who were ultimately the ones responsible for 

making the decisions. 

80. In Alberta, various people and entities have exchanged knowledge about the disease and 

virus since the start of the pandemic, including: 

• Public health experts and medical officers of health with Alberta Health and 
with AHS. 

• Epidemiologists/data analysts/mathematical modellers - as explained in Dr. 
Simmonds' Affidavit, the EOC's Analytics team that supports Alberta's 
COVID-19 response has grown over the pandemic to approximately ten staff 
consisting of epidemiologists/data analysts, and a mathematical modeller 
supported by the University of Alberta's mathematics department. The Public 
Health Agency of Canada has also provided one to two epidemiologists to 
support the team's more complex outbreak investigations. 

• Alberta Precision Laboratories - I work with the Provincial Laboratory for 
Public Health, currently operating as part of Alberta Precision Laboratories: a 
wholly owned subsidiary of AHS. The Provincial Laboratory's work is 
foundational in all of our public health work, and has been a critical 
component of our COVID-19 response as described in more detail below. 

• 2019-nCoV Scientific Advisory Group (SAG) - SAG's membership consists 
of various subject matter experts and representatives from a number of 
disciplines as shown in SAG's Terms of Reference attached as Exhibit "Q" 
to this Affidavit. SAG's role is to create high-quality evidence syntheses to 
aid in the decision-making of Alberta Health and ECC, and to provide 
recommendations where possible based on quality and robustness of the 
evidence and resources available in Alberta. SAG's work is guided by existing 
review resources (e.g. Oxford University COVID rapid evidence review 
service and similar organizations). 

• Health service providers, including acute care specialists (ER, ICU), and their 
representative organizations. 

• Staff within the Ministry of Health within the structure of the EOC, senior 
policy advisors, and elected officials. 
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81. Nationally, various organizations have been involved in the COVID-19 response. For 

example, the Pan-Canadian Public Health Network (the "PCPHN") is an important 

Federal/Provincialfferritorial (F/Pff) coordinating body that has been working for many years on 

preparing a framework for responding to events such as this. The PCPHN's 

Federal/Provincialff erritorial Public Health Response Plan for Biological Events was published 

in 2018 as a guide to roles and responsibilities (the "F/Pff Public Health Response Plan"), which 

has informed the COVID-19 response in Canada. This plan was prepared: 

... as an overarching governance framework to guide F/Pff public health responses 
to biological events. It was developed by an expert task group comprised of experts 
in public health and emergency management, as identified by members of the 
Public Health Infrastructure Steering Committee (PHI-SC) and the Communicable 
and Infectious Disease Steering Committee (CID-SC). It was approved by PHN on 
October 17, 2017. 

82. Attached as Exhibit "R" to this Affidavit are sections from the F/Pff PH Response Plan 

containing the above quotation and providing information about how federal, provincial and 

territorial partners work together in a coordinated way during a pandemic. The entire F/Pff 

Response Plan is at: https://www .canada.ca/en/public-heal th/services/emergency-

preparedness/public-health-response-plan-biological-events.html. 

83. In addition to using the F/Pff Response plan as a foundation, I or a representative from 

my team have been involved in the following inter-jurisdictional bodies: 

a. The Special Advisory Committee ("SAC"), established in January of 2020 with 
members from the PCPHN Council as well as Chief Medical Officers of Health from 
every province and territory, supports coordination of the COVID-19 response across 
the country, both directly and by providing advice to the Federal-Provincial 
Territorial ("FPT") Conference of Deputy Ministers of Health .• 

b. The Technical Advisory Committee (the "TAC"), also established in January 
2020, is tasked with deliberating on technical information that impacts policy and 
response planning. Members include technical representatives from each province 
and territory as well as members from federal departments. Technical documents 
endorsed by TAC most often come to SAC for final approval, and SAC is able to 
delegate technical questions to TAC for input. 

c. The Council of Chief Medical Officers of Health (the "CCMOH") is a body that 
provides public health clinical expertise to the F/Pff COVID-19 response and other 
public health issues. Members include the Chief Medical Officer of Health from each 
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provincial and territorial jurisdiction, Canada's Chief Public Health Officer, the most 
senior Public Health Physician of the First Nations and Inuit Health Branch of 
Indigenous Services Canada, the Chief Medical Officer from the First Nations Health 
Authority, and ex-officio members from other federal government departments. The 
CCMOH supports and coordinates with SAC. 

84. Through the committees and mechanisms above, we have the opportunity to hear 

information from other jurisdictions internationally as the Public Health Agency of Canada is 

responsible for liaising with colleagues in other countries. Emerging information from other 

jurisdictions is shared with these groups across the country to inform our response. 

D. Alberta's Approach to Responding to the COVID-19 Pandemic 

The role of the CMOH in the decision-making process 

85. In his critique of Alberta's approach to the pandemic, the report of Dr. Bhattacharya does 

not contemplate the role and participation of political officials representing a broad range of 

social and economic interests in the final decision making and approval of public policy related to 

COVID-19 and Alberta's public health measures. The policy cycle, in which Alberta's COVID-

19 related public health measures were adopted and implemented in response to the pandemic 

occurred only after both legislative approval was granted by enactment of the Public Health Act, 

and by the involvement of government through the participation and decision-making of Cabinet 

Committees (originally EMCC, transitioned to PICC, then back to EMCC). 

86. As I have previously testified, as the Chief Medical Officer of Health, I provide 

recommendations to Cabinet Committees (originally EMCC, transitioned to PICC) tasked with 

making the final decisions for implemented public health measures. In addition to the ministries 

represented on PICC and EMCC, Alberta Health has also engaged with other ministries and 

stakeholders to gain insight into the effects of the public health measures and alternatives that 

may balance the impacts of those measures. 

Consideration and weighing of the costs and benefits of Alberta's public health measures 

87. The Bhattacharya report implies there was no weighing of non-health related implications 

to Alberta's pandemic response. That is simply wrong. Alberta's guidance and mandatory public 

health measures are not made in a vacuum. Sound public health policy decision-making, due to its 

27 

Classification: Protected A 

27



underlying principles of multiple determinants of health and inter-sectoral collaboration approach, 

inherently includes consideration of a broad range of costs and benefits. Thus, Alberta's response 

has included the careful weighing of costs and benefits throughout the course of the pandemic. 

88. As noted by Premier Kenney in his September 9, 2020 Facebook speech, at that time, 

Alberta had had the least restrictive COVID-19 public health measures in North America, with 

the exception of North Dakota. Premier Kenney explained that Alberta's balanced approach to 

responding to the pandemic required the focus to extend beyond saving lives to also protecting 

people's livelihoods. Using the least restrictive measures possible to achieve the public health 

objectives as mandated by the principles of public health practice assisted in trying to achieve this 

balance. 

89. Alberta recognizes the impacts that COVID-19 and the collateral effects of the public 

health measures, required to mitigate transmission, have had on Albertans. In response, starting in 

2019, Alberta has committed to investing $140 million over four years to increase access to 

services, expand programs and establish new publicly funded addiction and mental health 

treatment spaces, which will support over 4,000 Albertans in their journey to recovery. This 

funding also includes $40 million to specifically support Alberta's opioid response. Alberta has 

also committed an additional $53 million to expand online, phone and in-person addiction and 

mental health supports to make it easier for Albertans impacted by the COVID-19 pandemic to 

access information, support and referrals from anywhere in Alberta during and after the 

pandemic. 

90. While we continue to monitor data on suicides, provincially, as detailed in the table 

below, Alberta's suicide rate for 2020 was 5 percent lower than the 5-year average from 2015 to 

2019. 

2020 
comparison 

to 2015-
2015-2019 2019 

91. 2015 2016 2017 2018 2019 2020 average average 

Jan 66 49 61 47 43 51 53 -4% 

Feb 32 54 46 53 49 49 47 5% 

Mar 64 42 58 54 68 48 57 -16% 

Apr 61 57 52 55 58 43 57 -24% 

28 

Classification: Protected A 

28



May 53 42 57 49 52 53 51 5% 

Jun 58 49 51 61 34 53 51 5% 

Jul 68 60 47 50 46 54 54 0% 

Aug 43 46 62 46 46 70 49 44% 

Sep 62 62 56 54 40 38 55 -31% 

Oct 59 54 53 46 59 56 55 3% 

Nov 55 47 41 59 55 41 50 -17% 

Dec 47 47 63 56 51 45 53 -15% 

Annual total 668 609 647 630 601 601 631 -5% 

Note: not all 2020 cases are completed and therefore, the numbers may change, including an increase or 
decrease to the overall count. 

92. As comprehensively reviewed in the Affidavits of Chris Shandro (Assistant Deputy 

Minister, Agency Governance and Program Delivery, Ministry of Jobs, Economy and Innovation) 

and Darren Hedley (Sr. Assistant Deputy Minister, Budget Development and Reporting, Treasury 

Board and Finance) there are various provincial and federal programs and benefits, including a 

number providing emergency financial relief programs targeted to help those in need of assistance 

during the COVID-19 pandemic. 

Alberta's response to COVID-19 has been equitable 

93. I agree with Dr. Bhattacharya that health equity is an important principle governing good 

public health policy. The WHO has stated that good public health policy is characterized by an 

explicit concern for health and equity in all areas of policy, and by accountability for the overall 

health and societal impact of public health measures. 

94. Indeed the principle of equity has been described by the Canadian Public Health 

Association in its working paper Public Health: A Conceptual Framework (see above Exhibit 

"D" to this Affidavit) as foundational to public health practice. As the Association explains, 

public health practice is based on five main building blocks of: (1) evidence, (2) risk assessment, 

(3) policy, (4) intervention and (5) evaluation, and these are supported by a foundation of: (1) 

health equity, (2) social justice, and (3) the social determinants of health. 

95. The principle of health equity is the absence of avoidable or remediable differences 

among groups of people, however those groups are defined. Thus, all groups should have had 
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equitable access to public health initiatives to prevent the COVID-19 disease. Where groups did 

not have equitable access to prevent exposure to and transmission of the SARS-Co V-2 virus, 

Alberta acknowledged this and tried to remediate by, for example, offering free masks, or extra 

funding to shelters so they could ensure physical distance between cots; or by providing free 

isolation hotel rooms for people living in poverty or for groups of workers, such as Cargill, who 

were not reasonably able to isolate "at home". 

96. However, importantly, equity of opportunity to choose diminishes when the behavioural 

choices of some members of the population impose risks on others. 

97. The objective of Alberta's public health guidance and measures has been to protect the 

community and prevent widespread transmission. Nonetheless, the framework for Alberta's 

balanced approach in response to the COVID-19 public health threat was, where reasonably 

possible, to allow people to decide for themselves the risks they wanted to take as individuals. For 

example, Alberta did not restrict activities of those over age 70 as was done in Sweden, because 

these individuals should be able to choose for themselves the risks they feel comfortable with. 

98. In addition, restrictive measures to control widespread transmission of COVID-19 were 

used as a last resort in the second and third waves when advice and voluntary guidance were not 

sufficient to stop rising case numbers and rising hospitalizations, ICU admissions and deaths due 

to COVID-19. 

99. Within this framework and in furtherance of the public health objective, in Alberta, we 

have strived to ensure that all groups have had, and will continue to have, equitable access to 

multiple ways to protect themselves from infection and transmission, and from the potential 

repercussions of infection. If a group did not have this equality of opportunity then that was not 

because of the group's demographics, geography or economics. 

Making public health decisions in the absence of evidentiary certainty 

100. Because COVID-19 is still a relatively new threat, and we continue to learn new things 

about it, the best evidence upon which Alberta's public health recommendations and decisions 

have been made has had to continue to evolve and progress over time. The Bhattacharya report 

downplays the use of (international) best practices in public health in considering "the strength of 
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the scientific evidence regarding the measure in achieving the aims it proposes" when academic 

literature or other evidence is unavailable. As Alberta's understanding of the disease and the virus 

has evolved, it has at times been necessary to make decisions in situations of uncertainty about the 

best evidence as well as uncertainty about the effects of unprecedented public health measures. 

101. However, public health decision-making also needs to consider plausibilities and 

possibilities in the absence of evidentiary certainty. The Government of Canada's website 

"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, a 

printout of which dated June 21, 2021 is attached as Exhibit "S" to this Affidavit, explains that 

when weighing public health options to promote well-being and minimize harm, the precaution 

principle means that while the search for scientific evidence should nonetheless be a goal, 

scientific uncertainty should not impede public health decision-makers from taking necessary 

actions to reduce the risks associated with CO VID-19. 

102. An example of one area in which the science has continued to be studied closely is 

symptomatic and pre-symptomatic spread. These were contemplated in the design of Alberta's 

initial closure (discussed below) from March 2020 to May 14, 2020, and Alberta continues to 

study the science and assess the importance of these factors in its public health measures. 

103. Given the early evidence in March to May of 2020 that suggested that asymptomatic and 

pre-symptomatic spread does occur, even without conclusive evidence at that time, considering 

the potential for asymptomatic spread in Alberta's public health measures has been the 

responsible course of action to take throughout the course of the pandemic. Some of the evidence 

Alberta has relied on to assess asymptomatic and pre-symptomatic spread during the course of the 

pandemic is reviewed below, printouts of which are attached as Exhibits "T", "U" "and "V" to 

this Affidavit. This issue is also addressed in more detail in the expert report of Dr. Jason 

Kindrachuk. 

104. In the summer of 2020, the 2019-nCoV Scientific Advisory Group advised SAG: 

https ://www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-sag-as ymptomatic

transmission-rapid-review. pdf (Exhibit "T") that while most transmission of COVID-19 seemed 
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to occur from symptomatic people to others in close contact, there was growing evidence that a 

significant portion of people who have COVID-19 do not show symptoms, while infectious. 

These individuals can be asymptomatic (15-20 percent of infected individuals), meaning they are 

infected with COVID-19, but do not develop any symptoms; or pre-symptomatic (6-12 percent of 

infected individuals), meaning they are infected, but have not developed symptoms yet. In 

September 2020, Eric Topol published a review of the studies available at that time and found that 

the rate of asymptomatic transmissions was between 40 and 45 percent. (Oran et al. ) (Exhibit 

"U") 

105. The Center for Disease Control's (CDC) conclusion in January 2021 was that in the 

absence of effective and widespread use of therapeutics or vaccines that can shorten or eliminate 

infectivity, successful control of SARS-CoV-2 cannot rely solely on identifying and isolating 

symptomatic cases (Johansson et al. ) (Exhibit "V"). 

106. A model developed and published by the CDC in Exhibit "V" estimated that 59 percent 

of all transmission came from people without symptoms, under the model's baseline scenario. 

This included 35 percent of new cases from people who infect others before they show symptoms 

(pre-symptomatic) and 24 percent that came from people who never develop symptoms at all 

(asymptomatic). 

Alberta's public health guidance 

107. Risk of SARS-CoV-2 transmission depends on many variables, such as location (indoors 

versus outdoors), quality of ventilation, and activity. There are no drug therapies to cure COVID-

19 or prevent the spread of SARS-Co V-2. In the absence of such treatments and sufficient 

vaccine supplies, public health measures were the only available resources to prevent or reduce 

transmission of the SARS-Co V-2 virus. 

108. These measures include, but are not limited to personal protective measures 

(handwashing, respiratory etiquette, mask wearing), environmental measures (cleaning and 

disinfection of surfaces, ventilation), surveillance and response measures (including contact 

tracing, isolation, and quarantine), physical distancing measures (limiting the size of gatherings, 

maintaining distance in public or workplaces, domestic movement restrictions), and international 
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travel-related measures. The recommended measures are designed to be implemented together as 

no one measure alone will prevent all SARS-CoV-2 person-to-person transmission. 

109. Based on the knowledge of droplet and aerosol spread throughout the pandemic, which is 

the main way the virus spreads between people, Alberta Health has continued to recommend that 

people maintain a distance of two meters from one another. 

110. Another health measure Alberta has employed to control the spread is to implement 

mandatory masking. Masks, when worn properly, are a valuable tool in reducing the transmission 

of SARS-CoV-2. The use of masking can prevent an infected person from transmitting the virus 

to others and use of masks, especially medical masks, can help protect a healthy individual from 

infection, particularly in indoor settings. The available evidence shows that widespread public 

masking, in addition to other public health measures, such as reducing time spent indoors with 

large groups of people (relative to the size of the room and the spacing of people within the room) 

while engaging in high risk activities, can contribute to controlling the overall transmission of 

SARS-CoV-2. Masking, on its own, is not sufficient to control the spread of COVID-19. The 

benefits to controlling the spread of the virus by masking are reviewed in detail in the expert 

report of Dr. Jason Kindrachuk. 

111. The report of Dr. Bhattacharya ignores that there has not been a global pandemic to the 

extent of COVID-19 for over a century. The Bhattacharya report also fails to account for the 

following factors in assessing Alberta's response to the pandemic: 

• Whether the general population has a true understanding of the risk of COVID-
19, especially the potential impact to the health care system (and how the overall 
system needs to be protected to be able to respond to non-COVID health issues), 
and how the measures (voluntary and mandatory) mitigate these impacts. 

• Behaviour fatigue - Alberta adopted the use of voluntary measures to motivate 
individuals in taking action, however, not everyone took them seriously or was 
able to maintain them. 

• People do not always protect themselves from disease risk even if they perceive 
the danger of infection to be high - people have unprotected sex even when they 
know the risk of sexually transmitted infections is high, for example during an 
outbreak. 
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• The role of conspiracy theories, naysayers and non-believers, and the power of 
social media to propagate misinformation and create a groundswell of people who 
do not believe COVID risk is real and therefore do not change their behaviours. 

• It is understood from other public health interventions, such as immunization, 
there is a percentage of the population that do not change their behaviour, despite 
knowing the risk, because they don't believe in the risk or because they 
exaggerate the risk of the vaccine. 

• Societal context plays a role: a disease like COVID, where people need to change 
behaviour and can thereby be inconvenienced, may spur deep-seated beliefs, 
cultural viewpoints and values (like personal freedom) that oppose behaviour 
change. 

112. Further, Dr. Bhattacharya's reliance in his report on Sweden's approach to the pandemic 

ignores that Sweden did very poorly in the spring of 2021, and experienced a huge wave of 

hospitalization and ICU admissions. Sweden's hospitals were forced to ration ICU space by not 

admitting those with a lower chance of survival, such as those over 80 or with a body mass index 

of over 40. Sweden also experienced a large death toll in the spring, with total deaths per capita 

10 times higher than Alberta at that time. Further, although measures were not mandatory in the 

spring of 2020, Sweden had many measures in place to minimize spread, and polling indicates 

that 80 percent of Swedes voluntarily follow government advice. Sweden also introduced regional 

targeted measures in the fall to limit activities with high risk of accelerating virus spread in places 

that saw escalating cases with an impact on acute care. 

Alberta's use of PCR testing 

113. As indicated previously, my work with the Provincial Laboratory has been critical to my 

office's response to the pandemic. The laboratory's PCR testing along with information provided 

by EOC's Analytics team has greatly assisted Alberta's ability to assess, plan and respond to the 

pandemic as it has proven to provide accurate evidence of anticipated admissions to hospital and 

ICUs. Evidence of a positive test has proven to provide critical data in AHS' management of 

Alberta's healthcare capacity in response to the pandemic. Knowing that slightly over 4 of every 

100 people testing positive for COVID-19 in Alberta over the past 16 months have been admitted 

to hospital and that just under 1 has been admitted to an ICU has provided Alberta with critical 
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and timely data to allow AHS to assess and respond to critical hospital capacity and resource 

demands. 

114. Clinically, PCR testing has been used for many years to rapidly diagnose infectious 

diseases because PCR (1) is very specific, (2) is faster than older methods of identifying 

infectious agents, such as viral culture, and (3) can identify infectious illness early in the course of 

the disease so isolation and treatment can start earlier. PCR is routinely used to identify the 

influenza virus, Zika virus, Ebola, and many other infectious agents. 

115. While the PCR test does not specifically identify living, infectious virus in an individual, 

it is a reliable surrogate indicator of viable virus. We know from research and real world 

experience that when detectable viral genetic material is present, infectious virus is usually 

present as well. Testing individuals with symptoms greatly increases the likelihood of individuals 

being infectious at the time of testing. 

116. As evidence on testing implications have evolved, so has Alberta Health's policy. For 

example, on August 28, 2020 Alberta changed our notifiable disease policy to not consider cases 

that test positive within 90 days of a previous positive result as infectious and to not require 

isolation for these individuals. 

117. The PCR test used in Alberta has been confirmed to be highly specific for SARS-CoV-2. 

It does not react to other viruses, even other coronaviruses. Alberta's Provincial Laboratory 

("APL") has evaluated the risk of false positives by testing samples known to be negative for 

COVID-19, in order to confirm that the standard testing procedure will not generate a positive 

result in these cases. Based on the evaluations that APL has carried out, false positive results 

occur very rarely. To minimize the potential impact of the occasional false positive result, public 

health instructions take into account the context surrounding the individual such as presence and 

type of symptoms and the likelihood of exposure to COVID-19. 

118. It is true that a small proportion of people who test positive are not contagious, however, 

the policy change to not require isolation if an individual tests positive again within three months 

of a previous positive result is a change that mitigates this risk. There is not a clear and reliable 

guarantee that an individual with a positive result and high Ct value is not infectious. An 
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individual whose test Ct value is high may have had a problem with the sample collection or 

could be either early or late in infection when viral loads can be lower. These individuals may still 

have a high and contagious viral load or they may have a low viral load and not be contagious -

there is no way to reliably differentiate between these possibilities with a single test result. 

119. For this reason, in the early pandemic, all positive results were treated as a positive. 

Changes to notifiable disease policy have continued to evolve based on the evidence on disease 

processes and have been adapted as necessary. Advice around the length of time an individual 

may be contagious is based on the timing of suspected exposure and symptom start date rather 

than on Ct value. 

120. The criticisms in Dr. Bhattacharya's report regarding the probable case definition (i.e. 

that Alberta counts "Probable cases" as "cases" for its official case surveillance, and a probable 

case can include an "un-tested person" who was in close contact with a confirmed case of 

COVID-19, so that un-tested person may be counted as a COVID-19 case in error) doesn't take 

into consideration that the probable case definition is rarely used and is often just used 

temporarily until a person can be tested. As of June 18 2021 of the total number of cases 

(129,715) only 1.1 percent (1,385) were "Probable" while 98.9 percent (128,230) were 

"Confirmed". How PCR testing is used to identify the SARS-CoV-2 virus and diagnose COVID-

19 and related issues are explained in detail in the expert report filed in this matter of Dr. Nathan 

Zelyas who is an employee of the Provincial Laboratory for Public Health and a member of SAG. 

Alberta's use of contact tracing 

121. AHS leads Alberta's contact tracing efforts. Contact tracing has proven to be a helpful 

tool to address and curtail the spread of the virus. When a person tests positive for COVID-19, a 

Contact Tracer from AHS will contact the infected person using the information provided at the 

testing center and determine who else may have been exposed to the infected person while they 

were infectious, as well as determining where the individual may themselves have been exposed. 

When an infected person is contacted they are asked if they use the ABTraceTogether app. If they 

do they will be asked to voluntarily upload the encrypted data from the app to AHS. This 

information is critical in helping increase the speed and effectiveness of Alberta's COVID-19 
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response. If the individual does not have this app, contact names are taken manually and contacts 

are notified by the contact tracing team. 

122. If an infected person has the app, once AHS receives the encrypted data, AHS Contact 

Tracers use that information to reach the other app users who have had close contact with the 

infected person. Promptly identifying those people that had close contact with the infected person 

enables AHS to provide the necessary guidance and care to those exposed, including having them 

self-isolate thereby reducing the spread of COVID-19. The Affidavit of Dr. Simmonds provides 

an overview of Alberta's approach to COVID-19 case identification and management, which 

follows the Alberta Public Health Disease Management Guidelines -Coronavirus-COVID-19 and 

is found at: https://open.alberta.ca/dataset/a86d7a85-ce89-4e1 c-9ec6-

d 117967 4988f/resource/7 645a408-3ac3-4b02-b9ca-398bfa4608b8/download/heal th-disease

management -guidelines-covid-19-2021-06-28. pdf, and is attached as Exhibit "W" to this 

Affidavit. 

Community spread of the virus in Alberta during the pandemic 

123. While a person has COVID-19 and is still able to spread the virus to others that person is 

called an "active case." As the number of active cases of COVID-19 increases in the community, 

the possible sources of infections increase. This makes it more difficult for the infected person to 

know how or when they may have been infected with the SARS-Co V-2 virus. Community spread 

refers to the spreading of a disease from person to person in the community. Community spread 

can occur when the source is known or unknown. 

124. A source of infection is identifiable if a case of COVID-19 can be linked to: (1) a close 

contact of another confirmed case; (2) an associated outbreak; or (3) travel. Community spread 

where the source of infection is not known poses a serious threat to the community, and the 

effectiveness of contact tracing is greatly reduced in such cases. 

125. In addition, as the number of individuals testing positive for COVID-19 increases, the 

capacity of the health care system to contact cases, identify contacts and link cases is significantly 

limited. Therefore, the capacity to identify and control the spread in a targeted way is severely 

curtailed. For instance, of the active COVID-19 cases in Alberta on December 18, 2020, during 
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the height of Alberta's second wave, 78 percent of cases did not have an identifiable source. 

Because of the high number of active COVID-19 cases, including those cases with no identifiable 

source of exposure to SARS-CoV-2, reducing the number of contacts all people have with others 

is a key way to reduce the risk of spread. 

126. SARS-CoV-2 can spread exponentially if left unchecked, thus it has been critical over the 

course of the pandemic for Albertans to follow public health guidance in order to minimize the 

spread of the virus, reduce the long-term consequences, and reduce the number of hospitalizations 

and deaths. Otherwise, left unchecked, SARS-Co V-2 virus will spread within a population 

resulting in the exponential growth in the number of people infected. This is illustrated by 

Alberta's experience with COVID-19 over the last 16 months. 

Alberta's COVID-19 data analysis and modeling 

127. Another important tool in Alberta's public health response to the pandemic has been the 

use of models to forecast likely health care scenarios for planning purposes. I receive several 

daily reports from EOC's Analytics' team, including: a Morning Ballpark Report (Monday to 

Saturday at 8AM) providing an initial estimate of daily cases, lab tests and positivity rate along 

with active case estimates and variants of concern; a Health Surveillance Epidemiology Report 

(Monday to Friday at noon) providing a full scale daily epidemiology report for internal use; and 

a similar Health Surveillance Report providing daily epidemiology report for external posting and 

use. I also receive periodic forecast projections. 

128. This data and information has been important in assessing the spread of the disease and 

the need for public health measures, including the need for stricter mandatory measures when 

current evidence combined with previous trends has shown that new daily and active cases are 

anticipated to surge as occurred during October and November 2020 and again in March and 

April 2021. 

129. In April 2020, Alberta used modelling to demonstrate potential COVID-19 case trends 

during the summer months. While many jurisdictions used data from other countries, like China 

or Italy, to model the spread of COVID-19, due to Alberta's extensive testing and surveillance 

program, Alberta case data was used to develop more accurate model scenarios. The modelling 
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was updated as new data became available. Alberta modelled two core scenarios - Probable and 

Elevated. This helped us make decisions and prepare hospitals to care for critical and acute 

patients as we learned how to better treat and prevent the virus. 

130. In the "Probable Scenario" for every case, 1-2 more people are infected. This scenario is 

comparable to the more moderate growth seen in the UK and countries that have had some 

success in "containing" growth. Given Alberta's early and aggressive interventions and contact 

tracing to limit spread, this was expected to be the most likely scenario for Alberta. In the 

"Elevated Scenario" for every case, 2 people are infected. This is comparable to the more rapid 

growth initially seen in the Province of Hubei, China. Planning for this scenario in Alberta was 

prudent and responsible given the catastrophic impacts should the health system have become 

overwhelmed. In the "Extreme Scenario" for every case, 3 more people are infected. This 

scenario assumed limited and late interventions so that COVID-19 would have rapidly spread 

through the population. This scenario shows what would have happened if Alberta had not 

undertaken early and aggressive interventions and contact tracing to limit spread. Case numbers 

in these models represented all cases, not just diagnosed cases (which are always an under-count 

of all cases in a population). 

131. For further comparison, on a per population basis, what Ontario experienced during the 

first wave of the pandemic was essentially equivalent to our "Elevated Scenario" and what 

Quebec experienced during the first wave was essentially equivalent to our "Extreme Scenario" 

with respect to impact on the acute care system. 

132. Graphs illustrating Alberta's modeling for both hospitalizations and ICU admissions for 

these three scenarios as at April 28, 2020 are on slides 10 and 11 of the PowerPoint found at: 

https://www .alberta.ca/assets/documents/covid- l 9-case-modelling-pro jection-april-28.pdf. As 

can be seen from those graphs, although the actual admissions were initially above the elevated 

level for both ICU and non-ICU, they were quickly controlled, and the province's hospitalization 

rate continued to be significantly lower than the estimates in the low scenario. Over the course of 

the first wave of the pandemic, Alberta was able to build up months of data and experience to 

inform our response to COVID-19 over the course of the second and third waves. 
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133. Data analysis and predictions were particularly critical during the second wave in 

assisting Alberta in determining that the continued use of targeted measures could not reasonably 

be expected to stop the spread of the virus after transmission began to rise post-Thanksgiving and 

Halloween. In December of the second wave the focus of the Analytics team was on the short

term effects of the province-wide mandatory public health measures with forecasting closely 

approximating the actual peak admissions at the end of that month. 

Continuation of essential health care services 

134. Throughout the pandemic, Alberta has supported the continuation of essential health care 

services. During the first wave in March/ April 2020, patients were triaged, including cancelling 

some surgical procedures. This was done taking into account the modeling, which then showed a 

potential for high levels of cases with severe outcomes, and given the high state of uncertainty 

surrounding the disease and its transmission at the time. 

135. In April 2020, AHS planned to increase ICU capacity, if needed, by adding ICU beds to 

existing ICU rooms, converting operating and recovery rooms to ICU capacity, converting 

procedure and treatment rooms to ICU capacity, and using more aggressive step down care. AHS 

also planned at that time to significantly increase ventilator capacity and was also carefully 

tracking stocks of personal protective equipment. AHS was also developing plans to add critical 

care nurses by accelerating training, contacting retired nurses, and redeploying other staff with 

appropriate skills. 

136. Alberta's capacity for hospitalization due to COVID-19 is dependent on demand for other 

health issues. As deaths spiked during Alberta's second wave, the capacity of Alberta's hospitals 

and ICUs due to COVID-19 patients was pushed to the limit. On December 17 and 18, 2020, 

during the second wave, there were 763 people in the hospital due to COVID-19 and 138 in the 

ICU: https://www.alberta.ca/stats/covid- l 9-alberta-statistics.htm#healthcare-capacity (see Figure 

18 on Exhibit "L" to this Affidavit); and Alberta's main hospitals were operating at over 90 

percent capacity for COVID-19 inpatient care. 

137. This high level of hospitalizations and patients in ICU due to COVID-19 continued to 

force the cancellation of treatments for non-COVID-19 patients with non-urgent conditions for 
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several months in late 2020 and early 2021, including the cancellation of non-urgent, but 

necessary, surgeries. The cancellation of these non-urgent, but necessary, treatments can have 

health impacts, such as ongoing pain and mobility issues. 

138. If Alberta's COVID-19 hospitalization capacity had been significantly exceeded, it could 

have resulted in the need to ration acute care resources. This could have meant that some patients, 

who were in need of critical care supports, may not have received those supports. If the 

requirements for in hospital care had continued to escalate, a need to triage access to care 

supports, especially supports in intensive care, may have been required necessitating doctors and 

nurses to make decisions between which patients lived and which died. Fortunately, the public 

health measures in place in December 2020 worked to reduce hospital and ICU admissions before 

this could occur. 

139. However, again, during the third wave of the pandemic in Alberta on April 29 when the 

active case count hit a record high, and on May 11 when hospitalizations peaked at 568, and on 

May 18 when ICU patients peaked at 184, the risk of the health care system being overrun was 

significant. In both the second and third waves the real and present danger to Alberta's health care 

system necessitated the mandatory public health measures instituted at those times in order to 

bend the curve by driving transmission down and avoiding dire consequences. 

Can certain activities, businesses and locations be opened safely and what are their benefits? 

140. Alberta acknowledges and supports that interventions can be implemented in any sector 

that can minimize the risk in a specific setting. However, these will not eliminate the risk across 

the entire sector, due to inadvertent deviations or intentional non-compliance. Small risks add up 

in each sector to transmission increases. As cases get a foothold and increase, these minor risks 

are compounded and disease rates start to grow (which can accelerate into exponential growth). 

Due to this, Alberta needed to act during the second and third waves to 'remove the fabric of 

transmission potential' in many sectors together in order to bring transmission under control. 

141. There is no one "at fault" sector; rather all sectors contribute to growth based on the 

evidence that widespread non-pharmaceutical interventions seem to be required to control 
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COVID-19 in all jurisdictions. When disease is low we can allow more risk, but it quickly 

increases in risk when cases grow. 

Places of worship 

142. Alberta has acknowledged the importance of allowing faith-based activities throughout 

the pandemic. In-person attendance at a place of worship has never been prohibited. Capacity 

limitations have been instituted in alignment with other restrictions. I along with elected leaders in 

Alberta have met regularly with Faith Leaders to ensure they had access to reliable information in 

order to support implementing voluntary and mandatory measures, as well as supporting their 

congregants. The vast majority of Alberta faith communities have been excellent partners in the 

pandemic response and have shown great innovation in providing services in alignment with 

measures, such as online and drive-in services. 

143. There have though been noteworthy outbreaks associated with places of worship in 

Alberta. Exhibit B to the Affidavit of Dr. Simmonds details that in total in Alberta there have 

been 35 outbreaks identified that are associated with places of worship from March 1, 2020 to 

May 15, 2021 with a total of 704 directly associated cases. 

Restaurants 

144. The social aspect of eating and drinking in restaurants has been implicated in many 

outbreaks. Drinking alcohol is a known contributor to decreased inhibitions during socialization; 

individuals are less likely to maintain physical distancing in these situations. Take out, delivery 

and curbside pickup of food were allowed throughout the pandemic to facilitate ongoing 

operations of restaurants in a risk-reduced way. In addition, the imposition of additional measures 

(both on Nov 24 and Dec 11) were announced as short term, with dates for review. Alberta 

acknowledged that this sector was likely to be able to stay up to date with guidance and would be 

able to enforce the measures, which is why they were included early in reopening following both 

the second and third waves. 

Physical activity venues 
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145. Alberta acknowledges that physical activity is important for the physical and mental 

health of Albertans. However, the very nature of some types of physical activity can result in 

forceful droplet expulsion or generate an increased amount of smaller respiratory droplet sizes. 

For example, heavy exertion or increased breathing rates occurring from intense exercise can 

increase the quantity of smaller respiratory particles. 

146. There have been some noteworthy outbreaks and CMOH Order violations throughout 

some outbreaks associated with gyms and other physical activity venues. As detailed in Exhibit B 

to the Affidavit of Dr. Simmonds there have been 33 outbreaks identified associated with Sports 

and Fitness Facilities between March 1, 2020 and May 15, 2021 with a total of 501 directly 

associated cases. 

147. A common trait of these outbreaks was high attack rates - meaning that most or all 

participants in attendance became infected through a single source. There have also been several 

anecdotal incidents where members of the industry have continued high risk activities despite 

public health measures being in place. However, despite these incidents, Alberta has 

acknowledged that this sector was likely to be able to stay up to date with guidance and to enforce 

the measures, which is why they were included early in reopening. 

148. The Bhattacharya report downplays that industry was able to utilize outdoor physical 

activity and online/virtual options to continue their businesses throughout the duration of the 

public health measures. The Bhattacharya report also does not contemplate the trends in all of 

these sectors to have online and virtual or distanced models of service delivery. These sectors, 

more than others, have been adopting alternate service delivery models in the past several years, 

which was a consideration in the development of the restrictions. In addition, the imposition of 

additional measures (both on Nov 24 and Dec 11) were announced as short term, with dates for 

review. 

Risk of transmission by children 

149. Younger children do not drive outbreaks; they are less likely to be to be infected. 

However, their potential to spread the virus has been considered, as is appropriate. Individuals 

under 18 are also more likely to have a mild disease or be asymptomatic. However, in periods of 
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high community prevalence, teenagers are a much bigger transmission risk than younger children 

given the normal behaviours of the age group, which would put them at higher risk for the same 

reasons that risk of meningococcal bacteria is higher in teens - spread by kissing or the sharing of 

food, water bottles, cigarettes. It is thus important to note the difference in prevalence between 

age groups of children, and not lump "children" into one category of 2-18 years when considering 

public health measures. 

150. The report of Dr. Bhattacharya also groups together schools with other settings and 

activities, without addressing risks associated with those activities in the report. The following 

settings will have different risk profiles than school settings: 

• Camps (could be referring to overnight camps and congregate living 
settings); 

• Sports (teams sports, high intensity physical activities and social 
gatherings associated with these activities); 

• Contact with friends (not defined, could be referring to visiting each other 
residences). 

151. Alberta has safely opened K-12 schools for in-person learning with reasonable 

precautions during the second and third waves of the pandemic with limited closures only when 

targeted measures became necessary. Alberta has also taken a more nuanced approach than 

suggested by Dr. Bhattacharya's report in differentiating risks associated with different school 

grades. There are several effective mitigation strategies (including consistent and correct use of 

masks; physical distancing; handwashing and respiratory etiquette; cleaning and maintaining 

healthy facilities; and contact tracing in combination with isolation and quarantine) to limit 

transmission in the school setting. The Bhattacharya report is unclear on how and when to layer 

these strategies, and how and when to pull them back, suggesting, incorrectly, these measures are 

unique to school circumstances. 

152. Though outbreaks do occur in school settings, multiple studies have shown that 

transmission within school settings is typically lower than - or at least similar to - levels of 

community transmission, when mitigation strategies are in place in schools. Increases in case 

incidence among school-aged children parallels trends observed among adults in the community 

and do not appear to pre-date increases in community transmission. Although they have a low 
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mortality rate, young adults are susceptible to infection and transmission. Importantly, young 

adults are more likely to live at home with older adults. Alberta also has continued to have 

policies that accept some risks of transmission in younger populations as demonstrated by the re

opening of post secondary institutions in September 2020. 

Immunization 

153. There are now three licenced vaccines for COVID-19 available in Alberta (Pfizer 

BioNTech, Moderna, and AstraZeneca/COVISHIELD) which Alberta Health and Alberta Health 

Services began to deploy in December 2020 at first to health care workers and the groups most 

vulnerable to severe outcomes. The vaccines require two doses, and an additional period of 7-10 

days after the second dose before becoming maximally effective. Presently, everyone 12 and 

older can book first and second doses. We anticipate having sufficient vaccine supply to be able 

to offer a second dose of vaccine to all Albertans who choose to receive vaccine by the end of 

July 2021. 

154. The approved vaccines for SARS-CoV-2 have been distributed in a manner that has 

prioritized the most vulnerable groups. As supply allowed, the vaccines were administered as 

quickly and as widely as possible. We anticipated that if the vaccine proved effective in providing 

lasting immunity, it would allow us to eventually remove the public health restrictions. 

155. In Alberta, as of July 6, 2021, 4,673,582 doses of COVID-19 vaccine have been 

administered, and 73.6 percent of 12+ population has received at least one dose (62.6 percent total 

population). 50.7. percent of 12+ population fully vaccinated (43. l percent total population): 

https://www .alberta.ca/stats/covid-19-alberta-statistics.htm#vaccinations (see pages 15 -20 of 

Exhibit L for Alberta's Figures and Tables on vaccinations at July 6, 2021). 

Alberta's present situation: Stage 3 of the roadmap 

156. Alberta announced a 3-stage roadmap outlining how restrictions will ease while 

protecting the health-care system and increasing vaccination rates in the province. The 3 stages, 

the targets of which have all been met, were as follows: Stage 1: Two weeks after 50 percent of 

Albertans 12+ (born in 2009 or earlier) have received at least one dose, and hospitalizations are 
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below 800 and declining. The first stage took effect June 1 and the following public health 

measures were then put in place province-wide: 

• Places of worship - 15 percent of fire code occupancy (effective May 28) 

• Outdoor social gatherings - up to 10 people (indoor social gatherings still not 
permitted) 

• Outdoor physical, performance and recreation activities - up to 10 distanced 
people, all ages 

• Personal and wellness services - re-open, by appointment only 

• Funeral services - up to 20 people, not including facility staff, funeral clergy or 
organizers not considered guests (receptions remain prohibited) 

• Wedding ceremonies - up to 10 people, including officiant, bride/groom, 
witnesses (receptions remain prohibited) 

• Restaurants - outdoor patio dining for up to 4 household members per table, or 3 
people if diners who live alone are with their 2 close contacts 

• Retail - 15 percent of fire code occupancy (must maintain ability to distance) 

• Distancing and masking requirements remain in effect 

157. Stage 2: Two weeks after 60 percent of Albertans 12+ (born in 2009 or earlier) have 

received at least one dose, and hospitalizations are below 500 and declining. The second stage 

took effect June 10 and the following public health measures were then put in place province

wide: 

• Outdoor social gatherings - up to 20 people with distancing (indoor social 
gatherings still not permitted) 

• Indoor recreation, entertainment and other settings (rec centres, arenas, casinos, 
cinemas, theatres, museums, galleries, libraries, etc.) - open at 1/3 of fire code 
occupancy 

• Gyms and fitness studios - open for solo and drop-in activities and indoor fitness 
classes with 3 metre distancing 

• Funeral services - up to 20 people, indoors and outdoors (receptions permitted 
outdoors only) 

• Wedding ceremonies - up to 20 people, indoors and outdoors (receptions 
permitted outdoors only) 

• Places of worship - 1/3 of fire code occupancy 
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• Personal and wellness services - resume walk-in service 

• Post-secondary- resume in-person learning 

• Restaurants - 6 people per table max, indoors or outdoors 

• Retail - 1/3 of fire code occupancy (must maintain ability to distance) 

• Youth activities (day camps, overnight camps, play centres) - resume with 
restrictions 

• Youth and adult sports - resume with no restrictions, indoors and outdoors 

• Outdoor public gatherings (concerts/festivals) - up to 150 people 

• Outdoor fixed seating facilities (grandstands) - 1/3 seated capacity 

• Work from home order is lifted but still recommended 

• Distancing and masking requirements remain in effect 

158. Stage 3: Two weeks after 70 percent of Albertans 12+ (born in 2009 or earlier) have 

received at least one dose. Effective July 1 when only the following public health restrictions will 

be in place province-wide: 

• All business restrictions lifted, as well as the ban on indoor social gatherings. 

• Isolation requirements for individuals with symptoms of COVID-19 and confirmed cases 
of COVID-19 as well as quarantine requirements for close contacts who are not fully 
immunized remain 

• Some protective measures in continuing care settings remain. 

• The general indoor provincial mask mandate has been lifted, but masking is still required 
in limited and specific settings such as public transit, taxi cabs, ride shares, continuing 
care, and health care settings operated by AHS and Covenant Health. 

159. Albertans must still remain vigilant, and the work of my office continues despite the 

lifting of these restrictions on July 1. Although our case count numbers, positivity rates and other 

important indicators have again been brought under control through both Alberta's public health 

measures in April and May, and by the level of immunization reached in the province's 

population, Alberta continues to see infections from the variants of concern, especially the 

B.1.617.2 (Delta) variant. 
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160. Therefore, the situation must continue to be assessed carefully given how extremely 

contagious that variant of concern appears to be based on current best evidence. Thus, COVID-19 

transmission will continue to be monitored, and if required, a stage may be paused to respond to 

trends at regional or provincial levels with appropriate public health guidance or other measures. 

As Alberta's reopening announcement stated, sustained reopening will require as many Albertans 

as possible to choose to be protected with 2 doses of vaccine during the summer to prevent future 

spread. 

161. The above description sets out the policies of the Government of Alberta and the various 

factors considered in shaping the application of that policy during Alberta's approach to 

addressing the COVID-19 pandemic. These factors also influenced when it was necessary for 

Alberta to move from guidance and voluntary measures to mandatory measures, and when it was 

necessary to extend the scope of targeted mandatory measures province-wide. 

E. Alberta's Voluntary and Mandatory Public Health Measures: March 2020 to June 

2021 

162. Alberta has implemented various public health measures in response to the COVID-19 

pandemic since March 2020. Alberta's approach is consistent with that taken throughout Canada 

and across much of the world. Globally, public health experts have sought to limit the number and 

duration of contacts between people, particularly when indoors, in order to prevent or reduce 

transmission of the SARS-CoV-2 virus. However, the extent to which mandatory measures have 

been implemented in a given jurisdiction has depended on local metrics, including active case 

rates, positivity rates, R-values, and hospital and ICU capacities. 

163. Alberta's objective, in common with all other Canadian jurisdictions, has always been to 

use the least restrictive measures required to prevent or limit the spread of the virus thereby 

minimizing the number of serious outcomes, in terms of both deaths (mortality) and illness 

(morbidity), while balancing the collateral effects of public health restrictions and minimizing the 

overall harm to society. 

164. No single measure alone is sufficient to control the spread of COVID-19. Therefore, 

Alberta has attempted to control transmission by implementing a variety of voluntary and 
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mandatory public health measures. Evidence shows that without widespread immunization, 

restrictions on how people interact with others outside of their households are necessary to 

prevent the transmission of SARS-CoV-2 and are effective in reducing cases of COVID-19. The 

first two graphs below demonstrate actual and predicted numbers of ( 1) hospital and (2) ICU 

admissions and show what would have been anticipated if case growth had not been slowed by 

public health measures. The third graph shows anticipated case growth both with and without the 

additional public health measures announced by Alberta in December. These measures were 

necessary to minimize viral transmission, reduce case growth, and thereby prevent continued 

growth in COVID-19 hospitalization and ICU admissions. 
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165. Alberta's approach has always been to attempt to control the spread of the virus while 

protecting, as much as possible, an individual's ability to interact with others and participate in 

work, recreational, religious and social activities. However, as the number of COVID-19 cases 

and related hospitalizations, ICU stays, and deaths increased, Alberta's public health measures in 

response also had to adapt. 

166. Alberta's pandemic response includes public health measures enabled by Chief Medical 

Officer of Health (CMOH) Orders under s. 29 of the Public Health Act, which are issued as the 

legal instrument to implement and enforce mandatory measures deemed necessary by elected 

decision makers to lessen the impact of the public health emergency. The following outlines the 

timeline, and the CMOH Orders and measures which were instituted, along with the 

corresponding case count and the subsequent trajectory of the pandemic response to June 30, 

2021. 

Alberta's initial closure between March 17 and May 14, 2020 

167. The initial closure (March 17 to May 14) was to address the increasing number of cases 

in the province. Alberta used testing and surveillance measures along with public health measures 

to bring the case numbers down. Alberta eased most public health measures in place at that time 

in a step-wise fashion beginning with the May 14, 2020 relaunch. After May 14, 2020, Alberta 
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used targeted measures only as required to keep spread manageable and to ensure that our health 

system was able to cope with demands. 

168. Following Alberta's initial closure between March 17 and May 14, 2020, Alberta pursued 

a strategic and accelerated relaunch to facilitate opportunities for individuals and businesses to 

recuperate from both a financial and well-being perspective. Alberta was among the first 

jurisdictions in Canada to enter into the relaunch phase, and was often at the forefront of safely 

reopening sectors. Alberta made efforts to limit the quantity of mandatory measures in place, 

opting for an approach featuring both general and sector-specific guidance to empower Albertans 

and businesses in navigating the summer months, while mitigating risk of transmission. 

169. Alberta continued with an aggressive system of testing, including monthly serological 

testing to determine the extent of spread in the community, as well as strong tracing and tracking 

of contacts leveraging technology to do so, along with the recommended continued use of masks 

and strong border screening to keep numbers down. Seasonality obviously also benefitted our 

containment efforts during this time. During July and August the daily cases and corresponding 

hospital and ICU numbers remained stable, as shown in the following table. 

Week Cases (Average 
Hospitalizations ICU Count Daily Deaths 

Beginning Daily Increase) 
(Average Daily (Average (Average per 
Total in Hospital) Daily) Week) 

July 13 89 86 11.5 1.2 
July 20 114 85 15.4 2.2 
July 27 99 75 14.2 1.8 
August 13 90 47 12.8 1.0 

170. As the following graph illustrates public complaints regarding COVID-19 restriction non

compliance began steadily increasing from the summer into the early fall, indicating people were 

increasingly not complying with mandatory measures. In early fall, Alberta began to experience 

an increase in disease rates, corresponding to an increase in compliance issues and surveys 

reporting of behavior fatigue. In an effort to address disease spread while minimizing the burden 

to individuals and businesses, Alberta initially implemented voluntary restrictions, targeted at 

transmission mitigation. 
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171. Alberta provided the population with opportunities to demonstrate their willingness to 

implement the voluntary measures. However, evidence (case numbers and complaint numbers) 

indicated that voluntary measures were not being taken seriously enough by some, which 

negatively impacted the outcome for many. 

172. The following CMOH Orders were in place as of October 1, 2020: 

a. CMOH Order 05-2020 requiring Albertans with COVID-19 to isolate for a 
minimum of 10 days from the start of their symptoms, or until symptoms resolve. 
Travellers returning from outside Canada and close contacts of a confirmed case 
are required to isolate for a minimum of 14 days. 

b. CMOH Order 10-2020 restricting staff members of long term care and 
designated supportive living to a single site (by April 23, 2020) and updating 
operational and outbreak standards, including requiring continuous masking when 
providing direct patient care or working in patient care areas (by April 15, 2020). 

c. CMOH Order 11-2020 requiring the Calgary Airport Authority and 
Edmonton Regional Airports Authority to implement public health measures 
related to cleaning, disinfecting and physical distancing, and enabling passenger 
screening of travellers returning from international locations. 

d. CMOH Order 25-2020 to adjust restrictions on public access to 
businesses, schools and places of worship. Amusement parks, indoor children's 
play centres and nightclubs remain closed to the public. Calgary and Edmonton 
lifted their local states of emergency. 
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e. CMOH Order 26-2020, outlining the mandatory physical distancing 
requirement of at least two metres from every other person who is not a member 
of the same household or cohort. 

f. CMOH Order 27-2020 to update operational and outbreak standards for 
residential addiction treatment service facilities. 

g. CMOH Order 28-2020 to clarify that any person entering Albe11a after 
having travelled internationally must be in quarantine for a minimum of 14 days. 

h. CMOH Order 29-2020 relaxing visitor restrictions, under certain 
conditions, for long-term care, licensed supportive living facility or any 
residential facility offering hospice services (effective July 23). 

i. CMOH Order 32-2020 outlining updated operational and outbreak 
standards for health care facilities, effective September 17. The Order gives 
continuing care facilities and hospices more flexibility with isolation 
requirements, recreation, dining, and volunteers. 

j. CMOH Order 33-2020 outlining requirements for non-medical mask use 
for Grade 4 to 12 students, all staff, and visitors in indoor spaces, including on 
school buses and in shared areas such as hallways, effective August 31. 

k. CMOH Order 34-2020, permitting indoor children's play centres to open. 

Voluntary measures recommended on October 5 and 8 

173. On October 5, voluntary safety measures were advised for the Thanksgiving weekend; 

limiting gatherings to only household or cohort members and advising to eat outdoors if possible 

and not to share serving spoons or dishes. On that date, there were 207 new cases, 1,783 active 

cases, 79 hospitalizations and 16 patients in ICU. Calgary, with 32 percent of the population, had 

35 percent of the active cases while Edmonton, with only 25 percent of the provincial population, 

had 55 percent of the active cases. 

174. Given the disproportionate case count in Edmonton, on October 8, voluntary measures 

were announced for the Edmonton Zone to help combat rising case numbers: 

• Residents and visitors to the zone should limit gatherings to no more than 15 
people; 

• Wear non-medical masks in all indoor work settings, except when alone in 
workspaces or where there is adequate separation or barriers; and 
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• Individuals should limit their cohorts to no more than three (a core/household 
cohort, a school cohort, one additional sport, social or other cohort), except 
young children, who can be part of four cohorts if they attend childcare. 

175. As case counts continued to rise, and voluntary measures were insufficient, Alberta then 

took a targeted approach to implementing mandatory measures on a regional basis, to address the 

areas where cases were identified to be the highest. 

Mandatory and voluntary measures put in place between October 20 and November 12 

176. On October 20, Alberta paused on asymptomatic COVID-19 testing to help reduce 

testing wait times, speed up results and limit the spread. Suggested Halloween guidelines were 

published and voluntary Halloween measures were recommended. Messaging reinforced the 

importance of compliance with restrictions on social gatherings. On that date there were 392 new 

cases, 3,203 active cases, 113 hospitalizations and 15 patients in ICU. Edmonton had 50 percent 

of the active cases while Calgary had 32.5 percent. 

177. On Monday, October 26, Alberta had 417 new cases and 4,477 active cases (48.6 percent 

Edmonton and 32 percent Calgary), and hospitalizations had increased slightly to 118 with ICU 

admissions remaining at 15. However, as detailed in the Affidavit of Dr. Simmonds, on this date -

two weeks after Thanksgiving - the daily Rt value and positivity rate were at record highs 

indicating that hospitalizations would rise in the coming weeks. 

178. Accordingly, at this time, mandatory measures were introduced for Edmonton and 

Calgary via CMOH Order 35-2020, which mandated a 15-person limit on all social gatherings 

(indoor and outdoor) in the cities of Edmonton and Calgary effective immediately for at least one 

month. This gathering limit applied to gatherings such as dinner parties, wedding and funeral 

receptions, banquets and other gatherings, but excluded structured events such as dining in 

restaurants, theatres, worship services or wedding and funeral ceremonies. 

179. The previous voluntary public health measures for the Edmonton Zone (wear non

medical masks in all indoor work settings, except when alone in workspaces or where there is 

adequate separation or barriers; and limit cohorts to no more than three, except young children, 

who can be part of four cohorts if they attend child care) remained in place and were now also 

recommended for the City of Calgary. 
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180. However, even with some public health measures in place, since the summer, the number 

of recognized SARS-CoV-2 infections (COVID-19 cases) had grown dramatically to 830 average 

new cases per day by the week of Sunday, November 8. Hospitalizations, ICU admissions and 

deaths also grew dramatically over that time. 

181. Rising case rates in early November, as anticipated given the rates of positivity and 

transmission, confirmed that Thanksgiving and Halloween events likely catalyzed and amplified 

the growth in case numbers. Private social gatherings were identified as a high-risk transmission 

activity. Therefore, on Friday, November 6, in an attempt to curb caseloads that had grown to 

826 new daily cases and 6,822 active cases, Alberta extended effective immediately the 

mandatory 15-person limit on all social gatherings to all communities under watch status (having 

more than 50 active cases per 100,000 with at least 10 active cases) via CMOH Order 36-2020 

(previously this only applied to the cities of Edmonton and Calgary). 

182. In addition, all Edmonton and Calgary residents were asked to voluntarily stop holding 

social gatherings within their homes and instead socialize in structured settings where it is easier 

to limit risk of exposure, and voluntary measures already in place for Calgary and Edmonton (to 

limit cohorts to no more than three and to wear masks in indoor work settings unless able to 

safely distance) were also strongly recommended for any community on the watch list, regardless 

of location. 

183. Everyone was also encouraged to download the secure ABTraceTogether app, which was 

integrated with provincial contact tracing in order to stop the spread by notifying people who 

were exposed to a confirmed case, so they could be tested and isolated. Additional steps 

undertaken as of November 6 to bolster Alberta's public health response included AHS 

prioritizing the hiring of about 380 additional contact tracing staff to expand the contact tracing 

team to more than 1,100 people, and shifting back to the daily reporting of case numbers and 

information, including on weekends and holidays. 

184. New targeted measures were announced on November 12 effective November 13 via 

CMOH Order 37-2020. CMOH Order 37-02 aimed to limit the spread by introducing mandatory 

measures for all communities on the enhanced list (Calgary area, Edmonton area, Fort McMurray, 

Grande Prairie, Lethbridge, and Red Deer) from November 13-27 prohibiting: indoor group 
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fitness classes and team sports (excluding outdoor sports, individual sports and exercise, and 

junior, collegiate, university or professional sports, and indoor group low-intensity fitness with 5 

or fewer participants); and group singing, dancing and performing activities (excluding 

professional venues). In addition, from November 13-27, all restaurants and pubs in communities 

on the enhanced list were required to stop liquor sales by 10 pm and close by 11 pm; and effective 

November 13, all indoor and outdoor wedding ceremonies and funeral services were limited to 50 

people. 

185. Recommendations were that employers in office settings should implement measures to 

reduce the number of employees in the workplace at one time; and faith-based gatherings should 

be limited to one-third of the building capacity. Strongly recommended for all communities on the 

watch status was to stop hosting social gatherings in homes (recommendation previously only 

applied to Calgary and Edmonton), and for Albertans living in areas under enhanced precautions 

to not move social gatherings to neighbouring communities with lower rates. 

186. Nonetheless, the continued rapid growth in cases necessitated a stronger response 

heading into winter and the significant religious and social holidays, such as Hanukkah and 

Christmas that traditionally involve many Albertans in indoor social gatherings. 

November 24, 2020: Alberta Declares a Public Health Emergency 

187. On November 24, 1, 115 new cases had been identified over the last 24 hours, and there 

were 348 people in hospital, including 66 in ICU. The province had 50,410 active cases. In 

response to this growth, and because of increasing community transmission with unknown source, 

which made tracing contacts harder, Alberta declared a state of public health emergency on 

November 24, 2020. 

188. The very nature of exponential growth means even in areas with low numbers of COVID-

19 cases, the number of cases can grow very quickly. The graph below shows the exponential 

growth in the number of COVID-19 cases Alberta experienced during its second wave up to 

December 18. 
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189. On November 24, effective immediately, stricter mandatory province-wide measures and 

measures targeted at regions under enhanced status were enacted via Public Health Order 38-2020 

for at least three weeks. The new restrictions along with increased enforcement were put in place 

to reduce the spread of COVID-19 in communities, protect hospitals, keep schools and businesses 

open as much as possible, and better protect vulnerable Albertans. 

190. Under these measures no indoor social gatherings were permitted, including workplaces 

(people who lived alone could have up to two indoor contacts). There was a 10 person limit for 

outdoor gatherings, and for funerals and weddings with no receptions permitted. No festivals or 

events were allowed, and working from home had to be considered, where possible. 

191. In addition to these province-wide measures, in regions with enhanced status effective 

immediately and for at least three weeks places of worship were required to limit attendance to 

1/3 of occupancy (previously a voluntary measure) with mandatory masking. The following 

businesses were closed for in-person service: banquet halls, conference centres, trade shows, non

approved markets, community halls, concert venues, indoor play places, and all levels of sport 

(leagues can apply for exemptions). Restaurants and bars had to continue to stop bar service at 10 

pm and close at 11 pm with a maximum of six people from the same household permitted per 

table. People who lived alone could dine with two close contacts. 
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192. Retail businesses and some entertainment and event services (movie theatres, museums 

and galleries, libraries, casinos (no table games), indoor entertainment centres, and indoor fitness 

and recreation centres (no group classes or practices) could stay open, but were restricted to 25 

percent of occupancy. Personal, wellness, and professional services, private one-on-one lessons, 

and motels, hotels, and hunting and fishing lodges could remain open by appointment only. 

193. Mask wearing became mandatory effective immediately and for at least three weeks for 

all indoor workplaces in the Calgary and Edmonton areas, except when working alone in an office 

or safely distanced cubicle or a barrier is in place. Not following mandatory restrictions could 

result in fines of $1,000 per ticketed offence and up to $100,000 through the courts. 

194. However, the case trajectory continued to accelerate through November, as illustrated in 

the table below. 

Cases (Average 
Hospitalizations 

ICU Count 
Daily Deaths 

Week Beginning 
Daily Increase) 

(Average Daily 
(Average Daily) 

(Average per 
in Hospital) Week) 

November 8 830 217 48.7 6.8 
November 15 1072 286 55.4 8.8 
November 22 1366 368 75.4 9.2 
November 29 1729 507 96.8 14.0 

195. On November 27, Alberta by CMOH Order 39-2020 made mandatory province-wide all 

the November 24 measures that had previously only been made applicable to regions with 

enhanced status. CMOH Order 39-2020 also rescinded the parts of CMOH Order 37-2020 

regarding businesses and entities, restaurants, cafes, bars and pubs, group physical activity and 

group performance activity (primarily removing references to region-specific orders and applying 

mandatory measures province-wide and specifying that prohibited activities could not occur in a 

food serving establishment (i.e. live performances, billiard/arcade/dart games, video lottery 

terminals)). 

196. Alberta also announced on November 27 that province-wide students in grades 7 to 12 

would be shifted from in-person to at-home learning for November 30, 2020 to January 11, 2021, 
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and students in ECS to Grade 6 from in-person to at-home learning from after the Christmas 

break until January 11, 2021 

197. On November 28, by CMOH Order 40-2020, Alberta amended CMOH Order 38-2020, 

regarding places of worship to specify that 1/3 limitation is determined by the total operational 

load as determined in accordance with the Alberta Fire Code and the fire authority having 

jurisdiction. CMOH Order also amended 39-2020 by removing the prohibition on food-services 

business and entities offering dine-in services in order to allow persons in those places access to 

video lottery terminals. 

198. On November 28, there were 15,572 active cases with 468 people hospitalized with 

COVID-19 and 85 in ICU. Just 10 days later on December 8, active cases had jumped to 20,388, 

and the admission numbers had shot up to 722 in hospital with 122 in ICU. There was also 

evidence of behavior fatigue and misconceptions that the initial measures were still unnecessary 

because transmission rates were low in summer. Based on the experience in October and 

November where private social gatherings were seen to have been significant drivers of 

transmission, Alberta anticipated that additional measures would need to be enhanced to protect 

the already overwhelmed health system. 

199. As the number of active cases of COVID-19 increased in the community, the possible 

sources of infection increased. This made it more difficult for the infected person to know how or 

when they may have been infected. The level of community spread in Alberta where the source of 

infection was unknown therefore posed a particularly serious threat to the already overwhelmed 

health care system. 

200. In December 2020, the sharp increase in unknown community transmission meant the 

effectiveness of contact tracing was greatly reduced. As the number of individuals testing positive 

for COVID-19 increased, the capacity of the health care system to contact cases, identify contacts 

and link cases was significantly limited. Contact tracing was unable to keep up with the demand 

and therefore the capacity to identify and control the spread in a targeted way was severely 

curtailed. By December 18, 2020, 78 percent of all active COVID-19 cases did not have an 

identifiable source. 
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201. Transmission of the virus could not be contained with only the existing guidance and 

voluntary measures and the limited mandatory measures then in place. The robust set of 

provincial measures implemented on December 8 were necessary to combat this emergent 

growth. Even though the population of Alberta is smaller than Ontario, Quebec, or British 

Columbia, at that time, Alberta had more active cases than any province in Canada. 

202. Forecasting showed we were at an extremely critical stage. As detailed in the Affidavit of 

Dr. Simmonds, in mid-December our short-term forecasting accurately estimated the peak in 

hospitalizations (December 30) and ICU admissions (December 28) would occur in the last week 

of December. In response to increasing case numbers, and with hospital and ICU beds 

approaching record highs, Alberta announced new restrictions aimed at limiting the spread in 

high-risk settings or in settings with high-risk activities via Order 41-2020 on December 8, 2020. 

These measures aimed to slow the spread of the virus by reducing time people spent indoors with 

large groups and reducing the time spent indoors engaging in high-risk activities. 

203. Order 41-2020 prohibited all indoor and outdoor gatherings, both private and public. 

Effective immediately, Albertans could only gather with members of their own household with 

exceptions made for individuals who lived alone who could have up to two close contacts, and for 

funerals and weddings with 10 or fewer people and without receptions. 

204. Province-wide masking became mandatory, also effective immediately. Festivals, 

parades, events, concerts, exhibitions, competitions, sport, and performances remained prohibited. 

205. CMOH Order 42-2020 came into effect at 12:01 a.m. on December 13, and implemented 

additional province-wide restrictions for at least four weeks, including business closures and 

restrictions on other services, retail businesses and attendance at places of worship. 

206. All staff were required to work from home unless a physical presence was required for 

operational effectiveness. Restaurants, pubs, lounges, and bars were closed to in-person service, 

but takeout, curbside pickup and delivery were still permitted. Places of worship were limited to 

15 percent of fire code occupancy for in-person attendance (previously was 1/3 of capacity), but 

could hold drive-in services without capacity limits. 
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207. Retail services, including malls, were limited to 15 percent of fire code occupancy 

(previously 25 percent of occupancy), and businesses required to close as of November 27 

(CMOH Order 39-2020) remained closed. The following additional types of business also had to 

be closed to the public: 

• personal and wellness services (e.g. massage, hair salons, nail salons, tattoos 
and piercing); 

• recreational facilities (e.g. fitness centres, recreation centres, pools, spas, 
gyms, studios, day and overnight camps, indoor rinks and arenas); and 

• entertainment businesses (e.g. libraries, science centres, interpretive centres, 
museums, galleries, amusement parks, water parks, bingo halls, casinos, 
gaming and racing entertainment centres, horse tracks, raceways, bowling 
alleys, pool halls, legions, private clubs) (outdoor recreation was permitted 
and hotels could stay open with certain restrictions). 

208. The enhanced measures enacted in November and December 2020 restricted some in-

person attendance to certain businesses/activities that had a demonstrated higher risk of 

transmission. The following graph illustrates the number of hospital and ICU admissions relative 

to the implementation of public health measures between October 5 and December 30, 2020. 
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209. As of December 14, AHS had developed and was implementing a COVID Inpatient 

Capacity Plan as shown on the graph below to address the forecasted critical capacity situation in 

hospital beds that was just 2 weeks away. 

COVID Inpatient Capacity Plan 
As at December 14, 2020 
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210. At the same time, AHS had also developed a plan to address to the maximum extent 

possible critical care nursing capacity as shown in the graph below. 

COVID-19 ICU RN Capacity 
As at December 14, 2020 
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211. Fortunately, the public health measures implemented in late November and December 

worked to slow transmission and bend the curve in new cases and hospitalizations. As shown in 

the graph below, following the implementation of the December 8 measures, daily new cases 

peaked on December 13, and then began to drop. This trend continued through January and into 

February 2021, indicating the effectiveness of the measures. As such, on January 29, 2021, 

Premier Kenney announced Alberta's plan to set clear benchmarks for the easing of public health 

restrictions across the province. Given Alberta's recent experience, these benchmarks were based 

on hospitalizations and ICU admissions. 

l ..IJ'l 

''"" 

Alberta's Third Wave: March to May 2021 

212. On February 8, 2021, CMOH Order 02-2021 rescinded CMOH Order 42-2020 to allow 

Albertans to attend certain locations and engage in certain activities where it was felt the risk of 

virus transmission could be mitigated if people adhered to public health measures and guidelines. 

However, as shown in the above graph, when public health measures were eased in February and 

March, cases and admissions to hospitals and ICUs plateaued and began to rise again in early 

March due to the increasing variant strains appearing in the community, especially the variant 

B.1.1.7, first identified in the UK. Even with some public health measures in place, the number of 
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recognized SARS-Co V-2 infections (COVID-19 cases) continued to grow dramatically from late 

March to early May as illustrated in the graph. 

213. Daily cases began to rise significantly in March, doubling from approximately 400 new 

cases per day during the second week to over 800 new cases identified on March 30 and well over 

1,000 new cases per day by early April. As a result of this increase, the province announced on 

April 6 that it would return to the level of restrictions last seen in early February. 

214. On April 7, 2021, due to the rising spread of COVID-19, the province announced it 

would return to Step 1 of the Path Forward, and issued CMOH Order 08-2021 with new 

restrictions for retail, fitness and performance activities. The new restrictions reduced capacity in 

retail businesses to 15 percent of capacity, and prohibited group fitness and performance 

activities. 

215. On April 9, 2021, CMOH Order 10-2021 restricted restaurants to providing only takeout, 

delivery and patio service. 

216. The critical stage of the third wave was reached during late April to mid-May when on 

April 30 a record daily high of 2,408 new cases were identified and on May 3 when the positivity 

rate reached a record high of 13.37 percent (daily). By comparison, the positivity rate during the 

critical point of the second wave was only 8.43 percent (week ending December 13). The critical 

stage for acute care capacity was reached on May 18 when COVID-19 ICU admissions peaked at 

184 (total ICU 229 or 98.7 percent capacity). In response, Alberta returned to targeted measures 

for areas where there were at least 350 cases per 100,000 people and 250 active cases. 

Specifically, Part 4 of CMOH Order 17-2021 prohibited all students in grades 7 through 12 in 

areas with more than 350 active cases per 100,000, and at least 250 active cases, from attending a 

school location effective May 3, 2021. This included schools in Edmonton, Calgary, Red Deer, 

Grand Prairie, Lethbridge, Airdrie, Strathcona County and St. Albert. 

217. Because cases and positivity continued to climb, on May 3, measures were expanded to 

additional areas. Order 18-2021 modified Order 17-2021 by increasing the number of 

municipalities affected by additional COVID-19 measures. 
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218. On May 6, 2021, in order to stem the tide of rising cases and acute care admissions, 

Order 19-2021 was put into effect, outlining COVID-19 measures for areas with 50 or more 

active cases of COVID-19 per 100,000 and 30 or more active cases: 

• Outside gatherings were limited to five people (down from 10); 

• All indoor fitness closed, including one-on-one training; 

• No more than 10 people could attend funeral services (down from 20); 

• All post-secondary learning shifted to online learning only; 

• Faith services were limited to in-person attendance of 15 people (down from 
15 percent of capacity); 

• Hotels/motels could remain open but pools and recreation facilities closed; 

• Working from home remained mandatory, except where in-person presence 
was needed for operational effectiveness; 

• Workplaces (except work camps and essential and critical services) with 
transmission of three or more cases were required to close for 10 days; 

• In-person dining on patios at restaurants, bars, pubs, lounges and cafes was 
prohibited as of 11:59 pm on May 9 (take out or delivery services permitted); 

• Personal and wellness services (hair salons, barbers, nail salons, estheticians, 
tattoos and piercing) must be closed as of 11 :59 pm on May 9; 

• Health, social and professional services (e.g. physicians, dentists, 
chiropractors, massage therapists, lawyers, photographers) could remain open 
by appointment only as of 11 :59pm on May 9. (Exception: Services such as 
shelters and not-for-profit community kitchens, can remain open); and 

• All outdoor sports and recreation were prohibited except with members of 
your household or, if living alone, two close contacts (down from 10 people) 
as of 11:59 pm on May 9. 

219. Additionally, Alberta Education shifted Kindergarten to Grade 12 students to at-home 

learning from May 7 to May 24. 

220. Also on May 6, CMOH Order 20-2021 was issued, outlining COVID-19 measures for 

areas with fewer than 50 active cases of COVID-19 per 100,000 and 30 active cases: 

• mandatory masking in indoor spaces 
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• indoor social gatherings limited to households or and individual who lives 
alone and their 2 close contacts; 

• Outdoor social gatherings/activities and indoor/outdoor weddings limited to a 
maximum of 10 individuals; funerals up to a maximum of 20 individuals. 

• Retail services, including malls, were limited to 15 percent of fire code 
occupancy 

• In-person dining on patios at restaurants, bars, pubs, lounges and cafes was 
prohibited as of 11 :59 pm on May 9 (take out or delivery services permitted); 

• Personal and wellness services (hair salons, barbers, nail salons, estheticians, 
tattoos and piercing) must be closed as of 11 :59 pm on May 9; 

• Faith services were limited to in-person attendance of 15 percent of capacity 

• Indoor physical activity, performance activities, and youth group recreational 
activities were prohibited; 

• All post-secondary learning shifted to online learning only. 

221. In order to provide more specificity regarding the medical exemptions for mask wearing, 

on May 13, 2021, CMOH Order 22-2021 announced a change to the mask-wearing requirement. 

People with certain health conditions that prevent them from wearing a mask (e.g. sensory 

processing disorders, mental illness, clinically significant acute respiratory distress) were now 

required to have a letter from a health professional to verify that a medical exemption existed. 

222. In May 2021, Alberta provided an update on the health system capacity. Of particular 

concern was ICU occupancy and the ability of the system to respond to the rising, and record, 

numbers. Variants of concern continued to drive these numbers. As shown in the graph below, at 

that time ICU occupancy was at a critical juncture, with total ICU (COVID and non-COVID 

occupancy combined) at 61 people more than the baseline number of ICU beds in the system, and 

on an upward trend. This graph also shows the significant difference between ICU occupancy in a 

typical influenza season (peaking at 31 total in ICU at one time) and the ICU volume driven by 

COVID-19 (peaking at 184). Note that the graph below indicates an ICU COVID-19 occupancy 

of 186 as there were some out of province cases in Alberta hospitals at that time. The peak 

occupancy of 184 referenced elsewhere in the document is the peak of Alberta cases in ICU at 

any one time for COVID-19 treatment. 
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223. CMOH Order 29-2021 was put into effect May 27, 2021 to address the escalating 

frequency of public protests in Alberta while the health care system was still in at a critical point 

due to a spike in cases, particularly driven by the highly contagious variants of concern. Order 29-

2021 established specific rules applicable to protest gatherings, which had previously been 

covered by measures applicable to "private social gatherings". 

224. CMOH Order 30-2021 was put into effect on June l, 2021 (parts in relation to Places of 

Worship in effect May 27) to allow for the implementation of Stage l of Alberta's re-opening 

plan as described above. CMOH Orders 31-2021 and 32-2021 went into effect on June 10 to 

implement Stage 2 of the re-opening plan. Order 32-2021 outlines COVID-19 masking 

restrictions for Stage 2 of Alberta's Open for Summer plan. 

F. "Focussed Protection" - Herd Immunity and the Great Barrington Declaration 

My October 2020 response to the Great Barrington Declaration 

225. I have previously addressed this issue in my article "Herd Immunity and the Great 

Barrington Declaration", posted October 28, 2020, and attached as Exhibit "X" to this Affidavit: 

https://www.alberta.ca/herd-immunity-and-the-great-barrington-declaration.aspx. 

226. To summarize, what I said in October was that the claim of the Great Barrington 

Declaration is very appealing to those tired of restrictions and where those at a lower risk of 
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severe outcome are keenly feeling the economic and social effects of the restrictions. 

Unfortunately, the claim that this approach is achievable with minimal impact is not correct for 

several reasons. 

