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vary from mild respiratory and gastrointestinal symptoms to seve
re pneumonia, and even death. New mutated variants have emer
ged throughout the pandemic and caused concern about the new
clinical features they may possess, regarding transmissibility, se
verity of disease and vaccine effectiveness.
SARS-CoV-2 is transmitted mainly by respiratory secretions. It
is frequently found in saliva of both asymptomatic and sympto
matic infected patients. This has created tremendous concern
about transmission during dental care among dentists and pati
ents. Consequently, access to non-urgent dental care was highly
restricted in early phases of the pandemic. This has caused an
overall debt in access to dental care and risked timely dental treat
ment.
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Oral epithelial cells and salivary glands are susceptible to
SARS-CoV-2. Still, so far, there is no evidence of any SARS-CoV-2
oral disease manifestation confirmed by virological diagnostics.
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bacteria causing coinfections or due to periodontitis associated
systemic inflammatory state. Further studies are needed to eluci
date the possible effects of SARS-CoV-2 virus on oral and systemic
health.
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COVID-19 pandemic has set dental health care to face unforeseen
challenges on one hand in terms of restrictions for providing dental
care and on the other giving treatment safely without knowing the
real risks for viral transmission. Oral epithelium and salivary glands
are targets for SARS-CoV-2 and the virus is a frequent finding in
saliva of both asymptomatic and symptomatic infected individuals.
This has mounted considerable concern both among patients and
dentists. The purpose of this review is to give an update on SARSCoV-2 and to elucidate its possible effects on oral health as well as
to give an overview on the effects of the COVID-19 pandemic on
dental health care.
SARS-CoV-2 and COVID-19
In December 2019, an outbreak of disease caused by a new coronavirus named severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) occurred in Wuhan, China (1). The disease it causes
was termed Coronavirus disease-19 or COVID-19. SARS-CoV-2
turned out to have a significant potential for severe disease and to
be far more successful in transmission from person-to-person
compared to the other two recently emerged new coronaviruses,
namely SARS-CoV-1 in 2002 and MERS-CoV in 2009 (2). Already
on March 11 2020, the World Health Organization (WHO) declared the outbreak a global pandemic.
Coronaviruses, belonging to the family Coronaviridae, are enveloped viruses with a large positive-sense single-stranded RNA
genome of about 27-32 kilobases. The genome encodes four structural proteins named envelope glycoprotein spike (S), envelope
(E), membrane (M) and nucleocapsid (N) protein and several
non-structural proteins. (2)
SARS-CoV-2 is the ninth coronavirus known to infect humans
(1). All previous coronaviruses infecting humans are zoonotic, i.e.
their origin is derived from animals (1). The origins of SARS-CoV-2
is still to be unrevealed, but bats have been suggested to be the natural reservoir and the pangolin the possible intermediate host
transmitting infection to humans. SARS-CoV-2 has also been proposed to be a manipulated virus escaped from a laboratory. During
the pandemic SARS-CoV-2 has undergone many mutations that
have increased adaptation in humans which would argue against it
being intentionally manipulated to infect humans. These mutations
include improved spike protein receptor binding. Currently the
strongest body of evidence suggests that SARS-CoV-2 has its origin
in animals and has been accidentally introduced to human. (3)
Many variants of SARS-CoV-2 have emerged during the pandemic. Mutations occur frequently in viruses, especially RNA viruses.
Most of the mutations are irrelevant but some may greatly impact the
natural properties of the virus. SARS-CoV-2 variants differ from each

