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Periodontitis effects toward the extent of COVID-19 severity
(Scoping review)

S.A. Arthur
Faculty of Dentistry, Trisakti University, Jakarta, Indonesia

M. Louisa
Department of Periodomtology, Faculty of Dentistry, Trisakti University, Jakarta, Indonesia

ABSTRACT: In December 2019, SARS-CoV-2 started spreading in China, subsequently
causing a worldwide COVID-19 pandemic that affects various organs, predominantly
respiration. Peniodontitis, a chronic inflammation discase of periodontal tissues, also alters
our systemic immune response. Consequently, periodontitis is presumed to play a part in
COVID-19 severity. This rescarch was conducted to ascertain different resecarch methods
implemented to determine periodontitis effects toward COVID-19 seventy, and also blood
parameters, biomarkers, and COVID-19 severity parameters which were significantly con-
trasting in COVID-19 patients with periodontitis. This scoping review was carned out uti-
lizing the PRISMA diagram consisting of literature associated with COVID-19 patients as a
population, the impact of periodontitis on COVID-19 severity as the concept, and a global
context in several databases, including PubMed, WILEY, and Google Scholar. Five journals
in line with the inclusion critenia applied confirmed various affiliations between periodontitis
and COVID-19 severity. Journals included were one cross-sectional study, two cohorts, one
case-control, and one analytical retrospective study. These studies stated that COVID-
19 severity was predicated on several parameters, including blood parameters, biomarkers,
hospitalization, mortality, ICU support, and ventilation assistance. Research methods
implemented on periodontitis effects toward COVID-19 sevenity were case-control, cohort,
cross-sectional, and analytical retrospective studies. Penodontitis aggravates COVID-
19 severity as a result of increased parameters (D-dimer, troponin, CRP, pro-BNP, pro-
calcitonin, HbAlc, ferritin, and WBC), consequently increasing hospitalization rate, mor-
tality, ICU support, and ventilation assistance.

I BACKGROUND

In December 2019, a sequence of respiratory discases dispersed in Wuhan, China, that gave
nse to Coronavirus discase 2019 (COVID-19) which was then set as a pandemic by the
World Health Organization (WHO) (Soy er al. 2020; Yuki er al. 2020). The cause of this
discase, Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) gains entrance
into host cells through the binding of spike protein and angiotensin-converting enzyme 2
(ACE2) which are found on cardiac, renal, intestinal, endothelial cells, and alveolar type 11
cell surfaces (Azer 2020; Soy er al. 2020). The virus mainly enters through the lung and
spreads toward other organs by means of blood circulation, which could cause organ dys-
function and death (Garcés Villala er al 2020). COVID-19 major manifestations include
fever, fatigue, and dry cough (National Health Commission & National Administration of
Traditional Chinese Medicine 2020). Based on its clinical manifestation, COVID-19 cases
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are divided into asymptomatic, mild, moderate, severe, and critical cases. Critical cases are
indicated by the presence of respiratory failure, assisted ventilation, shock, and organ fail-
ures that necessitates ICU admission (Marzano er al. 2021; National Health Commission &
National Administration of Traditional Chinese Medicine 2020).

Periodontal disecase is a chronic inflammatory disease of periodontium, and acts as the
main reason underlying tooth loss with a prevalence constituting 2074507 of the global
population (Nazir 2017). Two main periodontal discases are gingivitis and peniodontitis
(Shaw er al. 2016). Gingivitis (gingival inflammation response) otherwise healed could pro-
gress into perniodontitis which imposes degradation of periodontal tissue (Belstrom er al
2017). Besides the local effect generated, periodontitis also increases C-reactive protein
(CRP), acute phase proteins, plasma antibody levels, coagulation factors, white blood cell
(WBC), and proinflammatory cytokines (interleukin / IL-15, IL-2, IL-6, Interferon / IFN —
y, and tumor necrosis factor / TNF- a) (Fabn 2020).

There are a lot of various biological possibilitics that underlie the association between
these two discases. There is a similar inflammatory pathway between COVID-19 and pen-
odontitis, which is shown by the increase of proinflammatory cytokines (IL-14, IL-2, IL-6,
TNF- a. IFN-y), CRP, acute phase proteins, and coagulation factors (Fabri 2020). COVID-
19-induced cytokine storm is comparable to cytokine imbalance manifested in periodontitis,
thus there is a potential relationship between periodontitis and COVID-19 complications
(Martu er al 2020).

ACE (main receptors for SARS-CoV-2) are also found in the oral epithelial cells, such as
the tongue, buccal mucosa, gingival tissue, periodontal pockets, and gingival crevices
(Sukumar & Tadepalli 2021). Periodontal pockets could also be an advantageous setting for
SARS-CoV-2 replication and survival (Deo er al. 2021). The binding between SARS-CoV-2
and ACE2 serves as a cellular entrance that facilitates virus entry and increases the viral load
in the tissue (Ciornei 2020). Plasma viral load increase is significantly linked with the
increase of inflammatory markers and COVID-19 severity (Fajnzylber er al 2020).
Pncumonia is also one of the poor COVID-19 severity indicators (Yuki er al 2020).
Periodontopathic bacteria are also found in the bronchoalveolar lavage fluid (BALF) of
pncumonia patients. An increase of perniodontopathic bactena could intensify COVID-
19 seventy through several mechanisms, involving an increase of ACE2 expression, proin-
flammatory cytokines increase in the lower respiratory tract, and periodontopathic bacteria
proteases that could facilitate SARS-CoV-2 infection by degrading S protein in SARS-CoV-
2 (Takahashi er al 2021a).

Several associations pertaining to periodontitis that may potentially increase COVID-
19 severity stated above urges the writer’s interest in conducting a scoping review based on
periodontitis impact toward COVID-19 severity. The objective of this study is to see various
methods done on this topic, as well as blood parameters, biomarkers, and COVID-
19 sevenity parameters which were remarkably distinct in COVID-19 patients with period-
ontitis. This study aspires to be an educational means for both professional health workers
and the general public. and also help to identify individuals at more vulnerable nsk of
COVID-19 seventy.

2 METHODS

This rescarch is done by a rescarcher between August and December 2021, using scoping
review method by means of Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) diagrams. The scarch strategy is done by using population, concept,
and context criteria, and inclusion and exclusion criteria by using the Boolean search on
three databases as listed in Table 1. Search results on three databases obtained as much as
698 journals (31 journals from PubMed. 32 journals from WILEY, and 635 journals from
Google Scholar). Out of a number of 698 journals, 46 duplicates were discovered, leaving
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652 journals which were then further sorted and assessed based on their title and abstract. A
sum of 647 articles was excluded, of which 64 articles did not have any association with
periodontitis, 31 articles did not have any association with COVID-19 severity, 395 articles
did not have both association with peniodontitis and COVID-19 severity, 12 journals could
not be accessed, 23 articles were response articles, 46 articles were written in languages apart
from Indonesian and English, 24 weren’t an article/journal (website, posters, magazines, and
so forth), 43 were reviews, and 9 articles didn’t contain any clinical data. Through full-text
rcading of five articles, no additional articles were excluded.

