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Introduction

Severe acute respiratory syndrome–coronavirus-2 (SARS-
CoV-2) has caused a pandemic with immense impact on
human well-being, social behavior, global economy, and

certainly, healthcare systems. As of July 5, 2021, there have
been 183,560,151 confirmed cases of COVID-19, including
3,978,581 deaths reported to the World Health Organization
(WHO), with the Americas and Europe reporting at least 128
million people affected by the disease.1
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Abstract The coronavirus disease 2019 (COVID-19) pandemic greatly affected human well-
being, social behavior, global economy, and healthcare systems. Everyday clinical
practice in dentistry has been adjusted to the increased hazards of aerosol production
by routine dental procedures. The objective of this study was to assess the existing
literature to determine possible mechanisms of a relationship between COVID-19 and
periodontitis, as well as describe findings from relevant epidemiological studies.
Scarce data exist in the literature that directly addresses the relationship between the
two diseases. However, several data describe the role of the oral cavity and periodontal
tissues as portals of entry of severe acute respiratory syndrome–coronavirus-2 (SARS-
CoV-2), and the contribution of cytokines known to be produced in periodontal disease
to severe forms of COVID-19. It is also suggested from the current literature that
periodontal disease, shown to be associated with systemic diseases such as diabetes
mellitus, cardiovascular and respiratory diseases, shares common risk factors with—
especially—severe forms of COVID-19.
Further clinical studies are required to establish the relationship between these
diseases. Oral hygiene performance and intact periodontal tissues can assist in
mitigating the pandemic, and it is suggested that dental practitioners can contribute
to identifying at-risk patients.
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The genome of this novel coronavirus has been identified
and fully described in early 2020, triggering a worldwide
scientific effort to confront this new challenge.2,3

COVID-19 presents various clinical signs, with most
patients exhibiting mild symptoms including fever, dry
cough, anosmia, ageusia, and fatigue.4 Unfortunately, up to
20% of patients develop severe disease, which leads to
hospitalization and possibly necessitates intensive care
unit (ICU) treatment, with grave—even fatal—complications,
such as acute respiratory distress syndrome (ARDS), multi-
organ failures, and sepsis.4

Despite their similarities regarding structure, pathways of
transmission, and clinical symptoms, a higher infectious rate
of SARS-CoV-2 compared with SARS-CoV-1 and Middle East
Respiratory Syndrome-CoV (MERS–CoV) has been reported,
contributing to the global spread and raising substantial
concerns for controlling the transmission of the infection.5,6

Transmission of SARS-CoV-2 occurs mainly via respirato-
ry droplets expelled by talking, sneezing, coughing from
face-to-face contact and, to a lesser degree, via contaminated
surfaces, and it is estimated that up to 59% of all trans-
missions came from the asymptomatic transmission, com-
prising 35% from presymptomatic subjects, and 24% from
subjects who never develop symptoms.7

Of particular concern for the dental community is that
aerosol spread of the virus can occur.8 Several dental proce-
dures in clinical practice generate aerosol, and the close
contact of the dental practitioner with the patient leads to an
increased risk of transmission. Consequently, the implemen-
tation of routine dental procedures has been affected world-
wide, with aerosol-generating procedures generally
suspended, practice limited to emergency cases, and the
introduction of teledentistry—when feasible.9,10

One year after the onset of the pandemic, various treat-
ments have been proposed –and tested for the disease,
mostly under pressure for treating patients at risk for severe
clinical symptomatology.11

A great hope for mitigation of the pandemic has been the
development of safe and effective vaccines against SARS-
CoV-2. Due to the collaboration of the scientific community,
pharmaceutical companies, and health organizations global-
ly, certain vaccines are already authorized for human use,
with a substantial number under clinical trials.12 As of July 5,
2021, it is estimated that 2,988,941,529 vaccine doses have
been administered.1

Of particular interest for the dental community is the possi-
ble relationship between COVID-19 and periodontal disease.

Therefore, the purpose of the present narrative review
was to discuss scientific information on the role of the oral
cavity and periodontal tissues as portals of entry of SARS-
CoV-2, the connection of risk factors for COVID-19 with
periodontal disease, and the biological plausibility of this
relationship.

