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Airborne transmission of coronavirus disease
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Since the outbreak of coronavirus dis-
ease 2019 (COVID-19), scientists have
been debating whether severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2) spread by airborne or
droplet. Those supporting airborne
transmission claim it based on the size,
travel distance, floating time of the re-
spiratory particles, and detection of the
virus in the aerosols. The scientists in
the other camp do not agree, highlight-
ing (1) the experimental conditions for
the aerosol physics, air flow dynamics,
and the virus survival studies do not re-
flect normal human cough conditions;
(2) the infectious dose of SARS-CoV-2
is not known yet; (3) droplet and fomite
transmission could also explain the hu-
man-to-human transmissions [1]. Most
of the discussions have been focused on
either the generation of respiratory par-
ticles (source) or survival and transpor-
tation of the virus (environment); dis-
cussions on its passage from the portal
of entry to the multiplication sites (host)
are largely missing.

Once the droplets landed on the eye,
nose, or mouth, the body fluids of tear,
nasal mucus, or saliva move the virus
to the replication sites. The nose is not
a good portal of entry, as the virus that
landed near the nostril would not get
into the nasal mucosa, because the lin-
ing cells of the vestibule are squamous
epithelial cells, which do not support
movement or proliferation of the vi-
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rus. The virus that landed on the lips
or oral cavity may get into the saliva
of the mouth, and move to the multi-
plication sites on the oropharynx (Fig.
1A). The virus that landed on the eye
can descend the inferior meatus of the
nose through the nasolacrimal duct.
Therefore, of the three portals of entry
for the virus in the respiratory droplets,
only the eye may provide a passage to
the nasal cavity.

Olfactory dysfunction of COVID-19
is a common symptom of COVID-19.
If it were due to droplet transmission,
the virus that arrived at the inferior
meatus through the nasolacrimal duct
should move to the olfactory muco-
sa, which is located on the apex of the
nasal cavity, especially in the region
of the superior turbinate (Fig. 1B). As
the mucociliary clearance mechanism
would move the nasal mucus back-
ward to the nasopharynx, it is hardly
conceivable that the virus could move
upward to reach the olfactory region.
Contiguous extension of infection by
cell-to-cell spread of the virus might be
a possibility. If that were the case, the
upper respiratory symptoms may de-
velop earlier than, and as commonly as
olfactory dysfunction. But, in many pa-
tients, olfactory dysfunction is the only
or earliest symptom. Indeed, olfactory
dysfunction is relatively common (up
to 98%) [2,3], whereas upper respirato-
ry symptoms, such as rhinorrhea and
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Figure 1. Two vehicles of pathogen movement in host: body fluids for droplets (A) and air for aerosols (B). The pathogen in
droplets or on contaminated hands land on the eye, nose, or mouth (A), and tear, nasal mucus, or saliva moves it to the replica-
tion sites on the upper respiratory tract, respectively. It is normally swallowed to the gastrointestinal tract. The pathogen may
get into the lower respiratory tract, but mucociliary clearance mechanism removes it in healthy hosts. In hosts with impaired
mucociliary function, micro-aspiration pneumonia may occur. The pathogen in aerosols (B) may penetrate directly into the
lower respiratory tract and alveoli, causing inhalation pneumonia. It may also reach the olfactory mucosa in the nasal cavity,
causing olfactory dysfunction. Mouth breathing may cause more severe pneumonia than nasal breathing. Compared to nasal
breathing (C), mouth breathing (D) is more vulnerable to inhalation pneumonia, because of a larger portal of entry, faster air
flow, and bypassing the host defense mechanisms in the nasal cavity. During nasal breathing, the host defense mechanisms in

the nasal cavity may reduce the amount of the invading pathogens. During mouth breathing, a larger amount of the pathogens
may penetrate into the lungs, causing more severe pneumonia.

sore throat are uncommon (< 15%) [4,5]. Considering the COVID-19 pneumonia may also provide import-

anatomy and physiology of the upper respiratory tract,
airborne transmission is more plausible mode of infec-

tion for olfactory dysfunction of COVID-19 than droplet
transmission.
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ant clues to the mode of transmission. If it were due
to droplet transmission, the virus that landed on the
upper respiratory tract through the portals of entry
should descend into the lower respiratory tract. As the
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Table 1. Droplet vs. airborne transmission
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Droplet infection

