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The coronavirus disease 2019 (COVID-19) is an acute infectious disease that has led to
a global pandemic. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
responsible for this infection. This virus enters the body through the mucous membranes
(oral, nasal, or conjunctival ocular) or the skin and replicates in the respiratory system
(nasal cavity, throat, and the lung) but may cause damage to other systems and organs.
Main transmission is through saliva droplets and oral fluids (OF) including saliva and
non-salivary elements that contain infective viral loads of the virus. SARS-Cov-2 enters
cells via receptor angiotensin-converting enzyme Il (ACE2) and the action of an enzyme
(furin) that cleaves the viral envelope and enhances the infection of the host cells.
Although the origin, mechanism, and dynamics of SARS-CoV-2 in OF remain to be
elucidated, its presence in OF is now established. Therefore, OF might be a diagnostic or
monitoring tool for COVID-19 either alone or in combination with other tests in addition
to the clinical examination. Moreover, the presence of SARS-CoV-2 in OF raises the
question of the management of the infectious risk for dental practice. There is an urgent
need to inform the dental community and ensure measures to protect dentists and dental
staff from the new SARS-CoV-2. This comprehensive review of COVID-19 and oral health
depicts the roles of OF in the transmission dynamics of SARS-CoV-2 and discusses the
value of OF as a diagnostic tool and focuses on the management of risk transmission
related to OF in dental practice.
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INTRODUCTION

The term oral fluids (OF) or “whole saliva’ refers to a hypotonic biofluid that includes
saliva and non-salivary elements such as secretions (from naso-bronchial origin or from the
gingival crevicular fluid), desquamated epithelial cells, cellular debris, serum, blood derivatives,
microorganisms (virus, bacteria, parasites, and fungi), and exogenous substances (from food)
(1-3) (Figure 1). The major salivary glands (parotid glands, submandibular glands, and sublingual
glands) secrete 90% of the saliva, and the rest comes from minor salivary glands (i.e., labial and
mucosal tissues) with a pH value of 6 to 7 (4). The wide variety of biomolecules that may be retrieved
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FIGURE 1 | Oral fluids as a diagnostic and monitoring tool. Oral fluids (OF) are biofluids that contain saliva and non-salivary elements such as gingival crevicular fluid,
nasal and bronchial secretions, serum and blood derivatives, microorganisms, desquamated epithelial cells, cellular debris, and exogenous substances. Biomarkers
identified by different sample processes [lab-on-chip, polymerase chain reaction (PCR)-based assay, proteomic or immunochromatography assays] in OF may serve
for diagnosis and monitoring of SARS-CoV-2 and also a significant number of diseases (cancer, autoimmune disease, viral, bacterial, cardiovascular, and metabolic

diseases). Figures were created with BioRender.com.

in the saliva (immunoglobulins, enzymes and enzyme inhibitors,
growth factors and cytokines, mucins, hormones, and other
glycoproteins) may serve as biomarkers (1). Therefore, saliva is
often called the “mirror of the body” (2, 5).

The salivary glands have a high permeability that facilitates
the exchange of biomolecules from blood due to the presence
of abundant capillary networks. Hence, biomarkers circulating in
blood can penetrate acini and finally be secreted in the saliva (6).

OF is thought to play an important role in personalized and
future medicine. The presence of numerous biomarkers may help
to diagnose or monitor a significant number of local or systemic
diseases such as inflammatory disease, cancer, viral, bacterial,
cardiovascular, and metabolic diseases (7). Sufficient quantities
of OF can be collected repeatedly in a fast, easy, inexpensive, and
non-invasive manner with minimum discomfort to the patient.
In contrast with blood or serum, OF can be self-collected at home.
These fluids do not require needle or special expertise, and OF
is easy to store and ship since it does not clot. Despite these
advantages, many expectations remain unfulfilled because of a

lack of suitable cost-effective technologies (8, 9). Moreover, the
development of highly sensitive technologies facilitates detection
of very low concentrations of analytes (similar to blood).
Therefore, the concept of salivaomics emerged in the 2000s and
involved genomics, transcriptomics, proteomics, metabolomics,
and microRNA (miRNA) analysis (10). OF are used routinely not
only to detect and screen a variety of drugs including cannabis,
marijuana, heroin, amphetamines, cocaine, and alcohol but also
to detect virus such as human immunodeficiency virus (HIV) or
hepatitis A, B, C, and D viruses (HAV, HBV, HCV, and HDV)
5, 11).

