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Glossary

Aerosols: Particles suspended in the air whose movements are governed mainly by their size, generally less than 100
pm (conventionally called droplets when larger than 5 pm). These particles are potentially inhalable and can be
classified according to the anatomical sites where they deposit in the respiratory tract:

» Nasopharyngeal particles, deposit in the nose or throat, < 100 pm
» Tracheobronchial particles, deposit in the bronchi, < 15 ym

» Alveolar particles, reach the pulmonary alveoli, < 5 pm, conventionally referred to as droplet nuclei
Bioaerosols: Aerosols that contain biological material

Culturable: The ability of microorganisms such as viruses to reproduce on appropriate cell cultures under suitable
conditions. The fact that a virus is culturable does not mean it is infectious.

Droplets: Previously defined as particles typically larger than 5 pm. Now included in the definition adopted for
aerosols.

Drops: Particles larger than 100 um that can deposit directly on the mucous membranes of the nose, mouth, or eyes
and on surfaces or objects, depending on their ballistic trajectory (therefore not inhalable).

Infectivity: The ability of a pathogen (such as a virus) to transmit to, survive in, and multiply in a host.
Particle: A small portion of solid or liquid matter.

Transmission: The process by which a pathogen passes from a source to a host in such a way as to cause an
infection in the host.

Tropism: The propensity of an infectious or parasitic agent to target a specific organ, tissue, or cell type.

Il Institut national de santé publique du Québec



Key Findings

As the SARS-CoV-2 virus drives a worldwide pandemic,
our scientific understanding of how it is transmitted is
constantly evolving. There is an ongoing debate on
various aspects of this process, particularly aerosol
transmission. In part, this debate reflects a lack of
consensus on the definitions of the terms used to
describe the transmission of infectious agents via the
respiratory tract.

This text presents a review of the scientific literature
focused on the aerosol mode of transmission, but also
includes information about other modes of
transmission. Authored by a multidisciplinary team, the
report seeks to inform the decision-making process of
public health authorities, teams of experts, ministerial
policymakers, and health and social services facility
managers.

Until now, infection prevention and control
recommendations have been based on a dichotomous
approach, i.e., infection transmission via droplets vs.
airborne routes. Yet, the growing body of knowledge on
the dynamic aspects of aerosols is paving the way for
an approach that suggests transmission is dependent
on a continuum of particles ranging in size from drops
to aerosols.

The following findings emerge from this
multidisciplinary analysis of experimental and
epidemiological data:

» SARS-CoV-2 is transmitted primarily when people
are in close contact (within 2 meters) for more than
15 minutes.

» The available experimental and epidemiological data
support short-range transmission by aerosols, i.e.
within 2 meters.
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» The risk of SARS-CoV-2 transmission increases in
closed, crowded, and poorly ventilated spaces and
with prolonged exposure. The data indicate that
close contact transmission remains the main route
involved. However, the data also suggest that
aerosol transmission over longer distances could
occur. The maximum distance is uncertain, but is
unlikely to exceed a few meters.

» The presence of SARS-CoV-2 RNA and infectious
virus in the air does not systematically imply
airborne transmission, unlike with tuberculosis. At
present, there is no direct evidence unequivocally
demonstrating airborne transmission of SARS-CoV-
2.

SARS-CoV-2 transmission can be limited by
implementing prevention and protection measures in
the community, workplaces, and healthcare settings.
These measures include:

Contact restrictions

Physical distancing

Mask wearing

Physical barriers

Respiratory hygiene and etiquette
Hand hygiene

Adequate ventilation

Environmental cleaning and disinfection

vV vV v v vV v v v Vv

Application of routine practices and additional
infection prevention and control (IPC) precautions in
healthcare settings

The information and findings presented in this report
will be updated regularly as our knowledge of SARS-
CoV-2 transmission evolves.
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Summary

Institut national de santé publique du Québec (INSPQ)
teams reviewed the scientific literature on SARS-CoV-2
transmission to produce a body of scientific knowledge
designed to inform the decision-making process of
public health authorities, teams of experts, ministerial
policymakers, and health and social services facility
managers. The main objective of this document is to
describe the SARS-CoV-2 transmission process by
addressing the aerosol transmission aspect in greater
detail.

The report includes a description of the terminology
used, a section on aerosol dynamics, including
dispersion, inhalation potential, microbial load, and
infectivity, and a summary of the positions held by
various public health organizations on SARS-CoV-2
transmission. An overall description of SARS-CoV-2
transmission is presented. The literature review focuses
on the scientific data related to aerosol transmission of
SARS-CoV-2.

Recommendations for the prevention and control of
infections associated with the droplet and airborne
modes of transmission have thus far been based on an
approach which, although dichotomous, has proven
effective in preventing and controlling the transmission
of infections such as influenza and tuberculosis.
However, SARS-CoV-2 requires an approach that
better reflects the growing body of knowledge about
the dynamic aspects of aerosols and that suggests
transmission is dependent on a continuum of particles
of varying size.

Methodology

The findings reported in this document derive from two
short literature reviews conducted by the nosocomial
infection and environmental health teams at INSPQ.
They bring a transdisciplinary perspective to the report.

The nosocomial infection team surveyed current
knowledge on SARS-CoV-2 transmission via aerosols
by reviewing scientific publications and pre-
publications available as of September 15, 2020.

The review was carried out by consulting bibliographic
databases (Medline, Embase, via the Ovid search
engine) using keywords related to airborne transmission
in the context of COVID-19, as well as the COVID-19
scientific watch produced by INSPQ.

Meanwhile, the environmental health team reviewed the
literature on the presence of SARS-CoV-2 in the air, its
viability in the environment, and modes of COVID-19
transmission (both aerosol and fomite).

An Inoreader search in combination with a snowball
strategy was used to compile the studies on this
subject. The same strategy was employed for studies of
COVID-19 outbreaks where long-range or fomite-borne
infections were suspected. The teams reviewed articles
published in French and English through September 30,
2020, and included articles on aerosols and fomites
published since then. They also assessed non-peer-
reviewed articles available on medRxiv.

Furthermore, a non-systematic review of scientific and
gray literature was conducted to document the
terminology related to aerosols and identify various
organizations’ positions with regards to COVID-19
modes of transmission.

This document was subject to an internal consultation
involving teams of experts working on COVID-19 at
INSPQ (environmental health, occupational health,
nosocomial infection, population measures, case
management and contacts), as well as external experts:
the Comité sur les infections nosocomiales du Québec
(CINQ) and the COVID occupational health working
group (SAT-COVID).