Methods

A comprehensive search was performed in three electronic
databases (MEDLINE/PubMed, Scopus, Cochrane Controlled

register of Trials) from January 2020 until February 2021.
Manual searching was also performed on Google and Google
Scholar. Only articles written in English were considered
initially. The following keywords were used in the search:
“periodontal disease,” “COVID-19,” “SARS-CoV-2,” “oral cav-
ity,” “oral hygiene,” “ACE2 receptors,” “periodontitis risk
factors,” and ”COVID-19 risk factors.’’ All types of articles
considered relevant for discussion were selected and ana-
lyzed in detail. The reference lists of the selected articles
were then hand-searched for additional articles deemed
appropriate by two of the authors (AG and DS). The literature
search located 193 studies. After duplicate removal, 81
studies were assessed based on the title and abstract. Of
them, 66 studieswere examined as full-text articles. Twenty-
seven articles and information from official Web sites de-
scribing the epidemiology, transmission, pathophysiology,
and treatment of COVID-19were also included in the present
review.

Interrelation between SARS-CoV-2 and the Oral Cavity
Of pivotal importance for the comprehension of SARS-CoV-2
pathogenesis was recognizing the specific receptors utilized
by the virus to invade host cells. It has been shown that the
Angiotensin-Converting Enzyme -2 (ACE-2) consists of a
major route for viral entry to the cells, similarly to SARS-
CoV-1.13,14 In addition, it was reported that the affinity of
binding of the viral spike (S) protein is 10 to 20 fold increased
compared with SARS-CoV-1, and this fact could explain the
highly contagious ability of this specific virus.14,15 ACE2 is
not the only molecule promoting viral invasiveness. Trans-
membrane protease serine 2 (TMPRSS2) and furin are also
described as cell entry assisting molecules for SARS-CoV-2,
albeit to a lesser extent.13 ACE-2 is distributed throughout
several tissues, and its’ expression and function are affected
by several factors, including genetic and demographic char-
acteristics, lifestyle habits, comorbidities, and concurrent
medications.14 It is already known that ACE2 is highly
expressed on epithelial cells of principal target organs of
SARS-CoV-2 such as the lungs, kidneys, and intestines.14,16

These Receptors are Expressed in the Oral Cavity
According to the report of Xu et al, ACE2 is expressed on the
epithelial cells of various areas of the oral mucosa, particu-
larly on the tongue compared with buccal or gingival cells,
thus implicating the oral cavity as a highly susceptible
environment for SARS-CoV-2 infection.6 These findings
were further enhanced by consequent studies, applying a
variety of techniques, in which it has been shown that
enriched ACE2 expression is observed apart from the surface
of the tongue in several areas of the head and neck region.
Examples of those areas are the oral cavity epithelial cells
(including the gingival sulcus/periodontal pocket epitheli-
um), the salivary glands, the vocal cords, and the
sinuses.17–19

ACE2 is also identified in patients with periodontal dis-
ease in various cell types, such asfibroblasts, osteoblasts, and
osteoclasts, which are critical for homeostasis for hard and
soft tissues around teeth and implants.20,21 Earlier studies in
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animals have also demonstrated ACE2 expression in gingival
fibroblasts.22 Therefore, it is suggested that this line of
researchwill elucidatemethods of viral transmission leading
to preventive strategies and explain aspects of the patho-
physiology of COVID-19. For example, the ACE2 (TMPRSS2)
and abundant furin expression on taste bud-derived cells
cultures might explain the olfactory abnormality, one of the
known causes of dysgeusia in COVID-19.17 Based on these
findings, several authors have formulated a hypothesis that
the oral environment, including gingival sulci/periodontal
pockets23,24 and salivary glands,25 can serve as potential
reservoirs for shedding SARS-CoV-2. Epithelial cells of sali-
vary glands have previously been shown to be infected in
studies regarding SARS-CoV-1 and were considered a major
source for the virus in saliva,26 and the same may apply for
SARS-CoV-2. The presence of increased viral load in saliva
samples and the recently reported detection of viral RNA in
gingival crevicular fluid (GCF) also demonstrate the connec-
tion between COVID-19 disease and the oral cavity.27–30 Due
to this fact, saliva sampling and analysis for detecting SARS-
CoV-2 infection have been supported by several studies. In
addition, saliva sampling and analysis offer ease convenience
of patients and non-invasiveness and could serve as a
diagnostic tool for large-scale screening, compared with
the “gold-standard,” the nasopharyngeal swab nuclear acid
amplification testing (NAAT). Nevertheless, it should be
noticed that findings in the literature regarding the diagnos-
tic value of saliva sampling have not been unequivocal or
provide similar performance to the gold standard.28,31,32