Table 1. Search strategy.

Search strategy

— Population: literature associated with COVID-19 patients

— Concept: periodontitis impact toward COVID-19 seventy

— Context: global

Electromic database: Google Scholar, PubMed, WILEY

Incluson criteria: Orniginal articles obtamed from PubMed, Google Scholar, and WILEY; cohorts, case
controls, cise reports, cross-sectionals, randomized controlled tnals, journals, and grey hiterature
wrilten m English and Indonesian, journals published since 2020

Exclusion criteria: Response articles, systematic reviews, journals, and grey Iterature written in
languages aside from Englsh and Indonesian

Boolean search : (“Penodontal disease™ OR “Periodontal manifestation™ OR penodontitis) AND
(“COVID-19 seventy”™ OR “COVID-19 comphcations” OR “COVID-19 outcomes™ OR “COVID-19
aggravation” OR “COVID-19 disease™ OR “COVID-19 exacerbation™ OR “worsen COVID-19")

3 MAIN FINDINGS

The rescarch concludes with five full-text journals acquired and used in this rescarch. The
PRISMA diagram denotes the flow of the searching and sorting phase, which is displayed in
Figure 1. Table 2 represents relevant findings taken from each study.

Reverds et fod (hemagh Addrsanal reconds icmafiod
Gaadaw seaiitisg thevagh eter sources
(n = 655 a9
- -
Recands afer depl
a =852
*
T Sp— LB
Py . acudod
(n=8a7)
\d
[ryeepe——— R Iiterrr
=% (n=0)
v
Sradics e hadod 13 gealiatie
nrtew
(n~5)

Figure 1. Preferred Reporting ltem for Systematic Reviews and Meta-Analyses (PRISMA).
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Table 2. Extraction table.

Authors Year Tule Objectives Sample group Study design  Research result

Gupta 2021 The chimcal  Assocmtion be- 82 COVID-19 po- Periodontitis im-

et al. assocmtion  lween period-  sitive patients pact both direct
between per-  ontiis and and mdrrect to-
wdontitis COVID-19 ward a worse
and COVID- clmscal symp- prognosis of
19. toms COVID-19

Larvin 2021 Additive ef-  Addituve effects 58897 data ob- Penodontal dis-

et al. fect of peri-  of periodontal  tained from the UK ease could worsen
odontal dis-  disease and Brobank cohort obesity effect to-
ease and obesity toward  study between ward COVID-
obesity on COVID-19 March 2020 and 19 hospitalzation
COVID-19 February 2021 and mortahty
oulcomes.

Larvin 2020 The impact  To ascertam 13,253 data ob- No heightened

et al. of penodon-  periodontal taned from the UK sk of mortality
tal disease on  disease mpact  Biobank cohort and hospitaliza.
hospetal ad-  toward study between ton of COVID-19
massion and  COVID-19 pa- March and June patients with loose
mortahity tents” hospita- 2020 teeth as an indica-
dunng lzzation and tor of periodontal
COVID-19  mortaly disease
pandemc.

Maroul 2021 Assocation Assocmtion be- Electromic health  Case control Assocation be-

et al. between per-  tween period-  data of 568 tween penodonti-
wdoatitis ontitis and COVID-19 patients us and elevated
and sevenity COVID-19 with active dental sk of COVID-19
of COVID- complcations records complications
19 mfection: (ICU admassion,
A case- need for assisted
control ventilation, death,
study. and biomarker

elevation)

Sirm & 2021 The rddation- Link between  Dental Damage Connection ob-

Ozcelik ship between dental damage Stage data based  retrospective served between
COVID-19  stage and upon Apacal Pen- dental damage
and the den- COVID-19 se-  odonuus Grading stage and COVID-
tal damage  venly Scale, Radiologic 19 seventy that 18
stage was de- Alveolar Bone Loss fit for extensive
termined by and Pathophysiolo- studies
radiological gical Process of
examination. Dental Canes from

137 COVID-19 po-
sitive patents

Data obtained from full-text journals used in this study are then divided and categorized
into several different categories which are displayed in different tables. Categones related to
COVID-19 seventy are divided into blood parameters and biomarkers, hospitalization,
mortality, assisted ventilation, and ICU admission.

Two articles mentioned periodontitis’s impact toward blood parameters and biomarkers
which modify COVID-19 severity (Table 3). Research conducted by Gupta er al (2021)
stated that patients with periodontitis have higher levels of CRP, D-dimer. HbAlc, ferritin,
troponin, pro-BNP, and procalcitonin. At the same time, Marouf e7 al (2021) claimed that
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heightened levels of HbAle, WBC, and CRP are appeared in COVID-19 patients with
periodontitis.
The association between periodontitis and the risk of COVID-19 hospitalization is shown in
four articles (Table 4). A study conducted by Gupta er al (2021) shows a heightened nisk of
hospitalization in patients with periodontitis. Table 4 mentions two separate rescarches carried out
by Larvin er al (2021, 2020), where both articles utilize data extracted from a UK Biobank cohort
study which uses self-reported indicators by patients with bleeding and painful gums (mild to
moderate periodontal disease indicator) and loose teeth (severe periodontal discase indicator).

Table 3. Blood parameters and bnomarkers.
Authors Sample group Research results
Gupta 82 COVID-19-positive patients (27 patents  — Gmgival recession and mussing teeth on
et al. without penodontal disease, 21 patients with account of penodontal disease were rela-
mngvitis, and 34 patients with stage -1V ted to D-dimer and troponin levels.
periodontitis) — A signmificant association between probing
depth and levels of HbAle, CRP, D-
dimer, and ferntin.

— Higher clinxcal attachment loss (CAL) was
connected 1o heightened levels of CRP,
D-dimer, pro-BNP, troponin, and pro-
calatonin levels.

— Patients with a higher degree of period-
onlitis severity have haghtened D-dimer,
pro-BNP, and tropomn levels.

Maroul  Electronc health data of 568 COVID-19- Higher HbAle, WBC, and CRP levels in
et al positive patients (258 patients with COVID-19 patients with periodontits
periodontits) compared 1o those withoul.
Table 4. Hosputahization.
Authors Sample group Research results
Gupta 82 COVID-19-positive patients (27 patients  COVID-19 patients with periodontitis had
et al. without periodontal disease, 21 patients with  higher nisk of hospitalization.
gingvitzs, and 34 patients with stage L1V
penodontitis)
Larvin 58,897 data obtained from the UK Biobank Obese COVID-19 patients with periodontal
et al cobort study between March 2020 and disease had higher chance of bospitalization

Larvin
et al.