Institut national de santé publique du Québec



Definitions

Once the terminology review was completed, a model
adapted from Roy and Milton (2004) and used in
Québec’s occupational health field was chosen to

facilitate the adoption of a transdisciplinary terminology

Transmission of SARS-CoV-2: findings and proposed terminology

at INSPQ. INSPQ’s position regarding SARS-CoV-2
transmission and the findings described herein is based
on the following definitions:

Term

Definition

Aerosols

Particles suspended in the air whose movements are governed mainly by their size, generally less than
100 um (conventionally called droplets if larger than 5 um). These particles are potentially inhalable and
can be classified according to the anatomical sites where they deposit in the respiratory tract:

» Nasopharyngeal particles, deposit in the nose or throat, < 100 ym
» Tracheobronchial particles, deposit in the bronchi, < 15 pm

» Alveolar particles, reach the pulmonary alveoli, <5 pm

Droplets:
aerosols.

Formerly defined as particles typically larger than 5 um. Now included in the definition adopted for

Drops

Particles larger than 100 um that can deposit directly on the mucous membranes of the nose, mouth, or
eyes and on surfaces or objects, depending on their ballistic trajectory (therefore not inhalable).

The findings below emerge from this multidisciplinary
analysis of the available experimental and
epidemiological data, guided by the above definitions:

» SARS-CoV-2 is transmitted primarily when people
are in close contact (less than 2 meters) for an
extended period (over 15 minutes).

» The risk of SARS-CoV-2 transmission increases in
closed, crowded, and poorly ventilated spaces and
with prolonged exposure.

» The available experimental and epidemiological data

support short-range (within 2 meters) transmission
by aerosols.

1

» The data indicate that under specific conditions,
such as in closed, crowded, and poorly ventilated
spaces and with prolonged exposure (over 15
minutes), close contact transmission (less than 2
meters) is the main route involved. The data also
suggest that aerosol transmission over longer
distances could occur. The maximum distance is
uncertain, but is unlikely to be more than a few
meters.

» The presence of SARS-CoV-2 RNA and live virus in
the air does not systematically imply airborne
transmission, unlike with tuberculosis.’ At present,
there is no direct evidence unequivocally
demonstrating airborne transmission of
SARS-CoV-2.

Obligatory airborne transmission concerns infections naturally transmitted only by aerosols that may travel very long distances (several meters)

and that deposit in the lower respiratory tract, without invasive intervention. With this mode of transmission, a host can be infected without
having to be in close proximity to the source person or even present in the same room at the same time (e.g., measles). Preferential airborne
transmission concerns infections naturally transmitted by more than one mode of transmission, but for which the principal mode of transmission
is airborne, as described above (e.g., chickenpox). Opportunistic airborne transmission includes infections that are usually transmitted by other
modes, but which can also be spread by fine aerosolized particles under specific conditions, e.g., during aerosol-generating medical procedures

(AGMP) (INSPQ, 2009).

Institut national de santé publique du Québec
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These findings may be revised as new evidence
becomes available. The lack of common definitions for
the terminology associated with aerosols and the
methodological limitations of existing studies drive
home the need for more high-quality investigations that
will clarify specific parameters, particularly the SARS-
CoV-2 infecting dose and aerosol transmission over a
long distance.

This rapid synthesis of the state of knowledge
concerning SARS-CoV-2 transmission provides a
scientific foundation experts can refer to as they revise
or confirm recommendations specific to their fields.
They will continue to collaborate to ensure that their
recommendations are consistent and that differences
or nuances between fields are clearly indicated.

All efforts should now focus on implementing a series of
prevention and protection measures to limit SARS-
CoV-2 transmission in the community, the workplace,
and healthcare settings.

1 Introduction

With over sixty million COVID-19 cases reported
worldwide, our understanding of SARS-CoV-2 has
steadily deepened. Yet there is an ongoing debate over
aspects of the virus’s modes of transmission. Teams at
Institut national de santé publique du Québec (INSPQ)
(infectious diseases, nosocomial infections,
occupational health and environmental health) reviewed
the scientific literature on SARS-CoV-2 transmission to
produce a body of scientific knowledge that could
inform the decision-making process of public health
authorities, teams of experts, ministerial policymakers,
and health and social services facility managers.

The main objective of this report is to provide
information on the SARS-CoV-2 transmission process,
but primarily on the aerosol mode of transmission. After
describing the methodology, we review the terminology
used to describe the modes by which infectious agents
transmit via the airways and put forth a proposal. Next,
we discuss aerosol dynamics and summarize the
positions of various public health and regulatory bodies
regarding SARS-CoV-2 transmission, before providing
an overview of the SARS-CoV-2 transmission process.
The results and a discussion on viral transmission by
aerosols and methodological limitations follow. Lastly,
we present findings that reflect a concerted,
multidisciplinary position on SARS-CoV-2. These
findings can be translated by experts into specific
recommendations and measures to be implemented.

The information presented in this document will be

updated regularly as our knowledge of SARS-CoV-2
transmission evolves.

Institut national de santé publique du Québec



2 Methodology

This narrative review stems from two short literature
reviews conducted by the nosocomial infection and
environmental health teams at INSPQ. The studies
selected allowed the teams to explore the overall
process of SARS-CoV-2 transmission and, more
specifically, to draw conclusions concerning aerosol-
based transmission.

The nosocomial infection team surveyed the current
knowledge of SARS-CoV-2 aerosol-based transmission
by reviewing scientific publications and pre-
publications available as of September 15, 2020. This
review involved searching bibliographic databases
(Medline, Embase, via the Ovid search engine) with
keywords related to aerosol-based transmission in the
context of COVID-19, as well as the COVID-19 scientific
watch produced by INSPQ. The information obtained
derived primarily from experimental models, as well as
observational and epidemiological data. More details
are provided in Appendix | (available in the French
version of this paper).

The environmental health team reviewed the literature
on airborne SARS-CoV-2, the viability of viruses in the
environment, and COVID-19 modes of transmission. An
Inoreader search in combination with a snowball
strategy was used to compile the studies on this
subject. The same strategy was employed for studies of
COVID-19 outbreaks where long-range and fomite-
borne infections were suspected. The teams reviewed
articles published in French and English through
September 30, 2020, but also included articles on
aerosols and fomites published since then. They also
evaluated non-peer-reviewed articles available on
medRxiv. Further information on fomite transmission
can be found in Appendix Il (available in the French
version of this paper).

Institut national de santé publique du Québec
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At the same time, the teams conducted a non-
systematic review of the scientific and gray literature
produced by leading authorities in order to propose a
terminology adapted to aerosol dynamics and review
the positions of various organizations on COVID-19
transmission. For other factors studied (aerosol
dynamics, contagiousness, infectious dose), studies
were not systematically compiled.

