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ABSTRACT

Background: Covid-19 is a worldwide pandemic causing considerable morbidity and mortality. Many studies have shown the
influence of periodontal health on systemic disease.

Aims: This article explores the association between periodontal disease (PD), oral dysbiosis and cytokine storm requiring proto-
col of maintainence of oral hygiene in covid patients and also in healthy individuals during the pandemic. Covid patients need
to be motivated to maintain proper oral hygiene measures to avoid risk of Covid related adverse outcomes.

Methods: Data was collected and analyzed from recently published literature and electronic database searches of PubMed and
Google Scholar.

Results: Covid-19 leads to increased release of cytokines from host cells termed as cytokine storm, many of the components of
which are common with the cytokine expression profile of periodontitis. It has been shown that periodontitis was significantly
associated with increased risk of complications from the Covid-19 including ICU admission, need for assisted ventilation and
death.

Conclusion: Plague control is important to prevent exchange of microorganisms between the oral cavity and the lungs and to
reduce the chances of worsening respiratory disease during Covid-19 infection. Understanding this association may definitely

help to identify individuals at high risk and deliver appropriate care at early stages.
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INTRODUCTION

Covid-19 disease, the virus of which is called SARS-CoV-2 is
a dangerously spreading and continuously evolving disease all
over the world. Reports of the first Covid-19 cases started in the
Wuhan city of China in December 2019. Later it developed into a
global threat and the outbreak was deemed a pandemic by the
World Health Organization on March 11, 2020. The initial cluster
of infections is reported to have originated in a seafood and wild-
life market in Wuhan, where the sale of wild animals could have
been the source of zoonotic infection. Bats are considered likely
reservoir hosts for SARS-CoV-2. Pangolins were considered as the
intermediate hosts between bats and humans because of the
similar resemblance of the pangolin coronavirus to SARS- CoV-2.
Initially it was named 2019 novel coronavirus (2019-nCoV) and
later changed to the now officially known as Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS- CoV-2). '

SARS-CoV-2is a single stranded RNA virus. It expresses a spike
protein (S-protein) that mediates adhesion to and invasion of host
cells.2The SARS-CoV-2 S-protein binds specifically to angiotensin-
converting enzyme 2 (ACE-2) which is expressed in the lungs, kid-
neys and on myocardial cells. ACE-2 is also found intra-orally, es-
pecially on salivary glands and the tongue.? The common clinical
symptoms are fever, headache, sore throat, anosmia, dysgeusia/
ageusia cases and nearly dry cough, abdominal pain, vomiting,
diarrhoea. These symptoms can be mildly or strongly felt in most
and nearly 4% of confirmed cases develop into severe medical
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conditions requiring hospitalization including oxygen support,
5% of patients need intensive care units admission and around
2% mortality is exhibited (NCPERE, 2020).“> Severe cases tend to
get complicated by acute respiratory distress syndrome (ARDS),
sepsis and septic shock, leading to multi-organ damage. Patients
with severe Covid-19 and ARDS usually shows exacerbated im-
mune response which are usually characterized by excessive lev-
els of pro-inflammatory cytokines leading to widespread tissue
destruction which may be described as the cytokine storm syn-
drome. In fact, Covid-19 mortality has been linked with elevated
serum levels of interleukin-6 (IL-6), C Reactive Protein (CRP), D-
dimer and ferritin suggesting a clear association between sever-
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ity of the disease and a virally driven non-resolving hyperinflam-
mation.®

ORAL MANIFESTATIONS OF COVID -19

Earlier, it was reported that Covid-19 affects respiratory, gastro-
intestinal and neurological systems, but further research showed
that oral, olfactory and integumentary systems are also involved.
In the oral cavity mucosal lesions, taste changes and gingivitis have
been reported. Oral mucosal lesions reported in Covid-19 include
ulcers, erosions, blisters, plaque-like lesions, reactivation of herpes
simplex virus 1(HSV1), and geographical tongue with depapillation.

