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Abstract
Aim: Investigate the theoretical scientific evidence about biological mechanisms between periodontitis and COVID-19.

Results: As well as in periodontal disease, in COVID-19 the host immune response appears central to delineate the course of the disease. However,
the severity and outcome of the COVID-19 might be associated with the excessive production of proinflammatory cytokines “cytokine storm”
leading to an acute respiratory distress syndrome. In this sense, it is plausible to reflect on the possibility of a summation effect generating a hyper
inflammatory phenotype that could worsen the prognosis. The periodontitis are able to cause adverse systemic inflammation and bacteremia
that could impact in severity of systemic disease. Thus, is plausive to study the progression of COVID-19 in periodontal patients and, too, the
periodontal alterations by immune dysregulation in COVID-19 patients.

Conclusion: Despite of lack of clinical studies about interrelationship associating PD and COVID-19, there is evidence suggesting possible
biological pathways evidencing two-way relationship among periodontal disease and COVID-19. The provided rationale could be used to design
an observational study. Thus, the phenomenon of immune dysregulation, inflammaging and dysbiose needs to be more fully understood in this era
of pandemic.
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Introduction

Periodontitis is a prevalent chronic inflammatory disease
with local and systemic consequences. There is an increase of
systemic circulating cytokines and chemokines that are similar
with then released in Coronavirus disease (COVID-19) such as
C Reactive Protein (CRP), acute phase proteins, TNF-o (Tumor
necrosis Factor- Alpha), IL (Interleukin)-1p, IL-2 and IL-6
and Interferon gamma (INF-gamma). It is indicative to reflect
about chance of periodontitis contribute to hyperinflammation.

Therefore, the initiation and progression of periodontal
disease occurs through a dysbiosis of oral microbiota
which interacts with the host's immune defenses, leading to
inflammation and tissue damage. Thus, it is suggestive to
consider about the probability of preexisting periodontal
disease to affect the severity of COVID 19 rather than viral
pathogenesis alone. Experimental studies demonstrated that
pre-exposure of airway epithelial cells to bacteria aggravates
the release of cytokines in response to subsequent viral infection
and, also, promote biofilm growth on airway epithelial cells.

Despite of lack of studies about interrelationship between
Periodontal Disease (PD) and COVID-19, there is potential
biological plausibility. Our team has been studied different
aspects involving PD and systemic condition, with interesting
results. It is crucial that the health care professionals be aware
about this possibility and to assessment oral health of patients,
since, periodontal disease is treatable condition. Besides, it
is mandatory to stimulate the oral care procedures and oral
hygiene to reduce the risk of local and systemic complications
during the pandemic.

Cytokine Storm Syndromes (CSS) and Immuno-

suppression: Potential
Speculative link between COVID-19 and periodontitis
Cytokine Storm Syndrome (CSS) is a systemic inflammatory

reaction that can be triggered by a multiplicity of factors such
as some medications and infections [1]. This is a proposed
path mechanism of severe viral infections such as corona virus
that cause Coronavirus disease (COVID-19), characterizing a
pandemic [2]. On the order hand, chronic periodontitis, one of
the most prevalent chronic inflammatory diseases of human is
characterized by cytokine hyper-reactivity, with influence on
systemic inflammatory-immune responses [3].

The contemporary pathogenesis of periodontitis highlights
the complex interfaces among dental biofilm, the acquired
environmental stressors and genetic elements of host [4].
Genomic, proteomic, and metabolomic aspects are determinant
to developing of periodontal diseases, since that the individual
reaction, comprising lipid and cytokines mediators, released
by the host, as well as modifications in periodontal structures
like bone and connective tissue, can be visibly categorized by
a specific gene arrangement, metabolite and protein expression
[5]-

