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Anne Bhéreur, MD, CCFP(PC), FCFP
• Université de Montréal:

• Associate Clinical Professor, Department of 
Family Medicine and Emergency Medicine,.

• CIUSSS du Nord-de-l’Île-de-Montréal:
• Family & Palliative Care Physician.
• Absent since Dec. 2020  Long COVID.

• Physician-researcher on Long COVID:
• Long COVID Web - Canada:

• Patient Advisory Council & Steering Committee
& Member of pillars.

• Research teams & committees.

• Member of:
• COVID-Stop.
• Protect Our Province Québec.
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Lyne Filiatrault, MDCM, FRCP
• University of British Columbia:

• Former Clinical Assistant Professor, 
Department of Emergency Medicine.

• Vancouver General Hospital:
• Former Emergency Physician and ED Patient 

Quality & Safety Director.
• SARS 2003: Our ED team played a key role 

in Vancouver's successful response.

• Member of: 
• Protect Our Province BC.
• Canadian Aerosol Transmission Coalition.
• Safe Air, Safe Schools / Air Sain, Écoles 

Saines.

Scientists and citizens 
initiatives to inform on 

COVID-19.



Overview

1. COVID-19 Pandemic: Where are we at?

2. Lessons Learned

3. Breaking Chains of Transmission

4. Going Upstream to Get to a Better Place
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References

Clickable links 
to go directly 

to the section!

https://www.youtube.com/watch?v=7B3LqIZ_1CU

https://www.youtube.com/@LongCOVIDWeb

Long COVID Web: Webinar Series- Session 2

This work is licensed under CC BY-SA 4.0.

https://www.youtube.com/watch?v=7B3LqIZ_1CU
https://www.youtube.com/@LongCOVIDWeb
http://creativecommons.org/licenses/by-sa/4.0/


COVID-19 Pandemic
Where are we at?
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https://twitter.com/drericding/status/1662192084722360325

May 26, 2023

COVID-19 

is not

over…

https://twitter.com/drericding/status/1662192084722360325


COVID-19 
Pandemic: 
Where are 
we?
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https://ourworldindata.org/covid-hospitalizations


Canadian COVID Forecast
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Dr. Tara Moriarty &
team of volunteers…

Reference



Lessons Learned
Still To Be Learned



Lesson 1: SARS was Aerosol Spread
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“If SARS is spread primarily by droplet 
and is only rarely airborne, as some 

Ontario infection control specialists still 
insist, how could this one man

infect 17 others with whom he had
no known direct contact?”

The Honourable Justice Archie Campbell, Commissioner

Metropark Hotel Mongkok, CC BY-SA 4.0, via Wikimedia Commons References

Metropole Hotel The SARS Commission Report
2006

https://creativecommons.org/licenses/by-sa/4.0


Lesson 2: SARS-CoV-2 Spreads by Aerosols
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Lesson 2

Reference



Airborne transmission
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October 29, 2023

Lesson 2



Indoor Aerosol Spread
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Illustration of droplets and aerosols released during talking; these may carry viruses if the 
person is infected. The large droplets fall rapidly to the ground in close proximity. The small 

aerosols are much more concentrated in close proximity, and they can remain floating in the 
air and spread throughout the room, leading to (reduced) exposure at a distance.

Adapted from Tang et al.

Exposure is
maximal in close proximity.

Inside, there is (reduced) 
exposure further away.

As time goes by, exposure 
increases even if far from source.

References

Lesson 2



Lesson 3: Asymptomatic transmission
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Lesson 3



Lesson 4: Many viruses,
not just an acute infection
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Both SARS-CoV-2 and non-COVID-19 
ARIs are associated with a wide range 
of symptoms more than 4 weeks after 

the acute infection. Research on 
post-acute sequelae of ARIs should 
extend from SARS-CoV-2 to include 

other pathogens.

Lesson 4

References



Long COVID…

• Can happen to anyone…
• Including you!

• First infection…
Or reinfections…
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Every
SARS-CoV-2 infection

is a gamble!

Lesson 4

https://twitter.com/BerlinBuyers/status/1716122803705946135
https://twitter.com/BerlinBuyers/status/1657024460812169228


COVID-19… The “whole” iceberg!
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Lesson 5: Collaboration
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Engineers

Aerosol & Environmental
Scientists

Occupational
& Industrial

hygiene

Public Health
specialists

Infection 
Prevention & 

Control specialists

Health Care 
professionals

Policy makers

Persons with lived
experience

Communicators

Knowledge Mobilization
specialists

Behaviour specialists

Population

And many
more…

Researchers

Lesson 5



Breaking Chains of Transmission
Means less SARS-CoV-2 infections for everyone!



