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Aerosol transmission of 
SARS-CoV-2



CDC 
Guidance on 

COVID-19 
Transmission

Person-to-person
• The virus is thought to spread mainly from 

person-to-person.
• Between people who are in close contact with 

one another (within about 6 feet).
• Through respiratory droplets produced when 

an infected person coughs, sneezes, or talks.
• These droplets can land in the mouths or noses 

of people who are nearby or possibly be 
inhaled into the lungs.

• COVID-19 may be spread by people who are 
not showing symptoms.

Not the 
traditional 

definition of 
droplet 

transmission!



All Disease Transmission Routes are Possible 
for COVID-19

Transfer from infectious source or object to mucous 
membranesContact
Large droplets “propelled” onto face and mucous 
membranes (no inhalation)Droplet
Droplet nuclei inhaled ONLY when susceptible 
person is far from infectious sourceAirborne
Aerosols inhaled near the sourceAerosol



Some Transmission Routes are More Likely 
Than Others

CDC says that contact is NOT very important – I agree.Contact
CDC says that droplet transmission is important, but data 

suggest this may not be as important as everyone thinksDroplet
CDC says that airborne transmission is not very important, 

but there are not enough data to rule this out.Airborne
This is probably an important mode of transmission not 

being given enough consideration.Aerosol



Human-generated aerosols



Speaking & coughing generate wide range of 
particle sizes

Speaking

Coughing

• Wide range of particle sizes from < 
1 µm to > 500 µm

• Similar size distributions with 
modes at 1-2 µm and 100-200 µm

• Coughing produces higher 
concentrations than speaking

Johnson, G. R., et al. "Modality of human expired aerosol size distributions." Journal of Aerosol Science 42.12 (2011): 839-851.



People are highly variable in # particles they 
generate

• Most subjects generated 
more particles/cough during 
illness

Lindsley, William G., et al. "Quantity and size distribution of cough-generated aerosol particles produced by influenza patients during and 
after illness." Journal of occupational and environmental hygiene 9.7 (2012): 443-449.



Speech 
Generates 

Small Particles

Asadi, Sima, et al. "Aerosol emission and superemission during 
human speech increase with voice loudness." Scientific 
reports 9.1 (2019): 1-10.

Particle Size
Settl ing 
Veloci ty

Time to fa l l  1 m 
(in s ti l l  a i r)

(µm) (cm/sec)
100 25 3.3 sec
30 2.7 23 sec
10 0.31 5.6 min
3 0.028 1 hour

0.3 0.00042 2.8 days
0.03 0.000022 53 days

Particles Can Take a 
Long Time to Settle 

(Still Air)



Droplet Height vs. Time

Droplet Distance Travelled

COUGH

SPEECH

Parienta, D., Morawska, L., Johnson, G. R., Ristovski, Z. D., Hargreaves, M., Mengersen, K., ... & Katoshevski, D. (2011). Theoretical analysis of the 
motion and evaporation of exhaled respiratory droplets of mixed composition. Journal of aerosol science, 42(1), 1-10.

• Droplets greater than 100 µm travel up 
to 4 m from coughs and less than 2 m 
from speech and settle within 10 sec

• Droplets less than 20 µm travel beyond 
8 m from coughs and speech



Alveolar

Total Deposition

Tracheobronchial

Extrathoracic

Major Reference Works, Pages: 272-292, First published: 31 January 2012, DOI: (10.1002/3527600418.mb0aeroaere0012) 

Cheng YS. Mechanisms of pharmaceutical aerosol deposition in the respiratory tract. AAPS PharmSciTech. 2014 Jun;15(3) 630-640. doi:10.1208/s12249-014-0092-0. PMID: 
24563174; PMCID: PMC4037474.



Aerosols can be 
generated by natural 
processes:
• Vomit
• Hemorrhage
• Diarrhea (toilet 

flushing)
• Coughing
• Sneezing
• Talking

Aerosols can be 
generated by 
medical procedures:
• Intubation
• Bronchoscopy
• Drug delivery
• Respiratory 

support

AEROSOL GENERATION
Inhalation can occur at the time and near the point of generation



AEROSOL SETTLING AND DIFFUSION
Inhalation is possible near and further from the point of generation

Inhalation continues to be 
possible near the source 
as settling and diffusion 
take place.

Aerosol transmission  
(inhalation) is possible 
further from the source 
over time.

Infection depends on 
organism viability and 
dose (concentration of 
organisms in aerosol).



AEROSOL DIFFUSION AND SETTLING
Aerosol transmission (inhalation) is possible throughout the space

Infection depends on 
organism viability and 
dose (concentration of 
organisms in aerosol).