Therefore, it is important to note that chronic periodontal
disease is a persistent intense inflammatory infiltrate in the
connective tissue with activation of T and B cells through
cytokine discharge and determine the progression of the
disease. There is a dysregulation of T cells in the periodontitis
with activation of subtypes Thl, Th2, and Thl7 cells with
production of a variety of pro-inflammatory cytokines, such
as [L-1B, IL-17E (IL-25) and IL-17, that trigger other immune
cells such as neutrophils, dendritic cells and B cells [6]. Then,
T cells and B cells stimulated can induce the release of the
receptor activator of nuclear factorkB-Ligand (RANKL),
which prompt osteoclasts and cause alveolar bone resorption,
resulting in tooth loss [6]. Moreover, the activation of B
cells by T cells can result in clonal activation of B cells, with
antibodies production against bacterial components; though,
production of auto antibodies to fibronectin, collagen, and
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laminin with gingival tissue damage. Also, B cells stimulate
secretion of IL-8 and IL-1B and could contribute to chronic
systemic inflammation [6,7]. Then, it is important to note
that this immune response is associated with intense cytokine
discharge, chronically. Our teams have found that chronic
periodontal disease is more frequent in Alzheimer Disease
(AD) patients [8], may hamper Rheumatoid arthritis of anti-
TNF therapy response [9], impact glycosylated hemoglobin
levels in diabetes patients [10] and that there is a possible
influence of periodontal disease, as a comorbidity, in
refractory craniofacial pain patients and in their pain levels
[11]. Furthermore, our previous study showed that there was
an association between IL-6 and tumor necrosis factor-a
(TNF-a) in patients with AD and periodontitis [12].

In this sense cytokines are produced in acute phase of
periodontitis by fibroblasts, epithelial cells and by phagocytes
(neutrophils and macrophages). And, in established and
advanced lesions of periodontal disease the cytokines are
produced by immune cells (lymphocytes) [13]. The first
stage of inflammatory response, with cytokine secretion,
against periodontal bacteria occurs by activation of pattern
recognition and its downstream signaling. The Cytokines
associated by this answer is interleukin-1 (IL-1), the IL-6
and Tumor Necrosis Factor (TNF). These cytokines are
pro-inflammatory cytokines and leads to activation of the
signaling pathways and the differentiation of some cells that
will secret additional cytokines, which might act as a direct
effector or positive feedback which activates and recruits
specific immune cell subgroups and triggers tissue damage
[14]. Furthermore, despite these local effects there is an
increase of systemic circulating cytokines and chemokines.
In the presence of periodontitis there are an increased
systemic levels of C Reactive Protein (CRP), acute phase
proteins, plasma antibody levels, coagulation factor, total
white blood cell count, neutrophils, and cytokines such as
TNF-a (Tumor Necrosis Factor- Alpha), IL (Interleukin)-
1B, IL-2 and IL-6 and INF-gamma (Interferon gamma) [15].
Importantly, it has been proposed that the prolonged exposure
of the periodontium to bacterial attack is associated to effects
of aging on these structures, consistent with the alterations
associated with immunosenescence and expression of
inflammaging in periodontal disease.

On the order hand, have been proposed a crucial role of
cytokine storm in the pathogenesis of severe acute respiratory
syndrome coronavirus 2 of the genus Betacoronavirus (SARS-
CoV-2) human infection. The virus can attack the targeting
organs that express Angiotensin-Converting Enzyme II
(ACE2), such as the lungs, heart, renal, gastrointestinal tract
after access lungs and peripheral blood [16,17]. During the
infection process, T cells, B cells were decreased, while
inflammatory cytokines persistent to increase [18]. Thus,
the COVID-19 trigger a respiratory failure from Acute
Respiratory Distress Syndrome (ARDS) and, secondary
under-recognised Haemophagocytic Lymphohistiocytosis
(sHLH) with a hyper inflammatory syndrome characterized
by a fulminant and fatal hypercytokinaemia with multi
organ failure. The sHLH is related with COVID-19 disease
severity, described by increased interleukin (IL)-2, IL-7,
granulocyte-colony stimulating factor, interferon-y inducible

protein 10, monocyte chemo-attractant protein 1, macrophage
inflammatory protein 1-o, and tumor necrosis factor-a [2].
Furthermore, IL-6, increased in patients with COVID-19,
can suppress normal T cell activation, and could justify the
lymphopenia. And, is critical that ICU patients had lower
CD4+ and CD8+ T cell counts, and high concentrations of
TNF-a and IL-6 [19].