Sermn &
Ozcehk

February 2021 (14,466 positive COVID-19
cases, encompassing 6124 patents with
bleeding gums, 1511 patients with loose teeth,
1397 patients with painful gums, and 49,565
patients without any history of penodontal
disease)

13,253 data obtained from the UK Biobank
cobort study between March and June 2020
(365 patients with panful gums, 1329 patients
with bleeding gums, 406 patients with loose
teeth, and 11,153 patients without any history
of periodontal disease)

Dental Damage Stage (DD Sig) data based
upon Apwcal Penodontits Grading Scale,
Radwlogic Alveolar Bone Loss dan Patho-
physiological Process of Dental Canes from
137 COVID-19 positive patients

compared to obese COVID-19 patients with-
out any periodontal disease.

Loose weeth as a penodontal disease mdscator
wasn't associated with higher COVID-
19 hospetalization.

Patients expressing Dental Damage Stage
(DD Stg) 2 and 3 had higher COVID-

19 hospetalization in comparison o0 patients
with DD Sig 0 and 1.
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‘Additive Effect of Periodontal Discase and Obesity on COVID-19 Outcomes” which
studies 58897 data between March 2020 and February 2021 showed an increase in hospita-
lization in obese COVID-19 patients with periodontal disease indicators compared to those
without obesity, which proves an evident additive effect between periodontal discase and
obesity which exerts influence on COVID-19 severity (Larvin er al. 2021). However, con-
tradictory to the journal previously mentioned, *The impact of periodontal disease on hos-
pital admission and mortality during COVID-19 pandemic’ which utilized 13,253 data
between March and June 2020 showed no association between loose teeth indicator with
COVID-19 hospitalization (Larvin er al. 2020).

One study done by Sirin & Ozcelik (2021) explores the relation of COVID-19 sevenity with
DD Stg (dental status indicator based on the summation of APGS, RBL, and PPDC scores
which are then further categorized into four classifications, which are DD Stg 0 (healthy),
DD Stg | (mild), DD Stg 2 (moderate) dan DD Stg 3 (severe). The study result shows that
patients with DD Stg 2 and 3 exhibited higher hospitalization in contrast with patients with
DD Stg 0 and 1.

Table 5 discusses the association between periodontitis and mortality of COVID-19
patients. A study conducted by Gupta er al (2021) and Marouf er al (2021) conveys that
periodontitis increases the mortality rate in COVID-19 patients. Corresponding to this dis-
covery, another study conducted by Sirin & Ozcelik (2021) found that patients with DD Stg
3 notably had higher montality rates compared to lower DD Stg.

Another study conducted by Larvin er al (2021) in ‘Additive Effect of Periodontal
Discase and Obesity on COVID-19 Outcomes™ showed increased mortality nisk in obese
COVID-19 patients with periodontitis. Dissimilar to this finding, a different study conducted
by Larvin er al (2020) in ‘“The impact of periodontal discase on hospital admission and

Table 5. Mortaluy.

Authors Sample group Research results

Gupta 82 COVID-19-positive patients (27 patients  Patients with mortality had a greater degree
et al. without periodontal disease, 21 patients with  of periodontiis severity.
gingivitis, and 34 patents with stage 1.1V

penodontitis)
Larvin  S8.897 data obtained from the UK Biobank Obese COVID-19 patients with periodontal
et al. cohort study between March 2020 and disease had higher rates of mortahty com-

February 2021 (14,466 positive COVID-19  pared to obese COVID-19 patents without
cases, encompassing 6124 patients experien-  periodontal disease.
cmng bleeding gums, 1511 patents experien-
cmg loose teeth, 1397 patients experiencing
pamnful gums, and 49,565 patients without
any history of penodontal disease)
Larvin 13253 data obtained from the UK Biobank Loose teeth as a periodontal disease mdscator
et al. cohort study between March and June 2020 dad not have any relatton with an increase m
(365 patients expenencing pamnful gums, 1329 the mortahty rate m COVID-19.
patients expenencing bleeding gums, 406
patients expeniencing loose teeth, and 11,153
patients without any history of penodontal
disease)
Maroul Electronic health data of 568 COVID-19- Penodontitis was connected with an in-
et al. positive patients (258 patients with pennod-  creased nisk of mortality in COVID-19
onlits) patients.
Sermm &  Dental Damage Stage data based upon Patients with DD Stg 3 had a ssgnificant
Ozcehk  APGS, RBL, and PPDC scores oblamed increase in mortahity rate.
from 137 COVID-19-positive patients
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mortality during COVID-19 pandemic” using different sample groups stated no association
between loose teeth as a periodontal discase indicator with the mortality rate in COVID-19
tents.

paBased on Table 6, studies done by Gupta er al (2021) and Marouf er al. (2021) showed a
relation between periodontitis with the need for assisted ventilation. This finding indicates
that periodontitis is related to higher COVID-19 severity, owing to the fact that the need for
ventilation assistance i1s a poorer COVID-19 severity indicator (National Health
Commission & National Administration of Traditional Chinese Medicine 2020).

Table 6. Assisted venulation.

Authors Sample group Research results

Gupta 82 COVID-19-positive patients (27 patients A significant assocmtion between BOP,
et al. without periodontal disease, 21 patients with probing depth, gmgival recession, CAL with
gingmvitis, and 34 patents with stage 1.1V oxygen requmrement, and assisted venulation
penodontitis) mn COVID-19 patients, particularly m pa-
tients exhabiting stage 111 and IV penod-
onlitis.
Maroul  Electronic health data of 568 COVID-19- Association between periodontitis and the
et al. posilive patients (258 patients with penod-  need for assisted ventilation.
onlits)

Table 7 shows data from two studies conducted by Gupta er al (2021) and Marouf ez al.
(2021). where both studies presented that periodontitis affects COVID-19 patients” ICU
admission. Both studies connect periodontitis with COVID-19 seventy, because ICU
admission is considered one unfavorable COVID-19 seventy indication (National Health
Commission & National Administration of Traditional Chinese Medicine 2020).

Table 7. ICU admissson.

Authors Sample group Research results

Gupta 82 COVID-19-positive patients (27 patients  COVID-19 patients with higher seventy of

et al. without peniodontal disease, 21 patients with  penodontits underwent ICU admssion n
gingmvitis, and 34 patents with stage 1.1V contrast 1o those with healthy penodontal
penodoatits) tssues which generally only encounter home

1solation or ward admission.

Maroul  Electronic health data of 568 COVID-19- Peniodontitis had a sigmificant impact toward

et al. posilive patients (258 patients with penod-  the need of assisted ventkation in COVID-19
onlits) patents.

