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Last month, a letter titled “It is time to address airborne transmission of COVID-19”, signed by 241
scientists from 30 countries, was sent to the World Health Organization (WHO) and published in an
infectious diseases journal (1). The letter appealed to the medical community and health regulatory
bodies to recognize the potential for airborne spread of SARS-CoV-2. The letter emphasized that studies
have demonstrated “beyond any reasonable doubt” that viruses are released during talking or coughing
and remain small enough to travel distances beyond the 2 meters recommended by most physical
distancing recommendations. The letter lamented the fact that, apart from aerosol generating
procedures (AGPs) performed in healthcare settings, such airborne transmission is not recognized (1).
The publication of this letter led to a flurry of commentary in the media and not surprisingly polarized
debate on social media. The implications are important. If airborne transmission is indeed widespread,
this would mean most of the control strategies to reduce transmission of SARS-CoV-2 have been
misguided. The publication of the letter has led to a vigorous response from infection disease physicians,
challenging the premise of this letter (2).
An important question to ask therefore is “what is the scientific evidence to support airborne
transmission for SARS-CoV-2?”
It is first important to define “airborne” and “droplet” transmission. Droplets refer to large particles (over
5 microns) which fall to the ground within 2 metres of the index case. Airborne particles, also referred to
as droplet nuclei or aerosols, are smaller, and can therefore remain suspended in the air for longer and
travel further distances (3). Certain medical procedures like bronchoscopy and intubation – the
aforementioned AGPs – can generate these airborne particles and put healthcare workers at greater risk
of infection; however, AGPs are unique to clinical settings (4,5). It is also important to note that although
“airborne” and “droplet” are often presented as binary, the reality is there is a continuum of particle size
that exists. People can be observed to generate respiratory particles of different sizes (6-10). The
generation of airborne microdroplets has also been proposed as a transmission mechanism (11). Even a
single cough can contain respiratory particles ranging from 0.1 to 100 microns in size (i.e. both aerosols
and droplets) (10). Despite acceptance of variability in particle size, infectivity of these respiratory
secretions also depends on viral load within, and the duration and route of exposure. Therefore, there is
still debate about whether “droplet” versus “airborne” transmission predominates. This has manifested
into conflicting recommendations on the use of personal protective equipment for healthcare workers
against COVID-19 outside of AGPs. The WHO and Public Health Agency of Canada (PHAC) recommend
medical (surgical) masks for non-AGP care of COVID-19 patients (12,13); whereas, the European Centre
for Disease Prevention and Control (ECDC), and US Centers for Disease Control and Prevention (CDC)
recommend N95 respirators (14,15). It is also important to note that contact transmission, that is
contamination of hands or the environment, is also felt to be a possible risk (3). This is because other
respiratory viruses, including coronaviruses, are transmitted this way; however, this mode of transmission
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has not yet been documented for SARS-CoV-2 (3). Precautions for respiratory infections in hospitals to
date have generally included contact and droplet precautions.

Proving one mode of transmission over another with absolute certainty can be a daunting challenge. To a
considerable extent, the weight placed on the various types of evidence is a function of the training and
belief system of those making the determination. Aerosol scientists place the greatest weight on
experiments such as instruments that generate aerosols (16,17), cough-chamber studies (18) or animal
studies (19). It is important to note these experiments have important limitations as they often do not
include infectious specimens, and use nebulizers or healthy people, to mimic SARS-CoV-2 respiratory
secretions from coughs from sick individuals. The most obvious limitation is that none of these
experiments demonstrate person-to-person airborne transmission (16-19). In contrast, clinical scientists
and epidemiologists rely on epidemiological investigations. The majority of these, in both nonhealthcare
and healthcare settings, are compatible with contact or droplet transmission, as determined by exposure
patterns from source to recipient (20-25). One example is the investigation of the first communityacquired case of COVID-19 in the US. A total of 121 healthcare workers were exposed before this patient
was recognized as being infected with SARS-CoV-2. Only 3 healthcare workers (2.5%) subsequently
became infected. There was minimal transmission despite healthcare workers not donning appropriate
personal protective equipment (only 1 of 3 infected wore a medical mask) and prolonged exposure to
AGPs without N95 respirators (recommended protection for AGPs) (20). This investigation found that
outside of nebulizer treatment (an AGP), unprotected, prolonged patient contact (e.g. performing a
physical exam) was associated with infection in healthcare workers. These observations are inconsistent
with “airborne” transmission. Further, a case-report of respiratory protective devices for COVID-19 in
Singapore found there was no hospital-acquired transmission in 41 healthcare workers exposed to AGPs
from a single patient – where only 6 healthcare workers wore N95 respirators (15%) (21). However, there
are some exceptions, as investigations of outbreaks in a restaurant (26), choir practice (27) and cruise
ship (28) suggested airborne transmission. Crowded indoor spaces with poor ventilation promote an
increased burden of aerosols – aerosols would otherwise circulate in unimportant amounts. It is
important to note, however, these outbreak investigations are not definitive as other routes of
transmission, including contact and droplet transmission, or a superspreading event if compliance to
hand hygiene and mask use were low, could not be ruled out (3,26-29).
