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30/4/2021 Major change: WHO acknowledges short and 
long range aerosol inhalation as primary modes

https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-how-is-it-transmitted

https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-how-is-it-transmitted


  

https://www.nytimes.com/2021/05/07/opinion/coronavirus-airborne-transmission.html

https://www.nytimes.com/2021/05/07/opinion/coronavirus-airborne-transmission.html


  

Part 1: Background



  

Nature 2/2021:  
Superspreading drives the COVID pandemic (20:80 rule)

https://www.nature.com/articles/d41586-021-00460-x

https://www.nature.com/articles/d41586-021-00460-x


  

712 confirmed infections on the Diamond Princess 
https://www.nytimes.com/2020/07/30/health/diamond-princess-coronavirus-aerosol.html

https://www.nytimes.com/2020/07/30/health/diamond-princess-coronavirus-aerosol.html


  

E.g. Japan assumed airborne transmission from 
the beginning

Source: https://www.mhlw.go.jp/content/10900000/000619576.pdf

https://www.mhlw.go.jp/content/10900000/000619576.pdf


  

2020: “Classical droplet transmission” → large droplets

Aerosols

https://doi.org/10.1016/j.ssci.2020.104866

Droplets

https://doi.org/10.1016/j.ssci.2020.104866


  

2021: “Modernized version” → aerosols

Aerosols

https://doi.org/10.1016/j.ssci.2020.104866

Droplets

https://doi.org/10.1016/j.ssci.2020.104866


  

Also cigarette smoke consists of aerosol particles  



  

https://science.sciencemag.org/content/368/6498/1422

https://science.sciencemag.org/content/368/6498/1422


  

Aerosols and droplets are formed along the respiratory 
tract

Johnson et al. 2011: size distribution

~100 aerosols per 1 large droplet

https://www.google.com/url?sa=i&url=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile
%3A2301_Major_Respiratory_Organs.jpg&psig=AOvVaw0jiaqmyccYUF7vJwwhmb6B&ust=16130
79858288000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDGs_Sk4O4CFQAAAAAdAAAAA
BAD

https://www.google.com/url?sa=i&url=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3A2301_Major_Respiratory_Organs.jpg&psig=AOvVaw0jiaqmyccYUF7vJwwhmb6B&ust=1613079858288000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDGs_Sk4O4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3A2301_Major_Respiratory_Organs.jpg&psig=AOvVaw0jiaqmyccYUF7vJwwhmb6B&ust=1613079858288000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDGs_Sk4O4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3A2301_Major_Respiratory_Organs.jpg&psig=AOvVaw0jiaqmyccYUF7vJwwhmb6B&ust=1613079858288000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDGs_Sk4O4CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3A2301_Major_Respiratory_Organs.jpg&psig=AOvVaw0jiaqmyccYUF7vJwwhmb6B&ust=1613079858288000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDGs_Sk4O4CFQAAAAAdAAAAABAD


  

How could an aerosol particle look like? 
SEM image of coronaviruses (yellow) 

on a cell (blue)
https://www.statnews.com/2021/01/14/more-infectious-variants-could-make-things-much-worse/

Virus size ~ 100 nm = 0.0001mm  

https://www.statnews.com/2021/01/14/more-infectious-variants-could-make-things-much-worse/


  

https://en.wikipedia.org/wiki/Passive_smoking#/media/File:Smoke-by-a-window-in-a-pub.jpg

Aerosol concentrations can build-up in the air indoors

https://en.wikipedia.org/wiki/Passive_smoking#/media/File:Smoke-by-a-window-in-a-pub.jpg


  

https://www.sciencedirect.com/science/article/pii/S0160412020317876#b0045 

https://www.sciencedirect.com/science/article/pii/S0160412020317876#b0045


  

https://en.wikipedia.org/wiki/Passive_smoking#/media/File:Smoke-by-a-window-in-a-pub.jpg

How much do I need to inhale viral aerosols to get infected?

https://en.wikipedia.org/wiki/Passive_smoking#/media/File:Smoke-by-a-window-in-a-pub.jpg


  

Wells-Riley model can be utilized to estimate 
the infection risk from the air via inhalation

N c=S (1−e− Ipqt /Q)

# how many get infected (N
C
)

# initially healthy (S)

# infectious (I)

Virus emission [quanta/h] (q)

Time [h] (t)Inhalation rate (p)
[m3/h]

Room ventilation [m3/h] (Q)

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwibl4SxlfPsAhVBiIsKHQYRBr8QFjAAegQIBBAC&url=https%3A%2F%2Fwww.rehva.eu%2Frehva-journal%2Fchapter%3Ftx_wbjournals_chapterdetail%255Baction%255D%3Ddownload%26tx_wbjournals_chapte
rdetai