Oral mucosal lesions tend to disappear (6 days-2 weeks) or
reduce in size with time. Oral lesions can be a preliminary sign of
Covid-19 infection or a warning sign of peripheral thrombosis. Ul-
cers, erosions and blood crust on labial mucosa along with palatal
and gingival petechiae have also been reported. Angina bullosa
are blood filled blisters are observed on soft palate, tongue and
cheek. They are brown-black single or multiple lesions and may
appear after initiation of therapies for Covid-19. Aphthous-like le-
sions appeared as multiple shallow ulcers with erythematous ha-
los and yellow-white pseudomembranes on the both keratinized
and nonkeratinized mucosal tissue. The most common sites of
oral involvement include tongue (38%), labial mucosa (26%), pal-
ate (22%), gingiva (8%), buccal mucosa (5%), oropharynx (4%), and
tonsil (1%). Oral lesions were nearly equal in both the genders (49%
female, 51% male). Latency time between appearance of systemic
symptoms and oral lesions was between 4 days before up to 12
weeks. After the onset of systemic symptoms, the persistence of
oral lesions can be between 4 days upto 12 weeks. Kawasaki-like
lesions showed the longest latency period. Gingival involvement
have also been reported which includes generalized erythema and
edema of gingiva, gingival bleeding, necrotic interdental papillae
and desquamative gingivitis. They are seen in critically ill patients
with neglected oral hygiene. Candidal plaque-like lesions and dry
mouth are also observed in association with Covid-19. Both red and
white plaques were observed which got located on the dorsum of
the tongue and palate. The major symptoms of Covid-19 include
halitosis, pain and swelling on the tongue and masticatory muscles,
macroglossia, geographical tongue, papillary hyperplasia associat-
ed with taste changes and fatigue have also been reported.**

The Association Between Periodontal Disease And Covid-19

Periodontal Disease (PD) is a multifactorial disease leading to
destruction of supporting structures of the tooth.> The risk of Co-
vid-19 complications was significantly higher among patients with
moderate-to-severe periodontitis compared to those with milder
or no periodontitis.® The relationship between PD and severe Co-
vid-19 ilinesses could be because of shared co-morbidities, genetic
and environmental risk factors and also through common chronic
inflammatory pathways.”? Alteration of cytokine profiles could be
part of the potential mechanism responsible for the association be-
tween periodontal disease and Covid-19.2 Taking oral medical his-
tory of PD could be a characteristic feature to identify a risk group
to severe Covid-19.

A. Shared co-morbidities and risk factors between PD and
Covid-19

Most co-morbidities and risk factors reported in patients with
severe Covid-19 also aggravate the development of gum disease.
The shared risk factors by PD and Covid-19 are co-morbidities like
diabetes mellitus, hypertension and cardiovascular disease, preg-

nancy, obesity, HIV, cancer, rheumatoid arthritis, liver disease and
patient status like age, pernicious habits of smoking, use of drugs/
antibiotics for Covid-19 or infections, can reduce immune status of
patient and prognosis and increase the mortality. And can aggra-
vate Covid-19 re-infection and treatment outcomes.’

Stress

Psychological stress leads to cytokine release and may account
for the cytokine storm in few cases of the pandemic. Stress leads
to activation of the “stress system” called the hypothalamic—pitu-
itary-adrenal axis (HPA). As a response to stress, the hypothala-
mus secretes corticotrophin-releasing hormone, which acts on
the pituitary gland facilitating the release of adrenocorticotrophic
hormone. In turn, adrenocorticotrophic hormone stimulates the
adrenal cortex to secrete cortisol in the blood leading to impaired
immune defense mechanisms. Release of pro-inflammatory cy-
tokines and neuropeptides may result in numerous neurological
manifestations including psychological disorders, anxiety, depres-
sion, and post-traumatic stress disorder.® Both the central and pe-
ripheral nervous system get affected in virus infected patients."
The neurological effects of Covid-19 include headache, encepha-
litis, encephalopathy, myelitis, seizures, stroke, loss of smell and
taste and Guillain-Barré syndrome. A recent systematic review con-
cluded that the pandemic has had a significant impact on physical
and mental health. Thus, it is advisable to administer psychological
interventions as part of Covid-19 treatment.’