Previous studies stated above have proven to validate the associations between period-
ontitis and COVID-19 severity. An carlier study conducted by Marouf er al. (2021) showed
an association between peniodontitis and higher mortality, especially if there are comorbid-
itics involved. A Mendelian randomization study carried out by Wang er al. (2021) also
discovered a significant association between genetically proxied periodontal discase with a
heightened nsk of COVID-19 susceptibility and hospitalization. A study conducted by
Takahashi er al. (2021a) also found culture supermatant Fusobacterium nucleatum (CSF)
cffect on the increase of ACE2 expression, IL-6, and IL-8 in COVID-19 patients. This
finding reinforces the hypothesis stating that periodontopathic bacteria increase can cause
poorer COVID-19 severity (Takahashi er al. 2021b).
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3.1 Periodontitis effects toward biomarkers in COVID-19 patients

Out of 698 journals, 46 duplicates were discovered and further 647 journals were excluded,
leaving five full-text articles deemed relevant. Five articles mentioned used various rescarch
methods, consisting of one cross-sectional, two cohorts, one case-control, and one analytical
retrospective study. This scoping review showed various blood parameter and biomarker
increases in COVID-19 patients with periodontitis, encompassing D-dimer, troponin, CRP,
pro-brain natriuretic peptide (pro-BNP), procalcitonin, HbAlc, ferntin, and WBC.
Periodontal disease-induced inflammation could impose as a procoagulant risk factor which
then increases fibrinogen degradation products, including D-dimer (Dikshit 2015). This
finding could be associated with COVID-19 severity, considering COVID-19 patients with
severe symptoms tend to undergo coagulation function dysregulation and have higher D-
dimer levels (Yu er al. 2020).

A study conducted by Boyapati er al. (2018) also discovered a positive relation between an
increase in troponin biomarkers and periodontal parameters such as probing depth and
Periodontal Inflammatory Surface Area (PISA). Troponin increase is also often found in
COVID-19 patients and is associated with fatal outcomes (Abbasi er al. 2020). C-reactive
protein (CRP), an acute reactant phase product gencrated by the heart is also increased in
periodontal discase, caused by inflammatory mediators that could stimulate hepatocytes to
produce CRP (Bansal er al 2014). In COVID-19 patients with worse symptoms, CRP is also
found to increase, thus accordingly this biomarker could be used to monitor and evaluate
COVID-19 progress (Sadeghi-Haddad-Zavarch er al 2021). In physiological conditions,
procalcitonin (PCT) would escalate when inflammation takes place and has a potential as an
inflammatory mediator which plays a part in periodontal inflammation (Selvadurai er al
2019). PCT increase also happens in COVID-19 patients, markedly in severe patients (four
times higher) and critical patients (eight times higher) compared to moderate COVID-19
patients (Hu er al. 2020).

Periodontopathogens produce lipopolysacchandes which are bound to enter blood cir-
culation, increase adhesion molecules and proinflammatory cytokines release which then
causes systemic inflammation and an increase of serum N-terminal-pro-BNP (NT-proBNP)
(Leira & Blanco 2018). NT-proBNP is frequently found in COVID-19 patients and is
strongly associated with montality (Caro-Codon er al 2021). Increase of glycosylated
hemoglobin (HbAlc) in periodontitis patients could be attributed to periodontopathogens
and their products that could stimulate cells to release proinflammatory cytokines and
consequently disrupt glucose and lipid metabolism (Rajan er al. 2013). HbAlc increase is
also associated with COVID-19 prognosis and an increase in COVID-19 mortality in dia-
betic patients with poor glycaemic control before infection (Prattichizzo er al 2021).

In an acute response phase, TNF-a and IL-18 increase serum ferritin, a systemic inflam-
mation indicator (Gupta er al. 2021). According to Thounaojam (2019), ferritin increases in
chronic periodontitis patients. Abnormal ferritin levels in COVID-19 patients were asso-
ciated with higher risk of liver damage and illness, thus ferritin is useful in detecting COVID-
19 prognosis (Hussein er al. 2021). Increase in white blood cell (WBC) also ensues due to
polymorphonuclear cells that play a role as a mediator in periodontal inflammation (Kumar
et al. 2014). A study conducted by Zhu er al. (2021) also showed an association between
WBC level with mortality in COVID-19 patients; therefore, this parameter needs to be dis-
cerned in handling COVID-19 patients (Zhu er al. 2021).

3.2 Periodontitis in relation to hospitalization, mortality, ICU admission, and
ventilation assistance of COVID-19 patients

Based on the findings presented above, periodontitis increases blood markers correlated with
COVID-19 severity (Marouf er al. 2021). This scoping review also found an association
between peniodontitis with COVID-19 hospitalization, ventilation assistance, ICU
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admission, and also mortality. However, according to Larvin ez al. (2020), there was no link
between loose teeth indicator and COVID-19 hospitalization based on a cohort depending
on self-reported indicators by research subjects. This could be attributed to the small size of
the periodontitis subgroup, and the possibility of patients undergoing peniodontal treat-
ments, tooth extraction, or self-exfoliated teeth. In addition. there could also be inaccuracy
of self-reported indicators by the rescarch subjects. According to Larvin er al. (2021), there is
also a hospitalization and mortality increase in COVID-19 obese patients compared to those
without periodontitis. Obesity and periodontitis have combined or synergistic effects on
systemic inflammation which prompts metabolic dysregulation (Jepsen er al 2020).
Therefore, it can be concluded that periodontal inflammation and obesity synergistically
worsen COVID-19 outcomes (Larvin er all 2021).

3.3 Hypotheses underlying the relationship between COVID-19 and periodontitis

Hypotheses regarding the mechanistic link between periodontitis and COVID-19 seventy
have been proposed. A prior scoping review conducted by Basso er all (2021) reviewed
hypotheses underlying the relationship between COVID-19 and periodontal discases. The
studies included in the scoping review mentioned stated that certain molecules (ACE2, furin,
cathepsin, and TMPRSS2) increase in periodontitis patients and play a role in SARS-CoV-2
emergence. Periodontopathic bacteria also take part in SARS-CoV-2 entry by cleaving the S
protein of SARS-CoV-2 and increasing cytokine production which then contributes to the
COVID-19 cytokine storm. Periodontal pockets could also act as a SARS-CoV-2 reservoir,
hence gingival epithelial ulceration in periodontitis patients could attribute to a higher risk of
SARS-CoV-2 infection. A study by Gupta er al. (2021) also found a similarity in Neutrophil
Extracellular Traps (NET) that are involved in both COVID-19 and periodontitis patho-
genesis (Marouf er all 2021).

