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Definition
Dental plaque is a community of microorganisms found on the surface of teeth or other hard surfaces
like dentures and embedded in a matrix of polymers of both host and bacterial origin.

1. Introduction
The microorganisms have the ability to attach to other microorganisms in a way that allows them to
survive and resist host defense mechanisms or antibiotic treatments. Most of them attach to diﬀerent
surfaces to form some type of bioﬁlm matrix that is highly structured and spatially organized.
If not removed regularly, the bioﬁlm undergoes maturation, which is connected with a progressive shift
from a Gram-positive to a Gram-negative anaerobic species, which results in formation under the gingival
surface, where bacteria grow profusely

[1].

The pathogenic bacterial complex can lead to dental caries,

periodontitis and gingivitis. Tissue injury, ﬂossing, dental treatment and even chewing and eating can
induce blood vessel injury near spaces covered in dental plaque. It allows the leakage of Gram-negative
anaerobic species into the systemic bloodstream followed by bacteremia.
In addition, dental bioﬁlm, especially subgingival plaque in patients with periodontitis, has been
associated with cardiovascular and respiratory disease and diabetes mellitus, and recently constituting a
high risk for developing severe illness due to Severe Acute Respiratory Syndrome Coronavirus 2 (SARSCoV-2) infection

[2].

The Role of Dental Plaque in The Etiology of Dental Caries and Periodontitis
It was shown that 40–50% of plaque remains after tooth brushing, and the eﬀects of bioﬁlm retention are
clearly evident in the prevalence of caries, gingivitis and periodontal disease. Sucrose fermentation
causes pH to drop rapidly to 5.0 or less at the point where the plaque contacts the tooth enamel. The
enzyme invertase splits sucrose into its component glucose and fructose molecules, which are then
converted to lactic acid by the glycolytic pathway

[3].

When the pH of the dental plaque drops below 5.0–5.2, the saliva buﬀer cannot compensate. Tooth
mineral is solubilized, thereby buﬀering the plaque and maintaining an environment suitable for
Streptococcus mutans growth. Then the lactic acid that comes from the bacterial fermentation of sucrose
and other carbohydrates in the diet reach the enamel surface, which begins to dissolve, releasing Ca and
PO 4 ions from the surfaces under the enamel

[4].

Presence of plaque rich in bacteria (especially Streptococcus mutans ) directly destroys the enamel layer
by dissolving tooth minerals (mainly hydroxyapatite, Ca 10(PO 4) 6(OH) 2) resulting in caries. Periodontal
diseases include two main conditions: gingivitis and periodontitis. Periodontitis is a complex, chronic
inﬂammatory disease caused by an abnormal host response to bacteria from dental plaque. It aﬀects the
supporting structures of the teeth (root cementum, periodontal ligament and alveolar bone), causing
irreversible attachment and bone loss, which are observed histologically and clinically. It leads ﬁnally to
tooth loss. It has been estimated that periodontitis aﬀects about 40% of the adult population. The
transition from a healthy periodontium to a diseased one depends on the microbial dysbiosis and the
abnormal immune host response. While the more severe forms of periodontal disease associated with
alveolar bone loss are less frequent, gingivitis is widespread at all ages and is the most common form of
periodontal disease.

It was shown, that in patients with severe periodontitis, there was a signiﬁcant reduction in serum
albumin concentration and an increase in loss of attachment
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In late 2019, a new coronavirus SARS-CoV-2 was detected in Wuhan, China, that spread all over the world
to cause a pandemic. The disease caused by SARS-CoV-2 infection was named Coronavirus Disease 2019
(COVID-19). Patients suﬀering from diabetes, hypertension, obesity, asthma, and kidney and liver disease
are in the high-risk group for severe COVID-19 symptoms

[6].