227. First, evidence around long-lasting immunity is still unclear. The concept of achieving 

herd immunity through community spread of a pathogen rests on the assumption that people who 

survive an infection will become immune. However, it is not presently known whether building 

herd immunity though infection will confer long-lasting protection. Seasonal coronaviruses that 

cause common colds provoke a waning immunity that seems to last approximately a year. If 

SARS-CoV-2 is the same, then it is likely that a population would never reach herd immunity 

through natural transmission. 

228. Second, it is not accurate to assert that herd immunity could be achieved with few costs 

in health related to COVID. Based on Alberta's actual data, infecting 50 percent of those in the 

Alberta population under 60 would cost approximately 1,000 lives in that same younger 

population. Assuming we could somehow successfully segregate those over 60 from those under 

60, we would expect over 39,000 hospitalizations to achieve an infection rate of 50 percent in the 

population under the age of 60. 

229. If these infections were allowed to spread unchecked over a short period of time, the 

hospitalization volume alone would be sufficient to impair the ability of our acute care system to 

manage all the other health care needs of our population. In order to manage the demand for 

hospital beds and ICU care, other services would have to be paused or stopped in order to care for 

the acutely ill. This would worsen, not improve, the outcomes of concern in the Barrington 

document such as cardiac care, cancer screening, and childhood immunizations. 

230. The premise that we could successfully shield continuing care facilities and hospitals 

from COVID-19, and that we would be able to support all those over 60 (and presumably those 

with high risk chronic conditions) to stay home with limited activities is not supported by 

evidence. 

231. The Barrington document implies that "lockdown" is binary - all or none, and that no 

restrictions should be in place for the young. This is a false dichotomy. The best way to prevent 
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severe illness and death from COVID-19 is to prevent large spreading events, quickly identify 

cases, trace and isolate contacts, and keep the spread of the virus to a manageable level. This is 

exactly what Alberta has done. 

232. We are not in lockdown in Alberta. We must continue to pursue this balanced approach, 

learning as we go along how best to minimize both the risks of public health measures and the 

risks of COVID-19. Herd immunity by natural infection is not a wise, or possibly even an 

achievable, goal to pursue. 

Updated response to the Great Barrington Declaration 

233. Evidence on the strength of immunity continues to be reviewed and reinfection is 

building. However, the length of time an individual remains immune is still unknown. 

Researchers can test whether people have antibodies that are specific to SARS-CoV-2, but they 

still don't know how long any immunity might last. Additionally, based on the December results 

of the Alberta Residual Sera study, only about 2.5 percent of Alberta's population had detectable 

antibodies to the virus that causes COVID-19. These results indicated that a very low proportion 

of Albertans had been infected, which implied the province was a long way from herd immunity, 

yet had experienced significant burdens and costs associated with morbidity and mortality. 

234. It is unknown what the actual herd immunity threshold for COVID-19 is, but various 

organizations have estimated it to be between 60-70 percent. 

235. As stated above, building herd immunity through natural infection will result in 

significant morbidity and mortality in the population, and stress on the health system regardless of 

the protections in place for those known to be at risk of serious outcome (e.g., seniors). In order 

to do this through natural disease and not overwhelm capacity of the health care and critical care 

system to respond (health and critical), we have to limit the amount of disease at any one time. 

236. It was more likely, as has now proven to be the case, to have vaccine induced immunity 

in order to safely achieve herd immunity. Despite significant interventions and controls, 

community based COVID disease inevitably results in outbreaks in congregate living facilities 

that also results in morbidity and mortality. 
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237. It is possible that vaccine hesitancy may challenge achieving long-term immunity 

amongst the population. If significant proportions of the population refuse or delay vaccination, 

then those over 60 (and those with chronic conditions) could be forced to remain sequestered for 

even longer before a sufficient level of immunity could be achieved in the population, if it could 

be achieved at all. There is also an assumption that vaccine availability, efficacy and deployment 

will not be interrupted by supply or other issues. 

238. I have also reviewed the peer-reviewed article published in the Lancet, referred to as the 

John Snow Memorandum https://www.johnsnowmemo.com/john-snow-memo.html, which offers 

a critique of the Great Barrington Declaration. It is attached as Exhibit "Y". I agree with the 

conclusions in the Snow Memorandum. 

239. I make this Affidavit in response to the Applicants' application. 

AFFIRMED BEFORE ME in the City of ) 
Edmonton, Province of Alberta, this 121h day ) 
of July, 2021. I certify that Dr. Deena ) 
Hinshaw satisfied me that she is a person ~) fa?_/ " 
entitled to affirm. c; ~ _, 
-----1--.L.J/-,~~~--==------- ) MPH, 
(Commissi ne for 
Province of lberta) 

in and for the ) FRCPC, CCFP 
) 
) 

Hettthec L. Vea )e 
) 
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for 1119 of Albefta. 

A Notary Public. 
Education and Training: He&er L. vule. 

~r;e,rer<i So/;c,,,for 
1993-1997 

1999-2004 
2004-2006 
2006-2008 
2004-2009 
2007-2009 

2009 
(July-Dec) 

B.Sc. (Biology and Chemistry), Augustana University College, Camrose, 
Canada 
M.D., University of Alberta, Edmonton, Canada 
Resident, Family Medicine, University of Alberta, Edmonton, Canada 
MPH (Community Health), University of Alberta, Edmonton, Canada 
Resident, Community Medicine, University of Alberta, Edmonton, Canada 
SEARCH Canada program completed (health research and knowledge 
translation cohort training) 
Resident, Care of the Elderly, University of Alberta, Edmonton, Canada 

Licensure and Certification: 

2005 Licentiate of the Medical Council of Canada(# 99050) 
2006 Certificant of the College of Family Physicians of Canada (#220401) 
2006 License, College of Physicians and Surgeons of Alberta 

(#014415) 
2009 Fellow of the Royal College of Physicians of Canada 

(Community Medicine #692636) 

Academic Appointments: 

2011-2017 Assistant Clinical Professor, Division of Preventive Medicine, Department of 
Medicine, University of Alberta, Edmonton, Canada 

2017-present Associate Clinical Professor, Division of Preventive Medicine, Department of 
Medicine, University of Alberta, Edmonton, Canada 

2017-present Clinical Assistant Professor, Department of Community Health Sciences, 
Cumming School of Medicine, University of Calgary 

Medical Staff Appointments: 

2010-2017 
2017-2018 
2019-present 
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Medical Officer of Health, Central Zone, Alberta Health Services 
Acting Deputy Chief Medical Officer of Health, Alberta Health 
Chief Medical Officer of Health, Alberta Health 
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Awards/Honors: 

2008 Alumni Award for Academic Excellence, Master's Course-based student, 
School of Public Health, University of Alberta. 

2008 The Ancient and Accepted Scottish Rite of Freemasonry Gordon Denchfield 
Thompson Scholarship, University of Alberta. (Awarded for academic 
standing and community service in a residency program) 

2009 Canadian National Specialty Society for Community Medicine President's 
Award (for outstanding contributions to the society) 

2010 Top Poster award for: Hinshaw D, Chandran AU. Evaluation of a Geriatric 
Inpatient Influenza Immunization Program. Glenrose Rehabilitation 
Hospital Annual Research Symposium, Edmonton, Alberta. November 3, 
2010. 

Professional Memberships and Administrative Activities: 

Memberships: 

2009-present Member, Royal College of Physicians of Canada 
2009-present Member, Public Health Physicians of Canada (Formerly the Canadian 

National Specialty Society for Community Medicine, serving as treasurer 
from 2009-2010) 

2009-present Member, Alberta Medical Association Section of Public Health and 
Preventive Medicine (serving as secretary from 2010-2018) 

2009-present Member, Canadian Public Health Association 
2009-present Member, Alberta Public Health Association 

Grant Review, Advisory Committees, Scientific Societies: 

2018 

2016-2017 

2016-2017 

Member of Royal College Specialty Committee for Public Health and 
Preventive Medicine 
Planning Committee for the Canadian Public Health Association-led Public 
Health 2017 Conference held in June, 2017 
Planning Committee for the Canadian Alliance for Regional Risk Factor 
Surveillance Symposium held in June, 2017 

Institutional Administrative and Leadership Contributions: 

Major Committees: 

2011-2018 

2011-2017 
2011-2017 
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Member of Public Health and Preventive Medicine Residency Program 
Committee, University of Alberta 
Chair of Central Zone Infection Prevention and Control Committee 
Member of Provincial Infection Prevention and Control Committee 
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2011-2017 

2013-2017 
2013-present 
2013-2017 

2013-2017 
2013-2017 
2014-2017 

2015-2017 

2015-2017 
2015-2017 
2016-2017 
2016-present 

2016-2017 

2017-2018 

2018-2019 
2018-2019 
2019 

2019-20 
2020 

Hinshaw, D.L. 

Lead Medical Officer of Health for the Central Zone, involving 
administrative responsibilities in addition to clinical public health 
responsibilities 
Co-chair of Central Zone Hand Hygiene Committee 
Member of the Alberta Population and Public Health Council 
Member of Central Zone Emergency/Disaster Management Steering 
Committee 
Member of Central Zone Medical Advisory Committee 

Page 3 

Member of AHS Population and Public Health Leaders Committee 
Lead Medical Officer of Health for Public Health Surveillance and 
Infrastructure within Population, Public and Indigenous Health, AHS, in 
addition to zone responsibilities 
Co-chair of Alberta Population and Public Health Council Surveillance Sub
Committee 
Member of Central Zone Executive Quality Council 
Member of Community Cancer Profiles Advisory Committee 
Member of Provincial Ambient Air Quality Committee 
Member of Population and Public Health Strategic Clinical Network Core 
Committee 
Member of Public Health Service Excellence Team for accreditation 
preparation in AHS 
Co-chair of Minister's Opioid Emergency Response Commission's Opioid 
Surveillance and Analytics Working Group 
Co-chair of Minister's Opioid Emergency Response Commission 
Co-chair of Emerging Substances Working Group, Valuing Mental Health 
Member of the Alberta Public Laboratories Board, and Board Committees 
of Quality and Safety and Governance and Human Resources 
Member of Alberta Mental Health and Addictions Advisory Committee 
Member of Alberta Precision Laboratories Advisory Committee 

Teaching Contributions: 

Classroom Instruction: 

2011-2017 

2016-2018 

2018-2019 
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Invited lectures to Public Health and Preventive Medicine Residency half days on 
Public Health Law and Public Health in Seniors' Populations (Nov 2011, May 
2012, Aug 2014, Jan 2016, and June 2017) 
Invited lecture on poverty and health for Nursing 490, Augustana Campus of the 
University of Alberta, April 2016, March 2017 and March 2018 
Invited lecture on influenza, and invited panel member for case study discussions 
of legal and ethical considerations in public health practice for Infectious Disease 
Epidemiology, SPH 697, School of Public Health, University of Alberta, Feb, 
April, October and December, 2018, and October and December 2019 
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CME Instruction (Invited CME presentations are listed at the end of the CV): 

2010 

2010 

2011 

2014 

2014 

2014 

2016 

2017 

2017 

2017 

2017 - 2019 

2018 

2019 

Geriatric Grand Rounds: "Geriatric Inpatient Influenza Immunization", 
Glenrose Rehabilitation Hospital, January 26, 2010 
Family Medicine Rounds: "Blood and Body Fluid Exposures", Red Deer 
Regional Hospital, April 8, 2010 
Family Medicine Rounds: "Influenza Immunization", Red Deer Regional 
Hospital, Oct 13, 2011 
Emergency Medicine Rounds: "Communicable Disease Update", Red Deer 
Regional Hospital, Oct 21, 2014 
Alberta Health Services provincial town hall: "Ebola - Key Messages", 
province-wide via telehealth, Oct 20, 2014 and in Central Zone via 
telehealth on Nov 4, 5, 7, 10, and 12, 2014 
Family Medicine Rounds: "Ebola - Key Messages", St. Mary's Hospital, 
Camrose, Alberta on Nov 10, 2014 and Smith Clinic, Camrose, Alberta, on 
Dec 4, 2014 
Emergency Medicine Rounds: "Blood and Body Fluid Exposures", Red 
Deer Regional Hospital, February 29, 2016 
Public Health Works Speaker Series: "Rare Pathogen, Basic Methods: 
Follow-up of Healthcare Workers (HCWs) Caring for the First Patient 
Diagnosed with Avian Influenza A HSN 1 in North America", Nationally 
broadcast telehealth event based at Coronation Plaza, Edmonton, January 
17,2017 
Emergency Medicine Rounds: "Vaccine Preventable Diseases", Red Deer 
Regional Hospital, March 16, 2017 
Public Health Physicians of Canada Annual CPD Symposium: "Nightmares 
and Dreams in Public Health Practice: Public Health M&M Rounds", 
Presentation title: "Jurisdictional Jungle", World Trade and Conference 
Centre, Halifax, June 5, 2017 
Alberta Health Centre of Organization Learning (COOL) 200, Evidence and 
Policy: "Perspectives from Public Health", Edmonton, Oct 12, 2017, Oct 17, 
2018, and October 16, 2019 
Council of Public Health Physicians: "Chronic Wasting Disease", 
Edmonton, Feb 13, 2018 
Campus Alberta Student Conference on Health: "Public Health is 
Everyone's Business", Edmonton, Oct 5, 2019 

Clinical Instruction and Supervision: 

2011-2017 

2016-2017 

2017-present 
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Medical Officer of Health Lead for resident and medical student rotations in 
Rural Public Health, Central Zone, Alberta Health Services 
Medical Officer of Health Lead for resident rotations in Surveillance and 
Health Status Assessment, Alberta Health Services 
Medical Officer of Health Lead for resident rotations in Public Health 
Policy, Alberta Health 
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Clinical Contributions: 

Current Clinical Service: 

Up to July 31, 2017: Medical Officer of Health appointment in the Central Zone and with the 
Alberta Health Services portfolio of Public Health Surveillance and 
Infrastructure with clinical public health duties at a 0.8 FfE including a 
week of on call duties every third week. 

Aug 2017 - Jan 2019: Acting Deputy Chief Medical Officer of Health at Alberta Health, working 
at a 0.8 FfE including a week of on call duties every third week. 

Jan 2019 - present: Chief Medical Officer of Health at Alberta Health, working full-time, 
including a week of on call duties every two to three weeks. 

Clinical Innovation, Outreach and Global Health Initiatives: 

2010-2017 

2014-2017 

Publications: 

Worked to create linkages via a formal connection to zone operations with 
the Indigenous Health Program and Indigenous communities in the Central 
Zone to ensure this population is considered in planning and programs. 

Worked to create a Community of Practice for public health analytics staff 
working across portfolios and zones. This involved planning a workshop for 
face-to-face connections and exchange of ideas followed by development of 
a formal community of practice for this group of public health practitioners, 
with one key activity being monthly analytic-focused information sharing 
forums. Several cross-portfolio projects have been initiated as a result, 
enhancing the use of data to inform public health practice. 

Peer-Reviewed Original Research (trainees directly supervised by me are underlined): 

Hinshaw, D., Chandran A.U. Evaluation of a Geriatric Inpatient Influenza Immunization Program. 
American Journal of Infection Control. 2011; 39( 4):342-44. 

Invited Reviews and Editorials: 

Hinshaw, D., Copes, R. Bisphenol A: Baby bottles, water bottles and more. Family Health. 2008; 
24(4):34-5 

Classification: Protected A 
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Abstracts: 

1. Hinshaw D, Chandran AU. Evaluation of a Geriatric Inpatient Influenza Immunization 
Program. Glenrose Rehabilitation Hospital Annual Research Symposium, Edmonton, 
Alberta. November 3, 2010. (Awarded "Top Poster") 

Presented: Poster Presentation 
2. Goodison K and Hinshaw D. Evaluation of a Lookback Investigation into a Dental Office 

with Breaches in Infection Control. Presented at the Canadian Public Health 
Association Conference, Vancouver, BC. May 26, 2015. 

Presented: Oral Podium Presentation 
3. Harrison R, Hinshaw D, Fonseca K, Joffe M, Lavoie M, Li Y, Predy G, Tipples G and 

Tsekrekos S. Serologic Follow-up of Healthcare Workers (HCWs) Exposed to 
Influenza A H5Nl. Presented at the AMMI-CACMID Conference, Vancouver, B.C. 
March 31, 2016. 

Presented: Oral Podium Presentation 
4. Hinshaw D, Harrison R, Fonseca K, Joffe M, Lavoie M, Predy G, Tipples G and Tsekrekos 

S (2016) Follow-up of Healthcare Workers (HCW) Caring for the First Patient 
Diagnosed with Avian Influenza A H5Nl in North America. Presented at the Canadian 
Public Health Association Conference, Toronto, ON. June 15, 2016. 

Presented: Poster Presentation 
5. Birk-Urovitz E, Li Y, Drews S, Sikora C, Hinshaw D, Biel RK, Habib F, Rivera L, Usman 

H, Strong D, Johnson I. Correlation of School Absenteeism and Laboratory Results for 
Flu A in Alberta, Canada. International Society for Disease Surveillance, Atlanta, 
Georgia, December 6-8, 2016 

Presented: Poster Presentation 
6. MacDonald A, Usman HR, Hinshaw D, Meurer D, Sikora C. Open the Door to In-House 

Surveillance Product Development. International Society for Disease Surveillance, 
Atlanta, Georgia, December 6-8, 2016 

Presented: Poster Presentation 
7. Happe J, Cortright A, Hinshaw D. Driving Physician Hand Hygiene Compliance from 

Unacceptable Lows to Sustainable Highs. Infection Prevention and Control Canada 
2017 National Education Conference, Charlottetown, PEI, June 19, 2017 

Presented: Oral Podium Presentation 

Invited International Scientific Presentations: 

2011 "El Sistema de Salud de Canada". [The Canadian Healthcare System]. - Fifth Annual 
Canadian Studies Workshop, Universidad de Oriente, Santiago de Cuba, Cuba. April 6, 
2011 

Invited Local/Regional and CME Presentations. 

2013 Family Medicine Rounds: "Influenza Immunization", Central Zone-wide via telehealth on 
September 17, 2013 and at the Red Deer Regional Hospital, October 10, 2013, invited by 
Central Zone Medical Director, Dr. Evan Lundall 
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2016 "Public Health: The Force Awakens". Invited to present the Alberta perspective on a panel 
addressing the topic of public health's ability to reorient the health system in different 
structures across the country. Canadian Public Health Association Conference, Toronto, 
ON. June 15, 2016, invited by Pegeen Walsh, Executive Director of the Ontario Public 
Health Association 

2017 "Changing Governance Structures" Invited to present the rural Alberta perspective 
regarding the impact of changing governance structures on rural public health. Rural, 
Remote and Northern Public Health Network National Webinar. Broadcast across Canada. 
May 5, 2017. Invited by Dr. Sandra Allison, Chief Medical Health Officer of the Northern 
Health Region of British Columbia and Chair of the Rural, Remote and Northern Public 
Health Network. 

2018 Invited to be part of a cannabis legalization panel, with presentations on March 20, 2018 at 
the Augustana Campus of the University of Alberta, Camrose, and general public events on 
June 14, 2018 and Sept 10, 2018 - invited by Dr. Timothy Parker, Professor of Psychology, 
Augustana Campus. 

Classification: Protected A 
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The purpose of this website is to provide you with information about a career path in Public Health and Preventive Medicine and to provide a resource for residency 

training in Public Health and Preventive Medicine. As each resident has unique needs and aspirations, we encourage you to consult widely so that you can make the most 

informed possible choice. Residents should refer to the University of Alberta website for information on facilities, registration, fees, etc. As with the other programs at U 

of A, the Public Health and Preventive Medicine program is part of the Canadian Residency Matching Service (CAR.i\1S) process. To access the Ca R M S program please 

see their website. 

What is Public Health and Preventive Medicine? 

Public Health and Preventive Medicine deals with groups or populations, rather than individuals. Using population health knowledge and skills, the Public Health and 

Preventive Medicine specialist plays a role in the maintenance and improvement of the health and well-being of the community. This function is accomplished by 

evaluating the health needs of a population and developing, implementing and assessing programs that meet those needs. Recognition of specialty training in Public 

Health and Preventive Medicine by the B.Qyal College of Physicians and Surgeons of Canada (RCPSC) began in the mid i97o's and specialty certificates are conferred by a 

dozen programs in Canada. 

What do Public Health and Preventive Medicine specialists do? 

A specialist in Public Health and Preventive Medicine must be able to: 

1. Assess the health needs of the population by identifying the appropriate information or generating new information that recognizes the interactions of biological, 

behavioral, social and environmental factors that affect health. 

2. Recognize the strengths and weaknesses inherent in the various measurements of health and characteristics of society and understand the principles of the 

statistical methods required to summarize and analyze the information. 

3. Set priorities and develop programs to meet the health needs of the population. 

4. Implement programs taking into account the socioeconomic, educational, occupational and political factors that influence the distribution and use of health 

services. Such program implementation involves a knowledge of health care systems and the ability to take into account their limitations. In addition, it requires 

both interpersonal and organizational skills and a knowledge of systems theory and management processes. 

5. Develop skills in evaluating programs and in providing consultation to others involved in the planning, management or evaluation of health services. 

6. Maintain competence through continuing education and demonstrate ethical and professional responsibility. 

·where do community specialists work? 

The Public Health and Preventive Medicine specialist careers include: 

1. the practice of public health at a local, regional, provincial, national or international level; 

2. the planning and administration of health services in institutions or government; 

3. community-oriented clinical practice with an emphasis on health promotion and disease prevention; 

4. the assessment and control of occupational and environmental health problems; 

5. teaching; and 

6. research. 

A list of Public Health and Preventive Medicine specialists and their work locations can be found through the National Specialist Society. The University of Alberta Public 

Health and Preventive Medicine program emphasizes the role of local public health officer and health administration. 

Our Program 

The University of Alberta Residency Program aims to focus on giving residents the practical experience they need to develop skills to work in all areas of public health 

and preventive medicine. 

1. 

2. 

https://www.ualberta.ca/department-of-medicine/education/residency-programs/public-health-preventive-medicine/index.html 3/9 
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Previous Next 

2021 Public Health and Preventative Medicine (PHPM) Resident Event 

Program Highlights 

A focus on the front-line practice of Public Health and Preventive Medicine. 

Close/frequent contact with preceptors. 

The program has training options with the Occupational Medicine residency program and the School of Public Health. 

Wide range of available training options; flexibility to meet individual interests of residents. 

https:/lwww.ualberta.ca/department-of-medicine/education/residency-programs/public-health-preventive-medicine/index.html 4/9 
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Continual exposure to Public Health and Preventative Medicine through Academic Half Day, even during Family Medicine training. 

4th and 5th year rotations include: Communical Disease Control, Provincial Lab, Infection Prevention and Control, Chronic Disease Prevention, Injury Prevention, 
Environemtal Public Health, Health Policy, First Nation & Inuit Health, Rural Public Health, and Senior Management. 

Overview Video 

Here from our Program Director, Assistant Program Director, and our Co-Chief Residents. They explain the profession of Public Health & Preventative Medicine, and the 

Residency Program here at the University of Alberta. 

Timestamps = 
o:oo - 7:47 Dr. Karen Lee, Program Director 

?:47 - 9:40 Dr. Alexander Doroshenko, Assistant Program Director 

9:40 - 11:35 Dr. Ekua Amponsah Agyemang, Co-Chief Resident 

11:35 - i6:09 Dr. Samantha Cheuk, Co-Chief Resident 

Residency at a Glance 

Learn about each year of the program with an overview of each year. 

https://www.ualberta.ca/department-of-medicine/education/residency-programs/public-health-preventive-medicine/index.html 5/9 
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PGY1 and PGY2 = 

Emphasis in the first two years of the Public Health and Preventive Medicine residency is on solidifying clinical and decision making skills which may be obtained by 

rotations in internal medicine, pediatrics, psychiatry, obstetrics and gynecology, surgery, family medicine or emergency medicine. Some residents may choose to 

complete the requirements for Family :-.ledicine Certification at the University of Alberta. Selection of one of these is typically done at the time of interviewing for the 

program. 

Clinical rotations 

Infectious diseases 
This clinical rotation allows the resident to manage a variety of infectious disease under the mentorship of an infectious disease specialist in the setting of hospital 

consultations and ambulatory care clinics. 

Microbiology 
This laboratory investigation allows the resident to participate in the routine collection, preparation, isolation and identification of microbiological specimens in a 

tertiary care/provincial laboratory under the guidance of a microbiologist. 

Infection control 

This clinical rotation allows residents to participate in nosocomial and community infection control practice (surveillance, isolation practices, quality control, outbreak 

investigation, contact investigations) within the setting of a tertiary care hospital or community setting. 

Occupational medicine 

This rotation gives the resident the opportunity to work with an occupational medicine physician. 

Communicable Disease Control (CDC) (outbreaks, immunization, notifiable diseases methods, surveillance methods, infectious control) 

This rotation provides the resident with a brief introduction to the content and methods of communicable disease control by moving the resident through various 

assignments with different CDC practitioners. 

Environment (air, water, sewage, food, built environments, !CS training, inner city) 

This rotation allows the resident to experience the various components of environmental health by spending time with environmental health officers and attending a 

series of site visits. 

Travel medicine 

This rotation provides the resident with a brief exposure to the prevention of disease in travelers. 

ST! clinic 
This rotation provides the resident with experience in the diagnosis and treatment of ST! within the setting of a ST! clinic. 

TB clinic 
This rotation allows the resident to diagnose and treat patients referred to a provincial TB clinic for Northern Alberta. As well residents will be exposed to the methods of 

contact tracing and TB screening. 

Clinical rotations in STD/HIV, tuberculosis, and international travel, provide an experiential focus for these important public health topics, plus an opportunity to 

examine how services are planned and delivered on a regional population basis , 

PGY3 = 
Residents can apply to do their coursework at the University of Alherta's School of Public Health that leads to a Masters in Puhlic Health (MPH). Information concerning 

the MPH program streams can be accessed at..!illp.£..llm'w u~lhcr\;! . cal riublic -health/P-IQgrams/mnh-p..IQgrams/index.html. The PGY3 year includes protected time for 

both coursework and practicum as well as some clinical rotations. 

PGY 4 and PGYs = 

Clinical Rotations 

Inner City Health 

The rotation provides the resident with experience in dealing with the issues facing the urban disadvantaged population. 

Aboriginal Health/Multicultural Health 

The rotation provides the resident with experience in dealing with the contemporary aboriginal and multicultural health issues. 

Rural Public Health 

This rotation provides the resident with experience in working in a rural public health setting. 

Provincial Public Health 

This rotation provides the resident with the experience of public health at the provincial level with mandates for notifiable disease collection, analysis and reporting; 

policy formation, inter and intra provincial communications, liaison with regional public health offices. 

Environmental Health 

The rotation provides the resident the opportunity to work in local and provincial department of public health environment and understand how to apply the knowledge 

acquired in the academic year. 

Communicable Disease Controf (CDC) 
To understand how to assess and manage an environmental health issue. The rotation provides the resident with exposure in communicable disease control in local as 

https://www.ualberta.ca/department-of-medicine/education/residency-programs/public-health-preventive-medicine/index.html 6/9 
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well as provincial public health departments. The resident works with Medical Officers of Health, epidemiologists, public health nurses and environmental health officers 

in dealing with control of vaccine preventable diseases, enteric infections, bloodborne pathogens, tuberculosis, sexually transmitted diseases, travel-related illnesses and 

others of public health significance. 

Health Status Assessment and Reporting 

During this rotation the resident works with staff that produce health status/health needs reports. 

Health Promotion/Disease Prevention 

During this rotation the resident works with preceptors to develop and implement a health promotion approach to community health issues(s). 

Health Planning 

This rotation gives the resident experience in program planning in a Zone (regional) health authority setting. 

Risk Communication and Media Relations 

This rotation provides the resident with the opportunity to apply the concepts learned in the academic course work. 

Disaster/Emergency Response Planning 

This rotation provides the resident with the experience in planning for mass casualty events including bioterrorism and pandemic influenza. 

Health Policy/Advocacy 
The rotation builds upon the health promotion rotation and provides more specific experiences in policy and advocacy. 

Management of Public Health Programs 

This rotation provides the resident with experience of "shadowing" a senior manager in a public health department. 

Field Experience and Placement Sites 

The Public Health and Preventive Medicine program at the University of Alberta offers a broad range of clinical, academic, and field experiences and placement sites, 

including: 

Alber!a Health Services, Corona tion Plaza 

Alberta Health Services, Edmonton, North, and Central Zones (Urban and Rural areas) 

Alberta Health Services,~:r. Tra ns mitted Infections Clinic 

l Nations a n d Inuit Health Bram.h 

Provincial l.aboraton· of Public H ealth for !Sorthern Alberta 

UnhersilY. of Alberta H osni tal 

Royal Alexandra Hosnita l 

Mis ri ordia Community Hosnital 

Alberta Health Services 

Northeast Communi iy Health Cen tre 

Academic Half Days 

Ever}' Friday afternoon from 1:00-4:3opm. Our Academic Half Days include: 

• Guest speaker presentations 
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Resident presentations 

Basic epidemiology and infectious diseases 

Management 

• Journal Club 

• Mock Exams, practice questions and reviews 

*Currently, all academic half days are via Zoom (virtual) 

Frequently Asked Questions 

What are some strengths about your specialty? What draws and keeps people in your specialty? = 

The focus on population health, prevention or early intervention in disease processes. 

There are extensive opportunities to collaborate with other professionals and provide physician leadership in program and/or policy development and evaluation and 

research - every day is different! Opportunities for broad health impacts through programs and policies (eg. vaccination program that have prevented and eliminated 

diseases). 

What are some common complaints about your specialty? = 

Direct patient care work can be limited, depending on the type of work chosen within the specialty. 

Why did you choose your specialty? = 

Opportunity to be proactive and deal with preventing problems/disease. 

Opportunity for large-scale health impacts across the population. 

What types of clinical cases do you commonly see? , 

Although there are opportunities for direct patient work (e.g. in community clinics or specialized clinics i.e. ST!, TB, Inner City medicine, Travel), the specialty is focused 

on dealing with the needs and problems in populations or groups of people. So instead of a stethescope and lab tests we are using population diagnostic tools such as 

epidemiology, to study trends and risk factors in diseases and instead of individual treatments, we provide programs and policies to improve population health outcomes. 

Because a set of infectious diseases are reportable to Public health, we deal routinely with these diseases that are reportable (eg. TB, ST!s, travel medicine, 

foodborne/waterborne illnesses), and environmental exposures; however, injuries and non-communicable diseases such as diabetes, cardiac disease, cancers and 

smoking-, nutrition- and sedentary-related illnesses are also dealt with through a population-based approach (surveillance, disease prevention, health promotion). 

Briefly describe a typical day. "" 

• Consulting with physicians, nurses and other professionals on public health issues. 

Responding to infectious disease outbreaks by working with a team of professionals investigating and working to control the outbreak. 

Chairing meetings, such as on emergency planning and management 

Meeting with staff to plan for chronic disease prevention program 

• Clinical work. 

Research/ literature search/ policy review. 

Help lead the response to emerging public health threats. 

What are the varieties oflifestyles within your field? = 

• Very flexible and accommodates varying needs. 

Primarily office hours in addition to on call taken from home. 

Specifically, how able is your specialty to accommodate family life? = 
Most of the work is done during office hours on weekdays. 

After hours call is taken from home, and most emergency issues can be dealt with from home by phone. 

Opportunities for part-time work, including patient-care duties. 

Range of incomes? = 

Most positions are salaried and include health benefit plans, vacation, pensions, etc. 

Salary range: $200,000 to $400,000, depending on years of practice and position, plus benefits which are considered to be about 20% of salary. 

Patient-care work would be added onto this base salary. 

How do you see your discipline changing over the next decade? = 

Continued demand for Medical Officers of Health. 

Over the next ten years, there will be more demand for public health and preventive medicine specialists to work in areas outside of traditional public health roles, for 

example in Primary Care Networks/ Family Care Clinics, community clinics, or as medical administrators. 
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Emergency areas (infection control, emergency preparedness) will offer new career choices. 

Increasing work in Chronic Disease Prevention and Healthy Built Environments to address high and growing burdens of non-communicable diseases. 

Academic positions may also be available. 

Residency Program Questions 

What are you looking for specifically in an impressive candidate? = 

Self starter who is able to use or adapt current resources and shape them in order to meet a different needs. 

Can consider issues form a broader perspective - system or population level. 

• Knows how to ask and answer question. 

Demonstrates interest in specialty through his/her electives. 

Thrives in muti-disciplinary environment. 

What can a potential candidate do now in order to be an appealing applicant to your program? = 

Do one or more electives in public health and preventive medicine. 

Do an elective in related disciplines, e.g. inner city health, travel medicine, TB clinic, ST!, Indigenous health, etc. 

• Demonstrate an ability to work within a complicated organization. 

Demonstrate leadership/managerial talent. 

Demonstrate orientation to prevention and population health. 

Volunteer \\ith a community agency. 

What is your residency program's orientation and focus? -=' 

The focus of the rotations \\ill be to give the residents as much "hands on" experience as possible while still maintaining an academic focus. For most rotations. the 

residents are expected to \\Tite a brief paper or complete a dedicated project while also participating actively in the day-to-day work at the rotation site. 

What is the availability of experiences in subspecialty areas during training? = 

Subspecialties do not specifically exist in public health and preventive medicine. However, some rotations and electives can be shaped to help to increase focus on a 

resident's areas of interest. Additional training in Field Epidemiology may be available through Public Health Agency of Canada. 

Note: Occupational Medicine is now a subspecialty residency program that can be applied to by those completing internal medicine or PHPM. 

Are there sufficient elective opportunities during training to explore your special interests? = 
For residents \\ith interest in additional electives the MPH Practicum Project can be streamlined to meet some rotation requirements to allow some additional elective 

time. 

What is the on-call schedule during each year of residency? = 

During family medicine and clinical rotations, call \>ill be in-house, follo11ing the practices of the specific rotation . 

Public Health and Preventive Medicine call will normally commence in the PGY-3 year. Call is typically 

home call, and conforms to PARA requirements. 

What distinguishes the U of A program from other programs? = 

The program has a focus on practical application of public health and preventive medicine skills. There are opportunities for working \\ith U of A program faculty with 

strong expertise in both communicable diseases and non-communicable disease prevention and control. 

Residents are directly involved at an early stage in their career planning. This program is housed in the Division of Preventive Medicine, alongside Occupational 

Medicine. PHPM residents participate in 

Occupational Medicine rotations (one of only two programs in Canada). 

How competitive is it to get in, and then to succeed in your field? = 

Recently, there have been approximately 25 - 40 applicants for the two Public Health and Preventive 

Medicine positions through CaR.v!S/ AIMG. All graduates of the University of Alberta PHPM program have been successful in finding jobs utilizing their training. 

What local, national or international conferences would be of benefit to candidates interested in your residency program? = 

Canadian Public Health Association annual meeting 

American Public Health Association Conferences 

Canadian Immunization Conference 

• Practice Management Institute courses through the CMA 
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2014 
EDITORIAL REVISION - MARCH 2018 

VERSION 1.1 

This document applies to those who begin training on or after July 1, 2014. 

DEFINITION 

Public Health and Preventive Medicine is the medical specialty primarily concerned with the 
health of populations. The discipline's focus is disease and injury prevention and control, 
which is achieved through health protection and health promotion activities. A Public Health 
and Preventive Medicine specialist monitors and assesses the health needs of a population 
and develops, implements, and evaluates strategies for improving health and well-being 
through interdisciplinary and intersectoral partnerships. 

Building on foundational competencies in clinical medicine and the determinants of health, 
the Public Health and Preventive Medicine specialist demonstrates competencies in public 
health sciences, including but not limited to epidemiology, biostatistics, and surveillance, 
planning, implementation and evaluation of programs and policies, leadership, collaboration, 
advocacy, and communication. These competencies are applied to a broad range of acute 
and chronic health issues affecting a population, including those that may be related to 
environmental exposures. 

The Public Health and Preventive Medicine specialist may pursue and engage in a number of 
different types of careers in a variety of settings including but not limited to: 

• a municipal, regional, provincial, or federal government 

• an international inter-governmental organization 

• a non-profit or private sector health or social services organization 

• a community-oriented clinical practice with an emphasis on health promotion, disease 
prevention, and primary health care 

• in an academic environment as a researcher, scholar, or educator 

Within these diverse settings, a Public Health and Preventive Medicine specialist may be a 
consultant, advisor, medical health officer, executive, manager, researcher, scholar, or 
educator. 

© 2018 The Royal College of Physicians and Surgeons of Canada. All rights reserved. ..,.. ___ , .. _ ............... , " •••-•u••n•···-·-•-..... 
This document may be reproduced for educational purposes only provided that the foll owing iAa r-d~t © 2018 The Royal College of 
Physidans and Surgeons of Canada. Referenced and produced with permission. Please forward a copy e e c ·1t'Y Education, attn: Associate Director, 
Specialties. Written permission from the Royal College Is required for all other uses. For further inform~ rfj\ydl to~ m~ I~ , contact: documents@roy~. 
For questions regarding the use of this document, please contact: credentials@royalcollege.ca. ""!:IA l'f<'.Xary Public. 
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OBJECTIVES OF TRAINING IN PUBLIC HEALTH AND PREVENTIVE MEDICINE (2014) 

GOALS 

Public Health and Preventive Medicine residents must demonstrate a comprehensive 
knowledge of the science and art of Public Health and Preventive Medicine, and the skills to 
apply this knowledge to a broad range of population health issues in the socioeconomic, 
political, and environmental contexts in which they occur. Residents must demonstrate the 
knowledge, skills, and attitudes related to assessing the determinants of health, including 
but not limited to income, environment, gender, education, social support systems, health 
behaviours, and access to health care, of the populations with which they work. Further, 
residents must demonstrate competence in incorporating these determinants of health into 
research methodology, data presentation and analyses as well as in strategies that will 
improve the health of these populations. 

Upon completion of training, a resident is expected to be a competent specialist in Public 
Health and Preventive Medicine capable of assuming a public health leadership and 
management role in a health-related organization, including as a consultant in the specialty. 
The resident must demonstrate a working knowledge of the theoretical basis of the 
specialty, including its foundations in the clinical sciences, public health sciences, and 
humanities. 

Residents must demonstrate the requisite knowledge, skills, and attitudes to effectively 
provide community-focused care to diverse populations. In all aspects of specialist practice, 
the resident must be able to address issues relating to the determinants of health in a 
professional, ethical manner. In addition, residents are encouraged to have developed a 
higher level of expertise in one of the core fields, including but not limited to communicable 
disease, environmental health, chronic disease, and to acquire competency in an area of 
practice relevant to their own professional and personal development objectives, including 
but not limited to education; global health; leadership, management and administration; 
and occupational health. 

PUBLIC HEALTH AND PREVENTIVE MEDICINE COMPETENCIES 

At the completion of training, the resident will have acquired the following competencies and 
will function effectively as a: 

Medical Expert 

Definition: 

As Medical Experts, Public Health and Preventive Medicine specialists integrate all of the 
CanMEDS Roles, applying medical knowledge, clinical and public health skills, and 
professional attitudes in their provision of care at the individual, family, group, organization, 
community, and population levels. Medical Expert is the central physician role in the 
CanMEDS framework. 

If) 2018 The Royal College of Physicians and Surgeons of Canada. All rights reserved. 
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PUBLIC HEALTH: A CONCEPTUAL FRAMEWORK 

PREFACE 

Health professionals often refer to looking at an issue from a "public health perspective" or "through a public 

health lens" and yet this concept has not been clearly defined. The following is a first effort at defining such a 

perspective, lens or approach. It is presented for consideration, and feedback is welcomed. All comments will 

be considered and may be incorporated into future iterations of what we hope will be an 'evergreen' document. 

Comments should be directed by e-mail to: policy@cpha.ca. 

The development of this working paper began with our attempts to define a "public health approach" during 

the development of the Association's discussion paper A New Approach to Managing Illegal Psychoactive 

Substances in Canada. CPHA's Board of Directors subsequently directed that a more substantive effort be 

undertaken to provide a summary document that would describe the principles and practices that underlie 

public health activities. As a result, practicum students working at CPHA developed an initial manuscript 

followed by an extensive internal review process. It was then reviewed by public health professionals who 

voluntarily support CPHA activities. The result of those efforts was ultimately reviewed, edited and approved 

as an evergreen document by our Board. The Board of Directors and staff of CPHA thank all those who 

participated in developing Public Health: A Conceptual Framework. 

PURPOSE 

This working paper is meant to provide a quick 

reference guide to and portrait of the underlying 

principles that support current public health practice; 

it is not intended to be the definitive treatise on 

this topic. It defines the perspective that CPHA will 

use to develop its policy options. 

PUBLIC HEALTH: 
A HISTORY OF CHANGE 

The practice of public health can perhaps find its 

roots with the development of aqueducts during the 

Roman/ Byzantine era for the transportation of clean 

water into populated areas, and the management of 

human waste. Its true beginnings, based on a causal 

relationship to the prevention of infectious disease, 

might be better traced back to actions that were taken 

in Europe during the fourteenth century to limit the 

spread of plague. One of the first documented actions 

was in Venice around 1348, with the appointment 

of three guardians of public health to detect and 

exclude ships with passengers infected with that 

disease. Similarly, the first quarantine actions seemed 

to be taken in Marseille (1377) and Venice (1403), 

where travellers from plague-infected countries were 

THE VOICE OF PUBLIC HEALTH 3 

89



PUBLIC HEALTH: A CONCEPTUAL FRAMEWORK 

detained for 40 days to protect against transmission 

of the infection. The first surveillance systems can be 

dated to the "bill of mortality" established in London, 

England in 1532 and subsequently John Graunt's 

publication of his "Natural and Political Observations" 

(1662) that was based on findings from the Bills of 

Mortality. John Snow, the father of epidemiology, 

published "On the Mode of Communication of 

Cholera" in 1849. The first consideration of the 

importance of the social determinants of health and 

the inclusion of social justice as a pillar of public 

health was described in 1790 when Dr. Johan Peter 

Frank argued" ... curative and preventive measures 

had little impact on populations where people lived in 

abject poverty and squalor."1 

In the Canadian context, the first Board of Health 

was established in Lower Canada in 1832, with 

Upper Canada following suit in 1833. As these 

boards developed, they provided the infrastructure 

necessary for inspection and regulation that 

addressed issues as varied as pasteurization of milk, 

management of tuberculosis in humans, quarantine 

activities for various illnesses, and the control of 

sexually transmitted diseases. The early 2o•h century 

brought an increasing emphasis on maternal and 

child health and the immunization of children and 

youth.2 In a parallel fashion, during the 18'h and 19'h 

centuries, public health practitioners investigated and 

advocated against nutritional (scurvy), occupational 

(mesothelioma - cancer of the scrotum) and 

environmental (lead poisoning) disease, and urged 

measures to overcome inequities ofhealth.1 

Through the 2o•h century, an expansion of focus from 

a principally communicable disease perspective to one 

combining communicable and non-communicable 

illnesses broadened public health practice. Similarly, 

there is an ongoing movement from an agentic· 

approach based on behaviour modification, to a 

The term agent1c denotes sel f·directed actions aimed at personal 

development or personally chosen goals (The Free Dictionary by 

Farlex.. Available at: www.med ical-dict ionary.thefreedictionary.com). 

This concept is based on a social cognition theory perspective in 
which people are producers as well as products of social systems 

(defm1t1on from: www.wordnik.com/words/agentic). 
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population-based approach that focuses more on 

adjustment of societal structures, with an emphasis 

on support for populations at risk. The goal of these 

changes and this expansion has always been to foster 

the health of people and to develop a strong, resilient 

and just society. In striving for this goal, our actions 

have not always been correct, or may at times have 

been clouded by the beliefs of the day. These efforts 

continue, yet there are basic principles that have 

underlain public health practice since the beginning. 

DEFINING PUBLIC HEALTH 
PRACTICE 

Public health practice can be viewed as an 

approach to maintaining and improving the health 

of populations that is based on the principles 

of social justice, attention to human rights and 

equity, evidence-informed policy and practice, and 

addressing the underlying determinants of health. 

Such an approach places health promotion, health 

protection, population health surveillance, and the 

prevention of death, disease, injury and disability 

as the central tenets of all related initiatives. It 

also means basing those initiatives on evidence of 

what works or shows promise of working. It is an 

organized, comprehensive, and multi-sectoral effort . ..s 

This definition and the practice of public health 

have developed over time, and will continue to 

develop to meet the evolving health requirements 

of the population. As these demands grow, 

there will be debates concerning the role and 

purpose of public health practice and the scope of 

practitioners' activities. Underlying these debates and 

developments, however, are an amalgam of concepts 

and practices that are the foundation and building 

blocks of public health. 
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FOUNDATION OF PUBLIC 
HEALTH 

The foundation of, and lenses through which to view, 

all public health activities are the concepts of social 

justice• and health equity,' which relate to the social 

determinants of health. These lenses continually 

influence and inform each building block. All public 

health practice is built on the interconnectivity of five 

main building blocks (evidence base, risk assessment, 

policy, program and evaluation) that have been widely 

described in the literature, continue to evolve, and 

are the subject of the next section of this paper. Each 

component has many sub-components, and all the 

parts must function in a complex adaptive system· 

(see Figure 1) to meet the goals of public health. 

Social Justice 

The goal of social justice is to develop the ability 

of people to realize their potential in the society 

in which they live. Classically, "justice" refers to 

ensuring that individuals both fulfil their societal 

roles and receive their due from society,8 while "social 

justice" generally refers to a set of institutions that 

enable people to lead fulfilling lives and be active 

contributors to their community. These institutions, 

among others, include education, health care, and 

social security.• 

In Canada, social justice finds its root in Section 

7 of the Canadian Charter of Rights and Freedoms, 

which provides for " ... the right to life, liberty and 

security of the person and the right not to be deprived 

thereof except in accordance with the principles 

of fundamental justice."10 This clause was used as 

the legal argument for the Supreme Court decision 

concerning Insite, the supervised consumption 

facility in Vancouver,11 and for the decision that struck 

Complex adaptive systems are systems composed of many 

interacting parts that evolve and adapt over t ime, Organized 

behaviour emerges from the simultaneous interaction of parts 

without a global plan (www.cogrntern.psych.indiana edu/ 

rgoldsto/complex/1ntro.pdf). This approach has been applied 

to many complex issues. including econom1c, scient1f1c and 

organizational design thinking. 
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down three federal prostitution laws.12 The Canadian 

Charter of Rights and Freedoms is further supported 

by various United Nations Conventions' that provide 

the social foundation on which to build a public 

health approach. In this context, social justice ensures 

that the population as a whole has equitable access to 

all public health initiatives implemented to minimize 

preventable death and disability.3 

Health Equity 

Health equity is defined as" ... the absence of avoidable 

or remediable differences in health among groups of 

people, whether those groups are defined socially, 

economically, demographically, or geographically."13 

It is based on the principle of social justice and 

refers to the absence of disparities in controllable 

or remediable aspects of health. Underpinning this 

notion is the concept of the social gradient that notes 

" ... the poorest of the poor througlwut the world have 

the worst health. Within countries, the evidence 

shows that in general the lower an individual's 

socioeconomic position the worse their health. There 

is a social gradient in health that nrns from top to 

bottom of the socioeconomic spectrum"." 

In general, those who are healthier are at the top of 

the socioeconomic spectrum. The concept applies to 

every country. This notion is further shaped when the 

influences of structural violence and intersectionality 

are integrated into this consideration.' 

These include: the International Convention on Civil and Poht1cal 

Rights. the lnternat10na/ Convention on Economic, Soda/ and 

Cultural Rights, the Convention Against Torture and Other 

Cruel. Inhuman and Degrading Treatment or Punishment, 

the Declaration of the Rights of Indigenous Peoples , and the 

In ternational Convention on the Protection and Promotion of the 

Rights and Dignity of Persons with Disabilities 

Structural violence refers to the physical and psychological harms 

that can be caused by society's social. pollt1cal and econom1c 
systems. As such it is avoidable and preventable. The theory 1s 

described in Ho K. Structural violence as a human rights violation_ 

Essex Human Rights Review 2007;4(2):1-17. lntersect1onahty refers 

to " .. a tool for analysis. advocacy and policy that addresses 

multiple discriminations and helps us understand how different 

sets of identit ies affect access to rights and opportunities: · 

Association for Women's Rights in Development. lntersect1onali ty_ 

A tool for gender and economic justice. Women'.s Rights and 

Economic Change. 2004;9(August ):l·8. 
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One challenge is that the concepts of "equity" and 

"equality" are sometimes used interchangeably. They 

are related; however, there are important distinctions 

where: 

Equity ... iill'olves trying to understand and give 

people what they need to enjoy full , healthy lives. 

Equality, in contrast, aims to ensure that everyone 

gets the same things in order to enjoy full, healthy 

lives. Like equity, equality aims to promote fairness 

and justice but it can only work if everyone starts 

from the same place. " 

As such, consideration must be given to the equitable 

distribution of health services and the creation of 

culturally competent programming and policy to 

meet the requirements of the population that is at 

risk. Attention to that population is required such 

that the proposed change is supported through group 

empowerment and ownership. 

Social Determinants of Health 

The social determinants of health are defined as "the 

conditions in which people are born, grow, live, work 

and age".16 They are shaped by the distribution of 

money, power and resources, which causes health 

inequities within populations. Although the list of 

social determinants of health may vary depending 

on the source of the information, there are some that 

are common to all sources and are generally viewed 

as having the greatest effect on population health. 

These include income, education, gender, physical 

environment, social environment, access to health 

services, and healthy childhood development. The 

intermingling of these factors creates the health 

situation specific to an individual or population. 

Ecological Determinants of Health 

There are many ecological processes and natural 

resources essential for health and well-being and 

that constitute Earth's life-support systems. These 

6 CANADIAN PUBLIC HEALTH ASSOCIATION 

ecological determinants of health include adequate 

amounts of oxygen, water, and food. Other important 

ecological processes and natural resources include the 

ozone layer, nitrogen and phosphorus cycles, systems 

to detoxify wastes, and abundant fertile soil, fresh 

water and marine aquatic systems to grow food and 

other plants. For humans, three further requirements 

include materials to construct our shelters and tools, 

energy, and a stable global climate with temperatures 

conducive to human and other life forms. 

THE BUILDING BLOCKS OF 
PUBLIC HEALTH 

Public health, at its root, is the amalgamation of 

those activities that are taken to improve population

based health issues within the general domains of 

communicable and non-communicable disease. There 

is an internal tension between the domains; however, 

there are several activities (see Figure 1) that form the 

building blocks of all public health practice. 

Evidence Base 

Public health relies on the robustness, accuracy and 

validity of its evidence base. That base is composed 

of scientific research, population characteristics, 

needs, values and preferences, and professional 

expertise.17 Research, surveillance and epidemiology, 

and community consultation are the vehicles through 

which that evidence is provided (see Figure 2). There 

is a strong connection between each component, such 

that research can be used to focus and strengthen 

surveillance activities. Surveillance can be conducted to 

inform research, while both surveillance and research 

can support or be directed by community consultation. 

Research 

Research is defined as those processes and activities 

that contribute to generalizable knowledge.18 In this 

case, these activities inform public health practice 
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Figure 1: A conceptual framework for public health 

and policy, and are targeted to develop, implement, 

and evaluate improved and more efficient ways of 

protecting and promoting health and preventing 

disease.'9 It can be divided into: 

• Quantitative research: The use of data that can 

be counted or converted into numerical form.10 

It is primarily used to find statistical associations 

between variables, or when attempting to find 

variances in patterns of health between two 

populations, with an aim to minimize human 

bias. 

• Qualitative research: The use of non-numerical 

observations to interpret phenomena.20 It is used 

to gather insight as to how particular situations 

are interpreted by the study population. These 

results may come from clinical case studies, 
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• monitor and clarify the epidemiology of health 

problems to allow priorities to be set and inform 

public health policies and strategies."22 

Long-term or passive surveillance involves the 

monitoring of general health trends and health 

determinants20 and provides information on, for 

example, current obesity or cancer trends in the 

population. Short-term, active or ongoing surveillance 

involves searching for emergent diseases or outbreaks, 

Figure 2: 

such as the surveillance conducted during the SARS 

Interrelationship of the components or HlNl outbreaks. Both types of surveillance target a 

of the evidence base specific health state, disease, or agent. 

narratives of behaviour, ethnographies, and 

organizational or social studies, and can be used 

to develop theoretical pieces that are based on 

observable reality. Methods that may be used 

to gather this data include surveys, interviews, 

or focus groups to connect with the study 

population. 

Both approaches can be combined to perform mixed 

methods or pragmatic research studies when seeking 

answers to complex research questions,21 but there 

has to be a clear and strategic relationship between 

the methods used such that the data provides 

greater insight than can be obtained by using a single 

approach. Examples of mixed methods research are 

studies that link the social determinants of health 

with epidemiological data. 

Surveillance and Epidemiology 

Public health surveillance is defined as "the 

continuous, systematic collection, analysis, and 

interpretation of health-related data needed for 

planning, implementing, and evaluating public health 

practice." It can: 

• serve as an early warning system for impending 

public health emergencies; 

• document the impact of interventions, or track 

progress to specified goals; and 
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The distinction between surveillance and 

epidemiology should be noted. Epidemiology is 

defined as: 

... the study of the distribution and determinants of 

health-related states or events (including diseases), 

and the application of this study to the control 

of diseases and other health problems. Various 

methods can be used to carry out epidemiological 

investigations: surveillance and descriptive studies 

can be used to study distribution; analytical studies 

are used to study determinants. n 

A fundamental concept for the application of 

epidemiological findings to preventive medicine is 

the distinction that separates the notion of a high risk 

strategy; which is based on conventional medical 

approaches for resolving a health issue, from that of 

a population strategy that defines the public health 

approach for addressing preventive medicine." Both 

concepts are developed from the Rose Hypothesis. 1 

A High Risk Strategy focuses its efforts on individuals with the 

highest level of a risk factor and uses the established framework 

of medical practice to reduce that nsk. while a Population 

Strategy predicts that shif ting the popu lation d 1stnbut1on of a risk 

factor prevents more burden of disease than targeting the people 

at high nsk by providing a lower likelihood of an illness to the 

entire populat1on.12 

The Rose Hypothesis notes that disease is a rare occurrence and 

that most people who adopt behaviour to lower a risk of disease 

will not benefit directly, but a few may benefit enormously. 

The challenge is that often a population-based approach must 

be applied so that those few who are at ri sk receive the benefit s 

of preventive actions. or the necessary treatment (Health 

Knowledge. Epidemiolo91cal basis fo r preventive strategies. 
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Research and surveillance/epidemiology may require 

the use of patient information, and could be subject 

to patient confidentiality requirements or review by 

organizational research ethics committees. 

Community Consultation 

Community consultation is a well-known 

methodology that can be viewed as a best practice for 

informed decision-making on complex issues within 

communities." It is based on the following principles: 

• Recognize the community as a unit of identity, 

with a shared sense of identification and 

emotional connection that influences common 

values, norms, and needs; 

• Build on the strength and resources within a 

community to address local health concerns. 

Community consultation methodologies 

recognize and seek to expand social structures 

and processes that contribute to the ability 

of community members to work together to 

improve health; and 

• Integrate knowledge and action for the mutual 

benefit of partners and stakeholders, as well 

as the reciprocal transfer of knowledge, skills, 

capacity and power. 

This process enables community members to be active 

contributors, through collaboration and involvement, 

in an initiative that seeks to establish positive social 

change within the community.2• The topic chosen 

must be of practical relevance to the community, 

and community members should be actively 

involved in the project's design, implementation, and 

dissemination. The design may involve aspects of 

quantitative and qualitative data collection methods, 

as well as information gathered through surveillance 

activities. At the completion of this process, results 

are transferable to community members to support 

positive social change. An example of where this 

Available at: http://www.healthknowledge.org.uk/pubhc·health
textbook/research-methods/lc-health-care-evaluat1on-health· 
care-assessment/ ep1demiological-basis-pstrategies) 
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process would prove, and has proven, useful is the 

development and implementation of a supervised 

consumption facility for illegal psychoactive 

substances. 

Risk Assessment 

Figure 3: Components of risk assessment 

The evidence base in public health is constantly 

expanding as new information is uncovered through 

research, surveillance, and community consultation. 

Issues recurring within that base become priorities 

for public health attention. Prior to taking action 

on a specific issue, a risk assessment is necessary 

to estimate the nature and likelihood of negative 

health outcomes in individuals." It can be applied 

to conventional public health issues as well as 

occupational, environmental, social and behavioural 

risks. A four-step process (see Figure 3) is used, and 

includes: 

• Hazard identification: Identification of specific 

health effects or hazards. Information from 

surveillance and epidemiology activities can be 

used to identify them. 

• Hazard characterization: Evaluation of the nature 

of the effects associated with a particular hazard. 

Qualitative and quantitative research may be 
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~ 
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Figure 4: Simplified model of a public health policy development process 

used to characterize biological, physical, and 

chemical hazards. 

• Exposure assessment: Evaluation of the possible 

effect of the hazard. 

• Risk characterization: Integration of hazard 

identification, hazard characterization, and 

exposure assessment into a holistic estimate of 

adverse effect at the population level. 

Following completion of the risk assessment, response 

options are identified and a risk management plan 

developed. Managers with the appropriate level 

of authority must decide on actions and take steps 

to implement them. The desired action could 

be undertaken directly when immediate action 

is required, for example during a response to an 

infectious disease outbreak, or through policy and 

program development processes. 
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Underlying this decision process is the Precautionary 

Principle, an approach to managing risk that has been 

developed to address circumstances of scientific 

uncertainty. It reflects the need to take prudent action 

without having to wait for completion of scientific 

research. This principle was applied by Krever during 

the inquiry into the Canadian tainted blood scandal,'8 

and was enshrined in the 1992 Declaration of the Rio 

Conference on Environment and Development. 

Policy 

Policy is defined as the principles or protocols adopted 

or proposed by a government, party, business or 

individual that provide a definitive course or method 

of action, and guide or determine present or future 

decisions. Policies are generally not time limited, and 

provide the supportive environment, framework and 

anticipated outcomes to focus program activities and 

enable future decision-making. Policies are usually 

developed through a flexible, iterative process that 
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encompasses issue identification, policy instrument 

development, consultation, coordination, decision

making, implementation and evaluation. Partner and 

stakeholder collaboration is required. Within the 

Canadian context, federal policy development can 

find its starting point either in the political platform of 

the ruling party, or through a process that originates 

within the bureaucracy. 

Within the public health domain, an ongoing 

challenge is to balance the role of science in policy

making, as the evidence base and risk assessment 

should inform and support policy development, while 

the policy decision could modify scientific activities. 

Complicating the process is the inclusion of economic, 

financial and social policy, and legal and jurisdictional 

considerations within the decision-making process. 

It is essential to engage in the process those partners 

and stakeholders affected by a decision. The goal is 

to support development of a final approach that will 

be acceptable to the affected groups. Those engaged 

in the consultation must be at a level and have the 

authority necessary to speak for the organization. 

The role of a non-governmental organization such 

as CPHA is to participate in the policy development 

process through advocacy at the political and 

bureaucratic levels with the expressed positions 

reflecting the interests of Association members and 

based on the best available evidence. 

A simplified model of these relationships is presented 

in Figure 4. 

Intervention 

As policy development provides the framework and 

anticipated outcomes for public health activities, 

programs or interventions are the specific actions that 

respond to the policy direction. They address health 

protection, health promotion and emergency response 

activities. The goal of any intervention is to limit the 

onset and progression of disease, injury or infection, 20 

PUBLIC HEALTH: A CONCEPTUAL FRAMEWORK 

Figure 5: A generalized intervention 
development process 

and may be implemented through collaboration 

with all levels of government, other government 

departments, non-governmental organizations, not

for-profit organizations, and private sector partners, 

as appropriate. In addition, all interventions must be 

evaluated to measure success in terms of the expected 

outputs (the desired product of the intervention), 

as well as the desired outcomes (improvement in 

the health of the population). Effective intervention 

development requires that those affected by the 

health issue addressed by the intervention be included 

in its development and implementation to improve 

its likelihood of success. A generalized program 

development process is presented in Figure 5. 

Intervention activities generally address three broad 

categories of work and are listed below. 

Health Protection 

Health protection activities address the negative 

influences on health, and include interventions 
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as diverse as testing of food and water supplies, 

environmental testing, and surveillance to identify 

and track infectious disease outbreaks.20 These 

activities rely on surveillance information to direct 

intervention activities, for example annual influenza 

vaccination programs, and can provide evidence 

for epidemiological investigations (food and water 

testing). 

Health Promotion 

Health promotion is the mix of activities that assist 

individuals and communities in taking charge of their 

personal health. It assists in developing healthy public 

policy, healthy environments, and personal resiliency, 

and" ... involves any combination of health education 

and related organizational, economic, and political 

interventions designed to facilitate behavioural and 

environmental changes conducive to health.'" 0 This 

concept was first described as an entity in the Ottawa 

Charter for Health Promotion." 

Emergency Preparedness 

Emergency preparedness interventions are those 

activities that provide the capacity to respond to acute 

harmful events that range from natural disasters to 

infectious disease outbreaks and chemical spills. They 

are founded on four building blocks: 

• Prevention: those activities that reduce the 

likelihood of an event occurring 

• Preparedness: planning, training and organizing 

to respond to harmful events and situations 

• Response: the capacity to respond to acute, 

harmful events 

• Recovery: the processes required to return to a 

"normal" state of existence 

Evaluation 

Each policy and program must be evaluated to 

determine whether it meets its agreed-to deliverables 

(output measures) and its desired effect in mediating 
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the issue it was established to address (outcome 

measures). These can be described as implementation 

or process, and effectiveness or outcome evaluations.' 0 

Implementation evaluations assess whether a 

program is reaching its intended potential, and 

occur while the program is active. Qualitative 

and quantitative data are used to make informed 

judgements. Outcome evaluations measure progress 

in addressing the program's targeted public health 

challenge, and may include short-, intermediate-, and 

long-term results, that are also based on quantitative 

and qualitative data. The information gathered 

through evaluation can allow for further development 

of the program within the affected area of public 

health. 

SUMMARY 

Public health is a complex adaptive system which has 

evolved from providing clean water and managing 

human waste, to managing a broader cadre of 

communicable and non-communicable diseases, and 

continues to change as we address the influence of 

social determinants and the environment on health. 

Contributing to this challenge is the notion that 

the populations we serve are continually evolving, 

as are the related public health issues. Each public 

health practitioner must continually adjust his or her 

practise, but each adjustment must be based on the 

building blocks of evidence, risk assessment, policy, 

intervention and evaluation, which are supported by 

a foundation of health equity, social justice, and the 

social determinants of health. As such, this document 

should be considered a first attempt to define the 

basics of public health, and will continue to develop as 

the practice evolves. 
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Foreword 

Alberta's Ethical Framework for Responding to Pandemic Influenza (AB Ethics Framework) is based on the 
extensive work completed by British Columbia, the UK, and Alberta. It has been reviewed by the three lead 
organizations, Alberta Health, Alberta Health Services (AHS) and Alberta Emergency Management Agency 
(AEMA). As Alberta's planning for pandemic influenza evolves, the AB Ethics Framework will be reviewed 
and updated regularly to reflect new learnings. 

The AB Ethics Framework is based on a consistent set of well-recognized ethical principles and outlines a 
transparent and clear process to assess potential choices against. The purpose of this document is to assist in 
making public health decisions on pandemic influenza related ethical dilemmas. It may also assist Albertans in 
understanding the ethical implications of their own decisions during a pandemic influenza event. This 
framework is not intended for use in making clinical ethical decisions. For more information on clinical 
ethics see the following link http://www.albertahealthservices.ca/info/Page6671.aspx. 

© 2016 Government of Alberta 2 
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Introduction 

Public health ethics focus on the health and interests of a population and are distinct from clinical ethics 
which focus on the health and interests of the individual. For example, in public health ethics, decision
makers may have to decide which segment of the population should be prioritized for the pandemic influenza 
vaccine (e.g., seniors, pregnant women) when the initial batches are approved and available. In contrast, 
clinical ethics would be used to decide if vaccine is an appropriate intervention for an individual patient based 
on a number of factors including their condition and personal wishes. Alberta's Ethical Framework for 
Responding to Pandemic Influenza (AB Ethics Framework) does not replace clinical judgment nor is it a 
checklist for a single, clear conclusion. Ethics should be considered within a larger decision-making context1 

(e.g., scientific evidence, program considerations such as logistics or treatment strategies, legal 
considerations). For direction on clinical level ethics, health care providers should contact the AHS Clinical 
Ethics Service or refer to their professional body as appropriate. 

The AB Ethics Framework is a resource to help planners and strategic policymakers from Alberta Health, 
Alberta Health Services (AHS) and Alberta Emergency Management Agency (AEMA) consider ethical 
implications of the choices they face. The framework provides a widely recognized, consistent set of 
principles to work through and outlines a transparent and understandable process to assess the potential 
choices. This framework can be used to assist in making decisions on common pandemic influenza-related 
ethical dilemmas such as vaccine priority decisions, compensation for health care workers, antiviral 
prioritization and many others. 

History of Pandemic Influenza Ethics in Alberta 

Pandemic influenza occurs when a novel influenza A virus, to which most humans have little or no immunity, 
acquires the ability to cause sustained human-to-human transmission that leads to a rapid worldwide spread. 
When exposed to the new virus, most people become ill as they have no immunity. This can lead to 
overwhelming demand on the health system and the need to make ethically challenging decisions surrounding 
the allocation of scarce resources (i.e., staff, equipment and supplies). 

In 2003, the Alberta Clinical Subcommittee on Pandemic Influenza Planning recommended that Alberta 
Health form a committee to address ethical issues that could arise during a pandemic influenza in Alberta. In 
2007, the committee completed "Pandemic Ethics: Navigating through Complexity: A Map for Decision 
Making" intended to provide core values and a systematic approach to guide policy makers. In response to 
2009's pH1N1 event, AHS and Covenant Health published "Clinical Ethics and Pandemic Influenza: an 
ethics framework to guide clinicians' decision-making". 

Post pH1N1 2009, the Minister of Health authorized the Health Quality Council of Alberta (HQCA) to 
conduct a formal review of the provincial response. Recommendation #17, "Alberta Health and AHS 
develop and maintain an ethical framework and strategies to guide operational and clinical decision-making 
that is understood by the public" was accepted by the Minister in principle, as some work had already been 
done in the province and it was felt that a public health ethical framework should be initiated at a national 
level. 

In 2014, as part of the revision of Alberta's Pandemic Influenza Plan, this framework was developed to assist 
policymakers in the absence of a finalized national approach. A detailed literature review and environmental 
scan were conducted to identify the leading practices most applicable to Alberta. The review revealed that the 
principles found in British Columbia's ethical framework were based largely on the work done by the United 

1 Public Health Agency of Canada. Canadian Pandemic Inf111enza Plan for the Health Sector. (2011, September 13). Retrieved 
from !lltp://www.phac-aspc.gc.ca /cpip-pc!cpi/index-eng.php 
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Kingdom (UK) Department of Health. In addition, this framework aligns with the University of Toronto's 
Joint Centre for Bioethics' "Stand on Guard for Thee: Ethical Considerations in Preparedness Planning for 
Pandemic Influenza", which contributed to the Canadian Pandemic Influenza Plan (CPIP) and was 
significantly influential in the World Health Organization's global pandemic influenza ethics consultation, 
"Global Consultation on Addressing Ethical Issues in Pandemic Influenza Planning''. 

The AB Ethics Framework is based on the extensive work completed by British Columbia, the UK, and 
Alberta. It has been reviewed by three lead organizations, Alberta Health, AHS and AEMA, as well as a 
number of provincial groups with policy, ethics and technical expertise including the Alberta Pandemic 
Influenza Planning Joint Advisory Committee and the Alberta Health Pandemic Influenza Planning Task 
Group (Appendix 2). 

This framework aligns with the current principles and model for ethical decision-making found in the CPIP. 
As this and other leading practice documents are revised, and as Alberta's planning for pandemic influenza 
evolves, AB Ethics Framework will be reviewed and updated to reflect new learnings. 

Understanding Ethical Tensions in a Pandemic 

When a risk like a pandemic influenza affects a population, the health system is obliged to respond to the 
needs of the affected individuals, society, and healthcare providers that put themselves at risk for the good of 
others. Ethical tensions are inevitable; in an effective health system these tensions are held in a dynamic 
balance. For example, individual freedoms might be affected through restricting access to certain locations or 
confining people through quarantine; the decision to temporarily implement these public health measures 
must be weighed against the social and economic functioning of the community. In cases where 
responsibilities to individuals and groups are held in tension, decision-makers can use the ethical principles to 
find the best possible solution. 
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Ethical Framework for Responding to Pandemic Influenza 

This section is taken direct(y from British Columbia's ''An Ethical Framework for Decision Making: Supporting 
British Columbia's Pandemic Iefluenza Planning and Response". Smail adjustments have been made to the content 

for applicability to Alberta. 

Ethical Principles 

Equal concern and respect underpin this ethical framework. This means that: 

• Everyone matters. 
• Everyone matters equally - but this does not mean that everyone is treated the same. 
• The interests of each person are the concern of all of us, and of society. 
• The harm that might be suffered by every person matters, and so minimizing the harm that a pandemic 

influenza might cause is the central concern. 

Equal concern and respect draws together a number of different ethical principles, each of which is outlined 
below. The individual principles are numbered for convenience but are not ranked in order of significance. 

When a particular decision has to be made, using the list of principles can help in considering a range of 
ethical issues. It is not, however, a checklist for the one right answer. 

In thinking about the principles, decision-makers will need to use the best information that is available to 
them at that time. Whether or not a decision was ethically sound has to be judged in relation to the situation 
that existed at the time it was made, rather than by reference to facts that became apparent at a later stage. 

Often, there will be tension both within and between these principles - for example, in weighing different 
sorts of harm, and in trying to both minimize harm and to be fair. 

There are often no absolute right answers. A judgement may have to be made on the priority to be given to 
each element of a principle and to the principles themselves in the context of particular circumstances. 
Sometimes, use of the first seven principles may indicate that more than one possible decision would be 
ethically justifiable and would be in accordance with the fundamental principle of equal concern and respect. 
In such a case, the principle of "good decision-making" (#8, below) should be used to decide which one to 
take. 
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Individual Principles 

1. Respect 

This principle means that: 

• People should be kept as informed as possible. 

• Whenever possible, people should have the chance to express their views on health care decisions 
that affect them. 

• People's personal choices about their treatment and care should be considered as much as possible. 
• When people are unable to make their own health care decisions and have not provided any written 

expressed wishes to refuse or consent to future health care (such as identification of goals of care), 
then those who must decide for them should do so in consideration of what the person may have 
wanted and supported by the standards and duties of the health care providers involved in the 
decision at the time. 

Respect applies to all individuals including patients, health care workers and the general public. There 
should be the widest possible involvement of people in planning for a pandemic influenza. The urgency 
of the situation may mean that it is not possible to consult widely (or indeed at all); However, treating 
people with respect means keeping them informed of the situation, what is happening and what is going 
to happen, as much as possible. 

People's choices about their treatment and care are very important. Respect means balancing people's 
personal choices with the reality of the situation. For example, this may not mean that people are entitled 
to have the treatment of their choice if those caring for them would not consider it effective or is not 
suitable for them or if treatment resources were limited. 

2. Minimizing the harm caused by pandemic influenza 

During a pandemic influenza, some harm is likely to be unavoidable. This principle means that there is a 
need to: 

• Try to minimize the spread of a pandemic influenza if it reaches Alberta. 

• Minimize the risk of complications for the ill, for example, through the appropriate use of antivirals. 
• Learn from experience, both at home and abroad, about the best way to fight the pandemic influenza 

and to treat people who are ill. 
• Minimize the disruption to society caused by pandemic influenza. 

This principle is intended to cover the physical, psychological, social and economic harm that pandemic 
influenza might cause. Examples of actions relevant to minimizing harm include those that save lives, 
support the health service in saving lives, and are designed to help society cope with and recover from 
pandemic influenza. 
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3. Fairness 

The principle of fairness means that: 

• Everyone matters equally but may not be treated the same. 
• People with an equal chance of benefiting from health resources should have an equal chance of 

receiving them; however, it may be considered fair to tell people who could get the same benefit 
from an intervention at a later date to wait. 

The implications of the principles of minimizing harm and fairness often arise together in many planning 
and policy decisions. So, in considering a particular decision, a first question might be: How could harm 
be minimized? Then it is necessary to ask: Would it be fair to do this? Could the same outcome be 
achieved in a fairer way? This involves thinking about the interests of everyone who may be affected by 
the decision. There needs to be good reasons to treat some people differently from others, which the 
decision-makers should be prepared to explain. The decision-making process also needs to be fair, which 
is considered part of the principle of good decision-making (#8 below). 

4. Working together 

This principle means: 

• Working together to plan for, respond to, and recover from pandemic influenza. 
• Helping one another. 
• Being prepared to share information that will help others, without compromising the privacy and 

dignity of the individuals involved. 

Because pandemic influenza will affect the whole of society, it is important that different agencies 
collaborate and coordinate at provincial, regional and local levels. 

Working together also implies strong links at the international, national and inter-provincial levels. This 
includes both providing and seeking timely information from partners across Canada. 

5. Reciprocity 

The principle of reciprocity is based on the concept of mutual exchange. Therefore: 

• If people are asked to take increased risks, or face increased burdens during a pandemic influenza, 
they should be supported in doing so, and the risks and burdens should be minimized as far as 
possible. 

Some people, such as healthcare workers, may face very heavy burdens in trying to help us through 
pandemic influenza; it is important to think about how to minimize those burdens. An example of this 
could be providing those with the highest risk of contracting influenza at work with priority access to a 
vaccine. 
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6. Keeping things in proportion 

This principle means that: 

• Those responsible for providing information should neither exaggerate nor minimize the situation 
and should give people the most accurate information that they can. 

• Decisions on actions that may affect people's daily lives, which are taken to protect the public from 
harm, should be proportionate to the relevant risk and benefits that can be gained from the proposed 
action. Proportionality requires that the least restrictive means possible is used when limiting liberty 
and freedom in the face of a pandemic influenza. For example, hospitals or long term care centres 
may restrict visitations to prevent patients from exposure to pandemic influenza. 

At the start of a pandemic influenza, much will remain unknown about how it is going to affect people 
and the country as a whole. The media and other people responsible for communication will have an 
important role to play in helping people understand what the real situation is and what they need to do, 
without exaggerating or minimizing the situation. 

7. Flexibility 

This principle means that: 

• Plans should be adapted to take into account new information and changing circumstances. 

• People should have as much opportunity as possible to express concerns about or disagreement with 
decisions that affect them. 