The pathologic role of OF is not fully understood and might be
underestimated for dental/oral health professionals. Indeed, the
oral cavity could constitute both a portal of entry and a reservoir
for SARS-CoV-2. In the context of rapidly increasing knowledge
about SARS-CoV-2 and its associated disease [coronavirus
disease 2019 (COVID-19)], this overview focuses on the specific
functions of OF in the COVID-19 outbreak and deals with their
management in dentistry practice.

Frontiers in Dental Medicine | www.frontiersin.org

September 2020 | Volume 1 | Article 8


https://BioRender.com
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/dental-medicine#articles

Gaudin et al.

COVID-19 and Oral Fluids

CORONAVIRUS DISEASE (COVID-19)

SARS-CoV-2 Responsible for COVID-19

The World Health Organization (WHO) declared the COVID-
19 a public health emergency on January 30, 2020. The number
of confirmed cases and deaths from COVID-19 have increased
exponentially (12).

COVID-19 is an acute infectious disease caused by a novel
enveloped RNA betacoronavirus (2019-nCoV) (13). The name
“coronavirus” comes from a heavily glycosylated, spike cell-
surface protein (S protein). This S protein is thought to be
responsible for the viral entry into cells. The S protein needs to
be cleaved into two distinct functional domains (S1 and S2) via
proteases found in the cell to fuse virus and cells. This cleavage is
a critical step and is mediated by furin—a protein convertase (14)
(Figure 2A).

The novel coronavirus (2019-nCoV) shares similarity with
other coronavirus species retrieved in bats. Pangolins are also
suspected to be intermediate hosts of the 2019-nCoV (15). That
is not surprising since the coronavirus family is zoonotic and can
therefore spread between animals and humans. The coronavirus
family includes severe acute respiratory syndrome coronavirus
(SARS-CoV) that caused 774 deaths in 29 countries between
November 2002 and July 2003, and the Middle East respiratory
syndrome coronavirus (MERS-CoV) (861 deaths in 27 countries)
first identified in 2012 (16, 17).

This 2019-nCoV does not share receptors such as
aminopeptidase N and dipeptidyl peptidase with other
coronaviruses. After first characterization, the spike surface
protein exhibits higher affinity to angiotensin-converting
enzyme II (ACE2)—its functional receptor (18). This feature
makes it much easier to penetrate human cells than SARS-CoV
and MERS-CoV (15, 19). These features allow this 2019-nCoV to
spread easier than SARS and MERS. Based on the phylogenetic
and taxonomic analysis, this novel virus was named SARS-CoV-2
by the International Committee on Taxonomy of Viruses (ICTV).

Clinical Symptoms and Complications of
COVID-19

COVID-19 is a respiratory infection with clinical symptoms that
may vary from no symptoms (asymptomatic) to several clinical
signs including cough, fever, and shortness of breath to non-
specific symptoms such as myalgia, fatigue, headache, xerostomia
(dry mouth), and ageusia (loss of taste). Asymptomatic cases
raise serious issues to control the outbreak since they may play
a critical role in the transmission process (20). Patients of more
than 60 years of age are at higher risk than children to be
infected and to develop severe disease. However, recent studies
reported that some children may develop severe disease and
require prolonged intensive care support (21).

Normal or decreased leukocyte counts (in particular NK cells
and NK and CD8+ T cells) (22, 23) and radiographic evidence
of pneumonia are reported. Sudden and unexplained onset of
hemoptysis, conjunctivitis, and diarrhea are also suggestive of
COVID-19 (24-26). Complications such as respiratory distress
syndrome, arrhythmia, and shock will appear in 15% of patients;

SARS-CoV-2 is more likely to affect elderly people, and the risk
of death is greater for older males (26-29).

ROLES OF OF IN TRANSMISSION
DYNAMICS OF SARS-CoV-2

Transmission Routes of SARS-CoV-2

Human Expression of ACE2 and Furin for
SARS-CoV-2 Cell Entry

The expression and distribution of the ACE2 in human body
is essential to understand the potential infection routes of
SARS-CoV-2 infection. ACE2 expression profile can be analyzed
at single-cell resolution using the single-cell RNA sequencing
(scRNA-Seq) technique and the single-cell transcriptome
database. High ACE2 expression was identified in various cells
from different organ systems such as respiratory tract (type II
alveolar cells of lung), salivary glands, mucosa of oral cavity,
esophagus upper and stratified epithelial cells, cholangiocytes,
and absorptive enterocytes from ileum and colon, urinary
tract, and also myocardial cells (30-34). High ACE2-expressing
cells present in these different organs should be considered as
potential portal of entry for SARS-CoV-2 infection (30).