This document was subject to internal consultations
with INSPQ teams that deal with COVID-19
(environmental health, occupational health, nosocomial
infection, population measures, case management and
contacts), as well as with external experts: the Comité
sur les infections nosocomiales du Québec (CINQ) and
the COVID occupational health working group (SAT-
COVID).
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3 Terminology Related to
Modes of Transmission for
Respiratory Tract
Infectious Agents

Prior to discussing SARS-CoV-2 transmission, we must
first survey the terminology used to describe airway
transmission of infectious agents. Debate over this
terminology has been ongoing since the start of the
pandemic. The scientific disciplines that study aerosol
dynamics have been increasingly confronted with the
lack of consensus on this issue. On the one hand,
experts in infection prevention and control (IPC) and
public health have traditionally used the term
“aerosols”? to refer to very small respirable particles
that can be carried through the air over long distances,
as opposed to “droplets”, which refer to larger diameter
particles that settle more quickly. On the other hand,
industrial hygiene experts define aerosols as particles
that remain suspended in the air. They classify them by
the anatomical sites where they deposit in the
respiratory tract, among other things. Table 1
summarizes a wide range of definitions proposed for
these terms by various organizations and in scientific
articles.

In short, the scientific community’s lack of consensus
on the definitions for droplets and aerosols has fueled
an ongoing semantic and scientific debate. While
recognizing these concepts are evolving, we believe
this is an opportune moment to reposition them in the
context of a process that is dynamic and not
dichotomous. After completing the terminology review,
we selected a model adapted from Roy and Milton
(2004) by the Public Health Agency of Canada (2017)
and employed in Québec’s occupational health field to
facilitate the adoption of a transdisciplinary terminology
at INSPQ. The definitions below guided our analysis of
the experimental and epidemiological data selected for
review.

Aerosols: Particles suspended in the air whose
movements are governed mainly by size; generally
smaller than 100 um (conventionally called droplets if
larger than 5 pm). These particles are potentially
inhalable and can be classified according to the
anatomical sites where they deposit in the respiratory
tract:

» Nasopharyngeal particles, deposit in the nose or
throat, <100 ym

» Tracheobronchial particles, deposit in the bronchi, <
15 um

» Alveolar particles, reach the pulmonary alveoli, < 5
pm Droplets: Formerly defined as particles, typically
larger than 5 ym in size and now included in the
definition adopted for aerosols

Drops: Particles larger than 100 pm in size that can
deposit directly on the mucous membranes of the nose,
mouth, or eyes and on surfaces or objects, depending
on their ballistic trajectory (therefore not inhalable).

2 The term bioaerosols is also used and is defined as a particle suspended in the air upon which living or dead organic matter is found. A
bioaerosol is considered infectious if it contains a biological agent capable of causing infection.

Institut national de santé publique du Québec



Table 1

Transmission of SARS-CoV-2: findings and proposed terminology

Summary of definitions according to different organizations and scientific articles

Organization/scientific
article and date

Definition/Characteristic

Droplets

Aerosols

Droplet nuclei

World Health Organization
(WHO)

» Particles from 5 to
10 um

Particles smaller than 5 pm

Particles smaller than 5
um

Centers for Disease Control
and Prevention (CDQ)

» Particle diameter
exceeds 5 pm

Droplet nuclei or small particles
that can remain suspended in
the air and be inhaled

Resulting from the
desiccation of suspended
droplets

Diameter less than or
equal to 5 ym

Public Health Agency of
Canada (PHAQ)

» Particle size exceeds
10 pm

Solid or liquid particles
suspended in the air

Movements governed mainly by
particle size, which is larger than
10 pm

Airborne particles
resulting from a droplet
from which most of the
liquid has evaporated

Remain suspended in the
air

INSPQ (up to now)

» Particles greater or
equal to 5 pm in size
that can be projected
as far as two metres

» Do not remain
suspended in the air

» May deposit on the
mucous membranes of
the eyes, nose, or
mouth of the exposed
person, as well as on
nearby surfaces

Particles that remain suspended
in the air for long periods and
over long distances (droplet
nuclei < 5 pm)

Institute of Medecine (2011)

» Respirable particles: diameter < 10 ym that can be inhaled and penetrate into the alveoli, but
can also deposit throughout the respiratory tract (equivalent to droplet nuclei)

» Inhalable particles: diameter from 10 uym to < 100 um that deposit in the upper respiratory

tract

Roy and Milton (2004)

vV v v v

Ballistic drops: particles larger than 100 pm

Inhalable particles: < 100 ym that deposit in the nose or throat

Thoracic particles: < 10 um and up to 15 pm that deposit in the bronchi

Respirable particles: from 2.5 to 5 ym that can reach the pulmonary alveoli

Tellier (2006)

Particles 5 ym in size that can remain suspended in the air at a height of 1.5 metres or more for

up to 30 minutes

Marr et al., 2019

The time a particle remains suspended in the air depends not only on its aerodynamic diameter
but also on its composition and the ambient conditions

Institut national de santé publique du Québec
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https://royalsocietypublishing.org/doi/10.1098/rsif.2018.0298

Figure 1 Airways regions where particles of
varying sizes deposit (adapted from
Roy and Milton (2004) by PHAC, 2017)
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In short, aerosols are mainly generated when the
infected source coughs, sneezes, speaks, or breathes.
Their size is not static, as discussed in the next section.

4 Aerosol Dynamics

The behaviour of the aerosols presented in this section
falls on a continuum not specific to SARS-CoV-2. As
mentioned above, the term “aerosols” applies to any
particle 100 pm or smaller that is emitted by the
respiratory tract and is potentially inhalable. These
particles consist mainly of water and can rapidly
decrease in size as they dry out or break up after exiting
the airways (Marr et al., 2019). In fact, particles emitted
by the respiratory tract may decrease in size by up to
80% seconds after emission (Marr et al., 2019). A 10 pm
particle exiting the nose or mouth can rapidly transform
into a smaller particle before reaching the ground and
may therefore remain suspended in the air for a longer
period. The precise impact of this on the pathogens
within these particles is unknown.

The suspension half-life in the air is variable and
depends, among other things, on the particle’s
aerodynamic diameter. A particle with an aerodynamic
diameter of 5 pm will remain suspended in the air for
about 62 minutes before settling from a height of 3
meters to the ground. The suspension times are 17
minutes, 4 minutes et 10 seconds, respectively, for
particles of 10, 20 et 100 pym for the same distance
(Tellier, 2006). These estimates are based on data

Institut national de santé publique du Québec
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obtained in the laboratory and with the help of
mathematical models. They depend primarily on
gravitational force and air friction, per the suspended
particles’ aerodynamic parameters. Under real-life
conditions, these figures will vary with air movement.

4.1 Dispersion

Particles smaller than 10 pm can disperse throughout a
sick person's room and even beyond because they can
remain suspended in the air for many minutes, if not for
several hours, while spreading or being re-suspended
by air movements (like particles containing tuberculosis
or measles pathogens). Particles measuring 10 to 50
pm can travel beyond two meters, depending on the
force of expulsion by the patient during aerosol-
generating medical procedures (AGMP) and on the
ambient conditions (Dionne et al., unpublished results).
Particles in the 50 to 100 pm range do not travel more
than two meters from their expulsion source. However,
as mentioned above, these large liquid particles can dry
up very rapidly upon contact with ambient air, decrease
in size, and achieve a higher dispersal potential while
retaining potentially infectious material.