8. Good decision-making 

Respect for this principle involves the following components: 

i. Openness and transparency 

This means that those making decisions should: 

• Consult those concerned as much as possible in the time available. 

• Be open about what decisions need to be made and who is responsible for making them. 
• Be as open as possible about what decisions have been made and why they were made. 

ii. Inclusiveness 

This means that those making decisions should: 

• Involve people to the greatest extent possible in aspects of planning that affect them. 
• Decision makers should take into account all relevant views expressed. 
• Work to make sure that particular groups are not excluded from becoming involved. Some people 

may find it harder to access communications or services than others, and decision-makers should 
consider how they can express their views and have a fair opportunity to get their needs for 
treatment or care met. 

• Take into account any disproportionate impact of the decision on particular groups of people. 
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iii. Accountability 

This means that those responsible for making decisions may have to justify the decisions that they do or 
do not make. 

iv. Reasonableness 

This means that decisions should be: 

• Rational. 
• Not arbitrary. 
• Based on appropriate evidence, available at the time. 
• The result of an appropriate process, taking into account how quickly a decision has to be made and 

the circumstances in which a decision is made. 
• Practical- what is decided should have a reasonable chance of working. 

Ethical Decision-Making Tools 

Ethical decision-making tools are designed to encourage a systematic process for exploring in what way the 
ethical principles are reflected in a difficult decision. Depending on the context of the decision, these tools 
can be used by an individual or to facilitate a group discussion. The ethical principles contribute to but do not 
represent the entire decision-making process and should be used within a broader context when dealing with 
complex problems. When considering options, the goal should be to find a solution based on all information 
available and consider all relevant factors (scientific evidence, program considerations, policy considerations). 

Generally, planners and policymakers will already be considering the ethical components of their 
recommended actions, even if not done so explicitly. Therefore, another key function of this kind of tool is to 
demonstrate in what manner the ethical principles were considered. 

Many factors impact how decisions are made, such as familiarity with ethical issues, time constraints and the 
expertise of the group. Different tools are available to satisfy different needs. Two are outlined here; however, 
there are many tools which can be used in different contexts. 

• Ethical Considerations Assessment Worksheet (Appendix 1) 
Designed to assess already identified potential courses of action against the eight ethical principles 
and provide rationale for the recommended decision. 

• Good Decisions: A map to the best decision, all things considered 
Developed in BC and used in conjunction with their ethical framework. This is a longer, more 
complete guide that takes users from the first step of articulating the issue to identifying ethical 
concerns and finally a recommendation. This tool includes a step to determine who needs to be 
involved in a decision. It can also help users define the "key question" and identify which ethical 
issues are most important (http: //www2.gov.bc.ca/ assets / gov / health/ about-bc-s-health-care-
sys tern I office-of-the-provincial-health-officer/ reports-publications / bc-pandemic-influenza-ethics
framework-2012.pd f , p. 13-29). 
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Formal Decision-Making Mechanism(s) 

Ethical decision making is a component of the established emergency management structures used during a 
response, as outlined in the Alberta Pandemic Influenza Plan (bttp://www.health.alberta.ca / health-
info /pandemic-influenza.html). 

Although we can and should identify potential situations ahead of time, planning scenarios cannot 
incorporate all potential factors that can affect the impact of a pandemic influenza. Some factors are 
population-wide and could affect all scenarios, such as seasonality, pre-existing immunity or antiviral 
resistance, whereas others may be setting-specific, such as the effects on a remote community. Because these 
impacts are hard to predict, some decisions will have to be made rapidly at the time of a pandemic influenza. 

In order to assist the ethical decision-making process, mechanisms such as pre-established relationships and 
committees should be in place to bring the right expertise and decision-making capability to the table (e.g., 

Pandemic Influenza Planning Joint Advisory Committee, Alberta Health Pandemic Influenza Planning Task 
Group, Appendix 2). Membership should be determined by the group leading the pandemic influenza 
response so that the most relevant program area expertise is included. 
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Appendix 1 - Ethical Considerations Assessment Worksheet 

Purpose: 
To compare/weigh potential options against the eight ethical principles identified in Alberta's Ethical 
Framework for Responding to Pandemic Influenza (AB Ethics Framework). 

To use this tool effectively, it will be necessary to review the Ethical Principles found on pages 5-9 of the AB 
Ethics Framework. This tool is intended to be used in conjunction with scientific, policy and program 
considerations and assumes some potential courses of action have been produced. 

Instructions: 
• Write each of the potential courses of action in the Option boxes along the top row. 
• For each of the Ethical Principles, identify how each Option will or will not fulfill the responsibilities 

of that Ethical Principle. 
o If the Option does not fulfill the Ethical Principle, you may also wish to provide justification 

for why this Option may still be appropriate. 
• Once all of the Options have been evaluated against the Ethical Principles, the table can be used to 

determine which Option(s) best addresses the ethical dilemma. 
• The Summary of Decision then makes explicit the Option that is recommended based on the 

information in this table. 

The following example is for illustrative p111poses on/y and does not necessari/y reflect cotporate human resource policies. 

Example: You witness a co-worker who has worked with the organization a long time taking stationary 
supplies out of the office. 

Ethical Option 1: Report this to Option 2: Confront the co- Option 3: Do nothing. 
Principles: your supervisor worker about what you saw. 

immediately. 

Respect This respects the workplace This option incorporates This option does not reflect 
and your supervisor, as respect, as it addresses the respect, as you have made 
they will be informed of issue but gives the employee no effort to understand 
the incident. It doesn't a chance to express their side what you saw or let your 
necessarily respect the of the story. Your supervisor supervisor know if there is 
employee as he was not may not be informed, but in fact an issue. 
informed before the report. since inappropriate actions 

may be corrected, it may not 
be necessary. 

Keeping things This option seems out of This option is in proportion. It could be argued that this 
in proportion proportion. Without It addresses the issue, but option is proportional as 

taking the time to allows the employee to share the supplies are not worth 
understand the situation, their side of the story and much, and their loss won't 
one might actually report possibly correct the greatly affect the business. 
inaccurate information that inappropriate actions Not reporting it will ensure 
could jeopardize the without losing face, that the employee's 
reputation of the employee. especially since the supplies reputation is not duly or 

are not worth much money. unduly affected. 
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Ethical Considerations Assessment 

Ethical O ption 1: Option 2: Option3: 
Principles: 

Respect 

Minimizing the 
harm 

Fairness 

Working 
together 

Reciprocity 

Keeping things 
in proportion 

Flexibility 

Good Decision-
Making 

Summary of Decision 

For the question ... 

We recommend that ... 

This allows us to best ... 

This solution does not ... 

We argue that this is justified 
because ... 
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Appendix 2 - Pandemic Influenza Planning Joint Advisory Committee 
and Alberta Health Pandemic Influenza Group 

Alberta Pandemic Influenza Planning Joint Advisory Committee 

The Joint Advisory Committee QAC) is made up of senior-level decision-makers from each of the three 
pandemic influenza lead organizations, Alberta Health, Alberta Health Services (AHS) and the Alberta 
Emergency Management Agency (AEMA). The ]AC provides ongoing advice and coordination for pandemic 
influenza preparedness in Alberta. 

Current members include: 

Alberta Health 
• Executive Director, Health Protection (Chair) 
• Director, Emergency Planning and Preparedness 
• Deputy Chief Medical Officer of Health 

AHS 
• Executive Director, Emergency /Disaster Management 
• Special Project Lead, Emergency/ Disaster Management 
• Senior Medical Officer of Health 

AEMA 
• Director, Central Operations 

Alberta Health Pandemic Influenza Planning Task Group 

The Task Group provides content expertise for the Alberta's Pandemic Influenza Plan (APIP) and related 
organizational / operational planning as required, and aligns the work across divisions and work units of 
Alberta Health. 

The Task Group is made up of technical expertise from the following areas: 
• Public Health Emergency Planning 
• Clinical Advisory and Research 
• Communicable Disease 
• Communications 
• Drug Program Operations and Policy 
• Emergency Preparedness and Response 
• Enterprise Risk Management 
• Epidemiology and Surveillance 
• Immunization 
• Intergovernmental Relations 
• Infection Prevention and Control 
• Legal & Legislative Services 
• Addiction and Mental Health 
• Office of the Chief Medical Officer of Health 
• Workforce Policy and Planning 
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SARS-CoV-2, the virus that causes COVID-19, spreads from an infected 

person to others through respiratory droplets and aerosols when an 

infected person breathes, coughs, sneezes, sings, shouts, or talks. The 

droplets vary in size, from large droplets that fall to the ground rapidly 

(within seconds or minutes) near the infected person, to smaller droplets, 

sometimes called aerosols, which linger in the air, especially in indoor 

spaces. 

The relative infectiousness of droplets of different sizes is not clear. 

Infectious droplets or aerosols may come into direct contact with the 

mucous membranes of another person's nose, mouth or eyes, or they may 

be inhaled into their nose, mouth, airways and lungs. The virus may also 

spread when a person touches another person (i.e., a handshake) or a 

surface or an object (also referred to as a fomite) that has the virus on it, 

and then touches their mouth, nose or eyes with unwashed hands. 
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Settings with higher risk of transmission 
Outbreak investigations and scientific studies are revealing more about 

COVID-19 and this new knowledge is being applied to reduce its spread. We 

know that the virus is most frequently transmitted when people are in close 

contact with others who are infected with the virus (either with or without 

symptoms). We also know that most transmission occurs indoors. 

Reports of outbreaks in settings with poor ventilation suggest that 

infectious aerosols were suspended in the air and that people inhaled the 

virus at distances beyond 2 metres. Such settings have included choir 

practice, fitness classes, and restaurants, as well as other settings. 

Transmission can be facilitated by certain environmental conditions, such 

as re-circulated air. Activities that increase generation of respiratory 

droplets and aerosols may increase risk in these settings (such as singing, 

shouting, or exercising). 

It is still unclear how easily the virus spreads through contact with surfaces 

or objects. 

Follow public health measures 
While we do not yet fully understand all modes of transmission and their 

relative importance, it is likely that multiple modes of transmission occur. 

The public health measures that we have been practising continue to be 

effective in preventing the spread of the virus that causes COVID-19. To 

protect yourself and others, use multiple P-ersonal P-reventive P-ractices at 

once in a layered approach. With the increased circulation of some variants 

of concern, it is even more important that you strictly follow recommended 

personal preventive practices. 
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Ventilation 
Maximize ventilation by ensuring that heating, ventilation and air 

conditioning (HVAC) systems are in good working order. Drawing as much 

fresh air as possible from outside will decrease the concentration of 

aerosols that may be suspended in the air, and reduce the chances of 

SARS-CoV-2 spread if those aerosols happen to contain the virus. If the 

weather permits, open a window. Reduce the noise level in public spaces, 

for example turn off or reduce the music volume, so people can speak 

quietly. 

Related links 
• COVID-19: lmP-roving indoor ventilation 

Date modified: 

2021-06-29 
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Aerosol erTiission and 
superemission during human 
speech increase with voice loudness 
Sima Asadi1, Anthony S. Wexler2•3•4•5, Christopher D. Cappa4, Santiago Barreda6, 

Nicole M. Bouvier7•8 & William D. Ristenpart1 

Mechanistic hypotheses about airborne infectious disease transmission have traditionally emphasized 
the role of coughing and sneezing, which are dramatic expiratory events that yield both easily visible 
droplets and large quantities of particles too small to see by eye. Nonetheless, it has long been known 
that normal speech also yields large quantities of particles that are too small to see by eye, but are 
large enough to carry a variety of communicable respiratory pathogens. Here we show that the rate of 
particle emission during normal human speech is positively correlated with the loudness (amplitude) 
of vocalization, ranging from approximately 1to50 particles per second (0.06 to 3 particles per cm3) 

for low to high amplitudes, regardless of the language spoken (English, Spanish, Mandarin, or Arabic). 
Furthermore, a small fraction of individuals behaves as "speech superemitters," consistently releasing 
an order of magnitude more particles than their peers. Our data demonstrate that the phenomenon 
of speech superemission cannot be fully explained either by the phonic structures or the amplitude 
of the speech. These results suggest that other unknown physiological factors, varying dramatically 
among individuals, could affect the probability of respiratory infectious disease transmission, and also 
help explain the existence of superspreaders who are disproportionately responsible for outbreaks of 
airborne infectious disease. 

It has long been recognized that particles expelled during human expiratory events, such as sneezing, coughing, 
talking, and breathing, serve as vehicles for respiratory pathogen transmission 1- • . The relative contribution of 
each expiratory activity in transmitting infectious microorganisms, however, remains unclear·•. Much previous 
research has focused on coughing · - i i and sneezing 11•

11
•11 activities that yield relatively large droplets (approxi

mately 50 ~1m or larger) easily visible to the naked eye. Less noticeable, but arguably more infectious for some 
diseases, are the smaller particles emitted during sneezing and coughing as well as during breathing 1" - 17 and 
talking10

•
1 • 1 ~ . These small particles are believed to be generated during breathing and talking from the mucosa! 

layers coating the respiratory tract via a combination of a "fluid-film burst" mechanism within the bronchioles 
and from vocal folds adduction and vibration within the larynx•·1•i.i1• The particles emitted during breathing and 
typical speech predominantly average only I µmin diameter 1' - 1" and are thus too small to see without specialized 
equipment; most people outside of the community ofbioaerosol researchers are less aware of them. 

Despite their small size, however, these micron-scale particles are sufficiently large to carry a variety of res
piratory pathogens such as measles virus (50-500 nm) l2 , influenza virus (100 nm- I µm f ', and Mycobacterium 
tuberculosis ( 1-3 µm f ·1• Indeed, recent work by Yan et al. has confirmed that significant amounts of influenza 
viral RNA are present in small particles ( <5 µm) emitted by influenza-infected individuals during natural breath
ing, without coughing or sneezing~; . These small particles are potentially more infectious than larger sneeze- or 
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cough -generated droplets for several reasons. First, smaller particles persist in the air for longer time periods 
before setting by gravity, thus increasing the probability of inhalation by susceptible individuals2• . Second, smaller 
particles have a larger probability of penetrating further into the respiratory tract of a susceptible individual to 
initiate a lower respiratory tract infection 1. Third, and perhaps most importantly, speech can release dramatically 
larger numbers of particles compared to coughing. Early work by Papineni and Rosenthal'6 and Loudon and 
Roberts•~ reported that speaking (as exemplified by counting aloud) releases about 2- 10 times as many total 
particles as a single cough. Similarly, Loudon and Roberts investigated the role of singing in the spread of tuber
culosis and showed that the percentage of airborne droplet nuclei generated by singing is 6 times more than that 
emitted during normal talking and approximately equivalent to that released by coughing2; . More recent work 
using advanced particle characterization techniques have yielded similar results21 .l8-'0• Chao et a/.1R used an inter
ferometric imaging technique to obtain the size distribution of particles larger than 2 ~1m and found that counting 
aloud from l to 100 releases at least 6 times as many particles as an individual cough. Likewise, Morawska and 
coworkers1 1 •1~ reported that counting aloud for lOseconds followed by lOseconds ofbreathing, repeated over two 
minutes, releases half as many particles as 30 seconds of continual coughing, which in turn releases half as many 
particles as saying "aah" for 30 seconds. They also reported that more particles are released when speech is voiced, 
which involves vocal folds vibration, rather than whispered, which does not. 

Despite the clear evidence that speech emits large quantities of potentially infectious particles, to date little is 
known about how particle emission is modulated by different types of speech. Notably, the above work measured 
neither the total duration nor the loudness of the vocalizations; it is also unclear whether counting aloud will 
have a distribution of phones (phonemes) that is representative of typical conversational speech. Many important 
questions remain unanswered. For example, does raising your voice cause an increase in particle emission, or 
alter the particle size distribution? Does it matter what language you speak? Do all individuals emit particles at 
similar rates? 

To address these questions, we used an aerodynamic particle sizer (APS) placed in a laminar flow hood to 
characterize the number and size distribution of particles emitted by individual human volunteers while they 
performed various vocalizations and breathing activities. Using this approach, we find three key results: 

( 1) The particle emission rate during speech is linearly correlated with the amplitude (loudness) of vocaliza
tion, for four different languages tested. 

(2) The particle size distribution is independent of vocalization loudness or language spoken. 
(3) Some individuals emit particles at a rate more than an order of magnitude larger than their peers, i.e., they 

behave as "speech superemitters:' 

Taken together, the results strongly suggest that individual human speech patterns and speech-associated 
particle emissions are highly heterogeneous and thus might play a role in the transmission of some respiratory 
pathogens. Furthermore, the results suggest a new hypothesis: that speech superemitters might contribute to the 
phenomenon of superspreading, in which a relative few contagious individuals infect a disproportionately large 
number of secondary cases during infectious disease outbreaks 11 • 

Results 
Four separate types of experiments were performed. In the first experiment, participants said /a/ (the vowel 
sound in 'saw') for five seconds, followed by 15 seconds of nose breathing, repeated six times in succession. This 
procedure mimics previous experimental measurements of particle emission during vocalization 11 , but here the 
participants also systematically repeated the experiment at different voice amplitudes. Representative raw data for 
a single participant performing a series of six successive /a/ vocalizations, at approximately the same loudness, are 
shown in Fig. I. The simultaneous microphone recording (Fig. I A) and APS measurements (Fig. I B) demonstrate 
that the dynamics of particle release are highly correlated with the vocalization. Prior to and between vocaliza
tions, during nose breathing in which exhaled air is directed away from the APS, the particle count is negligible, 
as is expected for the HEPA filtered air inside the laminar flow hood. Shortly after the vocalization commences, 
the number of particles rapidly increases and peaks, then decreases back to zero as the participant resumes 
nose breathing; the process then repeats at the next five-second vocalization. The approximately two-second lag 
between onset of vocalization and the observed increase in particle count is due to the time necessary for the 
released particles to reach the sensor in the APS. We emphasize that by design an APS does not measure 100% 
of the particles drawn into it, so the particle emission rates reported here do not represent the absolute number 
of particles emitted by the participant; the emission rates are best understood in relative terms, or in terms of the 
equivalent instantaneous concentrations of particles sampled from the funnel. As shown in the secondary axis of 
Fig. I B, the instantaneous concentration of particles for this particular experiment was approximately 2 per cm' 
of sampled air. 

The six vocalizations shown in Fig. IA were made, to the best of the participant's ability, at the same loudness. 
Each participant then repeated a similar series of /a/ vocalizations at different self-regulated voice amplitudes. 
Representative results for a single participant (F4) show that the particle emission rate (N), defined as the total 
number of particles emitted during a single vocalization divided by the measured duration (in seconds) of that 
vocalization, also correlates with the root mean square amplitude (Arms) of the vocalization (Fig. 2A). In our 
set-up Arms= 0.45 corresponds to an extremely loud conversational voice, as loud as comfortable without yell
ing (-98 decibels measured 6.5 cm from the participant's mouth, measured over background noise of approxi
mately 65 decibels), while Arms= 0.02 corresponds to a quiet vocalization just above whispering (-70 decibels; 
cf. Supplementary Fig. Sl). As shown in Fig. 2A, the particle emission rate is linearly correlated with Arms over 
this entire range of vocalization amplitudes, with the particle emission rate increasing from 6 to 53 particles per 
second at the quietest and loudest vocalizations respectively. 
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Figure I. Representative raw data in which a participant (F4) said /a/ for 5 seconds, followed by IS seconds of 
nose breathing, repeated 6 times at approximately the same loudness. (A) The amplitude (arb. units) recorded 
by the microphone versus time. Magnification shows 13 ms of the waveform with fundamental frequency of F0. 

(B) The corresponding number/concentration of particles measured by the APS versus time. 

Although the particle emission rate increased with amplitude, the size distribution of the particles was not 
affected significantly (Fig. 2B), with the geometric mean particle diameter remaining near I ~tm regardless of 
voice amplitude (Supplementary Fig. S2A). Because the particle size remains similar regardless of amplitude, 
the increased particle counts shown in Fig. 2 indicate that the total volume of emitted respiratory fluid (i.e., the 
proteinaceous liquid droplets aerosolized from the serous and mucoid layers lining the respiratory tract) increases 
considerably with the vocalization loudness. Note that the characteristic time scale for evaporative drying of 
I -micron diameter droplets is on the order of 100 milliseconds?•, which is much less than the time required 
for the particles to move from the participant's mouth into the detection module within the APS, suggesting 
that the particles measured here had fully dried into droplet nuclei prior to measurement (see methods and 
Supplementary Fig. S3). 

Experiments with multiple participants indicated that these trends are conserved over a larger sample size 
(Fig. 2C) . The particle emission rate increased approximately linearly with A,m, for each of the study partici 
pants, although the absolute magnitude varied between individuals. One participant (F3) released as many as 
200 particles per second at higher amplitudes; another (F2 ) released as few as I particle per second at lower 
amplitudes. Notably, the data with this cohort of non-elderly adults reveal no obvious trends with gender or age 
(Supplementary Figs S4A, B). Similarly, no clear correlation was observed with the body mass index (BM!) of the 
participants (Supplementary Figs S4C, D) . 

To more closely represent normal conversational speech, the participants read aloud a short passage of text 
in English at varied loudness (quiet, intermediate, or loud). Representative raw data for a single participant (F4) 
indicate that the particle emission rate also correlates with voice amplitude for normal speech (Fig. 3A,B). To 
quantify the loudness, we take A,m, here as the average over the entire approximately two-minute duration of 
the vocalization, excluding pauses between words. Aggregated data for 10 participants confirms that the particle 
emission rate for normal English speech correlates linearly with A,m, (Fig. 3C}; speaking loudly yielded on aver
age a IO-fold increase in the emission rate compared to speaking the same series of words quietly. Again, the size 
distributions (Fig. 30 ) and geometric mean diameter of particles (Supplementary Fig. S2B) were insensitive to 
voice amplitude. The reading experiment also was repeated in different languages to test whether choice oflan
guage matters; the results (Supplementary Fig. SS) confirmed the increasing trend between particle emission rate 
and amplitude, but exhibited no significant difference in the particle emission rate among the languages tested 
(Supplementary Fig. S6). Likewise, we measured the temperature and humidity during the experiments, and 
found no significant impact of temperature or humidity on either the particle emission rate or the mean particle 
size (Supplementary Figs S7 and SB). 

A key recurring feature of the data is that some individual participants emitted many more particles than 
others. Because all participants spoke at slightly different amplitudes, we used linear regressions of the parti
cle emission rate versus amplitude for each individual (cf. Fig. 2A} to calculate a normalized particle emission 
rate at the loudness amplitude of 0.1 (approximately 85 dB). Using this approach, the results for 40 people show 
that the particle emission rate for different individuals follows a long-tailed distribution for both vocalization 
of /a/ (Fig. 4A) and reading of English text aloud (Fig. -tB). At this loudness, the normalized particle emission 
rates ranged from approximately I to 14 particles per second between different individuals, with an average of 
approximately 4 particles per second. Notably, the rates have a sizeable standard deviation well approximated by a 
lognormal fit (red curves in Fig. 4). In other words, although half of the participants emitted fewer than 3 particles 
per second, a small fraction of individuals (8 out of 40) emitted considerably more. These "speech superemitters:' 
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Figure 2. Particle emission rate/concentration while saying /a/ at 8 different amplitudes, repeated 6 times at 
each amplitude. (A) Particle emission rate/concentration versus root mean square amplitude, Arms (arb. units) 
for a representative participant (F4). Solid line is the best linear fit, with correlation coefficient p = 0.932 and 
Pearson's p value = S.9 x 10- 22

• (B) Corresponding particle size distribution for the data presented in (A). 
(C) Aggregated particle emission rate/concentration versus root mean square amplitude, Arms (arb. units) for 
10 participants, S males (denoted as Ml to MS) and S females (denoted as Fl to FS). There are 8 data points 
for each participant, each representing the average of repeating /a/ six times at approximately the same voice 
amplitude (cf. Fig. I ). Solid line is a power law fit with exponent 1.004, correlation coefficient p = 0.774 and 
Pearson's p value = 3.8 x 10- 11
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Figure 3. Particle emission rate/concentration while reading a passage of text aloud (the "Rainbow" passage), 
at three different loudness levels. (A) Superimposed representative recordings of amplitude (arb. units) for an 
individual (F4) reading the passage at three different voice amplitudes, and (B) the corresponding number/ 
concentration of particles measured by the APS versus time. Color code same as in (A). (C) Particle emission 
rate/concentration as a function of root mean square amplitude, Arms> for 10 participants. There are 3 points 
for each person, representing 3 voice amplitudes, color code same as Fig. 2C. Solid line is a power law fit with 
exponent 0.96, correlation coefficient p = 0.86S and Pearson's p value = 6.8 x 10- 10. (D) Representative particle 
size distribution for the one individual (F4). 

whose individual particle emission rate exceeded the group mean by one standard deviation or more, consist
ently released an order of magnitude more particles than their peers. For vocalizing /a/, Fig. 4A shows that 1S% 
of the participants emitted 32% of the total particles, while Fig. 4R shows that, for reading aloud in English, 
l 2.S% of the participants emitted 40% of the total particles. Supplementary Fig. S9A shows that 4 out of these 8 
individuals are superemitters for both saying /a/ and passage reading activities, while 2 of them are only super
emitters while saying /a/, and 2 of them are superemitters while reading a text passage. We repeated the passage 
reading experiment for two of the participants (MS and F4) on three different days separated by several months 
(Supplementary Fig. S9B), and the results show that the particle emission rates remained almost unchanged for at 
least these two individuals (F4, a superemitter, and MS, a non-superemitter) despite the long time period between 
measurements. 

To help interpret our findings we also compared the particle emission rates of four different types of breathing 
with speech at three levels ofloudness using the same experimental set-up. The breathing experiments included 
nose breathing, mouth breathing, a "deep-fast" mode, and a "fast-deep" mode (see methods for details). The 
results show that the particle emission rate for speech is significantly higher than all types of breathing tested here 
(Fig. SA). Furthermore, the corresponding geometric mean diameters of the particles generated during speech 
are slightly larger on average than those generated during breathing (Fig. SB), consistent with prior work and 
the hypothesis that vocalization activates laryngeal particle generation~ 1 • Note that in Fig. SA the speech outliers 
correspond to a single participant who is a speech superemitter (F4), but this individual was not also responsible 
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Figure 4. Histogram of particle emission rate/concentration at voice amplitude of 0.1 (approximately 85 dB). 
(A) For saying /a/, with median of M = 4.3 particles/s, mean of m = 4.8 particles/sand standard deviation of 
a = 3.0 particles/s. (B) For reading an English passage ( 10 people read the "Rainbow" passage and 30 people 
read chapter 24 of "The Little Prince") with median of M = 2.5 particles/s, mean of m = 3.4 particles/sand 
standard deviation of a = 2. 7 particles/s. Particle emission rates larger than m + a are labeled superemitters. Red 
curves are lognormal fits found via nonlinear regression. 

for the observed outliers of"fast-deep" and "nose" breathing activities. In other words, the "breathing high pro
ducers" as defined by Edwards et al. 1' are not necessarily also speech superemitters. 

Discussion 
Given that the results clearly indicate that particle emission rate is correlated with vocalization amplitude, a natu
ral question is: why? The particles emitted during breathing and speech are hypothesized to be formed primarily 
by a "fluid-film burst" mechanism inside the small airways of the lungs and/or via vocal folds vibration and 
adduction at the larynx~. !o . i i . During exhalation the elastic walls of the respiratory bronchioles contract, and the 
mucosa! fluid on the lumen surface forms a continuous film that can completely fill the airway. During the subse
quent inhalation, the bronchioles expand and the film ruptures, yielding particles that are drawn into the alveoli 
and subsequently exhaled. A similar mechanism is believed to occur in the larynx, as the vocal folds repeatedly 
close and open during vocalization1 1; when the vocal folds come into contact during adduction, fluid films that 
form between them can then rupture during their subsequent abduction. Our direct comparison of particles 
emitted during various types of breathing versus speech demonstrates that even quiet speech yields significantly 
more particles than normal breathing (Fig. SA). Coupled with the observation that the particles generated during 
speech on average are slightly larger (Fig. -B), the results suggest that laryngeal particle generation, which pre
sumably does not occur during normal breathing, is at least partially responsible for the observed larger rates of 
particle emission. Indeed, the fundamental frequency or "pitch" of vocalization (i.e., the frequency at which the 
vocal folds open and close) increases slightly with amplitude (cf. Supplementary Fig. Sl 1 and Gramming et a/:'1

), 

so the increased amplitude could reflect an increased opportunity for particles to form at the larynx. 
Complicating matters, however, vocalization at a larger voice amplitude requires a larger exhalation flow 

rate •.• . .< 
1• A possible interpretation of our observations is that the underlying physical mechanism of particle 

release hinges on the combination of laryngeal particle generation rate and the time integral of the exhalation 
flow rate during vocalization-''. If the volume of exhaled air is larger when the voice amplitude is higher, a larger 
fraction of particles formed in bronchiolar film rupture may escape from the lungs, with consequently more emit
ted particles, thus increasing the particle concentration in the exhaled air. Since our measurements only gauge the 
particle emission rate (and equivalent concentration), it is difficult to decouple the relative contributions of these 
two mechanisms. Fitting our particle size distributions to constrained bimodal lognormal distributions provides 
some evidence consistent with the interpretation presented by Johnson et a/. 11 that there are two modes, pre 
sumably due to bronchiolar versus laryngeal generation, but we do not find any significant difference in particle 
emission rates for the two modes as a function of vocalization amplitude (Supplementary Fig. SID and cf. Fig. SB). 
Furthermore, it is less understood how particles originating in the respiratory tract might deposit in more prox
imal regions instead of being emitted during exhalation. Particle deposition efficiency during nasal exhalation is 
known to depend on exhalation flow rate in a convoluted fashion, with Brownian diffusion, sedimentation, and 
inertial impaction all playing roles at different length and time scales within the respiratory tract "'. Nonetheless, 
our results strongly suggest that, in general, more particles escape the respiratory tract if the vocalization is louder. 

Our results also clearly show that some participants release many more particles than others, for as-yet unclear 
reasons. It is known that the Rayleigh-Plateau instability that gives rise to small droplets during the "film burst" is 
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Figure 5. Comparison of (A) emission rate/concentration and (B) corresponding geometric mean diameters 
of particles emitted during various modes of breathing versus speech at different loudness levels. "Nose" 
denotes normal nasal breathing; "Mouth" denotes normal mouth breathing; "Deep-Fast" denotes deep, slow 
nasal inhalation followed by fast mouth exhalation; "Fast-Deep" denotes fast nasal inhalation followed by deep 
(i.e., slow and prolonged) mouth exhalation. "Quiet': "Intermediate': and "Loud" denote loudness levels while 
reading aloud a passage of text ("Rainbow" passage) at respective amplitudes. Red lines indicate medians, while 
bottom and top of blue boxes indicate the 25•h and 75•h percentiles respectively; sample size is n = 10. Outliers 
(defined as values that exceed 2.7 standard deviations) are indicated with red plus signs. Note that the 2 outliers 
for speech in (A) are a different individual (F4) than the two outliers observed for nose and fast-deep breathing 
(M24 and MS respectively). Scheffe groups are indicated with letters; groups with no common letter are 
considered significantly different with p < 0.05, cf. Supplementary Table S 1. Note that (A) has different scales 
above and below the break. 

sensitive to the interfacial tension, density, and viscosity of the fluid •;, so one possible explanation is that the mucosa( 
fluids in different people have different material properties and correspondingly generate more or fewer drops. 
Notably, different disease states are known to alter the physicochemical properties of the mucosa( fluid lining the 
respiratory tract ·~, so it is possible that infected individuals might generate markedly different quantities of particles 
than those emitted by the healthy individuals tested here. Intriguingly, Edwards et al. ,; found that delivering nebu
lized isotonic saline to individuals decreased the number of particles exhaled during normal breathing for a few 
hours after inhalation of the saline; further tests are warranted with speech. Alternatively, it is possible that individual 
manners of articulation affect the amount of internal deposition of the particles before they manage to escape the 
mouth. Our tests of different languages yielded no significant differences, at odds with previous speculation that 
language spoken might have played a role in the epidemiology of SARS coronavirus transmission '9, and suggesting 
that some as yet unknown physiological factor causes the dramatic variation among individuals. 

Regardless of the underlying physical mechanism, from an epidemiological perspective the existence of 
speech superemitters motivates consideration of a new hypothesis: that speech superemitters contribute to 
"superspreading" of infectious diseases transmitted by emitted airborne particles. A superspreader is a contagious 
individual who infects a disproportionately large number of susceptible contacts .. . w.-11 • To date, several airborne 
superspreading events have been documented, such as the MERS-CoV outbreak in South Korea in 2015 and the 
SARS-CoV outbreak in 2003, the latter being initiated in Hong Kong and spreading to Canada, Vietnam, and 
Singapore through travel 11

' -•' . In the case of respiratory infectious diseases in particular, the underlying physi 
ological and immunological factors that contribute to heterogeneity in individual infectiousness remain poorly 
understood, despite the epidemiological importance of respiratory superspreaders. Quantifying infectious path
ogen loads in exhaled air is technically challenging, relative to other contagious substances like blood, urine, 
and feces. Many factors presumably affect the secondary attack rate attributable to any infectious individual, 
including the herd immunity status of others in proximity. Nonetheless, our results suggest that, for respiratory 
infections transmitted from person to person via airborne particles, the existence of speech superemitters might 
help explain the existence of superspreaders. A similar hypothesis was advanced by Edwards et al. 1' in response 
to their observation of variabil ity between individuals in the number of particles emitted during mouth breath
ing. Interestingly, our data show that speech superemitters are not necessarily breathing superemitters as well 
(Fig. 5A), suggesting that respiratory superemission during vocalized speech has a different underlying physiol 
ogy than superemission during tidal breathing. 

Our results indicate that speech is potentially of much greater concern than breathing for two reasons: the 
particles on average are larger, and thus could potentially carry a larger number of pathogens, and much greater 
quantities of particles are emitted compared to breathing, thus increasing the odds of infecting nearby susceptible 
individuals. Laryngeal particle generation during speech is also potentially important since some studies suggest 
that human influenza viruses attach more abundantly to the large airways of the upper respiratory tract than to 
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the bronchiolar and alveolar cells in the lower respiratory tract, while MERS-CoV and avian influenza viruses 
mainly cause lower respiratory tract infections due to the greater presence of these virus receptors deeper within 
the lungH-·" ; likewise there is evidence that laryngeal tuberculosis is potentially more contagious than typical 
pulmonary tuberculosis~~ . 

A second key epidemiological implication of our results is that simply talking in a loud voice would increase 
the rate at which an infected individual releases pathogen-laden particles into the air, which in turn would 
increase the probability of transmission to susceptible individuals nearby19. For example, an airborne infectious 
disease might spread more efficiently in a school cafeteria than a library, or in a noisy hospital waiting room than 
a quiet ward. Moreover, our data suggest a related hypothesis, that infected individuals could be transmitting sig
nificant numbers of respiratory pathogens via speech in the absence of overt clinical signs of illness like coughing 
or sneezing. More research is needed; however, the presence of asymptomatic or paucisymptomatic superspread
ers would have important public health implications in the surveillance for and mitigation of infectious disease 
epidemics that are spread by airborne respiratory particles. The data presented here strongly suggest that further 
efforts to test these hypotheses are warranted. 

Methods 
Human subjects. The University of California Davis Institutional Review Board approved this study and all 
research was performed in accordance with relevant guidelines and regulations of the Institutional Review Board. 
We recruited 48 healthy volunteers (26 males and 22 females, ranging in age from 18 to 4S years old) by posting 
flyers at the University of California Davis campus over the time period May 2016 to March 2018. Informed consent 
was obtained from all participants prior to study participation. All participants completed a brief questionnaire 
including age, gender, weight, height, general health status, and smoking history. Only participants who self-re 
ported as healthy non-smokers were included in the study. The subject in Supplementary Fig. Sl2 provided her writ
ten informed consent for the publication of identifying information/images in an online open-access publication. 

Experimental set-up. A photograph of the experimental set-up is provided as Supplementary Fig. Sl2. An aero
dynamic particle sizer (APS, TS! model 3321) operating at a total flow rate of SL/min (sheath flow rate ~ 4 L/min, 
sample flow rate~ 1 L/min) was placed inside a HEPA filtered laminar flow hood that provided class 10 air. A plastic 
funnel (diameter= lOcm) was connected to the APS sampling inlet via a conductive silicon tube (distance between 
funnel hole to APS inlet=7.Scm, tube inner diameter = l.2cm). During each experiment, participants sat at the lami
nar flow hood, in front of the APS, and spoke into the funnel. For the majority of speaking and breathing experiments, 
a nose rest across the funnel opening was used to position participants' mouths approximately 7.Scm away from the 
funnel inlet (hole) and also to divert nasal exhalations away from the APS. During "nose-breathing" experiments, the 
nose rest was removed to allow nasal exhalations to be drawn into the APS. Note that participants' faces did not touch 
the funnel, so that air was free to move around the side of their faces; in this sense the cone was a semi-confined envi
ronment and not all expired particles were necessarily sampled by the APS. Also note that the sheath flow inside of an 
APS is filtered, so the particle emission rates sampled by the APS automatically remove 80% of the particles sampled 
from the funnel. Equivalent concentrations reported on the secondary axes in Figs 1 through Sare determined from the 
raw particle counts using the sample flow rate, i.e., C = particles x ~ = partic,'es . Also note that the APS measures the 

s cm· cm· 
size distribution of particles larger than O.S µm, but only detects the presence of particles between 0.37 µm and 0.5 µm 
without providing precise size measurements. For this reason Figs 1-S exclude the counts of particles smaller than 
O.S µm; including them has little impact on the results since the vast majority of particles were larger than 0.5 microns. 

A microphone (audio-technica PRO 37) and a decibel meter (Extech, 407760) were placed immediately on 
either side of the funnel to record the vocalizations. A computer screen with word prompts and a timer was placed 
behind the APS to guide participants in making requested vocalizations for the specified duration. The Liming, 
duration, repetition, and order of vocalization and breathing experiments were coordinated by customized code 
written in Lab VIEW (National Instruments). A digital hygrometer was used to measure the ambient temperature 
and relative humidity inside the laminar flow hood during all experiments. The participants were not allowed to 
drink or eat during the experiment, but they were free to rest between experiments for a few minutes as needed; 
data from each individual participant was gathered over an approximately 1-hour time period. We performed 
the experiments in an indoor (controlled) environment, so the ambient temperature varied only from approx
imately 20 to 2S °C, while the ambient relative humidity measured inside the laminar flow hood varied from a 
low of approximately 4S% to a high of 80%. Control experiments indicate that the particle size distribution was 
independent of whether the particles were expired early or late during a sustained vocalization (Supplementary 
Fig. S3), indicating that transient fluctuations in the humidity inside the funnel due to exhalation had no impact 
on the final measured size distribution. Particles with initial diameter ofless than 20 µm dry to approximately half 
of their initial diameter in less than 1 second '9·\ll . Different correction factors have been suggested in the literature 
that one can use to estimate the initial size of the particles'"·' ' ; here we focus on the final size distribution because 
epidemiologically it is the final size distribution governs the deposition efficiency of the particles in the respira
tory tract of nearby susceptible individuals" . 

Vocalization experiments. "/a/" experiments. Participants (n = 10, S males, Ml to MS, and S females, Fl 
to FS) voiced /a/ (the vowel sound in 'saw') for five seconds, followed by l S seconds of nose breathing, repeated 
six times in succession. The participant repeated the series of six /al vocalizations, to the best of the participant's 
ability, at the same amplitude. Each participant completed eight sets of /al experiments, each set performed at dif
ferent, self-regulated voice amplitude. Timed prompts with directions for the requested vocalization appeared on 
the computer screen, which displayed a timer and an amplitude (loudness) gauge to help the participants regulate 
their voice amplitude. The requested amplitudes were presented to participants in a random order. 
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"Rainbow passage" experiments. Participants (n = 10, S males, Ml to MS, and S females, Fl to FS) read aloud 
a 330-word excerpt of text in English, known in linguistics research as the Rainbow passage'.l . Participants were 
asked to read the Rainbow passage aloud three times, at a comfortable pace, over approximately 2 minutes per 
reading. Each of the three readings was performed at a different self-regulated amplitude: quiet, intermediate, and 
loud. Quiet was defined for participants as "just louder than a whisper:' intermediate as a "normal conversational 
voice:· and loud as "giving a loud lecture''. 

"The Little Prince" experiments. Bilingual participants (n = 30) fluent in both English and either Spanish (n = 10, 
S males, M6 to MlO, and S females, F6 to FlO), Mandarin (n = 10, S males, Mll to MlS, and S females, Fl l to 
FlS), or Arabic (n = 10, 6 males, Ml6 to M21, and 4 females, Fl6 to Fl9) read Chapter 24 of"The Little Prince' 1

" 

aloud six times, three times in English translation, each time at a different amplitude (quiet, intermediate, and 
loud) and three times in their respective language, again at three loudness levels. 

Breathing/speaking experiments. Participants (n = 10, 6 males, MS and M22 to M26, and 4 females, F4 and F20 
to F22) alternated four silent breathing patterns with vocalized speech at three amplitudes. For breathing meas
urements, the breathing patterns were designated as "nose" (both inhalation and exhalation through the nose), 
"mouth" (both inhalation and exhalation through the mouth), "deep-fast" (deep, slow inhalation for - 3 seconds 
through the nose, holding it for -1 second, followed by fast exhalation through the mouth (- 1 second)), and 
"fast-deep" (rapid inhalation through the nose (- 1 second), holding it for - 1 second, followed by slow exhalation 
through the mouth for -3 seconds). Each breathing experiment was performed over 2 minutes, and at a comfort
able pace for the participants. Between performing different breathing patterns, participants were asked to read 
the Rainbow passage in a "quiet:' "intermediate;' or "loud" voice, as prompted by the computer in random order. 

Statistical analysis. Data analysis was performed in MATLAB (Math Works), with data fits performed 
as noted in figure legends. Pearson's linear correlation coefficients and p values were calculated for linear fits. 
Lognormal fits were made via nonlinear regression, and median, mean, and standard deviation were calculated. 
Box-and-whisker plots show the median (red line), interquartile range (blue box), and range (black whiskers). To 
analyze the breathing/speaking experiments data presented in Fig. 5, Stata/SE lS.l was used to perform general 
linear mixed model (GLMM) analysis to account for person-level correlations, and post hoc pairwise compari 
sons were performed and adjusted for multiple comparisons using Scheffe's method. 

Data Availability 
All relevant data are available from the corresponding authors upon request. 
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Abstract 

Data on viral load, as estimated by real-time RT-PCR threshold cycle values from 3,712 
COVID-19 patients were analysed to examine the relationship between patient age and 
SARS-CoV-2 viral load. Analysis of variance of viral loads in patients of different age categories 

found no significant difference between any pair of age categories including children. In 
particular, these data indicate that viral loads in the very young do not differ significantly from 
those of adults. Based on these results, we have to caution against an unlimited re-opening of 
schools and kindergartens in the present situation. Children may be as infectious as adults. 

Introduction 
The present measures to curb the spread of SARS-CoV-2 by non-pharmaceutical interventions 
are beginning to show effects in many countries. Along with the gradual lifting of measures of 
physical distancing, there is a growing discussion regarding the contribution of school- and 

kindergarten closures to the reduction of transmission rate (1) and to the expected rebound 
upon reopening. Studies to determine the contribution of children as sources of infection are 
complicated by the fact that non-pharmaceutical interventions including school- and 
kindergarten closures were in place before observational trials could begin. A household study 

in China and observations in a limited number of contact investigations in Germany suggest that 
children are infected by SARS-CoV-2 at a rate that may not be different from that of adults (2, 
3). However, the extent to which children can act as sources of infection remains unclear. A 

challenge when trying to address this question by epidemiological observation is posed by the 
present situation of physical distancing. Because kindergartens and schools are closed, it 
becomes less likely that children become index cases in households. During the early phase of 
the SARS-CoV-2 epidemic in many European countries, the seeding of cases by adult-aged 

travelers who visited early epidemic foci was an additional reason why children were 
under-represented in age-related incidence (4). It is therefore unlikely that epidemiological 
investigations undertaken under the present conditions can identify the actual risk of acquisition 

of infection from children by subjects of any age group. 

An alternative way to achieve a correlate of infectivity is to directly analyze the virus 
concentration in the respiratory tract. We have previously shown that viral loads under a 

concentration of ca. 106 copies per ml of sputum or per entire throat swab are unlikely to yield 
infectious virus growth in cell culture (5). We also found that virus could not be isolated from 
respiratory samples after the first week of symptoms, which is highly concordant with 

transmission analyses based on actual transmission pairs, suggesting that infectivity ends by 
the end of the first week of symptoms (6). To enable an estimate of infectivity in children, we 
analyzed viral loads observed during routine testing at a large laboratory testing ·centre in Berlin 

(Charite Institute of Virology and Labor Berlin). Charite Institute of Virology was the first 
laboratory qualified to test for SARS-CoV-2 in Germany and until early February 2020 was the 
only SARS-CoV-2 testing facility in Berlin, a city of ca. 3.8 million inhabitants. Labor Berlin is a 
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large medical laboratory services provider in Berlin, owned by the senate of Berlin and serving 
Charite as well as other large hospitals in Berlin and beyond. Labor Berlin serves public testing 
centres that mainly see adult outpatients. It also tests out- and inpatients from several hospitals, 

and serves practitioners and public health agencies submitting samples taken during 
household-based contact tracing. 

Results 

From January to 261
h April, 2020, virology laboratories at Charite and Labor Berlin screened 

59,831 patients for COVID-19 infection, 3,712 (6 .2%) with a positive real-time RT-PCR result. 

We divided patients according to two categorizations to investigate whether there is a 
relationship between patient age and viral load. The first categorization is based on ten-year 
brackets, ages 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90, and 91-100. The 

second categorization is based on broad social strata: kindergarten (ages 0-6), grade school 
(ages 7-11), high school (ages 12-19), university (ages 20-25), adult (26-45 years), and mature 
(age over 45). Patient counts in each age group, and number and percentage of PCR positive 

patients are shown in Table 1. A comparison of age stratification in tested cases versus the 
Berlin population is shown in Figure A1. Of note, whereas younger age groups have lower 
detection rates (Table 1), this does not imply an age-based estimate of infection prevalence 
because of mostly symptoms-directed testing . 

Due to the small sample sizes in the pediatric age groups, we examined diagnostic indications 
for 47 cases (1-11 years of age) for whom this information was available. Fifteen cases had 

indications pointing toward underlying disease or hospitalization. Average viral loads in these 
cases were lower than in children tested in outpatient departments, practices, or households 
(Figure A2). This corresponds to the observation that hospitalization occurs after some days of 
symptoms, a time when viral loads in throat swabs are beginning to decline (5) . 

Viral load 

The distribution of observed viral loads in a total of 3,712 cases are shown in Figure 1. The viral 
loads are not normally distributed but are skewed towards a mean (logarithm base 10) value of 
5.19 (i.e., 105

· 1
9 viral copies) per sample, with a median of 4.80, corresponding to threshold 

cycle (Ct) values of 30.01 and 31 .23, respectively. The sharp drop on the left side of the 

distribution is due to the assay sensitivity limit. The viral load projection derived in our study is 
semi-quantitative, and projects viral load per ml of sputum or per entire swab sample, while 
only a fraction of the volume of both types of sample can actually reach the test tube. Also, 

quantification is based on a standard preparation tested once in multiple diluted replicates to 
generate a standard curve and derive a formula upon which Ct values are transformed into viral 
loads. This approach does not reflect inter-run variability or the variability between different 
RT-PCR setups and chemistries. However, these variabilities apply to all age groups and do not 
affect the interpretation of data for the purpose of the present study. 
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Analysis of variation in viral load between age groups 

Viral loads are plotted according to categorization in Figure 2 with per-group descriptive statistics 

shown in Table 2. Two key prior conditions for an analysis of variance are a) that the dependent 
variable is approximately normally distributed within each category and b) that the variance 
within each category is approximately equal. A Shapiro test for normal distribution in the first 
categorization (C1) has a value of 0.96 (p value 2.11-31

), and in the second categorization (C2) a 
value of 0.96 (p value 8.56-32

) (Table A1), strongly indicating that the log10 viral load numbers in 

both categories are not normally distributed, as is clear from Figures A3 and A4. Regarding 
equality of variance, Levene's statistic (7) (using median values) in categorization C1 has value 

1.80 (p value 0.063) while in categorization C2, the same statistic has value 2.30 (p value 
0.042) (Table A2). Thus in C2 there is evidence that the viral load variance between the 

categories cannot be considered approximately equal. Given these results, we used the 
non-parametric Kruskal-Wallis H test (8), since it does not have pre-conditions of normality or 
equality of variance. The Kruskal-Wallis H statistic had value 22.39 (p value 0.008) for C1 and 
14.97 (p value 0.011) for C2 (Table A3). Although the significant Kruskal-Wallis test indicates at 

least one significant pairwise difference exists between subgroups in both categorizations, due 
care must be exercised in the post hoc interpretation due to the influence of highly skewed 

distributions. 

We performed pairwise post hoc analyses on both categorizations using three methods: the 
Tukey honestly significant difference (HSD) test (9) (Table A4), Bonferroni-adjusted pairwise 
T-test (10) (Table A5), and Dunn's test (Table A6) (11). For categorization C1, none of the 

three post hoc methods indicated a significant difference between any pair of the ten subgroups. 
For categorization C2 the situation was identical, apart from Dunn's test indicating a difference 
(p value 0.045) between the very youngest (kindergarten) and very oldest (Mature) subgroups. 
Thus the overwhelming conclusion from the three post hoc testing methods is that no significant 

differences in viral load exists between any subgroups in either categorization. 

Discussion 
Because of difficulties in conducting observational trials to investigate the infectivity of children 
as opposed to other age groups with SARS-CoV-2 infection, in this short study we attempt the 

provision of a direct measure of virus concentration from which one can extrapolate to 
infectivity. 

Whereas the attack rate in children seems to correspond to that in adults (2), it is obvious that 
children are under-represented in clinical studies and less frequently diagnosed due to mild or 

absent symptoms. For instance, a recent systematic review identified only 1,065 pediatric 
SARS-CoV-2 cases in the medical literature as of April 2020 (12). Further, an estimate based 
on the number of symptomatic admissions in a specialist pediatric hospital suggested 
approximately 1105 (95% Cl: 592-1829) cumulative pediatric COVID-19 hospitalizations prior to the 
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lockdown in Wuhan starting January 23'd, at which point only 425 confirmed cases had been 

reported across all age groups, none of which were under age 15 ( 13). Because they are mostly 
asymptomatic, children may not be presented at testing centers even if they belong to 
households with a confirmed index case. There are many other factors that complicate the 

determination of infection rates in, and transmission rates from children. For instance, the age 
profile during the early phase of the outbreak in many European countries makes it difficult to 
derive transmission rates from household contact studies. Early transmission clusters were 

started by travellers of adult age, making children less likely to be index cases in households 
(4). Another circumstance making children less likely to carry the virus into households is that 
kindergartens and schools were closed early in the outbreak in Germany. These combined 

effects will cause children to be more likely to receive rather than spread infections in 
households for purely circumstantial reasons. This observation may be misunderstood as an 
indication of children being less infectious. The determination of viral loads seems to provide an 
interesting means to achieve an indirect but robust estimate of infectivity in the present 

epidemiological circumstances. The correlation of RNA-based viral load in the respiratory tract 
with infectivity, as measured in cell culture, has been established (5, 14). 

In our study, the virus detection rate increased steadily with age of patients tested. As testing 
was predominantly directed by symptoms, this suggests that children with respiratory symptoms 
and fever are less likely than adults to suffer from acute SARS-CoV-2 infection. Many other 
respiratory viruses cause symptomatic disease in children, but less so in adults where endemic 

respiratory viruses often present as mild upper respiratory tract infection without fever. Our 
results should clearly not be taken as an indicator of age-specific prevalence in Germany. 
Rather, the low rate of SARS-CoV-2 detection in the tested children suggests that symptoms 
are not a good predictor of infection. At the same time, the absence of symptoms does not imply 

absence of virus excretion. In a study of people living in the Italian village of V6, in which ca. 
80% of the population were tested by RT-PCR twice within two weeks, about half the population 
were found to be asymptomatically infected, showing no symptoms over the observation period 
of two weeks, while viral loads were equivalent in symptomatic and asymptomatic patients (15). 

It is a limitation that we have not generally discriminated the studied patients into sub-cohorts 
based on symptomatic status, underlying diseases, or other indications for diagnostic test 

application. At least for the children in the present study, we can say that hospitalized children 
with underlying disease were not found to have higher viral loads than children without known 
underlying disease tested in outpatient departments, practices, or households. The latter would 
represent children attending schools and kindergartens. 

The viral loads observed in the present study, combined with earlier findings of similar attack 
rate between children and adults (2), suggest that transmission potential in schools and 
kindergartens should be evaluated using the same assumptions of infectivity as for adults. 

There are reasons to argue against the notion of adult-like infectivity in children, such as the fact 
that asymptomatic children do not spread the virus by coughing, and have smaller exhaled air 
volume than adults. However, there are other arguments that speak in favour of transmission, 
such as the greater physical activity and closer social engagement of children. We recommend 
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collecting and evaluating more viral load data from testing laboratories to achieve more robust 

statistical assessments and independent confirmation of the present results. Based on the 
absence of any statistical evidence for a different viral load profile in children found in the 
present study, we have to caution against an unlimited re-opening of schools and kindergartens 

in the present situation, with a widely susceptible population and the necessity to keep 
transmission rates low via non-pharmaceutical interventions. Children may be as infectious as 

adults. 
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Categorization C1 Categorization C2 

Group Count +ve % %+ve Group Count +ve % +ve % +ve load 
+ve load >1M 

>1M 

1-10 2, 181 49 2.25 0.50 KG 1,759 37 2.10 0.40 

11-20 1,991 78 3.92 1.05 GS 623 16 2.57 0.80 

21-30 9,710 536 5.52 1.87 HS 1,790 74 4.13 1.12 

31-40 12,737 630 4.95 1.59 Uni 4,587 267 5.82 2.05 

41-50 9,572 575 6.01 1.59 Adult 23,665 1,247 5.27 1.63 

51-60 10,586 662 6.25 2.08 Mature 27,407 2,071 7.56 2.42 

61-70 5,529 431 7.80 2.66 

71-80 4,064 420 10.33 3.03 

81-90 3,302 314 9.51 3.30 

91-100 159 17 10.69 5.03 

Table 1: Categorization breakdown and positive PCR counts and percentages. The 'Count' 
column in each categorization gives the total number of patients tested. '+ve' indicates a total 

number of positive RT-PCR results for the subgroup. '% +ve load >1 M' indicates the percentage 
of positively tested individuals with over one million viral copies. KG: kindergarten; GS: grade 
school; HS: high school; Uni: University, +ve: positive. 
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A) Category Cl N Mean SD SE 95% Conf. Interval 

1 49 4.637858 1.826493 0.260928 4.121141 5.154576 

2 78 4.798684 1.790027 0.202681 4.398859 5.198509 

3 536 5.261825 1.93962 0.083779 5.097465 5.426185 

4 630 5.213623 2.020657 0.080505 5.055708 5.371538 

5 575 4.985018 1.87101 0.078027 4.831953 5.138083 

6 662 5.258317 1.905385 0.074055 5.11306 5.403575 

7 431 5.278967 1.872932 0.090216 5.101938 5.455996 

8 420 5.174407 1.78352 0.087027 5.003631 5.345183 

9 314 5.344452 1.899481 0.107194 5.134016 5.554887 

10 17 5.609229 2.047993 0.496711 4.605712 6.612745 

B) Category C2 N Mean SD SE 95% Conf. Interval 

Adult 1247 5.15923 1.970687 0.055806 5.049806 5.268655 

GS 16 5.364652 2.214843 0.553711 4.243786 6.485517 

HS 74 4.783514 1.776356 0.206497 4.376017 5.191012 

KG 37 4.371295 1.601139 0.263226 3.848256 4.894334 

Mature 2071 5.229369 1.867447 0.041035 5.148921 5.309818 

Uni 267 5.283627 1.946236 0.119108 5.049738 5.517517 

Table 2: Statistics describing the viral load distributions in C1 and C2. The mean, standard 
deviation (SD), standard error (SE), 95% Confidence Interval (95% Conf.), and the interval are 
shown for the base-10 logarithm of viral load for A) categorization C1 (by age class), and 8) 
categorization C2 (by schooling/social). KG: kindergarten; GS: grade school; HS: high school; 
Uni: University. 
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Figure 1: Histogram of viral loads: The plot shows the frequency distribution of 3,712 values 
of patient SARS-CoV-2 (logarithm base 10) viral load, estimated from real-time RT-PCR Ct 
values. The RT-PCR cycle corresponding to the logarithmic viral load is given in parentheses. 

The sharp drop on the left side of the distribution is due to RT-PCR sensitivity and the limit on 

cycles. 
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Figure 2: Viral load by patient category. A: categorization by 10-year age strata (C1): 
Patients were divided into categories based on age. The base 1 O logarithm of viral load is 
estimated from the real-time PCR Ct value. Category counts are given in parentheses in the 

x-axis labels. B: Categorization by schooling/social (C2): Patients were divided into 
categories based schooling level, estimated on the basis of age. X-axis labels show the 
category (KG: kindergarten; GS: grade school; HS: high school; Uni: University), the age range 
in years, then the category count in parentheses. 

Methods 
Due to testing of some but not all positive cases by two RT-PCR targets, 3,712 of 59,831 (6.2%) 

patients had 5,285 positive results overall. In cases with more than one result, we selected the 
PCR result with the lowest Ct value. Results based on Light Cycler 480 PCR, as opposed to 
Roche 8800 or 6800, were chosen preferentially when results from more than one PCR system 
per patient was available (the latter systems were introduced in the laboratory during the 

observation period). 
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The following Python (version 3.8) software packages were used in the analysis and production 

of images: Scipy (version 1.4.1) (16), pandas (version 1.0.3) ( 17), researchpy (version 

08/28/2018) (https://researchpy.readthedocs.io/en/latesU), statsmodels (version 0.11.1) ( 18), 

matplotlib (version 3.2.1) ( 19), numpy (1.18.3) (20), and sea born (version 0.10.1) (21). 

Viral load is estimated from Ct value based on the empirical formula log10(8 * 1014 * e-0
•
745 ·ct). 

The formula is derived from testing a standard curve. 
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Appendix 

Categorization 

C1 

C2 

Statistic 

0.959 

0.957 

p value 

2. 713e-31 

8.563e-32 

Table A1: Shapiro test for normal distribution. 

Categorization 

C1 

C2 

Statistic 

1.800 

2.302 

p value 

0.063 

0.042 

Table A2: Levene's test for equality of variance. 

Categorization 

C1 

C2 

Statistic 

22.390 

14.969 

Table A3: Kruskal-Wallis H test. 

p value 

0.008 

0.010 

Result 

significant, not normally distributed 

significant, not normally distributed 

Result 

Not significant, equal variance 

Significant, unequal variance 

Result 

significant, a differing pair may exist 

significant, a differing pair may exist 

Categorization Group 1 Group 2 Mean diff p-adjusted lower upper reject 

C1 2 0.1608 0.9 -0.9385 1.2601 FALSE 

3 0.624 0.4633 -0.2761 1.524 FALSE 

4 0.5758 0.5617 -0.3186 1.4702 FALSE 

1 5 0.3472 0.9 -0.5503 1.2446 FALSE 

6 0.6205 0.4598 -0.2724 1.5133 FALSE 

7 0.6411 0.4379 -0.2681 1.5503 FALSE 

8 0.5365 0.6675 -0.3738 1.4469 FALSE 

9 0.7066 0.3171 -0.2197 1.6329 FALSE 

10 0.9714 0.7008 -0.7261 2.6689 FALSE 
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2 3 0.4631 0.5812 -0.2677 1.194 FALSE 

2 4 0.4149 0.6989 -0.3089 1.1388 FALSE 

2 5 0.1863 0.9 -0.5413 0.914 FALSE 

2 6 0.4596 0.5755 -0.2623 1.1816 FALSE 

2 7 0.4803 0.5549 -0.2618 1.2223 FALSE 

2 8 0.3757 0.8309 -0.3678 1.1193 FALSE 

2 9 0.5458 0.4159 -0.2172 1.3087 FALSE 

2 10 0.8105 0.8371 -0.8036 2.4247 FALSE 

3 4 -0.0482 0.9 -0.4026 0.3062 FALSE 

3 5 -0.2768 0.314 -0.6389 0.0853 FALSE 

3 6 -0.0035 0.9 -0.3539 0.3469 FALSE 

3 7 0.0171 0.9 -0.373 0.4073 FALSE 

3 8 -0.0874 0.9 -0.4804 0.3056 FALSE 

3 9 0.0826 0.9 -0.3459 0.5112 FALSE 

3 10 0.3474 0.9 -1.1382 1.833 FALSE 

4 5 -0.2286 0.5354 -0.5764 0.1192 FALSE 

4 6 0.0447 0.9 -0.291 0.3803 FALSE 

4 7 0.0653 0.9 -0.3116 0.4423 FALSE 

4 8 -0.0392 0.9 -0.4191 0.3407 FALSE 

4 9 0.1308 0.9 -0.2858 0.5474 FALSE 

4 10 0.3956 0.9 -1.0866 1.8778 FALSE 

5 6 0.2733 0.2597 -0.0705 0.6171 FALSE 

5 7 0.2939 0.313 -0.0903 0.6782 FALSE 

5 8 0.1894 0.8622 -0.1977 0.5765 FALSE 

5 9 0.3594 0.1781 -0.0637 0.7826 FALSE 

5 10 0.6242 0.9 -0.8599 2.1083 FALSE 

6 7 0.0206 0.9 -0.3526 0.3939 FALSE 

6 8 -0.0839 0.9 -0.4601 0.2923 FALSE 

6 9 0.0861 0.9 -0.3271 0.4994 FALSE 

6 10 0.3509 0.9 -1 .1304 1.8322 FALSE 

7 8 -0.1046 0.9 -0.518 0.3089 FALSE 

7 9 0.0655 0.9 -0.382 0.5129 FALSE 
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7 10 0.3303 0.9 -1.1609 1.8215 FALSE 

8 9 0.17 0.9 -0.2799 0.6199 FALSE 

8 10 0.4348 0.9 -1.0571 1.9268 FALSE 

9 10 0.2648 0.9 -1.2369 1.7665 FALSE 

C2 Adult GS 0.2054 0.9 -1.1618 1.5726 FALSE 

Adult HS -0.3757 0.5574 -1.0259 0.2744 FALSE 

Adult KG -0.7879 0.1304 -1.6944 0.1186 FALSE 

Adult Mature 0.0701 0.9 -0.1246 0.2649 FALSE 

Adult Uni 0.1244 0.9 -0.242 0.4908 FALSE 

GS HS -0.5811 0.8701 -2.0793 0.917 FALSE 

GS KG -0.9934 0.503 -2.6193 0.6325 FALSE 

GS Mature -0.1353 0.9 -1.499 1.2285 FALSE 

GS Uni -0.081 0.9 -1.4796 1.3176 FALSE 

HS KG -0.4122 0.8885 -1.5063 0.6819 FALSE 

HS Mature 0.4459 0.3561 -0.197 1.0887 FALSE 

HS Uni 0.5001 0.3441 -0.2138 1.214 FALSE 

KG Mature 0.8581 0.0728 -0.0432 1.7594 FALSE 

KG Uni 0.9123 0.0701 -0.0409 1.8656 FALSE 

Mature Uni 0.0543 0.9 -0.2991 0.4076 FALSE 

Table A4: Tukey HSD post hoc analysis. No significant difference is found between any pair of 

subgroups in either of the two categorizations. KG: kindergarten; GS: grade school; HS: high school; 
Uni: University. 

Categorization Critical value Result 

C1 0.0011 No significant pairs 

C2 0.0033 No significant pairs 

Table A5: Bonferroni-adjusted pairwise post hoc T-tests. No significant difference is found 

between any pair of subgroups in either of the two categorizations. 
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1 2 3 4 5 6 7 8 9 10 

1 -1 1 0.588 1 0.499 0.425 0.829 0.301 1 

2 -1 1 1 0.738 1 

3 -1 1 0.589 1 1 1 

4 -1 1 

5 -1 0.322 0.335 0.216 1 

6 -1 1 1 1 1 

7 -1 1 1 

8 -1 

9 -1 

10 -1 

Table A6a: Dunn's post hoc test for categorization C1. No significant difference is found 
between any pair of subgroups in either of the two categorizations. 

Adult GS HS KG Mature Uni 

Adult -1 1 0.996 0.128 0.847 1 

GS -1 1 0.847 

HS -1 0.455 0.549 

KG -1 0.045 0.056 

Mature -1 1 

Uni -1 

Table A6b: Dunn's post hoc test for categorization C2. Just one inter-group comparison, 

Kindergarten vs Mature has a p value (0.045) less that the traditional 0.05 significance 

threshold. KG: kindergarten; GS: grade school; HS: high school; Uni: University. 
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Figure A1: Positive age group counts versus population count. A) Total number of people 
tested for SARS-CoV-2 in each age group plotted against the total number of people in the 
corresponding age group in Berlin (acquired from Amt fOr Statistik Berlin-Brandenburg, 
https://www.statistik-berlin-brandenburg.de/, as of December 31, 2019). B) Number of people 
tested positive for SARS-CoV-2 plotted against the number of people in each age group in 
Berlin. Age categories 1-10 and 11-20 years have a relatively lower number of tested and 
positive cases. A linear regression is shown with the shaded area indicating the 95% confidence 
interval. 
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Figure A2: Differences in viral load in patients aged 1-11 years with and without a pre-existing 

condition. Wilcoxon rank-sum test indicates a significant difference between the two groups (p 
value 0.02). 
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Figure A3: Per-group viral load histograms for categorization C1: The individual histograms 

for the ten groups of categorization C1 make it immediately clear that the underlying distribution 
of viral load for group 1 O (91-100 years) is far from normal, and several other groups are clearly 

also not normally distributed. Note that the data above are also presented in Figure 2A, 
although there presented with viral load on the y-axis, with the distribution spreading horizontally 

in two directions, with added jitter for the spread visualization. 
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Figure A4: Per-group viral load histograms for categorization C2: The individual histograms 
for the six groups of categorization C2 make it immediately clear that the underlying distributions 
are not normal. Note that the data above are also presented in Figure 28, although there 
presented with viral load on the y-axis, with the distribution spreading horizontally in two 

directions, with added jitter for the spread visualization. 
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8 Abstract 

9 SARS-CoV-2 is difficult to contain because many transmissions occur during the pre-

10 symptomatic phase of infection. Moreover, in contrast to influenza, while most SARS-Co V-2 

11 infected people do not transmit the virus to anybody, a small percentage secondarily infect large 

12 numbers of people. We designed mathematical models of SARS-CoV-2 and influenza which link 

13 observed viral shedding patterns with key epidemiologic features of each virus, including 

14 distributions of the number of secondary cases attributed to each infected person (individual Ro) 

15 and the duration between symptom onset in the transmitter and secondarily infected person 

16 (serial interval). We identify that people with SARS-CoV-2 or influenza infections are usually 

17 contagious for fewer than one day congruent with peak viral load several days after infection, 

18 and that transmission is unlikely below a certain viral load. SARS-Co V-2 super-spreader events 

19 with over 10 secondary infections occur when an infected person is briefly shedding at a very 

20 high viral load and has a high concurrent number of exposed contacts. The higher predisposition 

21 of SARS-Co V-2 towards super-spreading events is not due to its 1-2 additional weeks of viral 

22 shedding relative to influenza. Rather, a person infected with SARS-Co V-2 exposes more people 

23 within equivalent physical contact networks than a person infected with influenza, likely due to 

24 aerosolization of virus. Our results support policies that limit crowd size in indoor spaces and 

25 provide viral load benchmarks for infection control and therapeutic interventions intended to 

26 prevent secondary transmission. 
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27 Introduction 

28 

29 The SARS-Co V-2 pandemic is an ongoing tragedy that has caused 700,000 deaths and 

30 massively disrupted the global economy. The pandemic is rapidly expanding in the United States 

31 and is re-emerging focally in many countries that had previous success in limiting its spread. 1 

32 Two features have proven challenging in containing outbreaks. First, most transmissions 

33 occur during the pre-symptomatic phase of infection.2 Underlying this observation is a highly 

34 variable incubation period, defined as time between infection and symptom onset, which often 

35 extends beyond an infected person's peak viral shedding.3 

36 Second, there is substantial over-dispersion of the basic reproduction number (RO) for an 

37 individual infected with SARS-CoV-2,4 meaning that most infected people do not transmit at all, 

38 while a minority may transmit to dozens of people, with the average population RO achieving a 

39 high enough level (> I) to allow exponential growth of cases in the absence of an effective 

40 intervention.5 Approximately I 0-20% of infected people account for 80% of SA RS-Co V-2 

41 transmissions.4•6 Super-spreader events, in which the duration of contact between a single 

42 transmitter and large number of secondarily infected people is often limited to hours, are well 

43 documented.7•8 This pattern is not evident for influenza which has more homogeneous individual 

44 transmissions numbers.9•10 Differing shedding kinetics between the two viruses might explain 

45 this distinction; SARS-Co V-2 is often present intermittently in the upper airways for many 

46 weeks, 11
•
12 while influenza is rarely shed for more than a week. 13 Alternatively, SARS-CoV-2 

47 aerosolization may predispose to wider exposure networks given the presence of an infected 

48 person in a crowded indoor space. 
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49 Viral load is recognized as a strong determinant of transmission risk. For influenza, the 

50 dose of viral exposure is related to the probability of infection in human challenge studies, 14 and 

51 early treatment reduces household transmission. 15•16 Household shedding of human herpesvirus-6 

52 is closely linked to subsequent infection in newborns, 17 and infants shedding high levels of 

53 cytomegalovirus in the oropharynx predictably transmit the virus back to their mothers. 18 

54 The epidemiology of viral infections can also be perturbed by biomedical interventions 

55 that lower viral load at mucosal transmission surfaces. Reduction of genital herpes simplex virus-

56 2 shedding with antiviral treatments decreases probability of transmission. 19 Suppressive 

57 antiretroviral therapy (ART) for HIV virtually eliminates the possibility of partner-to-partner 

58 sexual transmission and has limited community transmission dramatically.20,21 

59 These concepts are relevant for SARS-Co V-2 infection and require urgent attention as the 

60 pandemic continues to wreak havoc. Early therapies that lower peak viral load may reduce the 

61 severity of COVID-19 but may also decrease the probability of transmission and of super-

62 spreader events.22 Similarly, the effectiveness of policies such as limiting mass gatherings, and 

63 enforcing mask use can be directly evaluated by their ability to reduce exposure viral load and 

64 transmission risk. 23 Here we developed a transmission simulation framework to capture the 

65 contribution of viral load to observed epidemiologic transmission metrics for influenza and 

66 SARS-Co V-2 and used this approach to explain why SARS-Co V-2 is predisposed to super-

67 spreading events. 

u 
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68 Results 

69 

70 Overall approach. We designed a series of steps to estimate the viral load required for SARS-

71 Co V-2 and influenza transmission, as well as conditions required to explain the observed over-

72 dispersion of secondary infections (individual RO) and frequent super-spreader events associated 

73 with SARS-Co V-2 but not influenza. This process included within-host modeling of viral loads, 

74 simulations of exposures and possible transmissions based on various transmission dose response 

75 curves, testing of various parameter sets against epidemiologic data and exploratory analyses 

76 with the best fitting model (Fig St). 

77 

78 Within-host mathematical model of SARS Co V-2 shedding. First, we used our previously 

79 developed within-host mathematical model (equations in the Methods),24 to generate plausible 

80 viral load patterns in the upper airway of an infected person or transmitter who could potentially 

81 transmit the virus to others (Fig 1, Fig S2a). Briefly, the model captures observed upper airway 

82 viral kinetics from 25 people from four different countries.25-28 Key observed features include an 

83 early viral peak followed by a decelerating viral clearance phase, which in turn leads to a 

84 temporary plateau at a lower viral load, ultimately followed by rapid viral elimination. Our 

85 model captures these patterns by including a density dependent term for early infected cell 

86 elimination and a nonspecific acquired immune term for late infected cell elimination. 

87 One limitation of our model is that only half of study participants provided longitudinal 

88 viral load data from the very early days of infection when COVID-19 is often pre-symptomatic. 

89 Therefore, the model's output is most reliable for later time points. In particular, we have somewhat 

90 limited information on viral expansion rate and duration of peak shedding. To impute possible 
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91 variability, we generated a set of heterogeneous shedding curves in which the viral upslope, the 

92 downslope of viral load after peak and the viral load during plateau phase were varied (Fig S2b ). 

93 Overall, the model generated several distinct patterns of infection: rapid elimination after the initial 

94 peak, a prolonged plateau phase with a low viral load, and a prolonged plateau phase with higher 

95 viral load. We simulated the transmission model with and without imputed heterogeneity. 
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Fig 1. SARS-CoV-2 and influenza transmission model schematic. In the above cartoon, the 
transmitter has 2 exposure events at discrete timepoints resulting in 7 total exposure contacts and 
3 secondary infections. Transmission is more likely at the first exposure event due to higher 
exposure viral load. To model this process, the timing of exposure events and number of exposed 
contacts is governed by a random draw from a gamma distribution which allows for heterogeneity 
in number of exposed contacts per day (Fig S3). Viral load is sampled at the precise time of each 
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106 exposure event. Probability of transmission is identified based on the product of two dose curves 
107 (Fig S2C, D) which capture contagiousness (probability of viral passage to an exposure contact's 
108 airway) and infectiousness (probability of transmission given viral presence in the airway). 
109 Incubation period (Fig S4) of the transmitter and secondarily infected person is an input into each 
110 simulation and is depicted graphically. Individual RO is an output of each simulation and is defined 
111 as the number of secondary infections generated by an infected individual. Serial interval is an 
112 output of each simulated transmission and is depicted graphically. 
113 

114 

115 Transmission dose response curves. We defined an exposure event in very specific biologic terms 

116 as a discrete event consisting of sufficient contact in time and space between a transmitter and one 

117 or more uninfected persons (exposure contacts) to allow for the possibility of a successful 

118 transmission. We next designed hundreds of dose response curves which separately predict 

119 contagiousness (CD curves) and infectiousness (ID curves) at a certain viral dose given an 

120 exposure contact. Contagiousness is defined as the viral load dependent probability of passage of 

121 virus-laden droplets or airborne particles from the airways of a potential transmitter to the airway 

122 of an exposure contact. Infectiousness is defined as the viral load dependent probability of 

123 transmission given direct airway exposure to virus in an exposure contact. Transmission risk is the 

124 product of these two mechanistic probabilities derived from the ID and CD curves and results is a 

125 transmission dose (TD) response curve. Each CD or ID curve is defined by its ID50 (A.) or viral 

126 load at which contagion or infection probability is 50% (Fig S2c), as well as its slope (ex) (Fig 

127 S2d).29 The TOSO is defined as viral load at which there is 50% transmission probability. We 

128 assumed equivalent curves for contagiousness and infectiousness for model fitting purposes. We 

129 also considered a simpler model with only a single TD curve (for infectiousness) and obtained 

130 qualitatively similar results (Supplement and Methods). Our model is inclusive of the hypothesis 

131 that viral load is not a key determinant of transmission when cx<<l (Fig S2d). 

