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Is SARS-CoV-2 Alrborne’?

The question of airborne transmission of SARS-CoV-2
is complex

This talk will examine the portion of that question
related to human production of infectious, viral aerosol

COVID-19 is a respiratory disease, so we know that
virus is produced in the respiratory tract (e.g. Zou, L., et
al. 2020)

We also know that aerosol produced in the lung and
larynx are small (less than 1 um to a few um) and are
produced by breathing and talking, as well as coughing
(Morawska, et al. 2009; Johnson, et al. 2011; Somsen,
et al. 2020)

We also know that asymptomatic and presymptomatic
people can transmit the virus (Gao, et al., 2020; He, et
al., 2020; Oran, et al., 2020; Wei , et al., 2020
Furukawa et aI 2020 Zou, et aI 2020)

Several transmission events have suggested the
potential for the involvement of aerosols in
transmission

« Washington Choir Practice (Hamner, et al.,
2020)

« Guangzhou Restaurant (Lu, et al., 2020)

The impact of mask wear (Zhang et al., 2020) and the
synthesis of mounting data (e.g. Borak, 2020;
Morawska and Milton, 2020) have led fo a growing
consensus of the |mportance of airborne transmission
in the COVID-19 pandemic
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Early Studies of SARS-CoV-2 in
Hospitals
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« Several studies of air and surface contamination in rooms housing COVID-19
patients indicated widespread contamination

* In addition air samples or samples around ventilation indicated the potential
role of fine aerosols in the observations

« Convincing data around the culturability of these aerosols was elusive

Ong, S. W. X,, et al. 2020; Chia, P. Y., et al. 2020; Guo, Z. D., et al. 2020; Nissen, Karolina, et al. 2020; Santarpia, J.L, et al. 2020




The Size of Human-Generated
SARS-CoV-2 aerosol
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SARS-CoV-2 Detected in Aerosol by PCR and Cell Culture
rRT-PCR Cell Culture
>4.1 um 6:6 (100%) 0:6 (0%)

1-4 pm 6:6 (100%) 2:6 (33%)*
<1pum 6:6 (100%) 3:6 (50%) w

Santarpia, et al., 2020




Aerosol Samples
Replicating in Cell Culture

Room7A Room 7B Room 5A Room 5B Room 5C Room 5D
]
= ‘ ‘ 0 e
g 10 P=0.03 600 3,2 g
s < 003 50 7 3 =

= Y SS9
£ ; P-001 400 539
o : o =20
w é = _.é
)

g 2ge
a = =02
T O g A
=2 sS4
L3 ® 34
ro
& & & & & & & & & & & & <& & & & A

N X X A X < X X N A N N X X N X X X

AN 7»5‘ LN 7»:-‘ AN qvf‘ NN _,u'-‘ PN 4 > NN _,b"-\

BC251 Aerosol Stage

Santarpia et al., 2020

Virus genome Viable virus
Sample ID equivaleu%sfl, of air” TCIDs/100 count/L air
1-1 BioSpot 94 2.68E+04 74
1-2 BioSpot + HEPA - 0 0
1-3 BioSpot 30 6.31E+03 18
2-1 VIVAS 44 1.00E+04 27
2-2 VIVA S+ HEPA - 0 0
2-3 VIVAS 16 2.15E+03 6
*From Table 2.

Lednicky et al., 2020

« Two pre-print studies indicate that aerosol particles generated by patients can
replicate in cell culture

« Santarpia, et al found evidence of replication (through serial PCR and EM) of
replication of collected sub-micron particles

» Lednicky, et al quantified culturable viral aerosol collected at 2 and 4.8 m from
patients




Animal Studies

 Two studies in ferrets have
indicated that indirect
transmission of SARS-CoV-2 by

the air is possible
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So, what do we know?

*The rooms of people infected with COVID-19 show widespread contamination of both
surfaces and air, with indications that aerosols may be involved (sample distance,
ventilation, etc.)

*Asymptomatic and presymptomatic people are known to spread the virus, indicating the
smaller aerosols produced only during breathing and speaking may carry the virus

*Aerosols less than 4 microns (even less than 1 micron) have been shown to contain viral
RNA

*Aerosols from patient rooms have been cultured in Vero cells, and submicron samples
from patient rooms have demonstrated replication in cell culture

*Ferrets have been shown to transmit the SARS-CoV-2 virus through the air

Humans infected with SARS-CoV-2 can produce infectious fine mode particles that may
be able to transmit the disease after exposure to enough particles.




Additional Questions

At what rate do people produce infectious aerosol?

*How does the production of infectious aerosol vary from person to
person?

*How does the production of infectious aerosol change over the course of
illness?

*What is the infectious dose of SARS-CoV-2 through the aerosol route?
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