These immune dysregulation is not completely understood.
One proposed hypothesis is that there is an important relation
to cell pyroptosis (cell apoptosis with intense discharge of
inflammatory cytokines and chemokines) [20], and too,
antibodies against spike protein (anti-S-IgG) that induce
accumulation of monocyte/macrophage in the lungs [21].
Study of Zhou et al. showed that the Angiotensin-Converting
Enzyme II (ACE2) is probable the cell receptor of 2019-
nCoV. Have been identified high ACE2 expression in alveolar
cells of lung, epithelial cells of esophagus, myocardial cells,
kidney cells between others [22]. And, those organs should be
considered as likely high risk for COVID-19 [22]. Regarding
this finding, a recent study revealed that the oral mucosa
could express the ACE2 and was higher in tongue than other
oral sites. They also demonstrated that oral epithelial cells
are ACE2-positive, indicating that oral cavity might provide
possible routes of entry for the coronavirus [23]. Interestingly,
have been demonstrated that the ACE2 is expressed in
lymphocytes within oral mucosa, like found in lungs, and
SARS-cov-2 attacks the lymphocytes, consecutively reduce
the immune defense [23].

The finds about inflammatory pathways on COVD-19 and
DP are similar. There is overexpression of the cytokines such
as TNF-o (Tumor Necrosis Factor-Alpha), IL (Interleukin)-
1B, IL-2 and IL-6 and INF-gamma (Interferon gamma), same
increased systemic levels of C Reactive Protein (CRP), acute
phase proteins, coagulation factor and aspects related to
inflammaging. Accordingly, is plausible to been hypothesized
that alterations in the function of immune cells in periodontal
disease could contribute to immune dysregulation and higher
fragility of periodontal sick to SARS-cov-2?

Therefore, is relevant to consider that systemic effect of
periodontitis followed by SARS-CoV-2 infection could lead
to an aggravated inflammatory response? And the opposite:
is possible that immune dysfunction observed in COVID-19,
with lymphopenia, could modify the periodontal condition?
These speculative pathways are detailed in (Figure 1).

Dysbiosis Pathway in Periodontitis and CO-
VID-19: Possible Evidences
The oral microbiota is very diverse and does not exist
anywhere else on the body. In the Human Microbioma Project,
more than 1,200 different types of microbes were identified in
the human mouth [23]. In health conditions, the indigenous
oral flora consists, mainly, of streptococcus of the viridans
group, in the presence of PD the prevalent bacteria comprise
a group of gram-negative anaerobic microorganisms; among
the most important, we find the so-called “red complex”
pathogens, especially Porphyromonas gingivalis, Treponema
denticola and Tannerella forsythia [24,25]. These bacteria are
organized into a complex community: dental biofilm. Biofilm
formation is a survival strategy for bacteria, viruses, and fungi
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Figure 1. Periodontal disease leads to persistent production
of cytokines and chemokines and could result in systemic
inflammation. These process lead to tissue damage and can hit
pulmonary inflammation. The systemic effect of periodontitis
followed by SARS-CoV-2 infection could lead to an aggravated
inflammatory response. The opposite may also factual in that
immune dysfunction observed in COVID-19, with [ymphopenia,
could worsen the periodontal condition.

reside and interact, especially in the hostile environment.
Under the protection of the biofilm, the microbial cells of
the biofilm become tolerant and resistant to antibiotics and
immune responses, which increase the difficulties for the
clinical treatment of biofilm infections [26].

To maintain biofilm homeostasis the metabolic interactions
like metabolic syntropy, mutualistic cross-feeding and cross-
respiration occurs. These interfaces include mutual metabolite
interactions, detoxification of oxidative compounds and
increasing of ATP [26].

Therefore, the initiation and progression of periodontal
disease occurs through a dysbiosis of the commensal oral
microbiota (dental biofilm or dental plaque), which interacts
with the host's immune defenses, leading to inflammation
and tissue damage. This pathophysiological situation persists
through episodes of activity and quiescence, until the affected
tooth is extracted or the microbial biofilm is removed
therapeutically and the inflammation disappears [27].