132 
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133 Exposure contact rate simulations. We introduced heterogeneity of exposure contact rates among 

134 possible transmitters by randomly selecting from a gamma distribution defined by mean number 

135 of exposure contacts per day (8) and a scaling factor (p) that controls daily variability (Fig S3). 

136 

137 Transmission simulations. For each defined exposure contact, viral load in the transmitter was 

138 sampled and transmission risk was then identified based on the product of the CD and ID curves, 

139 or the TD curve (Fig S2e, f; Fig 1). Based on these probabilities, we stochastically modeled 

140 whether a transmission occurred for each exposure contact. This process was repeated when there 

141 were multiple possible exposure events within a given discretized time interval and the total 

142 number of exposures and transmissions within that interval was calculated. 

143 For each successful transmission, we assumed that it takes r days for the first infected cell 

144 to produce virus. To inform simulated values of serial interval (SI or time between symptom onset 

145 in the secondarily infected and transmitter), we randomly selected the incubation period (IP), for 

146 both the transmitter and the newly infected person, from a gamma distribution based on existing 

147 data (Fig S4a).3·30 Incubation period was defined as time from infection to the time of the onset of 

148 symptoms, where the mean incubation for SARS-CoV-2 is 5.2 days compared to 2 days for 

149 influenza. 3•9·30 

150 

151 Mode/fitting. In order to identify the parameter set that best recapitulated the observed data, we 

152 then simulated several hundred thousands of parameter sets with - 250 possible TD curves 

153 defined by ID50 and CD50 (A.) and slope (a), along with - 180 combinations of the mean 

154 exposed contact rate per day ( 8) and associated variance parameter (p ), and values of r E 

155 [0.5, 1, 2, 3] days. We aimed to identify the parameter set that best recapitulated the following 
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156 features of the observed epidemiologic and individual-level data for SARS-CoV-2: mean RO 

157 across individuals (ROE [1.4, 2.5]),3,4•6•31 •32 mean serial interval across individuals (SI E 

158 [ 4.0, 4.5]),3·31 •33 cumulative distribution functions of individual R0,4,6•34-36 and cumulative 

159 distribution functions of serial intervals derived from SA RS-Co V-2 transmission pair studies that 

160 were conducted early during the pandemic,31 prior to any confounding influence of social 

161 distancing measures. Here, we define individual RO as the total number of secondary 

162 transmissions from the transmitter in a fully susceptible population (Methods). Given that viral 

163 RNA is composed mostly of non-infectious material, we further checked the closeness of the 

164 solved ID curve with the observed relationship between viral RNA and probability of positive 

165 viral culture from a longitudinal cohort of infected people.37 

166 

167 Influenza modeling. Next, we performed equivalent analyses for influenza to explain the lower 

168 frequency of observed super-spreader events with this infection. Influenza viral kinetics were 

169 modelled using a previously data-validated model. 38 Incubation periods for influenza are lower 

170 and less variable than for SARS-CoV-2 and were randomly selected for each simulation of the 

171 model using a gamma distribution (Fig S4b).39 We again fit the model to: mean RO across 

172 individuals (RO E [1.1, 1.5]),40-42 mean serial interval (SI E [2.9, 4.3]),9 cumulative distribution 

173 functions of individual RO corresponding to the 2008-2009 influenza A H 1N1 pandemic with 

174 mean RO= l .26 and dispersion parameter=2.36 in the negative binomial distribution, and 

175 cumulative distribution functions of serial intervals.9•10•40 

176 

177 Model-predicted individual RO and serial intervals for SARS-Co V-2 infection. A single model 

178 parameter set ([a, il, r, 8, p] = (0.8, 107, 0.5 , 4, 40]) most closely reproduced empirically 
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179 observed individual RO and serial interval histograms (Fig 2a, c) and cumulative distribution 

180 functions (Fig 2b, d). We re-ran the model to fit to a higher population RO of 2.8 and arrived at a 

181 similar set of parameter values but with a higher daily rate of exposure contacts ([a, il, r, {), p] = 

182 [0.8, I 07·5, 0.5, 20, 30]). Despite assuming that each infected person sheds at a high viral load for 

183 a period of time (Fig 1, Fig S2b), the model captured the fact that -75% of I 0,000 simulated 

184 transmitters do not infect any other people and that each increase in the number of possible 

185 transmissions is associated with a decreasing probability (Fig. 2a). 
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189 Fig 2. SARS-CoV-2 transmission model fit. A. Simulated and actual frequency histograms of 
190 individual RO values, B. Simulated and actual cumulative distribution of individual RO values. C. 
191 Simulated and actual frequency histograms of individual serial intervals, D. Simulated and actual 
192 cumulative distribution of individual serial intervals. E. Frequency distribution of simulated 
193 generation times. 
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194 

195 SARS-Co V-2 viral load was recently measured with viral RNA levels and mapped to 

196 concurrent probability of positive viral culture in a Dutch cohort.37 Our model output 

197 demonstrated a nearly equivalent infectious dose response curve if we multiplied modeled viral 

198 RNA levels by 25 (Fig SS): this adjustment was likely necessary because viral loads in the Dutch 

199 study participants were notably higher than those in German, Singaporean, Korean and French 

200 participants used in our intra-host model fitting. 25•28•37 

201 The model also generated super-spreader events with I 0,000 simulated transmissions 

202 (Fig. 2b). If super-spreaders are defined as those who produce at least 5 secondary infections, we 

203 estimate that - I 0% of all infected people and - 35% of all transmitters are super-spreaders. If 

204 super-spreaders are defined as those who produce at least I 0 secondary infections, we estimate 

205 that - 6% of all infected people and - 25% of all transmitters are super-spreaders. If super-

206 spreaders are defined as those who produce at least 20 secondary infections, we estimate that 

207 - 2.5% of all infected people and - I 0% of all transmitters are super-spreaders. If super-spreaders 

208 are defined as those producing 2:5, 2'.: I 0, or 2'.:20 secondary infections, the contribution to all 

209 secondary infections is estimated at - 85%, - 70%, or -44%, respectively (Table 1). 

210 The model also recapitulated the high variance of the serial interval observed within 

211 SARS-CoV-2 transmission pairs, including negative values observed in the data (Fig 2c, d). We 

212 next projected generation time, defined as the period between when an individual becomes 

213 infected and when they transmit the virus, for all transmission pairs and identified that the mean 

214 serial interval (4.4 days) provides an accurate approximation of mean generation time. However, 

215 the variance of generation time was considerably lower and by definition does not include 
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216 negative values. A majority of generation times fell between 4 and 7 days, compared to -5 to 12 

217 days for the serial interval (Fig 2e). 

218 

SARS-CoV-2 Influenza 
Super-

All 
Contribution 

All 
Contribution 

spreader All of super- All of super-
definitions infected 

transmitters spreaders to 
infected 

transmitters spreaders to 
people 

transmissions 
people 

transmissions 

Individual 
- 10% - 35% - 85% - 2% - 3% - 10% 

RO~S 

Individual - 6% - 25% - 70% - 0% - 0% - 0% 
RO~lO 

Individual 
- 2.5% - 10% - 44% - 0% - 0% - 0% 

R0~20 

219 
220 Table 1: Prevalence of super-spreaders among transmitters, and contribution of super-
221 spreading events to all SARS-CoV-2 and influenza transmissions. Estimates are from 10,000 
222 simulations. 
223 

224 

225 Viral load tltresltoldsfor SARS-CoV-2 transmission. The optimized ID curve has an ID50 of 

226 107 viral RNA copies and a moderately steep slope (Fig 3a). The TOSO for SARS-CoV-2 was 

227 slightly higher at 107 5 viral RNA copies (Fig 3a). To assess the impact of these parameters on 

228 transmission, we performed simulations with 10,000 transmitters and concluded that 

229 transmission is very unlikely (- 0.00005%) given an exposure to an infected person with an upper 

230 airway viral load of <104 SARS-CoV-2 RNA copies, and unlikely (- 0.002%) given an exposure 

231 to an infected person with a viral load of < 105 SARS-Co V-2 RNA copies. On the other hand, 

232 transmission is much more likely (39%) given an exposure to an infected person who is shedding 

233 >107 SARS-CoV-2 RNA copies, and 75% given an exposure to an infected person with a viral 
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234 load of> 108 SA RS-Co V-2 RNA copies. We obtain similar results (not shown) when we solve 

235 our model using the assumption of homogeneous viral load trajectories as in Fig S2a. 

236 
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Fig 3. SARS-CoV-2 transmission probability as a function ofshedding. A. Optimal 
infectious dose (ID) response curve (infection risk = Pr) and transmission dose (TD) response 
curve (transmission risk = Pr • Pr) curves for SARS-Co V-2. Transmission probability is a product 
of two probabilities, contagiousness and infectiousness (Fig 1). B-D. Three simulated viral 
shedding curves. Heat maps represent risk of transmission at each shedding timepoint given an 
exposed contact with an uninfected person at that time. 

247 Narrow duration of high infectivity during SARS-CoV-2 infection. We next plotted the 

248 probability of infection given an exposure to a transmitter. Under multiple shedding scenarios, 

249 the window of high probability transmission is limited to time points around peak viral load, and 

250 some heterogeneity in regard to peak infectivity is noted between people (Fig 3b-d). In general 

251 infected persons are likely to be most infectious (i.e., above TOSO) for a - 0.5-1.0-day period 

13 

162



medRxiv preprint doi : https://doi.org/10.1101/2020.08.07.20169920; th is version posted September 28, 2020. The copyright holder for this 
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

It is made available under a CC-BY-NC-ND 4.0 International license . 

252 between days 2 and 6 after infection. We therefore conclude that the observed wide variance in 

253 serial interval (Fig 2c) results primarily from the possibility of highly discrepant incubation 

254 periods between the transmitter and infected person, rather than wide variability in shedding 

255 patterns across transmitters. 
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Fig 4. Conditional requirements for SARS-CoV-2 superspreading events. A. Heatmap 
demonstrating the maximum number of feasible secondary infections per day from a transmitter 
given an exposure viral load on log 10 scale (x-axis) and number of exposed contacts per day (y
axis). The exposed contact network allows a maximum of 150 exposed contacts per day (black 
dotted line) which is sufficient for multiple transmissions from a single person per day. B. 10,000 
simulated transmitters followed for 30 days. The white space is a parameter space with no 
transmissions. Each dot represents the number of secondary transmissions from a transmitter per 
day. Input variables are log 10 SA RS-Co Y-2 on the start of that day and number of contact 
exposures per day for the transmitter. There are 1, 154,001 total exposure contacts and 15,992 
total infections. C. 10,000 simulated infections with percent of infections due to exposure viral 
load binned in intervals of 0.5 intervals on log I 0 scale (x-axis) and number of exposed contacts 
(y-axis). 

273 Requirements for SARS Co V-2 super-spreader events. The solved value for exposed contact 

274 network heterogeneity (p) is 40 indicating high variability in day-to-day exposure contact rates 

275 (Fig S3d) with a high average number of exposed contacts per day (8=4 ). We generated a heat 

276 map from our TD curve to identify conditions required for super-spreader events which included 

277 viral load exceeding I 07 SARS CoV-2 RNA copies and a high number of exposure contacts on 

278 that day. We observed an inflection point between 106 and 107 SARS CoV-2 RNA copies where 

tY 
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279 large increases in the number of daily exposure contacts had a more limited impact on increasing 

280 the number of transmissions from a single person (Fig 4a). The exposure contact network 

281 occasionally resulted in days with 2: 150 exposure contacts per day, which may allow an 

282 extremely high number of secondary infections from a single person (Fig 4a). 

283 We next plotted transmission events simulated on a daily basis over 30 days since 

284 infection, from 10,000 transmitters, according to viral load at exposure and number of exposure 

285 contacts on that day (Fig 4b ). Secondary transmissions to only 1-3 people occurred almost 

286 exclusively with daily numbers of exposure contacts below 10 with any exposure viral load 

287 exceeding 106 RNA copies or with higher numbers of exposure contacts per day and viral loads 

288 exceeding 105 RNA copies. Massive super-spreader events with over 50 infected people almost 

289 always occurred at viral loads exceeding 107 RNA copies with high levels of concurrent 

290 exposure contacts (Fig 4b). 

291 We next identified that over 50% of secondary infections were associated with a 

292 transmitter who has a high number of exposed contacts ( 11-100 per day) and a viral load 

293 exceeding 106 RNA copies (Fig 4c), which is the mechanistic underpinning of why - 70% of all 

294 secondary infections arose from transmitters who produced more than I 0 secondary infections 

295 (Table 1). 

296 

297 Model predicted individual RO and serial intervals for influenza infection. A single model 

298 parameter set most closely reproduced empirically observed histograms and cumulative 

299 distribution functions for individual RO and serial intervals for influenza: (a, A., T, 8, p) = (0.7, 

300 105·5, 0-0.5 , 4, 1 ). 1050 values for influenza were lower than SARS Co V-2, but a direct 

301 comparison cannot be made because tissue culture infectious dose (TCID) has been more 
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302 commonly used for measurements of influenza viral load, whereas viral RNA is used for SARS-

303 Co V-2. Nevertheless, TCID is a closer measure of infectious virus and it is thus reasonable that 

304 ID50 based on TCID for influenza would be - 30-fold lower than ID50 based on total viral RNA 

305 (infectious and non-infectious virus) for SARS-CoV-2.37 
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309 Fig 5. Influenza transmission model fit. A. Simulated and actual frequency histograms of 
310 individual RO values, B. Simulated and actual cumulative distribution of individual RO values. C. 
311 Simulated and actual frequency histograms of individual serial intervals, D. Simulated and actual 
312 cumulative distribution of individual serial intervals. E. Frequency distribution of simulated 
313 generation times. 
314 

315 

316 The other notable difference was a considerably lower p value for influenza (Fig S3b), 

317 denoting much less heterogeneity in the number of exposure contacts per person while the 

318 average daily exposure contact was the same for both viruses (4 per day). The model captures the 

I{, 
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319 fact that 40% of influenza infected people do not transmit to anyone else and that each increase 

320 in the number of individual transmissions is associated with a lower probability (Fig. 5a). 

321 Relative to SARS-CoV-2, super-spreader events involving 5 or more people were predicted to be 

322 5-fold less common overall and 10-fold less common among transmitters (- 2% of all infected 

323 people and - 3% of transmitters) (Fig. 5b, Table 1). Super-spreaders defined as those infecting 

324 2':5 individuals contributed to only - 10% to all transmissions (Table 1 ). 

325 The model also recapitulated the lower variance of serial interval for influenza relative to 

326 SARS-CoV-2 (Fig 5c, d). We next identified that the mean and variance of the serial interval 

327 provide good approximations of the mean and variance for generation time. A majority of 

328 generation times fell between 2 and 6 days (Fig 5e). 
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330 
331 Fig 6. Influenza transmission probability as a function of shedding. A. Optimal infectious 
332 dose (ID) response curve (infection risk = P,) and transmission dose (TD) response curve 
333 (transmission risk = P, • P,) curves for influenza. Transmission probability is a product of two 
334 probabilities, contagiousness and infectiousness (Fig 1). B-D. Three simulated viral shedding 
335 curves. Heat maps represent risk of transmission at each shedding timepoint given an exposed 
336 contact with an uninfected person at that time. 
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337 

338 Viral load thresholds for influenza transmission. Based on the optimized TD curve for 

339 influenza (Fig 6a), we next plotted the probability of infection given an exposure to an infected 

340 person. The TD50 for influenza was I 06·1 TCID/mL. Under various shedding scenarios, the 

341 window of high probability transmission was limited to time points around peak viral load (Fig 

342 6b-d). In general, infected persons were likely to be most infectious (i.e., above TD50) for a 

343 - 0.5-1.0 days period. The observed low variance in serial interval (Fig Sc) resulted primarily 

344 from the narrow range of incubation periods within the transmitter and secondarily infected 

345 person, as well as the limited variability in shedding patterns across transmitters. 
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349 Fig 7. Conditional requirements for influenza super spreading events. A. Heatmap 
350 demonstrating the maximum number of secondary infections per day feasible from a transmitter 
351 given an exposure viral load on log I 0 scale (x-axis) and number of exposed contacts per day (y-
352 axis). The exposed contact network allows a maximum of 15 exposed contacts per day (black 
353 dotted line) which is not sufficient for more than 15 transmissions from a single person per day. 
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354 B. I 0,000 simulated transmitters followed for 30 days. The white space is a parameter space with 
355 no transmissions. Each dot represents the number of secondary transmissions from a transmitter 
356 per day. Input variables are log I 0 influenza TCID on the start of that day and number of contact 
357 exposures per day for the transmitter. There are 1,239,984 total exposure contacts and 11, 141 
358 total infections. C. I 0,000 simulated infections with percent of infections due to exposure viral 
359 load binned in intervals of 0.5 intervals on log I 0 scale (x-axis) and number of exposed contacts 
360 (y-axis). 
361 

362 Determinants of influenza individual RO. We generated a heat map from our TD curve to 

363 identify conditions governing influenza transmission to multiple people including viral load 
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364 exceeding I 06 influenza TCID and a high number of exposure contacts per day. The contact 

365 network never resulted in days with more than 15 exposure contacts per day, which severely 

366 limited the possible number of transmissions from a single person relative to SARS-CoV-2 (Fig 

367 7a, S3b). 

368 We plotted transmission events simulated on a daily basis over 30 days since infection 

369 from I 0,000 transmitters according to viral load at exposure and number of exposure contacts on 

370 that day (Fig 7b). Secondary transmissions to fewer than 5 people accounted for 90% of 

371 infections (Table 1) and occurred with fewer than I 0 daily exposure contacts and exposure viral 

372 loads exceeding I 04 TCID. Small scale super-spreader events with 5-l 0 infected people almost 

373 always occurred at viral loads exceeding I 05 TCID with 5- l 0 concurrent exposure contacts (Fig 

374 7b). 

375 We next identified that over 50% of infections were associated with a transmitter who 

376 had fewer than I 0 exposure contacts per day and a viral load exceeding I 04·5 TCID (Fig 7c), 

377 which is why no infected person ever transmitted to more than I 0 other people (Table 1). 

378 

379 D(ffering exposed contact distributions, rather than viral kinetics, explain SARS Co V-2 super-

380 spreader events. We sought to explain why SARS-CoV-2 has a more over-dispersed distribution 

381 of individual RO relative to influenza. To assess viral kinetics as a potential factor, we 

382 comparatively plotted transmission risk per exposure contact as a function of time since infection 

383 in I 0,000 transmitters for each virus. The median per contact transmission risk was slightly 

384 higher for influenza; however, 75% and 95% transmission risks were marginally higher for 

385 SARS-CoV-2 compared to influenza with slightly higher peak transmission risk, and a longer tail 

386 of low transmission risk beyond 7 days (Fig Sa). The transmission risk was considerably higher 
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387 for the 25% of simulated SA RS-Co V-2 infections with the highest viral loads, suggesting that a 

388 substantial subset of infected people may be more pre-disposed to super-spreading. When plotted 

389 as time since onset of symptoms, the variability in transmission potential was considerably larger 

390 for persons with high SARS-CoV-2 viral load, owing to the variable incubation period of this 

391 virus (Fig 8b). 
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395 Fig 8. Differing transmission contact distributions, rather than viral kinetics explain SARS 
396 Co V-2 super spreader events. A. Simulated transmission risk dynamics for 10,000 infected 
397 persons with SARS-Co V-2 and influenza. Solid line is median transmission risk. Dark, dotted 
398 line is transmission risk of 7S1h percentile viral loads, and light dotted line is transmission risk of 
399 9S1h percentile viral loads. B. Same as A but plotted as transmission risk since onset of 
400 symptoms. Highest transmission risk for SARS-Co-V-2 is pre-symptoms and for influenza is 
401 post symptoms. C. Boxplots of duration of time spent above TOJO, TD2S, TOSO, TD7S and 
402 TD90 for l 0,000 simulated SARS-Co V-2 and influenza shedding episodes. TD l 0, TD2S, TOSO, 
403 TD7S and TD90 are viral loads at which transmission probability is 10%, 2S%, SO%, 7S% and 
404 90% respectively. The midlines are median values, boxes are interquartile ranges (IQR), and 
405 datapoints are outliers. Superimposed probability distributions of: D & E. number of 
406 transmission contacts per day, F. individual RO, G. serial interval and H. generation time for 
407 influenza and SARS-Co V-2. 
408 

409 

410 The median duration of shedding over infectivity thresholds was short and nearly 

411 equivalent for both viruses. For SARS-CoV-2 and influenza, median [range] time above 1010 

412 was 2.7 [O, 7] and 2.4 [1.6, 3.7] days respectively; median time above ID2S was 1.7 [O, 3] and 

413 l .S [O, 2.2] days respectively; median time above IDSO was 0.8 [O, 1.3] and 0 [O, 1.3] days 

414 respectively; median time above ID7S was 0 [O, 0.4] and 0 [O, O] days respectively; median time 

415 above ID90 was 0 [O, O] and 0 [O, O] days respectively. ID l 0, ID2S and IDSO values were more 

416 variable across SARS-CoV-2 simulations due to a minority of trajectories with prolonged 

417 moderate viral loads. 

418 For SARS-CoV-2 and influenza, median [range] time above TOJO was 1.4 [O, 2.S] and 

419 1.2 [O, 2.0] days respectively; median time above TD2S was 0.8 [O, 1.3] and 0.3 [O, 1.3] days 

420 respectively; median time above TOSO was 0 [O, O.S] and 0 [O, 0.4] days respectively; median 

421 time above TD7S was 0 [O, O] and 0 [O, O] days respectively. TD IO, TD2S and TOSO values were 

422 more variable across SARS-Co V-2 simulations due to a minority of trajectories with prolonged 

423 moderate viral loads (Fig Sc). 

170



medRxiv preprint doi: https:lldoi.org/10.1101 /2020.08.07.20169920; th is version posted September 28, 2020. The copyright holder for this 
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

It is made available under a CC-BY-NC-ND 4.0 International license. 

424 We next plotted the frequency of exposure contacts per day for both viruses and noted a 

425 higher frequency of days with no exposed contacts (Fig Sd), but also a higher frequency of days 

426 with more than 10 exposure contacts (Fig Se) for SARS-Co V-2 relative to influenza, despite an 

427 equivalent mean number of daily exposure contacts. To confirm that this distribution drives the 

428 different observed distributions of individual RO values (Fig Sf), we simulated SARS-Co V-2 

429 infection with an assumed p= I and generated a distribution of individual RO similar to that of 

430 influenza (Fig S6a) . Similarly, we simulated influenza infection with an assumed p=40 and 

431 generated a distribution of individual RO similar to that of SARS-CoV-2 (Fig S6b). Under all 

432 scenarios, predicted distributions of serial interval (Fig Sg, Fig S6) and generation time (Fig Sh, 

433 Fig S6) were unchanged by shifts in the exposed contact network. 

434 

435 Projections of targeted physical distancing. Physical distancing is a strategy to decrease RO. We 

436 simulated a decrease in the contact rate uniformly across the population and noted a decrease in 

437 population RO (Fig S7a) as well the percent of infected people who will transmit (Fig 7b) and 

438 become super-spreaders (Fig S7c-d). An approximately 40% decrease in the average exposed 

439 contact rate decreased RO below I (Fig S6a). We further investigated whether lowering contact 

440 rate among larger groups only, in particular by banning exposure events with a high number of 

441 exposure contacts, could control the epidemic. We identified that limiting exposure contacts to 

442 no more than 5 per day is nearly equivalent to limiting exposure contacts altogether and that only 

443 a small decrease in mean exposure contact rate can achieve RO< I if exposure events with less 

444 than 20 contacts are eliminated (Fig SS). 

445 

71 
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446 Pre-symptomatic transmission and super-spreading risk. Much of the highest transmission risk 

447 for SARS-CoV-2 exists in the pre-symptomatic phase (Fig8b) which explains why 62% of 

448 simulated transmissions occurred in the pre-symptomatic phase for SARS-Co V-2, compared to 

449 10% for influenza. Similarly, 62% and 21 % of SARS-Co V-2 and influenza super-spreader 

450 events with secondary transmissions ~5 and 39% of SA RS-Co V-2 super-spreader events with 

451 secondary transmissions RO~ I 0 fell in the pre-symptomatic period. 

1.3 
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452 Discussion 

453 Our results demonstrate that SARS-Co V-2 shedding kinetics are directly linked to the 

454 virus' most fundamental epidemiologic properties. First, we identify a transmission dose 

455 response curve which specifies that a nasal viral load below I a5 RNA copies is unlikely to 

456 commonly result in transmission. For SARS-CoV-2, this threshold is consistent with the overall 

457 rarity of positive cultures at these levels.37 We also predict a relatively steep TD curve such that 

458 transmission becomes much more likely when shedding exceeds I a8 viral RNA copies and there 

459 is an exposure contact between an infected person and susceptible person. The amount of viral 

460 RNA can be roughly converted to the probability of a positive viral culture which approximates 

461 infectiousness. Our results therefore have relevance for dosing of SARS-Co V-2 in human 

462 challenge experiments that are being considered for vaccine trials. 

463 While the duration of shedding for SARS-Co V-2 is often three weeks or longer, 11 ·12 we 

464 predict that the duration of shedding above thresholds required for a moderate probability of 

465 transmission per contact is much shorter, often less than half a day, and is comparable to that of 

466 influenza. While transmission after the first week of infection is quite rare, our model is 

467 consistent with the observation that transmissions commonly occur during the pre-symptomatic 

468 phase of infection,2 given the highly variable incubation period associated with SARS-Co V-2. 

469 The observed high heterogeneity in serial interval is attributable almost entirely to the 

470 variable nature of the incubation period, rather than transmission occurring extremely late after 

471 infection. While our estimate for mean generation time is equivalent to that of mean serial 

472 interval, it is notable that the range of SARS-Co V-2 serial intervals is much wider than the range 

473 of generation times. This result is evident even though we built substantial heterogeneity into our 

474 viral shedding curves beyond that observed in the somewhat limited existing shedding data. 
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475 The finding of limited duration of SARS-Co V-2 infectivity has practical implications. 

476 First, considerable resources are being used in hospitals and skilled nursing facilities to isolate 

477 patients with persistent SARS-CoV-2 shedding. We propose that a low nasal viral load, 

478 particularly during late infection, need not justify full patient isolation procedures in the absence 

479 of aerosolizing procedures. This observation could save substantial hospital resources and 

480 valuable isolation beds during subsequent waves of infection. Similar considerations are relevant 

481 for employees wishing to return to work. Our results also suggest that time since first positive 

482 test may be predictive of lack of contagion, though more viral load kinetic studies will be needed 

483 to confirm the existing observation that viral loads after a week of infection are usually low and 

484 associated with negative viral cultures.37 Finally, our conclusions are supportive of rapid, less 

485 sensitive assays which are more likely to detect infection at periods of contagion.43 

486 Many of these conclusions, including specific viral load thresholds for transmission, a 

487 steep dose response curve and a maximum 2-day duration of contagion within an infected 

488 individual are equally relevant for influenza infection. One important difference is that 

489 incubation periods for influenza are far less variable which means that at the individual level, the 

490 serial interval is much more likely to be predictive of the generation time. 

491 Another finding is that SARS-Co V-2 super-spreading events are dependent on a large 

492 number of exposure contacts during the relatively narrow 1-2 days window during which a - 25% 

493 subset of infected people is shedding at extremely high levels above the TOSO. Because we 

494 predict that super-spreader potential may be somewhat of a generalized property of infection, 

495 rather than a characteristic of a tiny subset of infected people, this result also has practical 

496 implications. A common experience during the pandemic has been early identification of a 

497 cluster of infected people within a specific confined environment such as a senior living home, 
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498 crowded work environment, athletic team, or restaurant. Our results demonstrate that newly 

499 diagnosed people within small clusters may be past the peak of their super-spreading potential. 

500 At this stage, many more infections have often been established and drastic quarantine 

501 procedures should be considered. Other undiagnosed, pre-symptomatic infected people may have 

502 super-spreader potential while the known infected person is no longer contagious, highlighting 

503 the importance of effective contact tracing. 

504 At the prevention level, school opening and work opening strategies should focus on 

505 severely limiting the possible number of exposure contacts per day. Where large numbers of 

506 exposure contacts are unavoidable, mandatory masking policies, perhaps with N95 masks that 

507 may more significantly lower exposure viral loads should be considered.23 

508 Influenza infection is much less predisposed to super-spreader events than SARS-CoV-2. 

509 Yet, influenza shedding at levels above those required for a high probability of transmission 

510 occurs with only slightly lower frequency. Therefore, the markedly different probability of 

511 super-spreader events between the two viruses is unlikely to relate to different viral host kinetics, 

512 despite the fact that the overall duration of SARS-Co V-2 shedding exceeds duration of influenza 

513 shedding often by more than two weeks. 

514 Rather, our analysis suggests that the exposure contact networks of SARS-CoV-2 

515 transmitters are highly variable relative to those of influenza. One possible explanation 

516 underlying this finding is that SARS-CoV-2 is more predisposed to airborne transmission than 

517 influenza.44 Here our precise definition of an exposure contact (sufficient contact between a 

518 transmitter and an uninfected person to potentially allow transmission) is of high relevance. Our 

519 result suggests that a SARS-CoV-2 infected person in a crowded, poorly ventilated room, may 

520 generate more exposure contacts than an influenza infected person in the same room, likely 

,, 
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521 based on wider dispersal and I or longer airborne survival of the virus. Thus, our results suggest a 

522 possible downstream quantitative effect of airborne transmission on SA RS-Co V-2 epidemiology. 

523 Another possibly important variable is that pre-symptomatic transmission, which is a common 

524 feature of SARS-Co V-2 may predispose to multiple transmissions. This prediction reinforces 

525 current public health recommendation to avoid crowded indoor spaces with poor air 

526 recirculation. 

527 On the other hand, a much higher proportion of SARS-Co V-2 infected people than 

528 influenza infected people do not transmit at all. This result lacks a clear mechanistic explanation 

529 but 1:nay imply that aerosolization occurs only in a subset of infected people. One theoretical 

530 explanation is that high viral load shedding in the pre-symptomatic phase is defined by lack of 

531 cough or sneeze leading to limited spatial diffusion of virus. Alternatively, it is also possible that 

532 a proportion of infected people never shed virus at high enough viral loads to allow efficient 

533 transmission. This possibility speaks to the need for more quantitative viral load data gathered 

534 during the initial stages of infection. 

535 Age cohort structure differs between the two infections, with a lower proportion of 

536 observed pediatric infections for SARS-Co V-2. If adults have more high exposure events than 

537 children, then this could also explain super-spreader events. We are less enthusiastic about this 

538 hypothesis. First, SARS-Co V-2 super-spreader events have occurred in schools and camps and 

539 would likely be more common in the absence of widespread global school closures in high 

540 prevalence regions. Second, a sufficient proportion of influenza cases occur in adults to rule out 

541 the presence of frequent large super-spreading events in this population. 

542 Our analysis has important limitations. First, exposure contacts were assumed to be 

543 homogeneous and we do not capture the volume of the exposing aerosol or droplet. For instance, 

?_/ 
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544 if a large-volume droplet contains ten times more viral particles than an aerosol droplet, then the 

545 exposure could be dictated by this volume as well as the viral load of the potential transmitter. It 

546 is possible that under rare circumstances with extremely high-volume exposures, even persons 

547 with extremely low viral loads may transmit. Second, based on the quality of available data, we 

548 fit our models for SARS-CoV-2 and influenza to viral RNA and viral culture respectively. 

549 Existing data suggest that kinetics of viral RNA and culture are similar during both infections, 

550 with culture having lower sensitivity to detect virus.37 Third, our intra-host model of SARS-

551 CoV-2 was fit to heterogeneous data with different sampling techniques and PCR assays.24 

552 Moreover, RO estimates have varied across the globe. Our estimates of TOSO are necessarily 

553 imprecise based on available data and should serve only as a conservative benchmark. Most 

554 impo11antly, we cannot rule out the possibility that a small minority of infected people shed at 

555 sufficient levels for transmission for much longer than has been observed to date. Fourth, 

556 contagiousness could have different dose response dynamics than viral load dependent 

557 infectiousness and may require investigation in the future upon the availability of 

558 epidemiologically relevant additional data. Finally, the model is intended to capture a general 

559 property of SA RS-Co V-2 infection but is not specific for local epidemics. The degree of RO 

560 overdispersion in various countries and regions is likely to vary dramatically according to 

561 numerous factors related to social contact networks that are not explicitly captured in our model. 

562 In conclusion, fundamental epidemiologic features of SARS-Co V-2 and influenza 

563 infections can be directly related to viral shedding patterns in the upper airway as well as the 

564 nature of exposure contact networks. We contend that this information should be leveraged for 

565 more nuanced public health practice in the next phase of the pandemic. 
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566 Methods 

567 

568 SARS-Co V-2 within-host model. To simulate SARS-Co V-2 shedding dynamics, we employed our 

569 previously-described viral infection model.24 In this model, susceptible cells (S) after coming into 

570 contact with SARS-CoV-2 (V) become infected at rate f3VS. The infected cells(/) produce new 

571 virus at a per-capita rate rr. The model also includes the clearance of infected cells in two ways: 

572 (1) by an innate response with density dependent rate o/k- and (2) an acquired response with rate 

573 E'::;r mediated by SARS-CoV-2-specific effector cells (£). The clearance mediated by innate 

574 immunity depends on the infected cell density and is controlled by the exponent k. The Hill 

575 coefficient r parameterizes the nonlinearity of the second response and allows for rapid saturation 

576 of the killing. Parameter¢ defines the effector cell level by which killing of infected cells by E is 

577 half maximal. 

5 78 In the model, SA RS-Co V-2-specific effector cells rise after 2 stages from precursors cells 

579 (M 1 and M2). The first precursor cell compartment (M 1) proliferates in the presence of infection 

580 with rate wl M1 and differentiates into the effector cell at a per capita rate q during the next 

581 intermediate stage. Finally, effector cells die at rate oE. The model is expressed as a system of 

582 ordinary differential equations: 
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dS - = -{JVS 
dt 
di Er 
- = {JVS - o/k I - m I dt Er+ q{ 
dV 
-= rrl-yV 
dt 
dM1 -- = w/M1 - qM1 dt 
dM2 
-=q(M1-M2) dt 
dE 
-= qMz-oEE dt 

585 We assumed S(O) = 107 cells/ml, /(O) = 1 cells/ml, V(O) = rrI(o) copies/ml, M1(0) = 1, 
c 

586 M2 (0) = 0 and E0 = 0. 

587 When we introduce simulated heterogeneity in cases of SARS-Co V-2 (by increasing the 

588 standard deviation of the random effects of parameters fl by 20, o by 2, k by 2 and 7r by 5 in the 

589 original distribution from24), some of the viral shedding curves suggest that viral shedding could 

590 continue for long period (over 6 weeks). Indeed, while median viral shedding duration has been 

591 estimated at 12-20 days, shedding for many months is also observed commonly .45 We assumed 

592 that viral loads after day 20 drop to a exposure-level viral load level (i.e ., V(O)) as most viral 

593 shedding observed after this point is transient and at an extremely low viral load.46 The population 

594 distribution of parameters to simulate aitificial SARS-Co V-2 viral shedding dynamics is provided 

595 in Table Sl. 

596 

597 Influenza within-host model. To simulate viral shedding dynamics of influenza viral, we employ 

598 a model38 that is a simplified version of the viral dynamics model presented for SARS-CoV-2. 

599 This model assumes k = 0 and m = 0 and can be expressed as a system of ordinary differential 

600 equations: 
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dS 
- = -{3VS 
dt 

di 
- = f3VS- of 
dt 
dV 
- = rrl-yV 
dt 

Following this model,38 we assumed S(O) = 4 x 108 cells/mL, /(O) = 1 cells/mL, V(O) = rrI(o) 
c 

copies/mL. To simulate artificial influenza viral shedding dynamics, we assumed the population 

distribution of parameters Log10({3), Log10(rr), Log10(y) and Log10(o) are -4.56 (0.17), -1.98 

(0.14), 0.47 (0.03) and 0.60 (0.06), respectively. 

Dose-response model. For both viruses, to estimate the infectiousness Pt[V(t)] based on viral 

loads V(t), we employed the function, Pt[V(t)] = :(t)a)a. Here, II. is the infectivity parameter 
A +V(t 

that represents the viral load that corresponds to 50% infectiousness and 50% contagiousness, 

and a is the Hill coefficient that controls the slope of the dose-response curve. 

614 Transmission Model and Reproduction number. Our transmission model assumes that only some 

615 contacts of an infected individual with viral load dependent infectiousness are physically exposed 

616 to the virus (defined as exposure contacts), that only some exposure contacts have virus passaged 

617 to their airways (contagiousness) and that only some exposed contacts with virus in their airways 

618 become secondarily infected (successful secondary infection). Contagiousness and infectiousness 

619 are then treated as viral load dependent multiplicative probabilities with transmission risk for a 

620 single exposure contact being the product. Contagiousness is considered to be viral load dependent 

621 based on the concept that a transmitter's dispersal cloud of virus is more likely to prove contagious 
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622 at higher viral load, which is entirely separate from viral infectivity within the airway once a virus 

623 contacts the surface of susceptible cells. 

624 We next assume that the total exposed contacts within a time step (rJllt) is gamma 

625 distributed, i.e. rJllt-r (;,p )ilt , using the average daily contact rates (8) and the dispersion 

626 parameter (p). To obtain the true number of exposure contacts with airway exposure to virus, we 

627 simply multiply the contagiousness of the transmitter with the total exposed contacts within a time 

629 Transmissions within a time step are simulated stochastically using time-dependent viral 

630 load to determine infectiousness (Pt)· Successful transmission is modelled stochastically by 

631 drawing a random uniform variable (U(0,1)) and comparing it with infectiousness of the 

632 transmitter. In the case of successful transmission, the number of secondary infections within that 

633 time step (Tilt) is obtained by the product of the infectiousness (Pt) and the number of exposure 

634 contacts drawn from the gamma distribution ((t) · In other words, the number of secondary 

635 infections for a time step is Tilt = Ber(Pt)PtrJllt· If we disregard contagiousness by assuming Pt = 

636 1 in (t, we identify that there are little to no differences on overall results other than the emergent 

637 TD curve and optimal parameter set describing dose-response curve and exposed contact network, 

638 which no longer agrees as closely with in vitro probability of positive virus culture (Fig SS). 37 

639 We obtain the number of secondary infections from a transmitter on a daily basis noting 

640 that viral load, and subsequent risk, does not change substantially within a day. We then summed 

641 up the number of secondary infections over 30 days since the time of exposure to obtain the 

642 individual reproduction number, i.e. R0 =Lilt Tilt· 

643 
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644 Serial interval and generation time. We further assume that upon successful infection, it takes r 

645 days for the virus to move within-host, reach infection site and produce the first infected cell. 

646 To calculate serial interval (time between the onset of symptoms of transmitter and secondarily 

647 infected person), we sample the incubation period in the transmitter and in the secondarily infected 

648 person from a gamma distribution with a shape described in the Fig S4.3•30 In cases in which 

649 symptom onset in the newly infected person precedes symptom onset in the transmitter, the serial 

650 interval is negative; otherwise, serial interval is non-negative. We calculate generation time as the 

651 difference between the time of infection of transmitter and the time of infection of secondarily 

652 infected person. 

653 

654 Individual RO and serial interval data for model fitting. There is abundance of data confirming 

655 over-dispersed RO for SARS-Co V-2. From contact tracing of 391 SARS-Co V-2 cases in 

656 Shenzhen, China, 1286 close contacts were identified: the distribution of individual RO values in 

657 this cohort was highly over-dispersed, with 80% of secondary infections being caused by 8-9% of 

658 infected people.6 In another study, authors analyzed the contact/travel history of 135 infected cases 

659 in Tianjin, China and determined heterogeneity in the individual R0.34 Another contract tracing 

660 study also identified and characterized SA RS-Co V-2 clusters in Hong Kong and estimated that 

661 20% of cases were responsible for 80% of local transmission.35 

662 A modeling study that simulated observed outbreak sizes in - 40 affected countries during 

663 the early phase of epidemics also confirmed that - 80% of secondary transmissions may have been 

664 caused by a small fraction of infectious individuals (- 10%).4 The latter study provided the 

665 distribution of individual RO (Fig 2A) that we employed for fitting purposes. Using the data on 

666 468 COVID-19 transmission events reported in mainland China, Du et al. estimated the mean 
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667 serial interval as well as the distribution of serial interval (Fig 2C).31 We employed this data for 

668 fitting purposes. 

669 The cumulative distribution function of individual RO for influenza was obtained from a 

670 modeling study that simulated the transmission dynamics of seasonal influenza in Switzerland 

671 from 2003 to 2015 .10 We picked the parameters mean RO= l.26 and dispersion parameter=2.36 in 

672 the negative binomial distribution that corresponded to the 2008-2009 influenza A H l N l 

673 pandemic. 10 Another modeling study that simulated the age-specific cumulative incidence of 2009 

674 H l N l influenza in 8 Southern Hemisphere Countries yielded similar results.40 By following the 

675 household members of index cases, a study estimated the cumulative distribution of serial interval 

676 based on symptom-onset times from 14 transmission pairs.9 We employed these cumulative 

677 distribution functions of individual RO and serial interval of influenza for fitting purposes. 

678 

679 Fitting procedure. To estimate the values of unknown parameters in cases of SARS-Co V-2, we 

680 performed a grid search comprehensively exploring a total of - 500,000 combinations of 5 

681 parameters taking the following values, 

682 (i) r E [0.5, 1, 2, 3] days, 

683 (ii) a E [0.01, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0, 5.0, 10.0] 

684 (iii) .It E [10°, 10°·5 , 101·0 ... ,108 ] 

685 (iv) (} E [0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0, 5.0, 10.0, 20.0, 50.0]. 

686 (v) p E [0.0001, 0.001, 0.01, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 5.0, 10.0, 

687 20.0, 30.0, 40.0, 50.0, 75.0, 100, 200, 500]. 
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688 The parameter sets of (A., r, a, 8) were simulated for 1000 infected individuals to determine how 

689 well each set generates the summary statistics of mean RO, mean SI and the RO histograms by 

690 following a procedure explained in Fig Sl and below: 

691 Step A: 

692 1. Simulate viral load V(t) of 1,000 simulated infected individuals using Eq. 1 

693 2. For each combination of (A., r, a, 8, p) 

694 a. For each time step !it 

695 i. Compute Pt[V(t); A., a] 

698 b. Calculate R0 = Lilt T11t 

699 i. Check if calculated mean R0 is in the range:3•31 

700 c. Calculate Serial Interval based on r and incubation period 

701 i. Check if calculated SI is in the range in: 3•31 •33 

702 Step B: 

703 1. If the parameter combination in Step A satisfy the criteria, then 

704 i. Compute RSS for the obtained R0 and histogram from: 4·6•34) 6 [Ref] 

705 

706 We visually checked whether our dose-response curve matched the observed probability 

707 of positive virus culture. 37 We assumed that viral loads derived from positive culture37 can be 

708 considered equivalent to viral loads in the within-host model if divided by a positive integer. We 

709 identified an integer of 25 to provide closest fit to the empirical data (Fig SS). 
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710 We performed a global sensitivity analysis to identify which parameter variability 

711 accounted for fit to different components of the data. Only narrow ranges of/... permitted close fit 

712 to the mean of RO and distribution functions of individual RO (Fig S9), while a specific value for 

713 ex was necessary to fit to mean serial interval and distribution functions of individual RO (Fig 

714 S9). Only narrow ranges of 8 permitted close fit to the mean of RO and distribution functions of 

715 individual RO (Fig 810), while a specific value for p was necessary to fit to distribution functions 

716 of individual RO (Fig SlO). 

717 To obtain TOSO (ilr) based on 1050 (il), we use the relation 

1 1 
718 -----= =0.5 

c(liA)a + 1)2 (1~AT)aT + 1 

719 From solving the second half (( ;. 
1)ar = 0.5), we get 

10 T 
- v- +1 

720 V = 10AT 

721 Substituting V = 1QAT in the first-half, we have 

1 
722 A a = 0.5 

c(lliAT) + 1)2 

723 
;. a 

Or, c(l~~T) + 1)2 = 2 

724 ( 
10.I. )a 

Or, 10.1.r = .J2 - 1 

725 

726 Or ilr = ii. + 0.38 
' a 
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746 Supplementary Materials 

747 

A) Calculating Mean R0, Mean Serial Interval and histogram of R0 

r---------------------------------------------------------------------------------------------------------------------------1 
i Dose-response model transmission i 
i with pre-selected A and o r~·sk ! 
' ' ' ' 
1 j Repeat,_ 
: : 1000 

! ,.. Calculate Serial Sample Incubation period Calculate R0 Transmission model ! times 
i Interval for both infector and infectee with pre-selected T, 9 i 
i and p i 
' ' t ________________________________________ __________________________________ ________________________ _________________________ J 

B) Finding parameter sets 
... -------------------------------------------------------------------------------· 
! Repeat Step A for Check if mean Ro ! Intermediate Output: 
' and mean Serial If yes, then select , ! all parameter sets Interval are in the parameter set; !~ 20 parameter sets 
: of (A, a, T, 9 and p) b d otherwise reject : of (A, o, T, 9 and p) 

L~-~~-~~-~~~------------~--~~:~--:~-~~-~~-------------------------------j 748 

749 Fig SL Mathematical model workflow. 

OUTPUT: 

1. Mean R0 
2. Mean Serial Interval 
3. RSS of R0 histogram 
4. Histogram of Serial 
Interval 

187



medRxiv preprint doi: https://doi.org/10.1101/2020.08.07.20169920; this version posted September 28, 2020. The copyright holder for this 
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

It is made available under a CC-BY·NC-ND 4.0 International license . 

A) B) 
< co Original Distribution co Simulated heterogeneity z 
et:: 
')I"' "' > 
0 

(.) 

en "' ... 
et:: 
< 
(f)N ·- N 
0 

Ci 
.Q 0 0 

0 5 10 15 20 0 5 10 15 20 

C) Days since exposure D) Days since exposure 

-----· CXl ,if CXl 

"'0 0 
"' Q) 
c 
"' " .Q v ... u c) 0 
~ 
E / ,,. 

0 ~ 0 
0 0 

0 2 4 6 8 10 0 2 4 6 8 10 

E) log10 SARS CoV-2 RNA F) log10 SARS CoV-2 RNA 

-"" cq co 
"'0 

I/ 
0 

C2 
c 
0 

·~ "d: <t 
.E o 0 

"' c 
e! 
I- 0 0 

0 0 
0 2 4 6 8 10 0 2 4 6 8 10 

750 log10 SARS CoV-2 RNA log10 SARS CoV-2 RNA 

751 Fig S2. Mathematical model of SARS-CoV-2 transmission dynamics. A. Simulated viral load 
752 shedding tracings of possible transmitters. B. Simulated viral load shedding with imputed 
753 heterogeneity. C. Simulated infection dose (ID) response curves with variance in infectivity 
754 (1050) and D. dose response slopes. E. Simulated transmission dose (TD) response curves with 
755 variance in infectivity (TOSO) and F. dose response slopes. The TD response curve is a product 
756 of the infection and contagion dose response curves. 
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759 Fig S3. Stochastic simulations of exposed contact frequency for varying dispersion (p). The 
760 average number of exposed contacts is 4 per day in each example with imputed daily 
761 heterogeneity based on an elevated value of p from a gamma distribution- f(4/p, p). 
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763 Fig S4. Gamma distribution functions of incubation periods. A. SARS-CoV-2 (mean 5.2 
764 days, shape parameter =3.45 and rate =0.66) and B. influenza (mean 2 days, shape 
765 parameter=6.25 and scale parameter=0.32). 
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Fig 85. Mathematical model recapitulation of relationship between SARS-Co V-2 viral load 
and viral culture. In a clinical study, probability of positive viral culture was projected against 
SA RS-Co V-2 RNA (https://www.medrxiv.org/content/ I 0.1 I 0I /2020.06.08.2012531 Ov I). When 
we divided these PCR values by 25 (light blue line), we identified high similarity between the 
clinical data and our projected infectiousness dose response curve (red line). 
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775 Fig S6. Impact of changes in contact network heterogeneity on individual RO, serial 
776 interval, and generation time. A. SARS-CoV-2, and B. influenza. Lowering exposed contact 
777 network heterogeneity to levels observed with influenza decreases SARS-Co V-2 individual RO 
778 over-dispersion. Increasing exposed contact network heterogeneity to levels observed with 
779 SA RS-Co V-2 increases influenza RO over-dispersion. Neither change impacts observed serial 
780 interval or estimate generation time. 
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783 Fig S7. Potential impact of population physical distancing on SARS-Co-V2 epidemiology. 
784 A. Mean reproductive number B. Percent transmitters of all infected people C. Percent super-
785 spreaders (individual R0>5) of all infected people D. Percent super spreaders of all transmitters. 
786 Transmitters are defined as infected people who generate at least one secondary infection. 

ulf 
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790 Fig SS. Potential impact of enhanced physical distancing only within high exposure contact 
791 networks on SARS-CoV-2 epidemiology. Simulations assume limitation of exposed contacts 
792 only among daily exposures of more than 5, I 0, 20 or 50 people. Mean reproductive number 
793 decreases below one with only marginal decreases in overall rate of exposure contacts when 
794 contacts are limited to fewer than 20 people. 
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Fig S9. Sensitivity analysis of transmission curve parameter for model fit to SARS-Co V-2 
data. Effects of varying transmission curve slope (x-axis) and TD50 for infectiousness (y-axis) 
on fit to A. Mean RO, B. Mean serial interval, C. Cumulative distribution function of individual 
RO, and D. Sum of Errors in A, B and C. 
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804 Fig SlO. Sensitivity analysis of contact network structure for model fit to SARS-CoV-2 
805 data. Effects of dispersion parameter (x-axis) and average exposed contacts per day (y-axis) on 
806 fit to A. Mean RO, B. Mean serial interval C. Cumulative distribution function of individual RO, 
807 and D. Sum of Errors in A, B and C. 
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Log10P 
0 

k Log10n 
m 

Log10co (day· I (day-I 
(virions·1 day-1) cells-k) (-) (log10 day-1) cells-1) 

(day·1 cells-1) 

-7.23 3.13 0.08 2.59 3.21 -4.55 

0.2 0.02 0.02 0.05 0.33 0.01 
808 
809 Table Sl: Population parameter estimates for simulated SARS-CoV-2 viral shedding 
810 dynamics. Parameters are from (doi: https://doi.org/I 0.110 I /2020.04.10.20061325). The top row 
811 is the fixed effects (mean) and the bottom row is the standard deviation of the random effects. 
812 We also fixed r= IO, 8E= l/day q=2.4 x J0-5/day and c= 15/day. 
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Released at 8:30 a.m. Eastern time in The Daily, Friday, May 14, 2021"= " '"A" b Oaths In and 
for the ~ of Albefta. 

COVID-19 continues to affect communities and families in Canada. Beyond deaths a 1 e o e ~ase 1tsel , tt!..~l ~ .. J __ 
the pandemic could also have indirect consequences that increase or decrease the number of deaths as a result of ~ IC1 70'( 
various factors, including delayed medical procedures or increased substance use. 

To understand both the direct and indirect consequences of the pandemic, it is important to measure excess 
mortality, which occurs when there are more deaths during a period of time than what would be expected for that 
period. It should be noted that, even without a pandemic, there is always some year-to-year variation in the number 
of people who die in a given week. This means that the number of expected deaths should fall within a certain 
range of values. There is evidence of excess mortality when weekly deaths are consistently higher than the 
expected number, but especially when they exceed the range of what would be expected over consecutive weeks. 

As part of Statistics Canada's commitment to providing timely and relevant information on COVID-19 and its impact 
on Canadians, a new updated provisional dataset from the Canadian Vital Statistics Death Database, covering the 
period from January 2020 to February 2021 has been released today. Updates were also made to the provisional 
death estimates, which have been adjusted, where possible, to account for the incomplete nature of the counts. The 
provisional estimates will continue to be revised in future releases as more information is reported by provincial and 
territorial vital statistics agencies and as methods continue to be enhanced. 

From January 2021 to early February 2021, there were 31,509 deaths in Canada. This amounts to 2.1 %, or 658, 
more deaths than expected if there were no pandemic, after accounting for changes in the population, such as 
aging. While some of these excess deaths may be related to indirect effects of the pandemic or other unrelated 
factors, they are still largely explained by the deaths attributed directly to COVID-19. 

The risk of severe outcomes due to COVID-19 varies depending on individual vulnerabilities. One of these 
susceptibilities is pre-existing health conditions. The Public Health Agency of Canada has advised that certain 
pre-existing conditions such as diabetes, chronic obstructive pulmonary disease, cancer and heart disease put 
individuals at higher risk of severe illness or death from COVID-19. In addition, the suggested Canadian vaccination 
rollout prioritizes vulnerable populations, including those with underlying conditions. The provisional data released 
today confirm that about 9 out of 10 Canadians who have died of COVID-19 had at least one other condition or 
complication, or comorbidity, reported on their medical certificate of death. 

Almost 90% of people who died of COVID-19 in 2020 had a least one other comorbidity 

Of the nearly 15,300 people who died of COVID-19 between March and December 2020, 89% had one or more 
other conditions or complications reported on their death certificate. In fact, almost two-thirds (65%) had two or 
more comorbidities and almost half (46%) had three or more comorbidities reported. These results, along with the 
specific conditions listed on the death certificate, highlight some of the populations in Canada most vulnerable to 
severe outcomes of COVID-19. Although individuals had pre-existing conditions, it does not imply that they were at 
risk of dying if there had been no COVID-19 infection. 

Dementia or Alzheimer's is the most common comorbidity associated with deaths due to 
COVID-19 

Of all COVID-19 deaths in 2020, dementia or Alzheimer's was reported on 36% of COVID-19 death certificates. 
However, the frequency with which it was reported varied between women and men. It was the most common 
comorbidity among women, reported on 41% of records, whereas for men, it was the second most common 
comorbidity, reported on 31 % of records. These results can be partly explained by the age and sex profile of 
Canadians who died of COVID-19 in 2020: 63% of women who died of COVID-19 were older than 85, 
whereas 47% of men who died of COVID-19 were older than 85. According to the Public Health Agency of Canada, 
about 1 in 4 Canadians aged 85 or older live with dementia or Alzheimer's. 

1 1+1 Statistics 
Canada 

Statistique 
Canada Canada 
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Chart 1 
Common COVID-19 comorbidities by sex 
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Note(s): Comorbidities for deaths occurring between March 1, 2020, and December 31, 2020, where COVID-19 is the underlying cause of death. 
Source(s): Canadian Vital Statistics - Death Database (2020) (3233). 

Other common COVID-19 comorbidities reported on death certificates included pre-existing cardiovascular and 
respiratory conditions such as hypertensive diseases (15%), ischemic heart disease (14%) and chronic lower 
respiratory diseases (11%). 

In addition to pre-existing conditions, comorbidities such as pneumonia and respiratory failure were also commonly 
reported. These, however, can also be the result of COVID-19 rather than underlying reasons why the individual 
had a severe COVID-19 outcome. 

The prevalence of specific comorbidities varies with age 

Since 94% of Canadians who died of COVID-19 in 2020 were older than 65, the overall trends for common 
COVID-19 comorbidities are largely driven by age. However, comorbidities were clearly present in the majority of 
COVID-19 deaths regardless of age. 

For younger populations who died of COVID-19, diabetes was a common pre-existing condition reported on the 
death certificate. In fact, 15% of COVID-19 deaths among the 45-to-84 age group also had diabetes reported on the 
death certificate. This was lower for those younger than 45, with 9% of those who died of COVID-19 also having 
diabetes reported. However, given that, according to the 2019 Canadian Community Health Survey, 6% of 
Canadians younger than 49 have diabetes, this highlights the elevated risk facing younger populations with 
underlying conditions. 

Another pre-existing comorbidity that was frequently reported on COVID-19 death certificates for individuals 
younger than 65 was nervous system disorders, such as Parkinson's or amyotrophic lateral sclerosis diseases 
(excluding Alzheimer's), with 13% among those in the 45-to-64 age group and 12% among those younger than 45. 
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Obesity was also frequently reported among COVID-19 deaths in the younger-than-45 age category. It should be 
noted that, in 2020, there were fewer than 100 deaths due to COVID-19 in this age group. 

Chart 2 
Frequency of chronic conditions reported on death certificates where death is due to COVID-19 
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Note(s): Comorbidities for deaths occurring between March 1. 2020, and December 31, 2020, where COVID-19 is the underlying cause of death. 
Source(s): Canadian Vital Statistics - Death Database (2020) (3233). 

The emergence of COVID-19 variants of concern and the rollout of COVID-19 vaccination strategies in Canada will 
likely result in further changes to the dynamics of the COVID-19 pandemic. According to a recent media report that 
analyzed surveillance data from the Public Health Agency of Canada, there is evidence that, as vaccination rates 
among those aged 80 and older are increasing, the number of COVID-19 deaths among this age group is 
decreasing. To better understand the evolving impacts of the pandemic on mortality in Canada, Statistics Canada 
will continue to provide timely information on a regular basis on excess deaths, causes of death and comorbidities 
as it becomes available. 
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Note to readers 

In Canada, the Canadian Vital Statistics Death Database (CVSD) is the authoritative source for cause of death data, including 
COVID-19 deaths. In addition to identifying the underlying cause of death, the CVSD also includes information on the contributing causes 
and conditions (or comorbidities). In the context of a death caused by COVID-19, these comorbidities include diseases or conditions such 
as diabetes or hypertension that likely put those individuals at higher risk of death from COVID-19. While there may be challenges 
associated with the distinction between chronic conditions and other causes, and the nature of these with respect to COVID-19, the 
CVSD data provide additional insight on COVID-19-related deaths. 

This analysis does not consider the relationship between the comorbidities listed on death certificates for deaths due to COVID-19. It is 
difficun to determine from the death certificate whether the condition was pre-existing or whether it resulted from a complication due to 
COVID-19. 

Some deaths may have involved COVID-19 but were ultimately attributable to another disease such as lschemic heart disease, or an 
accidental injury such as a fall. COVID-19 is not considered as the underlying cause of these deaths, but the virus was reported as being 
present on the medical certificate of death, either as a contributing cause or condition. 

Nevertheless, COVID-19 was identified as the underlying cause of death in the vast majority (91%) of cases where COVID-19 was 
reported on the medical certificate (15,360 of the 16,945 the COVID-19-involved deaths). 

More information on the certification and classification of COVID-19 deaths can be found in the study, "COVID-19 death comorbidities in 
Canada.• 

About 12% of provisional information on causes of death for the reference period from January 2020 to February 2021 is unknown or 
pending investigation. For this reason, among others, the number of COVID-19 deaths published today may differ from the surveillance 
figures compiled by the Public Health Agency of Canada. More information on the two sources is provided in the article, "Provisional 
death count and excess mortality. January to August 2020 . • 

The provisional figures on the number of deaths, the causes of death and excess mortality will continue to be updated as more 
information is reported to Statistics Canada by the provinces and territories and as further enhancements are made to the estimation 
models. More information on excess mortality during the COVID-19 pandemic in Canada is available in the article, "Excess mortality in 
Canada during the COVID-19 pandemic." 

A number of different reference period have been used in this article: 

References to the period of 2020, are to the period from January 1 to December 31, 2020. Excess deaths and 
COVID-19 deaths in Canada did not become prevalent until March 2020-which is when both excess deaths and 
COVID-19 deaths began to be tallied. 

References to the period from January 2021 to February 2021 are to the period from the week ending 
January 9, 2021, to the week ending February 6, 2021. 
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Available tables: 13-10-0768-01, 13-10-0783-01 , 13-10-0784-01 , 13-10-0792-01 and 13-10-0810-01 . 

Definitions, data sources and methods: survey number 3233. 

To facilitate the identification of trends in excess deaths by province and territory, the interactive visualization 
tool "Provisional weekly estimates of the number of deaths, expected number of deaths and excess mortality: 
Interactive Tool" has been updated. 

To facilitate the identification of trends in the number of weekly deaths by age group and sex and by province 
and territory, the interactive visualization tool "Provisional weekly death counts: Interactive tool" has also been 
updated. 

For more information, or to enquire about the concepts, methods or data quality of this release, contact us 
(toll-free 1-800-263-1136; 514-283-8300; STATCAN.infostats-infostats.STATCAN@canada.ca) or Media 
Relations (613-951-4636; STATCAN.mediahotline-ligneinfomedias.STATCAN@canada.ca ). 
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People who are at risk of 
more severe disease or 
outcomes from COVID-19 

While COVID-19 can make anyone sick, some Canadians are 

at risk of more severe disease or outcomes because of their 

age or if they have other medical conditions. If you are at risk 

of more severe disease or outcomes, you can take action to 

reduce your risk of getting sick from COVID-19. 

Who is at risk of more severe disease 
or outcomes? 

> Older adults (increasing risk with each decade, 

especially over 60 years) 

> People of any age with chronic medical 

conditions including: 

• Lung disease 

• Heart disease 

• Hypertension (high blood pressure) 

• Diabetes 

• Kidney disease 

• Liver disease 

•Dementia 

• Stroke 

> People of any age who are immunocompromised , 

including those: 

• With an underlying medical condition (e.g., cancer) 

• Taking medications that lower the immune system 

(e.g., chemotherapy) 

> People living with obesity (BMI of 40 or higher) 
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Be prepared 
> Learn about COVID-19 and stay informed by 

visiting canada.ca/coronavirus. 

> Visit your provincial/territorial and municipal 

health websites to keep up to date about COVID-19 

in your community. 

> Stock up on the supplies you would need if you were to 

have to stay home for a few weeks, such as groceries, 

pet food and cleaning/disinfecting products. 

> Talk with your health care provider about how to protect 

yourself and ensure you have enough of your prescribed 

medications and medical supplies. 

> Prepare to stay connected with others by phone or email. 

> Ask family, a neighbour or friend to help with essential 

errands (e.g., picking up prescriptions, buying groceries). 

> Identify which services are available to deliver food or 

medications to your home. 

> Monitor yourself for symptoms . 

How to reduce your risk of COVID-19 
> If possible, only leave your home for medically 

necessary appointments. 

> Stay away from people who are sick . 

> Avoid contact with others, especially those who have 

travelled or been exposed to the virus. 

> If contact cannot be avoided, take the following 

precautions: 

• keep at least 2 metres between yourself and the 

other people 

• give a friendly wave instead of a handshake, 

kiss or hug 

• keep interactions brief 

Canada 
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> Clean hands frequently with soap and water for at least 

20 seconds or, if not available, use an alcohol-based 

hand sanitizer containing at least 60% alcohol. 

> Avoid touching your mouth, nose, and eyes and/or food 

with your hands. 

> Carry an alcohol-based hand sanitizer containing at 

least 60% alcohol when you are outside of your home. 

> Avoid touching high-touch surfaces such as doorknobs, 

handrails and elevator buttons in public places. 

> If you need to touch surfaces in public places, use a 

tissue or your sleeve to cover your hand. 

> At least once daily, clean and disinfect surfaces that you 

touch often, like toilets, bedside tables, doorknobs, 

phones and television remotes. 

> To disinfect, use only approved hard-surface 

disinfectants that have a Drug Identification Number 

(DIN). A DIN is an 8-digit number given by Health 

Canada that confirms the disinfectant product is 

approved and safe for use in Canada. 

> When approved hard surface disinfectants are not 

available for household disinfection, a diluted bleach 

solution can be prepared in accordance with the 

instructions on the label, or in a ratio of 5 millilitres (ml) 

of bleach per 250 ml of water OR 20 ml of bleach per 

litre of water. This ratio is based on bleach containing 5% 

sodium hypochlorite, to give a 0.1% sodium hypochlorite 

solution. Follow instructions for proper handling of 

household (chlorine) bleach. 

> If they can withstand the use of liquids for disinfection, 

high-touch electronic devices (e.g., keyboards, touch 

screens) may be disinfected with 70% alcohol at 

least daily. 

> Remind others who are sick, or may have been exposed 

to the virus, to stay away. 

> Avoid crowds and large gatherings. 

> Avoid cruises and non-essential travel outside of Canada. 

What to do if you get a symptom 
ofCOVID-19 

> Symptoms of COVID-19 can: 

• take up to 14 days to appear after exposure 

to the virus 

• be very mild or more serious 

• vary from person to person 

I If you develop a symptom, stay home and call your 

health care provider or local public health unit and tell 

them about your symptoms. 

> Always call ahead before going to see a health provider 

or health care facility so that they can keep others from 

being exposed. 

1 The following symptoms should be considered urgent: 

• significant difficulty breathing (e.g., can't catch 

breath, gasping) 

• chest pain or pressure 

• new confusion or difficulty waking up 

1 If you develop these urgent symptoms, call 911 or your 

local emergency help line and inform them that you may 

have COVID-19 and are at high risk for complications. 

We can all do our part in preventing 
the spread of COVI D-19. For more 
information: 

Canada.ca/coronavirus 
or contact 1-833-784-4397 
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Figure 1: COVID-19 cases in Alberta by zone. First and second panels display new (from June 30-July 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 June 30-July 06, 2021) and active cases, respectively. 

Cases are under investigation and numbers may fluctuate as cases are resolved. 

Via: https://www.alberta .ca/ stats/ covid-19-alberta-statistics.htm 
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Figure 3: COVID-19 cases in Alberta by route of suspected acquisition. First and second panels display new (from June 30-July 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 alter 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 July 06, 2021. 

e 
t 

Via: https://www.alberta.ca/ stats/ covid-19-alberta-statistics.htm 
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Figure 5 
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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 July 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 July 06, 2021. 

Via: https://www.alberta.ca / stats/ covid-19-a lberta-statistics. htm 
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Figure 7 
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Figure 7: Number and rate of COVID-19 cases in Alberta by age group 

Via: https://www.alberta.ca/stats/covid-19-alberta-statistics. htm 
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Figure 8 
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Figure 8: COVID-19 cases in Alberta by age group and gender 

Via: https://www .a lberta .ca/ stats/ covid-19-alberta-statistics.htm 

Classification: Protected A 

July 8, 2021 
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Table 1 
Table I. COVID-19 cases in Alberta by age group and gender 

Gender 

Female Male Unknown 

Age Count Percent Count Percent Count Percent Count 

Underl year 651 0 752 0 3 0 1,406 

1-4 years 4,289 2 4,559 2 6 0 8,854 

6-9 years 5,818 3 6.449 3 3 0 12,270 

10-19 years 15,316 7 16,129 7 19 0 31,464 

20-29 years 20,606 9 21,273 9 29 0 41,908 

30-39 years 21,748 9 22,429 10 10 0 44,187 

40-49yeara 18,128 8 18,336 8 5 0 36,469 

60-69 years 13,123 6 13,962 6 7 0 27,092 

80-89 years 7,420 3 8,186 4 3 0 15,609 

70-79 years 3,376 3,278 0 6,655 

80+ years 3,834 2 2,445 0 6,280 

Unknown 65 0 63 0 14 0 142 

All 114.374 49 117.861 51 101 0 232.336 
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Figure 9: COVID-19 cases m Alberta by 3ge group. First and second panels display counts (7-day roll ing averilge) and rate per 100,000 (7-day rolling 

average), respectively. 

Via : https://www .al be rta .ca/ stats/ covid-19-a lberta-statistics. htm 
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Table 2 
Healthcare Workers 
Table 2. Healthcare workers among COVID-19 cases 

Total Active Recovered Died 

Calgary Zone 4546 9 4533 4 

Central Zone 1000 0 1000 0 

Edmonton Zone 5249 3 5243 3 

North Zone 936 2 934 0 

South Zone 656 0 655 

Alberta 12387 14 12365 8 

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. 

Table 6 
Table 6. Number and percent of health cond it ions among COVID·19 deaths. Data updated on 2021·07·06. 

Condition 

Hypertension 

Cardio-Vaacular Diseases 

Renal Diseases 

Dementia 

Diabetes 

Respiratory Diaeaaee 

Cancer 

Stroke 

liver Diaeaaea 

lmmuno·Defioiency Diseases 

Note: 

One individual can have multiple conditions. 

Via: https://www .alberta.ca/stats/covid-19-alberta-statistics. htm 

Classification: Protected A 

Count Percent 

1944 84.3% 

1205 52.2% 

1158 50.2% 

1055 45.7% 

1040 45.1% 

941 40.8% 

552 23.9% 

457 19.8% 

102 4.4% 

66 2.9% 
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Tab: Severe Outcomes - Figure 12 

Hosp1tal1zat1on 4.2 

ICU Adm1ss1ons 0.8 

Case fatality 

Rate (per 100 cases) 

Figure 12: Rate of total hospitalizations, ICU admissions, and deaths among COVID-19 cases in Alberta 

Via: https: //www.alberta .ca / stats/ covid-19-alberta-statistics.htm 

Classification: Protected A 
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Tab: Severe Outcomes - Figure 13 

Hospttalizations ICU Admissions Deaths 

80• years -· 70-79 years • --· 60-69 years • ---50 59 years 

------
.... 

a. 
40 49 years • • ::> -e • e 30 39 years 

(.!) 
Q) 20-29 years -· --- • JR 

10 19 years -· • 
5 9 years • • 
1 4 years • • 

Under 1 year • • 
Unknown e___,---- le 

- .---
0 500 1000 1500 0 100 200 300 400 500 0 500 !000 

Number of COVI0-19 cases 

e Hosp1tahzat1ons e ICU Admissions e Deaths 

Figure 13: 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 hospital izations.This is based on tota ls rather than current hospital izations and ICU admissions. 

Tab: Severe Outcomes-Table 5 
Table 5. Total Hospitalizations, ICU admissions and deaths (ever) among COVID-19 cases in Alberta by age group 

Age 
Cases Hospitalized 

Group 
Case Pop. 

Count Count rate rate 
Total 232336 9642 4.2 218.1 

Under1 1406 58 4.1 112.1 
year 

1-4 years 8854 42 0.5 19.3 

5-9 years 12270 25 0.2 9 

10-19 31464 159 0.5 29.8 
years 

20-29 41908 517 1.2 87.4 
years 

30-39 44187 930 2.1 130 
years 

40-49 36469 1178 3.2 193.6 
years 

50-59 27092 1676 6.2 304.3 
years 

60-69 15609 1703 10.9 359 
years 

70-79 6655 1529 23 586.6 
years 

Count 
1811 

14 

8 

12 

22 

62 

137 

242 

421 

490 

314 

ICU 

Case 
rate 
0.8 

0.1 

0.1 

0.1 

0.1 

0.3 

0.7 

1.6 

3.1 

4.7 

Pop. 
rate 
41 

27.1 

3.7 

4.3 

4.1 

10.5 

19.1 

39.8 

76.4 

103.3 

120.5 

Deaths 

Case 
Count rate 
2307 1 

0 0 

0 0 

0 0 

0 0 

11 0 

14 0 

48 0.1 

114 0.4 

285 1.8 

481 7.2 

Pop. 
rate 
52.2 

0 

0 

0 

0 

1.9 

2 

7.9 

20.7 

60.1 

184.5 

Via: https: //www.alberta.ca / stats/ covid-19-al berta-statistics. htm 

Classification: Protected A 
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80+ 6280 1822 29 1298.9 88 1.4 62.7 1353 21.5 964.6 
years 

Unknown 142 3 2.1 NA 0.7 NA 0.7 NA 

Tab: Severe Outcomes- Figure 14 
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Figure 14: Number of current COVID-19 patients in hospital, ICU and non-ICU 

Tab: Severe Outcomes - Figure 15 

JS - calga1y Zone - Central Zone - E:dmonton Zone - North Zone - South Zone - Alberta 
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Figure 15: Rate of new hospita lizations (7-day rolling average, average of current day and previous 6 days) by admission date in Alberta and by zone 

Via: https: //www.alberta.ca/ stats/ covid-19-alberta-statistics.htm 

Classification: Protected A 
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Tab: Severe Outcomes- Figure 16 
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Figure 16: 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. 

Figure 17 
• \'/1th 3 or more cond1t1ons • With 7 conchtlons • With 1 cond1t1on • No comortud1ty 

100 

80 

40 

20 

Figure 17: Percent of COVID-19 cases with no comorbidities, one comorbid1ty, two comorbidities, or three or more comorbidit1es by case severity (non

severe, hospitalized but non-ICU, ICU but not deceased, and deceased), all age groups and both sexes combined, all Alberta. Comorbitities included 

are: Diabetes, Hypertension, COPD, Cancer, Dementia, Stroke, Liver cirrhosis, Cardiovascular diseases (including IHD and Congestive heart failure), 

Chronic kidney disease, and lmmuno-def1ciency. Data updated on 2021-07-06. 

Via: https://www.alberta.ca/stats/covid-19-alberta-statistics. htm 

Classification: Protected A 
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Table 7 
Table 7. Number and percent of COVID-19 cases with no comorbidities, one comorbidity, two comorbidities, or three or more comorbid1ties by case 

severity (non-severe, hospita lized but non-ICU, ICU but not deceased, and deceased), all age groups and both sexes combined, Alberta. Comorbit ities 

included are: Diabetes, Hypertension, COPD, Cancer, Dementia, Stroke, Liver cirrhosis, Cardiovascular diseases (including IHD and Congestive heart 

fa ilure), Chronic kidney disease, and lmmuno-deficiency. Data updated on 2021·07·06. 