Results from a recently published systematic review and
meta-analysis suggest that saliva NAAT diagnostic accuracy
is similar to nasopharyngeal swab NAAT, especially in the
ambulatory setting, suggesting larger-scale research on its’
alternative use.33 In line with these findings, the Federal
Drug Administration (FDA) has authorized SARS-CoV-2 test-
ing on saliva samples collected at home using a self-collec-
tion kit in the United States Federal Drug Administration.34

Findings from a May 2021 study investigating SARS-CoV-2
infection of the oral cavity and saliva have strongly con-
firmed that the oral cavity is an important site for infection
from the virus and that saliva is suggested as a route for
transmission.35

Although the data mentioned above describe the oral
environment as biologically favorable for SARS-CoV-2 inva-
sion, proliferation, and shedding source, one should keep in
mind that it also consists of an effective barrier against
microbial pathogens. Effective innate immunitymechanisms
and locally produced molecules such as the defensins con-
stitute awell-documented first line of defense thatmight not
allow for colonization and proliferation of the virus. These
properties may account for controversial results reported in
the literature.36,37

Risk Factors for COVID-19 and Periodontal Disease
Several risk factors have emerged following the surge and
spread of COVID-19, especially for cases with severe com-
plications and are still under investigation. According to the
Centers for Disease Control (USA), the following underlying

medical conditions consist risk factors for developing severe
COVID-19: cancer, chronic kidney disease, chronic obstruc-
tive pulmonary disease (COPD), Down’s syndrome, heart
conditions, such as heart failure, coronary artery disease or
cardiomyopathies, solid organ transplants, obesity (body
mass index of 30 kg/m2 or higher), pregnancy, sickle cell
disease, smoking, and type 2 diabetes.38

Among them, certain conditions and clinical entities are
strongly related to periodontal disease. Comorbidities, as
reported so far for COVID-19, are also known to affect the
onset, extent, and severity of periodontal diseases, and this
relationship is worthy of investigating since it could posi-
tively affect the recognition and early intervention of at-risk
individuals.

For example, age>65 years is considered a significant risk
factor for severe COVID-19, probably due to comorbidities
and the reduced immune response in this age group, and it is
also suggested that male subjects are also more prone to
complications of the disease.39 Age is an established risk
factor for periodontal disease,40 providing a link for dental
practitioners to emphasize the need for optimal oral hygiene
and healthy periodontal tissues to older patients to reduce
complications of both disease entities similarly to other
chronic diseases.

Obesity is also reported to increase the risk for severe
COVID-19 disease, probably due to reduced respiratory
function and amplified inflammatory response. The pres-
ence of a “primed” inflammatory status with increased
production of pro-inflammatory cytokines and reactive ox-
ygen species in obese individuals has also been suggested as
a risk factor for the development of periodontal disease.41

This is also the case for the link between cardiovascular
and periodontal disease, a relationship widely documented
in the literature at the biological and epidemiological lev-
els.42 Comorbidities such as heart failure, coronary artery
disease, cardiomyopathies, and pulmonary hypertension are
currently considered risk factors for severe COVID-19 dis-
ease. In contrast, other cardiovascular or cerebrovascular
diseases, such as hypertension or stroke, might increase
the risk of severe illness from the disease.38

A plausible mechanism of the interplay between peri-
odontitis, the above-mentioned cardiovascular conditions,
and COVID-19, is the increase of systemic inflammation
induced by diseased periodontal tissues with over-produc-
tion of pro-inflammatory mediators such as cytokines, both
locally and systemically. A “cytokine storm,” as described
below, is a common finding in severe COVID-19 infections,
suggesting a possible exacerbationwhenperiodontal disease
is present in the oral cavity.