Research shows that a positive correlation between stress and
increased risk of periodontal disease. Stress increases the salivary
cortisol levels, which in turn reduces immune responses and up-
regulates various inflammatory markers, leading to gingivitis and
periodontal tissue damage.” Periodontal therapy can play a vital
role in preventing tissue damage and thereby inhibit the release of
inflammatory mediators. Anti-cytokine inhibitors like tocilizumab
used in Covid-19 treatment may have anti-depressant effects that
could be useful in reversing the psychological symptoms of stress.™

Respiratory diseases:

Periodontal disease has been proved to have systemic link. In
respiratory diseases, plausible linking mechanisms include: (i) di-
rect aspiration of oral microorganisms into the lungs, (ii) alteration
of mucous surfaces within the respiratory tract, favoring adhesion
and invasion of pathogens; (iii) hydrolytic enzymes secreted by
periodontal pathogens inhibiting innate immune responses by de-
grading cytokines and other inflammatory mediators released from
periodontal tissues, altering the respiratory epithelium and result-
ing in enhanced adhesion of pathogens.'

Scannapieco et al. in his systematic review suggested a signifi-
cant association between compromised oral hygiene and nosoco-
mial pneumonia.’® Azarpazhooh et al suggested that antimicrobial
oral hygiene measures could minimize the incidence of respiratory
disease in elderly adults.® Another study by Deepak et al showed
positive relationship between periodontal disease and respiratory
diseases.”

Consequently, the infectious and inflammatory links between
respiratory illness like COPD and asthma and periodontitis could
also represent potential factors related with exacerbation of coro-
navirus disease 2019 (Covid-19) respiratory distress.?

It was suggested that patients with Covid-19 with COPD have an
increased risk of aggravation and patients with pre-existing COPD
have a 4-fold increased risk to develop severe Covid-19 illness. It
was explained that the increased risk could partly be because COPD
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patients exhibit increased expression of ACE-2 in airways. Increased
expression of ACE-2 and TMPRSS2 in asthmatic patients could indi-
cate increased susceptibility for SARS-CoV-2 infection and Covid-19
morbidity.?

Superinfections:

It has also been suggested that bacterial and fungal superin-
fections may be widespread in severe cases of Covid-19 and these
infections could supersede the original viral infection. Bacte-
rial agents like Klebsiella pneumoniae, Pseudomonas aeruginosa,
Staphylococcus aureus, Enterobacter species, Staphylococci, Esch-
erichia coli and Enterococcus species were documented to cause
bacterimia and ventilator associated pneumonia (VAP) in Covid-19
patients. The most common fungal agents to cause VAP/ second-
ary pneumonia and urinary tract infections are Mucorale species,
Aspergillus flavus, Aspergillus fumigatus, Candida albicans, and
Candida glabrata.’® It was found that 50% of patient mortality
occurred from secondary bacterial infections rather than from viral
infection. Patients with comorbidities such as diabetes, hyperten-
sion, COPD, cardiovascular and cerebrovascular disease were at in-
creased risk of post-viral complications and death from Covid-19.3

B. Periodontopathogens, ACE inhibitors and periodontal
pockets as viral reservoirs

Takahashi et al suggested that aspiration of periodontopathic
bacteria might aggravate Covid-19 by inducing the expression of
angiotensin converting enzyme 2, a receptor for SARS-CoV-2 and
inflammatory cytokines in the lower respiratory tract.?® Also, it was
suggested that periodontopathic bacteria might enhance SARS
CoV-2 virulence by cleaving its S glycoproteins.® The ACE2 expres-
sion in the minor salivary glands is higher compared with the lungs.
Thus, the salivary glands could act as a potential reservoir for SARS-
CoV-2.3 To et al. reported that live virus could be cultivated using
saliva samples from patients infected with Covid-19.2' ACE2 is ex-
pressed at various sites like nasopharyngeal region, the oral epithe-
lial cells of the tongue, buccal mucosa, gingival tissues, periodontal
pockets, and gingival crevices. Oral epithelial cells show higher ex-
pression of ACE2 and transmembrane protease serin 2 (TMPRSS2)
Trypsin like proteases such as TMPRSS2 are required to activate the
SARS-CoV-2 S-protein to bind host cells.?2* Though these proteases
were expressed in the oral cavity, periodontal pathogens can also
produce such proteases that may help in activating the S-protein
which would further increase the SARS-CoV-2 infectivity.?