Non-Severe 

Number Percent 

No comorbidity 151645 68.4% 

With 1 condition 45806 20.7% 

With 2 conditions 14264 6.4% 

With 3 or more conditions 10102 4.6% 

Table 8 
Table 8. COVID-19 cases in Alberta by zone 

Zone 

Calgary Zone 

Central Zone 

Edmonton Zone 

North Zone 

South Zone 

Unknown 

All 

Table 9 
Table 9. COVID-19 testing in Alberta 

Test volume 

People teated 

Table 10 
Table 10. Number of people tested for COVID·19 in Alberta by zone 

Zone 

Calgary Zone 

Central Zone 

Edmonton Zone 

North Zone 

South Zone 

Unknown 

All 

Non-ICU 

Number Percent 

1677 24.5% 

1332 19.4% 

1203 17.6% 

2639 38.5% 

Count 

94,628 

20,824 

77,779 

26,587 

12,507 

11 

232,336 

Count 

887,981 

199,890 

701,380 

213,879 

137,288 

56,651 

2,197,069 

Via: https ://www .a I berta. ca/ stats/ covid-19-a lberta-statistics. htm 

Classification: Protected A 

ICU Deaths 

Number Percent Number Percent 

284 20.9% 75 3.3% 

310 22.8% 166 7.2% 

312 22.9% 305 13.2% 

455 33.4% 1761 76.3% 

Percent 

41 

9 

33 

11 

5 

0 

100 

Number(n) 

4,725,967 

2,197,069 

Percent 

40 

9 

32 

10 

6 

3 

100 
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Table 11 
Female Male Unknown All 

Age Count Percent Count Percent Count Percent Count Percent 

Under 1 year 7,880 0 8,755 0 20 0 18,455 

1·4 years 44,781 2 49,725 2 51 0 94,557 4 

6-9 yeara 72,699 3 78,882 4 97 0 151,678 7 

10-19 years 145,940 7 148,008 7 309 0 294,257 13 

20-29 years 177,402 8 157,071 7 556 0 335,029 15 

30-39 years 207,993 9 185,691 8 533 0 394,217 18 

40·49 years 165,456 8 144,780 7 431 0 310,687 14 

60·69 yeara 137,642 6 115,922 5 324 0 253,888 12 

80·89 yeara 99,233 5 88,104 4 193 0 187,530 9 

70-79 years 47,580 2 43,101 2 61 0 90,742 4 

80+ years 40,870 2 25,927 89 0 66,886 3 

Unknown 413 0 415 0 334 0 1,163 0 

All 1,147,689 52 1,046,381 48 2,998 0 2,197,089 100 

Note: 

Count represents the number of people tested 

Figure 18 
unoccupied ICU bed 11on·COVfO occupied ICU bed COVID onuµied ICU bed 
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Figure 18· 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 

Via : https://www.alberta.ca/ stats/ covid-19-alberta-statistics.htm 

Classification: Protected A 
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Figure 19 
- Baschne ICU beds - Current total rcu beds 
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Figure 19: Total ICU bed capacity over time. Data included may only be available al 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. 

Figure 20 

Unoccupied non-ICU bed - non·COVlD occupied non ICU bed COVIO occupied non ICU bed 
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Figure 20: 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. 

Via: https: //www.alberta.ca /stats/ covid-19-alberta-statistics.htm 

Classification: Protected A 
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Website Labeled Figures - Vaccination 
Note there is inconsistency with the sequential labeling of figures and tables on the alberta.ca COVID-19 

Alberta statistics webpage. Vaccination specific figures and tables are below. 

Tab: Vaccinations - Figure 1 
• 4,673,582 doses of COVID-19 vaccine have been administered in Alberta 

• 73.6 percent of 12+ population has received at least one dose {62.6% total population) 

• 50.7 percent of 12+ population fully vaccinated {43.1% tota l population) 

l M - dose!> ad1n111istered - doses received 
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Cumulative COVID-19 vacc ine doses received and administered by day in Alberta 

Tab: Vaccinations - Figure 2 
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Number of COVID-19 vaccine doses administered by day in Alberta 

Note: Excludes aggregate doses reported by First Nations Inuit and Health Branch, Indigenous Services Canada 

Via: https://www .a lberta .ca/ stats/ covid-19-alberta-statistics.htm 

Classification: Protected A 
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Tab: Vaccinations - Figure 3 
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Number of COVID-19 vaccine doses administered by dose 1 and dose 2 and day 

Note: Excludes aggregate doses reported by First Nations Inuit and Health Branch, Indigenous Services Canada 

Tab: Vaccinations - Figure 4 
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Via: https: //www.alberta.ca/ stats/ covid-19-alberta-statistics.htm 
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Tab: Vaccinations - Figure 5 
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Cumulative percent of individuals who received at least one dose or are fu lly vaccinated by day in Alberta 

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

Dose I Dose2 Total administered 

Alberta Health Services 1,557,660 997,278 2,554,938 

Pharmacies 1,115,760 848,514 1,964.274 

Other 94,762 59,608 154,370 

Total 2,768.182 1,905.400 4,673,582 

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

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

Age At least 1 % of population 
group Population dose with at least 1 dose 2 doses 

00-11 660,747 0 0 0 

12-14 162,530 97,390 59.9 40,421 

15-19 256,743 162,319 63.2 76,842 

20-24 277,328 168,092 60.6 87,644 

25-29 314,508 185,297 58.9 103,388 

30-34 356,228 220, 173 61.8 131,591 

35-39 359,302 238,562 66.4 146,252 

40-44 319,889 225, 108 70.4 148,470 

45-49 288,547 211,062 73.2 144,832 

50-54 266,491 204,327 76.7 147,361 

Via: https: //www.alberta.ca/ stats/ covid-19-alberta-statistics.htm 

Classification: Protected A 

% of population 
fully vaccinated 

0 

24.9 

29.9 

31.6 

32.9 

36.9 

40.7 

46.4 

50.2 

55.3 

Total 
administered 

0 

137,811 

239,161 

255,736 

288,685 

351,764 

384,814 

373,578 

355,894 

351,688 
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55-59 284,260 221,353 77.9 167,824 

60-64 264,339 221,840 83.9 181,001 

65-69 210,073 186,913 89 166,627 

70-74 157,657 143,896 91.3 134,055 

75-79 102,977 92,999 90.3 88,712 

80-84 68,566 61,740 90 59,082 

85-89 44,034 39,462 89.6 37,878 

90+ 27,669 25, 111 90.8 24,230 

Unknown NA 62,538 NA 19, 190 

12+ 3,761,140 2,768, 182 73.6 1,905,400 

ALL 4,421,887 2,768,182 62.6 1,905,400 

Tab: Vaccinations - Figure 6 
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Cumulative coverage for at least one dose by age group 

Via: https:ljwww .alberta.ca/ stats/ covid-19-al berta-statistics. htm 

Classification: Protected A 
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79.3 353,540 
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NA 81,728 

50.7 4,673,582 

43.1 4,673,582 
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Tab: Vaccine Outcomes - Table 3 and Table 4 

Table 3. COVID-19 vaccine effectiveness in Alberta by vaccine manufacturer 

Vaccine Vaccine Effectiveness: Partial (95% Cl) Vaccine Effectiveness: Complete (95% Cl) 

Moderna 82% (BO to 84%) 93% (90 to 96%) 

Pfizer 73% (72 to 74%) 90% (88 to 91%) 

Table 4. COVID-19 vaccine effectiveness against variants of concern in Alberta 

Variant of Concern Vaccine Effectiveness: Partial (95% Cl) Vaccine Effectiveness: Complete (95% Cl) 

B.1.1 .7 UK Variant 73% (72 to 75%) 91% (89 to 92%) 

Pl Brazil ian Variant 75% (68 to 81%) 89% (77 to 95%) 

Note: 

(a) Vaccine effectiveness estimates include 95% confidence intervals (Cl) and describes the protection against symptomatic infection. Vaccine 

effectiveness for hospitalization and death could have different estimates. 

(b) Vaccine effectiveness estimates for AstraZeneca/other products and emerging variants are not provided due to limited sample sizes. which make 

estimates unstable and difficult to interpret. Information on other vaccine products and variants w ill 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 requ ire two 

doses) 

(d) Effectiveness: how well a vaccine prevents the outcome of interest in the real world 

Tab: Vaccine Outcomes - Figure 10 
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Figure 10: Current non-ICU (top) and ICU(bottom) by vaccine status. 
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Time from immunization date to COVID diagnosis date (or Date reported to Alberta Health). COVID-19 hospitalizations reported are not due to 

immunization events. 

Via: https: //www. al be rta . ca/ stats/ covid-19-a lbe rta-statistics. htm 
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Tab: Vaccine Outcomes - Figure 11 (6 charts) 
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Figure 11 : Time from fi rst 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. 

Via: https://www .a I berta .ca/ stats/ covid-19-a I be rta-statistics. htm 
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n' 
All-Cause Excess Morta 1ty an 
Mortality Among US Adults Aged 25-44 Years. 
March-July 2020 
Coronavirus disease 2019 (COVID-19) has caused a marked in
crease in all-cause deaths in the US, mostly among older adults.1 

Although the burden ofCOVlD-19 among hospitalized younger 
adults has been described, fewer data focus on mortality in this 
demographic, owing to lower case-fatality rates. 2 

Excess mortality reflects the full burden of the pandemic 
that may go uncaptured due to uncoded COVID-19 and other 
pandemic-related deaths. Accordingly, we examined all-

D 
Multimedia 

D 
Supplemental content 

cause excess mortality and 
COVID-19-related mortality 
during the early pandemic pe
riod among adults aged 25 to 
44 years. Because uninten-
tional drug overdoses are the 

usual leading cause of death in this demographic, COVID-19 
deaths were compared with unintentional opioid deaths. 

Methods I To determine excess mortality (the gap between ob
served and expected deaths), projected monthly expected 
deaths for 2020 were calculated by applying autoregressive in
tegrated moving averages to US population and mortality 
counts (2015-2019). 3 We examined 2020 population and sea
sonal autoregressive integrated moving averages for each of 
the 10 US Department of Health and Human Services (HHS) re
gions, which comprise the entire US and are the smallest sub
divisions for which 2020 age-stratified COVlD-19 mortality data 
are currently available from the National Center for Health Sta
tistics. Population covariates were used to calculate 95% Cls 
for expected deaths. 

Observed all-cause mortality and COVID-19 mortality 
(coded as either "underlying cause" or "multiple cause" of 
death) for March 1, 2020, to July 31, 2020, were obtained from 
provisional National Center for Health Statistics data (re
leased October28, 2020). 4 Unintentional opioid overdose death 
counts (International Statistical Classification of Diseases and 
Related Health Problems, Tenth Revision codes X41-X44, 
Yll-Y15, and T40.0-6) for the corresponding period of2018 (the 
most recently available data) were assembled for each HHS 
region. 3 Incident rates per 100 000 person-months with 95% 
Cls were calculated for COVID-19 and unintentional opioid 
deaths using SAS, version 9.4. Statistical significance was de
fined as a 95% CI that excluded the null value. 

This study used publicly available data and was not sub
ject to institutional review approval. 

Results I From March 1, 2020, to July 31, 2020, a total of76 088 
all-cause deaths occurred among US adults aged 25 to 44 years, 
which was 11899 more than the expected 64 189 deaths 

Jama.com 

ally, excess mortality occurred in every month of the study pe
riod and overall in every HHS region (Table and eTable in the 
Supplement). Among adults aged 25 to 44 years, 4535 COVlD-19 
deaths were recorded, accounting for 38% (95% Cl, 32%-
48%) of the measured excess mortality. 

During surges in HHS Region 2 (New York, New Jersey), the 
incident rate for all-cause mortality was 2.30 (95% CI, 2.03-
2.66) and 80% of deaths were related to COVID-19; during 
surges in HHS Region 6 (Arkansas, Louisiana, New Mexico, 
Oklahoma, Texas), the incident rate was 1.46 (95% CI, 1.33-
1.63) and 48% were related to COVID-19; and during surges in 
HHS Region 9 (Arizona, California, Hawaii, Nevada), the inci
dent rate was 1.47 (95% CI, 1.36-1.59) and 40% were attrib
uted to COVID-19. 

In contrast, from March through July 2018, a total of 10 34 7 
unintentional opioid deaths occurred among US adults aged 
25 to 44 years. Deaths due to COVID-19 exceeded 2018 unin
tentional opioid deaths during 1 month in 2020 in HHS Re
gion 2 (April), HHS Region 6 (July), and HHS Region 9 (July) 
and either exceeded (HHS Region 6) or were similar to (HHS 
Regions 2 and 9) unintentional opioid deaths during the en
tire study period (Table). 

Discussion I The COVID-19 pandemic was associated with in
creases in all-cause mortality among US adults aged 25 to 44 
years from March through July 2020. In 3 HHS regions, 
COVlD-19 deaths were similar to or exceeded unintentional opi
oid overdoses that occurred during several corresponding 
months of2018. 

Only 38% of all-cause excess deaths in adults aged 25 to 
44 years recorded during the pandemic were attributed di
rectly to COVID-19. Although the remaining excess deaths are 
unexplained, inadequate testing in this otherwise healthy 
demographic likely contributed. These results suggest that 
COVID-19-related mortality may have been underdetected in 
this population. 

This study has limitations. The provisional data used rep
resent lower-bound estimates due to reporting lags, necessitat
ing future updates. Additionally, although COVlD-19 deaths ex
ceeded unintentional opioid deaths in 2018 in some areas, it is 
possible that simultaneous increases in opioid deaths may have 
occurred during the pandemic period, making it less clear which 
of these 2 diseases represents the current leading cause of death 
among younger adults in areas experiencing COVID-19 surges. 
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Table. Excess. Coronavirus Disease 2019 (COVID-19)-Related. and Unintentional Opioid Overdose Deaths 

March-July 2020 

Ratio of observed/ 
Expected deaths. Observed expected deaths Excess deaths. 

HHS region No. (95%CI) deaths, No. (95%(1) No. (95%(1) 

US total 64 189 (61822-66 556) 76088 1.19 (1.14-1.23) 11899 (937 3 to 14 266) 

March 12 881 (11952-13855) 13 531 1.05 (0.98-1.13) 650 (-333 to 1579) 

April 12 602(11611-13 620) 15106 1.20 (1.11-1.30) 2504 (1476 to 3495) 

May 12 848 (11786-13 895) 15 792 1.23 (1.14-1.34) 2944 (1883 to 4006) 

June 12 761(11671-13851) 15 078 1.18 (1.09-1.29) 2317 (1190 to 3407) 

July 13 098 (11897-14 234) 16 581 1.27 (1.16-1.39) 3483 (2258 to 4684) 

Region 2 4128 (3879-4377) 6305 1.53 (l.44-1.63) 2177 (1928 to 2426) 

March 825 (721-929) 1120 1.36 (1.21-1.55) 295 (191to399) 

April 810 (702-918) 1867 2.30 (2.03-2.66) 1057 (949 to 1165) 

May 826 (715-937) 1286 1.56 (1.37-1.80) 460 (349 to 571) 

June 824 (709-938) 1033 1.25 (1.10-1.46) 209 (95 to 324) 

July 843 (725-961) 999 1.18 (l.04-1.38) 156 (38 to 274) 

Region 6 8504 (8127-8882) 10408 1.22 (1 .17-1.28) 1904 (1526 to 2281) 

March 1711 (1546-1875) 1774 1.04 (0.95-1.15) 63 (-101to228) 

April 1688 (1521-1854) 1932 1.14 (l.04-1.27) 244 (78 to 411) 

May 1712 (1543-1880) 2072 1.21 (l.10-1.34) 360 (192 to 529) 

June 1689 (1517-1860) 2132 1.26 (1 .15-1.41) 443 (272 to 615) 

July 1706 (1533-1880) 2498 1.46 (1.33-1.63) 792 (618 to 965) 

Region 9 8351 (8054-8648) 10094 1.21 (1.17-1.25) 1743 (1446 to 2040) 

March 1643 (1515-1772) 1698 1.03 (0.96-1.12) 55 (-74 to 183) 

April 1656 (1525-1787) 1764 1.07 (0.99-1.16) 108 (-23 to 239) 

May 1660 (1528-1793) 2015 1.21 (l.12-1.32) 355 (222 to 487) 

June 1667 (1532-1802) 2086 1.25 (l.16-1.36) 419 (284 to 554) 

July 1725 (1588-1861) 2531 1.47 (l.36-1.59) 806 (670 to 943) 

r-
11) 
::; 

March-July 2018 
~ 

Unintentional 
opioid overdose 

COVI0-19 death rates death rates 
per 100000 Excess deaths Unintentional per 100000 

COVID-19 person-months attributed opioid overdose person-months 
deaths, No. (95%(1) to COVID-19, % deaths. No. (95%(1) 

4535 1.02 (0.99-1.06) 38 10347 2.38 (2.33-2.43) 

332 0.38 (0.34-0.42) 51 2119 2.44 (2.33-2 .54) 

1539 1.74 (1.65-1.83) 61 1994 2.29 (2 .19-2.40) 

848 0.96 (0.89-1.03) 29 2068 2.38 (2.28-2 .48) 

604 0.68 (0.63-0.74) 26 2062 2.37 (2.27-2.48) 

1212 1.37 (1.29-1.45) 35 2104 2.42 (2.32-2.52) 

1310 3.56 (3 .37-3.76) 60 1229 3.23 (3.05· 3.42) 

172 2.34 (2.00-2.71) 58 238 3.13 (2.74-3.55) 

842 11.44 (10.68-12.24) 80 218 2.87 (2.50-3.27) 

221 3.00 (2 .62-3.42) 48 260 3.42 (3.02-3.86) 

56 0.76 (0.57-0.99) 27 250 3.29 (2.89-3.72) 

19 0.26 (0.16-0.40) 12 263 3.46 (3 .05-3.90) 

725 1.21 (1.12-1.30) 38 539 0.92 (0.85-1.00) 

31 0.26 (0.18-0.37) 49 101 0.86 (0.70-1.05) 

118 0.98 (0.81-1.18) 48 105 0.90 (0.73-1.09) 

74 0.62 (0.48-0. 77) 21 124 1.06 (0.88-1.26) 

122 1.01 (0.84-1.21) 28 107 0.91 (0.75-1.10) 

380 3.16 (2 .85-3.50) 48 102 0.87 (0.71-1.06) 

668 0.91 (0.84-0.99) 38 677 0.94 (0.87-1.01) 

28 0.19 (0.13-0.28) 51 141 0.98 (0.82-1.15) 

90 0.62 (0.49-0.76) 83 117 0.81 (0.67-0.97) 

99 0.68 (0.55·0.82) 28 122 0.85 (0.70-1.01) 

129 0.88 (0.74-1.05) 31 155 1.08 (0.91-1 .26) 

322 2.20 (l .97-2.46) 40 142 0.99 (0.83-1.16) 
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COMMENT & RESPONSE 

Risk of Spinal Hematoma After Lumbar Puncture 
To the Editor The recently published article by Dr Bodilsen and 
colleagues reported the association between lumbar punc
ture and spinal hematoma in patients with coagulopathy. 1 

When interpreting their results, some issues should be con-

Jama.com 

Letters 

sidered. First, this study defined spinal hematoma based on 
diagnosis codes regarding spinal hematoma-related symp
toms or treatments. The diagnosis of spinal hematoma should 
be based on neuroimaging data, including magnetic reso
nance imaging and computed tomographic scan results2 since 
diagnosis codes without regard to neuroimaging data may 
cause a misdiagnosis of spinal hematoma. Second, the loca
tion of lumbar puncture-related spinal hematoma was not 
mentioned in this article. The location of spinal hematoma 
(eg, lumbar, cervical, thoracic, epidural, intradural, subarach
noid) may affect the outcome of spinal hematoma2 so should 
have be included in this study. Third, because differentiating 
traumatic spinal tap from subarachnoid hemorrhage can be dif
ficult in clinical practice, 3 the authors should have more clearly 
stated how these conditions were distinguished. Fourth, this 
article did not include cases with failed attempts of lumbar 
puncture. Among patients with successful lumbar puncture, 
some may have to undergo multiple attempts, which can be 
associated with higher risk of lumbar puncture-related in
jury. Fifth, although not mentioned in this study, in clinical 
practice, some patients may have more than 1 coagulation dis
order, such as thrombocytopenia and an increased interna
tional normalized ratio, which may increase their risk of spi
nal hematoma. 

In summary, while this study can aid in decision-making, 
the safety oflumbar puncture in patients with coagulopathy 
deserves further investigation via prospective studies and clini
cal trials. 

Tao Xu, PhD 
You Wang, MD 
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To the Editor Dr Bodilsen and colleagues showed very low rates 
of spinal hematoma in patients both with and without coag
ulopathy in their large patient cohort.1 In a subgroup analysis 
of1694 lumbar punctures among 1237 patients, the authors re
ported that the median needle size was 22 gauge (interquar
tile range, 22-22), and listed the number of procedures per
formed with traumatic vs a traumatic needles. Needle size and 
the use of atraumatic pencil-point needles have been previ
ously shown to modulate the risk of other post-lumbar punc
ture complications; the use of smaller, atraumatic needles re
duces the risk of complications such as postdural puncture 

JAMA February 23, 2021 Volume 325, Number 8 

© 2020 American Medical Association. All rights reserved. 

Downloaded From: https://jamanetwork.comf on 07/09/2021 

787 

233



THtS IS EXHIBff • N " referred to In tM 

.bf: ... ~ .. r~."-
o..H,·rtntJ. j ·7 .,.,,.. 

SI e ' 9181 e Pe9 before me this·--== - (fay . .... oQQ.J 

£~ ......... . ............ 'A ......... _.... .. . . tor Oalhl 1n anc1 
Letters d ... J.~~TA.D., 

for the of .AlbeRI. · '" · O I . ' fl h . 1· . '" RESEARCH LETTER • A~· COVID-19 m1ect1on. n ya patients ITSt osp1ta 1zat1on 1or 
f'l!:tt>Nr L. \leiJe• ~ SJ,~)brcovID-19 was considered. 

Clinical Outcomes in Young US Ad~I s Hospitalized Comorbidities and outcomes during COVlD-19 hospitaliza-
With COVID-19 tion were defined using diagnosis, procedure, or billing ICD-10 
Corona virus disease 2019 (COVID-19) is increasing rapidly codes. Intensive care utilization was defined by a billing code for 
among young adults in the US.1 Often described as a disease intensive care unit room or daily ventilator management. Inde-
affecting older adults, to our knowledge, few studies have in- pendent factors associated with the composite outcome ofme-
cluded younger patients to better understand their antici- chanical ventilation or death were identified by multivariable 

pated clinical trajectory. We logistic regression. Race and ethnicity were reported by partici-

Editor's Note page 381 investigated the clinical pro- pating hospitals. 
file and outcomes of 3222 Data were collected and deidentified by Premier and trans-

young adults (defined by the US Census as age 18-34 years) who ferred to and analyzed atBrigham and Women's Hospital using 
required hospitalization for COVID-19 in the US. Stata, version 14 (StataCorp). The Mass General Brigham in

Methods I Young adults age 18 to 34 years with the Interna
tional Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision (ICD-10) code U07.1 (COVID-19, vi
rus identified) discharged between April 1 and June 30, 2020, 
were identified in the Premier Healthcare Database, a hospital
based, all-payer database including 1030 US hospitals and 
health care systems and more than 8 million annual inpatient 
admissions. 2 ·

1 Pregnant young adults (n = 1644) were ex
cluded because many were admitted for childbirth and not for 

stitutional review board approved the study protocol; the re
quirement for informed consent was waived because of the 
deidentified nature of the data. A 2-sided P value of <.OS was 
considered significant. 

Results I Among 780 969 adults discharged between April 1, 
2020, and June 30, 2020, 63103 (8.1%) had the ICD-10 code 
for COVID-19, of whom 3222 (5%) were nonpregnant young 
adults (age 18-34 years) admitted to 419 US hospitals. The mean 
(SD) age of this population was 28.3 (4.4) years; 1849 (57.6%) 

Table. Baseline Characteristics of Young Adults Age 18 to 34 Years With COVID-19" 

No.(%) 
Full case series No death or ventilation Death or ventilation 

Characteristic (N = 3222) (n = 2879) (n = 343) Pvalue 
Age, mean (SD), y 28.3 (4.4) 28.3 (4.4) 28.3 (4.5) .90 
Men 1849 (57.6) 1626 (56.7) 223 (65.0) .003 
Race/ethnicity 

White non-Hispanic 536 (16.6) 479 (16.6) 57 (16.6) 
White Hispanic 350 (10.9) 324 (11.3) 26 (7.6) 
Black non-Hispanic 748 (23.2) 675 (23.4) 73(21.3) .14 
Black Hispanic 14 (0.4) 13 (0.5) 1 (0.3) 
Other/unknown 1574 (48.9) 1388 (48.2) 186 (54.2) 
Black and/or Hispanic 1838 (57.0) 1669 (58.0) 169 (49.3) .002 

Discharge month 
April 2020 1680 (52.1) 1495 (51.9) 185 (53.9) 
May 2020 1063 (33.0) 936 (32.5) 127 (37.0) .004 
June 2020 479 (14.9) 448 (15.6) 31 (9.0) 

Region 
Northeast 1298 (40.3) 1161 (40.4) 137 (39.9) 
South 1130 (35.1) 1032 (35.9) 98 (28.6) 
Midwest 558 (17.3) 488 (17.0) 70 (20.4) .002 

West 233 (7.2) 195 (6.8) 38(11.1) Abbreviations: BMI, body mass index 
Any obesity, BMI ? 30 1187 (36.8) 1007 (35.0) 180 (52.5) <.001 (calculated as weight in kilograms 

Morbid obesity, BMI ? 40 789 (24.S) 649 (22.5) 140 (40.8) <.001 
divided by height in meters squared); 
COVID-19, coronavirus disease 2019 . 

Asthma 545 (16.9) 495 (17.2) so (14.6) . 22 • Race/ethnicity groups include only 
Hypertension 519 (16.1) 412 (14.3) 107 (31.2) <.001 patients whose race and ethnicity 
Smoking 513 (15.9) 472 (16.4) 41 (12.0) .03 were reported. Patients with 

Diabetes 588 (18.2) 494 (17.2) 94 (27.4) <.001 missing data for 1 or both were 
considered other/unknown. 
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Figure. Death and Mechanical Ventilation in Young Adults With and 
Without Morbid Obesity. Hypertension. and Diabetes 

30 

~ 25 •Death 0 Mechanical ventilation 

0 
n• 1883 

I 
n•882 

No. of risk factors (morbid obesity, 
hypertension, and diabetes) 

2 or 3 
n- 457 

Morbid obesity, diabetes. and hypertension were determined by International 
Statistical Classification of Diseases and Related Health Problems. Tenth Revision 
(ICD·IO) codes during coronavirus disease 2019 (COVI0·19) admission. 
Proportions of patients experiencing death and mechanical ventilation were 
compared with a reference group of 8862 middle·aged (age 35·64 years) 
nonpregnant patients with COVID·19 with none of these conditions in the 
Premier database (dotted lines) . Error bars refer to 95% Cls. 

were men and 1838 (57.0%) were Black or Hispanic. Overall, 
1187 (36.8%) had obesity, 789 (24.5%) morbid obesity, 588 
(18.2%) diabetes, and 519 (16.1%) hypertension (Table). 

During hospitalization, 684 patients (21%) required inten
sive care, 331 (10%) required mechanical ventilation, and 88 
(2.7%) died. Vasopressors or inotropes were used for 217 
patients (7%), central venous catheters for 283 (9%), and ar
terial catheters for 192 (6%). The median length of stay was 4 
days (interquartile range, 2-7 days). Among those who sur
vived hospitalization, 99 (3%) were discharged to a postacute 
care facility. 

Morbid obesity (adjusted odds ratio [OR], 2.30; 95% CI, 
1.77-2.98; vs no obesity; P < .001) and hypertension (ad
justed OR, 2.36; 95% Cl, 1.79-3.12; P < .001) were common and 
in addition to male sex (adjusted OR, 1.53; 95% CI, 1.20-1.95; 
P = .001) were associated with greater risk of death or me
chanical ventilation. Odds of death or mechanical ventilation 
did not vary significantly with race and ethnicity. Morbid obe
sity was present in 140 patients (41%) who died or required 
ventilation. Diabetes was associated with increased risk of this 
outcome in univariable analysis (OR, 1.82; 95% CI, 1.41-2.36; 
P < .001) but did not reach statistical significance after adjust
ment (adjusted OR, 1.31; 95% CI, 0.99-1.73; P = .06). Patients 
with multiple risk factors (morbid obesity, hypertension, and 
diabetes) faced risks similar to 8862 middle-aged (age 35-64 
years) nonpregnant adults with COVID-19 infection without 
these conditions (Figure). 

Discussion I Young adults age 18 to 34 years hospitalized with 
COVID-19 experienced substantial rates of adverse out
comes: 21% required intensive care, 10% required mechani
cal ventilation, and 2.7% died. This in-hospital mortality rate 
is lower than that reported for older adults with COVID-19, but 

JAMA Internal Medicine March 2021 Volume 181, Number 3 

approximately double that of young adults with acute myo
cardial infarction.4 Morbid obesity, hypertension, and diabe
tes were common and associated with greater risks of ad
verse events. Young adults with more than 1 of these conditions 
faced risks comparable with those observed in middle-aged 
adults without them. More than half of these patients requir
ing hospitalization were Black or Hispanic, consistent with prior 
findings of disproportionate illness severity in these demo
graphic groups. 5•6 

Limitations of this study included defining COVID-19 in
fection and comorbidities by ICD-10 codes, which may be sub
ject to misclassification, and variable reporting of race and 
ethnicity across hospitals. The definition of COVID-19 infec
tion did not require microbiological confirmation. Given the 
sharply rising rates ofCOVID-19 infection in young adults, these 
findings underscore the importance of infection prevention 
measures in this age group. 
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Editor's Note 

Regardless of Age, Obesity and Hypertension 
Increase Risks With COVID-19 
Older age has consistently been associated with higher mor
tality in patients with coronavirus disease 2019 (COVID-19). 1

•
2 

Unfortunately, as shown by Cunningham et aP in this issue of 
JAMA Internal Medicine, COVID-19 does not spare young 
people. Using a national all-payer hospital database, the in
vestigators identified 3222 nonpregnant adults aged 18 to 34 
years who were admitted to US hospitals for COVID-19. Mor
bidity was substantial: 21% required intensive care, and 2.7% 
died. Mortality was higher among those who had obesity, hy
pertension, and male sex, as has been noted in general adult 
populations. 

Combined with what we know about the greater risk of older 
persons, what does this study tell us about COVID-19 and young 
adults? First, while young adults are much less likely than older 
persons to become seriously ill, if they reach the point of hos
pitalization, their risks are substantial. Second, obesity, hyper
tension, and male sex put patients ofall ages at greater risk. As 
obesity and hypertension are preventable and treatable condi
tions, reducing the risk of serious COVID 19 illness should be 
added to the already long list of reasons to increase medical and 
public health efforts in young adults to promote healthful diets 
and increased exercise. Finally, the article by Cunningham et aP 
establishes that COVID-19 is a life-threatening disease in people 
ofall ages and that social distancing, facial coverings, and other 
approaches to prevent transmission are as important in young 
adults as in older persons. 
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Outcomes of Contact Tracing in San Francisco. 
California-Test and Trace During Shelter-in-Place 
Given the pressing need to reopen economic activity prior to 
the availability of a vaccine, the US and other nations are in
vesting in contact tracing as a core component of the corona
virus disease 2019 (COVID-19) response.1 An estimated 75% 
of infected contacts need to be quarantined to contain 
COVID-19. 2•3 We evaluated case investigation and contact trac
ing outcomes in San Francisco, California, during shelter-in
place restrictions. 

Methods I San Francisco residents diagnosed with COVlD-19 were 
routinely reported to the health department and assigned for 
case investigation and contact tracing. 4 On May 5, 2020, uni
versal testing for COVID-19 contacts was recommended, regard
less of symptoms. This study included cases diagnosed during 
shelter-in-place from April 13 to June 8, 2020. Cases identified 
through outbreak investigations in long-term care facilities were 
excluded (10% of cases). s 

To evaluate the outcomes of contact tracing, we calcu
lated the proportion of people who were interviewed, identi
fied close contacts, and had at least 1 contact notified, tested, 
and newly diagnosed with COVID-19. A deterministic match 
based on personal identifiers was performed between con
tact and testing databases to (1) exclude contacts who were 
known to have COVID-19, (2) deduplicate previously named 
household contacts, and (3) ascertain testing results. We re
port the median number of days (with interquartile range [!QR]) 

taken to process each step. Analyses were conducted in SAS, 
version 9.4 (SAS Institute). Bivariate tests including X2 tests to 
compare categorical variables and t-tests for continuous vari
ables were conducted, as appropriate, and a P < .05 identi
fied statistical significance. This work was conducted as part 
of San Francisco Department of Public Health COVID-19 sur
veillance; institutional review board approval and informed 
consent were not required. 

Results I Among 1633 cases reported, 1394 (85.4%) people were 
interviewed. Median (!QR) age was 37 (26-49) years; 972 (69.7%) 
were Latino (85% primarily Spanish-speaking), and 842 (60.3%) 
were male. Of the 603 (43.2%) interviewed people residing in a 
household with at least 5 persons, 510 (84.6%) were Latino. Half 
of interviewed people reported contact with someone diag
nosed with COVlD-19 (Table). 

Among 791 people interviewed after recommending uni
versal testing for close contacts, 404 (51.1%) identified a con
tact not previously diagnosed with COVID-19, 356 (45.0%) 
had at least 1 contact notified, 206 (26.0%) had at least 1 
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Notifications 

COVID-19 UP-dates 

• Alberta entered Stage 3 on July_l;_ Limited restrictions remain. 

• Get vaccinated: Everyone 12+ can book first and second doses now. 

~~Alberta.ca 

Home -+ Government -+ Priorities and initiatives -+ Ke)'. initiatives 

resP-onse -+ COVID-19 info for Albertans -+ Cases in Alberta 

COVID-19 variants of concern 
Find information on recently identified variant strains of the COVID-19 virus. 

Overview 

-+ Alberta's COVID-1 9 

Variants are viruses that have changed or mutated while reproducing inside an infected person's cells. Variants can 

spread to others and may continue mutating as they move from person to person. It is normal for viruses to mutate 

over time. 

Variants of concern can spread more easily. They can also cause more serious illness that could result in more 

hospitalizations and deaths as they become common in the community. 

COVID-19 variants of concern were first identified in the United Kingdom, South Africa, Brazil and India. These 

strains have since been detected in Alberta and in countries around the world. 

Alberta is monitoring for variants spreading in our province. Confirmed cases are updated daily. 

See variant case data in Alberta 

Reduce the risk 

Variants of concern can be prevented the same way as the original virus: 

• Follow all P-Ublic health actions 

• Prevent the SP-read: wash your hands,..fil!!Y. 2m aP-art, wear a mask, staY- home if sick 

• Get tested if )'.OU have any~Y.mP-toms 

• Know the isolation and Quarantine reQuirements 

• Get vaccinated 

https://www.alberta.ca/covid-19-varia nts. aspx 1/5 
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Variants in Alberta 

To date, 4 variants of concern have been identified in Alberta. The B.1.1.7 variant is the dominant strain in 

Alberta. 

Anyone who has been infected with a variant strain will test positive for COVID-19. Positive tests are screened 

again for all variants to determine the exact strain. 

I 1 B.1.1.7 variant (United Kingdom) I 

First identified in the United Kingdom, this is now the most common variant of concern in Alberta. 

Research to date has shown this variant spreads more easily and can cause more severe illness in comparison to 

the original COVID-19 strain. 

1 1 B.1.351 Variant (South Africa) I 

First identified in South Africa, research has shown this variant spreads more easily than the original COVID-19 

strain and may be capable of re-infecting people who have previously tested positive for COVID-19. 

1 1 P.1 Variant (Brazil) I 

First identified in Brazil, research has shown this variant spreads more easily than the original COVID-19 strain 

and is capable ofre-infecting people who have previously tested positive for COVID-19. 

1 1 B.1.617 (India) I 

First identified in India, research has shown this variant spreads more easily than the B.1.1. 7 (UK) variant and 

may be capable ofre-infecting people who have previously tested positive for COVID-19. 

What we know 

Knowledge and understanding of the COVID-19 variants is evolving rapidly. Scientists and public health officials 

around the world are studying variant strains and how the current vaccines may help protect against them. 

Current evidence suggests the variants of concern have one or more of the following traits: 

• are more contagious and spread more easily than the original strain 

• cause more severe illness, which could result in more hospitalizations and deaths 

• have the. same symptoms as the original virus, including cough, fever, shortness of breath, runny nose, and 

sore throat (see the full list of SY.mP-toms) 

https://www.alberta.ca/covid-19-variants.aspx 2/5 
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Vaccine effectiveness and protection 

The Pfizer, Moderna and AstraZeneca vaccines currently available in Alberta offer protection against infection 

and may offer protection against severe outcomes with variants. However, the level of protection may vary 

depending on the variant and the number of doses received. 

Data on vaccine effectiveness against variants of concern in Alberta is updated regularly. 

For more information on specific effectiveness of COVID-19 vaccines, refer to the National Advisozy Committee 

on Immunizations. 

The best defense against COVID-19 and all variants of concern continues to be: 

• getting vaccinated as soon as Y.OU're eligible 

• following all P-Ublic health actions 

• isolating or guarantining according to reguirements if you test positive, are a close contact, or return from 

international travel 

Case study: How one case turned into many 

One Albertan returned from travel with a case of a COVID-19 variant of concern. Instead of quarantining alone 

for 14 days following return from travel outside Canada, the infected traveller socialized with a friend during 

quarantine. 

It kicked off a chain of COVID-19 infections that spread far beyond that one case. This is a real case, discovered 

during contact tracing. 

https://www.alberta.ca/covid-19-variants.aspx 3/5 
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l+I Government 
of Canada 

Gouvernement 
du Canada 

THIS IS EXHIBIT• p • referred to In th4 

AflldMtt I~ of 

Dv~~ . :nf)bl .. w. 
Canada.ca > Coronavirus disease (COVID-19). ~t•t ""'°"'me ...... 11.~ doy 19 ~--A.o .. d-ga I Coronavirus disease (COVID· ;;; .d_ .. _ 

the Oab t1 and 

Outbreak update llu~'°;; f::ie 
~ r 

Outbreak update 

.S.Y.mP-toms and treatment 

Prevention and risks 

Canada's resP-onse 

Guidance documents 

On this page 
• Current situation 

• Risk to Canadians 

• How Canada is monitoring COVID-19 

• COVID-19 variants 

• Contact us 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 1/13 

240



7/8/2021 Coronavirus disease (COVID-19): Outbreak update - Canada.ca 

• Get email UP-dates 

• COVID UP-dates 

Current situation 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 2/13 

241



7/8/2021 Coronavirus disease (COVID-19): Outbreak update - Canada.ca 

Count v of total cases v of 
COVID-19 in Canada as of July 8, 2021 

Last data update 2021-07-08 19:00 EST 

0 Hover over provinces and territories to see total cases, active cases, recovered cases, tests 

performed or deaths in Canada over time. Click the play button to animate the map. 

Canada 

Note: The total number includes publicly reported confirmed and probable 
cases. On First Nations reserves numbers reported to Indigenous 
Services Canada may be counted in the provincial and territorial total 
numbers. 

Count of total cases of COVID-19 

The count of total cases of COVID-19 in Canada was 1,419,196 as of July 8, 2021. 

~ - -- - -• -
.,... Map - Total Number of COVID-19 Cases in Canada - Text Description 

Additional national maP-S and data are· available. 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 3/13 

242



7/8/2021 Coronavirus disease (COVID-19): Outbreak update - Canada.ca 

Additional COVID-19 case information: 

• COVID-19 data trends 

• Confirmed cases in First Nations on reserve in P-rovinces 

• PreliminarY. data tables related to confirmed cases (dataset) 

• COVIDTrends: cases bY. area 

Global 

An international maP- and data are available. 

Globally, efforts have focused on taking measures to contain the outbreak 

and prevent further spread. 

An official global travel advisorY. and P-andemic COVID-19 travel health 

notice are in effect: avoid non-essential travel outside Canada until further 

notice. 

Risk to Canadians 
COVID-19 is a serious health threat, and the situation is evolving daily. The 

risk varies between and within communities, but given the number of cases 

in Canada, the risk to Canadians is considered high. 

We continue to reassess the public health risk based on the best available 

evidence as the situation evolves. 

For more information, refer to our risk section. 

How Canada is monitoringCOVID-19 
The Public Health Agency of Canada is working with provinces, territories 

and international partners, including the World Health Organization, to 

actively monitor the situation. Global efforts are focused on containment of 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 4/13 
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the outbreak and the prevention of further spread. 

Canada's Chief Public Health Officer of Canada is in close contact with 

provincial and territorial Chief Medical Officers of Health to ensure that any 

cases of COVID-19 occurring in Canada continue to be rapidly identified 

and managed in order to protect the health of Canadians. 

Canada's National Microbiology Laboratory is performing diagnostic 

testing for the virus that causes COVID-19. The laboratory is working in 

close collaboration with provincial and territorial public health laboratories, 

which are now able to test for COVID-19. 

For more information, visit the COVID-19 daily_gP-idemiology_yP-date. 

COVID-19 variants 
Genetic variations of viruses, such as the one that causes COVID-19, are 

common and expected. 

SARS-CoV-2, the virus that causes COVID-19, will naturally develop 

mutations, which are changes to the genetic material in the virus over time. 

When there have been several significant mutations to the virus then it's 

called a variant. A variant is of concern when it affects: 

• disease spread 

• disease severity 

• tests used to detect the virus 

• vaccines and treatments 

Monitoring the variants 

https:/lwww.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 5/13 
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The Public Health Agency of Canada works with the provinces and 

territories, and other partners to monitor and identify variants of concern 

in Canada. 

Monitoring for genetic changes in the virus allows us to better understand 

the potential impact of the mutations. Overall, variants of concern 

represent the majority of recently reported COVID-19 cases across the 

country. 

Current variants of concern in Canada include: 

• B.1.1.7(Alpha) 

• B.1.351 (Beta) 

• P.1 (Gamma) 

• B.1.617.2 (Delta) 

The B.1.1.7 (Alpha) variant continues to account for the majority of variants 

in Canada. 

Evidence demonstrates that the B.1.1.7 (Alpha) and B.1.617.2 (Delta) 

variants are at least 50% easier to spread. As well, the P .1 (Gamma), B.1.351 

(Beta) and B.1.617.2 (Delta) variants each have certain mutations that may 

have an impact on vaccine effectiveness. However, the evidence is still 

limited. 

Variants of concern reP-orted P-UbliclY. in Canada 

About the new variants 

These new variants of concern include mutations that seem to make the 

virus more infectious, allowing it to spread more easily. They may also 

affect the severity of the disease. 

https:/lwww.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#aB 6/13 

245



7/8/2021 Coronavirus disease (COVID-19): Outbreak update - Canada.ca 

At this time, there's evidence that some variants may have an impact on 

certain drugs and vaccines. However, more research is needed to confirm 

these findings. 

The variants don't currently affect diagnosis through authorized laboratol:Y. 

tests. 

Given the limited data on the new variants, more research is needed to 

confirm these early findings. The Canadian and global medical, public 

health and research communities are actively evaluating these variants and 

other significant mutations. 

Travel restrictions 

We've put in place additional emergency measures to slow the introduction 

and spread of COVID-19 in Canada. Restrictions may change with little 

notice as the situation evolves. Refer to the latest travel restrictions in 

Canada. 

Contact us 
If you're looking for information on COVID-19, specific to your province, 

refer to our P-rovincial and territorial resources P-age. 

If you have additional questions that aren't answered on our website, 

contact the Public Health AgencY. of Canada. 

Get email updates 
Get COVID-19 email UP-dates. Sign up to receive important information 

from the Government of Canada. 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#aB 7/13 
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COVID updates 
• Latest announcements, recalls and alerts 

• Natural health P-roducts 

• Medical devices 

• Drug~ 

Related links 
• Digital factsheets,_P-rintable P-OSters and shareable videos on COVID-19 

.(multilingual P-roducts available). 

• COVID-19: Social media and P-romotional resources for Health Canada 

and Public Health AgencY. of Canada 

• Download COVID-19 aP-P-S, tools and data 

O What COVI D-19 information do you need? 

• Travel 

o Find out if Y.OU can travel to Canada 

o Testing and guarantine reguirements 

o COVID-19 vaccinated travellers entering Canada 

o Travel restrictions in Canada 

o ComP-assionate exemP-tions 

o Registration of Canadians Abroad service 

o Check if Y.OU have been exP-osed during recent travel 

o Foreign workers coming to Canada 

• Arriving in Canada and mandatorY. guarantine 

• Health reguirements and general guidance 

• ComP-liance and insP-ections 

• Vaccines 

o -COVID-19 vaccines overview 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 8/13 

247



7/8/2021 Coronavirus disease (COVID-19): Outbreak update - Canada.ca 

o How to get vaccinated or register 

o Authorized vaccines 

o Vaccine safetY. and P-Ossible side effects 

o ReP-orted side effects following vaccination 

o What to exP-ect at Y.OUr vaccination 

o Vaccine shiP-ments and deliveries 

• Health and safety 

o Prevention 

• Prevention for individuals 

• Prevention for communities 

• Wearing masks 

• PhY.sical distancing and how it helP-S minimize COVID-19 

• !::LY.giene 

• Reduce the SP-read of COVID-19 in the worksP-ace 

o Risks and spread 

• Difference between guarantine vs isolate 

• Overview of the risks of getting COVID-19 

• Surface contamination 

• How can I go out safelY. during the COVID-19 P-andemic? 

• Which P-eOP-le are at risk of severe outcomes? 

• PregnancY. and risks related to COVID-19 

• Can my_P-et or other animals get sick from this virus? 

• How do I care for a P-erson with COVID-19 at home? 

o Symptoms and treatment 

• Provincial and territorial self-assessment tools 

• What are the SY.mP-toms? 

• How long do SY.mP-toms take to aP-P-ear? 

• Treatment? 

• Should I call mY. doctor? 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#aB 9/13 
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o What can I do to care for mY. mental and P-h.Y.sical health? 

o Drug and medical device SUP-P-!Y. monitoring 

o For clinical trial SP-Onsors 

• Income support 

o Get a list of benefits and SUP-P-Ort tailored to Y.OU 

o CERB has ended what haP-P-ens next? 

• Additional economic and financial support 

o Individuals 

• Individuals and families 

• EmP-IOY.ment Insurance (EILP-rogram 

• Canada RecoverY. Benefit (CRB). 

• Canada RecoverY. Sickness Benefit (CRSB). 

• Canada RecoverY. Caregiving Benefit (CRCB). 

• Mortgagg_P-9Y.ment deferral 

• Provincial and territorial SUP-P-Ort 

o Support for businesses 

• Avoiding layoffs, rehiring employees and creating new 

jobs 

• Canada EmergencY. Wage Subsidy_(CEWS). 

• Extending the Work-Sharing_P-rogram 

• Financial support, loans and access to credit 

• Canada EmergencY. Business Account ( CEBA) interest

free loans 

• Canada EmergencY. Rent Subsidy_(CERS). 

• Higb.1.Y. Affected Sectors Credit AvailabilitY. Program 

.(HASCAP). 

• Loan Guarantee for Small and Medium-Sized 

EnterP-rises 

https:/lwww.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#aB 10/13 
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• Co-Lending Program for Small and Medium-Sized 

EnteqJrises 

• Regional Relief and RecoverY. Fund (RRRF). 

• Black EntreP-reneurshiP- Loan Fund 

• Mid-Market Financing Program 

• Mid-Market Guarantee and Financing Program 

• Large EmP-IOY.er EmergencY. Financing Facility_(LEEFF). 

• Additional SUP-P-Ort bY. sector 

• Provincial and territorial SUP-P-Ort 

• Self-employed individuals 

• Canada RecoverY. Benefit (CRB). 

• Canada RecoverY. Sickness Benefit (CRSB). 

• Canada RecoverY. Caregiving Benefit (CRCB). 

• Indigenous businesses 

• Relief measures for Indigenous businesses 

• SUP-P-Orting business through the P-andemic and into 

recovefY. 

o Support for sectors 

• Agriculture and agri-food 

• KeeP-ing workers in the food SUP-P-1.Y. chain safe 

• Increasing credit availabilitY. 

• Protecting the health and safetY. of farm workers 

• Increasing interim P-QY.ments from 50% to 75% 

through AgriStabilitY. 

• EXP-anding Agrilnsurance to include labour shortage 

• Additional SUP-P-Ort for Y.OUr business 

• Aquaculture and fisheries 

• KeeP-ing workers in the food SUP-P-1.Y. chain safe 

• Increasing credit availabilitY. 

https:/lwww.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 11113 
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• Assisting the fish and seafood Jlrocessing sector 

• Changes to EmJJIOY.ment Insurance (EI) fishing 

benefits 

• Additional SUP-JlOrt for Y.OUr business 

• Cultural, heritage and sport 

• SUP-,JlOrt for IndeJJendent Jlroduction comJJanies 

• Additional SUP-JlOrt for Y.OUr business 

• Energy 

• Launching the Emissions Reduction Fund 

• Additional SUP-JlOrt for Y.OUr business 

• Infrastructure 

• Flexible funding for communitY. resilience 

• SUP-,JlOrting communities: new waY.S to adaP-t SJlaces 

and services 

• Additional SUP-.JlOrt for Y.Our business 

o Organizations helping Canadians 

• Vulnerable populations 

• SUP-,JlOrting women and children exJJeriencing 

violence 

• Additional SUP-JlOrt for Y.OUr organization 

• Indigenous organizations and communities 

• Addressing immediate needs in Indigenous 

communities 

• Additional SUP-JlOrt for Y.OUr organization 

• About COVID-19 

o E-mail UJldates on COVID-19 

o Current confirmed number of COVID-19 cases in Canada 

o More details about the cases reJJorted in Canada 

o How does it SJlread? 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 12/13 
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o Where can I get information SP-ecific to my_P-rovince or 

territorY.? 

o How governments are working together 

o Resources for P-arents and children 

o Resources for Y.OUth, students and Y.Oung adults 

o Resources for seniors and their caregivers 

o Resources for Indigenous communities 

o PeoP-le with disabilities 

Date modified: 

2021-06-15 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html#a8 13/13 
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Healthy Albertans . 
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Together. 
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2019-nCoV Scientific Adv~~~~ 
for lhe PloW1ce of Albeltl. 

Terms of Reference A Notary Pubic. l 
Httdher L. Ve/{_ ce 

Purpose '84..rrt~-l-er et. s,a~·~r 
The Scientific Advisory Group (SAG) will use evidence and consider resource availability to provide 
recommendations to support policy and operational decision-making to the AHS Emergency Coordination 
Center for the 2019-nCoV incident response. 

Reporting Relationship 
SAG reports to the Operations Section Chief, Emergency Coordination Centre. 

Scope 
All requests for rapid evidence synthesis will come from the AHS Emergency Coordination Centre (or the 
Physician Co-leads), from the PPE Task Force (a subcommittee of the Operations Section of ECC) or 
from Alberta's Chief Medical Officer of Health. It is expected that questions may also arise from Alberta 
Zone Emergency Operations Centers - but those should be directed to SAG through the Physician Co
leads, Emergency Coordination Centre. Questions related to any aspect of COVID-19 are within scope, 
including risk for transmission, personal protective equipment, strategies for isolation, treatment 
strategies, and management of patients in hospitals. 

Membership 
SAG Co-chairs - Dr Braden Manns; Dr Lynora Saxinger 

Public Health representative - Dr Alex Doroshenko 

Infectious Disease I IPC Experts - Dr Nelson Lee; Dr John Conly 

Critical care representative - Dr Shelley Duggan 

General Internal Medicine - Dr Elizabeth Mackay 

Respiratory representative - Dr Brandie Walker 

Emergency department representative - Dr Andrew McRae 

Pharmacy representative - Jeremy Slobodan 

Provincial Laboratory - Dr Nathan Zelyas 

Population, Public and Indigenous Health - Dr Melissa Potestio 

Alberta Health Medical Office of Health representative - Dr Marcia Johnson 

Other ad hoc external reviewers are added for each review based on the context of the ECC evidence 
synthesis requests. 

Scientific Advisory Group 
10301 Southport Lane SW 
p: 587-774-5090 
ScientificAdvisoryGroup@ahs.ca ahs.ca I 
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Meeting Frequency 
One to three times per week, 2 hours or on an as-needed basis as per the prioritized ECC evidence 
synthesis requests. All meetings to occur by Skype. 

Member responsibility 
(a) Co-chairs identify members. Each meeting must have one co-chair present. 

(b) Each member is expected to attend meetings on a regular basis. 

(c) Members are expected to: 

(i) Support the purpose and deliverables as outlined in the TOR 

(ii) Represent their subject matter expertise and bring their views and perspective to the 
meetings 

(iii) Participate in developing consensus by considering a diversity of opinions, ideas, and 
concerns and support decisions as a result of this collaborative process of developing 
recommendations; 

(iv) Consider evidence, resource constraints, and equity in decision making 

(v) Protect any AHS and/or Committee patient, clinical, or business information or records 
and not disclose the same outside of AHS without the written consent of the Committee 
Chair. This does not apply to information that is available to the public at www.ahs.ca or 
from other public sources. 

(d) Members must recognize that uncertainty exists, but that recommendations are still required -
based on best evidence and resource constraints 

(e) Meeting agendas will be set by co-chairs 

Decision making 
SAG has no decision-making authority. Instead, SAG seeks to create high-quality evidence syntheses. To 
aid in decision making, SAG will also provide recommendations where possible based on quality and 
robustness of the evidence, as well as the resources available within Alberta. SAG will strive to ensure 
that recommendations are made by consensus where possible. Where recommendations are not 
unanimous, the anonymous results of voting will be recorded and provided to ECC or Alberta Health to 
enable their decision making. 

Co-chairs do not vote. Given the need for frequent meetings, and the understanding that everyone is 
busy, quorum is 50%+1 member. Delegates are permitted, but must be briefed by the committee member 
they represent, and must bring a similar skillset I content expertise. 

Resources 
SAG will be supported by a Director (from AHS Health Systems Evaluation and Evidence) and rapid 
review services and knowledge synthesis (AHS Innovation Impact and Evidence and AHS SCN Scientific 
Offices). Where additional content expertise is required, SAG will draw upon AHS Strategic Clinical 
Network members, Operations and Clinicians. Where possible, the group will be guided by existing review 
resources (eg Oxford University COVID rapid evidence review service and other similar organizations). 
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SAG Process 
There are three ways in which questions can be sent to SAG. The first is through Alberta's Chief Medical 
Officer of Health. The second is through the AHS ECC Operations Section Physician Co-leads. The third 
is through the AHS PPE Taskforce. Individuals outside the Chief Medical Office of Health at Alberta 
Health are asked to send SAG questions to the ECC Operations Section Physician Co-leads. After 
receiving questions, SAG Co-chairs will: 

a) seek clarity on the question and determine which of the following is required: 

a rapid response brief (hours) (1-2 paragraphs with additional appended documents) 
a full rapid review and recommendation (24-96 hours depending on complexity) 
policy I guidance document- in which case the question will generally be delegated to a 
strategic clinical network where possible, 

b) agree on review timelines, and 

c) determine if a communication brief (for AHS staff or the public) is required (including determining the 
timelines for this separate document). 

SAG Co-chairs will forward the final recommendation and evidence synthesis to Alberta Health I ECC for 
their approval and dissemination. 

Date 
December 11, 2020 

• ' • Alberta Health 
• Services · 3 

255



........ o..lllkil.iier for Ollths In Ind 

Pan-Canadian Pub1"c Health Network 

fof of AlblrtL 
A Notary P\de. 

He tdh€r L. Ve1t.le 
~~ri6f-er ~ Sol1·~'-lor 

' Partners in Puhli<' /fralrli Iii 
Reseau pancanadlen de sante publique 

Parten 1ires en santJ puhhque 

I 

256



TABLE OF CONTENTS 

Administration and Amendments .............................................. iii 

Executive Summary ......................................................... iv 

1. Introduction .................... . ....................................... 1 
Preface/Background .... . ..... . ......... .. ............. .. ...... . .. .... ........... ... ...... 1 

Aim ....... . . . ....... . ........... .. .. . . ... ...... .... . . .................................. 1 

Scope .................................................................................. 2 

Objectives .. ......... .. ...................................................... . ........... 3 

2. Context for the Plan . .... . .......... .. .. .......... ..... . ...... .. . .... ... .. 4 
Risk Environment ...... . .. . ........ .. .. . ........ . . . . .. ............. . ...................... 4 

Guiding Principles ....... .. ........... ..... ....... .. .. ... ............ .... ................. 5 

Public Health and Emergency Management Roles ........ . ..... . ...... .. .... .. ................. 5 

F/P/T Authorities/Roles and Responsibilities .... .. . ... .................... . .................. .. 6 

3. Concept of Operations (CONOPS) ........................................... 7 

3.1 Notification .. ...... . . . ....................................... . ............ ...... . 8 

3.2 Initial Assessment ... . .. . . .... .. . ...... ... . ... ............. . ........ . .. . .......... 9 

Implementation ...... ... .............. ..... ............. .. ...... .... .. .. ...... .. ... . .... 10 

3.3 Situational Assessment. ... ...................................... . ................ 10 

F/P/T Response Level .................................................................... 11 

3.4 Initial Response Planning and Capability Assessment .. ... . ....... . . .. .... .. .. ... .. .... 13 

3.5 Strategic Review and Approval. ................... ... ....... . ... ..... ....... ...... . 13 

3.6 Response Implementation ......................................................... 14 

Business Cycle ............... .. . .... . .. ............... .. . .. .... . . .... ....... . ........ . .. 14 

Management by Objectives ........................................................ . . . ..... 15 

Response Goals and Objectives ........... . ................ . ......................... . ..... 15 

Response Review ................. . ..... ... .. . ......... .. ............... . ....... ..... .... 17 

3.7 De-escalation . ... . ..... . ......... . .... ... .... ..... ... ......... . .. . . . ... .... . .... 17 

3.8 After Incident Review .. .... ... . ........ . ............. . ............................ 18 

FEDERAL/PROVINCIAL/TERRITORIAL PUBLIC HEALTH RESPONSE PLAN FOR BIOLOGICAL EVENTS 

257



ADMINISTRATION AND AMENDMENTS 

This document was prepared for the Federal/Provincial/Territorial (F/P/T) Public Health Network Council (PHNC) 
as an overarching governance framework to guide F/P/T public health responses to biological events. It was 
developed by an expert task group1 comprised of experts in public health and emergency management, as 
identified by members of the Public Health Infrastructure Steering Committee (PHI-SC) and the Communicable 
and Infectious Disease Steering Committee (CID-SC). It was approved by PHN on October 17, 2017. 

The Public Health Agency of Canada (PHAC), Centre for Emergency Preparedness and Response (CEPR) 
maintains the Federal, Provincial, Territorial Public Health Response Plan for Biological Events as an evergreen 
document on behalf of the PHNC. 

The need to update the plan will be reviewed every three years at a minimum by PHI-SC and any changes 
will be tracked and noted as amendments in the plan. In addition, the need for revision will also be guided by 
after action reviews following the response to a real or simulated events requiring implementation of this plan, 
in whole or in part. The revision process will be coordinated on behalf of PHNC by the PHI-SC in consultation 
with CID-SC and led by CEPR. A time-limited joint task group may be established to conduct this work which 
may include recommendations for the development of new event-specific Annexes as required, to further 
support implementation of th is plan. 

Minor amendments will be approved by PHI-SC and CID-SC. Major revision, significantly altering the governance 
structure may require review and approval by PHNC. 

Inquiries or comments on the Federal, Provincial/Territorial Public Health Response Plan for Biological Events 
should be directed to: 

Director 
Office of Situational Awareness and Operations 
Centre for Emergency Preparedness and Response 
Public Health Agency of Canada 
100 Colonnade Road 
A.L. 6201A 
Ottawa, ON K1A OK9 

Email: HPOC_COPS@phac-aspc.gc.ca 

Note to Readers 

Henceforth, first occurrences in the text of terms that are listed in the Glossary are formatted 
in bold. Titles of plans, supporting documents and response levels are formatted in italics. 

See Appendix M for task group membership 
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EXECUTIVE SUMMARY 

This plan has been developed as a response plan for the Federal/Provincial/Territorial (F/P/T) health sector 
in order to facilitate formal coordination of F/P/T responses to public health events that are biological in 
nature and of a severity, scope or significance to require a high level F/P/T response. Informed by lessons 
learned from past F/P/T public health responses and best practices of current F/P/T structures (i.e., the Public 
Health Network structure and Special Advisory Committees), this plan focuses on the implementation of F/P/T 
responses led by senior-level public health decision-makers at the federal, provincial and territorial level in 
order to facilitate an efficient, timely, evidence-informed and consistent approach across jurisdictions to event
specific response activities. Improving effective engagement amongst public health, health care delivery and 
health emergency management authorities during a coordinated F/P/T response is a key objective of this plan. 
It is intended to serve as an F/P/T resource for F/P/T public health and emergency management authorities; 
specifically those who are involved in public health response preparedness and implementation. In order to 
further support coordination of public health events at a national level, this plan aims to build on the strengths 
of existing F/P/T tools and mechanisms while providing a single, overarching user-friendly response plan that 
is scalable and flexible enough to be utilized in full or in part for a range of F/P/T public health responses. 

The concept of operations of the plan indicates how notification of public health events that potentially require a 
coordinated F/P/T response should be made to the Public Health Agency of Canada (PHAC), and how response 
needs are assessed to determine the appropriate level of F/P/T response coordination required. Four response 
levels that range from routine to emergency response are included to facilitate scaling of response activities as 
needed. The plan includes the details of a governance structure intended to be activated for those events in which 
a coordinated F/P/T response (i.e., led by senior-level decision makers) is deemed necessary and/or beneficial. 
The governance structure aims to: streamline response processes to a public health event; facilitate clarity on 
roles, responsibilities and approval processes; facilitate a high degree of situational awareness; and centralize 
risk management and task delegation. It incorporates three main streams: a Technical stream, a Logistics stream 
and a Communications stream. These streams are led by advisory committees/working groups and have been 
included in order to facilitate clarity regarding roles for issue management, response support, product development 
(e.g., recommendations, guidance, protocols), policy review and approval processes. "Cross stream" support and 
coordination will be essential to an efficient, informed and transparent response and therefore mechanisms for 
achieving this are also included. 

Coordinated F/P/T responses will be conducted with each activated committee/group in the governance 
structure fulfilling the roles and responsibilities and decision-making processes as described in Section 4 of this 
plan and according to their respective terms of reference (included in corresponding appendices). Specifically, 
the Special Advisory Committee (SAC) will be the main approval/decision-making body for the duration of a 
coordinated F/P/T response under this plan, with governance structure products going to the Conference of 
Deputy Ministers of Health (CDMH) as required. 

Public health emergencies involving multiple jurisdictions in Canada are relatively rare events. This plan is not 
exclusively an emergency response plan and therefore is expected to also be utilized for events not meeting 
the threshold of a public health emergency (i.e., for events requiring or that would benefit from enhanced 
F/P/T coordination); thus fac ilitating familiarity and opportunities to modify and improve this plan based on 
response experience. 

This document is not intended to replace existing F/P/T health sector arrangements but rather is intended to 
complement and interact with the existing suite of plans and protocols currently in use by the health sector 
by providing an overarching governance framework with which the existing protocols will interact and/or align. 
Changes to those existing plans and protocols will be made following approval of this plan in order to clarify 
these linkages. 
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INTRODUCTION 

Preface/Background 

This document is a response plan for the Federal/Provincial/Territorial (F/P/T) health sector in order to facilitate 
formal coordination of F/P/T responses to public health events that are biological in nature. It is not intended to 
replace existing F/P/T health sector arrangements but rather is intended to complement and when applicable, be 
used in conjunction with the existing suite of plans and protocols currently in use by the health sector by providing 
an overarching governance framework that can be used to respond to a spectrum of public health events caused 
by biological agents. It is also expected that this plan will serve as the governance framework under which future 
and existing hazard-specific F/P/T health sector plans, protocols and guidance will be situated. 

As required by legislation, all jurisdictions in Canada have plans that set out the steps to be taken in the event 
of an emergency or disaster. These plans identify linkages and channels of communication to other ministries, 
programs and agencies of the Government and contribute to a coordinated, system-wide approach to emergency 
management that can be applied if necessary in a whole of government response. In addition, the F/P/T health 
sector has in place well established hazard-specific tools that are routinely used to effectively plan for and manage 
public health events, including the Canadian Pandemic Influenza Preparedness: Planning Guidance for the Health 
Sector (CPIP) and Food-borne Illness Outbreak Response Protocol (FIORP) and others. In order to further support 
coordination of public health events at a national level, this plan aims to build on the strengths of these existing 
tools and mechanisms while providing a single, overarching user-friendly response plan and F/P/T governance 
structure that is scalable and flexible enough to be utilized in full or in part for a range of F/P/T public health 
responses to biological events. For a further description of the interface and relationship between this plan and 
other key plans at the F/P/T level, see Appendix L: Relationship of the Ff PIT Public Health Response Plan to other 
Ff PIT Coordinating Instruments. 

Aim 

The aim of this plan is to outline how F/P/T responses to public health events caused by biological agents will 
be conducted and coordinated. This response plan will provide clarity with respect to: considerations for F/P/T 
responses; response objectives and corresponding activities; governance mechanisms that support F/P/T 
response efforts and deliverables; and roles, responsibilities and accountabilities within those governance 
mechanisms. 

This plan is intended to serve as a resource for F/P/T public health and emergency management authorities; 
specifically those that are involved in public health response preparedness and implementation. Those working 
in particular public health program areas can focus on hazard-specific preparedness activities (e.g., the CPIP) 
and response protocols (e.g., FIORP), knowing that if transition to a high level coordinated F/P/T response is 
needed this plan exists and would be used to provide that function. 
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Scope 

The focus of this plan is on public health events that are biological in nature and require a public health response 
at both the P/T and federal levels. While the focus of this plan is public health, it should be emphasized that any 
public health event will be health system-wide and will require coordination between public health and health care 
delivery and other sectors. Details regarding response coordination with the respective health care systems of the 
provinces and territories are outside the scope of this plan. 

Further, as a response plan, issues regarding mitigation, preparedness and recovery are also beyond the 
scope of this document. Activities relating to mitigation, preparedness are dealt with through the activities 
of existing committees and task groups within the Public Health Network that are actively engaged in health 
emergency management. However, should there be a need for enhanced F/P/T coordination in the recovery of a 
public health event (e.g., continued psychosocial response to a bioterrorism event or pandemic), consideration 
may be given to leveraging the governance components of this plan to support recovery activities. 

Biological agents are the cause of biological events and include bacteria, viruses, fungi, other microorganisms 
and their associated toxins. They have the ability to adversely affect human health in a variety of ways, 
ranging from relatively mild, allergic reactions to serious medical conditions and death. These organisms are 
widespread in the natural environment; they are found in water, soil, plants, and animals. 

Biological events can be naturally occurring disease outbreaks at national and international levels, accidental 
exposure to pathogens (disease causing agent) in the context of biomedical diagnostics and research, significant 
shortages of drugs and biologics or intentional use of pathogens or biotoxin (poisonous substance produced by 
a living organism) against humans, plants, or animals for harmful purposes. The scope of this plan is intended for 
the situations where the principle issue is human health and includes biological agents found in the environment, 
or diagnosed in animals, that have the potential for transmission to humans (zoonosis). 

The following are examples of the range of scenarios where this plan may be applicable. It may be applied 
for a biological public health event in a single P/T with the potential for spread/involvement to another PIT, to 
multijurisdictional outbreaks that require coordination with federal and P/T partners (e.g., large and complex 
foodborne outbreak requiring significant coordination at a senior level beyond the scope of the FIORP), to 
shortages of medical countermeasures (e.g., vaccine shortage), to public health emergencies in Canada 
(e.g., H1 N1 pandemic influenza). The management of large-scale public health events with international 
implications in which federal coordination is necessary (e.g., ebola, zika) are also within the scope of this plan. 
Biological events that are restricted to animal, plant, or food health or safety are outside the scope of this plan. 

It is recognized that public health events that are intentional in nature (e.g., bioterrorism) will require a law 
enforcement/security response in addition to a public health response. While the elements of the public health 
response to an intentional event may not significantly differ from those described in this plan (and therefore this 
plan may be utilized for the public health consequence management), the linkages to the law enforcement/ 
security response are not within the scope of this plan. It is expected however, that the governance structure 
for a biological event where the intent is malicious, would be similar to that as described in this plan. 

Following endorsement, training and use (i.e., proof of concept), this plan will become a model for development 
of an all hazard F/P/T governance for the health sector that can be applied if required for F/P/T coordinated 
responses to other events such as natural disasters or Chemical, Biological, Radiological/Nuclear, 
Explosive (CBRNE) events. 
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Objectives 

The specific objectives of this plan include: 

• defining a flexible F/P/T governance mechanism that can be used consistently for a coordinated response 
to all biological public health events that would benefit from high level F/P/T collaboration; 

• identifying escalation considerations and response levels for a scalable response, and 

• improving effective engagement amongst public health, health care delivery and health emergency 
management authorities during a coordinated F/P/T response. 

Through the achievement of these objectives it is expected that, at the time of a response, notification 
processes and inter-jurisdictional information-sharing will be enhanced; public and professional communication 
expectations will be addressed; and advanced planning and decision-making between and amongst multiple 
jurisdictions will be facilitated. 
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CONTEXT FOR THE PLAN 

Risk Environment 

This plan has been developed at a time when public health risks have been relatively well defined and 
assessed, and risk mitigation activities are ongoing. However, it is recognized that many risk drivers are so 
broad and expansive that even coordinated public health interventions are unlikely to mitigate those risks. 
Some of the risk drivers associated with emerging infectious disease are: globalization of people and animals, 
climate change, changes in land use, movement/displacement of people, population density and urbanization, 
and changes in farming practices and antibiotic use. Many of these risks are manifesting outside of Canada 
but have a real or potential impact on the health of the public in Canada. It is in this risk environment that health 
authorities in Canada must be prepared to respond to biological hazards. 

Previous and ongoing public health responses have addressed everything from epidemics of novel respiratory 
pathogens (e.g., Severe Acute Respiratory Syndrome-SAR$) and pandemics (e.g., H1 N1 influenza), to 
emerging infections (e.g., west nile virus, lyme disease) and international or travel-related public health threats 
(e.g., ebola, zika). 

Throughout 2013-14, the Council of Chief Medical Officers of Health (CCMOH) was involved in the response to a 
number of significant public health events including infectious disease: (H7N9; MERS-CoV; H5N1 ; H1N1, seasonal 
influenza), food-borne illness: (E coli 0157:J7 (XL Foods, Inc.), and vaccine supply issues: (2014 influenza vaccine 
shortage). The CCMOH subsequently identified inconsistencies in the management of these events and requested 
the development of a plan for response to public health events of national concern to ensure consistency, timeliness 
and scalability of F/P/T response activities. 

It is within the context of experiences from past public health events that the guiding principles used for the 
development of this plan and anticipated response activities associated with this plan were derived. Specifically, 
lessons learned from an intensive review of the governance structure utilized during the F/P/T response to the H1N1 
influenza pandemic in 2008-9 identified the need for a nimble, flexible governance that can be applied consistently, 
in whole or in part, to a range of public health scenarios and the need to clarify roles and responsibilities as well as 
decision-making and approval processes at various levels.2 

2 Lessons Learned Review: Public Health Agency of Canada and Health Canada Response to the 2009 H1 N1 Pandemic: 
www. phac -aspc .gc .ca/about apropos/evaluation/reports-rapports/2010-2011 /h1 n1 /pdf/h1 n1 -eng .pdf 
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Guiding Principles 

The guiding principles used for the development of this plan and anticipated response activities were based on 
lessons learned or identified from previous public health responses and best practices. They include: 

• Efficiency 

• Timeliness 

• Transparency 

• Commitment 

• Engagement 

• Representativeness 

• Health Equity 

• Flexibility 

• Effectiveness, and 

• Ethical and Evidence-Informed Decision-Making. 

More details regarding these principles are located in Appendix B: Plan Development Guiding Principles. 

The contents of this plan and in particular the governance structure and concept of operations, aim to facilitate 
the following of these principles in order to appropriately operationalize best practices (such as the activation of 
the Special Advisory Committee) and other learnings from previous public health responses. 

During a response there will be a need for a consistent, coordinated approach that is both scalable and flexible. 
Throughout the response it may be necessary to modify guidance, protocols, or recommendations in order to 
adapt the response to the evolving circumstances. Ideally, any significant changes will be made in conjunction 
with an articulated change in response objectives (e.g., preventing introduction into Canada vs. preventing spread 
of illness within Canada). It is recognized that at any one point during the response the objectives of the response 
may vary from jurisdiction to jurisdiction within Canada depending on the local impact of the public health event 
and risk assessments; however, F/P/T governments should aim to work collaboratively to facilitate a common set 
of F/P/T public health response objectives to every extent possible, recognizing roles and responsibilities differ, 
the impact of the event will likely be different in each jurisdiction and F/P/T health care systems function differently. 

Public Health and Emergency Management Roles 

Public Health authorities conduct and manage responses to public health events via: 3 

• monitoring and surveillance activities, 

• risk assessment, 

• public health measures (e.g., public education, case and contact management, trace-back/trace-forward, 
travel/border measures, vector control, mitigation of risk from animals, etc.), 

• laboratory networks, 

• connections with a clinical research network and other health care delivery partners, 

• vaccine (and other medical countermeasures) programs, 

• the provision of specific health services and evidence-informed recommendations, 

• engagement with key stakeholders (e.g., occupational health authorities, health care institutions, 
law enforcement), and 

• risk communications. 

3 Not all examples are applicable in Quebec or are the responsibility of public health authorities in in Quebec where 
the concept of public health is distinguished from the public health system. 
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Emergency Management authorities facilitate and support coordination of responses to public health events by: 

• using a platform and tools for planning and coordination of integrated response activities, 

• addressing issues regarding mutual assistance/aid (e.g., via the Operational Framework for Mutual Aid 
Surge Requests [OFMAR)), 

• providing logistical guidance and support, and 

• expediting and facilitating the sharing of information and other resources across the health sector and with 
other relevant sectors domestically and internationally. 

The response activities implemented and coordination required will vary depending on the type of public health 
event and response objectives (which may change over the course of the response). Therefore this plan includes 
references to potential response activities in conjunction with response objectives, a governance structure that is 
flexible and scalable, and a concept of operations that facilitates awareness of the entire response process. 

