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Abstract

Numerous variants of SARS-CoV-2 with increased transmissibility have emerged over the course
of the pandemic. Potential explanations for the increased transmissibility of these variants include
increased shedding from infected individuals, increased environmental stability, and/or a lower
infectious dose. Upon exhalation of a respiratory particle into the environment, water present in
the particle is rapidly lost through evaporation, resulting in a decrease in particle size. The aim

of the present study was to compare the losses of infectivity of different isolates of SARS-CoV-2
during the rapid evaporation of aerosol particles that occurs immediately post-generation to assess
if there are differences suggestive of increased survival, and ultimately greater transmissibility,
for more recent variants. Losses of infectivity of several isolates of SARS-CoV-2 suspended in
viral culture media were assessed following aerosolization and evaporation in a flowing chamber.
The results demonstrate that losses of infectivity measured post-evaporation were similar for three
different isolates of SARS-CoV-2, including isolates from the more recent Delta and Omicron
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lineages. The average loss in infectivity across all three isolates was 61 + 15% (-0.46 £ 0.17

logyg TCIDgg/L-air) at a relative humidity <30%. These results, together with those from several
previous studies, suggest that it is unlikely that an increase in environmental stability contributes to
the observed increases in transmissibility observed with more recent variants of SARS-CoV-2.

Introduction

Infectious SARS-CoV-2 and viral RNA have been detected in exhaled breath samples and in
air samples collected in the vicinity of infected individuals (Adenaiye et al. 2022; Lednicky
et al. 2020, 2021; Ma et al. 2021), suggesting that particles generated from the respiratory
tract play a role in the transmission of COVID-19. Particles are generated from the fluid
lining the respiratory tract during different activities, including breathing, speaking, and
coughing. The number and size of these particles is influenced by the specific respiratory
activity, with activities such as speaking or coughing generating both greater quantities and
larger particles than quiet breathing. Upon exhalation into the environment, water present in
the particle is rapidly lost through evaporation, resulting in a decrease to a new equilibrium
particle size post-exhalation (Bourouiba 2020; Bourouiba, Dehandschoewercker, and Bush
2014; Liu et al. 2017; Nicas, Nazaroff, and Hubbard 2005; Figure 1).

Throughout the COVID-19 pandemic, numerous variants of SARS-CoV-2 with increased
transmissibility have emerged. Potential explanations for the increased transmissibility
include increased shedding of virus from infected individuals (Adenaiye et al. 2022; Bolze
etal. 2021; Li et al. 2022; Moreira et al. 2021; Teyssou, Delagreverie, et al. 2021; Teyssou,
Soulie, et al. 2021), increased environmental survival during transport from an infected
host to an uninfected individual, and/or a decrease in the amount of virus needed to cause
infection in a susceptible individual.

Numerous studies have investigated the loss of infectivity of SARS-CoV-2 in aerosol
particles that have equilibrated with the ambient environment (Dabisch, Schuit, et al. 2021;
Schuit et al. 2021; Schuit et al. 2020; Smither et al. 2020; van Doremalen et al. 2020). These
studies have demonstrated that under typical indoor conditions (~20 °C, 20-60% RH, no
UV radiation), the virus can remain infectious in aerosol particles for extended periods of
time, providing further support for a role of aerosols in transmission (Dabisch, Schuit, et al.
2021; Schuit et al. 2020; Smither et al. 2020). Under some environmental conditions, such as
higher temperatures and in the presence of simulated sunlight, the loss of viral infectivity is
more rapid, with only a few minutes needed to inactivate 90% of infectious virus (Dabisch,
Schuit, et al. 2021; Schuit et al. 2020). Our laboratory recently reported that the decay rates
of different isolates of SARS-CoV-2 in equilibrated aerosols were similar across a range of
different environmental conditions (Schuit et al. 2021). This result, coupled with the already
low decay rates measured for equilibrated aerosols under indoor conditions, suggest that the
increased transmissibility observed with more recent variants is unlikely to be due to an
increase in the stability of the virus in equilibrated aerosols.