The oral cavity including the periodontal pockets could act as
a viral reservoir.’ Periodontal pockets prove to be favourable envi-
ronments for replication of pathogenic viruses like human herpes
simplex virus and human papillomavirus.? The virus may get into
the systemic circulation from periodontal pockets via GCF and then
mix with saliva, or may enter the systemic circulation via periodon-
tal capillaries. Periodontium associated viruses can also infect the
immune cells that continuously infiltrate the periodontal pocket.”

In a recent study, Gupta et al assessed the presence of SARS-
CoV-2 in GCF samples of Covid-19 patients. Virus got detected only
in asymptomatic carriers and patients with mild symptoms, where-
as individuals with compromised oral hygiene had elevated levels
of inflammatory exudate. The authors concluded that periodontal
pockets may play a role to aid in virus replication. As the viral load
in GCF increases, the virus gains entry via saliva to the systemic cir-
culation. Therefore, GCF may represent a potential mode of trans-
mission.?

Drugs administered to treat the SARS-CoV-2 virus, lack of oral

hygiene, and other co-morbidities may produce dysbiosis of the
oral microorganisms triggering periodontal disease. It has been
shown that patients with severe Covid-19 manifestations have re-
ported the emergence of microorganisms which are associated
with periodontal disease. Researchers suggest that the virus recog-
nizes the ACE-2 receptors not only in the nasopharynx but in oral
mucosa too. The entry of the virus can disrupt the immune system
including the oral microbiota of the host triggering a dysbiosis
leading to superinfection.’

C. Cytokine storm and inflammatory mediators of PD in
Covid-19

Most SARS-CoV-2-infected individuals remain asymptomatic al-
though a few develop mild to moderate symptoms. Very few (Less
than 5%) individuals develop serious symptoms like acute respira-
tory distress syndrome (ARDS) and multiple organ failure requiring
ICU support. Viral replication in host cells leads to activation of the
NLRP3 inflammasome. This results in release of pro-inflammatory
cytokines. This inflammatory response is further upregulated by
the release of damage associated molecular patterns (DAMPs) fol-
lowing cell death. Hyper-responsive hosts present with exagger-
ated cytokine release, referred to as a cytokine storm or cytokine
release syndrome.?”8 In the early stages of viral infection, the virus
penetrates into the epithelial layer leading to activation of innate
immune responses. On entering the tissues, it infects the macro-
phages, dendritic cells and neutrophils and further enhances viral
spread. The virus activates adaptive immune responses which re-
sults in enhanced cytokine release and leading to differentiation of
naive T cells. Increased vascular permeability also plays a vital role
in the cytokine storm, permitting the infiltration of effector cells
and thereby intensifying proinflammatory cytokine release.?

Hypercytokinemia, a common consequence of this pandemic
causes acute lung injury, followed by ARDS as its severe form, in
a large proportion of patients affected. Local inflammation can
spread to the systemic circulation leading to sepsis, thrombocyto-
penia, leukopenia, and hyperthermia. Elevated cytokine produc-
tion increases the systemic levels of C-reactive protein (CRP), hapto-
globin, fibrinogen, serum amyloid A, and al-antitrypsin. This leads
to enhanced vascular permeability, altered coagulation mecha-
nisms and improved complement activation. Cytokine production
can induce increased proliferation of monocytes/macrophages and
excessive apoptosis of lymphocytes, leading to immunodeficiency.