Furin is a protease responsible for the proteolytic cleavage
of envelope of different viruses enhancing infection with host
cells by facilitating the viral fusion with host cell membranes
(35). Furin is highly expressed in lung tissue (36, 37) and also
in human tongue epithelia (38). Strategies based on inhibition of
furin may be a promising approach to impede the viral activity of
the SARS-CoV-2.

Oral Cavity as a Reservoir for SARS-CoV-2

When the patient is asymptomatic but highly contagious, the
virus mainly accumulates in the nasal, oral, and pharyngeal
mucosa and later will replicate in the lungs (39). The virus
actively replicates in the throat for the first 5 days after the
onset of symptoms (40). Following entry via endosomal pathway,
SARS-CoV-2 releases its viral RNA into the host cytoplasm.
This messenger RNA is then translated by host ribosomes,
processed by many host proteins and enzymes to generate new
RNA genomes. Assembly of virion takes place by interaction
of viral RNA and protein at endoplasmic reticulum and Golgi
complex. These virions are then released out of the cells by
exocytosis (41). SARS-CoV-2 replication is a complex process
that deserves attention since understanding of such mechanism
is crucial to identify and develop therapeutic tools to inhibit
SARS-CoV-2 action.

Besides the respiratory tract cells, the oral cells and mucosa are
also potential targets for SARS-CoV-2 due to their expression of
ACE2 receptor and furin enzyme (34, 38, 42-44). The presence
of SARS-CoV-2 in secretory saliva (45) may be due to different
factors. First, the anatomical proximity between the respiratory
tract and the oral cavity may explain frequent liquid droplet
exchange (18). Second, SARS-CoV-2 may access oral cavity via
gingival crevicular fluid that contains local proteins derived from
serum and therefore viral elements (46). Finally, SARS-CoV-2
may occur in the oral cavity through secretion (Figure 2B). The
first study on SARS-COV-1 in rhesus macaques demonstrated
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FIGURE 2 | Roles of oral fluids in transmission dynamics of SARS-CoV-2. (A) The entry into the cells is mediated by the binding of the viral spike protein to the
angiotensin-converting enzyme 2 (ACE2) receptor on the cells. There are two subunits, ST and S2. S1 contains a receptor binding domain (RBD) with two terminal
domains, N and C terminal domain (NTD and CTD), responsible for recognizing and binding with the cell surface receptor. The S2 subunit contains elements for the
fusion to the membrane. The proteolytic cut at the S1/S2 site of the S glycoprotein by the host protease furin is required for the SARS-Cov-2 to enter into the cells. (B)
SARS-CoV-2 may access the oral fluids through different routes (gingival crevicular fluid, salivary gland, and exchange with respiratory tract). (C) Transmission
dynamics in dentistry practice. (1) Direct contact, (2) indirect contact, and (3) airborne aerosols may be responsible for SARS-CoV-2 transmission. Figures were

created with BioRender.com.

that the virus could rapidly infect salivary gland epithelial cells
and therefore the salivary gland cells could play a crucial role in
virus transmission (43).

Interestingly, ageusia (47) has been described as an early
symptom of COVID-19 even before fever and other symptoms
or nasal obstruction. Taste organs are widely distributed in
oral tongue. Interestingly, ACE2 is more strongly expressed in
the epithelial cells of the tongue than other buccal or gingival
tissues (34).

A decrease in salivary flow and xerostomia is an associated
clinical symptom of COVID-19. A cross-sectional survey in
Wuhan showed that 46% of the patients reported xerostomia as
one of their symptoms (42). These symptoms may be explained
by dysfunction of tongue and/or salivary gland expressing
ACE2 and furin. Moreover, irregular ulcers at the dorsum of
the tongue have been suggested to be a potential inaugural
clinical manifestation of COVID-19 that would appear prior
to certain skin manifestations (48). Although further research

is mandatory to elucidate mechanisms and oral symptoms of
COVID-19, these data reveal that the mucosa, the tongue, and
the salivary glands of the oral cavity may represent preferential
sites of SARS-CoV-2 infection. Taken together, these data
highlight the role of the oral cavity as a reservoir for SARS-
CoV-2 and that OF may play a crucial role in the human-to-
human transmission.