Numerous studies have suggested that microorganisms in aerosols can be damaged in
the period immediately after generation as a particle evaporates and equilibrates with
the ambient environment (Benbough 1967; Ferry, Brown, and Damon 1958; Hess 1965;
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Schaffer, Soergel, and Straube 1976; Theunissen et al. 1993; Wathes, Howard, and Webster
1986; Webb 1959; Xie et al. 2006). It has been recently reported that the infectivity of
aerosolized SARS-CoV-2 decreased significantly during the rapid evaporation that occurs
immediately following particle generation (Oswin et al. 2022). This study utilized an
electrodynamic balance to trap particles for defined periods of time and under controlled
humidity levels and demonstrated that 50-60% of infectious virus was inactivated within

the first few minutes following particle generation at relative humidity (RH) levels below
50%, with lesser degrees of inactivation observed at RH levels >60%. The observed loss was
similar for several viral isolates from earlier in the pandemic, including the Alpha and Beta
variants, suggesting that differences in the survival of different viral isolates during this rapid
evaporation are unlikely to be responsible for the observed differences in transmissibility
between variants.

The aim of the present study was to compare the losses of infectivity of different isolates of
SARS-CoV-2, including isolates from the more recent Delta and Omicron lineages, during
the rapid evaporation of aerosol particles that occurs immediately post-generation to assess
if there are differences suggestive of increased survival that could contribute to the greater
transmissibility observed for more recent variants. The results complement those of Oswin
et al. (2022), namely that a significant fraction of aerosolized virus loses infectivity during
the rapid evaporation that occurs immediately following particle generation, and extends this
finding to include more recent variants of SARS-CoV-2, providing additional evidence that
increased environmental survival is unlikely to be a significant factor contributing to the
increased transmissibility associated with more recent viral variants.

Materials and methods

Testing was performed with multiple isolates of SARS-CoV-2, including the prototype virus
(hCoV-19/USA/WA-1/2020, NR-53872, BEI Resources), the Delta variant (hCoV-19/USA/
PHC658/2021; NR-55612, BEI Resources), and the Omicron variant (hCoV-19/USA/MD-
HP20874/2021, NR-56462, BEI Resources). All viral stocks were provided by NIAID
through BEI Resources. Stocks were between passage 3 and passage 4, and were initially
passaged in cells of \ero lineage followed by a single passage in Calu-3 cells. Viral

stocks were not passaged further following receipt from BEI Resources prior to use.

All viral stocks were stored at —80 °C in Eagle’s minimum essential medium (EMEM)
supplemented with 2% fetal bovine serum until use. The sequence submissions in

GISAID for hCoV-19/USA/WA-1/2020 and hCoV-19/USA/MD-HP20874/2021 (Omicron)
are EPI_ISL_404895 and EPI_ISL_7160424, respectively. Sequence information for
hCoV-19/USA/PHC658/2021 (Delta) is available in GenBank (OL442162).

The concentration of infectious virus in each stock was estimated using a Vero cell-based
(ATCC CCL-81) micratitration assay as described in detail previously (Dabisch, Biryukov,
et al. 2021; Schuit et al. 2021; Schuit et al. 2020) and reported as median tissue culture
infectious doses (TCIDsg) per mL. Microtitration assay plates were read between four- and
seven-days post infection, as preliminary testing indicated that there were not significant
differences between viral titers measured on different days in this timeframe. The initial
concentrations of infectious virus for the prototype virus (hCoV-19/USA/WA-1/2020),
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the Delta variant (hCoV-19/USA/PHC658/2021), and the Omicron variant (hCoV-19/USA/
MD-HP20874/2021) were 5.5 logig TCIDsg/mL, 4.6 log1g TCIDsg/mL, and 4.2 logsg
TCIDsp/mL, respectively.

Aerosol generation and sampling of virus occurred in a cylindrical polycarbonate chamber
with a total volume of 67.5 L (Figure 2). Aerosol generation occurred using an air assist
nozzle (IAZA5200415K, The Lee Company) attached to the top of the chamber. The
nozzle was supplied with dry compressed air at 55-60 psi, resulting in an output of 16—

17 L/min of air at 5-6% RH. For aerosol generation, the nozzle was supplied with viral
suspension at 0.05 mL/min, resulting in an increase in the RH of the output air to ~25%
RH once the supplied suspension evaporated. Humidity controlled dilution air at a similar
RH to the nozzle output (20-25% RH; 40 L/min), controlled by mixing dry compressed air
with humidified air generated using a Nafion bundle (FC125-240-5MP; PermaPure), was
supplied from four ports located around the aerosol generation nozzle. Temperature and
humidity were measured by probes located at the proximal and distal ends of the chamber
(HMP110, Vaisala). The average temperature and relative humidity levels measured at the
proximal and distal ends of the chamber were within 1 °C and 1% RH of each other. The
average temperature and relative humidity (RH) across all tests with virus were 24.8 + 1.2
°C and 23.6 + 2.3%, respectively. The low RH level utilized was chosen to help ensure
evaporation of the generated particles, and was not meant to mimic a specific environment.