4.2 Deposition efficiency of inhalable
particles

A number of studies have estimated particle
depositions in the respiratory tract (Brown et al., 2013,
Oberdorster et al. 2005, Vincent, 2005). Despite some
variance between these studies, the results are similar
from one model to another. They show that only
particles 10 pm or smaller deposit in the alveoli. The
upper respiratory tract filters out particles larger than
10 um. Vincent (2005) reported that deposition
efficiency in the respiratory tract varies according to
particle size. For people who breathe through their
nose, particles with an aerodynamic diameter over

5 um tend to deposit in the upper respiratory tract. In
contrast, few particles in the 0.1 to 1 pm range deposit
in the alveoli. Particles from 5 ym to around 12 pm in
size deposit in the tracheobronchial tree with an
efficiency exceeding 20% (Vincent, 2005).



4.3 Microbial load and infectivity

A particle’s size and aerodynamic diameter are

important because they determine its potential to be
inhaled. These factors also influence the amount and
viability of viruses present on different size particles.

In human studies, some influenza A strains (detected
using the nucleic acid amplification test, or NAAT) were
more present in particles under 5 pm in size (Milton et
al., 2013, Nguyen-Van-Tam et al. 2020). A study of
infected people showed that 7% of aerosols over 5 pm
exhibited positive NAAT results for influenza A and that
this proportion rose to 16% for aerosols 5 pm or
smaller in size (Nguyen- Van-Tam et al. 2020). In a
study of particles emitted when infected people
coughed, influenza virus as measured by NAAT was
found in 35% of particles over 4 ym in size, 23% of
particles between 1 and 4 um, and 42% of particles 1
pm or smaller contained (Lindsley et al., 2010).

In ferrets, again for influenza, the number of culturable
viruses was about five times higher in particles larger
than 4.7 ym compared with smaller particles (Gustin et
al., 2011). The proportion of infected ferrets increased
with particle size, with 10 out of 12 ferrets infected by
particles smaller than 15.3 pm, 6 out of 12 infected by
particles smaller than 7.9 pm, and 4 out of 12 ferrets
infected by particles under 4.7 ym. Note that although
most of the particles emitted by ferrets were smaller
than 1.5 pm (77 %), the majority of the virus was found
on particles 4 uym or larger (Zhou et al., 2018). This
experiment was reproduced in part by a Québec team
that demonstrated ferrets could be infected via an
airborne route only by particles larger than 1.7 pm
(Turgeon et al., 2019).

In a study of viruses infecting pigs, only viruses
contained in particles larger than 2.1 ym were found to
be culturable (Alonso et al., 2015).

The significant variability observed in the above data
points to the complex nature of aerosols and the lack of
details concerning the exact size of infectious particles.
However, the data appear to indicate that very small
particles are less infectious. Note that studies in
humans were conducted using NAAT but did not
provide information on infectious potential, while animal
studies reported data based on cultured viruses.

Institut national de santé publique du Québec

Transmission of SARS-CoV-2: findings and proposed terminology

5 Positions of Various Public
Health and Regulatory
Bodies on SARS-CoV-2
Transmission

INSPQ also examined the SARS-CoV-2 modes of
transmission reported by various recognized
organizations.

The Centers for Disease Control and Prevention (CDC)
stated that although long-range SARS-CoV-2
transmission by aerosols may occur under certain
conditions, i.e., in inadequately ventilated indoor
settings where there is prolonged exposure, the primary
transmission route is via close and prolonged contact
between infected and susceptible individuals. Their
view is shared by the World Health Organization (WHO),
France’s High Council of Public Health (HCSP), the
Government of the United Kingdom, the National
COVID-19 Science Task Force in Switzerland, the State
of Victoria in Australia, Toronto Public Health, the
National Collaborating Center in Environmental Health
(NCCEH), and Health Canada. Conditions conducive to
long-range aerosol-based transmission include
confined spaces with high occupant density and
favourable environmental conditions (temperature and
humidity), or spaces where activities such as singing or
physical exercise occur.

Some organizations have issued engineering guidelines
for buildings related to SARS-CoV-2 aerosol-based
transmission. The American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE)
states in a paper on infectious aerosols that there is a
sufficient risk of airborne SARS-Cov-2 transmission to
warrant control measures via modifications to heating,
ventilation, and air-conditioning systems. The
Federation of European Heating, Ventilation and Air
Conditioning Associations (REHVA) issued
recommendations for operating ventilation, heating, and
air conditioning systems so as to prevent SARS-Cov-2
transmission. They assert there is evidence for long-
range SARS-Cov-2 aerosol-based transmission and
that it is now a recognized route, but indicate that the
relative importance of different modes of transmission
remains to be determined. The American Conference of
Governmental Industrial Hygienists (ACGIH), in a report
on ventilation in industrial settings during the COVID-19
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pandemic, states that disease transmission is likely to
occur via the inhalation of infectious particles
suspended in the air over long periods or dispersed by
indoor air currents.

6 SARS-Cov-2 Transmission
Process

Drawing on current knowledge, we can portray the
SARS-CoV-2 transmission process by summarizing a
set of closely linked and complex relationships between
the source of the infectious agent (the microorganism),
the host, and the environment. Note that not all
exposures result in infection.

6.1 Emitter

When infected and contagious persons breathe, talk,
cough, sneeze or sing, they emit varying amounts of
different size particles. As mentioned above, a number
of studies found viral RNA in these particles, indicating
that airways shed SARS-CoV-2 virus (Chia et al., 2020;
Guo et al., 2020; Lei et al., 2020; Liu et al., 2020;
Razzini et al., 2020; J. Zhou et al., 2020). Though rarely
detected in culture, a few studies also identified viral
RNA in stools (Cheung et al., 2020), confirming the
virus's presence in the gastrointestinal tract. However,
the available data indicate the virus may not be as
viable, and there are no reported cases of oral-fecal
transmission.

Viral shedding

The amount of virus shed varies with disease stage. A
meta-analysis suggests that SARS-CoV-2 viral loads in
the upper respiratory tract peak with the onset of
symptoms and for about a week after but then
gradually drop in subsequent weeks (Walsh et al. 2020).
The amount of virus shed by the respiratory tract
appears to be associated with periods where the
disease is most contagious, i.e., close to the onset of
symptoms (Cheng and al., 2020) and in the two days

version only.

prior to their appearance (INSPQ, 2020). However, the
exact correlation between viral shedding (as measured
by NAAT diagnostic tests) and contagiousness is
unclear.

Contagiousness

Both asymptomatic and pre-symptomatic people are
contagious. The exact relationship between particle
size and SARS-CoV-2 infectivity is not well understood.
Animal studies indicate that infectivity appears to
increase with particle size (see 4.3). Although the
smallest particles more easily reach the alveoli, current
data is insufficient to correlate this finding with
increased infectivity.