Airborne infection

Portal of entry

Vehicles for virus movement in host

Eye, nostril, mouth

Nose or mouth

Body fluids (tear, nasal mucus, Air

saliva—respiratory mucus)

Initial sites of virus proliferation

Immune response in the upper airway Trigger

Upper airway symptoms, such as rhinorrhea,
sore throat

Mechanism of lung invasion

Time from exposure to development of
pneumonia

Longer

Risk factor for pneumonia

Typical distribution of pneumonic lesions

dependent predilection (lower lobes,

Nasal or oral cavity

Often present

Micro-aspiration

Mucociliary clearance dysfunction
(aspiration-prone host)

Unilateral, pauci-focal; a gravity

Upper and lower respiratory
tract or lung

May bypass
May be absent

Direct inhalation

Shorter

Even healthy host; virus
inhalation during talking,
singing, and exercising

Bilateral, multifocal, peripheral:
middle- or upper lobe

posterior segment of right upper

lobe)

mucociliary mechanism would clear it in healthy hosts,
COVID-19 pneumonia would develop mostly in hosts
with impaired mucociliary function, as an aspiration
pneumonia. However, the following clinical characteris-
tics of COVID-19 pneumonia suggest inhalation rather
than aspiration pneumonia: (1) it may occur in healthy
young adults without risk factors for aspiration; (2) up-
per respiratory symptoms are uncommon, suggesting
the virus directly penetrates into the lungs, bypassing
the upper airway; and (3) the typical distribution pattern
of pneumonic lesions of COVID-19, i.e., bilateral, multi-
ple, upper and middle lobes involvement, and peripher-
al location (Table 1) [6].

Some experts raise questions about the possibility
of airborne transmission in the community, indicat-
ing that basic reproduction number (R ) of 2.5 to 3.0 for
COVID-19 is much lower than that for the well-known
airborne infections, such as measles (R_ > 12) [7]. Howev-
er, in an infectious disease that requires a large amount
of virus to cause infection (i.e., high infectious dose),
only those who are heavily exposed at a near distance
from the source (short-range airborne infection) may
develop symptoms; it would be difficult to prove a long-
range airborne infection, especially when asymptom-
atic or subclinical infection are frequent [8]. Indeed, it
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took years of painstaking experiments to prove airborne
transmission of tuberculosis, an obligatory airborne in-
fection with R of 0.24 to 43 [9]. Therefore, a low R_does
not necessarily exclude the possibility of airborne trans-
mission. The author believe that short-range airborne
transmission of SARS-CoV-2 may occur in the commu-
nity.

What would drives the airborne transmission in the
community? Based on the following reasons, the author
also believe that talking is the major driver of SARS-
CoV-2 transmission: (1) it generates airborne particles;
(2) talking is more frequent than coughing and sneezing,
even in COVID-19 patients; (3) during talking, we face
each other, at a short distance- a condition that facili-
tates transmission of respiratory pathogens. And more
importantly, during talking; (4) we breathe in through
the mouth. Compared to nasal inhalation, mouth in-
halation is more vulnerable to inhalation pneumonia,
because the portal of entry is larger, the airflow is faster,
and aerosols can penetrate directly into the lungs, by-
passing the innate host defense mechanisms in the na-
sal cavity (Fig. 1C and 1D).

What measures should we take to prevent transmis-
sion of SARS-CoV-2 in the community? Physical dis-
tancing, wearing face masks, and frequent ventilation
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may reduce the risk of the airborne transmission. In ad-
dition, refraining from talking would further reduce the
risk of inhalation of; as well as generation of, aerosols
containing SARS-CoV-2. In Korea, we have been advo-
cating for “refrain from talking” in closed indoors, ele-
vators, and on public transportation.

The distribution of expiratory particles size is a spec-
trum, not a dichotomy of droplets vs aerosols. Within a
short distance from the source, host may receive drop-
let spray and aerosol shower simultaneously. Clinical
characteristics of olfactory dysfunction and pneumonia
in COVID-19 patients suggest that short-range airborne
transmission of SARS-CoV-2 commonly occurs in the
community. The traditional paradigm of droplet versus
aerosol dichotomy needs to be revised.
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