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Keywords.

We appeal to the medical community
and to the relevant national and inter-
national bodies to recognize the potential
for airborne spread of coronavirus dis-
ease 2019 (COVID-19). There is signifi-
cant potential for inhalation exposure to
viruses in microscopic respiratory drop-
lets (microdroplets) at short to medium
distances (up to several meters, or room
scale), and we are advocating for the use
of preventive measures to mitigate this
route of airborne transmission.

Studies by the signatories and other
scientists have demonstrated beyond any
reasonable doubt that viruses are released
during exhalation, talking, and coughing
in microdroplets small enough to remain
aloft in air and pose a risk of exposure at
distances beyond 1-2 m from an infected
individual ([1-4]). For example, at typical
indoor air velocities [5], a 5-um droplet
will travel tens of meters, much greater
than the scale of a typical room, while
settling from a height of 1.5 m to the
floor. Several retrospective studies con-
ducted after the severe acute respiratory
syndrome coronavirus 1 (SARS-CoV-1)
epidemic demonstrated that airborne
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transmission was the most likely mech-
anism explaining the spatial pattern of
infections [6]. Retrospective analysis has
shown the same for severe acute respira-
tory syndrome coronavirus 2 (SARS-
CoV-2) [7-10]. In particular, a study in
their review of records from a Chinese
restaurant observed no evidence of direct
or indirect contact between the 3 parties
[10]. In their review of video records from
the restaurant, they observed no evidence
of direct or indirect contact between the
3 parties. Many studies conducted on the
spread of other viruses, including respira-
tory syncytial virus (RSV) [11], Middle
East Respiratory Syndrome Coronavirus
(MERS-CoV) [8], and influenza [2, 4],
show that viable airborne viruses can be
exhaled [2] and/or detected in the in-
door environment of infected patients
[11, 12]. This poses the risk that people
sharing such environments can poten-
tially inhale these viruses, resulting in
infection and disease. There is every
reason to expect that SARS-CoV-2 be-
haves similarly, and that transmission
via airborne microdroplets [10, 13] is an
important pathway. Viral RNA associated
with droplets <5 pm has been detected
in air [14], and the virus has been shown
to maintain infectivity in droplets of this
size [9]. Other viruses have been shown
to survive equally well, if not better, in
aerosols compared to droplets on a sur-
face [15].

The current guidance from numerous
international and national bodies focuses

airborne transmission; airborne infection spread; coronavirus; COVID-19; SARS-CoV-2 virus.

on hand washing, maintaining social
distancing, and droplet precautions. Most
public health organizations, including the
World Health Organization (WHO) [16],
do not recognize airborne transmission
except for aerosol-generating procedures
performed in healthcare settings. Hand
washing and social distancing are ap-
propriate but, in our view, insufficient to
provide protection from virus-carrying
respiratory microdroplets released into
the air by infected people. This problem
is especially acute in indoor or enclosed
environments, particularly those that are
crowded and have inadequate ventilation
[17] relative to the number of occupants
and extended exposure periods (as graph-
ically depicted in Figure 1). For example,
airborne transmission appears to be the
only plausible explanation for several
superspreading events investigated that
occurred under such conditions [10], and
others where recommended precautions
related to direct droplet transmissions
were followed.

The evidence is admittedly incom-
plete for all the steps in COVID-19
microdroplet transmission, but it is simi-
larly incomplete for the large droplet
and fomite modes of transmission. The
airborne transmission mechanism op-
erates in parallel with the large droplet
and fomite routes [16] that are now the
basis of guidance. Following the precau-
tionary principle, we must address every
potentially important pathway to slow
the spread of COVID-19. The measures

INVITED COMMENTARY « CID 2020:XX (XX XXXX) « 1

0202 J9qUIBAON G| U0 }senb Aq 86//98G/6E6EEIO/PIO/EE0 L 0 |/10P/0ILE-8OUBAPE/PIO/WOD ANO"0IWaPESE//:SARY WO} POPEOIUMOQ


mailto:l.morawska@qut.edu.au?subject=
mailto:l.morawska@qut.edu.au?subject=

e

.
."'--.

Direction ofairflow: "
Microdroplets containing virus:

ol
e

Ventilation

Direction of airflow: _"
Micradroplets containing virus:

* Ventilation

Figure 1.
(B) adequate ventilation.