6.2 Transmitter

The largest particles, those over 100 pm (drops), can
deposit directly in the mucous membranes of the nose,
mouth, and eyes. At close range, they can also deposit
on surfaces or objects and contribute to transmission
through direct contact (for example, by shaking hands)
or indirect contact via fomites? (e.g., by touching a
doorknob), the latter being of less importance. Aerosols
of varying size (under 100 pm) travel per their
aerodynamic diameters (maximum distance not
specified, but probably a few meters).

Environmental parameters that influence
transmission

As with other respiratory infections, the transmission of
SARS-Cov-2 is affected by environmental factors such
as temperature, humidity, ultraviolet (UV) rays, and the
virus's survival in the environment. High temperatures
and UV radiation promote viral inactivation, but the
effect of humidity is less straightforward.*

6.3 Recipient
Below we discuss some of the many factors that

influence the development of the SARS-CoV-2 infection
in individuals.

Appendix Il to the French version of this paper presents a short literature review on fomite transmission. Appendices are available in the French

Consult this COVID-19 document for more information (French version only): Environnement intérieur, at

https://www.inspg.gc.ca/publications/2992-environnement-interieur-qr-covid19
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Host

Host receptivity is required for an infection to develop.
Therefore, an exposed person’s immune status is a
critical factor in the development of an infection after
exposure. Since this is a new virus, non-vaccinated
populations not previously exposed are considered
vulnerable. The host’s age and co-morbidities impact
disease severity.

Tropism

An infectious agent’s tropism is defined as the
preferred entry point(s) (target tissues or cells) it uses to
infect a host. It is well known that coronaviruses must
first bind to angiotensin-converting enzyme 2 (ACE2)
receptors in order to enter the host cells and replicate.
However, there is a higher concentration of ACE2
receptors in the nasal mucosa cells, which is why the
nasopharyngeal mucosa may constitute an initial site
for an infection. Researchers have shown that SARS-
CoV-2 binds to ACE2 receptors with 10 to 20 times
more affinity than does SARS-CoV-1 on account of its
surface (S) protein (the spike protein) that promotes
such binding.

As a result, the largest viral loads in the initial disease
stage are found in the upper respiratory tract
(nasopharynx and oropharynx). It also appears the virus
is less likely to colonize the distal bronchioles and
alveoli (Zhang et al., 2020).

Using a digital simulation, Basu (2020) calculated the
percentage of particles of different sizes that deposit in
the nasopharynx (other sites were not studied):

» 43% were 10 to 14 pm particles
» 24% were larger particles (15 to 19 pm)
» 23% were 2.5 to 9 ym particles

Recall that, according to the Roy and Milton (2004)
model, aerosols ranging from 15 to 100 pm in size
deposit in the nasopharynx (see Section 2.1).

Infectious dose

The fact that viable virus particles are present in the air
around infected individuals does not necessarily mean
the particles are contagious. A sufficient quantity of
virus (infectious dose) must be transmitted and inhaled
within a short period for a person to become infected.
One or a few viral particles does not usually suffice. The
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SARS-CoV-2 virus dose needed to infect a human is
unknown and may vary from person to person.
However, aerosols of different sizes may contribute to
the COVID-19 infectious dose. Utilizing data reported
by Bao et al. (2020), the US Department of Homeland
Security (DHS 2020) reported that mice became
infected after aerosol (<5.7 pm) exposure to between
630 and 756 culturable viral particles (PFU). According
to a narrative review published by the US Department
of Homeland Security (DHS, 2020), it would probably
take less than 1000 PFU to infect a human. That said,
however, there is much uncertainty regarding estimates
of the infectious dose for humans due to the absence of
human studies.

The number of viruses shed may have some connection
to the infectious dose. In theory, when the required
infectious dose is low, the disease will be more easily
transmitted. The number of viruses transmitted will
correlate with exposure time to the person shedding
virus. A lower infectious dose means it takes less
exposure time to a given viral concentration for the
disease to transmit. However, there are many
unknowns, such as the particle size needed for a virus
to remain intact and retain its replication capacity (and
how aerosols of different sizes contribute to
transmission.

Exposure time and contact proximity

Exposure time appears to be a significant but not
absolute variable. A case-controlled study in Thailand
investigated SARS-Cov-2 transmission risk factors and
showed that the proportion of contact incidents that
resulted in cases rose rapidly with contact duration. For
contacts of 15 minutes or less within a distance of one
meter, 5 (2.5% of cases) developed SARS-CoV-2. This
proportion rose to 7% for contacts lasting 15-60
minutes, and to 90% for contacts exceeding 60
minutes. The proportions also rose steeply with closer
contacts; over two-thirds of the contact incidents that
evolved into cases were due to direct physical contact.
The proportions were very different for contact
incidents that did not develop into cases. The adjusted
odds ratios were 0.15 (95% CI 0.04-0.63) for those with
no contact compared to those with direct physical
contact and 0.24 (95% CI 0.07-0.90) for those within
one meter for less than 15 minutes compared to those
within one meter for over an hour (Doung-Ngern et al.,
2020).

11
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Reproduction rate

According to a literature review of peer-reviewed
studies, the SARS-CoV-2 reproduction rate prior to
implementation of control measures was between 2.3
and 2.6 (Biggerstaff et al. 2020). In comparison, the
influenza reproduction rate during the 2009 pandemic
was about 1.7, and the SARS-CoV-1 reproduction rate
was 2.4 (Petersen et al., 2020). The reproduction rate is
associated with virus contagiousness and not solely
with transmission mode.

7  Short Literature Review on
Aerosol Transmission -
Results and Discussion

Despite the methodological limitations of most studies,
which we will look at later on, specific findings emerge
from the transdisciplinary analysis of the available
experimental and epidemiological data. These findings
will need to be re-assessed as new data becomes
available.

7.1 Epidemiological and experimental
data on aerosol transmission

A number of published epidemiological studies suggest
that long-range aerosol-based transmission is possible.
These studies do not share a uniform concept of
distance, but we opted for a distance greater than two
meters for this review. To unequivocally demonstrate
aerosol-based transmission beyond two meters,
investigators must also ensure subjects have not had
any close contacts or any indirect contacts through an
object or the environment (to eliminate the possibility of
fomite transmission, for example). Such a
demonstration is feasible, but the conditions required to
observe it during a community outbreak rarely exist.
One successful example was a measles study where
researchers were able to demonstrate that transmission
took place over a distance of several meters with no
intermediary object between an infected person and
spectators in a stadium (Ehresmann et al., 1995).

