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Abstract

The whole world has been affected by the coronavirus disease 2019 (COVID-19) pandemic, and
many researchers are racing to understand the disease course and to undertake risk analyses

to formulate effective treatment strategies. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is highly transmissible through coughing and sneezing, and through breathing
and talking which may account for viral transmission from asymptomatic carriers. Bioaerosols
produced during mouth-breathing, an expiratory process in habitual mouth breathers, should
be considered in addition to nasal bioparticles as a potential transmissible mode in COVID-19.
Oral health professionals are justifiably apprehensive about the exposure risk due to close
face-to-face contact and the mode of transmission. The aim of this commentary is to summarize
the research conducted in this area and suggested strategies to limit the spread of COVID-19,
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Note from the Editor: In Canada, the prevalence of COVID-19 infection among the dental
profession is very low due to the large amount of personal protective equipment available, the
patient’s pre-screening routine, and the amount of mandatory training on infection prevention
techniques. Furthermore, it is important to clarify the concepts presented in this article. Expiratory
particles apply to both droplets and bioaerosols. The difference between droplets and bioaerosols
is their size, which impacts their potential “travelling” distance from infected person to the person
at risk standing by or passing by. See: COVID-19: Guidance on indoor ventilation during the

pandemic.
Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the causative virus for coronavirus disease 2019 (COVID-19),

is reported to be highly transmissible through respiratory
droplets and aerosols emitted during coughing, sneezing,
speaking and singing. This paper focus on aerosol-generating
procedures in medical and dental fields (1). Recent reports
have emphasized the possible role of SARS-CoV-2 transmission
through expiratory particles emitted during normal breathing
and speaking activities (2,3). Biological aerosols (less than 1

pm in size) are also produced in large quantities during mouth-
breathing and the impact of mouth-breathing should also be
considered in SARS-CoV-2 transmission (4). This is highly relevant

in a dental office where the patients must open their mouths
for a considerable time, posing a threat of disease transmission
risk through expiratory bioparticles. There are currently no
research reports or reviews on this transmission route. Hence,
our commentary presents an overview of mouth-breathing and
its potential significance in SARS-CoV-2 transmission, especially
in a dental practice. This issue affects all dental professionals,
including dentists, oral hygienists and dental assistants. In
addition, we highlight few research questions pertaining to the
mouth-breathing expiratory particles that need urgent answers
through appropriate research to effectively control transmission
of SARS-CoV-2 in a clinical setting.
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Exhaled bioparticles and potential
routes of infection in a dental office

Generally, the potential routes of infection for communicable
diseases in a dental office include direct contact with body
fluids (saliva/blood) of an infected patient, contact with the
instruments/environmental surfaces contaminated by patients
and through infectious aerosol particles (5). In the particular
case of COVID-19 disease, the exhaled bioparticles can be
emitted from patients through various respiratory actions,
including mouth-breathing, nose breathing, coughing and
talking. Pappineni and Rosenthal (6) investigated the exhaled
droplets through these various modes using an optical particle
counter and an analytical transmission electron microscope.

The investigators reported that the quantity of droplets emitted
was highest in coughing, followed by mouth-breathing, nasal
breathing and talking, respectively. The smaller number of
bioparticles emitted through nasal breathing when compared
with mouth-breathing may be attributed to the filtration
processes that occur in the nasal cavity (6). These expiratory
bioaerosol droplets are polydispersed and the droplet size has a
huge impact on the disease transmission process (2,4,6). Smaller
droplets evaporate quickly and become “droplet nuclei” that can
remain airborne for extended periods (7). These smaller aerosol
particles (0.5-10 pym in diameter) can penetrate and lodge in the
tiny lung passages and provoke high infection risk (8).

Mouth-breathing: An overlooked risk
factor in COVID-19?

Alarmingly, COVID-19 is also highly transmissible in

the pre-symptomatic/non-symptomatic carriers (9,10).
Mouth-breathing, which is characterized by inhalation and
exhalation through the mouth resulting mainly from upper airway
obstruction or when it becomes a chronic behavioural pattern,

it is categorized as an abnormal respiratory function. Mouth
breathers are those persons with half-open, dry and cracked lips,
an anteriorized tongue, weak mandibular elevator muscles, a
deep and narrow palate, dental alterations and predominantly
vertical face growth (11).

