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ABSTRACT
An extensive study on the airborne transmission of respiratory viruses was published recently.
The various kinds of discussions, including the history and scientific mechanisms behind viral
aerosols were summarized in the study. However, the key experimental results were interpreted
inadequately. The understanding in the study pointed toward an inappropriate direction for
studies on viral aerosols in the COVID-19 pandemic. In this letter, two critical points from the
point of view of aerosol sciences are discussed against the study on the airborne transmission of
respiratory viruses. In the generation mechanism of viral aerosols, the important point is the viral
load. The average viral loads in hosts infected with the SARS-CoV-2 Delta variant were
unprecedentedly high, therefore the SARS-CoV-2 Delta variant aerosols must be considered in
this pandemic. The viral load in respiratory fluids, rather than the preference of the virus toward
small particles in deep respiratory tracts, was essential in viral aerosol generation. In addition, if
the novel SARS-CoV-2 Omicron variant satisfies the fundamental conditions for universal
principles of rapidly spreading respiratory viruses, the airborne transmission of the SARS-CoV-2
Omicron variant needs to be considered.
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An extensive study regarding the airborne transmission of respiratory viruses was published
recently (Wang et al., 2021). Various kinds of discussions, including the history and scientific
mechanisms behind viral aerosols, were summarized. However, the key experimental results
regarding viral aerosols were interpreted inadequately in the study (Wang et al., 2021). It was
insisted that infectious viruses were enriched in small aerosols (< 5 µm), based on the detection
of viral genes in the small aerosol particles (Gralton et al., 2013; Lindsley et al., 2010a, b; Yang et
al., 2011). Thus, it was inferred that small particles, originating from the deep respiratory tracts,
contributed to many infectious viral aerosols; therefore, the particles in the deep respiratory
tracts were important for viral aerosols (Wang et al., 2021).
Two points need to be considered from the point of view of aerosol sciences. First, respiratory
particles that contain the virus undergo quick moisture evaporation following emission from the
human respiratory tract. The water evaporation time for most respiratory particles (< 25 µm) in
the airflow is only seconds (usually < 10 seconds) (Wang et al., 2016; Marr et al., 2019). However,
the time interval between the emission of respiratory particles and the size detection of sampled
aerosols typically lasted at least dozens of seconds in aerosol sampling devices. Therefore, viral
genes are expected to exist in small aerosols because of the rapid water evaporation of respiratory
particles. Captured virus-laden particles in aerosol sampling devices contain many desiccated
respiratory particles, not just the small particles from the deep respiratory tracts. Second, viruses
do not have any active mobility outside human cells. They do not prefer small particles to large
particles. It is reasonable that the virion distribution in respiratory flowing fluids is assumed to be
homogeneous under conditions of sufficient mixing. Although respiratory particles are generated
from various sites in the respiratory tract (alveolar, tracheobronchial, nasopharyngeal), all of
them must enter the oral and nasal passages after passing through the highly humid (nearly
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saturated) respiratory tract with hygroscopic growth (Haddrell et al., 2017). It is highly probable
that the respiratory particles carrying virions from various sites in the respiratory tract are
coagulated and mixed with respiratory flowing fluids in the upper respiratory tract, including the
oral and nasal passages, before being emitted to the external air. Therefore, sufficient mixing of
various virions in the upper respiratory tract, including the oral and nasal passages, can be a
reasonable assumption. However, the homogeneous and nonhomogeneous distributions of
virions in fluids are related to their site of generation and the mixing conditions. Further studies
are needed for elucidating the degree of homogeneity in distributions of virions in various
respiratory flowing fluids. In summary, many viral genes were detected in small aerosols (< 5 µm)
because of the rapid water evaporation of respiratory particles, rather than the preference of the
virus toward small particles in the deep respiratory tracts.
In the generation mechanism of viral aerosols, the important point is the viral load. High viral
loads in respiratory tract flowing fluids can decrease the minimum size of virus-laden respiratory
particles; therefore, more virus-laden aerosols can be generated under a high viral loads condition
(Lee, 2020). The average viral load values of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Delta variant of concern (VOC) were evaluated to be unprecedentedly high
(> 109 copies mL–1 in 1848 cases during the 4 days after symptom onset) (Korea Disease Control
and Prevention Agency, 2021; Lee, 2021b). The viral load of the SARS-CoV-2 Delta VOC went beyond
the analytic minimum viral load (~106 copies mL–1) for viral aerosol generation (Lee, 2021b).
Therefore, the SARS-CoV-2 Delta VOC aerosols must be considered in the COVID-19 pandemic. In
specific, viral clouds consisting of many SARS-CoV-2 Delta VOC aerosols can spread viruses to
surrounding people in a short period of time and cause massive outbreaks in enclosed spaces
(Lee, 2021a). In addition, if the novel SARS-CoV-2 Omicron VOC (B.1.1.529) satisfies the four
fundamental conditions (asymptomatic host, high viral load, stability of viruses in air, and binding
affinity of viruses to human cells) for universal principles of rapidly spreading respiratory viruses
(Lee, 2021b), the airborne transmission of the SARS-CoV-2 Omicron VOC needs to be considered.
The viral load in respiratory fluids with the minimum viral load for viral aerosol generation (Lee,
2021b), rather than the preference of the virus towards small particles in the deep respiratory
tracts, could explain the airborne transmission of respiratory viruses.
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