The authors of several studies have attempted to detect
the virus in the air around people infected with SARS-
CoV-2 (see review by Birgand et al., 2020). The studies
reviewed by Birgand et al. employed various virus
sampling methods. Some methods were suitable for
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measuring the number of virus particles in the air, but
not necessarily their infectious potential. The authors of
the studies cited in this literature review reported that
the concentration of viral RNA in aerosols was very low
in the vicinity of patients placed in isolation rooms with
mechanical ventilation. Higher viral RNA concentrations
were detected in the air in bathrooms, public areas, and
staff rooms. Even so, the presence of viral RNA
confirmed in air samples does not mean that SARS-
CoV-2 retains its infectivity. The authors of five of these
studies also tried culturing viruses from samples
collected near infected patients (Santarpia et al., 2020A,
Lednicky et al., 2020, Zhou et al., 2020, Santarpia et al.,
2020B, Binder et al., 2020), succeeding in two cases. In
the first of these two studies, viruses were cultured on

4 um or smaller particles from samples taken at the foot
of patients’ beds (Santarpia et al., 2020A). It is possible
these patients emitted these particles in their vicinity,
but after settling, they became re-suspended. In the
second study (Lednicky et al., 2020), viable virus
particles were isolated from air samples taken at a
distance of 2 to 4.8 meters from two patients. The
SARS-CoV-2 strain genome sequence isolated from the
material collected in these air samples was identical to
that isolated from the nasopharyngeal swab of a patient
with an active infection. The authors did not specify if
patients had moved around during the experiment. So it
is possible the sample contained particles emitted at
less than two meters.

Three other authors failed to collect live virus (Zhou et
al., 2020, Santarpia et al., 2020B, Binder et al., 2020).
There are a number of explanations for this. In the study
by Zhou et al. (2020), the sampler drew air in at a very
high rate (300 litres per minute), which could have
affected virus survival. The virus was also detected by
NAAT in the air in low quantities with cycle threshold
values (calculated viral loads) exceeding 30 (indicating
the presence of viral particles, viable or not, in low
amounts). The point is pertinent, given that cycle
threshold levels correlate with viral amounts. Indeed,
34.3 is the lowest cycle threshold observed for a
successful culture of SARS-CoV-2 with the technique
used in the study (Walsh et al. 2020).
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7.2 Epidemiological studies of
outbreaks and superspreader
events

The study by Lu et al. (2020) in a restaurant in China
has often been cited as demonstrating the possibility of
long-range transmission by aerosols. Another study
along these lines, but not peer-reviewed, analyzed
possible long-range aerosol-based transmission from
person to person in much greater detail (Li et al., 2020).
In the latter case, the authors used surveillance video
data to assess whether people had been in close
contact and their exposure times. They also used tracer
gases to estimate aerosol dispersion in the room. Their
video and tracer gas data revealed that diners seated at
the index case’s table were quite active, often getting
up during the meal, unlike diners at adjacent tables
where secondary cases were identified. There was no
interaction between diners at the different tables.
Although six of the contacts who developed the
disease were within two meters of the index case, three
other contacts were more than two meters away (2.4,
3.6, and 4.6 meters). The tracer gas analyses strongly
suggested that, due to the seating arrangement and the
airflow caused by the air conditioning, all three tables
were similarly exposed to particles emitted from the
index case for more than 53 minutes. It should be noted
that there was no viral transmission to persons seated
at other tables, nor to the restaurant staff. Tracer gas
analyses also showed that the aerosol concentrations
emitted by the index subject would have been lower
elsewhere in the restaurant. It is possible that in this
instance the particular type of airflow caused by the air
conditioners, the lack of ventilation, the limited space,
the index case’s activities, and the prolonged exposure
time in a remote corner of the restaurant led to aerosol-
based transmission at a distance beyond two meters. It
would appear that the peculiar draft conditions in this
section of the restaurant could have exposed diners
seated more than two meters away to conditions similar
to those experienced by diners nearer the index case.
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The study by Shen et al. (2020) also suggests that
aerosol-based transmission can occur over long
distances. This study focused on an outbreak in a bus
and in a Buddhist temple in China’s Zhejiang Province.
The comparisons involved exposed bus passengers
who attended a temple event and event participants
who were not on the bus. A total of 300 people
attended the temple event, 68 of them passengers on
the bus. All bus passengers were from the same
district. The bus had a ventilation system set to reheat
and recirculate mode. Participants at the temple
mingled in a large crowd and no one wore a mask. A
meal was served, with 10 people at each round table.
The meal lasted 15 to 30 minutes. The bus passengers
were not seated together for the meal and were
randomly distributed throughout the group. The index
case reportedly began developing symptoms the
evening after returning home. A total of 24 of the 68
passengers on the bus (excluding the index case)
developed an infection. Of the other individuals in
attendance at the temple ceremony, 7 were diagnosed
with COVID-19, all of whom reported having been in
close contact with the index case. The authors
concluded that airborne transmission via recirculated
air likely contributed to the outbreak in the bus.
However, the study had significant limitations that call
into question the scope of this conclusion. First, the
authors wrote that all the bus cases were infected due
to contact with the index case. However, the secondary
cases reportedly developed symptoms between 2 and
24 days later, with 16 confirmed cases out 32 having
been declared 10 days or more after the index case and
another 6 cases 15 days or more after the index case. It
is therefore likely that a significant number of secondary
cases that occurred well after the index case were
infected through tertiary rather than secondary
transmission chains. We cannot know if the index case
had prolonged close contact with everyone on the bus,
although that is possible. It also cannot be ruled out
that transmission occurred via indirect contact with the
contaminated environment (via fomites) or that others
on the bus were contagious at the same time as the
index case.
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A Dutch study reported on an outbreak in a nursing
home (de Man et al., 2020). The authors described a
situation where 17 out of 21 residents in a nursing home
ward were diagnosed with COVID-19 using NAAT.
Subsequently, 17 out of 34 healthcare workers were
diagnosed with COVID-19. Healthcare workers at the
facility were required to wear surgical masks only when
providing patient care. The residents were in single
rooms but could move about and spend part of the day
in common rooms without wearing masks. In the ward,
the ventilation system operated in such a way that
outside air was mixed with inside air only when carbon
dioxide levels exceeded 1000 ppm. Otherwise, the air
circulated without filtration. Two air conditioning units
also circulated the air. SARS-CoV-2 RNA was detected
in the air conditioning units and in three of the ward’s
ventilation cabinets. The authors gave three reasons to
explain why the data indicate the outbreak was caused
by long-range aerosol-based transmission: 1) the
outbreak among patients and staff was very rapid, even
though staff members wore surgical masks when
around patients, 2) the outbreak occurred in a ward with
an unfiltered air recirculation system where the virus was
detected in the ventilation system, and 3) the outbreak
happened at a time when community transmission in the
surrounding area was low. The residents apparently did
not wear masks, were mobile, and socialized together.
The authors did not analyze the ventilation settings or
when the ventilation unit was turned on or off. The staff
did not wear masks when they were not with patients,
so there was a very real possibility of close contact
transmission between staff members. Also, the
chronology of staff infections did not match that of
resident infections. The residents were affected first and
the staff later on. These data suggest that transmission
may have occurred due to close contact.