Sharing viruses is not caring!
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Symptoms

* Details on masking later in presentation.

If not possible:
Protect others by masking.*
Avold vulnerable people.

Stay home



Beware of asymptomatic transmission
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No symptoms

How does 
Symptom Screening 

work then?

It’s not enough!

Not infected
nor

No transmission
of infection

Doesn’t mean



Protection… A multi-layer toolbox!

• Doesn’t mean elimination 
of risk for everyone.
• Reducing risk is not 100%, 

but still useful.
• Adapting to personal 

context of vulnerability.
• Taking the whole picture 

into consideration!!!
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One slice is not enough…

Not all layers are addressed in this presentation. 
Doesn’t mean testing and other layers are not still useful.

Bigger figure in references!



Choose the right target!
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Droplets / Contact

Aerosols



Ventilation

• Natural.

• Mechanical:
• Optimize fresh air intake.

• Verify the filtration capacity of the system.
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Range hood: Copyrighted free use, via Wikimedia Commons
HVAC: P199, Public domain, via Wikimedia Commons

Fresh-air 
intake vent

References



CO2 monitoring

• An easy proxy measure:
• Rebreathing air 

Breathing other people’s aerosols!
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Interpretation is different 
when air filtration is added…

Based on an outside CO2 reference of 410 ppm.

References



Filtration *

• HEPA air purifiers.

• DIY air purifiers:
• Corsi-Rosenthal boxes.
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No discrimination!
Viruses…
Smoke…

Air pollution…

References

* CO2 is not cleared by HEPA / MERV 13 filtration.
Filtration changes interpretation of CO2 levels in risk assessment.

Edge Collective 



Personal air filtration
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Not 
statistically 
significant Statistically 

significant



Personal air filtration

LF & AB - LCW Webinar - 2023-11-14 27

Simplified & 
detailed 
versions with 
explanations.

References

Better masking
2-way masking 

Longer protection 
from infection

Always, for 
everyone?

Be informed. 
Evaluate risk.

Decide.

Lead by 
example…
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Adapted with permission from Lisa Brosseau, ScD, CIH. World Health Network –  Clean Indoor Air Expo, Oct. 24, 2023. 



Clean Indoor Air Revolution

• Ventilation:
• Natural.

• Mechanical.

• Filtration:
• Merv 13

• HEPA air purifiers.

• Corsi-Rosenthal boxes.

• Indoor air quality monitoring:
• CO2 monitors.
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Air Quality Standards
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ASHRAE’s statement on airborne transmission of 
SARS-CoV-2/COVID-19

Transmission of SARS-CoV-2 through the air is 
sufficiently likely that airborne exposure to the virus 
should be controlled. Changes to building 
operations, including the operation of heating, 
ventilating, and air-conditioning systems, can reduce 
airborne exposures.

April 20, 2020

ASHRAE Created an Epidemic Task Force

References



Standards, Policies, Codes & Legislation
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Going Upstream
to Get to a Better Place



Resilience… Adaptation…

LF & AB - LCW Webinar - 2023-11-14 33* Picture: Smog in Québec, Nicolas Ouellette, CC BY-SA 3.0, via Wikimedia Commons

We’ve learned last summer of 
the need to evaluate the
Air Quality Index before 

planning  outdoor activities…*

https://creativecommons.org/licenses/by-sa/3.0


What is your area’s COVID-19 forecast?
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Long COVID: Going Upstream
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A Parabole



Public Health

• Promotion of health and wellbeing at the population level.

• Prevention of disease.

• Protection of health.
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Bottom line…

LF & AB - LCW Webinar - 2023-11-14 37We Can Do It! - J. Howard Miller, 1942, from National Museum of American History

Lead by example

Evaluate the 
situation & context

Make an informed decision
Use appropriate tools

Protect yourself
Protect others
Protect pwLC*

* person with Long COVIDConsider the 
whole iceberg…

https://americanhistory.si.edu/collections/search/object/nmah_538122


“A Canada without post COVID-19 condition”

• Long COVID’s Web vision!
• Find a cure… YES!

• But, less infections means:
• Less consequences of COVID-19.

• Less Long COVID!

• Members of LCW can lead by example!

LF & AB - LCW Webinar - 2023-11-14 38

Transmission CAN be mitigated!
Merci!



References
All references used in slides… and more!



General references & Webinars

• World Health Network: https://whn.global/
• Airborne Transmission and Infection Prevention – Oct. 24, 2023:

• https://whn.global/airborne-transmission-and-infection-prevention/

• Jose-Luis Jimenez, PhD – Overview of Airborne transmission – 8 minutes.