Infection risk=100 %×N c /S

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwibl4SxlfPsAhVBiIsKHQYRBr8QFjAAegQIBBAC&url=https%3A%2F%2Fwww.rehva.eu%2Frehva-journal%2Fchapter%3Ftx_wbjournals_chapterdetail%255Baction%255D%3Ddownload%26tx_wbjournals_chapterdetail%255Bchapter%255D%3D754%26tx_wbjournals_chapterdetail%255Bcontroller%255D%3DChapter%26cHash%3D1478811670375e4e6e1e291e30c50299&usg=AOvVaw24VhQw1r4UAjmPjtOjLmy-
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwibl4SxlfPsAhVBiIsKHQYRBr8QFjAAegQIBBAC&url=https%3A%2F%2Fwww.rehva.eu%2Frehva-journal%2Fchapter%3Ftx_wbjournals_chapterdetail%255Baction%255D%3Ddownload%26tx_wbjournals_chapterdetail%255Bchapter%255D%3D754%26tx_wbjournals_chapterdetail%255Bcontroller%255D%3DChapter%26cHash%3D1478811670375e4e6e1e291e30c50299&usg=AOvVaw24VhQw1r4UAjmPjtOjLmy-


  

Wells-Riley model takes into account the room 
ventilation rate, exposure time, activity etc

Ventilation
improves



  

Nature 2/2021 editorial
https://www.nature.com/articles/d41586-021-00277-8

https://www.nature.com/articles/d41586-021-00277-8


  

Part 2: Physics



  

Large droplets: 
heavy, fall in seconds

Aerosols: 
Light particles, stay in the air for 
minutes/hours, transported over 
extended distances

Simulation:  V.Vuorinen
Visualization: M.Gadalla



  

F⃗=m a⃗=m
Δ v⃗
Δ t

Newton’s 2nd law



  

Basic aerosol physics: Particle falling time from 1.5m height

1.5 h

8.2 min

10 μm 100 μm3 μm1 μm0.5 μm

12 h
41 h

5.8 s

Falling speed

Particle “timescale” in viscous flow

Falling time



  

Tang et al. (2021), Journal of Hospital Infection: Dismantling myths on the airborne 
transmission of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)

 

Aerosol vs droplet?→ Fact checking revealed:
 

a dramatic 100-year old error in medical textbooks
 https://www.sciencedirect.com/science/article/pii/S0195670121000074?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S0195670121000074?via%3Dihub


  

To protect the people (FFP2/3) and e.g. to avoid superspreading: 
highly relevant to understand the size of infectious particles

Fluid dynamics simulation by: 
Mikko Auvinen ja Antti Hellsten/FMI
TUPA-project/Business Finland



  

Part 3: scientific arguments behind 
airborne transmission



  

THE LANCET: 4/2021

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00869-2/fulltext# 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2821%2900869-2/fulltext#%20


  

THE LANCET: 4/2021

10 arguments on predominance of SARS-CoV-2 
airborne transmission

● Transmission almost only indoors

● Superspreading

● Asymptomatic spreading

● Numerous long distance transmissions 
documented

● Infections with only droplet pre-cautions

● Infectious SARS-CoV-2 sampled in air

● SARS-CoV-2 sampled from hospital air filters

● Airborne transmission in animal experiments

● No counter-evidence

● Little/no evidence on other transmission modes 
(droplet/fomite)



  

Katelaris et al. (2021), Emerging inf. diseases 27(6) 2021:  
Epidemiologic Evidence for Airborne Transmission of SARS-

CoV-2 during Church Singing, Australia, 2020
 

https://wwwnc.cdc.gov/eid/article/27/6/21-0465_article

→ 12 cases
→ Upto 15m distance
→ Video: no close contact
→ Ventilation off

15m

https://wwwnc.cdc.gov/eid/article/27/6/21-0465_article


  

Lednicky et al. (2020) Viable SARS-CoV-2 in the air of a hospital room 
with COVID-19 patients

https://www.ijidonline.com/article/S1201-9712(20)30739-6/fulltext 

Lednicky et al. (2021) Isolation of SARS-CoV-2 from the air in a car 
driven by a COVID patient with mild illness
https://www.ijidonline.com/article/S1201-9712(21)00375-1/fulltext 

7m

https://www.ijidonline.com/article/S1201-9712(20)30739-6/fulltext
https://www.ijidonline.com/article/S1201-9712(21)00375-1/fulltext


  

Bulfone et al. (2021)

Outdoor Transmission of SARS-CoV-2 and Other Respiratory 
Viruses: A Systematic Review 

https://academic.oup.com/jid/article/223/4/550/6009483

Indoors:Outdoors ~ 18.7

https://academic.oup.com/jid/article/223/4/550/6009483


  

Kutter et al. (2020), Nature Communications 

SARS-CoV and SARS-CoV-2 are transmitted through the 
air between ferrets over more than one meter 

https://www.nature.com/articles/s41467-021-21918-6 

https://www.nature.com/articles/s41467-021-21918-6


  



  

Multidisciplinary collaboration has indicated aerosol inhalation 
as a core transmission mode of COVID-19



  

Socratic paradox: “I understand that I don’t understand.”
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