Another study, Park et al. (2020), is sometimes cited as
demonstrating long-range aerosol-based viral
transmission at a South Korean call centre. The
investigation involved 922 employees working in
commercial offices, 203 apartment residents, and 20
visitors. Of the 1,143 people tested for COVID-19, 97
(8.5%) came back positive. Ninety-four of them worked
on the 11th floor, where there were 216 employees (a
43.5% attack rate). Most of the employees on the 11th-
floor call centre worked on the same side of the
building. The household member secondary attack rate
among symptomatic patients was 16.2%, with 34
confirmed cases. The first case identified worked in an
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office on the 10th floor and allegedly never visited the
11th floor. He reportedly showed symptoms on
February 22. The article provides no information on how
the first two cases could have been linked. The second
case, a call centre employee who worked on the 11th
floor, developed symptoms on February 25. The
researchers were unable to trace this case to another
cluster or an imported case. Despite the considerable
interactions between workers on different floors of the
building and in the elevators and lobby, the spread of
COVID-19 was limited almost exclusively to the 11th
floor. Given that COVID-19 transmission was confined
to this floor, the researchers point out that interaction
(or contact) duration was likely the main factor in the
spread of SARS-CoV-2. However, the study does not
address the type of transmission that led to the
outbreak. The authors hypothesize that the duration of
exposure may have been a key factor since most cases
were on the same floor and in close proximity. No
mention was made of the environmental conditions at
the call centre (including ventilation).

A study from China, cited as demonstrating long-range
transmission, investigated a shopping centre outbreak
(Cai et al., 2020). The index case reported to the
hospital on January 20, 2020, after 11 days of fever and
headaches. On January 21, this patient and a co-
worker tested positive for SARS-CoV-2. On January 22,
the shopping centre where the index case worked was
closed. By January 28, 7 co-workers on the 7th floor
and 10 customers had been diagnosed with COVID-19.
The 6 co-workers who shared the same office as the
index case were also diagnosed with COVID-19. Six
other cases working on four different shopping centre
floors were also diagnosed. These workers reportedly
had no direct contact with the workers on the 7th floor,
but the 10 customers had apparently had direct contact
with these cases. The authors did not define what
constituted direct contact. The average incubation
period for the cases was 7 days and ranged from 1 to
17 days. A person believed to have been the source of
the infection had reportedly returned from Wuhan on
December 18, 2019. On January 15, 2020, she
experienced a fever for the first time. She was tested on
January 30, and her result came back positive. Given
that in a number of the cases, no contacts with any
other case could be traced, the authors postulated that
long-range transmission in the shopping centre (by
either aerosols or by fomites) might have led to the
outbreak among workers who were not in direct
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contact with the 7th-floor cohort. This interpretation is
highly speculative because, for the workers who
developed COVID-19, no information was provided on
possible contacts, including remote contacts. The
authors suggested that transmission could have
occurred in the elevators, restrooms, or dining areas,
but this does not constitute proof of long-range
transmission.

Another frequently cited example of aerosol
transmission concerns an outbreak stemming from a
choir practice involving 61 people the state of
Washington in the United States. After a 150-minute
practice, 87% of the choir members developed
symptoms compatible with COVID-19 within 12 days,
and 54% tested positive (Hamner et al., 2020). One
person who tested positive was reportedly
symptomatic at the time of the practice, although the
authors could not rule out the possibility that other
people may have transmitted COVID-19 to this group of
singers. There were no social distancing or protective
measures taken during the practice. In this context,
transmission by close contact and by aerosols within
two meters probably explains the vast majority of
cases.

A German study claiming to demonstrate long-range
aerosol-based transmission in a meat processing plant
was published, but not peer-reviewed (Glinther et al.
2020). The study calculated infection risks based on
where employees worked at the facility and the spatial
relations within their work teams in order to identify
contacts or a potential source. They employed statistical
tests with no epidemiological investigation. The results
indicated that 4 out of the 6,289 employees were
positive in the days preceding the investigation but were
considered to be unrelated cases. Two people
considered to have had insignificant contact with a case
continued to work until day four, at which time they
tested positive by NAAT. Eight days later, 140 workers
on the same shift were tested, and 18 were positive. In
the days that followed, 11 new cases were detected by
NAAT. The outbreak continued, with more than 110 new
cases identified. The following month, more than 1,400
employees tested positive. The investigators genotyped
viruses from the first two cases, as well as the 20 cases
that followed. The genotyping indicated that only one of
these two cases was the source of the other 20 cases.
The authors found that being positioned within 8 meters
of the index case on the production line strongly
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correlated with transmission of the index case virus. It
should be noted that one of the workers, who worked
within a meter of the index case, had no fixed station.
Also worth noting is that a number of these cases were
agency workers, which means they may have also
worked elsewhere. Other employees shared apartments
and travelled together in vans to get to work. The
researchers compiled data from the company but
apparently did not talk to the cases directly and,
therefore, could not assess if they had been in close
contact with the index case at other times or with other
cases—a significant limitation of this study.

A Slovenian study by Brlek et al. (2020) also raised the
possibility of indirect transmission at a squash court.
The study covered an outbreak of 5 cases at a time
when there was little community transmission in
Slovenia. However, the two pairs of players who
followed the index case pair had spoken together
outside the court, which suggests they knew each
other. Workers at the sports centre were questioned,
and none reported symptoms. Apart from aerosol-
based transmission or indirect contact with the
contaminated environment (fomites), the only plausible
alternative is that another individual at the centre was
infectious but likely asymptomatic. This person would
not have been responsible for the index case or the
partner, but could have explained transmission to the
other cases. Given the varying incubation times, it is
also quite possible that all the cases contracted the
virus from the same source. This study shows the
difficulty in using an epidemiological investigation to
distinguish between close contact transmission and
long-range aerosol-based transmission.

Another study focused on risk factors present during
superspreader events in closed indoor settings
(nightclub, boxing stadium, and an office). This case-
control study, conducted in Thailand, included 211
cases and 839 controls (Doung-Ngern et al., 2020). The
authors reported that 98% of the contacts who
contracted SARS-CoV-2 had been within one meter of
the index case. The rest had stayed more than one
meter away, but the exact distance and contact time
were not specified. In total, 2.5% of the observed
COVID-19 cases were associated with contacts of less
than 15 minutes and within one meter. This proportion
increased to 7% for contacts of between 15 and 60
minutes, and 90% for contacts of over 60 minutes. The
study suggests that almost all SARS-CoV-2

15



Transmission of SARS-CoV-2: Findings and proposed terminology

transmission cases during a so-called superspreader
event are associated with a close contact period of 15
minutes or longer.