Studies have shown that serum pro-inflammatory cytokine lev-
els in patients infected with SARS-CoV-2 were also elevated, espe-
cially IFN-y, IFN-y-induced protein 10, IL-1B, IL-6, IL-12, and mono-
cyte chemoattractant protein (MCP-1).3

Sahni et al suggested that the strong Th17 response in severe
periodontitis may exacerbate the cytokine storm in Covid-19.% It
exhibits itself as elevated serum levels of IL-1 beta, IL-7, IL-10, IL-
17, IL-2, IL-8, IL-9, GM-CSF, G-CSF, IFN-gamma, TNF alpha, MIP1A,
MIP1B, MCP1 and IP10. Patients exhibiting with an exaggerated
form of symptoms necessitating ICU admission further show even
greater levels of IL-2, IL-7, IL-10, IP-10, G-CSF, MIP1A, MCP1 and TNF
alpha. Elevated Th17 pathway responses have also been observed
in patients of SARS-CoV and MERS-CoV. Th17 type of inflammatory
response is involved in the manifestation of the cytokine storm and
adverse outcomes leading to pulmonary oedema and tissue dam-
age in lung infections including that caused by SARS-CoV-2.3" All
these hypothetical pathways could also foresee an increased in-
cidence of periodontal lesions, especially necrotizing periodontal
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disease (NPD) during this pandemic times.*

Two possible mechanisms which could explain the association
between periodontitis and the Covid-19 disease are: (1) the direct
contact of virus with the periodontal tissues, also due to the high
expression of ACEIl and CD147and/or (2) the similar overexpression
of several cytokines, a Covid-19 ‘cytokine storm; with elevated se-
rum levels of IL-1 beta, IL-6, IL-7, IL-10, IL-17, IL-2, IL-8, IL-9, GM-CSF,
GCSF, IFN-gamma, TNF alpha, MIP1A, MIP1B, MCP1 and IP10.3"3

Marouf et al in his study showed that fatal Covid-19 outcomes
were significantly related with elevated blood concentrations of D-
dimer, WBC and CRP, and lower concentrations of lymphocytes.® Pa-
tients admitted to the ICU and those requiring assisted ventilation
presented with high blood levels of CRP and D-dimer. These results
are in accordance with previous studies reporting elevated inflam-
matory indicators in deceased Covid-19 patients.> Interestingly,
here the Covid-19 cases with periodontitis also had significantly
higher WBC and CRP serum levels than those without periodontitis,
which may indicate a possible link of this association through sys-
temic inflammation. Successful treatment of periodontal disease
has been shown to improve serum markers of systemic inflamma-
tion (CRP, IL-6) as well as systemic metabolic control.3>3¢

Periodontitis and poor oral hygiene disrupt the symbiotic rela-
tionships between oral microorganisms and can enhance the pro-
inflammatory cytokine release. Bacteria in dysbiotic biofilms further
promote cytokine release; these cytokines in GCF mix with saliva.
Upon aspiration, it may induce inflammation or infection within the
lungs. Interbacterial exchange between the lungs and the oral cav-
ity potentially increases the risk of respiratory infections.?

Gupta et al in his study indicated that Neutrophil Extracellular
Trap production is involved in the pathogenesis of both these dis-
eases.’” High neutrophil counts and lower lymphocyte counts have
been seen in patients with severe forms of the disease compared to
mild forms. Increased neutrophil counts are usually associated with
bacterial infections but more rarely observed in viral infections.?

CONTROL OF CYTOKINE LEVELS BY EFFECTIVE MAINTENANCE
OF PERIODONTAL HEALTH

Pre-procedural use of mouthwash and nasal spray by patients
with confirmed or suspected Covid-19 as well as healthcare work-
ers pre- and post-treatment have proved to minimize the risk of
disease transmission.?®

It has been shown that povidone iodine gargling solutions
were effective against SARS-CoV and MERS-CoV, but the effective-
ness of pre-procedural rinses against SARS-CoV-2 remains unclear
and needs further investigations.* Oral rinses prove to be effective
in altering the viral lipid envelope so that it helps to reduce the dis-
ease transmission and viral load. It has been recommended by the
American Dental Association that usage of 0.2% to 0.5% povidone
solutions or 1% hydrogen peroxide helps to reduce the viral trans-
mission. In hospitalized patients, oral hygiene measures to reduce
the plaque build-up can minimize the bacterial load, prevent aspi-
ration of oral pathogens, and minimize the risk of pneumonia or
respiratory illness.?