The initial droplet size distribution produced by the nozzle with the aforementioned settings
and water had a volume median diameter (VMD) of 6.3 + 0.2 um with a geometric
standard deviation (GSD) of 1.46 + 0.02, measured using a phase Doppler particle analyzer
(PDPA; TSI Inc.). The particle size distribution measured with water is expected to be
representative of that produced with viral culture medium as the viscosity and surface
tension of the viral suspension medium are similar to that of water (Additional details
provided in Supplementary Information).

For each test, SARS-CoV-2 was aerosolized for five minutes. SARS-CoV-2 isolates were
supplied in EMEM supplemented with 2% heat-inactivated fetal bovine serum (FBS). An
additional set of tests was conducted to examine the influence of protein content on viral
survival during evaporation. These tests utilized SARS-CoV-2 WA-1 diluted in culture
media for growth (QMEM), consisting of Minimum Essential Medium (MEM; 11095-098,
Gibco) with 10% FBS (12107 C, Atlanta Biologicals), 2 mM GlutaMAX (35-050-061, Life
Technologies), 0.1 mM nonessential amino acid (NEAA; 11140-050, Life Technologies),

1 mM sodium pyruvate (11360-070, Life Technologies), and 1% antibiotic-antimycotic
solution (15240-062, Life Technologies).

The generated aerosols were sampled from ports located at the distal end of the

chamber. Sampling consisted of two individual 25-mm polytetrafluoroethylene (PTFE)
filters (225-3708, SKC Inc.) in open-face Delrin filter holders (1107, Pall) flowing at 5
L/min and an Aerodynamic Particle Sizer (APS; Model 3321, TSI Inc.) with a 1:100 diluter
(Model 3302 A, TSI Inc.) flowing at 5 L/min. An additional 40 L/min of exhaust flow was
pulled from a separate HEPA-filtered port, resulting in a total exhaust flow of 55 L/min.
Based on the chamber air flow rate and volume, the average particle residence time in the
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chamber was between 60 and 90 s. A HEPA filtered port located at the proximal end of
the chamber prevented pressurization of the system due to the small imbalance between the
supply and exhaust air flows.

Aerosol sampling started at the beginning of aerosol generation and ended five minutes after
the end of aerosol generation, for a total sampling duration of ten minutes. At the end of the
sampling period, filters were removed from their holders, placed in a 50-mL conical tube
containing 5 mL of gMEM, and vortexed to re-suspend collected aerosol. Viral infectivity
of the re-suspended sample was assessed using a microtitration assay (Schuit et al. 2021;
Schuit et al. 2020). Four replicate tests were conducted with each SARS-CoV-2 isolate.

The measured average aerosol concentration of infectious virus (Cy, ), expressed as logg
TCIDsgg/L-air, was calculated as the ratio of the amount of infectious virus recovered

from the filter to the amount of air sampled using Equation (1), where Cy, sampye is the
concentration of infectious virus in a recovered filter sample, Vizmppe is the volume of
gMEM utilized to re-suspend material collected on filter samples, Qsampyeris the sampler air
flow rate, and Zezmpring is the sampling duration.

Cz,'.sample * Vsample) (1)

Qsampter ™ Lrampi
sampler — Lsampling

C,,= log,o(

The expected average aerosol concentration of infectious virus (C, ), expressed as logig
TCIDsgp/L-air, was calculated as the ratio of the amount of virus aerosolized to the total
volume of air flowing through the system during the sampling period, normalized for
physical losses, using Equation (2), where Cy, ¢ock IS the concentration of infectious virus
in the suspension aerosolized, @z is the liquid feed rate to the nozzle, Zyeperation is the
generation duration, Qsyssem is the total air flow rate of the system, Zszmpjing is the sampling
duration, and 7, is the physical transport efficiency of the system.

Cv, stock * Qnozzle * tgenermion sk
Uh @

Qiporen ™ 1.
system sampling

C,.= loglo(

The physical transport efficiency of the system (7,) was estimated in a separate set of
tests. For these tests, aerosols were generated from sodium fluorescein salt (46960-25
G-F, Millipore Sigma) dissolved in phosphate buffered saline (#10010023, ThermoFisher
Scientific) as a physical tracer. Aerosols generated with the tracer had similar mass
median aerodynamic diameter (MMAD) and geometric standard deviation (GSD) values
as viral aerosols. The average 7, for these tests was 58.4 + 4.8% (/7= 6). These tests

also demonstrated that the aerosol concentration was uniform between the two filter
sampling ports and the exhaust port. Additional details of this testing are provided in the
Supplementary Information.