The majority of SARS-CoV-2 infections appear to be
transmitted by a small number of people. In a study of
case contacts, 80% of the infections were caused by
8.9% of the individuals (Bi et al., 2020). In another case-
contact study, 19% of the cases produced 80% of the
secondary infections (Adam et al., 2020). A modelling
study came to similar conclusions: about 10% of the
cases resulted in 80% of the secondary infections,
often in the context of superspreader events (Endo et
al., 2020). Significant one- time transmission events
have been documented in the literature, even for events
lasting an hour (Prakash, 2020). Significant transmission
situations also seem to arise where index cases are
mildly symptomatic or asymptomatic (Prakash, 2020).
The incidence of so-called COVID-19 superspreader
events decreases with the implementation of certain
public health measures. For example, in Tianjin, China,
before control measures were implemented, the over-
dispersion parameter k° was 0.14, while after measures
were implemented, the k increased to 0.77 (Zhang et
al., 2020). Thus, it would appear superspreader events
are less likely following the implementation of public
health measures, including a ban on special events with
many people in attendance.

These studies, taken together, indicate a very high
transmission risk in situations where one or more
contagious individuals enter a closed, crowded space
where it is impossible to remain two meters apart.
These situations sometimes lead to superspreader
events. Such events are often presented as evidence of
airborne transmission, but even though they
demonstrate the explosive potential of SARS-CoV-2
transmission and the virus’s high level of
contagiousness under certain circumstances, they do
not necessarily demonstrate long-range transmission.
To validate the long-range transmission route, future
studies must convincingly demonstrate this
phenomenon.

5

7.3 Experimental data on aerosol
transmission in animals

Three animal studies examining airborne SARS-Cov-2
transmission present interesting results. Experiments
with ferrets (Richard et al., 2020) and mice (Bao et al.,
2020) reported that these animals were infected at
close range (10 cm or less) via ambient air. Bao et al.
(2020) showed that direct and indirect contact between
mice led to a greater number of infections than airborne
contact between mice in two cages separated by a
steel grid. This study, like the one conducted by
Richard et al. (2020), was unable to assess whether the
virus could be transmitted over a greater distance by
the airborne route. Nonetheless, in a non-peer-reviewed
study, Kutter et al. (2020) recently reported airborne
SARS-CoV-2 transmission over a distance of one meter
in two out of four donor-recipient ferret pairs, confirmed
by a serological response in the recipient animals.
These studies seem to indicate that virus is present and
infectious in airborne viral particles, but the experiments
were not designed to determine which particle sizes
contain virus.

7.4 Findings

The epidemiological and experimental studies
discussed above give rise to several observations,
which will have to be reviewed as new evidence
emerges:

» SARS-CoV-2 is transmitted primarily when people
are in close contact (less than 2 meters) for an
extended period (over 15 minutes).

» The risk of SARS-CoV-2 transmission increases in
closed, crowded and poorly ventilated spaces where
there is prolonged exposure.

» The available experimental and epidemiological data
argue for short-range (within 2 meters) transmission
by aerosols.

A statistical method that makes it possible to estimate the dispersion of secondary cases from primary cases. The lower the value, the greater

the number of secondary cases generated by a small number of primary cases.
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» The data indicate that under specific conditions,
such as in closed, crowded, and poorly ventilated
spaces and with prolonged exposure (over 15
minutes), close contact transmission (less than 2
meters) remains the main route involved. The data
also suggest that aerosol transmission over longer
distances could occur. The maximum distance is
uncertain, but is unlikely to exceed a few meters.

» The presence of SARS-CoV-2 RNA and live virus in
the air does not systematically imply airborne
transmission, unlike with tuberculosis.® At present,
there is no direct evidence unequivocally
demonstrating airborne transmission of
SARS-CoV-2.

7.5 Methodological limitations

This narrative review primarily sought to provide
information on SARS-Cov-2 transmission by aerosols,
based on two short literature reviews. As such, some
studies may have been overlooked.

Generally speaking, interpretation of the results and
conclusions of the studies analyzed must be tempered
with caution due to the potential for biases that often
crop up. Current knowledge is hampered by a lack of
robust data and quality studies. Methodological
problems limit the validity and generality of the results,
particularly with respect to the following:

» Studies must elucidate transmission chains to
demonstrate fomite or aerosol-based transmission,
including significant contacts (close or distant).
Without this information, it is impossible to
demonstrate that transmission has taken place by
one route or another. Unfortunately, very few
published studies on this topic performed this
essential type of analysis.

6
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Studies examining the virus’s presence in aerosols
are often lacking details about the research design
or are insufficiently robust. Sometimes the absence
of controls for confounding variables (the presence
of patients, mask-wearing, ventilation systems, etc.)
can impact the likelihood of aerosol detection.

Air sampling techniques are of little help in detecting
the virus's presence and confirming its viability.

Comparisons with viruses other than SARS-CoV-2 in
animals or community settings cannot easily be
extrapolated to healthcare settings.

Some of the studies were not peer-reviewed.

Obligatory airborne transmission concerns infections naturally transmitted only by aerosols that may travel very long distances (several meters)

and that deposit in the lower respiratory tract, without invasive intervention. With this mode of transmission, a host can be infected without
having to be in close proximity to the source person or even present in the same room at the same time (e.g., measles). Preferential airborne
transmission concerns infections naturally transmitted by more than one mode of transmission, but for which the principal mode of transmission
is airborne, as described above (e.g., chickenpox). Opportunistic airborne transmission includes infections that are usually transmitted by other
modes, but which can also be spread by fine aerosolized particles under specific conditions, e.g., during aerosol-generating medical procedures

(AGMP) (INSPQ, 2009).
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8 Conclusions

The scientific community's understanding of SARS-Cov-
2 transmission is handicapped by the absence of a
common terminology in the fields involved in the study of
aerosols. SARS-CoV-2 is transmitted primarily when
people are in close contact (less than 2 meters) for an
extended period (over 15 minutes). In accordance with
the definitions proposed here—under certain specific
conditions, such as crowded, inadequately-ventilated
spaces where there is prolonged exposure (so-called
superspreader events)—the scientific data indicate that
close contact transmission (less than 2 meters) is
involved and also suggest that long-range aerosol-based
transmission (maximum distance not specified, but
probably no more than a few meters) may take place.

This is an opportune time to develop a new paradigm
for COVID-19 transmission modes that more accurately
reflects the role of aerosol dynamics in the respiratory
infection transmission process. The new paradigm will
inform an array of experts who seek, among other
things, to address issues related to applying IPC
measures in healthcare settings and in other settings.

In the meantime, there must be a concerted effort to
implement prevention and protection measures to limit
SARS-CoV-2 transmission in the community, the
workplace, and healthcare settings. Actions to be
implemented include:

» Contact restrictions and physical distancing
Respiratory hygiene and etiquette

Hand hygiene

Adequate ventilation

Mask wearing

Environmental cleaning and disinfection

vV vvyVvyVvyyswy

Application of routine practices and additional
infection prevention and control precautions (IPC) in
healthcare settings

Our knowledge of SARS-CoV-2 is continually evolving.
More studies are needed, especially to clarify the
infectious dose, long-range transmission, and the role
of other transmission routes that have been the subject
of little if any research (e.g., transmission by fecal
aerosolization). The findings presented in this document
will be re-assessed as new data emerges.
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