Chronic obstructive pulmonary disease (COPD) refers to a
group of diseases that cause airflow blockage and breathing-
related problems, including emphysema and chronic bron-
chitis. The association between periodontitis and respiratory
diseases (asthma, COPD, and pneumonia) has a strong bio-
logical background based on the potential role of oral bacte-
ria to facilitate infection from respiratory pathogens. This is
also strongly suggested by epidemiological findings.43,44

Recent studies have shown that severe periodontal disease
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increases the risk for COPD mortality in older patients, and
on the other hand, in subjects over 70 years, enhanced oral
hygiene can prevent airway infections.45,46 Given the strong
relation of severe COVID-19 to COPD, dental practitioners
could thus be helpful to identify risk groups among patients
exhibiting COPD.

The bidirectional linking of periodontal disease and dia-
betes is well established in the literature.47 Data from recent
large-scale clinical studies have shown that risks of fatal or
intensive care unit treated COVID-19 cases were elevated in
patients with diabetes mellitus types 1 and 2, or even
admission hyperglycemia regardless of prior diagnosis of
diabetes.48,49 Hyperglycemia is known to dysregulate the
immune response, promote the infection of cells from SARS-
CoV-2 by glycosylation of ACE2, and elevate the gene expres-
sion of matrix-metalloproteinases which promote
inflammation.

Biological Plausibility and Review of the
Literature

The SARS-CoV-2 infection triggers a profound cytokine
response in the host, often referred to as a ’cytokine storm’

comprising a series ofmediators important for inflammation
but not assisting ineffective virus clearance.50

This ’cytokine storm’ is exhibited as elevated serum levels
of TNF-α, IL-1β, IL-6, IL-8, G-CSF and GM-CSF, and chemo-
kines, such as MCP1, IP10, and MIP1α, with higher levels in
thosewho are critically ill. Elevated Th17 pathway responses
could lead to severe pulmonary edema and tissue damage in
lung infections and have also been observed in patients of
SARS-CoV-1 and MERS-CoV.50–53

It is known that targeting the cytokines mentioned above
with specific antibodies such as sarilumab and tocilizumab is
an effective pharmacological approach for immune-mediated
inflammatory diseases (IMIDs), such as rheumatoid arthritis
(RA), spondyloarthritis (SpA), and Crohn’s disease.11 The inhi-
bition of cytokines might be considered inducing immune
suppression, but these molecules are known to neutralize
specific mediators, therefore attenuating the hyperinflamma-
tory reaction to the SARS-CoV-2 infection and not inducing a
generalized and harmful immune suppression.50 Therefore,
monoclonal antibodies directed against key inflammatory
cytokines consist of a potential class of adjunctive therapies
for COVID-19 under investigation.11

Of interest is thefact thatACE2functionsasadown-regulator
of the inflammatory response by blocking oxidative stress, cell
proliferation, and the release of pro-inflammatorymediators. In
COVID-19patients, a reductionofACE2 levels is observeddue to
the complexes formed between the virus and these proteins,
and this fact might also contribute to the “cytokine storm”

observed, especially in severe cases of the disease.54

Similarly, immune-mediated pathogenetic pathways have
also been shown for periodontitis, and the cytokines pro-
duced locally in the periodontal tissues are implicated in the
interaction mechanism of periodontal inflammation and
systemic diseases.55 This fact supports the hypothesis that
meticulous oral hygiene and intact, non-inflamed periodon-

tal tissues can prevent COVID-19 complications, at least in
certain patient groups.

Matrix metalloproteinases (MMPs) are involved in tissue
destructive oral diseases such as periodontitis, peri-implan-
titis, dental caries, and oral cancer.56 MMP-8, also known as
neutrophil collagenase, causes unwanted tissue destruction
in periodontitis/peri-implantitis due to increased activation
of MMP-8 inactive periodontitis/peri-implantitis,57 which
has also been demonstrated to be reflected in oral fluids in
vivo.58 Furthermore, previous studies have shown an associ-
ation between elevated levels of active MMP-8 (aMMP-8) in
oral fluids and clinical periodontal parameters.59–62 In addi-
tion, diabetes is known to elevate and activate MMPs in
gingival tissues, and oral fluids and recent studies have
shown the usefulness of aMMP-8 point-of-care testing in
the clinic concerning the identification of patients at risk of
prediabetes, gestational diabetes, and progression of peri-
odontitis in HNC radiotherapy.63–66 Given the ability of the
test to conveniently identify people with diabetes with
periodontitis, the possibility to identify COVID-risk patients
such as the populations mentioned above is eventually
exerted.

