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In 2020, a new pandemic caused by SARS-CoV-2 was
declared [1], and since the first cases of coronavirus dis-
ease 2019 (COVID-19), clinicians had to apply differ-
ent modes of respiratory support, previously used on
patients with severe respiratory failure from other eti-
ologies. In particular, high-flow nasal cannulae (HFNC)
and non-invasive ventilation (NIV) were variably applied
in early reports from China [2] and Europe [3]. Yet, the
extent of airborne contamination of clinical areas during
the use of HFNC has sparked intense debate and high-
lighted the need for inclusive investigation in this area.
SARS-CoV-2 may be spread by direct or indirect
contact with infected individuals through respiratory
secretions or droplet transmission, as well as through
fomites [4]. Once airborne, the half-life of SARS-CoV-2
is approximately one hour [95% credible interval, 0.64 to
2.64] [5]. Airborne transmission was initially underesti-
mated; indeed in one analysis in February 2020 of 75,465
cases in China, airborne transmission was not reported
[6]. A later study by Liu et al. from Wuhan analyzed
aerosol samples using droplet digital polymerase chain
reaction, and concluded that virus aerosol deposition on
protective apparel or floor surface and their subsequent
re-suspension was a conceivable transmission pathway
[7]. These findings were further corroborated by San-
tarpia et al. on 13 isolated patients, who concluded that
transmission may occur via contaminated objects and
airborne transmission, as well as direct transmission via
droplets [8]. Several other factors modulate the specific
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risk of healthcare workers (HCW) of being infected with
SARS-CoV-2 and could be grouped into patient-related
and HCW-related risk factors. Patient-related risks are
associated with the volume and distance of respiratory
particles generated and mobilized from the patient, the
viral titre and long-term viability within the aerosolized
particles, and finally the ability of the virus to penetrate
innate host defenses. In contrast, HCW-related factors
are associated to the HCW’s health status, comorbidities
and immunocompetency, the length of time of exposure
and adequacy of worn personal protective equipment
(PPE). Patients with COVID-19 often present to the
emergency department with substantial respiratory drive
and persistent dry cough. Thus, based on the aforemen-
tioned evidence, viral transmission from respiratory par-
ticles and droplet dispersion may theoretically pose a
significant risk to HCW, specifically in patients who are
undergoing means of ventilatory support without shield-
ing their mouths, and during the early days of hospital
admission, when the viral load is the highest [9].
Unfortunately, to date, the literature describing risks of
airborne contamination by HFNC versus other means of
support, i.e. NIV via face mask or helmet or nose mask,
is heavily reliant on preclinical data, not specifically
focused on SARS-CoV-2, and thus is inducing rather
than answering controversy in the field (Table 1). In an
important preclinical study by Gaeckle and collaborators
[10], particle concentration and size from the respiratory
tract of 10 healthy individuals receiving oxygen with vari-
ous modes of delivery were measured through an aerody-
namic particle spectrometer. Importantly, no increase in
the concentration of aerosols generated was found with
the use of HENC or NIV when compared with breathing
room air or non-humidified oxygen modalities. However,
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it should be noted that this was a small study in healthy
participants, without ongoing pulmonary disease, which
limits extrapolations to patients infected by SARS-CoV-2.
Indeed, these results were also contingent upon the
method of sampling aerosolized particles, which in itself
carries risk of sampling error. Furthermore, consistent
results suggest that fitting of HFNC or NIV interfaces,
i.e. nasal pillow/mask or face mask, plays a crucial role in
droplet generation. In a study by Hui et al.[11], conducted
on a human patient simulator of dispersion of traceable
particles, the authors concluded that exhaled air disper-
sion was higher using NIV and dependent on the applied
settings, as corroborated by substantial increases in dis-
persed air when NIV pressure was increased from 5 to
20 cmH,O or HENC flow from 10 to 60 L/min. However,
the highest dispersion was found by loosening the HF
nasal cannulas or the HF oxygen circuit tube [11]. Tran
et al.[12] studied the transmission of SARS from patients
undergoing ventilatory support to HCW. They found that
the virus could be dispersed through NIV, but not from
HENC or BiPAP mask adjustment. The study was limited
by the small population and questionable methodology,
and further emphasized the current lack of systematic
appraisal of airborne viral transmission from infected
patients. Finally, an in silico computational fluid dynam-
ics simulation by Leonard et al. showed that using a sim-
ple surgical mask over the HENC interface is effective in
reducing distribution of aerosolized particles [13].

In the setting of SARS-CoV-2, evidence on this sub-
ject is highly limited and anecdotal. Various investigators
have suggested that HFNC and NIV are associated with
proven aerosolization of viable virus particles around
the patient bedspace, but failed to establish a clear asso-
ciation with an increased number of HCW infections. To
illustrate, one clinical study demonstrated that distribu-
tion of viable virus particles throughout the immediate
clinical environment occurred with HFNC and NIV [14].
A separate clinical study showed that when staff were
fully trained in the use of PPE, the rate of HCW infec-
tion whilst being in the immediate vicinity of HFNC
was extremely low [15]. More high-quality evidence is
clearly needed to better establish the true risk of infec-
tion to HCWSs from aerosolization. For HENC, the con-
tinued perception of a risk of viral aerosolization remains
a significant obstacle to its uptake for management of
hypoxemic respiratory failure in COVID-19, as high-
lighted by discordant recommendations on its use from
health organizations and medical societies across the
globe. Nevertheless, potential risks should be balanced
with the described benefits with the use of HENC, even
in COVID-19 patients in the prone position.

Taken together, airborne contamination via generation
of aerosols during HFNC must at this stage be assumed

extrapolated to the risk of airborne transmission

and NIPPV did not increase aerosol generation
of SARS-CoV-2

from the respiratory tract
Included studies did not provide data that can be

Oxygen delivery modalities of humidified HFNC

Relevant results
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the Respiratory Tract with Various Modes of
Oxygen Delivery. Am J Respir Crit Care Med. 202:
1115-1124

acute hypoxemic respiratory failure in patients
with COVID-19: systematic reviews of effective-
ness and its risks of aerosolization, dispersion,
and infection transmission Can J Anaesth.
67(9):1217-1248

HFNC high-flow nasal cannulae, NIV non-invasive ventilation, HVNI high velocity nasal insufflation, LFO, low flow oxygen therapy, OM conventional oxygen mask, BiPAP bi-level positive airway pressure, NC nasal cannula,

Studies not directly related to COVID-19, testing various types of ventilatory support and interfaces: corroboration of safety
NIPPV non-invasive positive pressure ventilation, NRB non-rebreather mask

Gaeckle NT, (2020) Aerosol Generation from

Studies not directly related to SARS-COV-2, with equivocal findings regarding risks

Agarwal A, (2020) High-flow nasal cannula for

Table 1 (continued)
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as conceivable and potentially perilous to the HCW,
until proven otherwise. Preclinical data, whilst useful to
establish the mechanics of aerosolization, unfortunately
do not capture the endpoint of absolute risk, which ulti-
mately depends on the quantity and viability of patho-
genic material and specific HCW risks. In the meanwhile,
reducing dispersion through simple measures, such as
surgical masks and careful fitting of the interfaces and
sealing of the circuit on supported patients are strongly
recommended. Further clinical research, and particularly
systematic human studies, which can correlate the degree
of ventilation-dispersed aerosols with the quantity and
viability of dispersed virulent particles that are capable of
causing infection, are urgently required.
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