other clinically in transmissibility, clinical symptoms, immune escape properties, susceptibility to vaccines and performance of diagnostic tests (4-5). Based on these properties the variants have been classified as variants of concern (VOC), variants of interest (VOI) and
variants under monitoring (6). SARS-CoV-2 infections mounts antibodies against spike protein and nucleoprotein (5). Of these, spike-specific antibodies neutralize the virus and provide protection
against infection (5). Therefore, current vaccines strategies mainly
target the spike protein. Further, the mutations in spike protein have
been shown to increase the infectivity and binding to cell surface receptor ACE2, the crucial initial step of infection (3). The mutations in
the spike protein region are of great interest and concern.
As of September 2020, the first VOC variants were identified. In
addition to scientific nomenclature, VOC variants are designated
by WHO with letters of the Greek alphabet. According to WHO,
the VOCs currently include alpha (B.1.1.7), beta (B.1.351), gamma
(P.1), delta (B.1.617.2) and omicron (B.1.1.529). To be defined as a
VOCs, a lineage either shows increased transmissibility, changed
epidemiology, increased virulence or change in clinical presentation or decreased effectiveness of public health and social measures
or available diagnostics, vaccines and therapeutics. (6)
Pathogenesis
For the majority, COVID-19 has a relatively mild course in the form
of fever, nasal discharge, sore throat, dry cough, headache, muscle
ache, gastrointestinal symptoms and fatigue. Anosmia and ageusia
may develop. More severe presentation of disease includes dyspnoea
and pneumonia, and further sepsis syndrome and acute respiratory
distress syndrome requiring intensive care, even death. (7)
In severe forms of infection, a marked dysregulation of the immune system, characterized by an excessive inflammatory response
with cytokine storm, lymphopenia and neutrophilia, develops (8).
Inflammatory response leads to platelet and endothelial dysfunction which can result in thromboembolic complications (9).
SARS-CoV-2 binds to its host cell surface receptor angiotensin-converting enzyme 2 (ACE2) through spike protein S. ACE2 is
widely expressed on epithelial cells, including upper and lower respiratory tract, oral cavity and gastrointestinal tract. The subsequent steps of viral replication require proteolytical activation by appropriate cellular proteases. S protein consists of subunits S1 and
S2. S1 mediates the binding of the virus to the cell surface, whereas
S2 anchors the virus and accounts for virus-cell membrane fusion.
The entry and release of the nucleocapsid to the cytoplasm is dependent on the proteolytical activation by furin and the transmembrane protease serine 2 (TMPRSS) protease serine 2 (TMPRSS) on
the plasma membrane and on cathepsin L on the endosomal
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compartment, respectively. Viral replication, transcription, translation and assembly of new viral particles take place in the cytoplasmic structures. Finally, mature viral particles are released from the
plasma membrane. The expression of the spike glycoprotein at the
host cell membrane may facilitate cell-to-cell fusion and subsequent formation of a syncytium permitting direct spread of SARSCoV-2 between the cells. (7)
Diagnostics
The reference standard for SARS-CoV-2 testing is viral nucleic acid
detection (RT-PCR) from nasopharyngeal (NP) swab samples. Recently, an increasing number of antigen detecting rapid diagnostic
tests (AG-RDT) have become available (10) and these test are used in
many countries as part of the testing strategy. The overall diagnostic
accuracy of any test is greatly affected by the disease stage at which
the sample is taken as well as the sample type. AG-RDTs vary in sensitivity. In average, the sensitivity is higher during the first week after
symptom onset compared to the second week, which is compatible
with high viral load typical for early phases of infection. (11)
Taking NP samples can be very unpleasant to the patients and
requires specialized medical staff who are at risk of becoming infected when sampling. Alternatively, nostril or saliva samples could
be used, but this has not yet been introduced to the routine practice.
The advantage of saliva sample is that it can be taken non-invasively even by patients themselves. An agreement as high as 97.5% by
RT-PCR analyses has been shown between NP and saliva samples
(12-13). However, saliva testing demands a standardized collection
protocol. A recent study showed that many ate or drank while in the
line for testing and subsequently washed their mouths before saliva
collection (14). This resulted in impaired detection of SARS-CoV-2
as the viral load decreased due to mouth washing. The authors recommended avoiding eating, drinking, tooth brushing, and mouth
washing at least 30 min before saliva sampling.