Dental plaque, which leads to oral diseases,

may be a risk factor causing a severe course of COVID-19 similar to those in above mentioned chronic
diseases. The argument for this hypothesis is based on data from the most recent literature. Recent
studies underline the association between poor oral health and the severity of COVID-19 via direct and
indirect mechanisms. The direct mechanism is connected with angiotensin-converting enzyme II (ACE-2)
receptors, while the indirect mechanism is connected with inﬂammatory pathways and bacterial
superinfections.
ACE-2 receptors play a key role in SARS-CoV-2 entry into host cells. Periodontal disease, which is caused
by a long-term accumulation of a dental plaque bioﬁlm, exhibits a relationship with COVID-19 infection
mediated by ACE-2 receptors. An association between ACE-2 and SARS-CoV-2 spike protein has been
found, so patients with greater ACE-2 expression may be more susceptible to SARS-CoV-2 infection. ACE-2
receptors are present not only in blood vessels, kidney and brain but also in the tongue, buccal mucosa
and gingiva. Therefore, ACE-2 in the oral mucosa may have an impact on COVID-19 infection

[7][8].

Takahashi et al. conﬁrmed that bacteria and their pathogenic factors, such as endotoxins, increases the
expression of ACE-2 receptors in the altered oral microbiome

[9][10].

Hence, the greater expression of ACE-2 receptors promotes SARS-CoV-2 infection, which Gupta et al.
discovered in gingival cervicular ﬂuid

[11]

. It is possible that oral diseases caused by the long-term

accumulation of bacteria in dental plaque may be a risk factor for SARS-CoV-2 infection transmitted by
viral droplets spread while coughing or sneezing.
The indirect mechanism, which explains the link between dental plaque and severe COVID-19
complications, is connected with inﬂammatory pathways due to the overproduction of proinﬂammatory
cytokines. The increased number of cells producing cytokines and chemokines appears in the gingiva,
which leads to increased levels of proinﬂammatory cytokines in the patient’s serum

[12]

.

In 2020, COVID-19 patients presenting with oral pain, desquamative gingivitis, ulcers and blisters were
reported

[13]

; however, mild cases of COVID-19 may not lead to oral symptoms. Severe periodontitis may

worsen the progression of COVID-19 because of cytokine inﬁltration from periodontally diseased tissues
to saliva followed by cytokine aspiration into the lungs and subsequent inﬂammation. Cytokines may alter
the respiratory epithelium and lead to infection by respiratory pathogens. Moreover, the increased serum
levels of proinﬂammatory cytokines—IL1-β, IL1RA, IL2, IL7, IL8, IL9, IL10, MCP1, MIP1α, FGF2, GCSF,
GMCSF, IFNγ, IP10 and TNF-α—inﬂuence the severity of diseases including COVID-19

[13]

. When the virus

enters host cells it activates an immune response causing cytokine release syndrome or a “cytokine
storm”. Thus, hypercytokinemia constitutes a consequence of SARS-CoV-2 infection and is responsible for
complications such as lung injury, hypercoagulation, multiorgan failure and shock.
Hojyo et al. demonstrated that a high severity of COVID-19 is dependent on a cytokine storm

[14].

IL-6

plays a key role in the cytokines release syndrome and a high blood level is highly correlated with the
COVID-19 mortality

[15]

. Because the production of IL-6 and IL-17 is overexpressed in periodontitis, dental

bioﬁlm, which leads to periodontal diseases, has been recognized as a cause of a cytokine storm (Figure
1). Thus, we would like to highlight the association between altered bioﬁlm and an increased risk of
complications among patients with COVID-19.

Figure 1. The connection between altered oral bioﬁlm and complications of COVID-19.
Periodontal inﬂammation is shown by the elevated level of acute phase proteins (APPs), especially the Creactive protein (CRP). One of proinﬂammatory proteins is Galectin-3, which takes part in T-cell mediated
inﬂammation. It belongs to proteins from the group of lectins that bind to β-galactoside. Galectin-3 (Gal-3)
takes part in the homeostasis of immune cells and inﬂammatory response. Gal-3 and CRP have been
found among diﬀerent predictors of COVID-19
with periodontitis

[18]

[16][17].

In the case of Gal-3, its elevated level is connected

, and this has been highlighted as a risk factor for a severe course of SARS-CoV-2

infection.
The relationship between COVID-19 infection and Gal-3 has been observed. Inhibition of Gal-3 decreases
the viral activity because it exhibits a structure that is similar to an important area in the spike protein of
SARS-CoV-2: increasing the immune response and viral attachment to host cells

[18][19][20][21]

.