Role of Oral Cavity in SARS-CoV-2 Transmission

Similar to SARS, the median incubation period for SARS-CoV-2
is around 5 days and varies from 1 to 14 days. Peak transmission
occurs 0.7 days before the onset of symptoms. Forty-four
percent of transmissions occur in the pre-symptomatic phase,
and infectivity is low beyond 7 days (39). Asymptomatic
individuals have been tested positive for SARS-CoV-2, and virus
transmission from asymptomatic carriers has been identified
(28, 49, 50), suggesting that the virus spread can occur with
mild or even in the absence of clinical symptoms (24, 28, 51).
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Virologic studies suggest that the viral load is highest in the
first week of COVID-19 when the symptoms are generally mild
(45, 47).

SARS-CoV-2 mainly spreads through the respiratory tract
into a dynamic human-to-human transmission (52, 53). The
two main routes known for SARS-CoV-2 transmission include
(i) direct transmission through inhalation of droplets (Pfliigge
droplets) due to coughing or sneezing (within a radius of
approximately 2 m) or (ii) direct contact between an area soiled
with salivary secretions and nasal, oral, and ocular mucosa
via handshakes, kisses, or hand-to-face contact (7) (Figure 2C).
People usually touch their face 23-40 times per hour with 44%
of these occurrences involving the mouth and/or nose (54).
SARS-CoV-2 has been also detected in stool, gastrointestinal
tract, urine samples, and semen (55). As a consequence, social
distancing, frequent handwashing, and disinfection of objects
have been promoted in order to minimize community spread of
the disease.

Transmission Pattern in Dental Practice
Dental professionals are one part of the healthcare workers that
face the greatest risk (56) because they may encounter patients
with suspected or confirmed SARS-CoV-2 infection. Moreover,
dental professionals have to provide care but also prevent
nosocomial spread of infection with cross-contamination. SARS-
CoV-2 transmission in dental settings may occur through three
major routes. The first is direct exposure to projections of
contaminated droplets, blood, saliva, or other patient materials
during dental consultation (57).

The second possibility is indirect contact with contaminated
surfaces and/or instruments (57). The coronaviruses probably
persist for several hours on dry inert surfaces and up to 6 days
in a humid environment (58). This duration is closely linked
to temperature, residual humidity, starting inoculum, type of
surface, as well as the presence of biological fluids.

The third possibility is inhalation of suspending airborne
viruses. The recent awareness of this situation is due to
potential dramatic consequences of the SARS-CoV-2 and
because of the airborne spread during aerosol-generating dental
procedures. Several procedures are susceptible to generate
aerosols (ultrasonic instruments, high-speed handpieces, turbine,
and air polisher); it is important to reduce production of droplets
and aerosol during dental visits to zero (59). Moreover, particles
from aerosols are theoretically small enough to stay airborne
for an extended period before they settle on the environmental
surfaces around the dental unit. Although the infectivity of the
virus is not fully established, several authors have proposed that
SARS-CoV-2 can be transmitted via aerosols (60-62) and would
therefore be inhaled. Data regarding the average viral titer in the
emitted aerosol particles as well as the minimum infectious dose
in susceptible individuals are lacking.

Dental professionals are at a high risk for nosocomial infection
and may become carriers of the disease. These risks are due
to the features of dental visits potentially generating aerosols
and contaminated droplets associated with the proximity of the
dentist and dental staff to the patient.

OF DIAGNOSTICS IN COVID-19

Early SARS-CoV-2 diagnosis is critical to treatment, avoiding
complications, and decreasing the spread of the disease. The
recommended diagnostic test is usually based on nasopharyngeal
and oropharyngeal swabs. These tests present a risk of
transmission of the virus to the healthcare workers due to
contact with patients. However, these specimens can cause
pain, discomfort, and bleeding and may cause complications
in patients with thrombocytopenia (28) and make them
inappropriate for serial monitoring of viral load. Sputum is a
non-invasive lower respiratory tract specimen, but Huang et al.
found that only 28% of patients with 2019-nCoV could produce
sputum for diagnostic evaluation (24).