Biological plausibility of 
aerosol transmission



Aerosol Transmission

Establish biological plausibility*
• Aerosols are generated at a source
• Organism remains viable in air at environmental 

conditions along a path
• Receptors are accessible following inhalation or 

impaction

Source Path Receptor

Jones RM and Brosseau LM. "Aerosol Transmission of Infectious Disease." Journal of Occupational and Environmental Medicine 57.5 (2015): 501-508.



SARS-CoV-2 in Body Fluids

SAR
S-
Co
V-2 

• Viable SARs-CoV-2 
and SARS-CoV-2 RNA 
have been found in 
sputum (figure) 

• Shedding peaks early, 
with mild symptoms

• Virus found in
• Saliva
• Oropharynx
• Nasopharynx
• Sputum

Wolfel et al.  (2020) Nature. DOI: 10.1038/s41586-020-2196-x
To et al. (2020) Lancet Infect Dis. DOI: 10.1016/S1473-3099(20)30196-1



Aerosol Viability

Van Dormelan et al.  “Aerosol and surface stability of SARS-CoV-2 as compared with SARS-COV-1.” (2020)N 
Enlg J Med. DOI: 10.1056/NEJMc2004973.



ACE-2 Receptor for 
SARS-CoV-2

This receptor is widely 
expressed or can be activated 
in:
• Oral mucosa (tongue, floor 

of mouth)
• Respiratory tract (airway 

epithelium)
• Lung (type II alveolar cells)
• Intestine

Xu et al. (2020) Int J Oral Sci
Perotta et al (2020) Resp Med. 168: 105996 
Leung et al. (2020) Eur Resp J. 55: 2000688
Zou et al. (2020) Front Med. DOI: 
10.1007/s11684-020-0754-0



Transmission in Animal Models

Transmission in the 
absence of direct 
contact in:

• Ferrets
• Golden hamsters
• Transgenic mice

Bao et al.  (2020) J Infect Dis. DOI: 
10.1093/infdis/jiaa281/5842264 
Sia et al. (2020) Nature. DOI: 10/1-38/s41586-
020-2342-5 
Kim et al. (2020) Cell Host & Microbe. 27: 1-6. 



Weight of Evidence for Aerosol Transmission
(Inhalation at Close Range)

Criteria Pts

Aerosol Generation 2

Viability in Environment 3

Access to Target Tissue 2

Total 7

Jones and Brosseau (2015) J Occup Environ Med. 57(5): 501-508

CONCLUSION: Aerosol transmission is of high concern
RESEARCH PRIORITY: To characterize emission of viable virus

Risk Group
Weight of 
Evidence

1 2 3 4

9
8 Influenza Tuberculosis

7 Norovirus SARS Ebola

6
5
4
3COVID-19



How do we make decisions 
for a novel aerosol?



What’s the 
exposure?

• Many mobile point sources (people)
• Lots of pre- and asymptomatic transmission

• Minimal coughing and sneezing

• People exhale many large and small particles 
during breathing and talking

• Larger particles rapidly evaporate to become 
smaller particles

• Concentrations are highest in the immediate 
vicinity of the source

• Hazardous aerosol with no occupational 
exposure limit



Similar 
hazardous 

aerosol 
problems?

• Pharmaceuticals
• No exposure limits
• Bioactive and highly hazardous
• Some animal toxicity

• Nanoparticles
• No exposure limits
• Highly hazardous materials
• Limited animal toxicity at the beginning

Control Banding!



Likelihood Daily Duration

D1
(0-3 hours)

D2
(3-6 hours)

D3
(>6 hours)

L1 
(Unlikely Exposure) E1 E1 E1

L2 
(Possible Exposure) E2 E2 E3

L3 
(Likely Exposure)

E2 E3 E3

Exposure = Likelihood * Duration

Sietsema, Margaret, et al. "A control banding framework for protecting the US workforce from aerosol 
transmissible infectious disease outbreaks with high public health consequences." Health security 17.2 
(2019): 124-132.



Risk Rank

Exposure Rank R1 R2 R3 R4

E1 A A A B

E2 A B B C

E3 A B C C

Control Band

Accounts for both the degree of harm and the availability of 
prophylaxis:  https://my.absa.org/Riskgroups

Risk Group 3 = Agents associated with 
serious or lethal human disease for which 
preventive or therapeutic interventions may 
be available 

https://my.absa.org/Riskgroups


Control Methods Should Follow a Hierarchy

• isolation, social distancingFIRST - Source 
Controls

• local exhaust ventilation, barriersNEXT - Pathway 
Controls

• personal protective equipmentLAST-Receptor 
Controls

BEST

WORST



Aim to Lower 
Exposure Level
GOAL
Reduce exposure to E1 levels by 
selecting additional control 
strategies from the source and 
pathway categories and reducing 
reliance on PPE