F/P/T Authorities/Roles and Responsibilities 

The main roles, responsibilities and authorities of the federal Health Portfolio and the provincial and territorial 
public health authorities during a public health response to a biological hazard are listed in Appendix C: Main 
Ff PIT Roles and Responsibilities. A coordinated F/P/T response requires collaborative and inter-operable 
infrastructures, response capacities and harmonized activities. During a public health response, the role of the 
F/P/T governments will be to work collaboratively to establish an overall agreed upon strategy that articulates, 
why, what and how. The 'what' are interventions that can be implemented as needed across Canada and 
that correspond to response needs and objectives, recognizing that some or all jurisdictions may implement 
them dependant on the roles and responsibilities of the jurisdiction and circumstances of the event. These 
interventions may include: developing/modifying protocols for surveillance and laboratory testing, providing 
recommendations for public health measures and the use of medical countermeasures, identifying research 
needs and developing and implementing an F/P/T communication strategy that allows P/T governments to 
develop harmonized communication plans and stakeholder engagement strategies.4 

If a coordinated F/P/T response is implemented under this plan, the federal Health Portfolio will facilitate the 
coordination of the response through the Health Portfolio Operations Centre (HPOC) including participation on 
the F/PT governance structure committees/groups as described in this document and through its support of the 
F/P/T Special Advisory Committee Secretariat. See Section 4 Ff PT Governance for more specific information on 
the HPOC's role. 

4 In Quebec, public health is responsible for medical countermeasures for immunization and prevention activities, 
not for treatment or medication. 
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Introduction 
The public health threat posed by the COVID-19 pandemic has led all levels 

of government to take unprecedented measures to help slow the spread of 

COVID-19 and thereby minimise serious illness, death and social disruption 

resulting from the pandemic. Difficult choices are being made in a context 

of considerable uncertainty, as knowledge about COVID-19 and the impact 

of unprecedented public health measures evolves rapidly. Examples 

include decisions about allocation of scarce resources, prioritization 

guidelines for vaccines and medical countermeasures, curtailment of 

individual freedoms, and closing or re-opening public spaces, schools and 

businesses. Recognizing the fundamental ethical nature of these choices 
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can help decision makers identify competing values and interests, weigh 

relevant considerations, identify options and make well-considered and 

justifiable decisions. 

Intended audience 

This Framework is intended for use by policy makers and public health 

professionals making public health decisions in the context of COVID-19. 

Intended application 

This document is a guide to support ethics deliberation and decision

making in the public health response to the COVID-19 pandemic, including 

the transition to a new normal. It is based on several guidance documents 

and frameworks develoP-ed in Canada and internationallY.. Section 1 

articulates ethical principles and values for public health authorities to 

consider, and Section 2 sets out a framework to help clarify issues, analyse 

and weigh relevant considerations, and assess options, in order to support 

decision making in real situations. 

Ethical values and principles 
Trust and Justice are the two key guiding values that underpin this 

framework. The ethical principles and procedural considerations that follow 

contribute to upholding and promoting trust and justice. Given that it may 

not be possible in some circumstances to uphold all values and principles 

equally, it will be important for decision makers to explain how they 

prioritised them, and to justify the trade-offs made in each situation. 

Trust 

https:/lwww.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/canadas-reponse/ethics-framework-guide-use-response-... 2/1 O 
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Trust is the foundation upon which rest all relationships, whether between 

persons, persons and organisations, or citizens and government. Trust is 

essential to the success of the response to COVID-19. The effectiveness of 

many public health measures depends on the active cooperation of the 

public, and such cooperation is more likely if the public trusts the advice of 

public health authorities. Evidence that public health measures are 

achieving their intended outcomes, or alternatively, timely and transparent 

explanations of why they have not, also help to maintain and promote 

public trust. Without this trust, individual choices could contribute to the 

spread of COIVD-19 within the community. In the current context of 

uncertainty, being open, truthful and transparent in decision making and 

communication is essential to establishing and promoting trust. 

Justice 

Justice entails treating all persons and groups fairly and equitably, with 

equal concern and respect, in light of what is owed to them as members of 

society. This does not mean treating everyone the same, but it does mean 

considering who benefits and who is burdened by measures, avoiding 

discrimination, and minimising or eliminating inequities in the distribution 

of burdens, benefits, and opportunities to preserve health and well-being. 

In the context of COVID-19, it also means carefully considering the impact 

of decisions and their implementation on those who have the greatest 

needs, are especially vulnerable to injustice or are disproportionately 

affected by the pandemic and public health response measures, both in 

Canada and in the global context. A conscious and deliberate questioning 

of assumptions is essential in ensuring that responses and decisions do not 

reproduce the biases and stereotypes that are further entrenching 

inequalities in this pandemic. 

https:/lwww.canada.ca/en/pu b I ic-health/services/d iseases/2019-novel-coronavirus-i nfection/canad as-reponse/ethics-framework-g uid a-use-response-. . . 3/1 0 

268



6/21/2021 Public health ethics framework: A guide for use in response to the COVID-19 pandemic in Canada - Canada.ca 

Respect for persons, communities and human rights 

Respect for persons and communities means recognizing the inherent 

human rights, dignity, and unconditional worth of all persons, regardless of 

their human condition (e.g., age, gender, race, ethnicity, disability, 

socioeconomic status, social worth, pre-existing health conditions, need for 

support). This entails recognizing the unique capacity of individuals and 

communities to make decisions about their own aims and actions, and 

respecting the rights and freedoms that form the foundation of our society. 

The right to autonomy is not absolute however. In the context of the 

response to COVID-19, respecting autonomy may entail: recognizing the 

importance of public consultation and of explaining the basis of decisions; 

providing information in a manner that is truthful, honest, timely and 

accessible; and providing individuals with the needed personal supports 

and the opportunity to exercise as much choice as possible when this is 

consistent with the common good. Respect for communities requires 

considering the potential impact of decisions on all communities and 

groups that may be affected, and respecting the specific rights of, and 

responsibilities towards, Indigenous Peoples. 

Promoting well-being 

Individuals, organizations and communities have a duty to contribute to 

the welfare of others. In the context of COVID-19, public health authorities' 

decisions and actions should promote and protect the physical, 

psychological and social health and well-being of all individuals and 

communities to the greatest extent possible. They should also consider the 

specific needs of, and duties towards, those who are marginalised, 

disadvantaged or disproportionately affected by response measures. 

Minimising harm 

https:/ /www. can ad a.ca/en/pub I ic-health/services/d iseases/2019-novel-coronavi rus-i nfection/canad as-reponse/eth ics-framework-g uide-use-response- . . . 4/ 1 0 
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Public health authorities have an obligation to avoid causing undue harm 

and, given that some harm is likely unavoidable, to minimise risk of harm 

and to reduce suffering associated with COVID-19 and public health 

response measures. This requires taking into consideration the variety of 

harms and suffering that may result from the current pandemic (such as ill 

health, increased anxiety and distress, isolation, social and economic 

disruption), as well as the differential impact of these harms on different 

groups and populations. 

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 he a goal. 

Working together 
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/canadas-reponse/ethics-framework-guide-use-response-... 5/10 
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Because individuals are part of a greater whole, whether an organization, a 

local community, a nation or the global community, collective action in the 

face of common threats is justified. Helping each other and working 

together to plan for, respond to, and recover from, the pandemic is 

important because the pandemic affects all of society. It implies strong 

links between all jurisdictions within Canada, and at the international level. 

Procedural considerations 

Ethical decisions are based on the best information available and a solid, 

shared understanding of what values, principles and considerations are 

important. A good decision-making process helps to build trust, to increase 

legitimacy and acceptability of decisions, and to effectively implement 

them. Its hallmarks are: 

• Accountability: decision makers are answerable to the public for the 

type and quality of decisions made or actions taken; 

• Openness and transparency: decisions are made in such a way that 

stakeholders know, in a full, accurate and timely manner, what 

decisions are being made, for which reasons, and what criteria were 

applied, and have the opportunity to provide input; 

• Inclusiveness: groups and individuals who are most likely to be 

affected by a decision are engaged in the decision-making and 

planning processes to the greatest extent possible; 

• Responsiveness: decisions are revisited and revised as new 

information emerges; 

• Intersectionality: an intersectional lens is applied to deliberation and 

decision making. 

Ethical framework 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/canadas-reponse/ethics-framework-guide-use-response-... 6/10 
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This framework consists of five steps. It sets out questions to guide the 

systematic analysis of ethical issues - using the values and principles 

articulated in Section 1 - and the assessment of options, in order to 

support decision-making. 

Step 1: Identify the issue and gather the relevant facts in order to 
clearly understand the problem 

• What is the issue that needs to be addressed? 

• What are the relevant facts, scientific evidence and other contextual 

factors? What misinformation surrounds the issue? What is not 

known? 

• Who is affected by this decision? How can all stakeholders be engaged 

throughout the decision-making process? 

• How do the different stakeholders view the issue, and what are their 

concerns? 

Step 2: Identify and analyse ethical considerations, and prioritise 
the values and principles that will be upheld 

• What ethical values, principles and considerations are involved in this 

issue? 

• Are any of these values and principles in conflict? 

• Which of these values or principles are most important? 

Step 3: Identify and assess options in light of the values and 
principles 

• What are the options (including doing nothing)? 

• In light of the prioritised values and principles, what are the pros and 

cons of each option (e.g. potential benefits, harms, fair and equitable 

distribution, relative impact on disadvantaged individuals or groups, . . 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infeclion/canadas-reponse/ethics-framework-guide-use-response-... 7/10 
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intended and unintended consequences, level of certainty about 

effectiveness, respect for rights and interests)? 

• What uncertainties exist for each option? 

Step 4: Select best course of action and implement 

• Which option best aligns with the prioritised values and principles? 

• Are the decision makers and stakeholders comfortable with the 

decision? 

• Who will implement the decision? How can it be implemented fairly? 

• How, when and by whom will the decision be communicated? 

Step 5: Evaluate 

• What are the lessons learnt from implementation of the decision? 

• Were the results of the decision consistent with the objectives? Were 

there any unintended consequences? Did its implementation create or 

exacerbate inequalities? 

• Should the decision be revisited? 

Selected resources 
• World Health Organization, Guidance tor Managing Ethical Issues in 

lllf_ectious Disease Outbreaks (2016). 

• UNESCO International Bioethics Committee and World Commission on 

the Ethics of Scientific Knowledge and Technology, Statement on 

COVID-19: Ethical Considerations from a Global PersP-ective (2020). 

• Public Health Agency, of Canada, Framework tor Ethical Deliberation and 

Decision Making in Public Health: A Tool tor Practitioners, Policy_ Makers 

and Decision Makers (2017). 

https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/canadas-reponse/ethics-framework-guide-use-response-... 8/10 
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• Alberta Health, Alberta's Ethical Framework tor Resf2.onding to Pandemic 

l11fluenza(2016). 

• British Columbia MinistrY. of Health, COVID-19 Ethical Decision-Making. 

Framework (2020). 

• Northwest Territories Health and Social Services Authority, Territorial 

Ethical Decision-Making Framework (2019). 

• Quebec, Comite d'ethigue de la sante P-Ubligue et Commission de 

l'ethigue en science et en technologie, Cadre de reflexion sur /es enjeux 

ethigues lies a la {2.andemie de COVID-19 (2020). (in French only) 

• UniversitY. of Toronto Joint Centre for Bioethics Pandemic Influenza 

Working GrouP-, Stand on Guard tor Thee: Ethical considerations in 

{2.re{2.aredness {2.lanningjor {2.andemic influenza (2005). 

• Trillium Health Centre, IDEA: Ethical Decision-Making Framework (2013). 

• Status of Women Canada, Government ot Canada's AIJP-roach: Gender

Based Analv_sis Plus (2018). .. 
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COVI D-19 Scientific Advisory Group Rapid 
Response Report 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Key Research Question: What is the evidence supporting the possibility of 
asymptomatic transmission of SARS-CoV-2? [Updated July 13, 2020] 

Context 
• Significant asymptomatic transmission of SARS-CoV-2 would reduce the effectiveness of 

public health control measures that are related to symptom onset (isolation, face masks and 
enhanced hygiene for symptomatic persons, and parameters of contact tracing). 

• There is a lack of clarity and common usage of the terms asymptomatic, presymptomatic, 
and paucisymptomatic states in the COVID-19 literature. 

• Concerns regarding asymptomatic transmission are driven by select early reports suggesting 
high proportions of people with positive RT-PCR in various outbreak settings were 
asymptomatic at the time of testing, and subsequent epidemiologic modelling suggesting that 
these cases may be responsible for potentially significant transmission. However, these 
studies generally did not exclude paucisymptomatic and presymptomatic states, and 
prolonged RTPCR positivity was not well understood earlier in the pandemic. New data are 
synthesized here. 

• Even a small rate of asymptomatic or presymptomatic transmission could impact 
communities as public health measures are relaxed, if core control measures are neglected 
(including physical distancing, hygiene, appropriate use of face masks as recommended by 
current public health guidelines). 

• There is new data emerging around diagnostic test utility, sensitivity and specificity, and the 
role of community based serologic testing to ascertain seroprevalence within communities 
and better delineate the fraction of undetected infections, and the possibility of asymptomatic 
and presymptomatic transmission as a community risk. 

• Between the updated literature search date and the release of this update repeated searches 
were carried out to include high profile publications in this topic area, including the recent 
WHO Transmission Scientific Brief, released July 9, 2020. The author of the report reviewed 
this document in detail and there are no significant discrepancies or new information between 
this rapid review and the WHO updated scientific brief although it adds information on short 
range aerosols and the theoretic risk of fomite transmission, which are outside the scope of 
this document. 

' 
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negative (with 32.1 % still positive at 1 month post onset). Importantly, other studies have shown 
that SARS-CoV-2 RT-PCR can remain positive for 4 weeks in patients with milder outpatient 
managed COVID-19 as well. 

• Therefore a RT-PCR positive result in a currently asymptomatic person is of unclear significance 
and RT-PCR positive status cannot be used to infer potentially infectious status. 

2. Studies suggest that levels of SARS-CoV-2 can be high by RT-PCR and detected by virus cultivation 
early in infection, prior to symptom onset, with replication in upper respiratory (nasal lining) and 
respiratory cells. This is distinct from SARS-CoV and would support the potential importance of 
presymptomatic transmission. Two publications demonstrate a lack of viable virus detected after day 8 of 
symptoms, with another suggesting a possible longer duration of shedding of viable virus in severe 
illness. 

In addition, the RT-PCR CT (threshold cycle) value may eventually become useful as a proxy for 
cultivatable virus - one source suggested <24 is associated with cultivatable virus. However development 
of validated methodologies to use SARS-CoV-2 CT as a quantification assay would be required. 

3. To define the role of asymptomatic transmission, processes to rule out post infectious and 
presymptomatic RT-PCR positive states are required, as the proportion of people with truly asymptomatic 
infection cannot be accurately inferred from studies that report "asymptomatic" status at the time of 
testing. Prevalence studies carried out after epidemics in high risk closed populations are potentially more 
likely to include post infection RT-PCR positives, and overestimate the proportion of people who may 
transmit infection. 

To establish asymptomatic SARS-CoV-2 infection: 

• Post symptomatic PCR positivity should be ruled out by documentation of a negative 4 week 
symptom history and potentially with concurrent serologic testing, where available, for the 
presence of SARS-CoV-2 antibodies. Current evidence suggests that a positive PCR with 
positive antibody test would suggest past infection and low likelihood of current transmission 
potential. 

• Presymptomatic PCR positivity should be ruled out by documenting absence of compatible 
symptoms over a 14 day period from test collection. 

• If an asymptomatic person who is RT-PCR positive is seronegative, documentation of 
seroconversion at 3-4 weeks after the initial test should be considered. 

4. The best individual studies of the true asymptomatic proportion in high risk populations suggest a 
range of 15 to 20%, in studies of individuals who were close contacts isolated in centralized quarantine 
facilities. Similarly, a well conducted RT-PCR and serology based study of US service members aboard 
an aircraft carrier reported an asymptomatic proportion of 18.9%, raising the possibility that younger 
people may be more likely to be paucisymptomatic or asymptomatic. Finally, a pre-print metaanalysis of 
these epidemiologic data suggested the asymptomatic proportion is 15% (12-18%). Uncertainty in these 
studies is related to the possibility of prior infectious contacts in the community during exponential growth 
rate epidemics in some of these reports, coupled with a lack of detailed symptom history prior to the 
positive test, which would tend to overestimate the asymptomatic positive proportion through inclusion of 
post symptomatic positive cases. Importantly, a population of close contacts to documented cases are at 
higher risk of infection (symptomatic or asymptomatic) compared to the general population so observing 
that a proportion of 15% positives in high risk populations are asymptomatic does not suggest that 15% of 
asymptomatic people in the community are infected. 

5 The efficiency of observed transmission of infection from asymptomatic RT-PCR positive people 
appears to be low (two studies reported no transmission from asymptomatic cases, one quarantine center 
series reported an incidence of secondary infection of 0.3%, which was 20 fold lower than transmission to 
contacts from severe cases, and another reported transmission to 2.2% of traced contacts of 
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asymptomatic people. A preprint systematic review (including many of the papers reviewed here) 
estimated that secondary attack rates were 2.5X higher from symptomatic versus those who were 
symptom free at diagnosis. 

6. Presymptomatic transmission merits separate consideration from asymptomatic transmission, because 
of more robust documentary data and because of practical contact tracing implications. Presymptomatic 
spread has been well documented in individual case reports and reported case series, usually involving 
close/household contacts. Newer data suggests that presymptomatic transmission may in some 
circumstances be considerable, although it is unclear whether these events are related to characteristics 
of the index case, the setting of transmission, or both. Case series have shown relatively high secondary 
attack rates with exposure just prior to symptom (for example, presymptomatic cases transmitted to 0.7% 
of contacts compared to while presymptomatic versus symptomatic cases transmitting to 1.1 % of 
contacts). In another household study where index cases isolated themselves and masked within the 
household upon symptom development, however, there were no household transmissions versus a 17% 
attack rate in other households. Contact tracing studies overall suggest that most transmission risk occurs 
before day 6 of symptoms, with no nosocomial transmissions among 852 hospital contacts after day 6 of 
symptoms, although the contribution of presymptomatic spread was not clarified in that study. 

7. Modeling data has suggested the possibility that presymptomatic or asymptomatic transmission could 
contribute to significant community transmission, but models have generally been based on data with the 
discussed shortcomings. Existing models are based on assumptions generated from studies in high risk 
populations that that did not rule out postsymptomatic and presymptomatic RT-PCR positives in the 
reported proportions of asymptomatic cases, as previously discussed. As such, these models establish 
an upper range of potential community transmission from asymptomatic and presymptomatic cases. 

8. The role of paucisymptomatic individuals in COVID-19 transmission is very unclear, as on detailed 
review this group may have been called either "asymptomatic" or "mildly symptomatic" in previous 
studies. There is some suggestion that less severe disease is associated with a shorter duration of 
shedding of infectious virus. 

Recommendations 
1. The office of the Chief Medical Officer of Health, Alberta Health should develop and use 

standardized definitions for Asymptomatic, Presymptomatic, and Paucisymptomatic COVID-19 
cases to support data collection and case classification, to clarify the assessment of transmission 
dynamics in Alberta. 

2. All COVID-19 RT-PCR positive patients should be administered a brief global symptom history for 
current or recent symptoms suggestive of COVID-19 and if no current symptoms are 
documented, a specific symptom history over the previous 6 weeks should be recorded as a 
searchable data field. Patients with prior symptoms would be able to be assigned "possible post
symptomatic" status. 

3. A pilot of periodic administration of this currenUprevious 6 weeks symptom history questionnaire 
should be resourced to allow data collection on a sample of all patients presenting for testing at 
assessment centres to document the baseline prevalence of these symptoms in the Albertan 
population and the association with COVID-19 testing results. 

4. If an asymptomatic person is documented to be RT-PCR positive, they should be monitored 
during self isolation and reclassified as "presymptomatic RT-PCR positive" if symptoms develop. 

5. When serologic testing is available, the Serology working group of the provincial laboratory and 
Public Health should consider a pilot of serologic testing in asymptomatic RT-PCR positive 
patients to evaluate what proportion of test positive asymptomatic people are seropositive, 
suggesting past infection and likely noninfectious status. If seronegative, the serology should be 
repeated 3-4 weeks after the RT-PCR test to document if seroconversion has occurred. 

6. The office of the Chief Medical Officer of Health, Alberta Health should consider further public 
education in two main areas: 
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a) Identification of symptoms and prompt self isolation: Topics may include the importance of 
recognition of mild possible COVID-19 symptoms, the need to self isolate/get tested, and 
reinforce employer responsibilities to support employees with adequate sick leave policies. 
b) Highlight need for contact tracing: Topics may include the need for individuals to be able to list 
their contacts if subsequently identified as potentially infectious, to reduce further spread of 
infection. Therefore, if a contact tracing app is not used, people should be encouraged to keep a 
running diary of their daily contacts/types of contacts with others in the event that contact tracing 
is required. 

7. Based on evidence identified in this review, it is suggested that adequate resources and 
infrastructure adaptation are currently required to prioritize specimens for COVID-19 RT-PCR 
testing in the following order: symptomatic (highest priority), asymptomatic people who are close 
contacts of known cases (high priority due to high pre-test probability), and then asymptomatic 
people without high risk contacts. Testing of asymptomatic people who are not identified case 
contacts should not delay testing, reporting and contact tracing efforts for people who are 
symptomatic or close contacts to known COVID-19 cases. 

8. To clarify the utility of widespread testing of people who are asymptomatic, a pilot of strategic 
testing of asymptomatic people (with symptom documentation as above) should be considered to 
better describe population infections dynamics, with consideration for 

a. RT-PCR testing programs for those potentially at higher risk of exposure to infection 
(essential workers, those with higher numbers of community contacts, teachers, staff and 
children upon return to school), and those of higher risk of severe disease if acquiring 
infection (older persons, comorbidities). 

b. Population based prevalence studies using representative sampling, and both RT-PCR 
and serologic testing. 

Committee Discussion 
Third Revision: 
This revision saw reasonable committee agreement that presymptomatic spread has evolved to have a 
more supported role in community transmission and that existing data on the proportion of transmission 
for completely asymptomatic persons is unclear. Committee members supported a recommendation to 
better delineate this in an Albertan context, primarily though documenting an expanded symptom history 
at the time of swabs and ensuring a 6 week retrospective history review is documented in those who are 
positive. The recommendation was originally 4-6 weeks but 6 weeks was felt to be better operationally. 
Use of serology in conjunction with RT-PCR in people who are truly asymptomatic and not post 
symptomatic was seen as potentially promising but committee survey suggested that this should not be 
recommended directly given the nascent state of serologic testing so the recommendation was changed 
to request that the COVID-19 Serology provlab group to work with Public Health to consider a pilot of this 
approach. 

Second revision: 
The SAG did not reach a consensus recommendation based on available evidence after discussion of 
this update. The new data considered was seen as supportive that asymptomatic and presymptomatic 
persons may test positive for SARS-CoV2 and that there are case reports of transmission without overt 
symptoms. The degree to which this may drive transmission in various settings (outside of close or 
household contact as has been reported) was debated. There were considerably varied opinions on the 
likelihood of asymptomatic transmission as a major contributor to transmission. That said, some 
committee members felt that the lack of concrete evidence to show cultivatable virus, and/or transmission 
in community or healthcare setting (versus close household settings) from presymptomatic cases is 
currently a critical evidence gap. Committee members felt that further data on asymptomatic cases may 
become available shortly, which would support a potential evidence based consensus recommendation. 
Seven committee members were in agreement with the key messages while two committee members felt 
that the current epidemiological situation supported that asymptomatic or presymptomatic transmission is 
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occurring to a significant degree, which would have implications for risk assessment, and control 
measures. 

The evidence for this topic is changing very rapidly. It is necessary to monitor the literature for new 
estimates of spread from asymptomatic persons, information around rapid potential screening of 
asymptomatic persons, efficacy of face shields, masks, and cloth masks, alone and in combination. This 
brief should be re-visited frequently to ensure all evidence is accounted for. 

Summary of Evidence 
The literature searches were conducted by KRS within the Knowledge Management Department of 
Alberta Health Services. Critical appraisal was conducted using an adapted Mixed Methods Appraisal 
Tool (MMAT) (Hong et al., 2018). A key limitation of this review is that some of the evidence is preprint, 
which has not been subject to peer review, published as correspondence not subject to peer review, or 
are observational studies, with lower rigor than formal epidemiological studies. 

Research Gaps 
There is not yet a reliable estimate of the burden of truly asymptomatic infection and its consequent 
transmission potential. Existing studies have failed to report methods, sampling frames, case definitions, 
extent of contact tracing, followup periods, and clear separation of asymptomatic, presymptomatic and 
mildly symptomatic/paucisymptomatic cases. Future studies should seek to fill this gap. In addition, 
modelling studies using newer estimates of the proportion of, and transmissibility from asymptomatic 
SARS-CoV-2 infected people are needed. 

Population serosurveys should also include symptom documentation over the course of the potential 
exposure period recognizing increasing risk of recall bias. 

Methodologies for laboratories to quantitatively report SARS-CoV-2 RT-PCR results from respiratory 
specimens should be developed. It is recognized that cycle threshold (Ct) values may assist clinicians 
and PH personnel in assessing cases in the overall clinical context of cases but that validation and 
controls for this reporting are not developed. 

Detailed Evidence Review: What is the evidence supporting th e possibility of 
asymptomatic transmission of SARS-CoV-2? 

Data informing an assessment of symptomatic transmission has been collated from studies in 4 main 
categories: 1) virologic studies, 2) epidemiologic observations (outbreak investigations and transmission 
chain analysis), 3) modelling studies, and 4) high quality population serologic surveys which include 
symptom questionnaires. 

1. SARS-CoV-2 viral testing kinetics 
1. 1 Viral load data and culture data, in humans 
Small studies have demonstrated very high viral loads (by RT-PCR) in patients identified as 
presymptomatic, asymptomatic, or mildly symptomatic, making this a plausible concern (Kimball et al., 
2020; Pan et al., 2020; Zou et al., 2020). Two reports described successful culture of virus from 
presymptomatic (Arons et al) and asymptomatic (Hoehl et al) people, although in both of these reports, it 
was unclear that postsymptomatic RT-PCR positivity was excluded. There is emerging data suggesting 
that infectiousness may be inferred from cycle threshold (Ct) levels, where a higher number suggests that 
more cycles were required to detect the SARS-CoV-2 RNA, and thus a lower value would suggest a 
higher viral load. In a study in a long term care home, 13 of 23 individuals who tested initially positive by 
RT-PCR were asymptomatic at the time of testing (Kimball et al., 2020). In a detailed laboratory 
publication from this care home with prevalence surveys, high amounts of viral RNA based on RT-PCR 
was detected in people who were identified as asymptomatic, presymptomatic or symptomatic at the time 
of testing, with no significant differences between the three groups. Prevalence testing was performed 23 
days after the first identified case with 48176 residents were positive, of which 27 (56%) were 
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asymptomatic. Twenty four (89%) subsequently developed symptoms (median onset at 4 days). 
Seventeen (71 %) of these presymptomatic patients had viable virus recovered. The mean Ct value was 
24.2 for presymptomatic and 27.3 for asymptomatic patients (Arons et al 2020). In this study the highest 
cycle threshold of RT-PCR in samples where virus was culture positive was 34, with 2 over 30, and the 
culture were positive over a range from 6 days before onset of fever, cough, or shortness of breath 
through to 9 days after symptom onset. A significant flaw is that the earliest non ILi symptoms were not 
recorded, and the accuracy of symptom assessment in this patient population may be limited. 

A recent retrospective cross sectional study attempted Vero cell culture from RT-PCR positive samples, 
with 26/89 (29%) demonstrating growth. In this paper there was no viral growth from specimens with a Ct 
of >24, or symptom onset to test time of >8 days (Bullard et al, 2020). Similarly, an earlier paper 
suggested that no replicating virus (assessed by subgenomic RNA) was detectable after day 8 in a 
detailed virological assessment was carried on nine patients with early symptoms (Welfel et al., 2020). 
Patients demonstrated high virus shedding by RT-PCR, peaking at day 4, and live virus was isolated 
during this time frame. They also used sub-genomic RNA to demonstrate active viral replication in the 
upper respiratory tract. Seroconversion occurred by day 7 in 50% of patients and by day 14 in all patients. 
Shedding of viral RNA based on RT-PCR with high quantitative burden continued into the second week 
even though (Welfel et al., 2020), indicating that RT-PCR positivity does not confirm live virus shedding. 

Congruent findings from 82 people in Beijing were reported in a correspondence that reported the viral 
load peak at five to six days after symptom onset (Pan et al., 2020a). There were two people in this group 
with known exposure to an infected individual who were RT-PCR positive one day before symptom onset 
(Pan et al., 2020a). In another study of18 patients, those with early symptoms had high viral RT-PCR 
values, as did 1 asymptomatic patient, which was distinguished from SARS-CoV infection which had 
higher loads (also based on RT-PCR not cultivation) later in illness (Zou et al., 2020; World Health 
Organization, 2020b). Interestingly, a letter to the editor by Xu et al. (2020), suggests that the salivary 
glands may be important in asymptomatic infections due to the high expression of ACE2 receptors in the 
salivary gland. They discuss other literature where SARS-CoV viral RNA was detected in the saliva prior 
to identification of lung lesions, and COVID-19 saliva positivity by RT-PCR can be over 90% and virus 
can be cultivated, suggesting this should be further investigated (Xu et al., 2020). 

A variety of additional publications have confirmed prolonged PCR positivity, with a paper by Xiao et al. 
(2020) describing 56 hospitalized patients, in which severe illness was associated with higher viral loads 
(by 60 fold) and a longer time to RT-PCR clearance in patients. Viral RNA shedding was prolonged with a 
median of 24d to become SARSCoV-2 RT-PCR negative (and 32.1% still positive at 1 month post onset). 
A preprint study of 1343 probable and confirmed outpatient COVID19 cases in New York were assessed 
with serologic and nasopharyngeal RT-PCR testing. 249/584 participants with antibody and PCR testing 
were RTPCT positive at 20 days (11-42 days) from symptom onset and 12 days (5-28d) from symptom 
resolution. In this cohort, 19% of survey participants with previous self reported symptoms were PCR 
positive at testing (Wajnberg et al). 

The severity of disease may affect the duration of infectious virus shedding, and antibody testing may be 
useful to guide infection control measures as assessment of likely infectivity. A preprint study from van 
Kampen et al, of critically ill patients suggests that a higher viral load (>7 log/ml) in respiratory tract 
specimens was associated with isolation of infectious SARS-CoV-2, and the presence of neutralizing 
antibody was associated with absence of infectious virus. In these patients infectious virus could be 
isolated for up to 20 days (median 8 days, <5% probability after 15,2d of symptoms), which is longer than 
the 8 day duration of viable virus shedding in less ill patients described by Welfel et al. 

1. 2 Viral load data and culture data, in animal studies 
In experimental SARS-CoV-2 infection of four macaques, early and prolonged virus excretion (through 
RT-PCR and virus isolation from the nose and throat in the absence of clinical disease was seen. Higher 
nasal shedding of SARS-CoV-2 virus RNA was identified in older animals, peaking at day 4 after infection 
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compared to young (peaking at day 2) (Rockx et al). There was shedding for up to 10 days by RT-PCR, 
and no infectious virus was detected after day 4. Viral replication was suggested by RTPCT positivity in 
respiratory tract tissues including ciliated nasal mucosal tissue, with urinary, cardiac, endocrine and CNS 
tissues negative, and an ileal specimen positive. The early viral shedding in this study is suggested 
similar to what is seen with influenza virus kinetics in both humans and macaques. This similarity to 
influenza is also suggested by other authors (Pan et al., 2020; Zou et al., 2020). 

1. 3 Summary- viro/ogic data 
In summary, there is a reasonable body of literature that supports early viral presence in saliva and in 
upper aerodigestive tract specimens in early infection, including in asymptomatic and presymptomatic 
states. The factors affecting transmission and likelihood of transmission in these states of "unapparent 
positivity" remain less clear, however. Detection of viable virus drops rapidly over the first 8 days of 
infection, but may be prolonged with a suggestion this may be more common in the elderly (based on 
macaque study, and a L TC study in which virus was cultivated after 9 days or symptoms in one patient). 
Prolonged RT-PCR positivity is well documented (not uncommonly for 3-6 weeks from onset) so a 
positive laboratory result without a detailed symptom history is of limited value in assessing whether and 
"asymptomatic infection" is associated with possible transmission. 

2.0 Epidemio/ogic Data from human COV/D-19 clusters and cohorts 
Reported rates of positive RT-PCR screening in patients without symptoms at the time of testing range 
considerably. Some of this variability could be related to differences in how "asymptomatic" status was 
assessed: some groups included a variety of generalized mild symptoms as "asymptomatic." In a report of 
16749 hospitalized COVID-19 patients in the UK, 7% of hospitalized patients would not meet an Ill case 
definition and 4% had enteric symptoms only (Docherty et al, 2020). In addition, many reports potentially 
fail to exclude paucisymptomatic or symptomatic infection in the previous 6 weeks. See Appendix A for a 
complete table of "asymptomatic" RT-PCR positive series/studies. A summary of representative studies is 
extracted below, favoring studies where contacts of cases or cases were monitored with serial testing, 
with reasonable exclusion of presymptomatic or postsymptomatic status (Bi, Cheng, and Tian et al). 
These report a range of the proportion of truly asymptomatic cases of 5-20%. Some reports of 
"asymptomatic" transmission clearly outline probably presymptomatic transmission, including a 2 family 
cluster of 7 patients with presymptomatic and postsymptomatic contact over a 5 day period (Li. Ji et al, 
2020). Most reports have come from China, where undetected community transmission could not be ruled 
out, describe household, family, and meal sharing contact (Bai et al, 2020, Hu et al, 2020) 

2. 1 Quarantine Centre Studies 
Two papers explicitly mention asymptomatic over presymptomatic transmission, one familial cluster which 
suggested an asymptomatic person infected 1 household contact, and one contact tracing/centralized 
quarantine series (preprint, Luo) which noted transmission from asymptomatic cases to 0.3% of contacts. 
This latter study yields other interesting transmission data: 2950 contacts of 347 cases were placed in 14 
days of quarantine with RT-PCR monitoring every 2 days. There were 129 secondary cases within the 
contacts. Of the contacts, 0.2% developed asymptomatic infection, and 2.4% developed symptomatic 
infection over the 14 day quarantine period. In this paper, older contacts had increased risk of infection 
with a gradient across age (1.8% in <18y through 4.2% in 60+ years). Seventy percent of the contacts 
were in a household setting with 10.2% acquiring COVID-19, with healthcare contact risk of 1.0% and 
public transport risk at 0.1 %. Clinical severity of source case data was reported for 2610 contacts, of 
which 305 had an asymptomatic source case (based on incomplete data), and one secondary case was 
attributed to th is group (1/305=0.3%) There was a gradient of risk from there was 0.3% risk to contacts of 
asymptomatic COVID-19 cases through 6.2% of contacts acquiring disease from index patients with 
severe symptoms (Luo et al., 2020). 

In a Taiwanese report of 100 patients, 2761 contacts were traced, tested, monitored for 14 days, and 
tested again if symptoms developed. Twenty two secondary. cases were found, all with exposure within 5 
days of the index cases symptom onset, with an attack rate of 0.7% (2 secondary cases of 277 contacts) 
for exclusively presymptomatic contacts and 1.1 % (12/1083) in those exposed at or after the day of 
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symptom onset. Where exposure started in the presymptomatic period (not restricted to exclusively 
presymptomatic contact), the attack rate was 4/100 (4%) for household, 1/10 (10%) for nonhousehold 
family, 2/236 (0.8%) for health care contacts, and 0/389 for other contacts. However, contacts prior to 
symptom onset were not completely ascertained and a suggestion to extend to 4 days prior to onset was 
made. There was no transmission to 852 contacts exposed after day 6. None of the 9 asymptomatic case 
patients transmitted a secondary case (to 91 contacts). The attack rate from those with mild illness was 
0.4%, severe 1.4%, and ARDS/Sepsis 1.5%. Detailed review reveals that four asymptomatic secondary 
cases were identified, all of which were household or nonhousehold family contacts, out of 227 household 
and nonhousehold family contacts followed, suggesting that 1.76% of all identified household-family 
contacts developed asymptomatic infection, versus 4.8% (11/227) with symptomatic infection. Overall 
household and nonhousehold family contact secondary attack rates were 4.6% and 5.3% respectively 
(Cheng et al, 2020). 

In a report of 392 household contacts of 105 index cases who were exposed in Wuhan , family contacts 
were quarantined and monitored daily, and 14.1 % of contacts found to be RT-PCR positive were 
asymptomatic. A proportion (13.3%) of index patients had quarantined themselves at home after 
symptom onset with masking, sleeping and eating separately within the house. Importantly, the attack 
rate from those who self isolated at home with onset of symptoms was 0% versus a 16.9% attack rate in 
households in which the index case did not isolate within the home, so no presymptomatic transmission 
occurred in this cohort, and transmission was prevented by home self isolation. The secondary attack rate 
was highest to spouses at 27.8%, and transmission to children was 4% versus 17.1 % to adult household 
contacts adults overall. (Li et al, CID). 

In a report of 262 confirmed cases in Beijing, 13 (5.0%) were asymptomatic close contacts, and an 
asymptomatic case was defined as "a confirmed case with normal body temperature or minor discomfort", 
with cases comprised of all positive COVI D-19 cases, who were referred to centralized hospitals for 
therapy or monitoring. The vast majority of cases in this series were (92%) were identified in contact 
tracing, and 67.2% were cluster cases (Tian et al, 2020). 

A research letter from Wuhan by Yang et al described close contact screening and quarantine (December 
25 to February 24,2019) followed all COVID-19 RTPCT patients who were admitted to hospital after 
contact tracing 26 clusters of infection. In this series, 42.3% of patients 33179) were asymptomatic at 
testing, However, a symptom checklist and "asymptomatic" definition was not provided and pre test 
symptom history was not described, and CT scans were abnormal in a proportion of "asymptomatic" 
cases. The "asymptomatic" cases were more likely to be younger (27 versus 56 year old), female (67 
versus 31 %), and had shorter duration of viral shedding (8 versus 19 days). Clinical variables were less 
severe including improvement of CT scan abnormalities (9 versus 15 days), CD4 count (720 versus 474), 
and abnormal liver biochemistry (3% versus 20 percent.) 

A prospective study by Chau et al, at a quarantine centre in Hi Chi Min City, Vietnam enrolled and 
followed PCR positive cases. Between March 10 and April 4, 49 of about 14000 people were positive, of 
which 30 were enrolled. Thirteen (43%) had no symptoms (the history duration and data collection 
instrument were not defined). A cluster of 11 participants was described with a suggestion of possible 
asymptomatic transmission, although insufficient detail is provided to assess this. Despite initially similar 
RTPCT Ct values, the there was a suggestion of faster viral clearance from the respiratory tract in 
asymptomatic persons, 

2. 2 Other Studies of Close Contacts 
A recent US publication has been suggested to support asymptomatic transmission, describing positivity 
rates in household contacts of the first 229 cases in New York State during an exponential phase 
epidemic. The household infection prevalence was much higher than in other series at 38%, with an age 
gradient from 23% among those <5 years to 68% among those over 65, on a background of a percent 
positivity of all tests in NYS in March of 33%. There were 498 household members tested, of which 148 
had symptom data recorded. Of these, 82.6% reported "any" symptoms, suggesting that 27.4% were 
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asymptomatic at testing. Transmission chains were not assessed. Antecedent symptoms or subsequent 
symptoms were not assessed. As such, this report has the same weakness of others where previous 
infection was not excluded (Rosenberg et al, 2020). Similarly, a study on an "asymptomatic" hospitalized 
case suggested that there was no transmission to 455 contacts, however, post symptomatic RT-PCR 
positivity was not ruled out: the individual had been short of breath (due to proposed CHF from congenital 
heart disease) for a month prior to admission, was admitted for the same then screened after being in 
hospital for 4 weeks (screened by RT-PCR for an in hospital transfer). Multiple patients, patients' family 
members and hospital staff were tested an observed in quarantine (Gao et al, 2020). 

Chaw et al describe a superspreading event in Brunei, at a religious gathering in Malaysia on February 
28-March 1st. Of 75 attendees, 19 tested positive, with 52 secondary cases identified. Attack rates were 
14.8% at a subsequent religious gathering (March 51h), and 10.6% in households. The household AR from 
symptomatic cases was 14.4%, versus 5.4% from asymptomatic or presymptomatic cases, with very low 
transmission in social or workplace settings. Symptom assessment was only performed at the time the 
swab was collected and during the followup period. 

A report from Huang et al described transmission of COVID-19 from a presymptomatic youth starting 3 
days before symptom onset, with 7/22 contacts developing infection (food sharing, indoor restaurant, 
karaoke) developing infection, highlighting significant presymptomatic spread among young people in 
social environments. 

2. 3 Prevalence Studies and Outbreak investigations 
A comprehensive analysis of 382 service members (of 1417 total exposed) involved in an outbreak 
aboard an aircraft carrier was reported by Payne et al, with symptom questionnaires, serologic 
assessment and 267 (70%) also providing NP swabs. The investigation took place April 20-24 (the 
outbreak was in March,) 60% were antibody positive, and symptoms were assessed as Category A 
(Cough, shortness of breath) or Category B (2 or more fever (measured or subjective), chills, rigors, 
myalgia, headache, sore throat, new olfactory and taste disorder(s) (Council of State and Territorial 
Epidemiologists, 2020) Twenty three of 154 (15%) of those with negative serology had a previous PCR 
positive result, and 82 of 131 (63%) of seronegatives without previous positive PCR were tested by PCR 
and 4 (5%) were RT-PCR positive. Overall, 238 of participants had documented previous or current 
SARS-CoV-2 infection, of which 18.5% were asymptomatic. Taste and smell alterations were strongly 
associated with infection (OR 10.2). Self reported distancing, avoidance of common areas, and face 
covering use were potentially protective. Level of antibody was not reported in asymptomatic versus 
symptomatic confirmed positive cases. Specimens were collected that were RT-PCR positive to 48 days 
after symptom onset. 

The perils of interpretation of RT-PCR positive results and absence of current symptoms at the time of 
testing are illustrated in correspondence in the Lancet, which described screening of asymptomatic HCW 
in a hospital in London, with collection of nasal swabs, health questionnaires and blood samples over 16 
weeks. The first 400 tests yielded 44 SARS-CoV-2 positive HCW (11 %) of which 12 (27%) reported no 
symptoms of COVID-19 during the week before or after their positive test(s). During the study, 7 HCW 
tested positive on two consecutive weeks and 1 tested positive on three consecutive weeks by RT PCR 
(Treibel et al., 2020), and the rates mirrored the epidemic curve in the community. However, this is a short 
correspondence and many details of methodology are not available for review. To exclude prolonged 
shedding in this cohort, symptom assessment for 4 weeks prior to testing and observation for symptom 
for two weeks post testing would have been optimal. No serologic assessments, or attempts to cultivate 
virus were performed. 

A call centre outbreak investigation in South Korea described by Park et al investigated all workers, 
inhabitants and visitors to a commercial/residential building between February 21-March 8 2020, with 
testing March 9-12 (17 days from start of exposure risk period). There is no documentation that history of 
previous symptoms was sought, and asymptomatic cases were followed for 14 days from testing. Testing 
was performed for 1143 of the 1145 persons under investigation, was 8.5% documented positive, 94/97 
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of these were in the 11 1h floor call centre. The attack rate in the call centre was 43.5%. Of the case 
patients, 89/97 (91.7%) were symptomatic, and 4 developed symptoms, and a further 4 remained 
asymptomatic (4.1 %) The case patients had 225 household contacts with a household attack rate of 
6.2%, with no transmission from presymptomatic or asymptomatic cases. 

A followup study on a subset of the highly described Diamond Princess cruise ship cohort has been 
published by Sakurai et al, in which 712 of 3711 passengers and crew were documented RT-PCR 
positive, and 410 (58%) asymptomatic at testing, Ninety six of the asymptomatic positive cases and 36 
cabinmates were quarantined and observed in hospital, with 11/96 (11.5%) developing symptoms at a 
median of 4 days from testing positive, with 8/32 (25%) of cabinmates also testing positive after an initial 
negative test but remaining asymptomatic. This study described becoming RT-PCR negative as 
"resolving infection", which is arguably inaccurate, and this occurred 15 days after the initial positive test 
in 90%. The likelihood of developing symptoms, and of remaining PCR positive for longer periods 
increased with age. Previous symptoms, symptom assessment, and serology results are not reported. 

A final study described screening of all passengers and crew on an isolated Antarctic cruise: a passenger 
developed fever on day 6, and on day 20 of the cruise 128/217 (58.9%) of people tested were positive, of 
which 81 (64%) were asymptomatic at testing. There was no description of how symptom history was 
assessed or of followup post testing for symptom development (Ing.et al 2020). There was no description 
of symptom assessment, followup, and no serology was done. 

The role of pediatric SARSCoV-2 in transmission remains unclear, and given the apparent lower rates of 
infection in chidren there is interest in assessing the possibility of asymptomatic children as transmission 
sources.In a preprint evaluating reported household transmission clusters, 9.5% of the clusters had a 
pediatric index case. To reduce the possibility that an asymptomatic index case child was overlooked, 
cases in which a symptomatic adult was identified as the index case in a household with an asymptomatic 
positive child was also identified were reviewed, with the results that up to 21 % of the household MAY 
have had an asymptomatic child as the index case. In comparison, H5N1 influenza transmission cluster 
analysis revealed children as index case in over half (Zhu et al, 2020). 

Presymptomatic transmission merits separate consideration from asymptomatic transmission, because of 
more robust data and because of different practical contact tracing implications. Presymptomatic spread 
has been well documented in individual case reports and reported case series, usually involving 
close/household contacts. Newer data suggests that presymptomatic transmission may in some 
circumstances be considerable, although it is unclear whether these events are related to characteristics 
of the index case, the setting of transmission, or both. Multiple case series have shown high secondary 
attack rates with exposure just prior to symptoms. In one study, the attack rate among exclusively 
presymptomatic close contacts was 0.7% (versus 1.1 % overall). However, in another study of contacts 
and household transmission, there were no household transmissions when the index patient self isolated 
(masked, resided separately) within the home versus 17% attack rate in other households contacts, 
weighing against significant presymptomatic transmission. Contact tracing studies further suggest that 
most transmission risk occurs before day 6 of symptoms, with no nosocomial transmissions among 852 
hospital contacts after day 6 of symptoms. 

Thus, although it seems a proportion of people may remain asymptomatic but PCR positive, transmission 
from presymptomatic cases is currently more clearly supported by these data. The relative contribution of 
presymptomatic spread to community transmission was detailed in am epidemiologic report from 
Singapore, in which all 243 cases of COVID-19 between Jan 23 and Mar 16, 2020 were investigated. 
Seven clusters of cases with probable presymptomatic transmission were identified, and the overall 
proportion of transmission from these cases comprised 6.3% of overall documented transmission. 
Diagnostic testing was correlated with clinical signs and thoracic CT scans. Individuals were thought to be 
infected from contact presymptomatic cases, not unidentified asymptomatic cases, as strong surveillance 
was in place and minimal community transmission was occurring. Two of these clusters involved people 
who gathered together to sing. (Wei, 2020). 
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2. 4 Reviews and Meta Analyses 
Finally, three preprint systematic reviews and meta-analyses addressing this topic have been identified, 
as well as a narrative review. The first, a rapid living systematic review and meta-analysis on 
asymptomatic transmission (Buitrago-Garcia et al) gave the overall estimate of the proportion of people 
who become infected with SARS-CoV-2 that remain asymptomatic throughout infection as 15% (95% Cl 
10 to 22%) This review did not evaluate the possibility that some of the studies included did not rule out 
postsymptomatic shedding. A systematic overestimation of the proportion with asymptomatic infections 
due to the inclusion of asymptomatic cases in contact investigations was also noted. 

The second systematic review and metaanalysis preprint specifically included only studies where the 
sample frame included the at risk population and there was adequate followup to identify presymptomatic 
cases, as is assessed as higher quality. It should be noted that this review excluded 25 studies which 
were included in the above metaanalysis, which were felt to be at high risk of bias, and missed 6 of the 
articles included in this report. Review of 998 articles identified 9 studies for inclusion, with 21035 people 
tested, of which 559 (2.7%) were positive and 83 (14.8% of those positive) were asymptomatic. The 
proportion of asymptomatic cases ranged from 4-41 %, and metaanalysis gave the proportion as 15% (12-
18% overall.) Transmission from asymptomatic cases was suggested in 4 studies, at a lower rate than 
symptomatic cases (Byambasuren et al, 2020). Two studies documented zero transmission from 
asymptomatic cases, and the other two risk estimates were .06 and .79. 

A recent narrative review, by Oran and Topel is a significant outlier in interpreting the extant literature. 
The authors suggested that 40-45% of SARS-CoV-2 infections are asymptomatic and that asymptomatic 
people can transmit to others for >14 days. Studies felt to be at high risk of bias were included, with 
prevalence sampling, and studies without definition of asymptomatic, or symptom assessment pre and 
post test. Serosurveys and PCR testing were both included in aggregate estimates. This is therefore not 
felt to be a useful synthesis. A recent open latter to Oran and Topal, and the Annals of Internal Medicine 
highlighted the lack of clear definition of asymptomatic infection and the selective inclusion of cross 
sectional studies, with the suggestion that this overestimate of asymptomatic infection could misinform 
policy response (Cevik et al). 

Table 1. Select Studies -COVID-19 Cases -Asymptomatic at Testing (See appendix for complete list) 

Number(%) 
%who 

Setting Author 
Total Positive with no 

remained Comments 
cases symptoms at 

asymptomatic 
testino 

Long Term Arons 48 27 (56%) 6.3% Symptom Screening for 
Care -14d to +14d oftest, 

outbreak started 23 days 
orior - ooss post Sx 

Monitored Bi 98(of1286 17 (20%) Unknown Well defined symptom list, 
Contact contacts) did not clinically report if 
Quarantine develooed Sx 
Monitored Cheng 22 (of 2761 4 (18%) NR but Contact with 
Contact contacts) monitored 14 presymptomatic case 
Quarantine day quarantine attack rate 0.7% (versus 

1.1 % contact in in first 5 
days). Contacts to 
severe/critical cases 
hioher risk. 

Pediatric cases Dong 731 PCR 94 (12.8%) NR Did not exclude 
(Chinese CDC) confirmed presymptomatic or 

cases postsvmotomatic 
Contact tracing Hijnen 10(of12 2 (175) NR Presymptomatic 
(conference) contacts) transmission 2-3 days 

after index case exposure 
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Airline flight Hoehl 114 airline 2 (1.8%) 1 (50%) Mild rash/sore throat 
passengers 
with RT-PCR 
results 

Contact Jang 112 contacts 30 (26.8%) NR Did not exclude 
Tracing pf 8 positive presymptomatic or 
(Fitness class) instructors (12 postsymptomatic 

facilities) 
Long Term Kimball 23 residents 13 (56.5%) 13% Did not exclude 
Care presymptomatic or 

postsymptom a tic, tested 
16d after introduction 

Prevalence Lavezzo I. 73 cases (of 30 (41%) NR Did not exclude 
survey, 2812) presymptomatic or 
community 14 days later, 13(29%) postsymptomatic 
based 11.29 cases (8 (unclear if new 

new) of 2343 or old) 
Monitored Li 64 (of 392 9(14.1%) 9 (14.1%) Close monitoring for 14 d 
Contact household from exposure, no 
Quarantine contacts) transmission in index 

case self isolation 
households 

Monitored Luo 129 cases (in 8 (2.5%) 8(2.5%) Incidence of secondary 
Contacts, 4950 contacts) infection 6.2% from 
Quarantine critical, 3.3% from mild, 

and 0.33% from 
asymptomatic cases. 

Cruise Ship Mizumoto 634 113 (17.9%) NR Did not exclude 
presymptomatic or 
postsymptomatic., testing 
10-17 days after outbreak 
start 

Evacuees from Nishuira 13 4 (31%) No Testing long after Wuhan 
Wuhan departure. Did not 

exclude presymptomatic 
or oostsvmotomatic 

Centralized Tian 262 12 (5%) Asymptomatic - included 
assessment - confirmed case with 
all cases normal temperature or 
Hospitalized, minor discomfort 
Beijing 

Finally a very recent preprint systematic review and metaanalysis by Koh et al. included analysis of 
transmission and secondary attack rates, serial intervals, and asymptomatic data. They and estimated 
that 25.8% of CIVD-19 cases were asymptomatic at diagnosis, and given the observation from multiple 
settings that 2/3 develop symptoms on monitoring suggested the "true asymptomatic" proportion to be 
5.4%. From observational studies, the RR of transmission was 2.55 from symptomatic index cases, 
suggesting that testing strategies should prioritize symptomatic persons when resources are constrained. 
However, given the difficulty in rapid detection of asymptomatic infections, it was noted that some degree 
of physical distancing is likely required to account for this. 

However, it is noted the evidence base included many of the studies reviewed here, that failed to account 
for post symptomatic shedding in epidemic situations, where the RTPCR prevalence testing was carried 
out late in the epidemic, where positive RTPCR would be less likely to indicate transmissible infection. 
The forest plot of asymptomatic cases from this paper is below, provided with the caution about the lack 
of standardized case definitions for asymptomatic infections and also acknowledging the possibility of 
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publication bias related to media attention to this particular topic. The findings of this paper suggested 
that setting specific transmission risk should guide control measures with quarantine more appropriate for 
congregate livin'g community settings such as workplaces and dormitories, and contact tracing utilized to 
identify hotspots and vulnerable populations. 

Figure 1. Koh et al, Forest plot of the proportion of asymptomatic cases. ES is the estimated 
asymptomatic proportion, with 95% confidence intervals (Cl). I-squared is the squared percentage of 
between-study heterogeneity that is attributable to variability in the true effect, rather than sampling 
variation. 
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Higher quality epidemiologic studies from centralized quarantine facilities, in which close contacts (a high 
risk population) have been monitored and serially tested, AND methods suggest better exclusion of 
presymptomatic and post symptomatic cases suggest that 2.5 to 20% of RT-PCR positive contacts 
remain asymptomatic. A good quality preprint metaanalysis of these epidemiologic data suggested the 
asymptomatic proportion is 15% (12-18%), and another estimated that 25% could be positive
asympotmatic but that the true asymptomatic proportion was likely 8.6% (excluding presymptomatic). 
Uncertainty in this proportion is related the possibility of prior infectious contacts in the community during 
exponential growth rate epidemics in some reports, and in addition, a population of close contacts to 
documented cases may tend to overestimate compared to the general population. Data from an aircraft 
carrier outbreak and multiple household transmission studies suggests that asymptomatic and 
paucisymptomatic infection status may be more common in younger people and children. In these studies 
the efficiency of observed transmission of infection of asymptomatic infection appears to be low 
(two studies reported no transmission from asymptomatic cases, one quarantine center series reported 
an incidence of secondary infection of 0.3%, 20 fold lower than transmission to contacts from severe 
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cases, another reported 2.2% transmission from asymptomatic cases, and the RR of transmission as 2.5 
in symptomatic compared with asymptomatic in another.) 

So, although existing data have significant shortcomings it appears that transmission from 
presymptomatic, pauci-symptomatic or asymptomatic people, particularly in close contact settings may 
occur, with more data supporting that transmission from presymptomatic cases may be more substantial. 
Close contact settings such as household exposures or possibly long term care facilities appear to be 
higher risk, and limited data suggest that transmission risk from asymptomatic persons is much less 
efficient (0.03% of contacts of asymptomatic COVID-19 cases compared with 6.2% in contacts of severe 
cases in one study). Physical distancing, masking and hand hygiene would be expected to mitigate some 
of this risk. Standardizing definitions, and protocolizing assessment of "asymptomatic" cases to 
differentiate these from paucisymptomatic, and presymptomatic is important to both clarify the evidence 
around transmission potential and because the latter conditions may still allow testing and rapid contact 
tracing to have a beneficial effect. This will require public education around paying attention to and 
documenting timing of even mild symptoms, seeking testing, mindfulness and documentation of 
exposures and contacts to assist possible contact tracing, and seeking history of symptoms from -4 
weeks to +2 weeks after testing. 

3.0 Epidemiologic modelling 
If the mean interval estimate (the time between symptoms developing in the infecter and infectee) is 
shorter than the mean incubation period, presymptomatic transmission is suggested, and would support 
that transmission can occur early after infection and possibly before symptoms. Modelling the serial 
interval estimate (efficiency of propagation) suggests that the serial interval estimate for SARS-COV2 is 4 
days (95% Cl 3.53 - 4.39) which is significantly shorter than SARS-COV1 (8.4 days) or MERS-COV (14.6 
days) (Bi et al. 2020; Zhao et al., preprint; Nishiura, Linton & Akmetzhanov, 2020), suggesting 
presymptomatic transmission. However, estimates of the serial interval vary. In a description of 468 
confirmed cases in China, presymptomatic transmission was suggested in up to 13% of transmission 
chain cases (serial intervals were negative, with the infectee developing symptoms before the infecter) 
(Du et al., 2020). In another preprint article that described viral shedding and modeled transmission chain 
data, the mean interval estimate was longer at 5.8 days, with infectiousness estimated to start at -2.5 
days before symptom onset, and peak at -0.6 days before symptom onset with decline over 7 days. 
These studies of primary and secondary cases may be limited by recall bias, as secondary cases are 
more likely to remember recent exposures. 

In a study modeling infectiousness from 77 predominantly household based transmission pairs, He et all 
observed infectiousness peaked at or before symptom onset and that 44% of cases were infected during 
the index cases presymptomatic stage (in predominantly household clusters). The relative proportion of 
post symptom transmission was reduced by isolation (He et al.2020). 

In a preprint of a statistical transmission model applied to contact tracing data from Guangzhou, 249 
cases forming 195 unrelated clusters were examined, with cluster sizes from 1-274 (median 6). Most 
transmissions occurred among household members. Modeling the spatial and temporal epidemiology 
suggested the daily transmission probability during the incubation period was similar to that in the illness 
period (Jing et al). 

There are a number of new studies looking at serial intervals in different countries, with different testing 
strategies. A preprint of a modelling study by Tindale et al. from Simon Fraser University, based on 
outbreak information from Singapore and Zianjin, China estimated the mean serial interval at 4.56 (2.69, 
6.42) days in Singapore and 4.22 days (3.43, 5.01) in Tianjin using a mixture model approach, with the 
mean serial interval 2-4 days shorter than the incubation, suggesting that presymptomatic transmission 
was occurring. Limitations include variability in exposure time, presumed infectors and incubations period 
as well as the lack of uncertainty in the model around symptom onset (Tindale et al., 2020). 
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A March 30, 2020 report from the Imperial College COVID-19 Response Team also estimated that the 
percentage of total population infected is orders of magnitude higher than case counts, related to mild 
and asymptomatic infections as well as limited testing capacity, with the model suggesting attack rates 
ranging from 0. 7% of the population in Germany through to 15% in Spain however the relative proportion 
of asymptomatic infection was not discussed (Flaxman et al., 2020). In contrast, a preprint by Zhou 
investigates dynamics and spread of the outbreak using a modified Susceptible-Exposed-Infected
Resistant (SEIR) model with empirical data from the people evacuated from Wuhan from Jan 29 to Feb 2, 
2020. The model provided little support for asymptomatic transmission although findings are subject to 
assumptions used, and the subgroup studied has low case confirmation and perhaps different social 
behavioural and environmental factors. (Zhou et al, Preprint). Reassuringly, in this paper, the reproductive 
number (RO) was found to be 2.12 which is consistent with the majority of the findings globally of an RO 
range between 2.0 to 3.0. 

Ferreti et al (2020) describe a compartmental mathematical model based on linked case data from Hubei, 
assuming a fraction of 46% asymptomatic SARS-CoV-2 infections and reduced infectiousness from 
asymptomatic cases) that pre-symptomatic patients account for 47% (95% credibility interval 11 to 58%) 
of the total transmission, and asymptomatic transmission comprised 6% (0 to 57%) of the total. This and 
other models attempting to estimate the proportion of infections caused by undetected infections 
(asymptomatic, presymptomatic and paucisymptomatic) vary widely, suggesting that 50-80% of cases 
could be related to undetected infection (Ferreti et al, Li et al). 

A preprint from Koh et al indicated the mean SI of single-location studies is estimated to be 4.87 days 
(95% Cl: 3.98, 5.77), and there was significant heterogeneity observed in multiple location studies. 

Overall, current model assumptions are based on data on the prevalence of asymptomatic infection that 
did not account for the possibility of prolonged postinfection shedding, and thus would be expected to 
overestimate transmission from asymptomatic positive persons. The chain of transmission data (see 
Table 2) has been consistent in suggesting shorter range serial interval data (with considerable variability, 
from 1.9-7.5 days) and does support spread early in infection and the possibility of presymptomatic 
spread being significant. 

Modelling data therefore should be seen as potentially illustrating the upper limits of impact of 
transmission from asymptomatic persons, and newer studies using updated assumptions would be 
valuable. 

Table 2. Summary of Serial Interval Studies 

Author Country Data type n (total cases) Mean or Mean Comment 
Median Serial 
Incubation Interval 
Period (days) 
(days) 

Aguilar, J.B. et 13 Case numbers Re 15.4 (5.5-
al Preprint countries 25.4) 

(10 in 
Europe and 
Australia, 
Canada, 
Japan) 

Backer, J.A. et Imported Government 88 case Mean: 6.4 
al Rapid cases from sources (95% Crl: 
Communicatio Wuhan, 5.6-7.7) 
n China; Jan (sd) 

21-Feb 8 
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Bi, Q. etal Shenzhen, Contact tracing 391 cases and 4.8 (95% 6.3 (95% Cl Reproduction 
Research Guangdong 1206 close Cl: 4.2-5.4) 5.2 - 7.6) number 0.4 
Article Province, contacts (0.3-0.5) 

China 
Cheng, H. et al Taiwan, Contact tracing 32 cases and 4.9 (95% 5.4 days 
Preprint Republic of 12 paired Credible (95% Crl 

China transmission Interval 2.7- 4.1-7.2 
cases, from 8.4) days) with 
1043 contacts; 48 pairs 
then updated 
with 48 pairs 

Du, Z. et al. Imported Government 468 Mean: 3.96 59 reports of 
Research cases sources (95% Crl: negative serial 
Letter outside of 3.53-4.39); interval 

Wuhan, sd 4.75 (suggest 
China; Jan (95% Crl: presymptomati 
21-Feb 8 4.46-5.07); c transmission) 

12.6% of 
serial 
intervals 
were neo 

Feretti. L. et al NR 40 RO estimated at 2.0 in early 
Research infector/infecte stages with 46% 
Article e data pairs presymptomatic, 38% 

symptomatic; 10% 
asymptomatic and 6% 
environmental transmission. 

He, X. et al Guangzhou Hospital 94 cases and Not Mean 5.8 Infectiousness 
Brief 

' 
admissions a separate 77 calculated, (95%CI: from -2.3 days 

Communicatio Guangdong transmission assumed at 4.8-6.8); and peak at-
n Province, pairs 5.2 from median 5.2 0.6 days from 

China other (95%CI: symptoms 
studies 4.1-6.4) 

Lavezzo, E. et Vo, Italy Government Mean: 6.9 d Risk of 
al Preprint Sources (95% Crl: household 

2.6-13.4) transmission 
before OR: 84.5 (95% 
lock down Cl 16.8-425.4) 
and 10.1 d in adults; SEIR 
(95% Crl: model 
1.7-25.9) estimates 
after asymptomatic 
lockdown. infection 41-

42%, 
transmissibility 
of virus 
decrease 89-
99% with 
lockdown 

Liao, J. et al Chongqing, Pediatric 3.3%). On the Mean: Median: for 
Preprint Sichuan hospital cases second survey, symptomati symptomati 

Province, and their which was c cases 6.6 c cases 
China contacts conducted at days (95% was 1.9 

the end of the Cl 4.4 - 9.6) days (95% 
lockdown, we Cl 0.4 - 6.2) 
found a 

Li, R. et al, Early Observations prevalence of Mean: Early Mean: Early Precontrol 
2020a transmissio of infections, 1.2% (95% Cl transmissio transmissio measures: 

n in Wuhan, mobiity data, 0.8-1.8%). n in wuhan n in Wuhan undocumented 
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Research China; metapopulatio 5.2 + 2.1 7.5 +/- 3.4 infections were 
Article before Jan n network (sd) (sd) the source of 

20, 2020 82% of 
infections, post 
control these 
dropped to 
79%. 

Mizumoto, K. Cruise ship, Time series 634 Estimated asymptomatic 
et al Rapid Diamond data from cases/3711 proportion of positive cases 
Communicatio Princess quarantine passengers, 2 was 17.9% (95% Crl: 15.5-
n period week 20.2). Most asymptomatic 

quarantine; transmission occurred before 
328 quarantine 
asymptomatic 

Nishiura et al, Cruise ship, Japanese 64/565 
2020b Letter to Diamond evacuees from symptotatic; 
the Editor Princess Wuhan using RT-PCR 

4/565 
asymptomatic 
and 9/565 
were 
symptomatic 

Nishiura et al, NR Publically 28 data pairs Median: 4.0 
2020a available data d (95% Crl: 
Research 3.1, 4.9); 
Article mean 4.7 d 

(95% Crl: 
3.7, 6.0) 
and sd 2.9 
d (95% Crl: 
1.9, 4.9) 

Tindale, LC. et Singapore Government S: 93 cases; T: Mean - Mean - Early in 
al Preprint and Zianjin, sources 155 caes Singapore: Singapore: outbreak 

China 7.1 (6.13- 4.56 (2.69- transmission 
8.25); 6.42); estimated 2-3 
Zianjin: 9 Zianjin: days before 
(7 .92-10.2) 4.22 (3.43- symptoms 

5.01) 
Wong, J. et al Brunei Government 16/138 (12%) Median 21/53 pairs High 
Accepted sources all asymptomatic; calculated: had proportion 
Manuscript cases and 53 42/138 (30%) 4.5 calculated presymptomati 

pairs for Sii presymptomati SI< 3 d; c cases 
calculations c 6/53 and 0 

or negative 
SI values 

Yin, G. ad Jin, Ningbo, Government 157 Transmission 
H. Preprint Zhejiang sources Symptomatic rates between 

Province, cases -2001 symptomatic 
China close contacts, (0.064,0.049) 

30 and 
asymptomatic asymptomatic 
cases-145 (0.041,0.041) 
close contacts cases and 

contacts not 
statistically 
different 

Zhang, J et al Beijing, Familial cluster 2 scenarios - Presymptomati 
Preprint Hebei early c transmission 

transmission in 3.8 d prior to 
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Province, Wuhan, Sx- based on 
China imported Backer, Du 

cases outside and Li 
Wuhan 

4.0 The evolving role of population based serologic surveys 
A number of serologic studies are in progress and some have been published to considerable 
controversy regarding methodology as biased sampling and poor serologic point of care tests have been 
problematic. However, the interim report of the Spanish Ene-Covid 19 study (April 27 - May 11, 2020) is 
highlighted here as it is robust design: a representative national sample of 60,983 recruited patients with 
a participation rate of 62.3% (Institute de Salud Carlos Ill, 2020). The overall seroprevalence was 5.0% 
(no differenced by sex) and prevalence increased by age (by decade) : from 1.1 % in infants, 2.2-3.8% in 
children aged 1-19, 3.8-5.9% in those age 20-64, and 5.1-6.9% in those over 65. The seropositivity rate 
was lower in those deemed essential workers (5.3 versus 5.4%). Seropositivity was documented in 6.4% 
of those residing in communities of >100,000 population versus 3.8-4.3% in smaller communities. 
Geographic variation was considerable with antibody prevalence ranging from 1.1% to 14.2% across 
areas. Of those with self reported PCR positivity, 87% had SARS-CoV-2 lgG antibodies, and in people 
without a confirmed diagnosis the prevalence increased with number of symptoms (4.6% if 1-2 symptoms 
through 14.7% if> 5 symptoms, and strikingly, 43.3% in those with anosmia). 

Of those who did not report ANY symptoms prior to serologic testing, 2.5% were antibody positive. This 
was a fingerstick test, and so far 16953 of participants have been also assessed using a central high 
throughput laboratory assay, with 97.3% concordance thus far by informal report (Yasinski, 2020). 

With respect to the context of this serosurvey - according to Our World in Data, there were 227770 
confirmed cases in Spain as of May 11, with 26744 deaths and 11.74% case fatality rate (CFR). There is 
likely a large number of uncaptured cases based on the high CFR and testing rate of 0.87 tests per 1000 
people, and ongoing 3.1 % percent positivity in RT-PCR testing. Using a population of 46 million, 0.5% pf 
the population has had lab confirmed infection, which is 10 fold lower than the serologic prevalence 
detected thus far, based on lgG testing by a lateral flow assay. 

Potential issues with such studies involve recall bias, collection of symptom survey data, and, importantly, 
test characteristics - if the test is 98% specific and the real prevalence is 5%, one would expect a false 
positive rate of 2.0%, making it difficult to interpret the asymptomatic positive rate in this study. In 
addition, it remains possible that truly asymptomatic infection may not result in as high antibody titres, 
leading to potential underestimation of asymptomatic infection by serosurveys. Nevertheless, the estimate 
of 2.5% asymptomatic infection detected by a seroprevalence survey (with recall bias expected) is not 
unexpected. Close contacUhigh risk populations in quarantine and shipboard outbreak studies would 
have a higher risk and suggest 15-20% rates of asymptomatic infection in these groups. 

Discussion 
In summary, evolving data continues to support transmission early in infection including potentially before 
symptom developments, and better definition of asymptomatic, paucisymptomatic, and presymptomatic 
states will inform better data. 

There are consistent laboratory data supporting early high levels of RT-PCR detectable SARS-CoV-2 
before or at the time of symptom development, and in some persistently asymptomatic or subclinical 
cases, with RT-PCR positivity documented for up to 6 weeks postinfection. The relative incidence of 
asymptomatic and presymptomatic SARS-CoV-2 infection, public health interventions to prevent 
asymptomatic transmission, and whether asymptomatic infection confers immunity remain important 
knowledge gapes (Furukawa et al, 2020). This review suggest that existing data on patients who were 
asymptomatic at the time of positive testing may be muddied by a lack of consistent definitions of 
"asymptomatic" (what symptom screening was used, and the time period discussed) as well inconsistent 
followup to determine if the individuals were presymptomatic. 
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A key practical question is whether asymptomatic or presymptomatic RT-PCR positive individuals account 
for significant spread of infection, compared to spread from individuals with "droplet generating" 
symptoms such as coughing and sneezing. Epidemiologic modelling based on mean interval estimates 
suggests concern for potentially significant transmission from asymptomatic or presymptomatic persons. 
However, the assumptions made are based on the potentially misleading extant data around 
asymptomatic cases, and in addition the accuracy of epidemiologic symptom onset data (determination of 
any symptoms versus symptoms that limited activity, for example) are weaknesses in these analysis, as 
potentially reflected in the serial intervals differing by significantly in different reports. Further, the nature 
of the contacts in the transmission chains used in modelling studies is not well described (specifically if 
there was prolonged household contact or food sharing). 

Given the importance of real world data to clarify the transmission dynamics and allow optimally focused 
control efforts, this revision has focused on optimizing local data collection to inform policies and practices 
during the remainder of the pandemic period. It is therefore recommended that standardized definitions of 
presymptomatic, asymptomatic, and paucisymptomatic RT-PCR positive cases be developed to help 
clarify local transmission patterns as well as to allow more comparable assessment of public health data 
sets. In addition, public education around paying attention to seemingly unimportant symptoms to allow 
early testing and rapid contact tracing is highlighted, as existing data highlights a more robust role for 
presymptomatic spread than asymptomatic spread. Rapid contact tracing, testing and quarantine will be 
crucial to limit secondary cases as public health restrictions are reduced. Depending on the degree to 
which truly asymptomatic spread occurs and presymptomatic spread cannot be mitigated a degree of 
public health measures such as physical distancing, hand hygiene, appropriate masking and 
environmental hygiene will be required for the foreseeable future to limit community spread of infection. 

It will be crucial to follow evolving evidence to resolve these discrepancies and support appropriate 
precautions and control measures if a significant role of asymptomatic spread is more strongly supported. 

Date question received by advisory group: started by previous group (before 24 March 2020) 

Date report submitted to committee: April 8, 2020 

Date of reassessment: April 13, 2020. 