SARS-CoV-2 nucleic acid was detected in saliva in several
studies (45, 63, 64). OF can be collected in three different ways:
coughing out (deep throat saliva), saliva swabs (saliva in oral
cavity), and directly from the salivary gland duct.

Deep Throat Saliva

Using viral culture, To et al. found that live viruses were present
in deep throat saliva of infected individuals (45). Based on clinical
examination and laboratory test, 12 patients with laboratory-
confirmed SARS-CoV-2 infection were included. Eleven saliva
specimens were positive for 2019-nCoV out of 12 patients
(91.67%) using polymerase chain and testing the S gene of SARS-
CoV-2. As a control, all saliva specimens from 33 patients whose
nasopharyngeal specimens tested negative for SARS-CoV-2 also
tested negative. In addition, serial saliva specimens were available
for six patients. The viral load was highest in the earliest available
specimens for five patients (83.3%), thus showing a downbhill
trend starting with hospitalization (45).

Another study from the same group analyzed the kinetics of
SARS-CoV-2 load in saliva from COVID-19-tested SARS-CoV-2
RNA patients. Twenty cases (87.0%) showed detectable SARS-
CoV-2 RNA in saliva among 23 COVID-19 patients included in
this study. Salivary viral load changes over time: It is high during
the first week after symptom onset and subsequently decreased
with time. Low levels of SARS-CoV-2 RNA in saliva could still be
quantified even after complete clinical recovery (63).

Saliva in Oral Cavity

Zhang et al. collected and compared different human samples
(oral swabs, anal swabs, and blood samples) from positive
patients. After medical treatments, half of the oral swabs (50%)
were positive for SARS-CoV-2 RNA, four (26.7%) had positive
anal swabs, six (40%) had positive blood test, and three (20%)
were serum positive. The virus could be detected in anal swabs
or the blood of patients, whereas oral swabs were negative,
suggesting that oral swabs were likely better to indicate early
infection than anal swabs (64).

Salivary Gland

Saliva specimens collected directly from the salivary gland duct
are more likely to be detected at late stages of the disease,
and SARS-CoV-2 nucleic acid positive tests in salivary-gland-
originated saliva may indicate the severity of COVID-19 (42).
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At-Home Collection of Saliva Specimens

for Diagnostic Test

At-home collection of saliva is an important step for diagnostic
testing. Besides the obvious comfort for the patient, at-home
testing also decreases the risks to healthcare workers. On May 8,
2020, the FDA authorized a diagnostic test designed by Rutgers
Clinical Genomics Laboratory using home-collected OF samples
for COVID-19 testing. This test is prescription only and is
currently the only authorized COVID-19 diagnostic test that uses
saliva samples to test for SARS-CoV-2.

Other countries are validating these tests. A French
consortium consisting of scientists from the CNRS laboratory
Sys2Diag, the SkillCell biotechnology company, and Montpellier
University Hospital (CHU de Montpellier) announced a
clinical trial to evaluate the performance of the new EasyCov
screening test beginning on April 11, 2020. In parallel, industrial
development, production, and distribution chains are adapting
their processes for rapid and mass deployment of the test to
medical staff in May 2020.

As ACE2 receptors are highly expressed on the epithelial cells
of oral mucosa and the base of the tongue, RT-PCR testing of
a throat-wash sample may also be considered (65). In a recent
study, Guo et al. found that the positive testing rate of throat
washing was much higher than that of nasopharyngeal swabs.
Although conducted only on 11 patients, this study highlights the
feasibility and reliability of throat washing (66).

The early diagnosis of SARS-CoV-2 is crucial and still
difficult; however, OF offers several advantages: non-invasive,
more acceptable to patients, and more secure for healthcare
workers. However, these tests must be accurate in addition to
being useful.

MANAGEMENT OF OF TO PREVENT
INFECTION TO SARS-CoV-2

To minimize the transmission risk of the disease, several
measures may be undertaken in dentistry. These measures are
based on general knowledge related to infection control in dental
practice adapted to COVID-19. This proposal focuses on the
management of OF and does not explore the entire transmission
risk chain [i.e., schedules for managing suspected patient, dental
rooms organization, handwashing, personal hygiene, personal
protective equipment (PPE), airborne infection isolation rooms,
bio-cleaning of potentially contaminated surfaces, and waste
management]. Such information related to these general
recommendations are detailed in several reports (67-71).