The most commonly reported causes of mouth-breathing
included chronic allergic rhinitis (81.4%), adenoid hypertrophy
(79.2%), enlarged tonsils (12.6%) and deviated nasal

septum (1.0%) (12,13). Major clinical manifestations of
mouth-breathers were sleeping with open mouth (86%),
snoring (79%), itchy nose (77%), saliva drooling (62%), nocturnal
sleep problems (62%), nasal obstruction (49%) and general
irritability (43%) (13). Further, many dental problems, including
dental caries, periodontal diseases, halitosis, craniofacial
deformity and malocclusion, are commonly observed in mouth
breathers (12-14).
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Recently, it has been reported that nasal nitric oxide may help
to reduce SARS-CoV-2 viral load and the risk of COVID-19
pneumonia by promoting more efficient antiviral defense
mechanisms in the respiratory tract (15). However, mouth-
breathing significantly reduces the effectiveness of nitric oxide,
reducing the antiviral response (in contrast to nasal breathing).
This observation highlights the importance of mouth-breathing
expiratory bioparticles in COVID-19 transmission, and the
importance of differentiating between the mouth and the nose
as transmission routes of bioaerosols (15).

Dentists and other oral health professionals in a dental office
are at high risk of exposure to these asymptomatic individuals—
both those who are chronic mouth-breathers and those who
must keep their mouth open for a considerable time during
routine dental examination. Since it is well known that these
emitted particles can facilitate the spread of various infectious
diseases, including influenza (16), it is a concern that they might
also facilitate the spread of COVID-19. Since the communicable
profile of SARS-CoV-2 may more closely resemble that of
influenza than of severe acute respiratory syndrome (SARS), the
threat imposed due to aerosols produced from mouth-breathing
(in addition to nasal breathing) should be considered (9). Both
SARS-CoV-2 and influenza are characterized by increased
infectiousness shortly around or even before symptom onset in
contrast to that of SARS, wherein, infectiousness peaked around
7-10 days after symptom onset. Hence, the transmission of
SARS-CoV-2 through expiratory bioparticles of pre-symptomatic
individuals play a significant role (9). However, a careful literature
review revealed that no study has considered bioaerosols
produced during mouth-breathing as a potential transmissible
mode for SARS-CoV-2, despite its high plausibility. Hence, this
commentary aims to encourage research on 1) the potential of
transmission of SARS-CoV-2 via bioaerosols and 2) methods to
limit transmission, especially in a dental office.

Urgent questions that need immediate
attention

Many important questions about the transmission of SARS-
CoV-2 via mouth-breathing need to be answered by aerosol
scientists (2). Do infected but asymptomatic mouth-breathing
individuals emit more bioaerosols than healthy mouth breathers?
Are mouth-breathing bioaerosols better able to transmit
SARS-CoV-2 than normal expiratory bioaerosols? Is rapid
saliva sampling for SARS-CoV-2 a useful tool for assessing the
infectivity of bioaerosols emitted in healthy/pre-symptomatic/
asymptomatic mouth breathers? What are the optimal
experimental methods for assessing the virulence of biological
aerosols? Summary of these issues are highlighted in Box 1.



Box 1: Highlights

e  SARS-CoV-2 spreads through expiratory particles emitted
during normal breathing, talking, singing, shouting, coughing
and sneezing

e  Bioaerosols are produced in larger quantities during mouth-
breathing vs normal breathing

¢  Mouth-breathing aerosols present as an overlooked and
underestimated risk factor in COVID-19 transmission

e Further, more evidence is needed on COVID-19 spread
through expiratory bioparticles to inform preventive measures
and help combat the pandemic

Conclusion

To conclude, bicaerosols from mouth-breathing, in addition

to the nasal expiratory particles, should also be considered

as a potential source of transmission in COVID-19. However,
concrete clinical research evidence highlighting the role of
mouth-breathing bioparticles in COVID-19 transmission is
mandatory to support our hypothesis, though it may sound
logically true. Further, with an enormous increase in COVID-19
cases day by day, much more awareness is required amongst the
oral health professionals about the disease transmission process
and associated risk factors with normal expiratory activities, as
mentioned by Anderson et al. (3).
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