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ABSTRACT 

The routes of transmission of the zoonotic pathogen severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) have been extensively studied to understand the spread at 
individual and population levels. Aerosol particles produced by infected individuals and the 

deposition patterns inhaled are known to affect the virulence of bioaerosol pathogens. Droplet 
nuclei particles (< 5 ɛm) aerosols typically deposit within the alveolar spaces of the lungs, 

whereas droplet (>5 ɛm) aerosols typically deposit within the nasopharyngeal and 
tracheobronchial regions of the respiratory tract. A few studies have evaluated pulmonary 
disease following droplet nuclei size particles of SARS-CoV-2 aerosol inhalation in African 

green monkeys and golden hamsters, concluding that both models have mild respiratory disease 
representative of human disease [1, 2] . More importantly, human participants with SARS-CoV-

2 infections have 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 transmission [3]. However, the environmental persistence 

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

In these studies, we show the changing aerosol stability of SARS-CoV-2 during the 
supplanting waves of Variants of Concern (VOC). With the determination of viable viral 
particles characterized over time, we can make inferences about the role VOC and aerosol 

transmission have in driving population-level pathogen transmission. A secondary objective of 
these studies was to characterize the role those evolving mutations have had on viral entry and 

aerosol durability. Our work suggests that aerosol stability may be important in driving some 
population-level phenomena (e.g., indoor transmission, including superspreader events) but 
given the short infected-to-naïve transmission transit time, the variation in the duration of aerosol 

stability among VOCs may not explain the difference in transmission rates of VOCs. This data 
will be useful for assessing the future evolution of aerosol transmission of SARS-CoV-2. 
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CHAPTER ONE 

INTRODUCTION 

The seemingly perpetual coronavirus disease 2019 (COVID-19) pandemic was triggered 

by the novel human pathogen severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in 

the genus of Betacoronavirus. The subgenus Sarbecovirus contains another human pathogen 

called severe acute respiratory syndrome coronavirus (SARS-CoV, called here SARS-CoV-1), 

which emerged in late 2002 - 2003. Another notable human Betacoronavirus, Middle East 

respiratory syndrome coronavirus (MERS-CoV), is in a relatable subgenus Merbecovirus [4]. 

These viruses have provided the essential initial experimental templates for our stability studies. 

Since the emergence of SARS-CoV-1 this virus has caused 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 studies of SARS-CoV-

1 identified the aerosol and fomite transmission potential, during the investigation of the well-

known Hotel Metropole superspreader event [5].  

In 2012, MERS-CoV was identified in human patients and had been traced back to 

origins in dromedary camels. Human infection with MERS-CoV has reached over 2,500 cases 

with a mortality rate of ~35% and has spread to 27 countries with multiple camel-to-human 

outbreaks [6, 7]. Epidemiologic evidence strongly supports evidence of human aerosol and 

fomite transmission in nosocomial and community settings with large superspreader events [8].  

In light of this information, we looked at these two routes of transmission in relation to 

the emergence of different isolates and their associated mutations in the Spike(s) glycoprotein. In 

the aerosol section of the experiment, the rotating Goldberg drum apparatus (Figure 1.1) (Biaera 
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Technologies) was used to keep the aerosol suspended to avoid any gravitational settling 

(deposition) resulting in large physical loss [9].  The apparatus can be used at a set relative 

humidity (RH%) to simulate desiccation of the particle. Temperature conditions are limited by 

ambient air space around the unit. For the MERS-CoV study, the RH% was 60-70% and 

temperature was constant at 21ÁC.  In addition, the systemôs rotating drum is enclosed to prevent 

any further UV degradation of the particle composition encasing the virus or the virus itself.  We 

used controlled laboratory reagents to retain the physiochemistry of the particles; whereas we 

avoided using body fluids (e.g., mucus) as a vehicle to mimic environmental persistence because 

of inconsistent antiviral properties that would hamper isolate comparisons. With the use of 

naturally occurring ñhouseò air from the building environment, concerns of antiviral effects from 

H2O2 concentrations were eliminated and should not lead to inconsistencies in environmental 

conditions.  In conclusion, the MERS-CoV isolates might have similar environmental stability 

profiles and any individual variation can influence this phenotype; underscoring the need for 

continued global viral surveillance and assessment of the phenotypic properties of the MERS-

CoV isolates [10].  
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FIGURE 1.1 ï Goldberg drum apparatus. The rotational motion of the drum section is used to 

keep the aerosol in suspension, with internal baffles, for the duration of the experiment. 

The MERS-CoV study was an important analysis for different isolates in relation to 

aerosol stability for coronaviruses, setting up comparison studies for future respiratory 

coronavirus outbreaks. While the MERS-CoV manuscript was in preparation; SARS-CoV-2 

emerged. We quickly utilized the aerosol stability framework to assess the comparative stability 

with regards to MERS-CoV. No significant difference was observed between MERS-CoV and 

SARS-CoV-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 MERS-CoV had provided a training ground for 

the SARS-CoV-2 pandemic. Epidemiological models, ecological surveillance, laboratory 

transmission studies, vaccine development, and functional aerosol experiments had all been 

conducted on MERS-CoV. Epidemiologists were able to study superspreader events and the role 

of comorbidities in disease. In SARS-CoV-2 the role of aging and comorbidities impact on 

disease outcomes was mirrored [8, 11-14]. Ecological surveillance was important to examine the 

role of camels in zoonotic transmission of MERS-CoV; this work has been important for SARS-

CoV-2 in regard to origin identification [15-17]. In MERS-CoV, transmission studies were 

important to understand zoonotic and community transmission; in SARS-CoV-2 transmission 

studies were vital to understand the primary route of aerosol transmission [10, 18, 19]. Vaccine 

development for MERS-CoV lead to an established pipeline for the development of the 

Oxford/AstraZeneca (ChAdOx1-S [recombinant]) COVID-19 vaccine, and with subsequent 

vaccination of 2.5 billion people in over 170 countries [20, 21]. 

With the effort we put forth into understanding MERS-CoV, we were able to use the 

developed fomite and aerosol transmission experiments to pivot working towards SARS-CoV-2. 

Fomite experiments had been established during the 2014 - 2015 Ebola virus outbreaks, MERS-

CoV epidemic, and continued for comparison between SARS-CoV-1 vs. SARS-CoV-2 in 

Chapter 2 [10, 22, 23]. These fomite experiments have provided key information for clinical 

settings during outbreak situations.  

The 2014 Ebola outbreak in West Africa, lay the foundation for research focused on 

understanding viral stability and transmission which led to an increase in understanding on: 

persistence in body fluids (e.g., semen and blood), persistence in carcasses, and persistence in 
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aerosols [24-26]. We moved to include more natural mucosal fluids into the stability studies, 

using human mucus and sputum, to understand the environmental effects on the stability of 

SARS-CoV-2 [27]. Additionally, and most importantly, the foundation of aerosol stability 

studies for Ebola and MERS-CoV provided the rapid pivot to SARS-CoV-2 [10, 15]. 

With the development of experimental assays on the environmental stability of Ebola 

virus, SARS-CoV-1, and MERS-CoV, we lay the foundation of a rapid phenotypic assessment of 

essential viral properties related to human-to-human transmission. We were able to observe the 

underlying role that SARS-CoV-2 stability has on the COVID-19 pandemic. In the next two 

chapters, we were able to provide imperative stability data during the successional waves of 

variants during the COVID-19 pandemic. 
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