Preprocedural Mouthwashes

Preprocedural mouth rinses are recommended to decrease viral
load in OF. The effects of chlorhexidine (commonly used as pre-
procedural mouthwash in dental practice) may not be sufficient
to clear SARS-CoV-2 (44). A study on inanimate surfaces
like metal, glass, or plastic showed that the virus could be
inactivated in 1 to 5min by many disinfectants including 70%
ethanol, 0.1% sodium hypochlorite, 1% povidone-iodine, and
0.5% hydrogen peroxide (58). Here, 0.02% chlorhexidine (CHX)

was less effective than other biocidal agents; however, we advise
caution with this concentration since 0.02% (CHX) is not the
usual CHX concentration for mouthwashes.

Several reports have recommended oxidative agents
containing mouthwashes with 1% hydrogen peroxide or
0.2% povidone-iodine (67, 68, 70). These recommendations
are based on data obtained for other virus strains (SARS-CoV
and MERS-CoV) (72). The efficiency of 1% hydrogen peroxide
or 0.2% povidone-iodine on SARS-CoV-2 in OF is not yet
fully demonstrated.

Radiographs and Dental Impressions
Although intraoral x-ray examination is necessary for numerous
diagnostics in dentistry, it can stimulate saliva secretion and
coughing (73); therefore, it should be taken with great care (44).
To minimize the coughing or gagging reflex caused by contact
of the operator’s fingers, the patient may hold their own device.
Extra-oral dental X-rays such as the panoramic X-ray or CBCT
may be alternatively selected if indicated.

Since dental impressions may trigger coughing and increase
flow rate, impressions and models should be carefully sanitized
with cleaners such as 70% ethanol, phenolic and quaternary
ammonium, 0.5% hydrogen peroxide, or sodium hypochlorite
(1,000 ppm or 0.1%). Digital impressions are highly suggested.

Rubber Dam

A rubber dam is an effective physical barrier in the oral cavity
to reduce the generation of aerosol and contaminated droplets.
Rubber dams should be used in every possible clinical situation
(67). Rubber dams effectively reduce the generation of aerosol
and droplets 1 m from the procedure site by 70% (74). After
correct placement, rubber dams can be disinfected with sodium
hypochlorite. They should also cover the patient’s nose (67).

Dental Devices and Procedures
Susceptible to Produce Airborne

Contamination

The sources of bio-aerosols in dental clinics are diverse:
ultrasonic scalers, high-speed handpieces, air turbines, three-
in-one syringes, air water syringes, air polishers, and air
abrasion. Of these, scalers (ultrasonic and sonic) are considered
the greatest source of aerosol contamination followed by
air polishers, air-water syringes, and air turbines. Moreover,
important contamination related to abrasive particles has also
been demonstrated with air abrasion (75, 76). Therefore, in the
COVID-19 context, dental devices and procedures susceptible to
produce airborne contamination should be replaced with manual
instruments when possible; otherwise, this should be limited to
minimum (77). In these dental devices, high-volume evacuator
combined with a second evacuator are recommended. Any
dental handpieces that do not have an anti-retraction function
should be avoided because such dental devices may aspirate and
expel the contaminated debris and fluids by the SARS-CoV-2
during the dental procedures (44, 68). In addition, the virus
may further penetrate and subsequently contaminate the air
and water tubes within the dental unit; this can potentially lead
to cross-contamination.
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DISCUSSION

In summary, SARS-CoV-2 transmission via saliva droplets
is common because saliva contains the virus. Although
SARS-CoV-2 is actively present in OF as well as nasal and
bronchial secretion, it is still unclear whether it is present in the
GCF. Similar to herpes simplex virus (HSV), Epstein-Barr virus
(EBV), and human cytomegalovirus (CMV) (78, 79), GCF is of
great interest to isolate and measure SARS-CoV-2; it can confirm
the portal of entry into the oral cavity.

The gold standard for COVID-19 diagnosis may still be
debatable due to the different clinical stages of the disease or
the variable specificity and sensitivity of different diagnostic
tests. Therefore, OF testing can be used as a complementary
diagnostic tool (82). It could be done in addition to other
methods for patients clinically suspected of COVID-19 such
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