Larvin et al reported that a higher risk of mortality was record-
ed in Covid-19 individuals with bleeding gums and concluded that
mortality risk was higher in patients with periodontal disease. So
it was most important to assess oral health status in patients with
Covid-19 to prevent adverse outcomes.*

The throat is a crucial site for viral replication during the initial
stages of infection. It was observed in studies that during the first

week of infection, oropharyngeal swabs of patients infected with
SARS-CoV-2 had high concentrations of viral RNAs, indicating ac-
tive replication that reached the peak values around day 4 post-
infection.*’

Upon viral infection and replication, ACE2 (primary receptor for
SARS-CoV-2) expression is downregulated, resulting in an acute in-
flammatory response. ACE2 helps in balancing the cytokine levels;
higher levels of ACE2 downregulate the proinflammatory cytokines.
However, higher levels of ACE2 help the entry of SARS-CoV-2 virus
into the oral cavity. The ACE2-SARS-CoV-2 complex reduces ACE2
expression on the cell surface and this results in enhanced produc-
tion of cytokines. Administration of ACE inhibitors may increase the
ACE2 levels and increase the anti-inflammatory response. Combi-
nations of periodontal therapy and ACE inhibitors may reduce the
progression of periodontal disease and may minimize the risk of
adverse Covid-19 outcomes.?

Recent studies indicate that the periodontal pocket epithe-
lium may be a focal point of infection for SARS-CoV-2 and thus
periodontal therapy would help to minimize the systemic spread
of viral pathogens. Thus, non-surgical periodontal therapy along
with treatment using anti-cytokine inhibitors may have beneficial
effects in patients with SARS-CoV-2 infection. Treatment with the
IL-6 antagonist Tocilizumab during the initial stages of Covid-19
has shown beneficial effects. Early detection and treatment of
periodontal disease, as well as identification of hyper-responsive
individuals through cytokine profiling, may prove to be useful in
selection of appropriate anti-cytokine drugs. Though promising
outcomes have been reported following treatment of patients with
Covid-19 with immunomodulators, further clinical trials are needed
to understand the efficacy and safety of these drugs according to
disease stage and severity.>?52642

CONCLUSION

Current evidences suggest that increased production of pro-in-
flammatory cytokines is the important cause of the adverse events
related to Covid-19. Periodontal disease could further increase the
cytokine release via altered microflora, expression of multiple viral
receptors, bacterial superinfection, and aspiration of periodontal
microorganisms. Though SARS-CoV-2 infects cells only through
ACE2 receptors, the mechanisms through which virions bring
about the deleterious effects in the central nervous system remain
unclear. The association between Covid-19, stress and periodontitis
could be influenced by altered cytokine responses following viral
replication. More clinical trials evaluating periodontal status in pa-
tients with Covid-19 are needed to assess the clear mechanisms. As
compromised oral hygiene could exaggerate SARS-CoV-2 infection,
it is essential to maintain good oral hygiene and periodontal health
to preserve overall health.

REFERENCES

1. LiuYC, Kuo RL, Shih SR. COVID-19: The first documented coronavirus
pandemic in history. Biomed J. 2020 Aug;43(4):328-333.

2. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D.
Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell. 2020 Apr 16;181(2):281-92.

3. Kanchana Sukumar and Anupama Tadepalli. Nexus between
COVID-19 and periodontal disease J Int Med Res. 2021;49(3):1-11

4. lranmanesh B, Khalili M, Amiri R, Zartab H, Aflatoonian M. Oral

manifestations of COVID-19 disease: A review article. Dermatologic
therapy. 2021 Jan;34(1):e14578.

Farid H, Khah M, Jamal S, Ghafoor R. Oral manifestations of
Covid-19-A literature review. Reviews in medical virology. 2021 May

w



Periodontal Disease as a factor in morbidity of Covid-19: A Review.

20.

21.

22.

23.

24.

24:e2248.

Marouf N, Cai W, Said KN, Daas H, Diab H, Chinta VR, Hssain AA,
Nicolau B, Sanz M, Tamimi F. Association between periodontitis
and severity of COVID-19 infection: A case-control study. J Clin
Periodontol. 2021 Apr;48(4):483-491.