4 CONCLUSION

Rescarch methods implemented thus far regarding periodontitis impact in relation to
COVID-19 severity are case-control, cohort, cross-sectional, and analytical retrospective
studies. Periodontitis substantially aggravates COVID-19 symptoms by escalating D-dimer,
troponin, CRP, pro-BNP, procalcitonin, HbAlc, ferritin, and WBC which then increases
hospitalization, mortality, ICU admission, and ventilation assistance. Therefore, oral
hygiene maintenance is necessary in view of the fact that consequences caused by period-
ontitis could alter COVID-19 prognosis. Contradictory results in periodontitis effects toward
hospitalization impose further research to be done. Further experimental research (in virro
and in vivo) is necessary to perceive the causal effect between periodontitis and COVID-19.
Synergistic effects between periodontitis and other comorbidities are also in need of further
rescarch to identify patients who are more prone to unfavorable COVID-19 outcomes.
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ABSTRACT:

Background(s):

In December 2019, SARS-CoV-2 started spreading in China, subsequently causing
worldwide COVID-19 pandemic  which affects various organs, predominantly
respirstion. Periodontitis, a chronic inflammation disease of periodontal tissues, also
alters our systemic immune response. Consequently, periodontitis is presumed to play &
part in COVID- 19 severity.

Objective(s)

This rescarch was conducted to ascertain different rescarch methods implemented 1o
determine periodontitis effects towards COVID-19 scv"ly. and also blood parameters,
biomarkers, and COVID-19 severity parameters which were significantly contrasting in
COVID-19 patients with periodontitis.

Method(s):

This scoping review was carried out wtilizing PRISMA diagram consisting of literature
associated with COVID-19 patients as population, periodontitis impact towards
COVID-19 severity as concept, and global as context in several databases, that are
PubMed, WILEY, and Google Scholar.

Main finding(s):

Five journals in line with inclusion criteria applied confirmed various affiliation
between periodontitis and COVID-19 severity, Joumals included were one cross
sectional study, two cohorts, one case control, and one analytical retrospective study.
These studies stated that COVID-19 severity was predicated on several parameters,
including blood parameters, biomarkers, hospitalization, mortality, ICU support, and
ventilation assistance.

Conclusion(s):

Research methods implemented on periodontitis effects towards COVID-19 severity
were case control, cohort, cross sectional, and analytical retrospective study.
Peniodontitis aggravates COVID-19 severity as a result of increased parameters (D-
dimer. troponin, CRP, pro-BNP. procalcitonin, HbAlc, femitin, and WBC),
consequently increasing hospitalization rate, mortality, ICU support, and ventilation
assistance.

Keywords:

Biomarkers, COVID-19 severity, periodontitis




BACKGROUND

In December 2019, a sequence of
respirstory discases dispersed in Wuhan,

Chi t gave rise to Coronavirus dis-
case 2019 (COVID-I9) which was then
set as a b} World Health Or-

ganization (WHO).'* The cause of this
discase, Severe Acute i S
drome  Coronavirus %

ains entrance into host cells through lhc
ghdh. of spike protein and angiotensin

enzyme 2 (ACE2) which are

found on cardiac, renal, intestinal, endo-
lhclml cclls and alveolar type 11 cell sur-
faces.” Virus mainly enters through lung
and spreads towards other organs by
means of blood circulation, which could
cause organ dysfunction and death.*
COVID-19 major manifestations include
fever, fatigue, and dry cough.’ Based on
its clinical manifestation, COVID-19 cas-
es are divided into asymptomatic, mild,
moderate, severe, and critical cases, Crit-
ical cases are indicated by the presence of
respirstory  failure, assisted  ventilation,
shock, and organ failures that necessitates
ICU admission.**

Periodontal disease is a chronic in-
flammatory discase of periodontium, and
acts as the main reason underlying tooth
loss with a prevalence commuung 20-
50% of global population.” Two main
periodontal discases are gingivitis and
periodontitis.® Gingivitis (gingival in-
flammation response) otherwise healed
could progress into periodontitis which
lmposcs degradation of periodontal tis-
suc.” Besides the local effect @erated,
periodontitis also increases  Coreactive
protein  (CRP), acute phase proteins,
plasma antibody levels, coagulation
Eictors, white blood cell (WBC), and
proinflammatory cytokines (interleukin /
IL-1B, IL-2, IL-6, Interferon / IFN - y,
and tumor necrosis factor / TNF- a).™

There are a lot of various biological
possibilities that underlies the association
between these two diseases. There is a
similar inflammatory pathway between
COVID-19 and periodontitis, which is
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shown by increase of proinflammatory
cytokines (IL-1p, IL-2, IL-6, TNF- a,
IFN-y), CRP, acute phase proteins, and
coagulation factors." COVID-19 induced
cytokine storm is comparable to cytokine
imbalance  manifested in periodontitis,
thus there is a potential relationship be-
tween penodontitis and COVID-19 com-
plications."'

ACE (main receptors for SARS-
CoV-2) are also found in the oral epithe-
lial cells, such as the tongue, buccal mu-
cosa, gingival tissue, pcnodonml pockets,
and gingival crevices."”  Periodontal
pockets could also be an advantageous
setting for SARS-CoV-2 replication and
survival."' Binding between SARS-CoV-
2 und ACE2 serves as a cellular entrance
that facilites virus entry and increases
viral load in the tissue.'* Plasma viral
load increase is significantly linked with
the increase of inflammatory markers and
COVID-19 severity." Pneumonia is also
one of poor COVID-19 severity indica-
tor. Pemdoucpulhic bacteria are also
found in bronchoalveolar lavage fluid
(BALF) of pneumonia patients. An in-
crease of peniodontopathic bacteria could
intensify  COVID-19  seventy through
several mechanisms, involving increase
of ACE2 expression, proinflammatory
cytokines increase in lower respiratory
tract, and periodontopathic bactena pro-
teases that could facilitate SARS-CoV-2
infection by degrading S protein in
SARS-CoV-2.'*

Several associations pertaining o
periodontitis that may potentially increase
COVID-19 severity stated above urges
the writer's interest in conducting a scop-
ing review based on periodontitis impact
towards COVID-19 severity. The objec-
tive of this study is to see various meth-
ods done on this topic, as well as blood
parameters, biomarkers and COVID-19
severity pariffeters which were remarka-
bly distinct in COVID-19 patients with
periodontitis. This study aspires to be an
educational means for both professional
health workers and general public, and al-




so help to identify individual with more
vulnerable risk of COVID-19 severity.

METHOD

This research is done usfE} scop-

ing review method by means of W
Sﬂ&' Items for S

Meta-Analyses ( m
Literature search is done by one rescarch-
er between August and December 2021,
Search strategy is done by using popula-
tion, concept, and context criteria, and in-
clusion and exclusion criteria by using
boolean search on three databases as
listed in Table 1. Search results on
threedatabases obtained as much as 698
Joumals (31 joumnals from PubMed, 32
Joumnals from WILEY, and 635 journals
from Google Scholar). Out of a number
of 698 joumals, 46 duplicmes were
discovered, leaving 652 journals which
Bere then further sorted and assesed
based on their title and abstract, A sum of
647 amicles were excluded, on the
account of 64 articles did not have any
association with periodontitis, 31 anticles
did not have any association  with
COVID-19 severity, 395 articles did not
have both association with periodontitis
and COVID-19 severity, 12 joumals
could not be accessed, 23 articles were
response articles, 46 articles were written
in languanges apart from Indonesian and
English, 24 weren't an anticle/journal
(website, posters, magazines, and so
forth), 43 were reviews, and nine article
didn’t contain any clinical data. Through
full-text reading of five articles, no
additional articles were excluded.

