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ABSTRACT
SARS-CoV-2, the causative agent of the COVID-19 pandemic, may be transmitted via airborne droplets or contact with
surfaces onto which droplets have deposited. In this study, the ability of SARS-CoV-2 to survive in the dark, at two
different relative humidity values and within artificial saliva, a clinically relevant matrix, was investigated. SARS-CoV-2
was found to be stable, in the dark, in a dynamic small particle aerosol under the four experimental conditions we
tested and viable virus could still be detected after 90 minutes. The decay rate and half-life was determined and
decay rates ranged from 0.4 to 2.27 % per minute and the half lives ranged from 30 to 177 minutes for the different
conditions. This information can be used for advice and modelling and potential mitigation strategies.
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In late 2019 a novel coronavirus emerged in China that,
within months, spread globally and has resulted in a
world-wide pandemic. By early June 2020 over 7
million confirmed cases and over 400,000 deaths
have occurred [1]. The pandemic has resulted in
unprecedented restrictions on movement with much
of the world in some form of lock-down to prevent
spread. The causative agent of this pandemic is Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2). SARS-CoV-2 spreads through respiratory
droplets. A recent study has shown the Washington
variant of SARS-CoV-2 remains viable in a small par-
ticle aerosol for long periods [2]. Here we extend that
research to look at a UK variant of SARS-CoV-2 in
aerosols, at different relative humidity values, and in
artificial saliva.

SARS-CoV-2 England-2 isolated from a 23-year-old
male collected in January 2020 (GSAID Accession ID
EPI_ISL_407073) was kindly provided by Public
Health England. Passage 2 stocks were grown in Vero
C1008 cells infected at MOI = 0·01, harvested after 3
days and clarified by centrifugation (350 g, 5 min in a
Thermo-Scientific Sorvall Legend X1 centrifuge). Enu-
meration was via 50% tissue culture infectious dose
(TCID50) assay: virus was ten-fold serially diluted in
96 well-plates of Vero C1008 cells and after 3–6 days
at 37°C, wells at each dilution were scored for the pres-
ence of cytopathic effects by microscopic observation.
Titre was determined by Reed & Muench calculation

[3]. Tissue culture media (TCM) used was Dulbecco’s
modified Eagle’s medium supplemented with 1% peni-
cillin, streptomycin and l-glutamine.

Aerosol studies were conducted in a bespoke 40L
Goldberg drum controlled by an AeroMP system
(BiAera). Virus was aerosolised using a 3-jet Collison
nebuliser and the drum was filled for 5 min at 30 L/
min, sealed and mixed for 2 min to obtain a hom-
ogenous aerosol prior to sampling. Sampling was per-
formed with midget impingers at 4L/min for 1 min
into 3 mL TCM. Impinger counts were adjusted for
dilution during sampling. Relative humidity (RH)
was altered to achieve medium and high conditions
and the aerosol was maintained at 19–22°C in the
dark. For TCM studies, 8 mL virus was aerosolised.
Artificial saliva was prepared according to the
methods of Woo et al [4]. Virus was concentrated in
an Amicon® Ultra-15 centrifugal filter unit: 10 mL
virus was centrifuged at 4000 g for 30 min and
70 µL concentrated virus was added to 5 mL artificial
saliva prior to aerosolisation. Sprays for the four con-
ditions were performed on three separate occasions
and time-points were assayed in triplicate. Data was
analysed in GraphPad Prism v 8.0.1. The exponential
growth equation and least squares fit were applied to
data sets.

SARS-CoV-2 England-2 variant was aerosolised in
tissue culture media or in artificial saliva and main-
tained in a dynamic aerosol at medium RH (40–60%)
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or high RH (68–88%) (Supplementary Material: Table
1). The titre of virus in the aerosol was measured over
time (Figure 1). All conditions started with similar
titres (approximately 1 × 106 TCID50/mL). TCM and
artificial saliva both produced particles of 1–3 µm
(measured using the Aerosol particle sizer APS 3321
[TSI inc.]) but overall, less artificial saliva particles
were observed compared to particles of TCM (results
not shown) accounting for the lower titres recovered
(Figure 1). Viable virus could still be detected at
90 min under all experimental conditions. From repli-
cate runs, best fit lines and decay rates were derived
(Figure 1 and Supplementary Material: Table 1). In
TCM, SARS-CoV-2 England-2 is more stable at med-
ium RH (decay rate of 0·91% min−1) compared to
higher RH (decay rate 1·59% min−1) whilst in artificial
saliva the converse is true with a decay rate of 2·27%
min−1 at medium RH and 0·40% min−1 at higher RH
(Figure 1 and Supplementary Material: Table 1).
Although the infectious dose in humans is not
known, these experimentally derived decay rates
suggest that if the virus is produced within small par-
ticle aerosols it may remain viable for at least 90 min.
The results obtained with TCM at medium RH are
similar to that already reported for the Washington
variant of SARS-CoV-2 (half-life of 1·1–1·2 h [2] com-
pared to our value of 1.25 h). We have extended the
finding for SARS-CoV-2 to higher relative humidity
and survival within artificial saliva. In TCM, SARS-
CoV-2 England-2 survived less well at higher RH; simi-
lar observations have been reported for another coro-
navirus, MERS-CoV [5]. SARS-CoV-2 England-2 is
more aerostable than the pathogenic filoviruses
whose half-life was calculated as 15 min in the same
system described here [6] and also twice as stable as

Influenza virus at medium RH which gave a half-life
of 32 min [7].

Whilst coughing and sneezing generally produce
large particles of saliva, smaller particles will also be
produced, and small particles are also produced during
routine activities such as talking [8] and breathing [9].
A recent study, for example estimated that 1 min of
loud speaking could generate particles that could
remain airborne for more than 8 min [10]. Another
study has shown the 5 μm drops from the height of
speaking or coughing take 9 min to reach the ground
[11]. Smaller aerosol particles may be of concern
because they may stay buoyant for longer, travel
further and be able to penetrate further into the respir-
atory tract when inhaled. Medical procedures are also
know to produce aerosols [12,13] so it is possible that
aerosol particles of SARS-CoV-2 may be liberated
during clinical interventions performed on patients
infected with SARS-CoV-2. The data on the stability
of SARS-CoV-2 in aerosols can be used to contribute
to modelling (including transmission modelling) and
advice on risk assessments and control measures. In
summary, this study adds to our understanding of
viral stability in small particle aerosols. Aerosols arising
from human activity are heterogeneous in particle size
and hence the data presented does not, on its own,
directly inform likely risk of transmission.
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Figure 1. Survival of SARS-CoV-2 in a dynamic aerosol over time under different conditions. Left: SARS-CoV-2 was aerosolised in
tissue culture media, TCM (squares) or artificial saliva (circles) and held in a Goldberg Drum for 90 mins at medium relative humidity,
RH (filled shapes) or high RH (open shapes). Impinger samples were taken over time and enumerated by TCID50 assay. Each run was
performed in triplicate and each time-point was assayed in triplicate. Counts were adjusted for dilution effect of sampling. Graph
shows mean values (+/- SEM) for each condition with a line modelling exponential decay (solid lines for TCM, dashed lines for
artificial saliva). Right: The theoretical decay of SARS-CoV-2 in TCM (squares, solid lines) or artificial saliva (circles, dashed lines)
at medium RH (filled shapes) or high RH (open shapes) with decay as a percentage of starting amount shown. Horizontal dotted
lines at 50% represent half-life and at 10% give an indication of time for starting amount to drop by 90% (1 x Log10).
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