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ABSTRACT

The routes of transmission of the zoonotic pathogen severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) have been extensively studied to understand the spread at
individual and population levels. Aerosol particles produced by infected individodl&he
deposition patterns inhaled are known to affect the virulence of bioaerosol pathogens. Droplet
nucl ei particles (< 5 e€m) aerosols typically
whereas droplet (>5 €em) leeasaplkagyrigealahdy pi cally d
tracheobronchial regions of the respiratory tract. A few studies have evaluated pulmonary
disease following droplet nuclei size particles of SAB®/-2 aerosol inhalation in African
green monkeys and golden hamsters, concluding tthtrhodels have mild respiratory disease
representativef human diseagd, 2] . More importantly, human participants with SAR®V-

2 infectionshave been studied to look at the generation of particles during breathing, talking, and
singing; the study concluded droplet nuclei particles accounted for 85% of the copies of virus
produced and play a significant role in transmisg®jn However, the environmental persistence

of the aerosolized droplet nuclei particles, and the likely role of environmental persistence in
driving transmission, is unknown for SARSV-2.

In these studiesye show the changing aerosol stability of SABS8V-2 during the
supplanting waves of Variants of Concern (VOC). Witbdetermination of viable viral
particles characterized over time, we can make inferences about the roland@&tosol
transmissiorhavein driving populatiodevel pathogen transmission. A secondary objective of
thesestudies was to characterize the riblese evolving mutatiorfsave hadon viral entry and
aerosol durability. Our work suggests that aerosol stability may be importdnvimg some
populationlevel phenomenae(g., indoor transmissipmcluding superspreader events) but
given the short infectetb-naive transmission transit time, the variation in the duration of aerosol
stability among VOCs may not explain the differemttransmission rates of VOCs.i3lata
will be useful forassessinghefuture evolution of aerosol transmissionSARSCoV-2.

e



1

CHAPTER ONE

INTRODUCTION

The seemingly perpetual coronavirus disease 2019 (C@Mpandemic was triggered
by the novel human pathogen severe acute respiratory syndrome coronavirus 2A8¥R5in
the genus oBetacoronavirus The subgenuSarbecovirusontains another humantpagen
called severe acute respiratory syndrome coronavirus (S2&S§ called here SARE0V-1),
which emerged in late 2002003. Another notable hum#&wetacoronavirus Middle East
respiratory syndrome coronavirus (MEfE®V), is in a relatable subgenierbecovirus[4].
These viruses have provided the essential initial experimental templates for our stability studies.
Since he emergence of SARSoV-1 this virus hascaused nearly 800 deaths and >8,000
confirmed cases. The virus spread to 26 countries, highlighting the threat posed by emerging
coronaviruses to public health. During these initial cases, epidemiological siu8®SCoV-
1 identified the aerosol and fomite transmission potermtiaing the investigation of the well
known Hotel Metropole superspreader e\éht
In 2012, MERSCoV was identified in human patients and haérmtraced back to
origins in dromedary camels. Human infection with MER®&V has reached over 2,500 cases
with a mortality rate of ~35% and has spread to 27 countries with multiple -tadmatan
outbreakd6, 7]. Epidemiologic evidence strongly supports eviderfdeuman aerosol and
fomite transmission in nosocomial and community settings with large superspreadef&vents
In light of this information, we looked at these two routes of transmission in relation to
the emergence of differersblatesand their associated mutations in the Spike(s) glycoprdtein.

the aerosol section of the experiment, the rotating Goldberg dpparatugFigure 11) (Biaera
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Technologies) was used to keep the aerosol suspended to avoid any gravitational settling
(deposition) resulting in large physical Id8$. The apparatus can be used at aedative
humidity (RH%) to simulate desiccation of the particle. Temperature conditions are limited by
ambient air space around the unit. For the MERS study, the RH% was 600% and
temperature was constant at 2umAs@nclosed tmpreaedtd i t i o
any further UV degradation of the particle composition encasing the virus or the virus\Wegelf.
used controlled laboratory reagetdsetain he physiochemistry of the partisjavhereasve
avoided usingpody fluids (e.g., meus) as a vehicle to mimic environmental persistdremmause
of inconsistent antiviral propertighatwould hampeisolatecomparisos. With the use of
naturally occurring Ahouseodo air from the buil:
H202 concentrations were eliminated and should not lead to inconsistencies in environmental
conditions. In conclusion, the MERX0V isolates might have similar environmental stability
profiles and any individual variation can influence this phenotype; undergdbe need for
continuedglobal viral surveillance and assessment of the phenotypic properties of thee MERS

CoV isolateq10].



FIGURE1.17 Goldberg drum apparatuBhe rotational motiof the drum section is used to
keep the aerosol in suspensierith internalbaffles for the duration of the experiment.

The MERSCoV study was an important analysis for different isolates in relation to
aerosol stability for coronaviruses, setting umparison studies for future respiratory
coronavirus outbreaks. While the MER®V manuscript was in preparation; SARS8V-2
emerged. We quickly utilized the aerosol stability framework to assesstiparativestability
with regards to MER& 0V. No signifcant difference was observed between MERS/ and
SARSCoV-2 in the study, suggesting broader environmental similarities between viruses with
similar composition.