• Lisa Brosseau, ScD, CIH – Aerosol-transmissible diseases – What’s your risk and how to 
minimize it (Control banding as a method for identifying the level of risk) – 13 minutes.

• COVID-19 Resources
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https://whn.global/
https://whn.global/airborne-transmission-and-infection-prevention/


Reference – Pandemic data

• Our World in Data : https://ourworldindata.org/
• Coronavirus (COVID-19) Hospitalizations: 

https://ourworldindata.org/covid-hospitalizations

• COVID-19 Resources:
• https://covid19resources.ca/

• Canadian COVID Forecast:
• https://covid19resources.ca/covid-hazard-index/

https://ourworldindata.org/
https://ourworldindata.org/covid-hospitalizations
https://covid19resources.ca/covid-hazard-index/
https://covid19resources.ca/covid-hazard-index/


References – Other infections

• Vivaldi G, Pfeffer PE, Talaei M, Basera TJ, Shaheen SO, Martineau 
AR. Long-term symptom profiles after COVID-19 vs other acute 
respiratory infections: an analysis of data from the COVIDENCE 
UK study. eClinical Medicine. Online Oct 6, 2023.
• https://doi.org/10.1016/j.eclinm.2023.102251

• Choutka, J., Jansari, V., Hornig, M. et al. Unexplained post-acute 
infection syndromes. Nat Med 28, 911–923 (2022)
• https://pubmed.ncbi.nlm.nih.gov/35585196/
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https://doi.org/10.1016/j.eclinm.2023.102251
https://pubmed.ncbi.nlm.nih.gov/35585196/


References – SARS-CoV-1

• The SARS Commission – Final Report: Volume Two ⧫ Spring of Fear - 2006:
• https://www.archives.gov.on.ca/en/e_records/sars/report/v2.html
• Chapter 3: The Story of SARS:

• https://www.archives.gov.on.ca/en/e_records/sars/report/v2-pdf/Vol2Chp3.pdf
• Citation from Mr. Justice Archie Campbell – Page 45 of the report.
• Vancouver: A Tale of Two Cities – Page 245 of the report.

• Metropark Hotel Mongkok (was named Metropole Hotel in 2003):
• https://commons.wikimedia.org/wiki/File:Metropark_Hotel_Mongkok_Exterior_01.jpg

• McMartin P. She savec us from SARS. Vancouver Sun. May 15, 2010.
• https://www.pressreader.com/canada/vancouver-sun/20100515/288492954230567

• Yu IT, Li Y, Wong TW, Tam W, Chan AT, Lee JH, Leung DY, Ho T. Evidence of 
airborne transmission of the severe acute respiratory syndrome virus. N Engl 
J Med. 2004 Apr 22;350(17):1731-9
• https://pubmed.ncbi.nlm.nih.gov/15102999/
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https://www.archives.gov.on.ca/en/e_records/sars/report/v2.html
https://www.archives.gov.on.ca/en/e_records/sars/report/v2-pdf/Vol2Chp3.pdf
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https://www.pressreader.com/canada/vancouver-sun/20100515/288492954230567
https://pubmed.ncbi.nlm.nih.gov/15102999/


References – Airborne transmission
• Chief Science Advisor of Canada – COVID-19 Expert Panel:

• The Role of Bioaerosols and Indoor Ventilation in COVID-19 Transmission, September 28, 2020.
• https://science.gc.ca/site/science/en/office-chief-science-advisor/initiatives-covid-19/role-bioaerosols-and-indoor-ventilation-covid-19-transmission

• McGill University – Beatty Lecture

• Indoor air systems “absolutely key” in curbing spread of viruses | 60 Minutes, CBS News. October 29, 2023:
• https://www.cbsnews.com/video/indoor-air-systems-public-health-60-minutes-video-2023-10-29/

• Greenhalgh T, Jimenez JL, Prather KA, Tufekci Z, Fisman D, Schooley R. Ten scientific reasons in support of airborne transmission of SARS-CoV-2. 
Lancet. 2021 May 1;397(10285):1603-1605. Epub 2021 Apr 15. Erratum in: Lancet. 2021 May 15;397(10287):1808.