Losses of infectious virus in the system were estimated as the difference between the logsg
concentration of infectious virus measured by filter samplers (C,, ;) to the expected logig
concentration based on the amount of virus aerosolized and the physical transport efficiency
of the system (C,, o) (Equation 3).
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TCIDs, )

Loss of viral infectivity(logmm

®
= Cv,m - Cv,e

Any losses in viral infectivity observed in the test system could occur during aerosol
generation, during the rapid evaporation that occurs immediately post-evaporation, or
during the sampling process. To assess potential losses during aerosol generation as viral
suspension passes through the nozzle and is atomized, but before evaporation can occur,
the output of the nozzle was directed onto the surface of 10 mL of gMEM, prepared as
described previously but without FBS to minimize foaming, in the collection vessel of an
impinger (225-0020, SKC Inc.; Figure 3). For these tests, the nozzle airflow was again
16-17 L/min, but the nozzle fluid flow was increased to 0.4 mL/min in order to ensure a
measurable viral titer was present in the collection medium. The increase in the fluid flow
rate to the nozzle does not change the particle size distribution produced by the nozzle (see
Supplementary Information), suggesting that stresses associated with generation are similar
at the two flow rates. Aerosol generation lasted 45 s for each test to minimize evaporation of
the collection fluid in the impinger, which was less than 10% of the initial volume based on
the weights of the impinger recorded before and after each test. Initial testing using sodium
fluorescein salt dissolved in PBS demonstrated complete recovery of material sprayed into
the collection medium in the impinger jar, with an average recovery of 101.0 + 2.5% using
PBS as a collection medium (n7=17).

Losses of viral infectivity for the different isolates of SARS-CoV-2, normalized for physical
losses in the test system, are summarized in Figure 4 and Table 1. No significant differences
were observed between any of the SARS-CoV-2 isolates or the different media combinations
evaluated when compared by one-way ANOVA with a Tukey’s multiple comparisons test (P
> 0.35 for all comparisons). The average loss of infectivity pooled across all isolates and
normalized for physical losses was —0.46 + 0.17 logqg TCIDsgg/L-air, or 61 £ 15%. This loss
was significantly different than zero when compared using a one-sample #test (< 0.0001).

As noted earlier, the initial droplet size distribution produced by the nozzle had a VMD of
6.2 um and a GSD of 1.4 (see Supplementary Information). The final MMADs measured
with the APS for tests with the different isolates of SARS-CoV-2 were between 1.3 and 1.6
um (Table 1). These final sizes are similar to those reported for equilibrated particles exhaled
by healthy individuals during quiet breathing (Holmgren et al. 2010; Johnson et al. 2011,
Morawska et al. 2009). The values measured were also similar to those measured for tests
with fluorescent tracer in PBS (MMAD: 1.42 + 0.06 um; GSD: 1.49 + 0.03) that were used
to normalize for physical losses in the test chamber.

To separate losses during aerosol generation from those occurring during evaporation, the
output of the nozzle used for aerosol generation was collected directly onto the surface of
the collection fluid in a liquid impinger. Average losses of viral infectivity for all isolates of
aerosolized SARS-CoV-2 measured pre-evaporation were not significantly different between
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any of the different isolates when compared by one-way ANOVA with a Tukey’s multiple
comparisons test (P= 0.14 for all comparisons). No loss of infectivity was observed for
aerosolized virus collected pre-evaporation for any of the variants. The average loss across
all variants was —0.04 £ 0.25 log1g TCIDsg, which is not significantly different than zero
when compared using a one-sample #test (P= 0.41; n=18) but is significantly less than
the average loss measured for all isolates in equilibrated aerosol by the PTFE filters when
compared using an unpaired #test (P < 0.0001; Figure 5).