Table 1. Search strategy

COVID-19 severity

<Context : global

Electronic  database :© Google Scholar,
PubMed, WILEY

Inclusion  criteria Original  artickes

obtained from PubMed, Google Scholar, and
WILEY: coborts, case controls, case reports,
cross sectionals, randomized controlled trials,
Journals and grey literature written in English
nd  Indonesian, journals  published  since
2020

Exclusion criteria : Response articles, sys-
tematical reviews, journals and grey literature
written in languages aside from English
Indonesian

Boolean scarch
“Periodontal  manifestation”  OR

L ("Penodontal disease™

<
periodontitis) AND (“COVID-19 severity”

OR  "COVID:19  complications” OR
COVIDA19  outcomes”™ OR “COVID-19
aggravation” OR “COVID-19 discase™ OR
COVID-19  exacerbation” OR  “worsen
COVID-19%)

Search Strategy

PCC Criteria :

-Population : hterature associated with
COVID-19 paticnts

«Concept : penodontitss impact towards

MAIN FINDINGS

The research concludes with five
full-text journals acquired and used in
this research, The PRISMA  diagram
denotes the flow of searching and sorting
phase, which is displayed in Figure |,
Table 2 represents relevant findings taken
from cach study.
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Addative
Effect of Pen-
odontal  Dis-

Table 2. Extraction table

Objectives Sample
Group

Associatio 82 COVID-
n  between 19
periodontitis  patients
and COVID-
19 chinical
symptoms

Additive 58897
effects of datas obtaned

periodontal from

UK

Study

design

Cross

positive  sectional

Cohor

Research
Result

Periodontitis
impact both direct
and indirect
towards worse
prognosis of
COVID-19

Periodontal
discase could
worsen  obesity




Larvi 2
n H, et 020

uf N, et 021

Sinin 2
DA, et 021

Datas obtained from full-text journals
used in this study is then divided and
into  several

categorized

case and Obe-
sty on
COVID-19
Outcomes.

The Tmpact
of Perioddontal
Discase  on
Hospital  Ad-
mission  and
Mortality Dur-
ing  COVID-
19 Pandemic.

Assxia-
tion  Between
Peroxlontitis

Severity
of COVID-19
Infection: A
Case-Control

Study .

The Rela-
tionship  Be-

@en
COVID-19

and the Dental
Damage Stage

by Radiologi-
cal Examing-
tion.

categories  which are displayed in

different tables. Categories related to
COVID-19 seventy are divided into

discase  and  Biobank effect towards
obesity cobort  study COVID-19
towarnds between hospitalization and
COVID-19 March 2020 mortality

and

2021

To 13253 data Cohor No  heightened
ascertain obtained from t risk of montality
periodontal UK Biobank and hosprtalization
discase cobort  study of COVID-19
Impact between patients with loose
towarnds March  and tecth  as  an
COVID-19  June 2020 indicator of
patients’ perodontal
hospitalizatio discase
n and
mortality

Associatio Ekectronic Cise  Association
n between  healthfJata of comtrol  between
periodontitis -~ S68  COVID- periodonti@il and
and COVID- 19 patients clevated of
19 with  active COVID-19
complication  dental records complications
s (ICU  admission,

need for mssisted
ventilation, death,
and  blomarker
clevation)

Link Dental Analy Connedgn
Pwcen Damage Stage tical observed  between
dental data  [Pased  retrospec demtal  damage
damage stage upon  Apical tve stage and COVID-
and COVID-  Periodontitis 19 severity that is
19 severity  Grading Scale, fit for extensive

Radiologic studies

Alveolar Bone

Loss and

Pathophysiolo

gical  Process

of Dental

Caries  from

137 COVID-

19 positive

patients
blood parameters and  biomarkers,
hospitalization,  mortality,  assisted

different  ventilation, and ICU admission.
Two articles mentioned

periodontitis  impact  towards  blood
parameters  and  biomarkers  which




modifies COVID-19 severity (Table 3).
Research conducted by Gupta et al. stated
that pfents with periodontitis  have
higher levels of CRP, D-dimer, HbAlc,
ferritin, t in,  pro-BNP,  and

M7 At the same time, Marouf
et al. claimed that heightened levels
HbAle, WBC, and CRP are seen in

19 with L
EirEriE
the risk 19 hospitaligRon is

shown on four articles (Table 4). A study

conducted by Gupta et al. shows a
heightened risk  of  hospitalization  on
patients  with periodontitis.'” Table 4
mentions two separate researches carried
out by Larvin et al., where both articles
utilizes data extracted from UK Biobank
cohort study which uses self-reported
indicators by patiefid with bleeding and
painful  gums  (mild o rate
periodontal discase indicator) and loose
umw(:fm periodontal discase indica-
tor),™

Table 3. Blood parameters and biomarkers

1. Gingival recession and  missing  teeth on
account of periodontal discase was related to

D-dimer and troponin levels,

2. Significamt assofftion between probing depth

and levels of HbAle, CRP, D-dimer, and

Higher clinical attachment loss (CAL) was
connected to heightenod levels of CRP, D-
dimer, pro-BNP, troponin, and procalcitonin

Patients with higher deg ) of periodontitis
severity have heightened D-dimer, pro-BNP,

and troponin levels.

Higher HbAlc, WBC, CRP kvels in COVID-19
patients with periodontitis compared 1o those without.

Rescarch results
COVID-19 patients with

Authors Sample group Rescarch resulis
Gupta S, 82 COVID-19 positive
etal, patients (27 patients
without periodontal discase,
21 patients with gingivitis,
and M patients with stage
11V periodontitis) ferritin.
8
levels.
4.
Marouf Electronic health data of
N, etal 568 COVID-19  positive
patients (258 patients  with
persodontitis)
Table 4, Hospitalization
Authors Sample group
Gupta 82 COVID-19 positive patients (27 patients
S,etal without periodontal disease, 21 patients with

Larvin
H,etal

Larvin

gingivitis, and 34 patients with stage LIV
periodontitis)

58397 datas obtained from UK Biobank
cohort  study between March 2020 and
February 2021 (14466 positive COVID-19
cases, encompassing 6,124 patients  with
bleeding gums, 1.511 patients with loose teeth,
1.397 patients with painful gums, and 49.565
patients without any history of periodomal
discase)