• https://pubmed.ncbi.nlm.nih.gov/33865497/
• Erratum (not in content of the Comment): https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01008-4/fulltext

• Jimenez JL, Marr LC, Randall K, Ewing ET, Tufekci Z, Greenhalgh T, Tellier R, Tang JW, Li Y, Morawska L, Mesiano-Crookston J, Fisman D, 
Hegarty O, Dancer SJ, Bluyssen PM, Buonanno G, Loomans MGLC, Bahnfleth WP, Yao M, Sekhar C, Wargocki P, Melikov AK, Prather KA. 
What were the historical reasons for the resistance to recognizing airborne transmission during the COVID-19 pandemic? Indoor Air. 2022 
Aug;32(8):e13070.

• https://pubmed.ncbi.nlm.nih.gov/36040283/ 
• Illustration in Jimenez et al. adapted from: Tang JW et al. Dismantling myths on the airborne transmission of severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2). J Hosp Infect. 2021 Apr;110:89-96.
• https://pubmed.ncbi.nlm.nih.gov/33453351/

• https://news.northwestern.edu/stories/2023/09/covid-patients-exhale-up-to-1000-copies-of-virus-per-minute-during-first-eight-days-of-
symptoms/

• Explainer Comics: The Quest of the Virosols: http://aerosol.nsysu.edu.tw/en/scopes/108

LF & AB - LCW Webinar - 2023-11-14 44

https://science.gc.ca/site/science/en/office-chief-science-advisor/initiatives-covid-19/role-bioaerosols-and-indoor-ventilation-covid-19-transmission
https://www.cbsnews.com/video/indoor-air-systems-public-health-60-minutes-video-2023-10-29/
https://pubmed.ncbi.nlm.nih.gov/33865497/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01008-4/fulltext
https://pubmed.ncbi.nlm.nih.gov/36040283/
https://pubmed.ncbi.nlm.nih.gov/33453351/
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https://news.northwestern.edu/stories/2023/09/covid-patients-exhale-up-to-1000-copies-of-virus-per-minute-during-first-eight-days-of-symptoms/
http://aerosol.nsysu.edu.tw/en/scopes/108


References – Asymptomatic transmission

• McGill University – Beatty Lecture:
• 2021 – Anthony Fauci, “COVID-19: Lessons Learned and Remaining 

Challenges”
• https://www.mcgill.ca/beatty/article/anthony-fauci-2021

• Johansson MA, Quandelacy TM, Kada S, Prasad PV, Steele M, Brooks 
JT, Slayton RB, Biggerstaff M, Butler JC. SARS-CoV-2 Transmission 
From People Without COVID-19 Symptoms. JAMA Netw Open. 2021 
Jan 4;4(1):e2035057.
• https://pubmed.ncbi.nlm.nih.gov/33410879/

• Oran DP, Topol EJ. The Proportion of SARS-CoV-2 Infections That Are 
Asymptomatic : A Systematic Review. Ann Intern Med. 2021 
May;174(5):655-662.
• https://pubmed.ncbi.nlm.nih.gov/33481642/

LF & AB - LCW Webinar - 2023-11-14 45

https://www.mcgill.ca/beatty/article/anthony-fauci-2021
https://pubmed.ncbi.nlm.nih.gov/33410879/
https://pubmed.ncbi.nlm.nih.gov/33481642/


References – Swiss cheese model

• Original Swiss Cheese Model:
• Reason, J. (1990). The contribution of latent human failures to the 

breakdown of complex systemsPhil. Trans. R. Soc. Lond. B327475–484.
• https://pubmed.ncbi.nlm.nih.gov/1970893/

• Reason, J. (2000). Human error: models and management. BMJ, 
320(7237), 768-770.
• https://pubmed.ncbi.nlm.nih.gov/10720363/

• Virology down under:
• https://virologydownunder.com/the-swiss-cheese-infographic-that-went-

viral/#header-toggle-sidebar
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https://pubmed.ncbi.nlm.nih.gov/1970893/
https://pubmed.ncbi.nlm.nih.gov/10720363/
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References – CO2

• Rebreathed Fraction of Air:
• David Elfstrom
• https://docs.google.com/spreadsheets/d/1AjFzhqM_NILYvZjgE8n0CvGZz

Yh04JpF_DO0phrOcFw/edit?usp=drive_link

• Aero-Score:
• Available in many languages: https://nousaerons.fr/aero-score/
• Other information (French): https://nousaerons.fr/

• It’s Airborne – Joey Fox:
• https://itsairborne.com/

• Intro to CO2 Monitoring:
• https://itsairborne.com/intro-to-monitoring-co2-20f191dd8f60
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References – Filtration

• Corsi-Rosenthal boxes :
• DIY Air Purification Designs - Edge Collective :

• https://edgecollective.io/airbox/

• The Corsi-Rosenthal Foundation:
• https://corsirosenthalfoundation.org/instructions/