Discussion

Upon exhalation of respiratory particles into a lower humidity environment, water present
in the particles is lost through evaporation, resulting in a decrease in particle size post-
exhalation. The results of the present study demonstrate that a significant fraction of
infectious SARS-CoV-2 is inactivated following aerosolization and evaporation at low RH
in a flowing single-pass chamber. No loss of infectious virus was observed if the generated
aerosol was collected immediately after exiting the nozzle but before particle evaporation
and equilibration occurred, suggesting that the loss of infectivity occurred during the

rapid evaporation of aerosol particles that occurs immediately post-generation. The loss

of infectivity was similar for three different isolates of SARS-CoV-2, including isolates of
the Delta and Omicron lineages, and averaged 61 + 15% (—0.46 £+ 0.17 log1g TCIDgp).
These results are in agreement with the 50-60% loss at RH levels below 50% reported
recently by Oswin et al. (2022) in a series of experiments using an electrodynamic balance
to trap aerosol particles containing earlier isolates of SARS-CoV-2 for periods ranging from
5 s to 20 min but extend their finding to include more recent variants of SARS-CoV-2.
These results, together with a previous study from our laboratory which reported that

the decay rates of different isolates of SARS-CoV-2 were similar in equilibrated aerosols
over longer periods of time and across a range of environmental conditions (Schuit et al.
2021), suggest that it is not likely that an increase in environmental stability contributes

to the observed increases in transmissibility observed with more recent variants of SARS-
CoV-2. Additional studies are needed to explore other potential factors that could explain
the observed increase in transmissibility, including differences in shedding from infected
individuals and/or differences in the infectious dose of inhaled virus.

A significant and relatively rapid loss of viral infectivity post-exhalation suggests that the
concentration of infectious aerosol may be higher in the vicinity of an infected individual
before particle evaporation has occurred. It has been suggested that this brief period of
greater infectivity may be another factor contributing to an increased potential for short-
range disease transmission near an infected individual (Oswin et al. 2022). However, it
should also be noted that the probability of infection following inhalation of an infectious
bioaerosol is dependent not only on the concentration or amount of infectious material
inhaled by a susceptible individual, but also the size distribution of the particles containing
the micro-organism. Numerous studies have demonstrated that higher doses of an infectious
bioaerosol, occasionally as great as several orders of magnitude, are needed to cause
infection as particle size increases, likely due to a shift in the regional deposition to

more proximal, better protected regions of the respiratory tract (Boydston et al. 2021;

Day and Berendt 1972; Fitzgeorge et al. 1983; Sonkin 1949; Sonkin 1951; Wells 1955).
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The size of exhaled particles would be expected to be larger during the brief period post-
exhalation before evaporation and loss of viral infectivity occurs. Thus, it is possible that any
increased risk associated with a higher concentration of infectious aerosol pre-evaporation
may be offset by the increased particle size associated with these unevaporated particles.
Unfortunately, data on the droplet size distributions of exhaled particles pre-evaporation,

as well as the infectious dose of SARS-CoV-2 as a function of aerosol particle size are
limited, complicating estimation of the relative probability of infection for these different
scenarios (Chao et al. 2009). Additionally, it should be noted that the potential for disease
transmission by exhaled particles is also dependent on numerous other factors, many of
which are not well characterized, which complicates assessment of the impact of any one
factor on transmission potential. These factors include the amount of virus shed by infected
individuals, which has been reported to span multiple orders of magnitude in the exhaled
breath and respiratory fluids of both symptomatic and asymptomatic COVID-19 patients
(Malik et al. 2021; van Kampen et al. 2021; Wélfel et al. 2020; Yang et al. 2021), and

the probability of infection as a function of the amount of infectious virus inhaled by

an individual. While dose-response data have been reported previously for healthy adult
nonhuman primates (Dabisch, Biryukov, et al. 2021), data on the influence factors such as
age or comorbidities, as well as extrapolation to humans, are lacking.

In the present study, aerosols were generated from virus suspended in culture media,
supplemented with either 2 or 10% FBS, and had a final equilibrated size similar to that
reported for equilibrated particles exhaled during quiet breathing (MMAD <2 pm; NMAD
<1 pum) (Holmgren et al. 2010; Johnson et al. 2011; Morawska et al. 2009). No difference
was observed between media supplemented with different amounts of FBS. The study by
Oswin et al. also utilized virus suspended in culture media, supplemented with 2% FBS, but
utilized a larger particle size more representative of that expected to be expelled during a
cough, with an equilibrated particle diameter of 10 to 20 um (Johnson et al. 2011; Morawska
et al. 2009; Oswin et al. 2022). Similar decreases in viral infectivity were observed in