While the aerosol scientists rely on controlled conditions in very artificial environments, clinical
epidemiologists rely on clinical studies, including trials, that seek direct evidence of transmission but
where controlling extraneous variables is more difficult. Although more direct and thus providing stronger
inferences, it is often more difficult to discern between routes of transmission in epidemiological studies
when data on physical proximity, the duration and intensity of the contact, and presence of AGPs is not
captured. Such studies are bolstered by clinical experience whereas those of aerosol scientists are
bolstered by physical properties of aerosols. Some simulation studies based on modelling suggest
airborne transmission; however, these are difficult to interpret and are not based on data but on
assumptions (28,30).
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Infectious disease physicians rely on their experience and generally believe aerosol transmission as the
predominant transmission mode to be highly unlikely, given the cases that they have seen collectively to
date (3). In other words, if aerosol transmission was really predominant, they believe they would know by
now. How would they? Physical distancing would certainly not work, and clusters of cases would arise
where there was no obvious close contact with those infected. Small case studies to date are indeed
suggestive of droplet spread, however these are uncontrolled studies and can be difficult to interpret (20,
21,25). Another argument is that the widespread use of surgical masks, which generally only protect
against large droplets unlikeN95 respirators which block at least 95 percent of 0.3 micron particles, has
not been associated with increase COVID-19 in healthcare workers (20,21). Further, low secondary rates
of infection have been observed when people share meals (7%) (23), within households (13%) (23), and
within hospitals (3%) (20). A higher incidence of infection would be expected if airborne transmission was
a contributing factor. This is the case for measles, a viral infection for which transmission via aerosols is
common.
From the perspective of clinical observation, it is impossible to “rule out” the possibility of airborne
transmission as one would need access to every COVID-19, outbreak or cluster and having detailed
epidemiologic data on each, which is not feasible. Clinical epidemiologists would agree, however, that
under certain conditions aerosol transmission might occur (1). In the acute healthcare setting this could
include the occurrence of an AGP, such as intubation or bronchoscopy or in a nursing home when
ventilation is not functioning effectively.
In contrast, aerosol biologists cite the fact that people can generate respiratory particles of different sizes
to support their point of view. However, such observations do not provide any direct support that
airborne person-to-person transmission is common in either clinical or non-clinical settings. One piece of
evidence they use is studies showing that COVID-19 viral RNA in the environment and demonstrate
aerosolization of some respiratory particles. However, they were conducted in artificial environments and
do not demonstrate transmission (16,17). These filter studies only demonstrate dispersal of nucleic acid,
as most did not use culturable virus needed for infection. Even in the single study using cultured viable
virus in aerosols, the viral load required to cause infection is unknown and this may or may not reflect
what is occurring in healthcare facilities (17,31). As stated in a recent Canadian study “As it stands,
demonstration of infectious virus from aerosol samples remains the most convincing evidence for
transmission potential. Even if viral RNA were to become a reliable indicator of exposure, translating
these results to manage and reduce risk requires significantly more research since little is known about
transmission potential for given quantities of virus shed in the air” (32).
In summary, there is no strong evidence to support the idea that aerosol transmission is the most
common mode of transmission for COVID-19. The recommendations of the aerosol biologists, however,
are reasonable, in that they are “practical and often can be easily implemented; many are not costly”.
Having adequate ventilation and sanitization are stressed and both the aerosol biologists and clinicians
would agree with this. The recommendations include 1) proper ventilation, especially in indoor spaces
like workplace environments, schools, hospitals and nursing homes; 2) supplementing general ventilation
with airborne precautions (e.g. high efficiency air filtration) when possible; and 3) avoiding overcrowding,
especially in indoor spaces (1). These recommendations, in addition to existing contact and droplet
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precautions, will thwart multiple mechanisms of SARS-CoV-2 transmission. Such bundled prevention
strategies are important in controlling the spread of SARS-CoV-2 and preventing associated disease and
death (1,3).
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