Although the threat of coronaviruses to public health was not widely appreciated
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prior to SARS-CoV-1, the yearly outbreaks of MERSoV had provided a training ground for

the SARSCoV-2 pandemic. Epidemiological models, ecological surveillance, laboratory
transmission studies, vaccine development, and functional aerosol experiments had all been
conducted on MER&oV. Epidemiologists were able to study superspreader events and the role
of comorbiditiesin diseaseln SARSCoV-2 the role of aging and comorbiditiespact on

disease outcomesgas mirrored[8, 11-14]. Ecological surveillance was importanteéwaminethe

role of camelsin zoonotic transmission of MERSoV; this work has been important for SARS
CoV-2 in regard to origin identificatioji5-17]. In MERSCoV, transmision studies were

important to understand zoonotic and community transmission; in SAR&2 transmission

studies were vital to understand the primary route of aerosol transn|i&8ioh8, 19] Vaccine
development for MER& 0V lead to an establied pipeline for the development of the
Oxford/AstraZeneca (ChAdOx% [recombinant]) COVIBL9 vaccing andwith subsequent
vaccination of 2.5 billion people in over 170 countf2®, 21]

With the effort we put forth into understanding MER®V, we were able to use the
developed fomite and aerosol transmission experiments tovpor&ing towardSSARSCoV-2.
Fomite experiments had been established during the-20015Ebola virus outbreak MERS
CoV epidemic, and continued for comparison between S8B%-1 vs. SARSCoV-2 in
Chapter 410, 22, 23] These fomite experiments have provided key information for clinical
settings during outbreak situations.

The 2014 Ebola outbreak in West Afritay the foundatiofor research focuseah
understanding viral stability and transmission which led to an increase in understanding on:

persistence in body fluids (e.g., semen and blquoetsistence in carcassesdarersistence in
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aerosolqd24-26]. We novedto include more natural mucosal fluids into the stability studies,
usinghuman mucus and spututo understand the environmental effectgbastability of
SARSCoV-2[27]. Additionally, and most importantly, the foundation of aerosol stability
studies for Ebola and MERGoV provided the rapid pivot to SARSoV-2[10, 15]

With the development of experimental assays on the environmental stablibola
virus, SARSCoV-1, and MERSCoV, we lay the foundation of a rapid phenotypic assessment of
essential viral properties related to hurteshuman transmission. We were able toeslss the
underlying rolethatSARSCoV-2 stability has on the COVI{29 pandemic. In the next two
chapterswe were able to provide imperative stability data during the successional waves of

variants during the COVIEL9 pandemic.
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Aerosol and Surface Stability of SARS-CoV-2
as Compared with SARS-CoV-1

TO THE EDITOR: A novel human coronavirus that
is now named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (formerly called
HCoV-19) emerged in Wuhan, China, in late 2019
and is now causing a pandemic." We analyzed
the aerosol and surface stability of SARS-CoV-2
and compared it with SARS-CoV-1, the most
closely related human coronavirus.’

We evaluated the stability of SARS-CoV-2 and
SARS-CoV-1 in aerosols and on various surfaces
and estimated their decay rates using a Bayesian
regression mode! (see the Methods section in
the Supplementary Appendix, available with the
full text of this letter at NEJM.org). SARS-CoV-2
nCoV-WA1-2020 (MN985325.1) and SARS-CoV-1
Tor2 (AY274119.3) were the strains used. Aero-
sols (<5 pum) containing SARS-CoV-2 (105* 50%
tissue-culure infectious dose [TCID,] per milli-
liter) or SARS-CoV-1 (10°*7% TCID,, per milliliter)
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were generated with the use of a three-jet Colli-
son nebulizer and fed into a Goldberg drum to
create an aerosolized environment. The inoculum
resulted in cycle-threshold values berween 20 and
22, similar to those observed in samples obtained
from the upper and lower respiratory tract in
humans.

Our data consisted of 10 experimental condi-
tions involving two viruses (SARS-CoV-2 and
SARS-CoV-1) in five environmental conditions
(aerosols, plastic, stainless steel, copper, and
cardboard). All experimental measurements are
reported as means across three replicates.

SARS-CoV-2 remained viable in aerosols
throughout the duration of our experiment
(3 hours), with a reduction in infectious titer
from 10** to 10*” TCID,, per liter of air. This
reduction was similar to that observed with
SARS-CoV-1, from 10** to 10*° TCID,, per milli-
liter (Fig. 1A).

SARS-CoV-2 was more stable on plastic and
stainless steel than on copper and cardboard,
and viable virus was detected up to 72 hours
after application to these surfaces (Fig. 1A), al-
though the virus titer was greatly reduced (from
10*7 o 10" TCID_ | per milliliter of medium after
72 hours on plastic and from 10*7 to 10°¢ TCID,
per milliliter after 48 hours on stainless steel).
The stability kinetics of SARS-CoV-1 were simi-
lar (from 10** o 10%7 TCID,, per milliliter after
72 hours on plastic and from 10*¢ to 10°* TCID,
per milliliter after 48 hours on stainless steel).
On copper, no viable SARS-CoV-2 was measured
after 4 hours and no viable SARS-CoV-1 was
measured after 8§ hours. On cardboard, no viable
SARS-CoV-2 was measured after 24 hours and no
viable SARS-CoV-1 was measured after 8 hours
(Fig. 14).

M ENGL | MED 282,16 MNEJM.ORG AFPRIL 16, 2020

The New England Joumal of Medicine
Downloaded from nejm.org at NIH Library on April 6, 2022. For personal use only. No other uses without permission.
Copyright @ 2020 Massachusetts Medical Society. All rights reserved.
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