Distribution of respiratory microdroplets in an indoor environment with (A) inadequate ventilation and

that should be taken to mitigate airborne
transmission risk include:

« Provide sufficient and effective venti-
lation (supply clean outdoor air, min-
imize recirculating air) particularly
in public buildings, workplace envir-
onments, schools, hospitals, and aged
care homes.

o Supplement general ventilation with
airborne infection controls such as
local exhaust, high efficiency air filtra-
tion, and germicidal ultraviolet lights.

o Avoid overcrowding, particularly in
public transport and public buildings.

Such measures are practical and often
can be easily implemented; many are
not costly. For example, simple steps
such as opening both doors and win-
dows can dramatically increase air flow
rates in many buildings. For mechanical
systems, organizations such as ASHRAE
(the American Society of Heating,

Ventilating, and  Air-Conditioning
Engineers) and REHVA (the Federation
of European Heating, Ventilation and Air
Conditioning Associations) have already
provided guidelines based on the existing
evidence of airborne transmission. The
measures that we propose offer more
benefits than potential downsides, even if
they can only be partially implemented.

It is understood that there is not as yet
universal acceptance of airborne trans-
mission of SARS-CoV2; but in our col-
lective assessment there is more than
enough supporting evidence so that the
precautionary principle should apply. In
order to control the pandemic, pending
the availability of a vaccine, all routes of
transmission must be interrupted.

We are concerned that the lack of rec-
ognition of the risk of airborne trans-
mission of COVID-19 and the lack of
clear recommendations on the control
measures against the airborne virus will
have significant consequences: people

may think that they are fully protected
by adhering to the current recommenda-
tions, but in fact, additional airborne
interventions are needed for further re-
duction of infection risk.

This matter is of heightened signifi-
cance now, when countries are reopening
following lockdowns: bringing people
back to workplaces and students back
to schools, colleges, and universities.
We hope that our statement will raise
awareness that airborne transmission of
COVID-19 is a real risk and that con-
trol measures, as outlined above, must be
added to the other precautions taken, to
reduce the severity of the pandemic and
save lives.
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It is Time to Address Airborne Transmission of COVID-19

Understanding the transmission of respiratory infections indoors requires expertise in many distinctly
different areas of science and engineering, including virology, aerosol physics, flow dynamics,
exposure and epidemiology, medicine, and building engineering, to name the most significant. No one
person has expertise in all these areas. However, collectively, the community of the signatories to the
Comment understands the characteristics and mechanisms behind the generation of respiratory
microdroplets, survival of viruses in the microdroplets, transport of the microdroplets and human
exposure to them, and the airflow patterns that carry microdroplets in buildings. We have dedicated our
careers working in this multidisciplinary field, and our statement stems from our collective expertise

spanning the entire field.
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Email: Paul.Scheepers@radboudumc.nl

Professor Max H. Sherman,

Lawrence Berkeley National Laboratory (Retired),
USA

Email: MHSherman@Ibl.gov

Professor Alan Shihadeh

Maroun Semaan Faculty of Engineering &
Architecture, American University of Beirut, Lebanon
Email: as20@aub.edu.lb

Professor Manabu Shiraiwa
Department of Chemistry
University of California, Irvine, USA
Email: m.shiraiwa@uci.edu

Professor Jeffrey Siegel

Department of Civil & Mineral Engineering
University of Toronto, Canada

Email: jeffrey.siegel@utoronto.ca

Professor Torben Sigsgaard
Deptartment of Public Health
Aarhus University, Denmark

Email: ts@ph.au.dk

Dr. Brett C. Singer

Sustainable Energy and Environmental Systems
Department

Lawrence Berkeley National Laboratory, USA
Email: besinger@lbl.gov

Professor James N. Smith
Department of Chemistry
University of California, Irvine, USA
Email: imsmith@uci.edu

Professor Armin Sorooshian

Department of Chemical and Environmental
Engineering, University of Arizona, USA
Email: armin@email.arizona.edu

Dr. Jerzy Sowa

Faculty of Building Services, Hydro and
Environmental Engineering

Warsaw University of Technology, Poland
Email: jerzy.sowa@pw.edu.pl
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Professor Brent Stephens
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Environmental Engineering,

lllinois Institute of Technology, USA

Email: brent@iit.edu

Professor Huey-Jen Jenny Su

Institute of Environmental Health Sciences
National Cheng Kung University, Taiwan
Email: hjsu@mail.ncku.edu.tw

Professor Jordi Sunyer
Childhood and Environment, ISGlobal, Spain
Email: jordi.sunyer@isglobal.org

Professor Jason D. Surratt

Department of Environmental Sciences and
Engineering, Gillings School of Global Public Health
University of North Carolina at Chapel Hill, USA
Email: surratt@unc.edu

Professor Kazuo Takahashi

Department of Clinical Laboratory Medicine
International University of Health and Welfare,
Japan