Moreover, during persistent inﬂammation accompanying SARS-CoV-2 infection, the coagulation cascade
increases plasma levels of D-dimers, which are produced during ﬁbrin degradation [22]. Some of the
Streptococcus sanguis strains located in the oral cavity, produce platelet aggregation-associated protein
(PAAP) which takes part in platelet activation and aggregation. Porphyromonas gingivalis may release
proteins similar to PAAP

[23].

Therefore, the periodontal therapy in patients with initial COVID-19

symptoms may reduce the plasma D-dimer level, which is, from our point of view, very important for
preventing severe COVID-19 complications

[24]

.

This bacterial potential, in addition to being detrimental to periodontitis, inﬂuences distant tissues and
organs.
The oral cavity also constitutes a reservoir for Chlamydia pneumoniae, which is an obligate intracellular
Gram-negative bacterium with a biphasic developmental cycle. C. pneumoniae is more frequent in
subgingival plaques from patients with periodontal disease than in healthy controls

[25]

. It can cause

persistent infections, such as airway infections, asthma and atherosclerosis. Some studies have shown
that patients with severe periodontitis are often carriers of C. pneumoniae, which may increase the risk of
a host inﬂammatory response with serious clinical consequences.
Several mechanisms indicate the ability of oral pathogens to lead to pneumonia during SARS-CoV-2
infection. Among the mechanisms that explain the association between oral pathogens and serious
COVID-19 complications are the aspiration of oral pathogens into the lower respiratory tract, modiﬁcation
of mucosal surfaces by salivary enzymes in the respiratory tract that facilitate colonization by pathogens,
and secretion of proinﬂammatory cytokines during periodontitis. (Figure 2). Moreover, proinﬂammatory
cytokines increase the adhesion of pathogens to the lung epithelium. The aspiration of pathogens during
coughing may lead to the development of pneumonia requiring hospitalization

[26][27]

. Therefore, there

are many mechanisms which, due to the action of pathogens in the oral cavity, may worsen the course of
COVID-19 and lead to superinfections and further complications. It is known that the cause of patient

death is not the virus itself but bacterial superinfections. It is clear that poor oral health in the form of
altered bioﬁlm is associated with an increased bacterial exchange between the lungs and mouth, which
leads to post-viral complications leading to respiratory infections

[28][29]

.

Figure 2. The mechanisms explaining the dental plaque inﬂuence on severity of COVID-19 complications.
High frequency of dental plaque occurrence and periodontitis development have brought about the need
to investigate their possible correlation with the severity of COVID-19 complications to introduce
appropriate

preventive

actions [30][31]. The recent study by Yang demonstrated that periodontal

treatment reduced the risk of pneumonia in patient with COVID-19 [32].

3. Conclusions
Based on recent studies and the researchers’ suggestions, hypothesis and concepts, we can underline an
association between poor oral health and the severity of the course of COVID-19, via direct and indirect
mechanisms. The direct mechanism is connected with angiotensin-converting enzyme II (ACE-2)
receptors, while the indirect mechanism is connected with inﬂammatory pathways and bacterial
superinfections. Among the important mechanisms that explain the association between oral pathogens
and the severity of SARS-CoV-2 infection are the aspiration of oral pathogens into the lower respiratory
tract and the modiﬁcation of mucosal surfaces in the respiratory tract that allows the adhesion and
colonization of respiratory pathogens. The pro-inﬂammatory cytokine secretion promotes infection by
means of respiratory pathogens, and bacterial infection is one of the most frequently occurring
complications. Dental bioﬁlm, especially covering subgingival plaque, has been associated with the
development of severe complications from SARS-CoV-2 infection. Dental plaque leads to an imbalance in
the pathological bacteria in the mouth, contributes to bacterial superinfections, and causes complications
such as pneumonia or acute respiratory distress syndrome. As presented, there may be a strong
connection between dental plaque occurrence and the severity of SARS-CoV-2 infection. A reduction in
dental plaque by means of propolis may diminish the risk of COVID-19 complications. Therefore, propolis
is a natural substance that can bring advantages in maintaining oral health and may reduce the risk of
COVID-19 complications.
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