(If applicable) Date of most recent re-assessment: June 13, 2020 - July12, 2020 

The Scientific Advisory Group (SAG) supports decision making based on best available evidence, 
reflecting both the precautionary principle and an ethical framework (Bean et al., 2020). 
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List of Abbreviations 

CDC: Centers for Disease Control and Prevention, US Department of Health and Human Services 

CoV: Coronavirus 

COVID-19: Coronavirus Disease 2019 

CT: Computed Tomography Scan 

MERS: Middle East Respiratory Syndrome 

RT-PCR: Reverse Transcriptase Polymerase Chain Reaction 

PHAC: Public Health Agency of Canada 

PPE: Personal protective equipment 

RT-PCR: Reverse Transcriptase Polymerase Chain Reaction 

SAG: Scientific Advisory Group 

SARS: Severe Acute Respiratory Syndrome 

SARS-CoV-2: Severe Acute Respiratory Syndrome - Coronavirus - 2 

WHO: World Health Organization 
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15 1 and Band 14 (121) 
16 limit 15 to last 2 years (40) 

Cl NAHL 
S1 (MH "Coronavirus+") 
S2 (MH "Coronavirus Infections+") 
S3 coronaviru* 
S4 "corona virus" 
S5 ncov* 
S6 n-cov* 
S7 COVID-19 OR COVID19 OR COVID-2019 OR COVID2019 
SB SARS-COV-2 OR SARSCOV-2 OR SARSCOV2 OR SARSCOV19 OR 
SARS-COV-19 OR SARSCOV-19 OR SARSCOV2019 OR SARS-COV-2019 OR SARSCOV-2019 
S9 "severe acute respiratory syndrome cov 2" OR "severe acute 
respiratory syndrome coronavirus*" 
S10 "2019 ncov" OR 2019ncov OR Hcov* 
S11 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR SB OR S9 OR S10 
S12 asymptomatic OR subclinical OR no n2 symptom* OR "not showing 
symptoms" OR "not displaying symptoms" 45,757 
S13 (MH "Disease Transmission+") 15, 176 
S14 transmission OR transmit* OR infectivity OR infectiousness 92,B51 
S15 S13 OR S14 93,BOO 
S16 S11 ANDS12ANDS15 31 

TRIP Pro/Google Scholar/Google/ LitCovid/CEBM/WHO/Stanford Medicine/NEJM/Cochranelibrary/CDC 

(asymptomatic OR paucisymptomatic OR "no symptoms" OR "not showing symptoms" OR "not displaying 
symptoms" subclinical) AND (transmission OR transmit OR transmitting OR infectivity OR infectiousness) 
AND ("covid-19" OR coronavirus OR COVID19 OR "corona virus" OR ncov OR "n-cov" OR "covid-2019" 
OR covid2019 OR "SARS-COV-2" OR "sarscov-2" OR sarscov2 OR sarscov19 OR "sars-cov-19" or 
"sarscov-19" OR sarscov2019 OR "sars-cov-2019" OR "severe acute respiratory syndrome") from:201 B 

(asymptomatic OR paucisymptomatic OR "no symptoms" OR "not showing symptoms" OR "not displaying 
symptoms" OR subclinical) AND (transmission OR transmit OR transmitting OR infectivity OR 
infectiousness) AND ("covid-19" OR coronavirus OR "corona virus") 

(asymptomatic OR paucisymptomatic OR "no symptoms" OR "not showing symptoms" OR "not displaying 
symptoms" OR subclinical) AND (transmission OR transmit OR transmitting OR infectivity OR 
infectiousness) 
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Prevalence of Asymptomatic SARS-CoV-2 Infection ~:fu1 k ~~": .. ~.·~::·~al 
A Narrative Review 
Daniel P. Oran, AM, and Eric J. Topol, MD 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has spread rapidly throughout the world since the first cases of 
coronavirus disease 2019 (COVID-19) were observed in Decem
ber 2019 in Wuhan, China. It has been suspected that infected 
persons who remain asymptomatic play a significant role in the 
ongoing pandemic, but their relative number and effect have 
been uncertain . The authors sought to review and synthesize the 
available evidence on asymptomatic SARS-CoV-2 infection. 
Asymptomatic persons seem to account for approximately 40% 
to 45% of SARS-CoV-2 infections, and they can transmit the virus 
to others for an extended period, perhaps longer than 14 days. 
Asymptomatic infection may be associated with subclinical lung 

In the early months of the coronavirus disease 2019 
(COVID-19) pandemic, an iconic image has been the 

"proned" patient in intensive care, gasping for breath, 
in imminent need of artificial ventilation. This is the 
deadly face of severe acute respiratory syndrome coro
navirus 2 (SARS-CoV-2), which as of 26 May 2020 had 
claimed more than 348 000 lives worldwide (1 ). But it is 
not the only face, because SARS-CoV-2 now seems to 
have a dual nature: tragically lethal in some persons 
and surprisingly benign in others. 

Since February 2020 (2, 3), there have been reports 
of persons who were infected with SARS-CoV-2 but did 
not develop symptoms of COVID-19. In some cases (4, 
5), the viral load of such asymptomatic persons has 
been equal to that of symptomatic persons, suggesting 
similar potential for viral transmission . The prevalence 
of asymptomatic SARS-CoV-2 infection, however, has 
remained uncertain. We sought to review and synthe
size the available evidence on testing for SARS-CoV-2 
infection, carried out by real-time reverse transcriptase 
polymerase chain reaction using nasopharyngeal swabs 
in all studies that specified the method of testing. 

Most data from the 16 cohorts in this narrative re
view are not the output of large, carefully designed 
studies with randomly selected, representative sam
ples. They do not generally purport to depict anything 
more than certain circumscribed cohorts at specific mo
ments in time. We have not attempted to pool them for 
the purposes of statistical analysis. When viewed as a 
collection, though-as a kind of mosaic or patchwork
these data may offer potentially valuable insights into 
SARS-CoV-2 incidence and the highly variable effect of 
infection. 

The difficulty of distinguishing asymptomatic per
sons from those who are merely presymptomatic is a 
stumbling block. To be clear, the asymptomatic individ
ual is infected with SARS-CoV-2 but will never develop 
symptoms of COVID-19. In contrast, the presymptom
atic individual is similarly infected but eventually will 
develop symptoms. The simple ·solution to this conun
drum is ·longitudinal testing-that is, repeated observa-
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abnormalities, as detected by computed fu~~cause ~U l-. 
of the high risk for silent spread by asymptomatic persons, it is \kuJe 
imperative that testing programs include those without symp-
toms. To supplement conventional diagnostic testing, which is ~'SW 
constrained by capacity, cost, and its one-off nature, innovative (1. 
tactics for public health surveillance, such as crowdsourcing dig - ~ ~t• •J _ 
ital wearable data and monitoring sewage sludge, might be ";:JO l(.170r 
helpful. 

Ann Intern Med. 2020;173:362-367. doi:10.7326/M20-3012 
For author, article, and disclosure information, see end of text 
This article was published at Annals.erg on 3 June 2020. 

Annals.org 

tions of the individual over time. Unfortunately, only 5 
of our cohorts include longitudinal data. We must 
therefore acknowledge the possibility that some of the 
proportions of asymptomatic persons are lower than 
reported . 

METHODS 

From 19 April through 26 May 2020, using the key
words COVID-19, SARS-CoV-2, symptoms, and asymp
tomatic, we periodically searched the published medi
cal literature using the PubMed service maintained by 
the U.S. National Library of Medicine of the National 
Institutes of Health. We also searched for unpublished 
manuscripts using the bioRxiv and medRxiv services 
operated by Cold Spring Harbor Laboratory. In addi
tion, we searched for news reports using Google and 
monitored relevant information shared on Twitter. 

COHORTS 

Iceland 
In the largest cohort in our set (6), researchers in 

Iceland used the following 2 methods to screen the 
general population for SARS-CoV-2 infection: an open 
invitation for interested parties to register online then 
provide biosamples at a Reykjavik location, and a text 
message sent to "randomly chosen Icelanders between 
the ages 20 and 70 years" inviting them to participate 
in the same manner as the first group (Table) (7-19). In 
all, 13 080 persons volunteered for the screening, 
100 (0.8%) of whom tested positive for SARS-CoV-2. All 
who tested positive were aged 10 years or older. None 
of the 848 children younger than 10 years in the sam
ple tested positive. Among those with positive results, 
43 (43%) had no symptoms of COVID-19 at the time of 
testing. As the researchers note, though, "symptoms al
most certainly developed later in some of them" (6). 

Vo', Italy 
At the beginning and end of a 14-day lockdown 

imposed hy authorities in the northern Italian town of 
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Vo' (7), researchers collected nasopharyngeal swabs 
from 2812 residents during the first sampling effort and 
2343 during the second; this represented 85.9% and 
71.5%, respectively, of the entire population. In the first 
group, 30 (41.1 %) of 73 persons who tested positive 
for SARS-CoV-2 had no symptoms. In the second, 
13 (44.8%) of 29 who tested positive were asymptom
atic. According to the researchers, in the roughly 
2-week period between the sampling efforts, none of 
the asymptomatic persons developed any symptoms of 
COVID-19. In addition, through contact tracing, they 
confirmed that several new cases of SARS-CoV-2 infec
tion that appeared during the second sampling had 
been caused by exposure to asymptomatic persons. In 
Vo' during the 14-day period studied, young children 
seemed to play no role in the transmission of SARS
CoV-2: "No infections were detected in either survey in 
234 tested children ranging from 0 to 10 years, despite 
some of them living in the same household as infected 
people" (7). 

Diamond Princess 
On 3 February 2020, the Diamond Princess cruise 

ship returned to Yokohama, Japan, for quarantine (8), 
having transferred an ill passenger to shore in Hong 
Kong on 25 January who later tested positive for SARS
CoV-2. As of 16 March, 712 (19.2%) of 3711 passengers 
and crew had tested positive. At the time of testing, 
331 (46.5%) of those with positive results were asymp
tomatic. Although the latter infected persons reported 
no symptoms, some actually had subclinical changes in 
their lungs; When computed tomography scans for 76 
of these persons were examined, 54% showed lung 
opacities (20). 

An independent statistical modeling analysis (21) 
based on data available as of 21 February claimed to 
estimate-with "a Bayesian framework using Hamilto
nian Monte Carlo algorithm"-the proportion of asymp
tomatic persons on the Diamond Princess; it arrived at a 

Table. Summary of SARS-CoV-2 Testing Studies 

Cohort 

Iceland residents (6) 
Vo', Italy, residents (7) 
Diamond Princess cruise ship passengers and crew (8) 
Boston homeless shelter occupants (9) 
New York City obstetric patients (11) 
U.S.S. Theodore Roosevelt aircraft carrier crew ( 12) 
Japanese citizens evacuated from Wuhan, China (2) 
Greek citizens evacuated from the United Kingdom, Spain, and Turkey (14)t 
Charles de Gaulle aircraft carrier crew (13) 
Los Angeles homeless shelter occupants (10) 
King County, Washington, nursing facility residents (15) 
Arkansas, North Carolina, Ohio, and Virginia inmates (16) 
New Jersey university and hospital employees (17) 
Indiana residents ( 18) 
Argentine cruise ship passengers and crew (19) 
San Francisco residents (29) 

REVIEW 

Key Summary Points 

The likelihood that approximately 40% to 45% of those 
infected with SARS-CoV-2 will remain asymptomatic 
suggests that the virus might have greater potential 
than previously estimated to spread silently and deeply 
through human populations. 

Asymptomatic persons can transmit SARS-CoV-2 to oth
ers for an extended period, perhaps longer than 14 
days. 

The absence of COVID-19 symptoms in persons in
fected with SARS-CoV-2 might not necessarily imply an 
absence of harm. More research is needed to determine 
the significance of subclinical lung changes visible on 
computed tomography scans. 

The focus of testing programs for SARS-CoV-2 should 
be substantially broadened to include persons who do 
not have symptoms of COVID-19. 

figure of 17.9%. Considering, though, that data for 
asymptomatic persons were available only for 15 
through 20 February and that the actual proportions of 
asymptomatic persons among those tested on these 
dates were 56.7%, 54.3%, 70.7%, 73.9%, 86.1 %, and 
46.2%, this estimate seems puzzling. In a separate news 
account (22), one of the coauthors of this analysis was 
reported to have estimated that "40% of the general 
population might be able to be infected [with SARS
CoV-2] without showing any signs." 

Boston Homeless Shelter 
After a cluster of 15 COVID-19 cases was identified 

over 5 days at a large homeless shelter in Boston, Mas
sachusetts, the infected persons were removed from 

Tested, n SARS-CoV-2 Positive but Notes* 
Positive, n (%) Asymptomatic, n (%) 

13 080 100 (0.8) 43 (43,0) R 
5155 102 (2.0) 43 (42.2) R, L 
3711 712 (19.2) 331 (46.5) 

408 147 (36.0) 129 (87.8) 
214 33 (15.4) 29 (87.9) L 

4954 856 (17.3) -500 (58_4) E 
565 13 (2.3) 4 (30.8) L 
783 40 (5.1) 35 (87.5) L 

1760 1046 (59.4) -500 (47.8) E 
178 43 (24.2) 27 (62.8) 
76 48 (63.2) 3 (6.3) L 

4693 3277 (69.8) 3146 (96.0) 
829 41 (4.9) 27 (65.9) 

4611 78 (1.7) 35 (44.8) R 
217 128 (59.0) 104(81.3) 

4160 74 (1.8) 39 (52.7) 

E = estimated from incomplete source data; L = longitudinal data collected; R = representative sample; SARS·CoV-2 = severe acute respiratory 
syndrome coronavirus 2. 
•An en dash indicates ~hat the study did not have a representative sample, collected no longitudinal d~ta, and did not require estimation of missing 
data. · · 
t Clarified via e·mail communication with coauthor. 
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the shelter, and all occupants were subsequently tested 
over a 2-day period (9). Among 408 occupants, 
147 (36.0%) tested positive for SARS-CoV-2, of whom 
129 (87 .8%) were asymptomatic (23). The researchers 
concluded that "front-door symptom screening in 
homeless shelter settings will likely miss a substantial 
number of COVID-19 cases in this high-risk population" 
(9). 

Los Angeles Homeless Shelter 
On 28 March, an initial case of COVID-19 was diag

nosed with a positive test result at a homeless shelter in 
downtown Los Angeles, California ( 10). After a cluster 
of symptomatic persons was identified early in the 
week of 20 April, the shelter was closed to new occu
pants and testing was started for current occupants. As 
of 22 April, 43 (24.2%) of 178 completed tests were 
positive for SARS-CoV-2 and 27 (63.8%) of the persons 
who tested positive were asymptomatic. 

New York City Obstetric Patients 
Between 22 March and 4 April 2020, women who 

delivered infants at 2 New York City hospitals were 
tested for SARS-CoV-2 ( 11 ). Among 214 patients, 
33 (15.4%) tested positive, 29 (87.9%) of whom were 
asymptomatic. The researchers note that "fever devel
oped in 3 (10%) before postpartum discharge (median 
length of stay, 2 days)" (11 ). Two of those patients, 
though, were presumed to have endomyometritis, for 
which they were treated with antibiotics. 

U.S.S. Theodore Roosevelt 
The first case of SARS-CoV-2 infection aboard the 

American aircraft carrier U.S.S. Theodore Roosevelt was 
diagnosed on 22 March 2020 (24). As of 24 April, 4954 
crew members had been tested for the virus; 
856 (17 .3%) tested positive (12). According to a news 
report, about 60% of those with positive results were 
asymptomatic (25). After an extended period of isola
tion, many of these asymptomatic persons continued to 
test positive for SARS-CoV-2. An internal U.S. Navy doc
ument stated, "Results of out-testing portions of the 
[Theodore Roosevelt] crew following 14 days of quar
antine leads us to reevaluate our assessment of how 
the virus can remain active in an asymptomatic host" 
(26). 

Charles de Gaulle Aircraft Carrier 
On 8 April 2020, crew members aboard the French 

naval vessel Charles de Gaulle first began showing 
symptoms of COVID-19, 24 days after last having had 
contact with those outside the ship while docked on 15 
March (27). On 10 April, 50 crew members received 
positive test results for SARS-CoV-2. The entire crew 
of 1760 was subsequently tested. As of 18 April, 
1046 (59 .4%) had tested positive, and of these, nearly 
50% were asymptomatic (13). 

Japanese Citizens Evacuated From Wuhan, 
China 

As of 6 February 2020, a total of 565 Japanese cit
izens had been repatriated from Wuhan, China, on 
charter flights. Thirteen (2.3%) tested positive for SARS-
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CoV-2, of whom 4 (30.8%) were asymptomatic. As of 6 
March, none of the latter persons had developed 
COVID-19 symptoms (2). 

Greek Citizens Evacuated From Spain, Turkey, 
and the United Kingdom 

From 20 through 25 March 2020, a total of 783 
Greek citizens were repatriated from Spain, Turkey, and 
the United Kingdom on 7 flights. Forty (5.1 %) tested 
positive for SARS-CoV-2 (14). At the time of testing, 
39 (97.5%) were asymptomatic. At follow-up about 2 
weeks later, 35 (87.5%) had remained asymptomatic 
(Lytras T. Personal communication.). 

Nursing Facility Residents in King County, 
Washington 

On 1 March 2020, a staff member who had worked 
at a 116-bed skilled-nursing facility in King County, 
Washington, on 26 and 28 February tested positive for 
SARS-CoV-2 (15). On 13 March, 76 (92.6%) of the facil
ity's 82 current residents were tested; 23 (30.3%) tested 
positive. At the time of testing, 12 (52.2%) of the latter 
persons were asymptomatic. On 19 and 20 March, 49 
residents were retested, including those who had pre
viously received negative results and those who had 
tested positive but were asymptomatic or had atypical 
symptoms. In this second round of testing, 24 residents 
(49.0%) had positive results. Of these, 15 (63.5%) were 
asymptomatic. After a median of 4 days of follow-up, 
24 (88.9%) of the 27 asymptomatic persons developed 
symptoms of COVID-19. 

The researchers note, "More than half of residents 
with positive test results were asymptomatic at the time 
of testing and most likely contributed to transmission. 
Infection-control strategies focused solely on symptom
atic residents were not sufficient to prevent transmis
sion after SARS-CoV-2 introduction into this facility" 
(15). 

Inmates in Arkansas, North Carolina, Ohio, and 
Virginia 

Widespread outbreaks of COVID-19 in the correc
tional facilities of several states have led to large-scale 
screening programs. According to research by Reuters 
journalists (16), as of 25 April 2020, SARS-CoV-2 test 
results that include data on symptom status were avail
able for 4693 inmates in the state prison systems of 
Arkansas, North Carolina, Ohio, and Virginia. Among 
these inmates, 3277 (69.8%) tested positive, of whom 
3146 (96%) had no symptoms at the time of testing. 

Rutgers University Students and Employees 
From 24 March through 7 April 2020, researchers 

recruited 829 students and employees at Rutgers Uni
versity and 2 affiliated hospitals for SARS-CoV-2 testing 
(17); 546 were health care workers. In total, 41 (4.9%) 
tested positive. Among health care workers, 40 (7.3%) 
tested positive, compared with 1 (0.4%) of those in 
other fields. Of all who tested positive, 27 (65.9%) re
ported no symptoms when they were tested. · 
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Indiana Residents 
From 25 April through 1 May 2020, the Indiana 

State Department of Health and the Indiana University 
Richard M. Fairbanks School of Public Health tested 
4611 residents of Indiana for SARS-CoV-2 (18, 28). "This 
number includes more than 3,600 people who were 
randomly selected and an additional 900 volunteers re
cruited through outreach to the African American and 
Hispanic communities to more accurately represent 
state demographics" (28). In total, 78 (1 . 7%) tested pos
itive; 35 (44.8%) of these persons were asymptomatic. 

Argentine Cruise Ship Passengers and Crew 
In mid-March 2020, a cruise ship departed Ushuaia, 

Argentina, for a planned 21-day expedition (19). After 
the emergence of a febrile passenger on the eighth 
day of the cruise, the ship's itinerary was altered, and it 
eventually docked at Montevideo, Uruguay, on the 13th 
day. All 217 passengers and crew members were tested; 
128 (59.0%) tested positive, of whom 104 (81.3%) were 
asymptomatic. 

San Francisco Residents 
During 4 days in late April 2020, "4, 160 adults and 

children, including more than half of the residents in 
the 16 square blocks that make up San Francisco Cen
sus Tract 229.01" in the Mission District, were tested 
(29). Seventy-four (1.8%) tested positive, of whom 
39 (52. 7%) were asymptomatic. 

DISCUSSION 

Despite concerns about distinguishing asymptom
atic from presymptomatic persons, data from 4 of 5 of 
the cohorts with longitudinal reporting suggest that a 
small fraction of asymptomatic persons may eventually 
develop symptoms. In the Italian and Japanese cohorts, 
0% of asymptomatic persons became symptomatic. In 
the Greek and New York cohorts, 10.3% of asymptom
atic persons became symptomatic. In the New York co
hort, the figure might be as low as 3.4% because of the 
presumed diagnosis of endomyometritis in 2 of the 3 
women who developed fevers. The observation period 
in this cohort, however, was extremely brief: a median 
of 2 days. 

The King County cohort-in a skilled-nursing facility-is 
an outlier. Of 27 initially asymptomatic residents, 
24 (88.9%) eventually developed symptoms and were 
therefore recategorized as having been presymptom
atic. These persons were presumably much older and 
had more comorbid conditions than those in the other 
4 longitudinal cohorts. In addition, they resided to
gether in a single facility, which might have allowed for 
repeated exposures to infected persons. More research 
is needed to ascertain the effect of age and environ
mental factors on the natural history of COVID-19. 

The Vo' cohort seems to confirm that asymptomatic 
persons can indeed transmit SARS-CoV-2 to others, 
and the experience aboard the U.S.S. Theodore Roos
evelt suggests that they might be able to transmit the 
virus to others for I.anger than 14 days. These worri
some findings could explain, in part, the rapid spread 
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of the virus around the globe. Persons who do not feel 
or look ill are likely to have far more interaction with 
others than those who have symptoms. If asymptomatic 
transmission is indeed common, testing only those with 
symptoms would seem to be folly. 

The finding that 54% of the 76 asymptomatic per
sons on the Diamond Princess who were examined by 
computed tomography appeared to have significant 
subclinical abnormalities in their lungs is disturbing. 
Further research will be required to confirm this poten
tially important finding, taking into account possible 
confounding factors, including the age of passengers 
aboard the Diamond Princess. If confirmed, this finding 
suggests that the absence of symptoms might not nec
essarily mean the absence of harm. The subclinical na
ture of the finding raises the possibility that SARS
CoV-2 infection causes subtle deficits in lung function 
that might not be immediately apparent. 

Does the relatively high proportion (60.5%) of 
asymptomatic cases on the U.S.S. Theodore Roosevelt
whose crew members, presumably, are mostly in their 
20s and 30s-suggest that asymptomatic infection is 
more likely in younger persons? Perhaps, but it must be 
noted that the proportion of asymptomatic infection 
(47.8%) on the Charles de Gaulle aircraft carrier seems 
to be only marginally higher than average. A case se
ries from Wuhan, China, from 24 December 2019 to 24 
February 2020 included data for "78 patients from 26 
cluster cases of exposure to the Hunan seafood market 
or close contact with other patients with COVID-19" 
(30). Asymptomatic patients "were younger (median 
(interquartile range) age, 37 (26-45] years vs 56 (34-63] 
years; P < .001 ), and had a higher proportion of women 
(22 (66.7%) women vs 14 (31.%) [sic] women; P = 
.002)." 

As noted earlier, the data and studies reviewed 
here are imperfect in many ways. The ideal study of 
asymptomatic SARS-CoV-2 infection has yet to be 
done. What might that study look like? Most important, 
it must include a large, representative sample of the 
general population, similar to the U.S. serosurvey for 
which the National Institutes of Health is currently re
cruiting (31 ). In contrast to the narrowly defined cohorts 
here, it will be illuminating to have data that accurately 
reflect the population at large. In addition, longitudinal 
data must be collected over a sufficiently long time to 
distinguish between asymptomatic and presymptom
atic cases. 

Closed cohorts, such as cruise ships, aircraft carri
ers, and correctional facilities, offer both advantages 
and disadvantages. Because the likelihood of viral ex
posure is so much greater than in other settings, the 
"treatment" that participants receive may be close to 
uniform. As a result, we may learn more about the av
erage incidence of asymptomatic infection. But the 
confined environment-which ensures frequent, over
lapping interaction between participants-makes it chal
lenging to accurately trace contacts and elucidate the 
chain of viral transmission. 

On the basis of the 3 cohorts with representative 
samples-Iceland and Indiana, with data gathered 
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through random selection of participants, and Vo', with 
data for nearly all residents- the asymptomatic infection 
rate may be as high as 40% to 45%. A conservative 
estimate would be 30% or higher to account for the 
presymptomatic admixture that has thus far not been 
adequately quantified. In any case, these high rates are 
not aligned with current testing programs that have 
predominantly focused on symptomatic cases. Beyond 
expanding testing to those without symptoms or known 
exposure, our inability to recognize carriers might 
make necessary the broad adoption of preventive strat
egies, such as masks. 

The 96% rate of asymptomatic infection among 
thousands of inmates in 4 state prison systems is re
markable. Without any longitudinal data, we cannot es
timate the number of presymptomatic cases. If the 
missing data prove to be similar to the Italian, Japa
nese, Greek, and New York cohorts, though, the vast 
majority of these persons will remain asymptomatic. 
Why, then, might the asymptomatic infection rate in this 
setting be so anomalously high? 

One plausible factor could be cross-immunity im
parted by the betacoronaviruses HCoV-OC43 and 
HCoV-HKU1, which has been proposed as a mitigating 
factor in the spread of SARS-CoV-2 (32). According to 
the U.S. Centers for Disease Control and Prevention, 
HCoV-HKU1 was active across the United States from 
late November 2019 through mid -February 2020 (33). 
In a locked-down congregate setting like a prison, it 
seems possible that contagious respiratory viruses 
could spread rapidly, so it would be interesting to do a 
serosurvey for antibodies to these betacoronaviruses. 
Still, 96% is very high. It would be prudent to review the 
source data carefully for errors. 

What individual differences might account for why 
2 persons of the same age, sex, and health status, for 
example, have idiosyncratic responses to SARS-CoV-2 in
fection? Why does one come through with nary a symp
tom, while the other lies near death in intensive care? At 
the moment, we simply do not know. If ever there were a 
need for precision medicine-for deeply and thoroughly 
understanding the multitudinous "-omics" that shape 
each of us-this is it. Perhaps there will be not just 1 ther
apy or vaccine for SARS-CoV-2 but versions that are indi
vidualized to maximize their efficacy. 

In countries like the United States that have been 
hardest hit by the SARS-CoV-2 pandemic, it has been 
apparent for some time that the amount of testing must 
be significantly and rapidly increased-perhaps by an 
order of magnitude or more. With this new knowledge 
that a large proportion of those infected with SARS
CoV-2 have no symptoms, the urgency for more testing 
becomes even greater. 

In a perfect world, perhaps using simple, accurate, 
inexpensive technology that is still on the drawing 
board (34), we would test each person every day for 
SARS-CoV-2. Until that is possible, innovative surveil
lance tactics might provide useful data for public health 
officials. Self-monitoring with internet-connected ther
mometers and smart watches that monitor heart rate, 
then crowdsourcing the resulting data, has been shown 
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to accurately predict the incidence of influenza-like ill
ness as reported by the California Department of Public 
Health and the Centers for Disease Control and Preven
tion (35-37). Similarly, monitoring sewage sludge pro
vided "SARS-CoV-2 RNA concentrations [that] were 
a seven-day leading indicator ahead of compiled 
COVID-19 testing data and led local hospital admis
sions data by three days" (38). 

The early data that we have assembled on the prev
alence of asymptomatic SARS-CoV-2 infection suggest 
that this is a significant factor in the rapid progression 
of the COVID-19 pandemic. Medical practice and pub
lic health measures should be modified to address this 
challenge. 
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IMPORTANCE Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). the etiology of 

coronavirus disease 2019 (COVID-19). is readily transmitted person to person. Optimal control of 

COVID-19 depends on directing resources and health messaging to mitigation efforts that are most 

likely to prevent transmission, but the relative importance of such measures has been disputed. 

OBJECTIVE To assess the proportion of SARS-CoV-2 transmissions in the community that likely 

occur from persons without symptoms. 

DESIGN, SETTING, AND PARTICIPANTS This decision analytical model assessed the relative 

amount of transmission from presymptomatic, never symptomatic, and symptomatic individuals 

across a range of scenarios in which the proportion of transmission from people who never develop 

symptoms (ie, remain asymptomatic) and the infectious period were varied according to published 

best estimates. For all estimates, data from a meta-analysis was used to set the incubation period at a 

median of 5 days. The infectious period duration was maintained at 10 days, and peak infectiousness 

was varied between 3 and 7 days (-2 and +2 days relative to the median incubation period). The 

overall proportion of SARS-CoV-2 was varied between 0% and 70% to assess a wide range of 

possible proportions. 

MAIN OUTCOMES AND MEASURES Level of transmission of SARS-CoV-2 from presymptomatic, 

never symptomatic, and symptomatic individuals. 

RESULTS The baseline assumptions for the model were that peak infectiousness occurred at the 

median of symptom onset and that 30% of individuals with infection never develop symptoms and 

are 75% as infectious as those who do develop symptoms. Combined, these baseline assumptions 

imply that persons with infection who never develop symptoms may account for approximately 24% 

of all transmission. In this base case, 59% of all transmission came from asymptomatic transmission, 

comprising 35% from presymptomatic individuals and 24% from individuals who never develop 

symptoms. Under a broad range of values for each of these assumptions, at least 50% of new SARS

CoV-2 infections was estimated to have originated from exposure to individuals with infection but 

without symptoms. 

CONCLUSIONS AND RELEVANCE In this decision analytical model of multiple scenarios of 

proportions of asymptomatic individuals with COVID-19 and infectious periods. transmission from 

asymptomatic individuals was estimated to account for more than half of all transmissions. In 

addition to identification and isolation of persons with symptomatic COVID-19, effective control of 

spread will require reducing the risk of transmission from people with infection who do not have 

symptoms. These findings suggest that measures such as wearing masks, hand hygiene, social 

distancing, and strategic testing of people who are not ill will be foundational to slowing the spread 
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Abstract (continued) 

of COVID-19 until safe and effective vaccines are available and widely used. 

JAMA Network Open. 2021:4(1) :e2035057. 

Corre( ted on February 12, 2021. doi:lO 1001/Jamanetworkopen 2020.35057 

Introduction 

As severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). the novel coronavirus that causes 

coronavirus disease 2019 (COVID-19). began to spread globally, it became apparent that the virus. 

unlike the closely related SARS-CoV in the 2003 outbreak. could not be contained by symptom

based screening alone. Asymptomatic and clinically mild infections were uncommon during the 

2003 SARS-CoV outbreak, and there were no reported instances of transmission from persons 

before the onset of symptoms. 1 SARS-CoV-2 spread faster than SARS-CoV, and accumulating 

evidence showed that SARS-CoV-2, unlike SARS-CoV, is transmitted from persons without 

symptoms. However. measures to reduce transmission from individuals who do not have COVID-19 

symptoms have become controversial and politicized and have likely had negative effects on the 

economy and many societal activities. Optimal control of COVID-19 depends on directing resources 

and health messaging to mitigation efforts that are most likely to prevent transmission. The relative 

importance of mitigation measures that prevent transmission from persons without symptoms has 

been disputed. Determining the proportion of SARS-CoV-2 transmission that occurs from persons 

without symptoms is foundational to prioritizing control practices and policies. 

Transmission by persons who are infected but do not have any symptoms can arise from 2 

different infection states: presymptomatic individuals (who are infectious before developing 

symptoms) and individuals who never experience symptoms (asymptomatic infections. which we 

will refer to as never symptomatic). Early modeling studies of COVID-19 case data found that the 

generation interval of SARS-CoV-2 was shorter than the serial interval. indicating that the average 

time between 1 person being infected and that person infecting someone else was shorter than the 

average time between 1 person developing symptoms and the person they infected developing 

symptoms.2·5 This finding meant that the epidemic was growing faster than would be expected if 

transmission were limited to the period of illness during which individuals were symptomatic. By the 

time a second generation of individuals was developing symptoms, a third generation was already 

being infected. Epidemiological data from early in the pandemic also suggested the possibility of 

presymptomatic transmission. 6·
7 and laboratory studies confirmed that levels of viral RNA in 

respiratory secretions were already high at the time of symptom onset.8 ·
10 

Asymptomatic SARS-CoV-2 transmission also occurs because of individuals with infection who 

are never symptomatic (or who experience very mild or almost unrecognizable symptoms). The 

proportion of individuals with infection who never have apparent symptoms is difficult to quantify 

because it requires intensive prospective clinical sampling and symptom screening from a 

representative sample of individuals with and without infection. Nonetheless. evidence from 

household contact studies indicates that asymptomatic or very mild symptomatic infections 

occur. 11
·
14 and laboratory and epidemiological evidence suggests that individuals who never develop 

symptoms may be as likely as individuals with symptoms to transmit SARS-CoV-2 to others.9
•
15

·
16 

Methods 

The Centers for Disease Control and Prevention determined that this decision analytical study, which 

involved no enrollment of human subjects, did not require institutional review board approval. We 

used a simple model to assess the proportion of transmission from presymptomatic (ie, infectious 

before symptom onset). never symptomatic. and symptomatic individuals across a range of 

· 8 JAMA Network Open. 2021:4(1):e2035057. doi:l0.1001/jamanetworkopen.2020.35057 
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scenarios in which we varied the timing of the infectious period to assess different contributions of 

presymptomatic transmission and the proportion of transmission from individuals who never 

develop symptoms (ie. remain asymptomatic). 

For all estimates we used data from a meta-analysis of 8 studies from China to set the 

incubation period at a median of 5 days with 95% of symptomatic individuals developing symptoms 

by day 12.17 Therefore the daily (t) probability of symptom onset (p50) for individuals who develop 

symptoms was: 

p50(t) = FLog-Normo1(t,logmean = 1.63,logsd = 0.5). 

To approximate a distribution of the infectious period, we made a baseline assumption that peak 

infectiousness occurs on average at the same time as the median incubation period, such that 

infectiousness begins prior to symptom onset (Table).9
·
12

·
14

-
16

·
18

·
20 We then assumed that 

infectiousness(/) over time can be approximated by a y density function and that the average person 

is infectious for as long as approximately 10 days (ie, 98% of transmission happens within a 10-day 

period) 11
: 

l(t) = fv(t.mode = 5,interval = 10). 

For all estimates. we maintained the infectious period duration as 10 days, but varied the mode 

between 3 and 7 days (-2 and +2 days relative to the median incubation period). 

Uncertainty also remains about the proportion of individuals with infection who are never 

symptomatic (pnsl and the relative contribution of these infections to transmission (rn5). Estimates of 

Pns range from single digits to more than 50%. many with potential biases related to the study 

population (eg, age, prevalence of comorbidities) and the extent of long-term follow-up1
2-1

4
.19.20 

(Table). We made a baseline assumption that 30% of individuals with infection are never 

symptomatic and then assessed higher or lower assumptions. We also made a baseline assumption 

that individuals with asymptomatic infections are on average 75% as infectious as those with 

symptomatic infections. 9·
15

·
16 Combined, these baseline assumptions imply that persons with 

infection who never develop symptoms may account for approximately 24% of all transmission (D: 

Tns = Pns x rns / (Pns x rns + [1 - PnsD· 

Table. Key Assumptions and Evidence Informing Those Assumptions 

Source 

Assumptions for presymptomatic transmission 

Peak infectiousness relative to onset, d 

Casey et al, 202018 

Assumed baseline 

Assumed range 

Assumptions for never symptomatic transmission 

Proportion never symptomatic 

Evidence base 

Range, 17 studies 

NA 

NA 

Oran et al, 2020 12 Inferred range, 16 studies 

Buitrago-Garcia et al, 2020 14 Meta-estimate, 7 studies 

Davies et al, 202020 Age-dependent estimate, 6 studies 

Assumed baseline NA 

Relative infectiousness of individuals who never 
have symptoms 

Lee et al, 20209 303 patients, assessment of viral 
shedding 

Chaw et al, 202015 1701 secondary contacts 

Mc Evoy et al, 202016 Inferred range, 6 studies 

Assumed baseline 

Overall proportion of individuals who never have 
symptoms transmission 

Assumed range NA 

G JAMA Network Open. 2021;4(1):e2035057. doi: 10.1001/jamanetworkopeh.2020.35057 
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Estimate or assumption 

-3tol.2d 

Od 

-2 to 2 d 

30%to45% 

26% to 37% 

20%to70% 

30% 

Approximately 100% 

40%to 140% 

40%to70% 

75% 

0%to 70% 
Abbreviation: NA, not applicable. 
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We varied this overall proportion. T ns• between 0% and 70% to assess a wide range of possible 

proportions. The daily proportion of transmission from individuals after symptom onset (T5 ) was 

therefore: 

T,(t) = (1 - Tn5 ) x p50(t) x /(t), 

and the daily proportion of transmission from presymptomatic CTps> individuals. ie, those who 

develop symptoms but become infectious prior to symptom onset. is: 

We modified baseline assumptions to consider the relative importance of different levels of never 

symptomatic and presymptomatic transmission. Code is available in the eAppendix in the 

Supplement. 

Statistical Analysis 
All analyses were conducted in R version 4.0.1 (R Project for Statistical Computing). No statistical 

testing was conducted. so no prespecified level of significance was set. 

Results 

Under baseline assumptions. approximately 59% of all transmission came from asymptomatic 

transmission: 35% from presymptomatic individuals and 24% from individuals who are never 

symptomatic (Figure 1). Because each component is uncertain, we assessed different timings of peak 

infectiousness relative to illness onset and different proportions of transmission from individuals 

who never have symptoms. Maintaining the 24% of transmission from individuals who never have 

symptoms, but shifting peak infectiousness 1 day earlier (to day 4) increased presymptomatic 

transmission to 43% and all asymptomatic transmission to 67% (Figure lA). A later peak (ie. day 6) 

decreased presymptomatic to 27% and all asymptomatic transmission to 51% (Figure lC). 

Holding the day of peak infectiousness constant at day 5 and decreasing the proportion of 

transmission from individuals who are never symptomatic to 10% with a relative infectiousness of 

75% (baseline assumption). the proportion of all transmission from those who are never 

symptomatic decreased to 8%. presymptomatic transmission increased to 42%. and combined 

asymptomatic transmission was 50% of all transmission (Figure lD). In contrast, if the proportion of 

those who ever develop symptoms was 30% and their relative infectiousness increased to 100%. 

they contributed 30% of all transmission. presymptomatic transmission was 32%, and combined 

asymptomatic transmission was 62% of all transmission (Figure lF). 

Uncertainty remains regarding the magnitude of both presymptomatic and never symptomatic 

transmission. Therefore. we analyzed a wider range of each of these components. with peak 

infectiousness varying between 2 days before (more presymptomatic transmission) to 2 days after 

(less presymptomatic transmission) median symptom onset and with never symptomatic 

transmission ranging from 0% to 70% (Figure 2). Under this broader range of scenarios, most 

combined assumptions of peak infectiousness timing and transmission from individuals who never 

have symptoms indicated that at least 50% of new SAR5-CoV-2 infections likely originated from 

individuals without symptoms at the time of transmission. If more than 30% of transmission was 

from individuals who never have symptoms. total asymptomatic transmission was higher than 50% 

with any value of peak infectiousness. up to 2 days after the median time of symptom onset. If peak 

infectiousness was at any point approximately 6 hours before median symptom onset time. more 

than 50% of transmission was from individuals without symptoms, regardless of the proportion from 

those who never have symptoms. Even a very conservative assumption of peak infectiousness 2 days 

post-median onset and 0% never symptomatic transmission still resulted in more than 25% of 

transmission from asymptomatic individuals. 
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Discussion 

The findings presented here complement an earlier assessment21 and reinforce the importance of 

asymptomatic transmission: across a range of plausible scenarios, at least 50% of transmission was 

estimated to have occurred from persons without symptoms. This overall proportion of transmission 

from presymptomatic and never symptomatic individuals is key to identifying mitigation measures 

that may be able to control SARS-CoV-2. For example. if the reproduction number (R) in a given 

setting is 2.0, then at least a 50% reduction in transmission is needed to drive the reproductive 

number below 1.0. Given that in some settings R is likely much greater than 2 and more than half of 

transmissions may come from individuals who are asymptomatic at the time of transmission, 

effective control must mitigate transmission risk from people without symptoms. 

Figure 1. The Contribution of Asymptomatic Transmission Under Different Infection Profiles 
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The top curve in each panel represents the average relative hourly infectiousness. such 
that while the lower curves change under different assumptions, the total hourly 
infectiousness equals 1 in all cases. Within each curve, the colored area indicates the 
proportion of transmission from each class of individuals. The portion attributed to 
individuals with symptoms (light blue) can also be interpreted as the maximum 
proportion of transmission that can be controlled by immediate isolation of all 

symptomatic cases. Panels A, B, and C show different levels of presymptomatic 
transmission. We calibrated infectiousness to peak at day 4 (A), 5 (B; median incubation 
period), or 6 (C) days. Panels D, E, and F show different proportions of transmission from 
individuals who are never symptomatic: 8% (C : eg, 10% never symptomatic and 75% 
relative infectivity), 24% (D; baseline, 30% never symptomatic and 75% relative 
infectivity), and 30% (E; eg, 30% never symptomatic and 100% relative infectivity). 
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Limitations 

This study has limitations. First, we used a simplistic model to represent a complex phenomenon, ie, 

the average infectiousness of SARS-CoV-2 infections over time. We used this model deliberately to 

test assumptions about the timing of peak infectiousness and transmission among asymptomatic 

individuals so that we could vary only these 2 critical parameters and assess their relative effects. 

Therefore. these results lack quantitative precision. but they demonstrate the qualitative roles of 

these 2 components and show that across broad ranges of possible assumptions. the finding that 

asymptomatic transmission is a critical component of SARS-CoV-2 transmission dynamics remains 

constant. 

As discussed here. the exact proportions of presymptomatic and never symptomatic 

transmission are not known. This also applies to the incubation period estimates, which are based on 

individual exposure and onset windows that are difficult to observe with precision and therefore 

include substantial uncertainty even when leveraging estimates across multiple studies. Moreover, 

they likely vary substantially in different populations. For example, older individuals are more likely 

than younger persons to experience symptoms. 20 so in populations of older individuals, never 

asymptomatic transmission may be less important. However. specific age groups are rarely 

exclusively isolated from other age groups, so asymptomatic transmission risk is still important in 

those groups and even more so in younger age groups, in which transmission may be even more 

dominated by asymptomatic transmission. 20 

Real-world transmission dynamics are also not entirely dependent on the individual-level 

dynamics of infectiousness over time. Now that COVID-19 is widely recognized, individuals with 

COVID-19 symptoms are more likely to isolate themselves and further reduce the proportion of 

transmission from symptomatic individuals. shifting a greater proportion of transmission to those 

who do not have symptoms. In this sense. the estimates here represent the lower end of the 

proportion of asymptomatic transmission in the presence of interventions to reduce symptomatic 

transmission. 

Figure 2. Combined Transmission From Individuals Who Are Presymptomatic and Those Who Never 
Have Symptoms 

70 

60 

~ 

;;; 
" "' ~~ 
.£ .q 

50 

E:;i 
oE 
.::: 0 

40 
.§ ~ 
.~ ~ 
E ~ 
~"' c: > 30 .. "' ~ c: - "' o~ 
c: 0 
0"' 
t 
0 

3: 20 
c. 
0 
.t 

10 

0 
-2 ·1.5 · 1.0 ·0.5 

.. · 
.. ~~ ···/ 

.. ·•······ 

... ·· ... ·· 

0.5 1 0 

Time from peak infectiousness to median symptom onset, d 

.. ··· .. ·· 

1 5 

8 JAMA Network Open. 2021;4(1):e2035057. doi:l0.1001/jamanetworkopen.2020.35057 

Downloaded From: https://jamanetwork.com/ on 07109/2021 

2.0 

All asymptomatic 
transmission (%) 

100 

80 

60 

40 

20 

0 

Colors indicate the proportion of transmission due to 

all individuals without symptoms at the time of 
transmission, including presymptomatic transmission 
(x-axis, the timing of peak infectiousness relative to 

symptom onset) and transmission from individuals 
who are never symptomatic (y-axis) . For example, 
peak infectiousness at the same time as median 
symptom onset (0 days difference) with 10% of 
transmission from individuals who never have 

symptoms would mean that approximately 51% of 
transmission is from asymptomatic individuals. 

January 7, 2021 6/8 

316



JAMA Network Open I Infectious Diseases SARS-CoV-2 Transmission From People Without COVID-19 Symptoms 

Conclusions 

Under a range of assumptions of presymptomatic transmission and transmission from individuals 

with infection who never develop symptoms. the model presented here estimated that more than 

half of transmission comes from asymptomatic individuals. In the absence of effective and 

widespread use of therapeutics or vaccines that can shorten or eliminate infectivity, successful 

control of SARS-CoV-2 cannot rely solely on identifying and isolating symptomatic cases; even if 

implemented effectively, this strategy would be insufficient. These findings suggest that effective 

control also requires reducing the risk of transmission from people with infection who do not have 

symptoms. Measures such as mask wearing and social distancing empower individuals to protect 

themselves and, if infected, to reduce risk to their communities. 21 These measures can also be 

supplemented by strategic testing of people who are not ill, such as those who have exposures to 

known cases (eg, contact tracing) or are at high risk of exposing others (eg, congregate facility staff, 

those with frequent contact with the public). Multiple measures that effectively address transmission 

risk in the absence of symptoms are imperative to control SARS-CoV-2. 
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Case Definition 
NOTE: Alberta Health will update this guideline as new information becomes available on the situation. 

Confirmed Case 
A person with confirmation of infection with the virus (SARS-CoV-2) that causes COVID-19 by: 

• Detection of at least one specific gene target by a validated nucleic acid amplification tests (NAA T) 
(e.g. real-time PCR or nucleic acid sequencing) performed at a community, hospital or reference 
laboratory (NML or a provincial public health laboratory) 

OR 

• A positive result on a validated rapid/point-of-care (POC) NAA T-based assay or antigen test(A) that 
has been deemed acceptable to provide a final result (i.e. does not require confirmatory testing) 

<Al The performance characteristics of commercial testing kits such as the Simplexa®, GeneXpert®, Aptima or BD Max™ 
NAT are similar to the COVID-19 lab-developed test being used at Alberta Precision Laboratories (APL) therefore additional 
confirmatory testing is not necessary. For more information refer to Rapid COVID-19 Tests . Positive results by the Abbott ID 
NOW COVID-19 molecular test or the Rapid Antigen tests such as the Abbott Pan Bio are considered valid and additional 
confirmatory testing is not required if completed under the conditions outlined by Health Canada and in accordance with the 
manufacturer's instructions. (See Section 2: Testing Modality. Recommendations. Interpretation and Management and the 
Guidance For Employer-In itiated Covid-19 Testing) 
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Probable Case(B) 
A person with clinical illness<Cl who in the last 14 days<0 >: 

• Had close contact with a confirmed COVID-19 case OR was exposed to a known outbreak of COVID-19 
OR had_laboratory exposure to biological material (e.g., primary clinical specimens, virus culture 
isolates) known to contain COVID-19 

AND 

• Has not had a laboratory-based NAA T assay for SARS-CoV-2 completed or the result is inconclusive<E) 

<8> All symptomatic contacts should be tested where feasible to confirm diagnosis. The probable case definition should only 
be used in the rare circumstances when the laboratory testing cannot be done or is inconclusive but clinical suspicion is high 
<CJ Clinical illness: Any one or more of the following: fever (over 38 degrees Celsius), new onset/exacerbation of following 
symptoms: cough, shortness of breath (SOB)/difficulty breathing, sore throat, loss of sense of taste and/or smell or runny 
nose . NOTE: Individuals may present with other symptoms that qualify them to be tested. Refer to Section 2: Testing 
Modality, Recommendations, Interpretation and Management and Table 2a: Symptom List for COVID-19 Testing for more 
information. 
<
0> The incubation period is up to 14 days between infection and the onset of clinical symptoms of the disease; therefore 
exposure history based on the previous 14 days is recommended. 
<EJ An inconclusive result on a real-time PCR assay is defined as: 

• an indeterminate result on a single or multiple real-time PCR target(s) without sequencing confirmation or 
• a positive result from an assay that has limited performance data available or 
• performed by a laboratory that lacks/has not demonstrated accredited status by the College of Physicians and 

Surgeons of Alberta. 
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Reporting Requirements 
1. Physicians 

Physicians shall notify the Medical Officer of Health (MOH) (or designate) of the zone, of all probable and 
confirmed cases by the Fastest Means Possible (FMP). 

2. Laboratories 

All laboratories shall provide all reportable positive laboratory results, including results from rapid diagnostic 
tests, by FMP (e.g., secure electronic notification) to 
• the MOH (or designate) of the zone and 
• the Chief Medical Officer of Health (CMOH) (or designate) 

The minimum client information required for reporting on the positive laboratory report must include: 
name, 
date of birth, 
health care number, 
address and 
phone number 
symptomatic, or asymptomatic and 
Exposure Investigation (El) number if linked to an outbreak site 

• NOTE: Employer initiated COVID-19 testing results must be reported using the minimum data set 
outlined in Appendix B: Positive Result Reporting of the Guidance For Employer-Initiated COVID-19 
Testing document. 

3. Alberta Health Services (AHS) and First Nations Inuit Health Branch (FNIHB) 
• The MOH (or designate) of the zone where the case currently resides shall forward the Public Health 

Agency of Canada's Coronavirus Disease (COVID-19) Case Report Form or use another mutually 
agreed upon reporting system, to report all probable and confirmed cases to the CMOH (or designate) 
within 24 hours of initial laboratory FMP notification. 

• All out-of-province and out-of-country case and contact reports shall be forwarded to the CMOH (or 
designate) within 24 hours, using existing protocols i.e., AHS enters information into CDOM if 
investigation initiated in AB; FNIHB emails information to CD.Data@gov.ab.ca: 

name, 
date of birth, 
out-of-province health care number, 
out-of-province address and phone number, 
positive laboratory report, and 
other relevant clinical I epidemiological information. 

• Any new confirmed COVID-19 outbreaks shall be reported to Alberta Health via email as soon as 
possible using HEAL TH-AHSCOVIDReporting@gov.ab.ca . In addition, the Alberta Outbreak Report 
Form (AORF) is still required and should be submitted as soon as possible using existing processes 
(e.g., CDOM or fax) for reporting and surveillance purposes. 

4. Rapid/Point Of Care Testing (POCT) Reporting 
• All positive rapid/POCT test results (antigen or molecular) used for diagnosis of COVID-19 in 

symptomatic individuals must be reported to Alberta Health as outlined in the Guidance For Employer
Initiated COVID-19 Testing document. 
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Epidemiology 
Etiology 
Human coronaviruses are enveloped, ribonucleic acid (RNA) viruses that are part of the Coronaviridae Family.(1) 

There are 7 known human coronaviruses at present: 
• Four types that cause generally mild illness- 229E, OC43, NL63 and HKU; and 
• Two types that can cause severe illness: Middle East respiratory syndrome coronavirus (MERS-CoV) 

and severe acute respiratory syndrome coronavirus (SARS-CoV).(1) Refer to the Public Health Disease 
Management Guideline for Coronavirus - MERS/SARS for more information. 

• COVID-19 is an illness caused by a coronavirus (SARS-CoV-2) first identified in December 2019, in 
Wuhan, China as having caused an outbreak of respiratory infections, including pneumonia. (2-3l 

Viruses constantly change through mutation, and new variants of a virus are expected to occur. A variant of 
concern (VOC) is a variant that has one or more of the following characteristics: 

• increased transmissibility, 
• evades natural or vaccine-related immunity, 
• increased virulence, 
• evades detection by available diagnostic tests, or 
• is less responsive to treatment (4.5l 

For more information including designated VOCs in Canada, refer to the SARS-CoV-2 variants: National 
definitions. classifications and public health actions. 

SARS-CoV-2 VOCs have been reported globally since December 2020. The B.1.1.7 (Alpha) variant was first 
identified in the United Kingdom, B.1.351 (Beta) in South Africa, P.1 (Gamma) in Brazil and B.1.617 .2 (Delta) in 
India. These VOCs have also been identified in Alberta and Alberta Health is continuously monitoring and 
assessing their impact on viral transmission, disease severity, diagnostic testing, therapeutics, and vaccine 
effectiveness in the province. For more information refer to the Alberta Health website on COVID-19 variants of 
concern . 

Clinical Presentation 
Individuals infected with the virus that causes COVID-19 may have few or no symptoms and symptoms may 
range from mild to severe. COVID-19 symptoms include cough, fever, headache, sore throat, shortness of 
breath, nasal congestion and new loss of sense of taste or smell, fatigue, muscle aches, vomiting or diarrhea. 
For some of the other symptoms that can be associated with COVID-19 infection, refer to Table 2a: Symptom 
List for COVID-19 Testing. Current evidence suggests that vaccinated individuals infected with COVID-19 may 
present with milder symptoms.(6) Complications of COVID-19 include severe pneumonia, acute respiratory 
distress syndrome, sepsis, septic shock, multi-organ failure or death.(7) 

Generally, the duration of illness is about two weeks for cases with mild infection but can be up to six weeks for 
critical cases and in immunocompromised individuals.(B.9l Post COVID-19 condition is a term used for a wide 
range of new, returning, or ongoing health problems people can experience more than four weeks after their 
COVID-19 infection.(1°.11> Research is ongoing to better understand all the health impacts associated with 
COVID-19. For more information refer to Post-COVID Conditions. 

Children and adolescents infected with SARS-CoV-2 typically have mild or no symptoms and in Canada, 
account for approximately 19% of reported cases.(12

> Although rare, severe illness and death have been 
reported. Since April 2020, there have been reports of children and adolescents presenting with acute illness 
with a hyper inflammatory syndrome, leading to shock and multi-organ failure. This has been termed Multi
System Inflammatory Syndrome in children and adolescents (MIS-C). Some cases have been associated with 
COVID-19 (often several weeks following a SARS-CoV-2 infection), but a causal link with COVID-19 has not 
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been definitively established. The risk factors associated with developing MIS-Care currently unknown.(13l 

Research to further understand MIS-C is ongoing.(14-16> For more information refer to the WHO Multisystem 
inflammatory syndrome in children and adolescents temporally related to COVID-19 and the Alberta Health MIS
C Public Health Disease Management Guideline. 

Analyses so far indicate that B.1.1.7, B.1.351, P.1 and B.1.617.2 variants are possibly associated with 
increased risk of severe disease and hospitalization, but this has not been confirmed yet. (17>Research is ongoing 
regarding the spectrum of COVID-19 illness and severity of outcomes associated with all the circulating VOCs. 

Reservoir 
SARS-CoV-2 is thought to have emerged from an animal source although this has not yet been confirmed. 

Transmission 
SARS-CoV-2 virus (non-VOC and VOCs) is transmitted person-to-person primarily via respiratory droplets that 
are generated when a person coughs, sneezes, talks, shouts or sings. The droplets range in size from large 
droplets (defined as >5-10 µm in diameter) that spread at close range (i.e., less than two metres) to smaller 
droplets (or aerosols) that in certain circumstances, have the potential to be infectious over longer distances and 
may be suspended for longer periods of time and can play a role in COVID-19 transmission. These 
circumstances include aerosol-generating medical procedures (AGMP) or specific settings such as indoor 
locations that may be poorly ventilated, crowded, where gatherings are taking place for prolonged periods or 
where heavy breathing or exertion is occurring. For more information refer to the Transmission of SARS CoV-2 
and Considerations for aerosol transmission. Current evidence shows there is an increase in transmissibility with 
currently known VOCs.(1a1 

COVID-19 can also spread via direct physical contact with another person (e.g., hand shake) or by touching 
contaminated objects or surfaces and then touching one's own mouth, nose, or possibly eyes.(7) However, 
fomites do not appear to be a major source of transmission.(19) Infected individuals can transmit the virus 48 
hours before symptom onset (i.e., pre-symptomatic) or even if they have an asymptomatic infection (i.e., never 
developed symptoms) or when their symptoms went unnoticed.(20·21> 

Incubation Period 
The incubation period ranges from 1-14 days with median estimates of 5-6 days between infection and the onset 
of clinical symptoms of the disease.(2l 

Period of Communicability 
The period of communicability may begin up to 48 hours before symptom onset and throughout the symptomatic 
period, even if symptoms are mild or very non-specific. Studies have shown that after day eight of 
illness/symptoms no live virus was recovered from patients with upper respiratory tract disease or limited lower 
respiratory tract disease. People with more severe disease are likely to be infectious for a few days longer.(22·23> 
NAA T positivity from respiratory samples can be prolonged to 3-4 weeks after symptom onset even when no 
viable virus was detected. (24> There have been case reports of persistent RT-PCR results for up to 82 days after 
symptom onset.<25·26> Experience from other respiratory viral infections suggests that immunocompromised 
patients with COVID-19 may shed detectable SARS-CoV-2 viral material and potentially infectious virus 
longerP> Research is ongoing to determine if there is a difference in the period of communicability of VOC 
compared to non-VOC. 
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Host Susceptibility 
Susceptibility is assumed to be universal. Knowledge about COVID-19 disease continues to evolve and this 
includes evidence on individuals who are most susceptible to infection and severe outcomes.(13l To date, 
studies(9·13·21 l have found the following: 

• Older adults (>60 years) and people with existing chronic medical conditions (e.g., cardiovascular and 
liver disorders, lung disease, diabetes, high blood pressure, kidney disease, sickle cell disease, 
dementia or stroke) or immune compromising conditions are more vulnerable to severe COVID-19 
illness. The list of chronic conditions above only includes those for which there is sufficient evidence 
available to conclude a higher level of risk.(13l 

• Even though obesity is not well defined in the literature, individuals with a body mass index (BMI) <:35 
have a higher risk of ICU admission/intubation. 

• There is no clear evidence on the role that race/ethnicity plays in outcomes of COVID-19 i.e., it is 
unclear whether any differences in outcomes are due to social determinants of health or biological 
factors. 

• Male biological sex shows low-moderate association for severe outcomes of COVID-19. 
• Pregnant women have a higher risk of severe illness compared to non-pregnant women and may also 

be at an increased for adverse pregnancy outcomes (e.g. preterm birth). 
• Generally, children (under 18 years of age) are less susceptible to severe clinical disease than older 

people.(28l However, some children do have severe outcomes and those with underlying medical 
conditions are at increased risk for severe illness compared to children with no underlying medical 
conditions. (13l 

Understanding of the immune response in COVID-19 disease is evolving. There are increasing reports of 
individuals who were infected a second time with a VOC or non-VOC after having recovered from a first 
infection.(29l Ongoing COVID-19 studies are working to help establish the frequency and severity of reinfection 
with VOC and non-VOC and who might be at higher risk. 

Incidence 
For cases reported in Alberta refer to the following link: 
https://www.alberta.ca/covid-19-alberta-data.aspx 

For cases reported in Canada refer to the following link: 
https: //www.canada.ca/en/pu bl ic-healt h/services/d iseases/2019-novel-coronavi rus-i nfection. htm I 

World Health Organization provides daily updates on global case counts and situation reports: 
www. who. i nUemergencies/ d iseases/novel-coro navi rus-2019/situation-reports 

Johns Hopkins COVID-19 Case Map 
gisanddata. maps. arcgis. com/apps/opsdashboard/index. htm 1#/bda 7 594 7 40fd40299423467b48e9ecf6 
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Public Health Management 
NOTE: This guidance is based on current available scientific evidence and expert opinion and is subject to 
change as new information on transmissibility and epidemiology becomes available.(3°> 

Public Health Management of VOC and non-VOC 

voes now make up a significant proportion of eOVID-19 cases in Alberta. The following public health guidance 
applies for both voe and non-voe cases and their close contacts. 

Since the eOVID-19 pandemic began, Alberta Precision Labs (APL) has been performing surveillance for 
variants using whole-genome sequencing (WGS) on select samples. High-throughput nucleic acid screening 
tests that are faster than WGS were subsequently developed to detect voes in samples soon after they test 
positive for eOVID-19. Variant screening may not be possible in samples with low viral loads. <31 > Screening and 
sequencing strategy is constantly reviewed and adjusted to meet surveillance needs and maintain laboratory 
capacity and turnaround times. For more information, refer to the lab bulletins on the APL website 
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Section 1: Diagnosis 
A diagnosis of SARS-CoV-2 infection is based on testing . Acceptable specimen types for COVID-19 testing 
include nasopharyngeal (NP) swab, throat swab, NP aspirate, endotracheal tube (ETT) suction/sputum, or 
bronchoalveolar lavage/bronchial wash (BAL/BW). NP and throat swabs are recommended over nasal swabs for 
COVID-19 testing. If unable to collect a NP swab or throat swab, a deep nasal swab can be collected instead, 
though sensitivity may be reduced . It is recommended that hospitalized patients with COVID-19 symptoms be 
tested with an NP swab. For patients who have a lower respiratory tract infection and are intubated, also submit 
an ETT suction or BAL/BW.(32> 
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Section 2: Testing Modality, Recommendations, Interpretation 
and Management 
Molecular, antigen and serology tests have been developed and continue to be developed and approved to test 
for COVID-19. Molecular tests detect the unique genetic sequence of the SARS-CoV-2 virus and antigen tests 
detect proteins of the virus. Both can be used to diagnose acute infection. For more information on molecular 
and rapid antigen test performance, refer to Annex A: Testing Performance. 

Serology tests do not directly detect the virus but measure antibodies the body produces after infection with the 
virus. These antibodies can provide evidence of previous or current infection. Since it can take more than a 
week for antibodies to be produced following infection, serology tests are generally not recommended for use as 
a diagnostic tool to confirm acute infection.<33l Currently in Alberta, serology tests are mainly used for population 
serosurveys. Serology testing is available for clinical use for certain situations (e.g., to assist in the diagnosis of 
children with MIS-C) in consultation with APL microbiologists/virologists. Serology testing is not needed before 
receiving a COVI D-19 vaccine to assess susceptibility to SARS-CoV-2 or after receiving the vaccination to 
assess immune response to the vaccine. 

Testing Recommendations 

Testing is recommended for the diagnosis of individuals with COVID-19 compatible symptoms as listed in Table 
2a: Symptom List for COVID-19 Testing . Individuals with these symptoms who are working in high risk settings, 
including HCWs as well as residents/clients in congregate settings, should always be offered testing to confirm 
the diagnosis. An individual with symptoms not listed in Table 2a such as "COVID toes" or altered mental status 
may also be considered for testing at the discretion of the individual's clinician. 

Table 2a: S m tom List for COVID-19 Testin 

Fever 

Cough (new cough or worsening chronic cough) 

Shortness of breath/difficulty breathing (new or worsening) 

Runny nose 

Sore throat 

Stuffy nose 

Painful swallowing 

Headache 

Chills 

Muscle/joint ache 

Feeling unwell/fatigue/severe exhaustion 

NauseaNomiting/Diarrhea/Unexplained loss of appetite 

Loss of sense of smell or taste 

Conjunctivitis 
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Testing in Alberta: 

• The following individuals are eligible for testing: 
any person exhibiting symptoms listed in Table 2a: Symptom List for COVID-19 Testing. 
close contacts of confirmed and probable COVID-19 cases. 
• NOTE: Testing is not recommended for close contacts who are fully immunized and are 

asymptomatic. For more information refer to Section 7: Management of Close Contacts Immunized 
Against COVID-19 

Workers and/or residents at specific outbreak sites including: 
• staff/residents in supportive living (including group homes and lodges), long-term care facilities 

(nursing homes and auxiliary hospital), hospices, shelters and correctional facilities when a 
NEW COVID-19 outbreak has been declared, 
residents/staff in an existing COVID-19 outbreak if transmission appears to still be occurring. 

New admissions to a congregate living facility e.g. supportive living (including lodges and group homes), 
long-term care (nursing homes and auxiliary hospital), hospices and correctional facilities. For more 
information refer to Testing Recommendations for Residents Admitted to a Facility. 
NOTE: Albertans can access private testing for COVI D-19 if they are asymptomatic and do not meet the 
eligibility criteria for testing in the public testing system. 

• For more information on management refer to Table 2b: Management of Tested Individuals. 

Table 2b: Management of Tested Individuals who are NOT Previous Cases€ 

Symptomatic Positive 

Negative 

Asymptomatic Positive 

Negative 

Manage as a lab-confirmed symptomatic case. 

Who is a close contact: Quarantine for 14 days since the last 
exposure or isolate until symptoms resolve, whichever is longer 

NOTE: for quarantine requirements for fully and partially 
immunized close contact refer to Table ?a. Management of 
Immunized Close Contacts 

Who is NOT a close contact: Strongly recommended to stay at 
home and limit contact with others until symptoms resolve. 
Retestin ma be considered. 

Manage as a lab confirmed asymptomatic case. 

Who is a close contact: Quarantine for 14 days since the last 
exposure and monitor for symptoms. 

NOTE: for quarantine requirements for fully and partially 
immunized close contacts refer to Table ?a. Management of 
Immunized Close Contacts 

Who is NOT a close contact: NO quarantine required. Continue 
with normal activities. 

**see symptoms listed in Table 2a : Symptom List for COVID-19 Testing 

€This also applies to resolved cases after 90 days of the initial positive test 
Rapid Screening Program 

In an effort to reduce spread of COVID-19 from pre-symptomatic and asymptomatic cases, rapid testing can be 
used to screen for infection in individuals who are not exhibiting COVID-19 symptoms. A number of screening 
programs have been initiated in Alberta in a variety of settings such as continuing care facilities, workplaces, 
schools etc. Individuals screening positive must isolate and their positive screen results must be confirmed by 
follow-up PCR test. For more information on the rapid screening program refer to the Alberta Health Rapid 
testing program website. 
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Testing and Management of Resolved Cases (F) 

• Studies have demonstrated prolonged detection of SARS-CoV-2 RNA in COVID-19 cases even after 
symptoms have resolved; however in most cases, prolonged RNA detection does not reflect infectious virus. 
The median range of viral shedding has been reported to be 3-4 weeks after symptom onset, with case 
reports of persistent RT-PCR results for up to 82 days after symptom onset.(25•26l 

• Due to uncertainty regarding immunity after infection and the possible risk of re-infection,(34·35l resolved 
cases should be advised to take the same precautions to avoid exposure as an individual who has never 
had COVID-19, including wearing a mask, physical distancing, practicing proper hand hygiene and 
respiratory etiquette and if they are a HCW to follow IPC recommendations regarding PPE. (36l 

• Generally, asymptomatic resolved cases should NOT be re-tested for COVID-19 within 90 days of the initial 
positive test result. However if the resolved case develops NEW COVID-19 symptoms within the 90 days, 
screening for voe and testing for other pathogens should be considered depending on symptoms and the 
setting, and management of these individuals is based on symptoms and diagnosis. 

• It may be possible for a few individuals to shed detectable SARS-CoV-2 viral material longer than 90 days. If 
suspected to be the case, consultation with the local MOH and other specialists including 
microbiologists/virologists and infectious disease physicians can help with the management decision. For 
more information refer to Table 2c: Testing and Management of Resolved Cases. 

(F) Resolved cases refers to previously lab-confirmed COVID-19 cases that have completed isolation - see Section 4: 
Management of Cases for more detail. 
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Table 2c: Testing and Management of Resolved Cases 

1• 1 11 f ... t i• (:l-"'i • IAt iil l I.'.' '!..l., •• , .. L-.· 1• 11 1 1•:..h"'lu ..!,! I II• Ir: •• II" !l lll ~#"1•t II 11.:., •r. . , .. ,, -- - ~ --. ...... , ... t11 •• .. ,. .,,. 
tlU II :.I ·~l • , .. ,, 

r;: '" • 
-

··~'iili~ '" ,,~ 
Less than 90 days Not applicable No testing recommended If inadvertently tested for COVID-19 less than 90 days & result 

(Asymptomatic) positive: 

- No repeat isolation 

- No contact follow-up 
Note: positive test result generally indicates residual non-viable virus 
and this oerson is considered not infectious and NOT a new case 

90 days or more Not applicable Testing indications are the - If tested for COVID-19 refer to Table 2b: Management ofTested 
(Asymptomatic) same as for people who have Individuals and manage according to lab results and exposure. 

never had COVID-19 
- If concerned about the risk of re-infection, the individual should 

isolate while waiting for test results. 

- Exceptions may be made to this management requirement in 
consultation with the local MOH and other specialists including 
microbioloaists/viroloaists and infectious disease ohvsicians. 

Less than 90 days Symptomatic Generally do not re-test - Depending on symptoms & setting, consider testing for other 
If re-testing is considered pathogens (e.g. RPP). 
refer to the section on 
Indications to Re-Test - If re-tested for COVID-19 and result is positive, request 
Resolved Cases within screening for voe if not done automatically by the lab 
90 days - Manage according to symptoms and diagnosis. 

- If concerned about the risk of re-infection, the individual should 
isolate while waiting for test results. 

- Further management is based on lab results and assessment. 

90 days or more Symptomatic - COVID-19 Isolate while laboratory and epidemiological investigation is being 
- With or without conducted. 

Respiratory Pathogen If only COVID-19 testing is done, refer to Table 2b: Management 
Panel (RPP of Tested Individuals and manage according to lab results and 

exposure. 
- Exceptions may be made to this management requirement in 

consultation with the local MOH and other specialists including 
microbiologists/virologists and infectious disease ohvsicians . 

**This is 90 days from test date which yielded the initial positive result.¥ Refer to Table 2a: Symptom List for COVID-19 testmg 
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Indications to Re-Test Resolved Cases within 90 days 

• Re-testing for COVID-19 within 90 days from a previous positive test can be considered if a clinician has 
concerns about the risk of re-infection (i.e., NEW COVID-19 symptoms develop after the person's isolation 
period) in the following situations: 

new symptoms develop within 14 days after they are identified as a close contact <GJ 
severe COVID-19-like illness or hospitalized 
anyone with a high degree of interaction with populations who are at high risk of more severe disease or 
outbreaks (e.g., HCWs, staff and residents in L TC facilities, prisons, shelters, work camps) 
immunocompromised person. 

Management of Resolved Cases with New Exposure 

• There is growing evidence to support that resolved cases do not need to undergo repeat quarantine if they 
are identified as a close contact(Gl within 90 days of their initial diagnosis. 

• Despite millions of COVID-19 cases worldwide, surveillance and investigations have only identified few 
confirmed cases of re-infection with non-VOC or VOC within 90 days of the initial diagnosis. Available 
evidence suggests that most individuals would have a certain degree of immunity for at least 90 days after 
initial diagnosis of COVID-19. However the risk for reinfection is likely to increase due to waning immunity 
after initial infection and exposure to variants that cause immune escape.<37l 

• Therefore, if a resolved case is identified as a close contact(Gl (unrelated to their previous infection), no 
repeat quarantine is required if the exposure is within 90 days of their previous positive test result AND they 
are asymptomatic. (34l Risks of potential transmission from asymptomatic resolved cases who have a new 
exposure are likely outweighed by the personal and societal benefits of avoiding repeat quarantine. (CDC, 
2021 ) 

They should closely monitor for COVI D-19 symptoms for 14 days after the last exposure 
If any COVID-19 symptoms develop, they should isolate immediately and be re-tested for COVID-19. 
Refer to the section above for other testing and management recommendations. 

• If a resolved case is identified as a close contact<G) 90 days or more from their previous positive test 
result, manage as any other close contact and quarantine for 14 days from last exposure. Refer to Section 5: 
Management of Close Contacts. 

(G> The individual is identified as a close contact after exposure to a COVID-19 case unrelated to their previous infection 
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Testing Recommendations for Residents Admitted to a Facility 

• Testing is recommended for all new residents admitted to a congregate living facility e.g., licensed 
supportive living (including lodges and group homes), long-term care (nursing homes and auxiliary hospital) 
and hospices, regardless of symptoms upon admission. 

• Residents who return to these settings post-hospitalization for non-COVID-19 illnesses are also 
recommended to be tested whether they have symptoms or not. 

• Refer to Table 2d below for more information. 

Table 2d: Testin Recommendations for Residents Admitted to a Facilit 

Positive Less than 90 days 

90 days or more 

Negative Less than 90 days 

90 days or more 
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Section 3: Key Investigation 
• Confirm the diagnosis and that individual meets case definition. 
• Ensure appropriate clinical specimen(s) have been collected (see Diagnosis Section). 
• Obtain history of illness including date of onset of signs and symptoms. See Table 2a: Symptom List for 

COVID-19 Testing. 
• Determine immunization status. 
• Determine previous COVID-19 infection. Refer to Testing and Management of Resolved Cases 
• Determine spectrum of illness and if case requires hospitalization or if they can be managed at home. 
• Determine any underlying chronic or immunocompromising condition. Determine possible source of 

infection: 
Identify recent travel/residence history inside and outside Canada, or contact with a recent traveler 
outside Canada, including dates of travel, itineraries and mode of transportation (e.g., airplane, train, 
etc.); 
Identify type of contact within health care settings with known COVID-19 cases (e.g., work, visiting 
patient, etc.), if applicable; 
Recent contact with a known COVID-19 case or a person with COVID-19-like illness 
Assess if other members in the household have similar symptoms or have had any contact with a known 
COVID-19 case/person with COVID-19 symptoms. 

• Determine occupation (e.g., healthcare worker(H) or works with vulnerable individuals i.e., long-term care 
facilities/continuing care/group homes/shelters) 

• Determine possible transmission settings (e.g., household, healthcare setting, community setting, workplace, 
school, flight etc.). 

• Identify close contacts that may have had exposure to the confirmed/probable case 48 hours prior to onset 
of symptoms in the confirmed/probable case and/or while the confirmed/probable case was symptomatic 
and not isolating. Refer to Table 3a: Definition of Close Contacts. 

• Determine if a laboratory confirmed case asymptomatic at testing had two or more of the symptoms 
listed in clinical illness<8) for at least 24 hours in the seven days prior to specimen collection date. (For more 
information refer to the Management of a Laboratory Confirmed Case Asymptomatic at Testing) . 

• For public health management of a laboratory confirmed case asymptomatic at testing not meeting the 
criteria of having two or more of the symptoms listed in clinical illness(B) for at least 24 hours in the seven 
days prior to specimen collection, the period of communicability that may be used is 48 hours before 
laboratory specimen was collected to 10 days after the date of specimen collection. (NOTE: The period of 
communicability may be longer if they develop symptoms during the 10 days after lab specimen collection 
date). 

• Identify close contacts that may have had exposure to a laboratory confirmed case asymptomatic at 
testing<ll between 48 hours before the laboratory specimen collection date and isolation date of that case. 
Refer to Table 3a: Definition of Close Contacts. 

(H I Health Care Workers (HCW) are individuals who provide service in a clinical care setting, including hospitals, clinics, 
continuing care facilities, licensed supportive living sites (including group homes), public health centers, community 
assessment centers, and any other settings where face-to-face patient care is provided (including fire fighters and EMS) 
(I) Where feasible, contact tracing for asymptomatic cases should include close contacts that were exposed to the case 48 
hours before the specimen collection date. If not feasible, the specimen collection date can be used as the starting point for 
contact tracing. 
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Table 3a: Definition of Close Contacts(3B-41J 

Individuals that: 
• provided direct care for the case, (including HCW(Hl, family members or other caregivers), or who had other similar 

close physical contact (e.g., intimate partner, hug, kiss, handshake) without consistent and appropriate use of 
personal protective equipment (PPE), OR 

• lived with or otherwise had close prolonged(J) contact which may be cumulative, i.e. , multiple interactions for a total of 
15 min or more over a 24-hour period and within two metres with a case without consistent and appropriate use of 
PPE and not isolating OR 

• had direct contact with infectious body fluids of a case (e.g., shared cigarettes, glasses/bottles, eating utensils) or was 
coughed or sneezed on while not wearing recommended PPE. 

• For definition of close contacts in sports teams and schools, refer to the AHS website on Information for 
Close Contacts of a COVID-19 Case. 

(J) As part of the individual risk assessment, consider the duration of the contact's exposure (e.g., a longer exposure time 
likely increases the risk), the case's symptoms (coughing or severe illness likely increases exposure risk) and whether 
exposure occurred in a health care setting . 
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Section 4: Management of Cases 

Management of Hospitalized Cases 

• Isolation precautions apply for hospitalized cases. Consult with hospital Infection Prevention and Control 
(IPC) for recommendations for lifting isolation. 

• Provide information about disease transmission and measures to minimize transmission, including wearing a 
mask, practicing proper hand hygiene, physical distancing and respiratory etiquette. 