Furthermore, this periodontal infection is, directly and
indirectly, associated with several systemic diseases due a
number of factors, including bacteremia and systemic release
of local inflammatory mediators [28].

In this sense, is important to know if periodontal infection
could affect the COVID -19 severity and too if COVID-19
can affect periodontal status, particularly in critical patients.
There is a lack of studies about viruses as memberships of oral
microbiome. A previous study investigated the arrangement
of oral viral populations in a periodontally healthy subjects
or periodontitis. They demonstrated that viruses present
were, majority, bacteriophages. The viruses residing dental
biofilm were distinct considering oral health status, while
those present in saliva were not. They predicted that dental
biofilm viruses in periodontitis seem to be significantly more

tending to kill their bacterial hosts than those found in healthy
mouths. Also, they hypothesized that viruses have crucial role
as drivers of ecosystem diversity to the oral microbiome in
disease and health states [29].

Besides, bacterial co-infection with upper respiratory
tract viruses is reported [30]. Hence, it is significant to study
about the probability of periodontal dysbiosis to affect the
severity of COVID-19 rather than viral pathogenesis alone.
Experimental studies showed that pre-exposure of airway
epithelial cells to bacteria exacerbates the release of pro-
inflammatory cytokines in response to subsequent viral
infection and too promote biofilm growth on airway epithelial
cells, suggesting a microbial interactions on pulmonary
inflammation with pleiotropic effects [31,32]. If these data
can be translated into the clinical setting, it might enable
clinicians to identify patients at high risk for developing more
severe viral infections on the basis of their bacteriological
status [32].

Moreover, scientific literature related that there is
relationship between periodontitis and respiratory diseases
such as pneumonia. It was found that periodontitis is
associated with respiratory diseases due to poor oral hygiene
and low immunity state and oral procedures aimed at control
oral infection and oral bacterial count have impact in reduced
incidence of respiratory illness [33-35]. This reflects the
importance of oral hygiene among patients with respiratory
illness.

Another issue to consider is about the risk factors involving
COVID-19 and Periodontal disease. Both condition share risk
factors such as chronic tobacco smoke exposure and age.

Results and Discussion

As well as in periodontal disease, in COVID-19 the host
immune response appears central to delineate the course
of the disease. However, the severity and outcome of the
COVID-19 might be associated with the excessive production
of proinflammatory cytokines “cytokine storm” leading to
an acute respiratory distress syndrome. In this sense, it is
plausible to reflect on the possibility of a summation effect
generating a hyperinflammatory phenotype that could worsen
the prognosis. The periodontitis are able to cause adverse
systemic inflammation and bacteremia that could impact
in severity of systemic disease. Thus, is plausive to study
the progression of COVID-19 in periodontal patients and,
too, the periodontal alterations by immune dysregulation in
COVID-19 patients.

Conclusion

Despite of lack of clinical studies about interrelationship
associating PD and COVID-19, there is theoretical evidence
suggesting a possible biological pathway evidencing two-way
relationship among periodontal disease and COVID-19. The
provided rationale could be used to design an observational
study. Thus, the phenomenon of immune dysregulation,
inflammaging and dysbiosis needs to be more fully understood
in this era of pandemic.

It is imperative and urges the need for controlled
clinical trials to support this association. However, the
periodontitis are able to cause adverse systemic inflammation
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and bacteremia that could impact in severity of systemic
disease and, probably, the progression of COVID-19 and
COVID-19 by immune dysregulation, possibly, could
modify the periodontal condition. It is crucial that the health
care professionals be aware to assessment oral health of the
patients, since periodontal disease is, sometimes, neglected.
Besides, it is mandatory to stimulate the oral care procedures
and oral hygiene to reduce the risk of local and systemic
complications during the pandemic, particularly in patients
with higher risk to COVID-19. These additional cares will
certainly not be vainly, but will impact the patient's clinical
outcomes.
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