Origins of SARS-CoV-2 in the oral cavity
SARS-CoV-2 RNA and infectious virus can be detected from saliva
in which up to 108 viral copies / ml has been detected (15). The
ACE2 receptor is expressed in the oral epithelial cells (16-17) and
the salivary glands (17-18). The ACE2 receptor expression level is
particularly abundant in the epithelial cells of the tongue (16).
SARS-CoV-2 infection of oral epithelial cells and salivary glands
has been confirmed by RNA and protein expression analysis (17).
Periodontal tissue was shown to be susceptible to SARS-CoV-2 in a
post-mortem study in which five out of seven periodontal tissue
autopsies were positive for SARS-CoV-2 RNA (19). The longest
time to sampling was 24 days from the onset of COVID-19 symp-
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toms, suggesting that periodontal tissue may serve as a viral reservoir for lengthy periods of time. From saliva, viral RNA has also
been detected for extended periods of time (15). Moreover, SARSCoV-2 RNA has been detected in gingival crevicular fluid with
comparable degree of detection sensitivity with saliva (20).
Oral symptoms
Taste and olfactory disorders are suggested to result from inflammation or SARS-CoV-2 infection of neural or epithelial structures involved with these functions (21-22). Additionally, there has been many
reports on possible oral mucosal manifestations of SARS-CoV-2 infection since the beginning of the pandemic (22-23). These include
vesicobullous lesions, erosions, hemorrhagic and necrotic ulcerations, petechiae, swelling, bleeding, necrotizing gingivitis, and aphtous
stomatitis. The most commonly sites affected are the tongue (38%),
the labial mucosa (26%), and the palate (22%) (23). Of particular interest is a case series published on isolated tongue ulcers (duration of
ulcer 8,35 +/- 2,18 days) in 26 SARS-CoV-2 positive patients with
mild respiratory symptoms (24) as high level of ACE2 receptor is
expressed on the tongue. However, because the etiology of any of the
reported oral lesions has not been confirmed by virological tests, it is
unclear whether mucosal lesions actually represent an oral manifestation of SARS-CoV-2 infection or are complications of COVID-19
disease or its treatment. It seems currently more likely, that the oral
mucosal lesions are associated with the immunosuppressive state induced by SARS-CoV-2 and the associated opportunistic coinfections
(such as herpesvirus infections or candidiasis), COVID-19 associated vasculitis or hyperinflammatory response or represent erythema
multiforme due to therapeutics used in patient care (21,23).
Furthermore, using global transcriptomic analysis ACE2 receptors and TMPRSS2 have been shown to be consistently expressed in
the dental pulp both in normal and inflamed conditions (25). It is
currently unclear, whether COVID-19 has clinical impact on the
diseases of the dental pulp.
COVID-19 and periodontitis
Periodontitis and COVID-19 are both characterized by a partially
common pathophysiology with a background in a cytokine storm
initiated by microbes (26). Periodontitis as a comorbidity has been
hypothetized to aggravate COVID-19 in vulnerable subjects with
diseases such as diabetes, obesity and cardiovascular disease which
are all known to associate with periodontitis (27). Periodontitis increases the oxidative stress and inflammation in the body both locally and systemically, which may contribute to the increased morbidity and mortality of COVID-19. In a recent case-control study,
moderate-to-severe periodontitis was found to associate with hig-
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her risk for intensive care unit admission, need for assisted ventilation and death of COVID-19 patients (28). One explanation for this
might be aspiration of periodontopathogenic bacteria which could
result in enhanced inflammatory reaction and possibly to upregulation of ACE2 in the lower respiratory tract which both aggravate
the course of infection (29).
Similar to other lung infections, COVID-19 pneumonia may get
coinfected with other viruses, bacteria and fungi (30). Here, oral
cavity bacteria are of particular interest, as poor oral hygiene and
periodontitis can complicate COVID-19 pneumonia (30). The bacteria in the oral cavity can constitute a reservoir and can be transmitted to the lower respiratory tract by coughing and aspiration.
Oral bacterial species such as Capnocytophaga and Veillonella have
been detected in bronchoalveolar lavage fluid samples (31). Pulmonary hypoxia, seen with COVID-19, promotes the growth of anaerobic and facultative anaerobic bacteria originating from the oral
cavity, which could potentially aggravate the course of pneumonia.
It is therefore vitally important that good oral hygiene is maintained
to prevent these serious disease manifestations, especially in individuals who are at risk of complicated disease processes.