13253 datas obtained from UK Biobank

periodontitis  had  higher  risk  of
hospitalization,

Obese COVID-19 patients  with
periodomtal discase had higher chance
of hospitalization compared obese
COVID-19  patients  without  any
penodontal discase,

Loose teeth as a  periodontal




H.oetal.  cobort study [etween March and June 2020 discase indicator wasn't associated
(365 patients with painful gums, 1.329 patients  with higher COVID-19
with bleeding gums, 406 patients with loose  hospitalization.
teeth, and 11,153 patients without any history

of fiodontal discase)

Sirin Dedfl Damage Stage (DD Stg) data based Patients  expressing  Dental
DA.ctal.  upon Apical Periodontitis Grading  Scale, Damage Stage (DD Stg) 2 and 3 had
Radiologic  Alveolar  Bome Loss  dan  higher COVID-19 hospitalization in
Process of Dental Carles  companison to patients with DD Stg 0

from 137 COVID- 19 positive patients and 1.,

[13)

‘Additive Effect of Periodontal
Discase and Obesity on COVID-19 Out-
comes' which studies SS897  datas
between March 2020 and February 2021
showed an increase of hospitalization in
obese COVID-19 patients with periodon-
tal discase indicator  compared] those
without, which proves an evident additive
effect between periodontal discase and
obesity  which  exents  influence  on
COVID-19 severity. However,
contradictoryBlo the journal previously
mentioned, “The impact of periodontal
discase on hospital admission and mortal-
ity during COVID-19 pandemic’ which
utilized 13253 datas between March and
June 2020 showed no  assocision
between  loose  teeth  indicator  with
COVID-19 hospitalization."

One study done by Sirin et al,
explores the relation of COVID-19
severity with DD Stg (dental status
indicator based on the summation of
APGS, RBL and PPDC scores which are
then further categorized imo  four
classificatigh, which are DD Sig 0
(healthy), DD Stg 1 (mild), DD Sig 2
(moderate) dan DD Stg 3 (sevef). Swud
result shows that patients with DD Sig ;
and 3 exhibited higher hospitalization in
coclmasl with patients with DD Stg 0 and
1.2

Table 5 discusses the association
between periodontitis and mortality of
COVID- 1§ patients. A study conducted
by Gupta et al and Marouf et al conveys
that periodontitis increases mortality rate
in COVID-19 patients,'” ¥
Corresponding 1o this discovery, another

study conducte@py Sirin et al found that
with DD Stg 3 notably had

mortality rate compared to lower
DD Sig. M

Another Ostudy  conducted by
Larvin et al in ‘Additive Effect of Perio-
dontal Disease and Obesity on COVID-
19 Outcomes” siEiwed increased mortali-
ty risk in obese COVID-19 patients with
periodontitis. ™ Dissimilar to this finding,
a diffe@m study conducted by Larvin et
al. in "The impact of periodontal discase
on hospital admission and mortality dur-
ing COVID-19 pandemic’ using different
sample  groups stated no  association
between loose teeth as a periodontal
disease indicator with mortality re in
COVID-19 patients.””

Based on Table 6, studies done by
Gupta et al. and Marouf et al, showed a
relation between periodontitis with the
need of assisted ventilation,' "™ This
finding indicates that periodontitis is
related with higher COVID-19 severity,
owing to the fact that the need of
ventilation assistance is a poorer COVID-
19 severity indicator.” (1]

Table 7 shows data from two
studies conducted by Gupta et al. and
Marouf et al, where both studies
presented  that  periodontitis  affects
COVID-19 patients ICU admission,'”**
Both studies connects penodontitis with
COVID-19 severity, in view of the fact
that ICU admission is considered one of
unfavorable COVID-19 severity
indication. *




Authors

Gupta
S.etal.

Larvin
H.etal

Larvin
H,etal

Marouf
N, et al

Sirin
DA, etal,

Authors

Gupta
S.etal,

Marouf
N,etal

Authors

Gupta
S,etal

Marouf

Table 5. Mortality

Sample group

Research results

82 COVID-19 positive patients (27 patients Patients with mortality had
without  peniodontal  disease, 21 patients  with o greater  degree  of
gingivitis, and M patients  with  stage LIV periodontitis severity,

periodontitis)

1)
S8397 datas obtained from UK Biobank cobort Obese mVD-IQp-t
study between March 2020 and February 2021 with periodontal disease
(14,466 positive COVID-19 cases, emcompassing  higher  rates  of  monality
6,124 patients experiencing bleeding gums, 1511 compared 10 obese COVID-
patients experiencing Joose teeth, 1.397 patients 19 patients without
expeniencing  panful gums, and 49565 patients  periodontal disease.

without any history of periodontal discase)

13253 datas obtained from UK Biobank cohon Loose  teeth  as @
study between March and June 2020 (365 patients  periodontal discase indicator

experiencing  painful - gums, 1329
expenencing  bleeding gums, 406

patients  did not have any relation with
patients increme of mortality rate

expenencing loose teeth, and 11153 patients withouwt I COVID-19,

any history of periodontal discase)

Electronic health data of S68 COVID-19 positive Periodontitis wan

patients (258 patients with periodontitis)

connected with an increased
sk of mortality In COVID-
19 patients,

Dental Damage Stage data based upon APGS, RBL Patients with DD Sig 3
and PPDC scores obtained from 137 COVID-19  had o significant increase of

positive patients

mortality rate.

Table 6. Assisted ventilation

Sample group
82 COVID-19 positive patients (27

Research results
Significant  association  between  BOP,

patients without periodontal disease, 21 probing depth, gingival recession, CAL with

patients with gingivitis, and 34 patients  oxygen requirement and assisted ventilation in

with stage I-1V persodontitis) COVID-19 patients, particularly in patients
exhibiting stage Il and IV periodontitis,

Electronic  health data of 568

Association between periodontitis and the

COVID-19  positive  patients (258  need of assisted ventilation.

patients with periodontitis)

Table 7. ICU admission

Sample group

82 COVID-19 positive patiems (27
patients without periodontal disease, 21
patients with gingivitis, and 34 patients
with stage I-1V periodontitis)

Electronic bealth data of 568 COVID-

Research refijus

COVID-19 patients with higher scverity of
periodontitis  underwent  ICU  admission n
contrast 0 those with healthy penodontal
tissues which generally only encounter home
isolation or ward admission.