The relationship between periodontitis and systemic
diseases and the link between them and the active form of
periodontitis, reflected as elevated aMMP-8 levels in oral
fluids, makes the aMMP-8 point-of-care testing an interest-
ing tool for future COVID-19 studies.67

The possible coexistence of COVID-19 and periodontitis
and the impact of oral hygiene could be a critical situation to
observe to minimize severe manifestation of the disease and
assist in identifying people at risk in the dental office.

In fact, according to the existing literature, several authors
have, so far, underlined this possible interaction, the biologi-
cal plausibility, andmechanisms and implications for clinical
practice of the interplay between COVID-19 and
periodontitis.68–73

Scarce data from clinical trials in the current literature
exist regarding the impact of periodontal disease in severe
COVID-19 cases. In a study with more than 13.000 partic-
ipants in the United Kingdom, 12% were COVID-19 positive,
self-reported painful or bleeding gums, and loose teeth were
used as surrogate markers for periodontal disease.74 Accord-
ing to the study’s findings, the risk of COVID-19 infection in
participants with painful or bleeding gums and loose teeth
compared with controls was not increased, while COVID-19
positive participants with painful or bleeding gums had a
higher risk of mortality but not hospital admission. No
correlation was found between self-reported loss of teeth
and higher risk of hospital admission or mortality than the
control group. Although evidence from this study is incon-
clusive, it should be emphasized that, according to findings,
amongst the COVID-19 positive, there was significantly
higher mortality for participants with periodontal disease.
This line of research with clinical assessments of periodontal
disease and the combination of dental and medical records,
especially in hospital settings, will certainly improve our
current understanding of the interplay between these
diseases.
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A recently published case-control study, involving 568
patients in Qatar diagnosed with COVID-19, has shown that
periodontitis was associated with 3.5 times higher risk of
admission to ICU, 4.5 times need for mechanical ventilation,
and almost nine times for death in Covid-19 patients, after
adjusting for age, sex, BMI, smoking status, and other con-
ditions. These findings were based on electronic medical and
dental data and, albeit the limitations of the study (it
involved only diagnostic radiographic criteria and was not
designed to address causality), it is suggested that establish-
ing and maintaining periodontal health may become an
important part of the care of these patients.75

It has also been suggested that the relationship between the
oral microbiome and severe COVID-19 infection should be
investigated to enlighten the outcomes of COVID-19 disease.
The main comorbidities associated with an increased risk of
severe, even fatal from COVID-19 as described above, are also
associated with altered oral biofilms and periodontal disease.
Hence, the link between poor oral health and COVID-19 com-
plications is suggested.76 Future studies aiming at defining the
microbiome in patients with both clinical entities could clarify
the impact of periodontitis on COVID-19 infection and the
clinical course of the disease. In the context of the pandemic,
until the importance of oral hygiene and the presence of oral
disease in the severity andmortality risk of COVID-19 is solidly
proven, the maintenance and optimization of oral hygiene
should be emphasized to dental patients to target the reduction
of the viral load in the oral cavity. In the same context, in
anticipation of well-designed pre-clinical and clinical trials, the
adjunctive use of variousmouth rinses (mainly cetylpyridinium
chloride, povidone–iodine, or chlorhexidine and hydrogen per-
oxide)has also been suggested, bothas singlepreprocedural use
and as daily use during a limited period.77

Conclusions

The surge of the COVID-19 pandemic is a challenge for
periodontology. Exploring the mechanisms of interplay be-
tweenCOVID-19andperiodontal disease can contribute to the
identificationof patients at risk for complications andmitigate
the spread and symptoms of COVID-19 by controlling peri-
odontal inflammation and improving oral hygiene and health.
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