Band Control Options

A
Source  – Do these first!
Pathway – May be prudent
Receptor – Not necessary

B

Source – Do these first!  May require multiple options
Pathway – Do these next & may require multiple options
Receptor – Only if source and pathway controls are not 
effective

C
Source – Do these first!  May require multiple options
Pathway – Do these next & may require multiple options
Receptor - May be prudent



City Bus Driver

• Interacts with many people 
each workday

• Many may be infectious 
(even without fever or 
symptoms)

• Work 8 hr per day

This Photo by Unknown Author is licensed under CC BY-NC-NDPossible Likelihood of Exposure and Moderate Duration = 
Level of Exposure of E3

https://www.propublica.org/article/tsa-removes-x-ray-body-scanners-from-major-airports
https://creativecommons.org/licenses/by-nc-nd/3.0/


• Source Controls 
• Impossible to limit who boards the bus

• Effect of Source Controls
• Does not reduce exposure

• Path Controls
• The bus driver needs to be protected by 

a sealed enclosure to
• Effect of Path Controls

• Reduces exposure to the bus driver
• Receptor Controls

• If the bus driver needs to enter the main 
section of the bus, they may be required 
to wear a respirator

Use Receptor Controls (e.g. PPE) only 
if all other controls have been 
implemented and are not effective

Source Path Receptor

Control Band C
Requires Multiple Source and Path Controls

Risk Rank

Exposure Rank R1 R2 R3 R4

E1 A A A B
E2 A B B C
E3 A B C C



What controls should 
we consider for a 
hazardous aerosol?



Source Controls for Hazardous Aerosols

• Screening for symptoms & other risk factors
• Testing for infection
• Exclude and quarantine
• Work from home

Elimination

• Job re-design
Substitution

• Increase distance (but 6 feet is not a magic number)
• Decrease density (fewer people = fewer sources)
• Shorter shifts
• Job re-design

Isolation (remove sources & lower concentration)



Pathway Controls For Hazardous Aerosols

• Won’t eliminate exposure near a source
Dilution ventilation

• Portable air cleaners
Local exhaust ventilation

• Could change air flow patterns and dilution
• Could result in high particle concentrations
• Could introduce new or exacerbate current hazards – ergonomics, 

communication, isolation, stress
• Might have unexpected and unwanted effects on particle movement

Barriers



General 
Ventilation 
Recommendations

• Increase ventilation rate
• Decrease recirculation
• Maybe use better filters
• Consider use of local ventilation (portable air 

cleaners) or upper room UV-C irradiation
• Don’t turn off the ventilation system!
• More natural ventilation (windows) may be 

necessary in older buildings
• Don’t use ionizers (generate ozone)
• Remember that general ventilation does not 

lower exposures close to the source



What about personal 
protective equipment?



Performance of Masks & Respirators Depends On

Efficiency of the filter - How well does the filter collect 
airborne particles?

Fit - How well does the facepiece prevent inward leakage 
of particles?

Proper use - Proper donning and checking the seal may 
influence performance



Filter Testing

Use

Worst case test conditions
- High flow rate (80-90 L/min)
- Particles in most penetrating particle size
Well-characterized inert particles (not biological, 
anthropogenic, or naturogenic)

Instruments that quantify collection 
efficiency in narrow size categories

• N95 FFR or similar as positive controlInclude



Some 
Basics 

About Fit

• Need a good filter for fit to matter
• Particles follow the path of least resistance

• Fit depends on a good seal at every contact 
point with the face

• Half-facepiece respirators hardest to fit –
nose & chin

• Full-facepiece respirators easier to fit –
forehead vs. nose

• Straps and facepiece edge design impact fit
• Adjustable straps
• Head harness
• Multiple flanges

• Best designs use human panels with range of 
representative facial dimensions

• Quantitative measures of fit better than 
qualitative



Face Coverings, Surgical Masks & Respirators

Face Coverings
• Filters are very 

inefficient
• Fit is almost 

impossible to 
achieve

• May be possible to 
get a fit factor of 2

Surgical Masks
• Filters may be a little 

more efficient than 
face coverings, but 
impossible to predict

• Fit is very poor
• May be possible to 

get a fit factor of 4-6 
for masks with 
“good” filters

Respirators
• Filters are very 

efficient
• Fit must be evaluated 

for each person & 
respirator

• Must be able to 
achieve a fit factor of 
100 for use in the 
workplace



Basic Principles for Controlling a New 
Workplace Hazard

Conduct a thorough 
workplace hazard 

assessment, adding 
COVID-19 aerosols to the 

mix

Don’t neglect any 
current hazards

Don’t introduce new 
hazards

Rely on source and 
pathway controls

Eliminate need for 
respiratory protection 
(no face coverings or 

surgical masks)

Use modeling and 
measurement whenever 
possible, to evaluate the 
effectiveness of controls

Slower production might 
be the best you can do
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