Email: takahashikz@iuhw.ac.jp

Professor Nobuyuki Takegawa
Department of Chemistry

Tokyo Metropolitan University, Japan
Email: takegawa@tmu.ac.jp

Professor Jgrn Toftum
Department of Civil Engineering
Technical University of Denmark, Denmark

Email: jt@byqg.dtu.dk

Distinguished Professor Margaret A. Tolbert
Department of Chemistry and CIRES
University of Colorado, Boulder, USA
Email: tolbert@colorado.edu

Associate Professor Euan Tovey
Woolcock Institute of Medical Research
University of Sydney, Australia

Email: euan.tovey@sydney.edu.au

Professor Barbara J. Turpin

Department of Environmental Sciences and
Engineering, Gillings School of Global Public Health,
University of North Carolina - Chapel Hill, USA
Email: bjturpin@email.unc.edu

Professor Annele Virtanen
Department of Applied Physics
University of Eastern Finland, Finland
Email: annele.virtanen@uef.fi
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Professor John Volckens

Department of Mechanical Engineering
Colorado State University, USA

Email: john.volckens@colostate.edu

Professor Claire Wainwright

Child Health Research Centre

The University of Queensland, Brisbane, Australia
Email: claire.wainwright@health.gld.gov.au

Dr. Lance A. Wallace
US EPA (Retired), USA
Email: lwallace73@gmail.com

Professor Boguang Wang

Institute for Environmental and Climate Research
Jinan University, Guangzhou, China

Email: tbongue@jnu.edu.cn

Professor Chia C. Wang

Aerosol Science Research Center
National Sun Yat-sen University, Taiwan
Email: chiawang@mail.nsysu.edu.tw

Professor Michael Waring

Department of Civil, Architectural and Environmental
Engineering, Drexel University, USA

Email: msw59@drexel.edu

Professor John Wenger

School of Chemistry & Environmental Research
Institute, University College Cork, Ireland, United
Kingdom

Email: .wenger@ucc.ie

Professor Charles J. Weschler

Environmental & Occupational Health Sciences
Institute

Rutgers University, USA

Email: weschlch@rwjms.rutgers.edu

Professor Brent Williams

Department of Energy, Environmental, & Chemical
Engineering

Washington University in St. Louis, USA

Email: brentw@wustl.edu

Professor Mary E. Wilson

Global Health

San Francisco and Harvard Chan School of Public
Health, University of California, USA

Email: mewilson@hsph.harvard.edu

Professor Armin Wisthaler
Department of Chemistry

University of Oslo, Norway

Email: armin.wisthaler@kjemi.uio.no
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Dr. Kazimierz Wojtas

Faculty of Environmental and Power Engineering
Cracow University of Technology, Poland

Email: kaz_wojtas@02.pl

Dr. Douglas R. Worsnop
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University of Helsinki, USA / Finland

Email: worsnop@aerodyne.com

Professor Ying Xu
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Tsinghua University, Beijing, China
Email: xu-ying@mail.tsinghua.edu.cn

Associate Professor Naomichi Yamamoto
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Seoul National University, Republic of Korea
Email: nyamamoto@snu.ac.kr

Professor Xudong Yang
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Tsinghua University, Beijing, China
Email: xyang@tsinghua.edu.cn

Dr. Hui-Ling Yen
School of Public Health
The University of Hong Kong, Hong Kong, China

Email: hyen@hku.hk

Professor Emeritus Hiroshi Yoshino

Department of Architecture and Building Science
Tohoku University, Japan

Email: yoshino@sabine.pln.archi.tohoku.ac.jp

Dr. Hassan Zaraket

Department of Experimental Pathology,
Immunology, and Microbiology, Faculty of Medicine,
American University of Beirut, Lebanon

Email: hz34@aub.edu.lb

Professor Zhigiang (John) Zhai

Department of Civil, Environmental and Architectural
Engineering

University of Colorado at Boulder, USA

Email: john.zhai@colorado.edu

Professor Junfeng (Jim) Zhang

The Nicholas School of the Environment
Duke University, USA

Email: junfeng.zhang@duke.edu

Professor Qi Zhang

Department of Environmental Toxicology
University of California, Davis, USA
Email: dkwzhang@ucdavis.edu
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Professor Jensen Zhang

Department of Mechanical and Aerospace
Engineering

Syracuse University, USA
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Professor Yinping Zhang
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Tsinghua University, Beijing, China
Email: zhangyp@tsinghua.edu.cn

Professor Bin Zhao
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Professor Tong Zhu
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