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TB: A Paradigm Shift

Transmitted by Spitting

• The solution: don’t spit 
and spittoons

Airborne Transmission

• The solutions: masks, 
isolation, ventilation

Smithsonian Magazine

CDC

https://www.smithsonianmag.com/history/19th-century-public-health-campaign-made-it-illegal-spit-public-new-york-city-180974023/


“Those of us with a speculative turn of mind 
wonder whether air hygiene may advance as 

far in the next half century as water sanitation 
did in the last half century.”



Back to the Future: Source-to-Response 
Framework
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CQ4CQ3CQ1 CQ2

CQ1: What size particles are 
generated by people and how 

do they spread in air?

Workshop Framework

CQ2: Which size particles are 
infectious and for how long?

Behavior
Built Environment

Some Contextual Factors

Housing Quality Medical Care Occupation

Income Race/Ethnicity Environment

CQ3: What behavioral and 
environmental factors 

determine personal exposure to 
SARS-Cov-2?

CQ4: What Do We Know About 
the Infectious Dose and Disease 

Relationship for Covid-19?



Workshop Goal

To bring together relevant sectors of research and 
practice to explore and assess the evidence on 
airborne transmission of SARS-CoV-2 in order to 
identify:

•What we know
•What we need to know
•What research is needed to fill critical gaps
•In order to prevent and control infection 
with SARS-CoV-2 and COVID-19.



The Evidence Challenge: PubMed Search 
“Airborne Transmission AND Infection,” 1941-
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The Evidence Challenge: “Airborne 
Transmission and COVID-19”
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Records identified in database search

n = 21,428

Cochrane = 443

MEDLINE = 4,520

PubMed = 8,561

Scopus = 7,904

Total records

n = 36,551

Records screened by title

n  = 29,311

Database = 14,188

Grey literature = 15,123

Irrelevant entries

n  = 27,497

Database = 12,535

Grey literature = 14,962

Database records screened by 
abstract

n  = 1,653

Articles that failed 
inclusion/exclusion

n  = 221

Database = 124

Grey literature = 97 

Full-text articles assessed for 
eligibility

n  = 285

Database = 248

Grey literature = 161

Included studies

n  = 188

Database = 124

Grey literature = 64 

Database records that failed 
inclusion/exclusion

n  = 1,529

Database duplicates

n  = 7,240

Records identified in grey literature search

n = 15,123

Chinese sources = 201

English sources = 11,667

Italian sources = 56

French = 696

Portuguese = 535

Spanish sources = 1,968

Airborne transmission of COVID-19 and other coronaviruses in indoor 

& outdoor environments: a systematic review

Sotiris Vardoulakis1,6, Daniela Espinoza Oyarce1, Olubusola Adedire2, 

Giovanni Lo Iacono3, Paolo Lauriola4, Yurong Wu5, Gordon Nichols2,6, Ariana 

Zeka7, Julia Alves Menezes8, Rhavena Santos8, Cunrui Huang5, Simon 

Haberle1, Masahiro Hashizume9, Prashant Kumar3, Giovanni Leonardi2,10

1Australian National University, 2Public Health England, 3University of 

Surrey, 4Italian National Research Council, 5Sun Yat-sen University, 
6University of Exeter, 7Brunel University, 8Fiocruz, 9University of Tokyo, 
10LSHTM

Vardoulakis et al. 

2020 (preliminary 

results – do not 

copy or distribute)



How do we determine what we know?

Henle-Koch Postulates:



Are there analogous criteria for 
airborne transmission?

• Collection of particles (in a particular size fraction) 
in air containing exhaled breath from a COVID-19 
patient.

• Demonstration of viral RNA in the collected 
particles, matching the genotype of the patient’s 
virus.

• Culture of virus to demonstrate that it is viable.

• Documentation that the collected virus causes 
disease in an animal model or cytopathic effects in 
a cell culture system.



• Your comments are on the record and may be attributed to 

you. All comments made reflect individual insights, not the position of 

the National Academies. 

• This workshop is not part of a consensus study and will not produce 

consensus findings, conclusions, or recommendations. 

Please keep in mind...

#EnviroHealthMatters



Agenda Overview

Day 1

Framing and Background:

• COVID-19: Public Health and Scientific 
Challenges

• Workshop Goals and Framework

• Importance of Understanding The Role of 
Airborne Transmission in COVID-19

• Aerosols and Transmission of Respiratory 
Viruses 101 

Critical Questions:

• CQ1: What size particles are generated by 
people and how do they spread in air?

• CQ2: Which size particles are infectious and 
for how long?

Day 2

Critical Questions:

• CQ3: What behavioral and environmental 
factors determine personal exposure to 
SARS-Cov-2?

• CQ4: What Do We Know About the 
Infectious Dose and Disease Relationship for 
SARS-CoV-2?

Reflection and Syntheses: Identifying 
Opportunities and Gaps on the Path Ahead

From Particles to Populations

Implications for Disease Control