• CleanAirCrew:
• Corsi-Rosenthal box: https://cleanaircrew.org/box-fan-filters/

• How was the optimum shroud developed by David Elfstrom?:

• https://cleanaircrew.org/ufaq/how-was-the-optimum-shroud-developed-by-david-elfstrom/

• (https://twitter.com/DavidElfstrom/status/1457390753550843908)

• Very detailed illustrated step-by-step tutorial (in French only):
• https://www.popqc.ca/_files/ugd/501cda_c944209f5780495f9c8a846770b653f6.pdf
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References – Filtration

• HEPA:
• Health Canada:

• Choosing a portable air purifier: https://www.canada.ca/en/health-
canada/services/air-quality/indoor-air-contaminants/choosing-portable-
purifier.html

• USA – EPA:
• A Guide to Air Cleaners in the Home: https://www.epa.gov/sites/default/files/2018-

07/documents/guide_to_air_cleaners_in_the_home_2nd_edition.pdf
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References - Masking
• Andrejko KL, Pry JM, Myers JF, Fukui N, DeGuzman JL, Openshaw J, Watt JP, 

Lewnard JA, Jain S; California COVID-19 Case-Control Study Team. 
Effectiveness of Face Mask or Respirator Use in Indoor Public Settings for 
Prevention of SARS-CoV-2 Infection - California, February-December 2021. 
MMWR Morb Mortal Wkly Rep. 2022 Feb 11;71(6):212-216.
• https://pubmed.ncbi.nlm.nih.gov/35143470/

• Protect Our Province Québec :
• www.popqc.ca

• Tables are available in English and French in Références/Ressources.
• Brosseau LM, Ulrich A, Escandón K, Anderson C, Osterholm MT. Commentary: What can masks 

do? Part 1: The science behind COVID-19 protection. CIDRAP. Oct 14, 2021.
• https://www.cidrap.umn.edu/news-perspective/2021/10/commentary-what-can-masks-do-part-1-

science-behind-covid-19-protection

• Oliver M, Ungrin M, Vipond J.  Work. Distorting Science to Dispute the 
Evidence Doesn’t. Opinion - Scientific American. 2023-05-05.
• https://www.scientificamerican.com/article/masks-work-distorting-science-to-dispute-

the-evidence-doesnt/
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https://pubmed.ncbi.nlm.nih.gov/35143470/
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References – Air Quality

• Ontario Society of Professional Engineers:
• https://ospe.on.ca/
• Safer Indoor Air:

• https://ospe.on.ca/wp-content/uploads/2023/01/Safer_Indoor_Air_Nov22_Final.pdf

• CleanAirCrew: 
• https://cleanaircrew.org/

• ASHRAE – American Society of Heating, Refrigerating and Air-Conditioning Engineers
• https://osr.ashrae.org/default.aspx
• Standard 241 – Control of Infectious Aerosols:

• https://www.ashrae.org/about/news/2023/ashrae-publishes-standard-241-control-of-infectious-aerosols

• Belgium Clean Air Law – World Heath Netowork:
• https://whn.global/belgium-clean-air-law-a-law-to-improve-indoor-air-quality-in-enclosed-spaces-open-to-the-

public/

• Classrooms:
• L. Bourouiba. Healthy Teaching Recommendations: In-person teaching in times of COVID-19, Summer 2021, healthy-

teaching.org, DOI: 10.5281/zenodo.5228800.
• https://lbourouiba.mit.edu/image-gallery/heathy-teaching
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Reference – Scientific & Community 
Initiatives
• Canadian Aerosol Transmission Coalition:

• https://www.aerosoltransmissioncoalition.ca/

• COVID-Stop: https://www.covid-stop.ca/

• Protect our Province:
• PoP AB: https://popab.ca/
• PoP BC: https://protectbc.ca/
• PoP NB: https://protectnb.ca/
• PoP NS: https://www.popns.org/
• PoP QC: https://www.popqc.ca/

• Safe Air, Safe Schools / Air Sain, Écoles Saines:
• https://www.airsainecolessaines.ca/ (under construction)

https://www.aerosoltransmissioncoalition.ca/
https://www.covid-stop.ca/
https://popab.ca/
https://protectbc.ca/
https://protectnb.ca/
https://www.popns.org/
https://www.popqc.ca/
https://www.airsainecolessaines.ca/


Mieux comprendre… Pour mieux agir!
Better understanding... for better action!
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Merci!

Monument aux pêcheurs (Roger Langevin, 1990), Étang-du-Nord, Îles-de-la-Madeleine - Personal album, 2007.
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