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Indirect contact



van Doremalen et al, N Engl J Med 2020



van Doremalen et al, N Engl J Med 2020



Kramer et al, BMC Infect Dis 2006



Pitol & Julian, Environ Sci Technol Lett 2021



Droplets & aerosols
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NP: nasopharyngeal swab 
Coarse: >5-μm
Fine: ≤5-μm aerosol
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https://medium.com/@Cancerwarrior/covid-19-why-we-should-all-wear-masks-there-is-new-
scientific-rationale-280e08ceee71 - Calculated from van der Sande et al, PLoS ONE 2008



10 Reasons in Support of Role of Aerosols in Transmission

1 Superspreading events with long-range SARS-CoV-2 transmission
Superspreading events on cruise ships, concert choirs, correctional facilities etc. where individuals are often spread far apart, 
in a contained environment suggest airborne transmission

2 SARS-CoV-2 transmission between adjacent rooms
Outbreaks in apartment buildings and hotels between individuals who have not come in contact with one another, but have 
shared a ventilation system  suggest airborne transmission

3 Asymptomatic and presymptomatic SARS-CoV-2 transmission
Absence of coughing and sneezing in asymptomatic and presymptomatic transmission suggests potential airborne 
transmission

4 Higher levels of transmission indoors, as compared to outdoors
The overwhelming majority of SARS-CoV-2 outbreaks happened indoors

5 Nosocomial infections in the presence of PPEs that protect against droplet transmission

6 Detection of infectious SARS-CoV-2 in the air for up to 3 hours

7 Presence of SARS-CoV-2 in air filters and air ducts in hospitals with COVID-19 patients
SARS-CoV-2 in these locations could have only occurred via airborne transmission

8 Experimental evidence 
Studies involving infected caged animals that were connected to separately caged uninfected animals via an air duct have 
shown transmission of SARS-CoV-2 that can be adequately explained only by aerosols

9 No strong or consistent evidence against airborne transmission
No study has provided strong or consistent evidence to refute the hypothesis of airborne SARS-CoV-2 transmission

10 Limited evidence for other dominant routes of transmission
Ease of infection between people in close proximity can be due to either airborne transmission or due to respiratory droplet 
transmission of SARS-CoV-2. 

Adapted from Greenhalgh et al, Lancet 2021



Delta (B1.617.2)



https://covid19-sciencetable.ca/ontario-dashboard/



Brampton
April 15, 2021

Rest of Ontario
May 9, 2021

25 days
Region

Number of variants

Inflection point: 50% of N501Y-
likely are Delta-variants

Brown K (personal communication)





Increased transmissibility

R0 Increase

Wild type (Wuhan) 2.2 -
B.1.1.7 (UK) 3.3 x 1.5
B.1.617 (India) 5.0 x 1.5



Vaccine Effectiveness larger after 2nd dose 
for Delta, larger after 1st dose for Alpha

VE RR
Alpha (B1.1.7.)
1st dose 70% 0.30
1st & 2nd dose 90% 0.10
Added effectiveness of 2nd dose 33% 0.10/0.30 

Delta (B1.617.2)
1st dose 40% 0.60
1st & 2nd dose 90% 0.10
Added effectiveness of 2nd dose 83% 0.10/0.60 

Data partially from Bernal et al, medRxiv 2021



Conclusions
 4 plausible routes of transmission

 Individual contribution depends on the setting and is 
difficult to quantify 

 Aerosol transmission is a relevant route
 Safety measures in the community include being outdoors, 

good ventilation, low occupancy, 2 meters distance, well-
fitting masks of high quality

 Indirect contact may be a relevant route in high 
prevalence settings
 Hand hygiene, but not necessarily surface disinfection useful 

in the presence of reasonable cleaning protocols
 Delta will become dominant in Ontario

 We can ‘vaccinate ourselves out of a fourth wave’
 Unvaccinated people have a high probability to get infected 

in the future   
44
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