Romandini M, Baima G, Antonoglou G, Bueno J, Figuero E, Sanz M.
Periodontitis, edentulism, and risk of mortality: A systematic review
with meta-analyses. Journal of Dental Research. 2021 Jan;100(1):37-
49,

Azarpazhooh A, Leake JL. Systematic review of the association
between respiratory diseases and oral health. Journal of
periodontology. 2006 Sep;77(9):1465-82.

Pitones-Rubio V, Chavez-Cortez EG, Hurtado-Camarena A,
Gonzdlez-Rascédn A, Serafin-Higuera N. Is periodontal disease a risk
factor for severe COVID-19 illness?. Medical hypotheses. 2020 Nov
1;144:1099609.

. Li H, Xue Q, Xu X. Involvement of the nervous system in SARS-CoV-2

infection. Neurotoxicity research. 2020 Jun 13:1.

. Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, Kummerlen C,

Collange O, Boulay C, Fafi-Kremer S, Ohana M, Anheim M. Neurologic
features in severe SARS-CoV-2 infection. New England Journal of
Medicine. 2020 Jun 4;382(23):2268-70.

. Salari N, Hosseinian-Far A, Jalali R, Vaisi-Raygani A, Rasoulpoor S

et al. Prevalence of stress, anxiety, depression among the general
population during the COVID-19 pandemic: a systematic review and
meta-analysis. Globalization and health. 2020 Dec;16(1):1-1.

. Rosania AE, Low KG, McCormick CM, Rosania DA. Stress, depression,

cortisol, and periodontal disease. Journal of periodontology. 2009
Feb;80(2):260-6.

. Kappelmann N, Lewis G, Dantzer R, Jones PB, Khandaker GM.

Antidepressant activity of anti-cytokine treatment: a systematic
review and meta-analysis of clinical trials of chronic inflammatory
conditions. Molecular psychiatry. 2018 Feb;23(2):335-43.

. Scannapieco FA, Mylotte JM. Relationships between periodontal

disease and bacterial pneumonia. Journal of periodontology. 1996
Oct;67:1114-22.

. Scannapieco FA, Bush RB, Paju S. Associations between periodontal

disease and risk for nosocomial bacterial pneumonia and chronic
obstructive pulmonary disease. A systematic review. Annals of
periodontology. 2003 Dec;8(1):54-69.

. Thomas D, Rajesh KS, Shashikanth Hegde AK. Association between

periodontal health and respiratory diseases—A case control study.
Int. J. Oral Health Dent.. 2017;3:175-80.

. Nag VL, Kaur N. Superinfections in COVID-19 Patients.Dubai Med J

2021;4:117-126 DOI: 10.1159/000515067

. Singh AK, Singh R, Joshi SR, Misra A. Mucormycosis in COVID-19: A

systematic review of cases reported worldwide and in India. Diabetes
Metab Syndr. 2021;15(4):102146. doi:10.1016/j.dsx.2021.05.019
Takahashi Y, Watanabe N, Kamio N, Kobayashi R, linuma T, Imai K.
Aspiration of periodontopathic bacteria due to poor oral hygiene
potentially contributes to the aggravation of COVID-19. Journal of
Oral Science. 2021;63(1):1-3.

To KK, Tsang OT, Yip CC, Chan KH, Wu TC, Chan JM, Leung WS, Chik
TS, Choi CY, Kandamby DH, Lung DC. Consistent detection of 2019
novel coronavirus in saliva. Clinical Infectious Diseases. 2020 Jul
28;71(15):841-3.

Sakaguchi W, Kubota N, Shimizu T, Saruta J, Fuchida S, Kawata A,
Yamamoto Y, Sugimoto M, Yakeishi M, Tsukinoki K. Existence of
SARS-CoV-2 entry molecules in the oral cavity. International journal
of molecular sciences. 2020 Jan;21(17):6000.

Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T,
Erichsen S, Schiergens TS, Herrler G, Wu NH, Nitsche A, Muller
MA. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and
is blocked by a clinically proven protease inhibitor. cell. 2020 Apr
16;181(2):271-80.

Slots J, Contreras A. Herpesviruses: a unifying causative factor in

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

periodontitis?. Oral Microbiology and Immunology: Mini-review.
2000 Oct;15(5):277-80.