contact between people, either directly or indirectly via surfaces.
Thus, dental treatment is viewed as a high risk for SARS-CoV-2
transmission unless proper infection prevention and control measures are complied with (32-33). Therefore, also for professional
reasons, SARS-CoV-2 vaccination is highly recommended for all
dental health care personnel (DHCP) to provide protection both
for the patients and DHCPs themselves.
The National Institute for Occupational Safety and Health
(NIOH) is depicting occupational safety aspects in hierarchical levels. The idea is that the control measures at the top of the hierarchy
are potentially more effective compared to those at the bottom (Figure 1.). During the pandemic, this strategy has been applied also
to dental health care (34).
There is a general agreement on the main principles of preventing SARS-CoV-2 transmission in dental settings in most recommendations (32-33, 35). Before the appointment, all patients
must be screened to rule out symptoms suggestive of COVID-19
and recent exposure to SARS-CoV-2. The same precautions also
apply to all DHCPs. The possibility of postponing non-urgent treatment and routine dental care should be considered in areas with
high community transmission. When entering the clinic both
DHCPs and patients should wear a face mask and perform alcohol-
based hand disinfection. Adequate safe distances among DHCPs
and in between DHCPs and patients need to be maintained at all

Preventing transmission of SARS-CoV-2 in the dental setting
SARS-CoV-2 is transmitted by inhalation or exposure of mucous
membranes to infectious respiratory droplets or aerosols, or by

Examples of control measures at different levels
Most
effecve

- screening for COVID-19 risk factors
- designated treatment pathways for COVID-19 suspected/
confirmed paents
- staff staying at home if having COVID-19 symptoms
- surface and instrument decontaminaon

Hierarchy of controls in dental health care
Eliminaon

Physically remove
the reservoir

Substuon

Replace
the hazard

Engineering
Controls

Isolate DHCWs
from the hazard

Administrave
Controls
PPE

Change the way
DHCWs work
Protect the DHCWs
with PPE

Least
effecve

- replacing visits with phone or video consultaons when
possible if COVID-19 infecon is suspected
- sufficient venlaon; negave air pressure
- safe physical distancing
- easy access to hand rubs and masks
- encourage vaccinaons
- educaon on infecon control pracces
- reducing aerosolized virus by adopng use of rubber dam,
high-volume evacuator, preprocedural rinses
- allowing long enough me for infecon control procedures
between paents
- reduced number of staff concomitantly in break/changing
rooms and offices
- use of gloves and adhering to meculous hand hygiene
- paent/procedure-based selecon of face mask/FFP2/N95
or FFP3 and their appropriate use
- face shield/goggles
- apron, long-sleeved gown, cap when appropriate