• Provide information on immunization as applicable. 
• For information on infection prevention and control precautions refer to the following: 

AHS /PC Resources 
Infection prevention and control for CO VID-19: Second interim guidance for acute healthcare settings 

Discharge/Transfer of a Hospitalized Case!KJ 

• Hospitalized cases that are discharged to their own home before hospital isolation is complete should 
remain on home isolation for 10 days from onset of symptoms or until symptoms have improved AND they 
are afebrile for 24 hours, without the use of fever-reducing medications, whichever is longer, after arrival at 
home. 

• NOTE: The attending physician may have ordered a different isolation period for a patient based on their 
specific circumstances when they are discharged to the community (home or continuing care facility). 

If a patient has been advised by their physician to isolate for longer than the minimum 10 days, they 
should follow the instructions of their physician. 

• Hospitalized cases being discharged/transferred to long-term care facilities/continuing care/group 
homes/shelters etc. before their isolation period is complete should remain on isolation for 14 days from 
onset of symptoms or until symptoms have improved AND they are afebrile for 24 hours, without the use of 
fever-reducing medications, whichever is longer. 

This additional length of time (four more days from the 10 days) is recommended as the case had 
severe disease (i.e., hospitalized) and will be re-entering a facility with other vulnerable persons (i.e., 
long-term care facilities/continuing care/group homes/shelters). 

(Kl This refers to cases hospitalized due to COVID-19. 
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Management of Non-Hospitalized Case 

• It is highly recommended that ALL cases of COVID-19 (VOC or non-VOC) isolate completely away from 
their household members to prevent ongoing exposure. If this cannot be accomplished at home, use of an 
isolation hotel or a different dwelling should be considered. 

• Provide information about disease transmission and measures to minimize transmission, including wearing a 
mask, physical distancing, practicing proper hand hygiene and respiratory etiquette. 

• A non-test based approach to clearance for COVID-19 is recommended for cases with mild and moderate 
illness. Since NAAT positivity from respiratory samples can be prolonged and generally does not reflect 
infectious virus, a "test of cure" is often misleading. 

• Symptomatic confirmed and probable cases are required to isolate for 10 days from onset of symptoms or 
until symptoms have improved AND they are afebrile for 24 hours, without the use of fever-reducing 
medications, whichever is longer. 

Absence of cough is not required for those known to have chronic cough or who are experiencing 
reactive airways post-infection. 
Symptoms such as loss of sense of taste/smell or fatigue may last longer than 1 O days, but do not 
require a longer isolation period. 

• Residents of licensed supportive living (including group homes and lodges), long-term care (nursing homes 
and auxiliary hospitals) and hospices should be isolated with contact and droplet precautions for a minimum 
10 days or until symptoms improve AND they are afebrile for 24 hours without the use of fever reducing 
medications, whichever is longer. Isolation may be extended to 14 days at the discretion of the MOH/Site 
IPC. 

• Active daily surveillance by Public Health is not required. 
• NOTE: If a person is determined to be at high risk of clinical decompensation and without necessary 

supports (e.g., elderly with comorbidities who lives alone), their primary care physician should provide active 
daily surveillance if feasible, or the case should be encouraged to arrange for family/friends/community 
organizations to provide wellness checks. 

• If the case requires non-urgent medical attention, advise to contact 811 for further direction on where to go 
for care, the appropriate mode of transportation to use, and IPC precautions to be followed. If they require 
urgent attention, advise them to call 911 and to let 911 know they have COVID-19 so that appropriate 
precautions can be taken to care for the case safely. 

• Non-hospitalized cases who were isolated (for example, in an isolation center) and are returning to 
congregate settings (e.g., long-term care facilities/continuing care/group homes/shelters etc.) shall be in 
isolation for at least 10 days from onset of symptoms or until symptoms have improved AND they are 
afebrile for 24 hours, without the use of fever-reducing medications, whichever is longer. 

• Due to the theoretical possibility that animals in the home could be affected by COVID-19, it is 
recommended that cases also refrain from contact with pets. 

• COVID-19 virus RNA has been detected in the stool of some infected patients(42l, so there may be a risk of 
spread through stool. For these reasons, the case should be instructed of the following: 

effective infection prevention control such as hand hygiene. 
safe food handling practices. 
refrain from preparing foods for others in the household until isolation is lifted. 
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Management of an lmmunocompromised Case 

• There is currently little information on viral shedding in confirmed COVID-19 cases who are 
immunocompromised. 

• However based on experience from other respiratory viruses, especially influenza virus, 
immunocompromised confirmed cases may shed SARS-CoV2 for a longer period of time.<27l 

These cases should be isolated for 14 days from onset of symptoms or until symptoms have improved 
AND they are afebrile for 24 hours, without the use of fever-reducing medications, whichever is longer. 
• Absence of cough is not required for those known to have chronic cough or who are experiencing 

reactive airways post-infection. 
• Symptoms such as loss of sense of taste/smell or fatigue may last longer than 14 days, but do not 

require a longer isolation period. 
Duration of isolation for those hospitalized should be decided in consultation with hospital IPC. 

Management of a Laboratory Confirmed Case Asymptomatic at Testing 

• Provide information about disease transmission and measures to minimize transmission, including wearing a 
mask, physical distancing, practicing proper hand hygiene and respiratory etiquette. 

• Determine if the case had two or more of the following symptoms that lasted at least 24 hours in the seven 
days before laboratory specimen collection date: 

fever (over 38 degrees Celsius), 
new onset/exacerbation of following symptoms: cough, shortness of breath (SOB)/difficulty breathing, 
loss of sense of taste or smell , sore throat or runny nose. 
• If the case had two or more symptoms as outlined above, the positive result may indicate that the 

symptoms were due to COVID-19 and that date of symptom onset should be used for public health 
investigation and management purposes. 

• However, it is possible that the previous symptoms were due to another respiratory pathogen, so the 
case should be instructed to monitor for COVID-19 symptoms for the 10 days following lab 
specimen collection date. 

• For a case that had two or more of the symptoms listed above, for at least 24 hours in the seven 
days prior to specimen collection date, the period of communicability is 48 hours prior to onset of 
symptoms to 10 days after symptom onset. 

• A hospitalized asymptomatic case should be isolated and placed on contact and droplet precautions. 
Consult with hospital IPC for recommendations for lifting isolation/discharge. 

• A non-hospitalized asymptomatic case should be isolated for at least 10 days from the laboratory specimen 
collection date. 

Instruct the case to monitor for symptoms in Table 2a: Symptoms for COVID-19 Testing and if 
symptoms develop during the isolation period, the (hospitalized/non-hospitalized) case must remain in 
isolation for 10 days after onset of symptoms, or until symptoms have improved AND they are afebrile 
for 24 hours, without the use of fever-reducing medications, whichever is longer. 

Return to Work for Cases 

• Proof of a negative COVID-19 test and/or a medical note is not required for cases to return to 
school/work/activities once the isolation period is complete. 

Treatment of Cases 

• For information on treatment of COVID-19 Cases refer to the following sources: 
PHAC guidance on Clinical Management of Patients with COVID-19. 
The World Health Organization 's Clinical Management of COVID-19 Patients 
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Section 5: Management of Close Contacts 
Management of Close Contact of Confirmed or Probable Case 

• Determine the type of exposure, the setting, and the time since last exposure. <Ll 
• Provide information about COVID-19 disease including signs and symptoms. 
• Determine immunization status. If immunized, refer to Section 7: Management of Close Contacts Immunized 

Against COVID-19 for information on quarantine and testing. 
• If not immunized the following apply: 

Close contacts of confirmed cases requi re mandatory quarantine for 14 days from last day of 
exposure and should be offered testing. Refer to Section 2: Testing Modality. Recommendations. 
Interpretation and Management. Quarantine must be maintained even if test is negative. 
Close contacts of probable cases should also be quarantined for 14 days. 
Close contacts of laboratory confirmed cases asymptomatic at testing, require mandatory 
quarantine for 14 days from last day of exposure and should be offered testing. Quarantine must be 
maintained even if test is negative. 
Refer to Section 2: Testing Modality. Recommendations. Interpretation and Management. 
For more information refer to Annex B: Isolation and Quarantine 
NOTE: Where feasible, contact tracing for any tested individual (symptomatic or asymptomatic) should 
be initiated once lab results have been received and the person has been determined to be a 
confirmed/probable case. 
• For more information on contact tracing notification process refer to the AHS website. 

Guidance on the Use of Masks 

• Non-medical masks and face coverings used in the community may reduce the risk of transmission of 
COVID-19 on the individual and population level. 

• However, non-medical masks and face coverings are not considered to be sufficient PPE in an exposure to 
a confirmed COVID-19 case when assessing whether an individual is a close contact (i.e., wearing a non
medical mask or face covering does not preclude the individual who was exposed from being considered a 
close contact. See rationale below). 

This includes self-reporting of use of medical masks by non-HCW in situations where the case is 
asymptomatic/pre-symptomatic, and where both persons involved in the exposure event are masked. 

• Continuous masking (medical/surgical masks) and proper hand hygiene is considered to offer sufficient 
protection for HCWs<1l who have cared for patients with pre-symptomatic/asymptomatic COVID-19 infection. 
This is NOT considered sufficient PPE for HCWs who work with symptomatic patients or confirmed/probable 
cases. For more information on appropriate PPE for HCW refer to the AHS COVID-19 Personal Protective 
Equipment website. 

<LJ For close contacts with on-going exposure, the last date of exposure is the date the case is determined to be non
infectious i.e., 10 days after onset of symptoms or until symptoms have improved AND afebrile for 24 hours, without the use 
of fever-reducing medications, whichever is longer. 
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Rationale: 

• HCWs have direct access to professional IPC/WHS support to ensure/evaluate appropriate practice 
standards. They are also trained in donning/doffing/using appropriate hand hygiene, are able to implement 
risk assessment practices, and are more aware of the types of interactions they are having with patients. For 
more information refer to Section 6: Management of Health Care Workers (HCW) 

• In addition, mask quality specifications, fit and appropriate use are difficult to assess for members of the 
general public, and self-reports may not be accurate. 

Assessment of PPE in Workplaces 

• In general, employers will be contacted by Public Health if there is a case of COVID-19 who is identified as 
having been at the worksite while infectious. 

Public Health will work with the case, employer and their occupational health and safety (OH&S) 
practitioner (if available) to identify persons who may have been exposed at work (close contacts). 
Public Health will ask employers to identify and notify workplace close contacts. 

• Workplaces that meet specific criteria listed below may consider PPE use in their assessment of close 
contacts if all of the following applies: 

There needs to be a formal OH&S or an IPC professional/practitioner(M) that has knowledge of what 
constitutes adequate PPE for that particular work setting in the context of COVID-19. 
The professional/practitioner must provide oversight of PPE use and provide PPE training to workers in 
that work setting. 
In the event of an exposure to COVID-19 in the work setting, the OH&S or IPC professional/practitioner 
should be able to conduct an assessment to determine if the exposed worker was wearing the 
appropriate PPE as per work site guidance and training. 
This assessment should be documented and made available, if requested by AHS. 

• If the assessment determines the worker was following all PPE guidance and there were no breaches, the 
worker would be considered protected and would NOT be considered a close contact and quarantine would 
not be required. 

• If workplaces do not meet the criteria outlined above, workers exposed to COVID-19 will follow the same 
direction that applies to members of public (i.e. mask use is not considered in the close contacts 
assessment). 

(M) OH&S or IPC team/program includes any one of the following: 
• A certified Occupational Health and Safety (OH&S) professional/practitioner (as defined by the Canadian Society of 

Safety Engineering), 
• A health professional certified in Infection Prevention and Control (by CHICA-Canada) 
• An individual who holds a certificate or other credential in Occupational Health and Safety from a recognized post

secondary institution in Canada 
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Section 6: . Management of Health Care Workers (HCW) (H) 

Recommendations on Return to Work 

• Refer to COVID-19 Return to Work Guide for AHS Healthcare Workers 
• HCWwho may have been exposed to COVID-19 should refer to the COVID-19 Self-Assessment Tool for 

Healthcare Workers and the COVID-19 Testing I Online Booking for more information . 
• The following applies for HCWwho tested positive for COVID-19: 

They require mandatory isolation for 10 days from onset of symptoms or until symptoms have improved 
AND afebrile for 24 hours, without the use of fever-reducing medications, whichever is longer. 
If symptoms such as a lingering cough , loss of sense of taste/smell or fatigue persist beyond 10 days, 
the HCW may return to work as long as other symptoms have improved and they are well enough to go 
back to work. 
If they are asymptomatic and remain asymptomatic, the HCW may return to work 10 days after the lab 
specimen date. 
If the HCW is immunocompromised or has other health conditions (e.g. cardiovascular and liver 
disorders, lung disease, diabetes, high blood pressure, kidney disease, sickle cell disease, dementia or 
stroke (see Host Susceptibility section for more information), they should consult with 
WHS/OHS/MOH/designate for further direction about returning to work . 

Recommendations on Mask Use for HCWs 

• A surgical/procedure mask and good hand hygiene is considered sufficient PPE for asymptomatic HCW 
working with asymptomatic patients, including within the 48 hours prior to developing symptoms. 

If HCW becomes symptomatic, all the patients who they cared for (or co-workers) in the 48 hours prior 
to symptom onset in that HCW will NOT be considered close contacts if the HCW wore a 
surgical/procedure mask and practiced routine, frequent hand hygiene. 
If a patient becomes symptomatic, all HCW that cared for the patient in the 48 hours prior to symptom 
onset in that patient, would NOT be considered close contacts if they were wearing a surgical/procedure 
mask and practiced good hand hygiene i.e., sufficient PPE. 
• If the time of symptom onset for the patient cannot be reliably ascertained (e.g., patient with 

cognitive impairment), WHS/OHS/MOH/designate should be consulted regarding period of 
communicability and its relationship to appropriate PPE use. 

• A surgical/procedure mask and good hand hygiene is NOT appropriate PPE for HCW caring for 
symptomatic patients or when identified as a close contact of a symptomatic co-worker. 

• Appropriate PPE for HCW caring for symptomatic patients or confirmed/probable cases of COVID-19 
includes: medical masks (or N95 respirators when AGMP is performed), eye protection (e.g., goggles, visor, 
and face shield), gloves and gown, which means full contact and droplet precautions. For more information, 
refer to the AHS CCVI 0-19 Personal Protective Equipment website. 

• At this time, immunized HCW should continue to use recommended PPE when caring for patients. 
Immunized HCW who are determined to be a close contacts should follow recommendations outlined in 
Section 7: Management of Close Contacts Immunized Against COVID-19. 

Additional PPE Recommendations for HCWs 

• NOTE: Eye protection is recommended as an additional layer of protection for all patient interactions within 
two metres in areas where there are ongoing high levels of community transmission . 

If a HCW was wearing a surgical/procedure mask, eye protection and was practicing good hand hygiene 
and had brief/transient contact with a patient who had symptoms that were not recognized to be COVID-
19 at the time (e.g. confusion), it's possible that HCW may not be considered a close contact but this 
assessment would have to be done on a case by case basis by WHS/OHS/MOH/designate . 
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Regulated Health Professionals(NJ in Community Healthcare Settings 

• In private community healthcare settings, some health professionals are accountable to their regulatory 
body/colleges and some may have received professional guidance and training on PPE. These 
professionals are accountable to their college/regulatory body to follow guidance on the appropriate PPE 
products to use in their practice settings. 

• NOTE: All regulated health professionals will be assessed by the MOH/designate regarding their IPC 
practices to determine if those offered sufficient protection while caring for COVID-19 patients. Quarantine 
recommendations based on this assessment are at the discretion of the MOH. 

(N) This includes professionals regulated under the Health Professions Act and the Veterinary Profession Act. 
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Section 7: Management of Close Contacts Immunized Against 
COVID-19 
• Vaccines against COVID-19 have been developed and approved for use in Alberta. For more information 

refer to COVID-19 Vaccines and the Alberta Health website on Vaccine Distribution . 
• Current evidence suggests one dose of COVID-19 vaccines can offer very good protection against 

symptomatic COVID-19 infection and severe outcomes including hospitalization and death. A complete 
vaccine series offers even greater protection.<43) 

• Due to the lower risk of infection in immunized persons and reduced transmission from them, the following 
quarantine requirements outlined in CMOH Order 26-2021 apply for Albertans who have received COVID-19 
vaccine. Refer to Table 7a below for more information: 

Table 7a: Management of Immunized Close Contacts 

Fully Immunized No No If NO test done OR if NO quarantine required 
-more than 14 days tested & result is 
after receiving the negative 
second dose of a two- If tested & result is Manage as a confirmed case 
dose vaccine series OR positive of COVID-19 
onedoseinaone-dose t----Y-es---+----Y-e_s ___ ,._..lf~N-0-te_s_t_d_o_n_e----+-M-a_n_a-ge_a_s_a_p_r_o_ba-b-le~ca_s_e_,~ 

vaccine series Continue to isolate** 
Begin to 
isolate* 

Test immediately Result is negative 
after symptom 

onset 

Result is positive 

Strongly recommended to stay 
at home and limit contact with 
others until symptoms resolve. 

NO quarantine reauired 
Manage as a confirmed case 
of COVID-19 

Partially Immunized 
-more than 14 days 
after receiving one 
dose in a two-dose 
vaccine series 

No Yes 1--lf_N_O_te_s_t_d_o_ne ____ ..... Complete quarantine for 1 O 
If tested BEFORE day 7 days from last day of exposure 

Begin to 
quarantine 

Yes 

Begin to 
isolate* 

Test on day 7 or 
later after exposure 

Yes 

Test immediately 
after symptom 

onset 

& result is negative 
If tested on day 7 or later 
& result is negative 
If tested at any time and 
result is positive 
NO test done 

If tested BEFORE day 7 
& result is negative 

If tested on day 7 or later 
& result is negative 

If tested at any time & 
result is positive 

·rhis includes symptoms outlined in Table 2a: Symptom List for COVID-19 Testing 

Quarantine lifted after negative 
test result received 
Manage as a confirmed case 
of COVID-19 
Manage as a probable case, 
Continue to isolate** 
Complete quarantine for 10 
days from last day of 
exposure*** 
Quarantine lifted after negative 
test result received AND 

Strongly recommended to stay 
at home and limit contact with 
others until symptoms resolve. 
Manage as a confirmed case 
ofCOVID-19 

.. Isolate for 10 days from onset of symptoms or until symptoms have improved AND afebrile for 24 hours, without the use of fever-reducing 
medications, whichever is longer 
···If tested again on day 7 or later, quarantine can be lifted after receipt of negative result. 
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Other Considerations: 
• There may be circumstances where it is operationally or medically necessary to exceed the above 

recommendations. 
The Medical Officer of Health, their designate or IPC team responsible for a public health investigation, 
having conducted a clinical assessment, may require individuals to quarantine for periods longer than 
the timeframes included above. 
Organizations (including Alberta Health Services) may require more stringent/longer exclusions for 
higher risk clinical settings or for vulnerable populations. 

• Quarantine outlined in Table 7a does not apply to international travelers returning to Canada. International 
travelers must comply with federal quarantine required by the federal Quarantine Act. 

• NOTE: Individuals who are immunocompromised and immunized should discuss testing recommendations 
with their primary care physician. Profoundly immunocompromised individuals who are fully or partially 
immunized may have a reduced immune response to immunization. Although there are no different legal 
quarantine requirements if they are exposed to a COVID-19 case, it is recommended that those in this 
category exercise extra caution knowing that they may be at higher risk of becoming infected and exposing 
others. 

Additional Recommendations 
• During the 14 days post-exposure, the following apply for fully or partially immunized individuals when not 

required to quarantine: 
may return to work, school, childcare, and other activities, 
they must adhere to all public health measures to minimize transmission, including wearing a mask, 
physical distancing, practicing proper hand hygiene and respiratory etiquette 
reduce their number of contacts when possible (especially avoiding non-essential visits to continuing 
care or acute care settings), 
self-monitor for symptoms and isolate immediately and get tested if develop symptoms. 
Immunized HCWs are still required to adhere to existing PPE guidance. Refer to AHS Personal 
Protective Equipment (PPE) website. 
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Annex A: Testing Performance 
Testing Performance: 

Real-time Reverse Transcriptase-PCR Tests 

The overall performance of COVID-19 molecular tests to determine or rule out lab-confirmed COVID-19 cases 
depends on sensitivity/specificity of the test, stage of illness and the epidemiology of COVID-19 in the 
population. (44 .45l 

False negative rates of molecular tests used to test for SARS Co-V-2 ranges from 1 to 30%. The following may 
lead to false negative results: 

• Low viral load, 
• insufficient virus at the time of specimen collection (i.e., early in the incubation period or later in the 

course of illness), 
• low analytic sensitivity, 
• variability in viral shedding or 
• inappropriate specimen type. (46l 

False negative results pose a challenge in public health management of COVID-19 cases as an individual may 
still be infected and be infectious to others. If the clinical index of suspicion is high, a negative result should not 
rule out disease and the test should be repeated.(OJ 

Although considered extremely rare, false positive results can happen because of non-specific PCR reactions, 
contamination, or specimen mislabeling or mix-up .The proportion of false positive results increases as the 
prevalence of COVID-19 in the population decreases.(45l If a test is thought to be a false positive, the test should 
be repeated. For more information refer to the COVID-19 Scientific Advisory Group Rapid Response Report. 

COVID-19 rapid nucleic acid tests (NAT) such as Simplexa®, GeneXpert®, or BD Max™ are now available in 
Alberta and provide test results within six hours of receipt at the hospital laboratory. These kits are considered 
Rapid COVID-19 Tests and are referred to as such in the current reporting scheme used by APL and Dynalife. 
The performance characteristics of these rapid tests are similar to the COVID-19 lab-developed test being used 
at the APL and additional confirmatory testing is not necessary. (47> 

CT Values 

There is considerable interest in using cycle threshold (CT) values produced by real-time PCR assays to help 
guide interpretation of tests and patient management. While CT values provide a general sense of the level of 
viral nucleic acid in a given sample, they are raw values generated by the testing instruments and are not meant 
to be interpreted in a quantitative manner. CT values are not routinely reported by the laboratory and caution 
must be exercised in their interpretation if they are disclosed. APL discourages the use of CT values to guide 
patient management. Any interpretation of CT values must take the following into account: 

• CT values are not viral loads - all tests used in Alberta are qualitative tests and therefore do not provide 
viral loads. 

• No COVID-19 PCR assays are FDA or Health Canada authorized as quantitative tests. 
• CT values are imprecise measurements due to the heterogeneous nature of respiratory specimens. 
• CT values are also dependent on collection quality, sample type, transport medium, transport conditions, 

and shipping time. 

(OJ While waiting for results of the repeat test, the suspect case should continue to isolate or if hospitalized, continue to be on 
droplet and contact precautions. 
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• CT values are not suitable predictors of transmissibility, which is dependent on numerous clinical factors 
as well. CT values for the same samples will vary widely depending on the instrument and assay used -
they are not comparable from assay-to-assay.<48l 

Serology Testing 

Limitations of serology tests include the following: 

• They are not useful in the diagnosis of acute COVID-19 infection (see above for more information). 
• The relationship of various antibody types, amounts and timing of appearance to immunity is currently 

unknown. 
• The sensitivity of serology testing in immunocompromised individuals or the elderly is currently not 

known. 

Serological assays may be useful in targeted sampling studies in the population to model the spread of the virus 
and the immune response dynamics to inform the risk of further epidemic waves. They may also be used for 
retrospective case identification, diagnosing post-infectious complications, and to more accurately determine the 
prevalence of COVID-19 infection.<45l 

Rapid COVID-19 Tests 

Health Canada has approved a number of rapid tests for diagnostic use in symptomatic individuals, including the 
ID NOW'", PanBio'M manufactured by Abbott which are available in certain sites in Alberta. The ID NOW'" is a 
molecular test which detects SARS-CoV-2 from throat swab specimens and approaches the sensitivity and 
specificity of lab-based molecular testing done by APL. The PanBio'" is an antigen test which has high specificity 
but reduced sensitivity (higher rate of false negative results) that detects SARS-Co-V2 from nasopharyngeal or 
nasal specimens. The BD Veritor™ is another point-of-care antigen test recently introduced in Alberta. In 
situations where pre-test probability for COVID-19 infection is high, referral for RT-PCR testing at APL is 
necessary to confirm negative results from antigen tests. <33.47.49l 

The ID NOW'~. PanBio'~ and BD Veritor™ provide results in approximately 15 minutes. For best performance, it 
is recommended these tests be used in individuals who have been symptomatic for less than seven days and 
are not recommended for use in those who are asymptomatic or who have been symptomatic for more than 
seven days.<49·50l However, the ID NOW may be used in asymptomatic close contacts of a confirmed case of 
COVID-19.<51 l 
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Annex B: Isolation and Quarantine 
Isolation is required for the following: 

• It is highly recommended that ALL cases of COVID-19 (VOC or non-VOC) isolate completely away from 
their household members to prevent ongoing exposure. If this cannot be accomplished at home, use of an 
isolation hotel or a different dwelling should be considered. 
- If the case isolates at home, the following would apply: 

• the case must remain completely away from others, in a separate room with access to their own 
bathroom. 
if the case must use a shared space, even temporarily when others are not present (such as a 
hallway to the bathroom), the case must wear a mask. 
if there are multiple individuals in the household, these individuals should also remain separate from 
each other as much as possible. 
If any household contacts become a COVID-19 case, the remainder of the household contacts will 
have to restart their quarantine period based on their last date of exposure to the most recent case. 

• Individuals with new onset of any of the following symptoms: fever (over 38 degrees Celsius) and/or new 
onset of (or exacerbation of chronic) cough, SOB/difficulty breathing, sore throat or runny nose, loss of 
sense of taste or smell must isolate for 10 days from onset of symptoms or until symptoms have improved 
AND afebrile for 24 hours, without the use of fever-reducing medications, whichever is longer. 

• NOTE: Exemption applies for children with runny nose or sore throat. See Exemptions to Mandatory 
Isolation/Quarantine. 

• Individuals with any of these symptoms and others listed in Table 2a: Symptom List for COVID-19 Testing 
should complete the online COVID-19 self-assessment or call 811 to arrange for testing, and remain 
isolated until test results are available: 

If COVID-19 test result is positive, manage as a confirmed case and continue isolation for 10 days from 
onset of symptoms or until symptoms have improved AND afebrile for 24 hours, without the use of fever
reducing medications, whichever is longer. 
If person was NOT a close contact and if COVID-19 test result is negative, they are strongly 
recommended to stay at home and limit contact with others until symptoms resolve. 
If person was a close contact to COVID-19 and if COVID-19 test result is negative, they still MUST 
complete the 14-day quarantine since their last exposure. 

• For more information on isolation requirements refer to the COVID-19 Alberta website. 
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Quarantine is required for the following: 

• Returning international travelers must follow federal quarantine requirements after arrival in Canada (unless 
exempted by Federal/Provincial Government) and should monitor for symptoms. Refer to Table 2a: 
Symptom List for COVID-19 Testing. 

If at any time during the quarantine period they develop symptoms, they should follow instructions 
provided by Government of Canada upon arrival in Canada. This may include accessing provincial 
COVID-19 testing by completing the online COVID-19 self-assessment or call 811 to arrange testing for 
COVID-19: 
• 
• 

If COVID-19 test result is negative, continue quarantine for full 14 days . 
If COVID-19 test result is positive, isolation is required for 14 days from onset of symptoms or until 
symptoms have improved AND afebrile for 24 hours, without the use of fever-reducing medications, 
whichever is longer. 

• The following quarantine requirements apply for unimmunized close contacts. For close contacts who are 
immunized, refer to Section 7: Management of Close Contacts Immunized Against COVID-19 

Close contacts of confirmed cases must quarantine for 14 days since last exposure and should 
monitor for symptoms. Refer to Table 2a: Symptom List for COVID-19 Testing. 
Close contacts of probable cases should also be quarantined for 14 days since last exposure and 
monitor for symptoms. 
Quarantine requirements for household contacts: The last day of exposure for household contacts 
depends on whether the case is able to isolate adequately away from the household or not: 
• A case is considered to be adequately isolated from their household members at home if they 

are able to remain completely away from others (i.e. in a separate room with access to their own 
bathroom and no interaction with the rest of their household or if they are isolating in an isolation 
hotel). 

• The last day of exposure for household contacts of cases who CAN adequately isolate away 
from their household members would be the day the case went into an adequate isolation 
location e.g. went to an isolation hotel. 

• All household contacts of cases who CANNOT adequately isolate away from their household 
members are required to quarantine every day they are exposed to the case during the case's 
isolation period, and continue their quarantine for 14 days after the last day of exposure (i.e., the 
last day of isolation for the case). 

Close contacts of confirmed/probable cases should be offered testing and instructed to complete the 
online COVID-19 self-assessment or call 811 to arrange testing for COVID-19. For more information 
refer to Table 2b: Management of Tested Individuals . As of April 28, 2021, one test is recommended 
for all close contacts during their quarantine period: 
• Arrangements for the test should occur when they are first notified they are a close contact. 
• If at any time during the quarantine period, the close contact becomes symptomatic they should be 

re-tested. 
• NOTE: Under certain circumstances, and in certain settings such as acute care facilities and long

term care facilities, additional testing recommendations are at the discretion of the MOH. 
• For more information on quarantine refer to difference between quarantine and isolation 
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Exemptions to Mandatory Isolation/Quarantine 

Children Under the Age of 18 

• Runny nose and sore throat were removed from the core symptom list on the Alberta Health daily checklist 
for children and youth under the age of 18 years, as well as all students who attend kindergarten to grade 
12, including high school students over 18 years, in October 2020. 

• Any child with a single symptom of runny nose or sore throat but no fever, cough, SOB/difficulty breathing 
and who has NO KNOWN EXPOSURE is exempt from the 10 day isolation requirement as outlined in the 
exemption for individuals under 18 years of age. 

• For more information refer to the COVI D-19 Alberta Health Daily Checklist and the Alberta Health website 
on changes to the daily symptoms checklist for children under 18. 

Immunized Individuals (Pl 

• Following the administration of any vaccine, an immunized person should be counseled about the risk of 
short-term self-limited side effects, including local reactions and systemic reactions. 

• Because some side effects following immunization such as fever, fatigue, headache, muscle/joint ache, 
vomiting/diarrhea are similar to symptoms for COVID-19, if a vaccine recipient develops these symptoms 
after vaccination in the expected timeframe for that vaccine (for most vaccines: within 24 hours; for MMR, 
Varicella and MMRV, usually within five to 12 days; COVID-19 vaccines, usually within a few hours to a few 
days), they should stay home and away from others. 

• If the symptoms resolve within two days (48 hours), they can resume normal activities, unless they have 
been instructed to quarantine or isolate for other reasons. 

• If the symptoms do not resolve within two days (48 hours) of symptom onset, they should continue to stay 
home and complete the online COVID-19 self-assessment or call 811 to arrange testing. 

• If testing is not done, anyone 18 years of age and older should remain at home for 10 days after onset of 
symptoms if they exhibit any of the following symptoms - fever, cough, runny nose, sore throat, shortness of 
breath, loss of sense of taste or smell until symptoms have improved AND afebrile for 24 hours, without the 
use of fever-reducing medications, whichever is longer. For information about children under 18 years old or 
about students who attend kindergarten to Grade 12, including high school students over 18, refer to the 
COVID-19 Alberta Health Daily Checklist 

• Anyone (adult/child) with other COVID-19 symptom list outlined in Table 2a: Symptom List for COVID-19 
Testing but not included in CMOH Order 26-2021 or exempted as outlined in the COVID-19 Alberta Health 
Daily Checklist should stay at home until symptoms resolve. 

<P> Exemptions are outlined in Clarification of CMOH Order 05-2020 posted on the Alberta Health website August 27, 2020. 
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Annex C: Management of COVID-19 Outbreaks 

Outbreak-related Definitions 

• Outbreak: "The occurrence of cases of disease in excess of what would normally be expected in a defined 
community, geographical area or season" (World Health Organization, 2018). NOTE: A common source of 
infection or the identification of transmission between cases are not requirements for an outbreak. The 
epidemiologic features of an outbreak and subsequent public health actions are assessed through the outbreak 
investigation process. 

• Alert: A warning sign that the situation may evolve into an outbreak. The threshold for triggering an alert is 
dependent on the specific setting. For more information, refer to Table C1: Outbreak Definitions of COVID-19. 

• Public Reporting: The minimum number of cases marking the threshold for public reporting of COVID-19 
outbreaks. 

Management of Community Outbreaks 

• A COVID-19 outbreak may be declared for community settings based on outbreak definitions listed in Table 
C1 : Outbreak Definition of COVID-19. The Alberta Outbreak Reporting Form (AORF) must be completed 
and sent to Alberta Health when an outbreak is declared as described in Table C1. 

• An outbreak in the community or workplace/work camp may be declared over 28 days (i.e., two incubation 
periods) from date of onset of symptoms in the last case. 
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Table C1: Outbreak Definitions of COVID-19 

• NOTE: Different alert and outbreak definitions are developed for different settings according to the risk level 
of that specific setting. 

• The risk level is based on the combination of vulnerability of the population to severe illness and ease of 
transmission within the setting. It is critical to take early action to investigate and institute control measures. 

I 'l.M!\) c+ll liml3 1""·'°'i111 •H:J (..;l[lfil l•JllUlt*-1:< j ~ i'Htitl ~~" ITI'- 1111 1 - ~ •y ...... 

.... ....,.~ilfll t 

Congregate Very High Risk Continuing Care, Long-term Care, 1 symptomatic person 1 confirmed case 2 confirmed 
Settings DSL (see Table A3) cases 

Acute care See AHS Acute Care See AHS Acute 
Outbreak document Care Outbreak 

document 
High Risk Prisons/Correctional Facilities 1 symptomatic person 1 confirmed case 5 confirmed 

(see Table A3) cases 
Homeless Shelters or Temporary 1 symptomatic person 1 confirmed case 5 confirmed 
Housinq (see Table A3) cases 

High Risk Standalone work camps OR work 2 confirmed case¥ 5 confirmed cases€ 10 confirmed 
Workplaces sites with ;:: 1 work camp cases 

Workplaces where individuals work 1 confirmed case¥ 2 confirmed cases€ 10 confirmed 
in close proximity indoors for cases 
extended periods of time e.g. Food 
Processing Facil ities, Warehouses, 
Distribution , or Manufacturing 
Facilities etc. 

Medium Risk Schools See Table C5: Manaaement of Outbreaks in Schools IK-12 \ 
Child care setting: includes 2 symptomatic 2 confirmed cases€ 5 confirmed 
daycares, after school care, day individuals within 48 cases 
homes and preschools hours OR 1 confirmed 

case (see Table A4) 
Events Medium Risk Including but not limited to weddings, NIA 5 confirmed cases* 10 confirmed 

funerals, religious gatherings, cases 
community events and small associated with 
gatherings with more than one at least 3 
household households 

Public Medium-Low Including but not limited to hair N/A 5 confirmed cases* 10 confirmed 
Settings Risk salons, restaurants, retail spaces, cases 

indoor or outdoor recreation facilities, 
etc. 
Post-Secondary Institutions (i.e., See Table C6: Management of Outbreaks in 
classes, cafeteria/restaurant, PSI 
residences) 

Other work Medium-Low Workplaces that do not fit into the NIA 5 confirmed cases* 
places Risk categories above (e.g. office 

buildings, group homes0 , work sites 
with no association with a work camp .. ") 

.. .. 
Confirmed case(s) needs to have been in the setting during their incubation penod or infectious penod 

¥ Work camps and other facilities: Consider involvement of Environmental Public Health to ensure knowledge of the worksite and workforce. 
For schools refer to the Resource Guide for COVID-19 Outbreaks in Schools. 
€Case numbers within a 14 day period, OR cases with an epi link (i.e. an exposure at a common setting, presence at a gathering, or time spent in 
a common location or venue, where there is reasonable evidence that transmission could have occurred) 
*Case numbers within a 14 day period, OR cases with an epi link (see above) AND at least two or more households are involved. 
0 These are group homes not covered by CMOH Order 23-2021. 
•••Work sites where all workers leave site using own transportation or charter/shuttle bus and go to nearest municipality (e.g., Fort McMu"ay) to 
their own private accommodations at the end of each shift. 
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Management of COVID-19 Outbreaks in Facility/Other Congregate Settings(Q) 

Testing of Staff/Residents/Children 
• Testing should be done for the following symptomatic individuals: 

Residents/staff in facilities as per CMOH Order 23-2021 (i.e., licensed supportive living (including group 
homes and lodges), long-term care (nursing homes and auxiliary hospitals), and hospice services, 
Residents/staff in other congregate settings· not covered by CMOH Order 23-2021 (e.g., corrections, 
shelters) 

• Refer to Table C2: Symptoms to Initiate Testing. 

• For more information on testing refer to Section 2: Testing Modality. Recommendations. Interpretation and 
Management. 

Table C2: Symptoms to Initiate Testing 

Fever 
Cough (new cough or worsening chronic 
cough) 
Shortness of breath/difficulty breathing 
(new or worsening) 
Runny nose 
Sore throat 

New/unusual onset of any of the following : 
Stuffy nose 
Painful swallowing 
Headache 
Chills 
Muscle/joint ache 
Feeling unwell/fatigue/severe 
exhaustion 
NauseaNomiting/Diarrhea/Unexplained 
loss of appetite 
Loss of sense of smell or taste 
Conjunctivitis 

Fever (37.8°C or higher) 
Cough (new cough or worsening chronic 
cough) 
Shortness of breath/difficulty breathing (new or 
worsening) 
Runny nose 
Sore throat 

NEW ONSET of any of the following : 
Stuffy nose/Sneezing 
Hoarse Voice/Difficulty or Painful swallowing 
Headache 
Chills 
Muscle/joint ache 
Feeling unwell/fatigue/severe exhaustion 
NauseaNomiting/Diarrhea/Unexplained loss of 
appetite 
Loss of sense of smell or taste 
Conjunctivitis 
Altered/change in mental status 

• For recommendations on management of outbreaks in facilities and other congregate settings refer to Table 
C3: Management of COVID-19 Outbreaks in Facility/Other Congregate Settings 

(Ol Congregate settings are defined as locations where individuals live, work or are cared for within close quarters in a 
communal environment. 
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Table C3: Management of COVID-19 Outbreaks in Facility/Other Congregate Settings(U) 

Facility (e.g., long 
term care facility) 

Other Congregate 
Setting!Ul (e.g., 
corrections, shelters) 

• For any staff/resident with symptoms 
listed in Table C2 above, the following 
actions apply: 

Resident must be isolated, placed on 
contact and droplet precautions and 
tested for COVID-19. 

Any symptomatic staff MUST NOT 
work. They must self-isolate at home 
and arrange for COVID-19 testing on 
site or via the HCW screening online 
tool. 

• Determine any urgent issues for the 
site/facility e.g., access to testing , 
personal protective equipment (PPE) etc. 

• No reporting to Alberta Health (AH) 
required . 

• If test results are negative for COVID-19, 
usual influenza like-illness (Ill) or 
gastrointestinal illness (GI) outbreak 
protocols (e.g., daily line lists, enhanced 
IPC and other control measures) should 
be followed, as appropriate to the 
identified organism causing the outbreak 
and report to AH as per usual processes. 

A COVID-19 Outbreak is 
defined as: 

Any resident who is 
confirmed to have 
COVID-19 and/or 

Any staff member who is 
confirmed to have 
COVID-19(Rl AND 
worked at the site during 
the period of 
communicability OR 
likely acquired infection 
at work 

All confirmed 
COVID-19 outbreaks 
should be 
investigated and 
reported 

(RJ This refers to staff in facilities as per CMOH Order 23-2021 and in other congregate settings who worked at the site/s during 
the incubation period or during the communicable period WITHOUT appropriate PPE. (See section on Management of HCW). 
This also includes any staff who may have been symptomatic even while using continuous masking, eye protection and practicing 
good hand hygiene. 

The communicable period is defined as 48 hours before symptom onset to isolation date in symptomatic cases, OR 48 
hours before lab specimen collection date to isolation date in asymptomatic cases. 

NOTE: If staff worked at multiple sites in the 48 hours prior to symptom onseUlab test WITHOUT appropriate PPE, 
outbreak should be declared at those sites. 
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Other COVID-19 Outbreak Management Recommendations for Facilities 

• For more information refer to the AHS Guidelines for COVID-1 9 Outbreak Prevention. Control and 
Management in Congregate Living Sites and the CMOH Order 23-2021 . 

• An outbreak in licensed supportive living (including group homes and lodges), long-term care (nursing home 
and auxiliary hospitals) and hospice services may be declared over after 28 days (two incubation periods) 
from date of onset of symptoms in the last case, with the following exception 

If a staff member is the only confirmed case at the outbreak site, the outbreak can be declared over after 
14 days from their last day of work. 
• NOTE: Asymptomatic staff and residents should NOT be retested during a site outbreak if they were 

a lab confirmed COVID-19 case within the past 90 days. For more information, refer to the Testing 
and Management of Resolved Cases section. 

PPE Recommendations for Staff during a Confirmed Facility COVID-19 Outbreak 

• Where there is evidence of transmission (defined as two or more lab-confirmed COVID-19 cases) , 
continuous use of surgical/procedure mask and eye protection (e.g., goggles, visor, or face shield) is 
recommended for all staff providing direct face-to-face care of residents/patients . 

• Full contact and droplet precautions should be applied when providing care to any symptomatic person 
(including any lab-confirmed case of COVID-19) until that person is determined by IPC (where available) or 
the MOH/designate to be non-infectious. 

• NOTE: For PPE recommendations for all other patient care areas in AHS and community settings with NO 
COVID-19 outbreak, refer to the AHS website on Personal Protective Equipment (PPE) 
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Management of COVID-19 Outbreaks in Child Care Settings 

• Child care settings includes daycares, after school care, preschools, and day homes. 
• Parents/students should be instructed to complete the COVID-19 Alberta Daily Checklist (for Children under 

1fil before going to childcare and follow instructions as outlined in the checklist. 
• Childcare staff should complete the COVID-19 Alberta Daily Checklist for adults before going to a childcare 

setting. 
• For staff with COVID-19 symptoms listed in Table C2: Symptoms to Initiate Testing the following actions 

apply: 
Any symptomatic staff MUST NOT work. They must isolate at home and arrange testing via the online 
COVID-19 self assessment or call 811. 
Refer to Table C4: Management of COVID-19 Outbreaks in Child Care Setting for more information. 
An outbreak in a child care setting can be declared over 28 days (two incubation periods) after date of 
onset of symptoms in the last case. 

• Asymptomatic staff and children should NOT be retested during a childcare setting outbreak if they were a 
lab confirmed COVID-19 case within the past 90 days. For more information, refer to the Testing and 
Management of Resolved Cases section. 

• NOTE: For any child with a rash illness, follow usual notification/management process as outlined by AHS. 

Table C4: Management of COVID-19 Outbreaks in a Child Care Setting 

Child Care 
Setting 

• 

• 

• 

• 

Two symptomatic individuals 
(child/staff) within 48 hours 
The child care setting must call the 
Coordinated Early Identification 
and Response (CEIR) Team at 1-
844-343-0971 to connect with 
public health who will: 

advise on additional IPC 
measures, 

recommend testing for 
symptomatic persons via the 
online COVID-19 self 
assessment tool or call 811 

refer to EPH or CDC if 
investigation determines 
symptoms may be due to 
another pathogen 

No reporting to Alberta Health (AH) 
required . 
If test results are negative for 
COVID-19, usual influenza like
illness (Ill) or gastrointestinal 
illness (GI) outbreak protocols 
(e.g., daily line lists, enhanced IPC 
and other control measures) 
should be followed, as appropriate 
to the identified organism causing 
the outbreak and report to AH as 
per usual processes. 

When there is one 
confirmed case 
(staff/child) in a child care 
setting, actions include 
but not limited to the 
following : 

Case investigation 
and contact follow
up 

Engagement with the 
child care setting as 
appropriate to 
ensure measures 
are in place to 
prevent spread, 
identify additional 
cases early and 
communicate with 
parents in a timely 
manner 

Report to AH 
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Management of COVID-19 Outbreaks in Schools (K-12) 

• Parents/students should be instructed to complete the COVID-19 Alberta Daily Checklist (for Children under 
.1.fil._before going to school and follow instructions as outlined in the checklist. 

• School staff/teachers should complete the COVID-19 Alberta Daily Checklist for adults before going to 
school. 

• For one staff with COVID-19 symptoms listed in Table C2: Symptoms to Initiate Testing, the following 
actions apply: 

Any symptomatic staff MUST NOT work. They must isolate at home and arrange testing via the online 
COVI D-19 self assessment or call 811. 

• Refer to Table CS: Management of COVID-19 Outbreaks in Schools for more information. For full guidance, 
please refer to the COVID-19 guidance and health measures for K-12 schools website 

• An outbreak in a school can be declared over 28 days (two incubation periods) after date of onset of 
symptoms in the last case. 

• NOTE: Asymptomatic staff and children should NOT be retested or quarantined during a school outbreak if 
they were a lab confirmed COVID-19 case within the past 90 days. For more information, refer to the Testing 
and Management of Resolved Cases section. 

Table C5: Management of COVID-19 Outbreaks in Schools (K-12) 

School • One confirmed case (i.e., staff, 
student and/or visitor) in the school 
setting who was present at the 
school while infectious and/or most 
likely became infected at the school. 

• Actions during an alert include but 
not limited to the following: 

Engagement with the school as 
appropriate to ensure measures 
are in place to prevent further 
spread 

Communication with parents/ 
school board 

Report to AH 

A COVID-19 Outbreak 
investigation will begin when: 

Two confirmed cases (i.e., 
staff, student and/or visitor) 
within 14 days (one 
incubation period) who were 
present at the school wh ile 
infectious and/or most likely 
became infected at the school 
OR 

Two confirmed cases (staff, 
student and or visitor) that are 
epidemiologically linked who 
were present at the school 
while infectious and/or most 
likely became infected at the 
school. 

Outbreak investigations in schools 
will be publicly reported on the 
Alberta Health website as follows: 

A school with 2-4 confirmed 
cases will be publicly reported 
as an "Alert (2-4 cases)" 

A school with 5-9 confirmed 
cases will be publicly reported 
as an "Outbreak (5-9 cases)" 

A school with 1 O+ confirmed 
cases will be publicly reported 
as an "Outbreak (10+ cases)" 

Public Health Disease Management Guidelines I Coronawus COVID 19 
© 2021 Government of Alberta 

Classification: Public 

All confirmed COVID-19 
outbreak investigations 
should be investigated 
and reported 

42 

360



Management of COVID-19 Outbreaks in Post-Secondary Institutions (PSI) 

• PSI should follow recommendations as outlined in the Post-Secondary Institution Guidance document 
posted on the BizConnect website. 

• Refer to Table C6: Management of COVID-19 Outbreaks in PSI for more information. 
• An outbreak in PSI can be declared over 28 days (two incubation periods) after date of onset of symptoms in 

the last case. 

Table C6: Management of COVID-19 Outbreaks in PSI 

Class Setting or Other 
Program in which 
students/faculty are 
attending in person 
Residence 
(operated/contracted by PSI 
to cater for PSI students in 
which students share 
dormitory rooms, 
bathrooms, food 
preparation/in residence 
food services) 

NIA 

Two confirmed COVID-19 
cases (staff/student) in a PSI 
(staff/student) with in 14 days 
(one incubation period) 

Restaurant/Cafeteria located N/A 
on PSI 
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Management of COVID-19 Outbreaks in a Workplace 

• Any staff/client with COVID-19 symptoms listed in Table C2: Symptoms to Initiate Testing MUST NOT work 
and testing should be arranged by completing the online COVID-19 self assessment or by calling 811. 

• Refer to Table C1: Outbreak Definitions of COVID-19 for information on COVID-19 alerts and confirmed 
outbreaks. 

Notifications of Public Exposures of COVID-19 

• In instances where it is determined that a known COVID-19 positive case attended a public space/event 
while infectious, every effort should be made by public health to identify close contacts and notify them 
individually of their exposure. 

• However, in the following circumstances, notification of public exposures using communication tools such as 
distribution of letters or a media announcement may be considered to notify potentially exposed individuals 
of their risk and actions they should take: 

If there is a significant exposure risk (e.g., case attended the public space/event two days before and/or 
within 5 days of their symptom onset with respiratory symptoms, multiple exposures or prolonged close 
contact, i.e., cumulative for a total of 15 minutes or more over a 24-hour period and within two metres 
with a case, crowded setting, confined and enclosed spaces with poor ventilation) AND there is no ability 
to identify close contacts AND it has been a short time since exposure occurred, 
Site/event organizer not willing or able to provide contact lists, 
Vulnerability of individuals in that setting e.g., seniors' coffee space 
Other situations as determined by the MOH. 

• These tools should be utilized on the recommendation of the Zone MOH and in collaboration with public 
health teams, impacted stakeholders, and Alberta Health. 
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Annex D: Management of Travelers 

• An official global travel advisory is in effect and non-essential travel is NOT recommended. 
• Any returning travelers to Canada, must follow mandatory requirements as laid out in the Federal 

Emerqencv Order under the Quarantine Act and CMOH Order 26-2021 . 
• Some individuals may be exempt from travel restrictions (e.g., if they provide critical services and have no 

symptoms, or meet other exemption criteria). For more information refer to the PHAC website on 
Exemptions to travel restrictions. 

Flight Notification to PHAC for Posting on Their Website: Known COVID-19 + (VOC or 
non-VOC) Passenger on Board While Infectious 

• Information for domestic/international flights with infectious cases are sent to PHAC to be posted on the 
Government of Canada Coronavirus disease (COVID-19): Locations where you may have been exposed. 

• Local public health (AHS/FNIHB) will notify PHAC directly (and cc airline) of flights with known COVID-19 
case that flew while infectious. Reporting criteria includes: 

Cases who were symptomatic during travel, or 
Cases with symptom onseUlab specimen collection date no more than 10 days BEFORE the date of 
travel, or 
Cases with symptom onset no more than 48 hours AFTER the date of travel. 
Flight has occurred within past 14 days. 

• NOTE: since pre-symptomatic/asymptomatic transmission of COVID-19 can occur, individuals do not have 
to have been symptomatic while on the flight in order to post flight information on the website. 

• Minimum information needed to post flight information: 
Includes travel within Canada OR travel into Canada as a final destination (this may involve more 
than 1 flight for 1 person): 
Flight date: 
Airline and Flight Number: 
Departure location and Arrival destination; 
Seat/row information (if known); 

Case Onset date (as per notifiable disease guideline for symptomatic/asymptomatic cases) ; and 
DI (or NOR#) number & DI Initials (First Name Initial, Last Name Initial). 

Flight Notification to Airline to Request Flight Manifest for Domestic Flights: Known 
VQC(Sl Case on Board while Infectious 

At this time flight manifests are only being requested for domestic flights (flights within Canada). 

• Local public health (AHS/FNIHB) will request flight manifest from airline (and cc PHAC IJN) for flights with 
a confirmed/presumptive VOC case that flew while infectious within the last 21 days. 

The same fields required here as for flight notification with addition of voe identified or presumptive 
status 

• Once manifest is received, local public health team reviews the list as outlined in the table. 

<5> Public Health will request flight manifests for flights that had B.1.351 (Beta) , P.1 (Gamma) and 8 .1.617.2 (Delta) variant 
case on board. 
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Table 01: Fli 

• All flight contacts in affected rows 
will be followed-up by local PH. 

Flight contacts that are currently in 
AB (i.e., both residents and non
residents) will be managed by 
local PH. 

Flight contacts that are not 
currently in AB, are to be 
transferred to Alberta Health via 
established processes (e.g ., 
CDOM). 

If unable to reach a flight contact 
the file should be closed as 
"Unable to Contact" or "Lost to 
Follow up"; do not transfer to AH. 

• Alberta Health will obtain OOP/OOC 
flight contacts from local PH and 
transfer to appropriate PIT if in Canada 
and to PHAC if out-of-country (OOC). 

• If OOP/OOC notification has already 
occurred, AH will send updated voe 
information to appropriate OOP/OOC 
jurisdiction 

• Do NOT request flight manifests due to • Not applicable. 
the new federal quarantine 
requirements. CT> 

• AB public health to follow-up and • OOP/OOC notifications as outlined 
manage these cases for reporting and above. 
surveillance purposes. 

• Flight notifications and manifests 
should be made/requested as outlined 
above. 

<T> Source: httos: //travel. gc. ca/travel-covid/travel-restrictions/flying/covid-19-testi nq-travellers-com ing-i nto-ca nada#getting-tested 
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Provincial Chartered Flights 

• Flight manifests, especially those relating to work camps, should be requested from the airline by the 
company's Occupation Health and Safety team as part of the case/contact investigation, and follow up as 
per guidance below. AHS should ensure that this has been completed and assist in the notification of out-of
province cases and contacts as per below. 

• AHS/FNIHB will notify AH via established processes (e.g., CDOM) of any cases that reside outside 
Alberta, and that travelled while infectious. The following information should be included: 

ULI or CDOM DI#, 
Contact information (address, phone#) 
Onset date of source case, 
Dates of travel, 
Airline(s), and 
Seat number(s) (if known). 

• AHS/FNIHB will notify Alberta Health via established processes (e.g., CDOM) of any close contacts that 
reside outside of Alberta and that travelled on the same flight as a confirmed case that require notification. 

ULI or CDOM DI# (if available) 
Contact information (address, phone#) 
Dates of travel, 
Airline(s), and 
Seat number(s) (if known). 

• Contact tracing of travelers on a chartered airplane who may have been exposed to case of COVI D-19 
during a flight should be made on a case-by-case basis based on the following: 

case's classification (e.g., confirmed), 
the type and severity of symptoms of the case during the flight, 
movement of case around the plane cabin, and 
distancing and preventive measures during flight. 

• There is currently no evidence of transmission risk related to flight duration. The following recommendations 
apply regardless of length of flight. 

• When a case(passenger) was symptomatic on the flight contact tracing should focus on the following: 
passengers seated within two meters of the index case, AND 
crew members serving the section of the aircraft where the index case was seated, AND 
persons who had close contact with the index case, e.g., travel companions or persons providing care. 

• Expanding the scope of contact tracing may be considered based on the severity of symptoms of the case 
(passenger) during the flight e.g., persistent coughing, sneezing, diarrhea or vomiting. 

• If the case on the flight was a symptomatic crew member, contact tracing may also be considered for all 
passengers seated in the area where the crew member provided service and all other crew members. 

• Refer to Management of Close Contacts of Confirmed/Probable Cases section for further management of 
these contacts. 

Public Health Disease Management Guidelines I Coronav1rus COVID-19 
© 2021 Government of Alberta 

Classification: Public 

47 

365



Annex E: Preventative Measures 
• For more information on prevention of COVID-19 refer to the following websites: 

COVID-19 info for Albertans 
Help prevent the spread 

Information for Albertans 
Measures to reduce COVID-19 

Resources on COVID-19 

• Alberta Health www.alberta .ca/coronavirus-info-for-albertans.aspx 

• Alberta Health Services www.albertahealthservices.ca/topics/Paqe16944.aspx 

• PHAC www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection. htm I 

• WHO www.who.inVemerqencies/diseases/novel-coronavirus-2019 

• CDC www.cdc.gov/coronavirus/2019-ncov/index.html 

• ECDC www.ecdc.europa.eu/en/novel-coronavirus-china 
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Annex : Revision History 
• NOTE: Revision history from 2020-01-29 to 2020-05-20 available in the Public Health Disease Management 

Guidelines: Coronavirus - COVID-19 posted August 28, 2020. 

Revision Document Section • Description of Revision 
Date 
2020-08-25 Case definition • Under footnote A added information on 

the performance characteristics of the 
Simplexa®, GeneXpert®, or BD Max™ 
NAT 

Clinical presentation • Added information on Multi-system 
inflammatory Syndrome in Children (MIS-
C) 

Diagnosis • Added information on Simplexa®, 
GeneXpert®, and BD Max™ NAT test 
results are considered confirmatorv 

Section 2: Testing Modality, • Added information on COVID-19 testing 
Recommendations, Interpretation performance for molecular tests and 
and Management serology 

• Added new section on management of 
resolved cases 

Section 3: Key Investigation • Expanded close contact definition 

Section 5: Management of Close • Added information on Guidance on the 
Contacts use of masks 
Section 6: Mandatory Quarantine • Added new information regarding 
& Isolation immunized individuals with COVID-19 

svmotoms oost immunization 
Annex A- Management of • Expanded section to include outbreak 
Outbreaks definitions, management of COVID-19 

outbreaks in childcare settings, schools 
and workplaces 

• Added section on notification of COVID-
19 in public exposures 

Annex B: Management of • Updated section on national and 
Travelers international fliohts 

2020-01-03 Case Definition • Added rapid/POC NAA T and antigen tests 
to the confirmed case definition 

• Footnote A updated to include info on the 
ID NOW and PanBio tests from Abbott 

General • Order 23-2020 has been updated to Order 
32-2020 

Clinical presentation • Updated information to include symptoms 
most freauentlv observed in Canada 

Transmission • Updated to include information on 
aerosol/airborne transmission 

Host Susceptibility • Updated with conditions/individuals most 
susceptible to COVID-19 

Section 1: Diagnosis • Information on rapid nucleic acid tests 
moved to Section 2: Testing Modality, 
Recommendations, Interpretation and 
Manaaement 
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Section 2: Testing Modality, • Updated information on individuals eligible 
Recommendations, for testing in AB 
Interpretation and Management • Added section on Rapid COVID-19 Tests 

• Reworded section on Testing and 
Manaaement of Resolved Cases 

Section 5: Management of Close • Updated section on Guidance on the use 
Contacts of Masks 

• Added new section on Assessment of 
PPE in Workplaces 

Section 6: Mandatory Isolation • Added section on Exemptions to 
and Quarantine Isolation/Quarantine 
Section 7: Management of HCW • Added information on when HCW who are 

cases can return to work 

• Added that eye protection is 
recommended during patient interactions 
in places where community transmission 
is high 

• Added section on recommendations for 
regulated HCW 

Section 9: Management of • New section added 
Individuals Immunized Against 
COVID-19 

Section 9: Preventative • Updated to include links to AH, AHS, 
Measures PHAC websites 

Annex A: Management of • Updated Outbreaks in Schools section to 
COVID-19 Outbreaks align with the School Outbreak Resource 

Guide 

• Added section on Outbreaks in Post-
Secondary Institutions 

• Updated section on Notifications of Public 
Exposures of COVID-19 

Annex C: • Older revisions removed. Table only 
includes revisions from Auaust 2020. 

2021-03-16 Annex A: Management of • Updated some of the reporting thresholds 
COVID-19 Outbreaks in Table A 1: Outbreak Definitions for 

COVID-19 
Annex C: Management of • New Annex added 
COVID-19 Variants of Concern 
Annex D: Revision History • This used to be the old Annex C 

2021-05-27 Case Definition • Probable Case definition updated to align 
with PHAC case definition 

• Suspect Case definition and Exposure 
criteria removed. 

Reporting Requirements • Added reporting requirements for POCT 
(antiaen & molecular) tests 

Epidemiology • Sections updated to include information 
on variants of concern 
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Public Health Management • Added information that following sections 
on public health management apply to 
voe and non-VOC cases and their close 
contacts 

Section 2: Testing Modality, • Added information on rapid screening 
Recommendations, program 
Interpretation and Management 
Treatment of Cases • Section updated 

Section 7: Management of Close • Updated to include new quarantine 
Contacts Immunized Against recommendations for fully and partially 
COVID-19 immunized individuals 
Annex A: Testing Performance • This is a new annex and includes 

information from Section 2: Testing 
Modality, Recommendations, 
Interpretation and Management 

Annex B: Isolation and • New annex that includes information on 
Quarantine isolation and quarantine from the previous 

Annex C: Management of VOC 
Annex C: Management of • This was the previous Annex A 
COVID-19 Outbreaks 
Annex E: Preventative Measures • New Annex. Information was in the 

epidemioloav section 
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Herd immunity and the Great Barrington Declaration I Alberta.ca 

Notifications 

COVID-19 Updates 

• Alberta entered Stage 3 on Jul\ I: Limited restrictions remain. 

• Get vaccinated: Everyone 12+ can book first and second doses now. 

_At~Alberta.rn 
c-.:..1 

Home -+ Government --+ About gO\ernment -+ Government organizational structure -+ Alberta 

Cabinet -+ Go\ ernment of Alberta articles 

Page I of 5 

Herd immunity and the Great Barrington Declaration 
Alberta's Chief Medical Officer of Health on the right approach for Alberta. 
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Posted by 

Dr. Deena Hinshm\ 

Date 

October 28, 2020 

Topic 

COVID-19 

There has been a significant amount of discussion recently about the Great Barrington Declaration1. Its authors promote an 

approach to COVID-19 that they call "Focused Protection". They describe this approach as follows: " ... to allow those 

who are at minimal risk of death to live their lives normally to build up immunity to the virus through natural infection, 

while better protecting those who are at highest risk." 

This is a very appealing statement to those who are tired of restrictions and in a context where the economic and social 

impacts of the restrictions are being felt keenly by those under 60, ("retirement age" is the cut off proposed in the 

Barrington document) who are at lower risk of severe outcomes. Unfortunately, the claim that this approach is achievable 

with minimal impact is not correct for several reasons. 

Evidence around long-lasting immunity is still unclear 

First, the stated goal of this approach is to build up herd immunity through infection, which assumes that infection by 

SA RS-Co V2, the virus that causes COVID-19, will automatically confer long-lasting protection against future infections. 

This is not currently known to be the case. Other common coronaviruses that cause respiratory infections in humans have 

been shown to cause repeat infections~ . With COVID-19 specifically, there have been rare individual documented cases of 

re-infection with SARS-CoV2 . .!.J. i . !! At a population level, the Brazilian city ofManaus was widely cited as having 

reached herd immunity with approximately 66% of the population testing positive for antibodiesZ· ~. ~ . yet there are recent 

reports of a resurgence of cases with up to 50 new deaths per day . .!!.!. ti 

Therefore making the assumption that widespread infection will confer lasting immunity is not certain to be true. 

Increased deaths 

However, if we assumed for the sake of argument that infection does confer immunity, there are still issues with the herd 

immunity plan. The second problem with the premise of the Great Barrington Declaration is the inaccurate assertion that if 

we segregate the old and the young, and let the young live 'normally', potentially getting infected along the way but not 

passing the virus to older people, herd immunity could be achieved with few costs in health related to COVID. 

Returning to the city of Manaus in Brazil, it is important to know that although just 6% of its population is over the age of 

60'.! , the high antibody level in the city still came at a high price - a death toll estimated between 2,500 and 3,400~· 11, in a 

city of about 1.8 million. lfwe had the same overall per-capita death rate, to reach 66% antibody positivity would cost us 

between 6, I 00 and 8,300 deaths in Alberta. It is not clear what proportion of the deaths in Manaus were in those over age 

60, but even if we assume that we could somehow completely protect those over 60 from infection, and that the risk of 

death from infection would just be in those living 'normally' (under age 60), there would still be a cost in deaths. 
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If we use our own Alberta data on the age-specific risk of death in those diagnosed with COVID.11., and if we assumed that 

reaching a 50% infection rate was sufficient for herd immunity (though many estimates are that a higher percentage would 

be required), infecting 50% of those in the Alberta population under 60 would cost approximately 1,000 lives in that same 

younger population. 

Increased hospitalizations 

Assuming we were willing to pay that cost in lives for the benefit of'normal' life in younger age groups, the other thing to 

remember is that death is not the only severe outcome. Hospitalization and ICU admissions are also severe outcomes that 

are more common than death in all age groups. Again, assuming we could somehow successfully segregate those over 60 

from those under 60, and using our own Alberta data for age-specific risk of hospitalization in diagnosed cases, we would 

expect over 39.000 hospitalizations to achieve an infection rate of 50% in the population under the age of 60. 

Using diagnosed case fatality and hospitalization rates could over-state the risks. as not all cases are diagnosed, and those 

cases that are more severe are more likely to be diagnosed. 

However, all serology studies in Albe11a have consistently shown antibody prevalence in our population at present to be 

less than I%. Assuming a maximum I% infection rate as of early August (our last serosurvey timeframe for when we have 

results) and calculating a non-age-adjusted ratio of diagnosed cases as of mid-July (2 weeks prior to the time of serology 

testing - 9673 cases) to serologically positive Albe11ans (I % of the Alberta population is 44,219), we could estimate that 

actual infections may be about 4.6 times higher than what was diagnosed. 

If we reduce the estimated deaths and hospitalizations in the under 60 population by 4.6. we would still have about 240 

deaths and 8,600 hospitalizations as a consequence of a 50% infection rate in Albertans under 60. If these infections were 

allowed to spread unchecked over a short period of time (the Barrington document does not state for how long those over 

'"retirement age" should be restrained in their movement. but commentary on the document suggests 3 months), the 

hospitalization volume alone would be sufficient to impair the ability of our acute care system to manage all the other 

health care needs of our population. 

In order to manage the demand for hospital beds and ICU care. other services would have to be paused or stopped in order 

to care for the acutely ill. This would worsen. not improve, the outcomes of concern in the Barrington document such as 

cardiac care. cancer screening and childhood immunizations. 

Long-term health impacts 

In addition, while hospitalizations, ICU admissions and deaths are the most obvious severe outcomes of COVID-19 

illness, there is a growing body of evidence on the long tenn impacts that some people experience after an infection with 

SARS-CoV2. These include prolonged illnessE Ll, sometimes called "Long COVID Syndrome". which in some cases 

resembles Chronic Fatigue Syndrome, and emerging case reports of other possible long-term health impactsE ~ that could 

i1Tevocably alter the course of people's lives. 

Limits to any "Focused Protection" 

Finally, the premise that we could successfully shield continuing care facilities and hospitals from COVID-19. and that we 

would be able to suppo11 all those over 60 (and presumably those with high risk chronic conditions) to stay home with 

limited activities is not supported by evidence. In fact, those who work in continuing care facilities and hospitals can 

unintentionally be the source of infection in these locations. 

We are working hard to ensure that every protection possible is put into place to prevent these introductions, but no 
measures ·will be perfect. tn addition, we heard ve1y clearly that the quality of life for those irr continuing care was 
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severely worsened when no visitors were allowed in, highlighting the tension between COVID protection and overall 

wellbeing in these high risk locations. 

In addition, those over the age of 60 are often still working, contributing in many diverse fields, and the impact of having 

them all stay home would be significant. For example, more than 30% of Alberta physicians in 2018 were over the age of 

55, and I 0% were older than 6512, and removing them from the work force would be a poor choice in a time when health 

care is under significant pressure. 

Finally, allowing the virus to spread rampantly in the age group under 60 would almost certainly result in impacts on 

critical services as those who are ill, even if the symptoms are mild, would need to be home for I 0 days to prevent spread 

to those at high risk (for example, in health care settings) and critical sector continuity would be put at risk. 

Balancing COVID-19 restrictions with protecting our overall health 

So, is there anything that can be taken from the Barrington document? First, the societal risks of public health measures 

that it outlines are real, and are exactly the reason that in Alberta we moved early on to targeting restrictions only where 

and when they are needed. The Barrington document implies that "lockdown" is binary - all or none, and that no 

restrictions should be in place for the young. This is a false dichotomy. The best way to prevent severe illness and death 

from COVID-19 is to prevent large spreading events, quickly identify cases, trace and isolate contacts, and keep the 

spread of the virus to a manageable level. This is exactly what we are doing. 

Second, we already have policies that accept some risks of transmission in younger populations knowing that the benefits 

of activities outweigh the risks for those populations. Examples include opening schools and supporting youth sports. We 

can learn from what is working well in these areas and continue to judiciously expand activities in low risk populations as 

long as spread remains manageable. 

We are not in Iockdown in Alberta. We are using targeted measures to keep spread manageable and to ensure that our 

health system can cope with demands. We must continue to pursue this balanced approach, learning as we go along how 

best to minimize both the risks of public health measures and the risks of COVID-19. Herd immunity by natural infection 

is not a wise, or possibly even an achievable, goal to pursue. 
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MORE THAN 6,900 scientists, researchers & healthcare 

professionals have now signed the John Snow Memorandum. 

We vet every signature, so it may take 72 hours for your name to appear. 

Thanks for your support, and please continue to share with your colleagues. 

THE JOHN SNOW MEMORANDUM 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has 

infected more than 35 million people globally, with more than l million 

deaths recorded by the World Health Organization as of Oct 12, 2020. 

As a second wave of COVID-19 affects Europe, and with winter 

approaching, we need clear communication about the risks posed by 

COVID-19 and effective strategies to combat them. Here, we share our 

view of the current evidence-based consensus on COVI D-19. 

SARS-CoV-2 spreads through contact (via larger droplets and aerosols), 

and longer-range transmission via aerosols, especially in conditions 

where ventilation is poor. Its high infectivity11J combined with the 

susceptibility of unexposed populations to a new virus, creates 
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conditions for rapid community spread. The infection fatality rate of 

COVID-19 is several-fold higher than that of seasonal influenza121 and 

infection can lead to persisting illness, including in young, previously 

healthy people (ie, long COVID13J). It is unclear how long protective 

immunity lasts14l and, like other seasonal coronaviruses, SARS-CoV-2 is 

capable of re-infecting people who have already had the disease, but 

the frequency of re-infection is unknown1s1. Transmission of the virus 

can be mitigated through physical distancing, use of face coverings, 

hand and respiratory hygiene, and by avoiding crowds and poorly 

ventilated spaces. Rapid testing, contact tracing, and isolation are also 

critical to controlling transmission. The World Health Organization has 

been advocating for these measures since early in the pandemic. 

In the initial phase of the pandemic, many countries instituted 

lockdowns (general population restrictions, including orders to stay at 

home and work from home) to slow the rapid spread of the virus. This 

was essential to reduce mortality1GJ.(7l prevent health-care services from 

being overwhelmed, and buy time to set up pandemic response 

systems to suppress transmission following lockdown. Although 

lockdowns have been disruptive, substantially affecting mental and 

physical health, and harming the economy, these effects have often 

been worse in countries that were not able to use the time during and 

after lockdown to establish effective pandemic control systems. In the 

absence of adequate provisions to manage the pandemic and its 

societal impacts, these countries have faced continuing restrictions. 

This has understandably led to widespread demoralisation and 

diminishing trust. The arrival of a second wave and the realisation of 

the challenges ahead has led to renewed interest in a so-called herd 

immunity approach, which suggests allowing a large uncontrolled 

outbreak in the low-risk population while protecting the vulnerable. 

Proponents suggest this would lea~ to the development of _infection-
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acquired population immunity in the low-risk population, which will 

eventually protect the vulnerable. This is a dangerous fallacy 

unsupported by scientific evidence. 

Any pandemic management strategy relying upon immunity from 

natural infections for COVID-19 is flawed. Uncontrolled transmission in 

younger people risks significant morbidity(3l and mortality across the 

whole population. In addition to the human cost, this would impact 

the workforce as a whole and overwhelm the ability of healthcare 

systems to provide acute and routine care. 

Furthermore, there is no evidence for lasting protective immunity to 

SARS-CoV-2 following natural infection141 and the endemic 

transmission that would be the consequence of waning immunity 

would present a risk to vulnerable populations for the indefinite future. 

Such a strategy would not end the COVID-19 pandemic but result in 

recurrent epidemics, as was the case with numerous infectious 

diseases before the advent of vaccination. It would also place an 

unacceptable burden on the economy and healthcare workers, many 

of whom have died from COVID-19 or experienced trauma as a result of 

having to practise disaster medicine. Additionally, we still do not 

understand who might suffer from long COV1Dr3J. Defining who is 

vulnerable is complex, but even if we consider those at risk of severe 

illness, the proportion of vulnerable people constitute as much as 30% 

of the population in some regions,si. Prolonged isolation of large 

swathes of the population is practically impossible and highly 

unethical. Empirical evidence from many countries shows that it is not 

feasible to restrict uncontrolled outbreaks to particular sections of 

society. Such an approach also risks further exacerbating the 

socioeconomic inequities and structural discriminations already laid 

bare by the pandemic. Special efforts to protect the most vulnerable 

are esser)tial but must go hand-in-hand with multi-pronged 
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population-level strategies. 

Once again, we face rapidly accelerating increase in COVI D-19 cases 

across much of Europe, the USA, and many other countries across the 

world. It is critical to act decisively and urgently. Effective measures 

that suppress and control transmission need to be implemented 

widely, and they must be supported by financial and social 

programmes that encourage community responses and address the 

inequities that have been amplified by the pandemic. Continuing 

restrictions will probably be required in the short term, to reduce 

transmission and fix ineffective pandemic response systems, in order 

to prevent future lockdowns. The purpose of these restrictions is to 

effectively suppress SARS-CoV-2 infections to low levels that allow 

rapid detection of localised outbreaks and rapid response through 

efficient and comprehensive find, test, trace, isolate, and support 

systems so life can return to near-normal without the need for 

generalised restrictions. Protecting our economies is inextricably tied 

to controlling COVID-19. We must protect our workforce and avoid 

long-term uncertainty. 

Japan, Vietnam, and New Zealand, to name a few countries, have 

shown that robust public health responses can control transmission, 

allowing life to return to near-normal, and there are many such 

success stories. The evidence is very clear: controlling community 

spread of COVI D-19 is the best way to protect our societies and 

economies until safe and effective vaccines and therapeutics arrive 

within the coming months. 

We cannot afford distractions that undermine an effective response; it 

is essential that we act urgently based on the evidence . 

.To support this call for action, sign the Joh.n Snow Memoran~um . 
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The John Snow Memorandum was originally published in The lancet 

on 14 October 2020 . 
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Click here to see the organisations that have officially endorsed the 

John Snow Memorandum. 
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GET INVOLVED 
This is a collaborative, inclusive initiative and we invite colleagues 

from around the world to signal their support for the memorandum 

by becoming signatories. 

If you are a scientist, medic, researcher, modeller, healthcare or public 

health professional and would like to support the memorandum, 

please fill in the contact details below and click the 'Sign The Memo' 

button. Your signature will be checked and added to this website. 

Your details will not be passed to any third party and will not be used 

in connection with anything else. 

If you represent an organisation that would like to endorse the memo, 

please email info@johnsnowmemo.com 

SIGN THE JOHN SNOW MEMO 

indicates required 

Email Address .... 

Title (Prof., Dr., Ms., Mrs., Mr. etc.) 

First Name * 

Last Name "" 
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Institution/Organisation * 

Department 

Declaration of Interests 

SIGN THE MEMO 

We're receiving a lot of signatures for the John Snow Memorandum, 

and the volume of traffic means it can take up to 3 hours for your 

confirmatory email to arrive. If you have difficulties using the 

embedded sign up form, you're welcome to use this stand-alone 

HTML version instead. 
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