Badran Z, Gaudin A, Struillou X, Amador G, Soueidan A. Periodontal
pockets: A potential reservoir for SARS-CoV-2?. Medical Hypotheses.
2020 Oct 1;143:109907.

Gupta S, Mohindra R, Chauhan PK, Singla V, Goyal K, SahniV, Gaur R,
Verma DK, Ghosh A, Soni RK, SuriV. SARS-CoV-2 detection in gingival
crevicular fluid. Journal of dental research. 2021 Feb;100(2):187-9
Siu KL, Yuen KS, Castano-Rodriguez C, Ye ZW, Yeung ML, Fung SY,
Yuan S, Chan CP, Yuen KY, Enjuanes L, Jin DY. Severe acute respiratory
syndrome Coronavirus ORF3a protein activates the NLRP3
inflammasome by promoting TRAF3-dependent ubiquitination of
ASC.The FASEB Journal. 2019 Aug;33(8):8865-77.

Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LF. The trinity of COVID-19:
immunity, inflammation and intervention. Nature Reviews
Immunology. 2020 Jun;20(6):363-74.

Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin TR, Katze MG. Into
the eye of the cytokine storm. Microbiology and Molecular Biology
Reviews. 2012 Mar;76(1):16-32.

SahniV, Gupta S. COVID-19 & Periodontitis: The cytokine connection.
Medical hypotheses. 2020 Nov 1;144:109908.

Wu D, Yang XO. TH17 responses in cytokine storm of COVID-19:
An emerging target of JAK2 inhibitor Fedratinib. Journal of
Microbiology, Immunology and Infection. 2020 Jun 1;53(3):368-70.
Patel J, Woolley J. Necrotizing periodontal disease: Oral
manifestation of COVID-19. Oral diseases. 2020 Jun 7.

Pacha O, Sallman MA, Evans SE. COVID-19: a case for inhibiting IL-
17?. Nature Reviews Immunology. 2020 Jun;20(6):345-6.

Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of
mortality due to COVID-19 based on an analysis of data of 150
patients from Wuhan, China. Intensive care medicine. 2020
May;46(5):846-8.

D’Aiuto F, Orlandi M, Gunsolley JC. Evidence that periodontal
treatment improves biomarkers and CVD outcomes. Journal of
periodontology. 2013 Apr;84:585-105.

Montero E, Lépez M, Vidal H, Martinez M, Virto L, Marrero J, Herrera
D, Zapatero A, Sanz M. Impact of periodontal therapy on systemic
markers of inflammation in patients with metabolic syndrome: A
randomized clinical trial. Diabetes, Obesity and Metabolism. 2020
Nov;22(11):2120-32.

Gupta S, Sahni V. The intriguing commonality of NETosis between
COVID-19 & Periodontal disease. Medical hypotheses. 2020 Nov
1;144:109968

Burton MJ, Clarkson JE, Goulao B, Glenny AM, McBain AJ et
al. Antimicrobial mouthwashes (gargling) and nasal sprays to
protect healthcare workers when undertaking aerosol-generating
procedures (AGPs) on patients without suspected or confirmed
COVID-19 infection. Cochrane Database of Systematic Reviews.
2020(9).

Eggers M, Koburger-Janssen T, Eickmann M, Zorn J. In vitro
bactericidal and virucidal efficacy of povidone-iodine gargle/
mouthwash against respiratory and oral tract pathogens. Infectious
diseases and therapy. 2018 Jun;7(2):249-59.

Larvin H, Wilmott S, Wu J, Kang J. The impact of periodontal disease
on hospital admission and mortality during COVID-19 pandemic.
Frontiers in medicine. 2020;7.

Wolfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Miiller MA,
Niemeyer D, Jones TC, Vollmar P, Rothe C, Hoelscher M. Virological
assessment of hospitalized patients with COVID-2019. Nature. 2020
May;581(7809):465-9.

Fernandes Matuck B, Dolhnikoff M, Maia GV, Isaac Sendyk D,
Zarpellon A et al. Periodontal tissues are targets for Sars-Cov-2:
a post-mortem study. Journal of Oral Microbiology. 2021 Jan
1;13(1):1848135.