both studies despite this difference in size, suggesting that initial particle size may not
greatly influence losses of SARS-CoV-2 infectivity that occur during particle evaporation,
although additional studies designed to examine the influence of the initial droplet size on
the survival of microorganisms during evaporation would be informative as particle size
effects have been reported previously (Green and Green 1968). Numerous previous studies
have examined the composition of respiratory fluids and exhaled particles, and several have
noted changes in composition that occur in various disease states (Almstrand et al. 2010;
Bicer 2015; Bredberg et al. 2012; Kumar et al. 2017; Larsson et al. 2012; Li and Tang
2021; Proctor and Shaalan 2021; Tinglev et al. 2016). Therefore, while the composition

of the culture medium utilized in the present study has similarities to various respiratory
fluids, additional studies are also needed to better characterize the composition of exhaled
particles from COVID-19 patients and whether any disease-induced changes in composition
may influence the losses of viral infectivity observed in evaporating particles.

Finally, it is possible that a portion of the observed losses of viral infectivity could occur
during the aerosol sampling process, as numerous studies have demonstrated differences in
the ability of different sampling devices to preserve the viability or infectivity of collected
microorganisms. A previous study from our laboratory compared the performance of a

Aerosol Sci Technol. Author manuscript; available in PMC 2023 December 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dabisch et al.

Page 9

range of different aerosol sampling devices for sampling air-borne SARS-CoV-2 and found
that the PTFE filters utilized in the present study are an efficient sampler for preservation

of infectious virus. This study utilized SARS-CoV-2 suspended in simulated saliva and
demonstrated the airborne concentration of infectious virus detected with PTFE filters was
greater or equal to that measured by seven other low flow sampling devices. Additionally,
unlike several of the other samplers tested, virus collected on PTFE filters remained
infectious following periods of additional clean air flow through the filter post-collection (up
to 30 min) that were much longer than those utilized in the present study (Ratnesar-Shumate
et al. 2021). While these data don’t eliminate the possibility that some of the observed loss
of infectivity is occurring during the sampling process, it does provide confidence that such
losses were minimized in the present study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Equilibration of exhaled particles. Created with Biorender.com.
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Figure 2.
Aerosol chamber schematic. The test system consisted of a cylindrical 67.5-L polycarbonate

chamber supplied with room temperature humidity controlled air. Aerosol generation used
an air assist nozzle attached to the top of the chamber that produced aerosol with an initial
VMD of 6.3 ym and a GSD of 1.5. The generated aerosols were sampled from ports located
at the distal end of the chamber using two 25-mm PTFE filters and an aerodynamic particle
sizer (APS), all flowing at 5 L/min. The final equilibrated particle size distribution measured
by the APS had an MMAD of 1.3-1.5 um and a GSD of 1.5-1.6. An additional 40 L/min of
exhaust flow was pulled from a separate HEPA-filtered port, resulting in a total exhaust flow
of 55 L/min.
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Figure 3.
Schematic of test system to evaluate losses of viral infectivity associated with the aerosol

nozzle. To isolate losses during aerosol generation, the output of the nozzle used for
aerosol generation was collected directly into an impinger containing ten mL of collection
medium. For testing with virus, the collection medium was gMEM without FBS. Aerosol
was generated for 45 s for each test. Airflow through the nozzle during the test resulted

in evaporation of <10% of the collection medium in the impinger. Initial testing using a
fluorescent tracer demonstrated complete recovery of material sprayed into the collection
medium, with an average recovery of 101.0 + 2.5% using PBS as a collection medium.
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Figure 4.

Losses of infectivity of different isolates of SARS-CoV-2 in aerosol particles post-
evaporation. Losses of viral infectivity for different variants of SARS-CoV-2, normalized
for physical losses in the test system, are shown. No significant differences were observed
between any of the isolates or suspension media evaluated (> 0.35 for all comparisons).
Squares represent the losses for each individual test, estimated as the average of the two
PTFE filters sampling at 5 L/min. Lines represent the mean * one standard deviation.
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Figure 5.
Comparison of losses of SARS-CoV-2 infectivity in aerosol particle pre- and post-

evaporation. Average losses of viral infectivity for all isolates of aerosolized SARS-CoV-2
measured pre-evaporation, following collection in a liquid impinger, and post-evaporation,
following collection using PTFE filters, are shown. The average loss of viral infectivity
measured pre-evaporation was —0.04 £ 0.25 logyg TCIDgg, which was not significantly
different than zero (P = 0.41). The average loss of viral infectivity measured post-
evaporation, after normalizing for physical losses, was —0.46 + 0.17 log1g TCIDsg/L-air,
significantly greater than the pooled value measured for the aerosol pre-evaporation (P<
0.0001).
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