Figure 1. Decreasing occupational risks of SARS-CoV-2 transmission in dental clinic. Adapted from National Institute for Occupational Safety and
Health (NIOSH) of the Centre for Disease Control and Prevention (CDC), USA and Volgenant et al, 2020 (35).
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times when not wearing a face mask, for example during donning
and doffing or eating. Number of staff in break and changing room
as well as offices should be limited.
Personal protective equipment (PPE) always includes at least a
surgical face mask, face shield/goggles, and gloves. Fluid resistant
disposable gown and a cap are included in some of the guidelines.
As an extra precaution, routine use of antiseptic preprocedural
mouth rinse (usually 1% hydrogen peroxide or povidone-iodine) is
included in some of the recommendations (32-33), although evidence regarding its clinical effectiveness in preventing transmission
of SARS-CoV-2 has not been shown. Continuous meticulous adherence to hand hygiene is important. After each patient thorough
cleaning and surface disinfection of environmental surfaces and
contact areas in the treatment area must be performed as well as
sterilization or disinfection according to standard procedures of all
dental instruments and equipment used during treatment. Further,
it is important to ensure the proper function of high-volume evacuator to efficiently trap bioaerosols and sufficient room ventilation
to dilute and remove the possible contaminates from the air.
COVID-19 suspected patients are treated according to designated conditions. Usually, the recommended PPE include an FFP2/
N95 or FFP3 respirator, face shield, a fluid resistant disposable
gown and a cap.
Aerosol generating procedures
Most attention has been paid to the risk of transmitting SARSCoV-2 during aerosol generating procedures (AGP). WHO has defined AGP in oral health care as all clinical procedures that use
spray-generating equipment such as three-way air/water syringe,
ultrasonic scaler, and rotating instruments (32). High-speed contra-angle hand piece (HSCAH) generates significantly less bioaerosols than the air turbine (36). When Φ6-bacteriophage was used as
a surrogate for SARS-CoV-2, it was further demonstrated that the
use of a high-volume evacuator or a rubber dam removed almost all
bioaerosol when HSCAH was used, while the reduction was not
quite as efficient with air turbine (36). The efficiency of evacuators
is determined by the proximity of the evacuator to the working environment, suction strenght and number of evacuators (37), thus
care should be paid to both meticulous use of the evacuator as well
as its capacity. Most microbiological contamination from bio-aerosols and splashes is found within 1 m from the oral cavity (38). Interestingly, the major source of the bioaerosol microbial load appears to originate from the dental irrigant instead of the oral
microbiota. In a recent study, 78% of the microbial findings were
compatible with dental irrigant water, while saliva derived microbes accounted for a median of 0% to aerosol microbiota and no
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SARS-CoV-2 nucleic acid was discovered though some of the patients had virus in their saliva (39). More studies are needed to address the actual SARS-CoV-2 transmission risks associated with
dental bioaerosols and the means to minimize them. The above
findings suggest that the bioaerosols display a lesser transmission
risk than previously believed and that the risk can further be decreased by rather simple means.
Some guidelines recommend avoiding AGPs whenever possible
while most recommendations allow them in non-COVID-19 patients. When dental procedures are performed, high evacuation suction should always be used and in addition, a rubber dam whenever applicable. Four-handed dentistry is recommended. Using a
pre-procedural antiseptic mouth rinse before AGP is included in
some guidelines (33). Using adequate personal protective equipment is mandatory. There is, however, disagreement on whether
surgical masks, FFP2/N95 or FFP3 respirators should be used
during AGP for non-COVID-19 patients while FFP2/N95 or FFP3
respirators are recommended for all suspected/confirmed COVID-19-patients (32-33, 40). Irrespective of type, correct donning
and removing personal protective equipment is important to avoid
microbial contamination (33-35).
The background for the variation in specific recommendations
in guidelines may be due to different risk assessments and the lack
of scientific evidence on the effect of individual measures of infection prevention and control. In a recent review and subsequent consensus assessment regarding the guidelines on infection control
and prevention during COVID-19 pandemic, data from 30 European countries were retrieved and analyzed (41-42). There was general agreement among recommendations for triage, mouth rinse,
and PPE during AGP when treating potential COVID-19 patients.
In contrast, recommendations on PPE for non-AGP treatment varied considerably. This reflects the limited availability of scientific
evidence regarding transmission risk during non-AGP procedures.
Very encouraging studies from the initially seriously affected regions i.e. Wuhan in China and Lombardy in Italy have shown, that
oral health care workers were at low risk of acquiring COVID-19
when adhering to standard infection control procedures combined
with additional precautions as summarized above. Similar results
were obtained from a 6-month prospective study in the United States. Thus, this far, these infection prevention and control measures
have proved adequate for controlling the occupational risk of COVID-19 in dentistry even in areas with a high level of community
transmission (43-44).
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The consequences of the pandemic for oral health and oral
health care professionals
Dentistry has been viewed as a risk occupation and having dental
care as a risk contact for patients for contracting SARS-CoV-2.
Therefore, the total closure of dental practices for certain periods of
time was recommended in several countries during the pandemic
as well as postponing non-urgent dental care (32, 46). The changed
patients´ behavior has in part affected seeking for dental care. Some
patients do not want to cause burden to the health care system, and
others are afraid of contracting the virus during the visit. Poorer
economical situation can affect both the patients and society´s resources for dental care. Dental personnel has been advocated new
tasks, such as taking coronavirus samples, and also this has decreased resources available. The pandemic has decreased dentists´ income due to restrictions and possible quarantines after incidental
exposure to SARS-CoV-2 either at or outside of work.
All in all, the pandemic has inevitably led to delays in access to
non-urgent dental care. Delays of inspection and care may worsen
chronic oral diseases, such as periodontitis. Poor oral hygiene and
periodontitis may have led to aggravation of COVID-19 in some of

the patients. Difficulties in accessing dental clinics may have increased the use of analgesics and antibiotics as a substitute for dental
treatment. Postponing non-urgent care has been reported to delay
oral cancer diagnosis (47), which may have dramatic consequences
regarding the need for more morbid treatment and even patient
survival.
Conclusions
Currently there are no indications to suggest that SARS-CoV-2 infection would compromise oral health directly. Instead, poor oral
hygiene and increased microbial burden in untreated periodontitis
may aggravate COVID-19 by enhancing the inflammatory reaction
in the body and contributing to lung coinfection by aspiration.
Thus, restricted access and decreased seeking for dental treatment
constitute a risk for oral and systemic health. The pandemic has
profoundly affected dental profession and dentists´ view about
work-related infection risks management. The availability of SARSCoV-2 vaccines together with appropriate infection prevention and
control measures enable safe dental treatment for both patients and
dental personnel.
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