Peniodontitis  had a  significant  impact




N.etal
perdontitis)

Previous studies stated above have
Qroven o validate the  associations
between  periodontitis  and  COVID-19
severity. B carlier study conducted by
Marouf et al. (2021) showed an
association  between  periodontitis  and
higher mortality, especially if there are
comorbidities involved.'" A Mendelian
randomization study carnied out by Wang
et al. (2021) also discovered significant
association between genetically proxied
periodontal discase with heightened risk
of  COVID-19 B susceptibility — and
hospitalization.™ A study conducted by
Takahashi et al. (2021) also found culture
supernatant  Fusobacterium  nucleatum
(CSF) effe@@@n the increase of ACE2
expression, IL-6, and IL-8 on COVID-19
patients. This finding reinforces the
hypothesis stating that periodontopathic
bacteria  increase  can  cause  poorer
COVID-19 severity *'

Perviodontitis effects towards biomarkers
in COVID-19 patients

Out of 698 journals, 46 duplicates
were discovered and  furthermore 647
Jjoumals were excluded, leaving five full-
text  articles deemed relevant.  Five
articles mentioned used various research
methods, consisting one cross sectional,
two cohorts, one case control, and one
analytical  retrospective  study.  This
scoping review showed various blood
parameter and  biomarker increase in
COVID-19 patients with periodontitis,
encompassing D-dimer, troponin, CRP,
pro-brain natriuretic peptide (pro-BNP),
procalcitonin, HbA l¢, ferritin, and WBC.
Periodontal disease induced inflammation
could impose & a procoagulant risk
factor which then increases fibrinogen
degradation  products, including D-
dimer.** This finding could be associated
o COVID-19 severity, considering
COVID-19  patiems  with  severe
symptoms tend to undergo coagulation

19 positive patients (258 patients  with  towards the need of assisted ventilation in

COVID- 19 patients.

function dimz’uluim and have higher D-
dimer levels.”

A study conducted by Boyapati et
al. (2018) also discovered a  positive
relation between an increase in troponin
biomarker and periodontal  parameters
such as probing depth and  Periodontal
Inflammatory  Surface  Area  (PISA)™
Troponin increase is also often found in
COVID-19 patients and associated with
fatal  outcomes.””  Coreactive  protein
(CRP), an acute reactant phase product
generated by the heart is also increased in
periodontal  discase,  caused by
mflammatory  mediators  that  could
stimulate hepatocytes o produce CRP*
In COVID-19  patients  with  worse
symptoms, CRP is also found increased,
thus accordingly this biomarker could be
used to monitor and evaluate COVID-19
progress.™ In physiological conditions,
procalcitonin (PCT) would escalate when
nflammation  takes place, and has a
potential as an inflammatory mediator
which plays a part in periodontal
inflammation.  PCT  increase  also
happens in COVID-19 patients, markedly
in severe patients (four times higher) and
critical patients (eight times  higher)
compared o moderate  COVID-19
patients,”

Periodontopathogens produce
lipopolysacchandes which are bound to
enter blood circulation, increase adhesion
molecules and proinflammatory cytokines
release  which then causes systemic
inflammation and an increase of serum N-
terminal-pro-BNP  (NT-proBNP).* NT-
proBNP is frequenly found in COVID-19
patients and strongly associated with

mortality.” Increase of glycosylated
hemoglobin (HbAIc) in  penodontitis
patients  could be attnbuted o

periodontopathogens and their products
that could stimulate cells w0 release
proinflammatory cytokines and
oouscqucmlxi disrupt glucose and lipid
metabolism.™ HbAlc increase is also




associated with COVID-19 prognosis and
an increase in COVID-19 mortality in
diabetic patients  with poor glycaemic
control before infection,*

In an acute response phase, TNF-
a and IL-1P increases serum ferritin, a
systemic  inflammation  indicator.’
According to Thounaojam (2019), ferritin
increases  in chronic  periodontifE)
patients.  Abnormal ferritin levels in
COVID-19 patients were associated with
higher risk of liver damage and illness,
thus  ferritin  is  useful in  detecting
COVID-19 prognosis.”” White blood cells
(WBC) increase also ensue  due 1o
polymorphonuciear cells that play a role
as o mediator  in periodontal
inflammation.” Swdy conducted by Zhu
et al. (2021) also showed associmion
between WBC level with mortality in
COVID-19  patients,  therefore  this
parameter need to be  discemed in
handling COVID-19 patients.”

Periodontitis in relation with
hospitalization, mortality, cv
admission, and ventilation assistance of
COVID-19 patients

Based on the findings presented
above, periodontitis  increases  blood
markers  correlated  with  COVID-19
severity.” This scoping review also
found association between periodontitis
with COVID-19 hospitalization,
ventilation assistance, ICU  admission,
and also mortality, However, according to
Larvin et al. (2020) there was no link
between  loose  teeth  indicator  and
COVID-19 hospitalization based on a
cohort  depending on  self-reported
indic by rescarch subjects. This
could be attributed to the small size of
periodontitis subgroup, the possibility of
patients undergone periodontal
treatments, tooth extraction, or self-
exfoliated tecth. " In addition, there
could also be inaccuracy of self-reported
indicators by the research subjects,
According to Larvin et al. (2021), there is
also a hospitalization and mortality
increase in COVID-19 obese patients
compared to those without periodontitis.™

Obesity and periodontitis have combined
or synergistic  effect  on  systemic
inflammation which prompts metabolic
disregulation ™ Therefore, it can be
concluded that periodontal inflammation
and  obesity su'ncr’ulically worsen
COVID-19 outcomes.™

Hypotheses underlying the relationship
between COVID- 19 and periodontitis

Hypotheses regarding mechanistic
link between periodontitis and COVID-
19 severity have been proposed. A prior
scoping review conducted by Basso et al.
(2021) reviewed hypotheses underlying
relation  between  COVID-19  and
periodontal discases The studies included
in the scoping review mentioned stated
that cerain molecules (ACE2, furin,
cathepsin and TMPRSS2E)increases in
periodontitis patients and play a role in
SARS-CoV-2 entry. Periodontopathic
bacteria also take part in SARS-CoV-2
entry by cleaving the S protein of SARS-
CoV-2 and increases cytokine production
which then contributes 0 COVID-19
cytokine storm, Periodontal pockets could
also act as SARS-CoV-2 reservoir, hence
gingival  epithelial  ulceration  in
peniodontitis patients could atribute to
higher risk of SARS-CoV-2 infection."
A study by Gupta et al (2020) also found
the similarity of Neutrophil Extracel lular
Traps (NET) that are involved in both

COVID-19 and periodontitis
pathogenesis.'*
CONCLUSION

Research methods implemented thus far
regarding periodontitis impact in relation
1o COVID-19 severity are case control,
cohort, cross sectional, and analytical

retrospective study. Penodontitis
substantially  aggravates  COVID-19
symptoms by  escalating  D-dimer,

troponin, CRP, pro-BNP, procalcitonin,
HbAlc, ferritin, and WBC which then
increases hospitalization, mortality, ICU
admission, and ventilation assistance.
Therefore, oral hygiene maintenance is
necessary in view of the fact that




consequences  caused by periodontitis
could alter  COVID-19  prognosis.
Contradictory  results  in  periodontitis
effects towards hospitalization imposes
further rescarches to be done. Further
experimental researches (in vitro and in
Vivo) is necessary to perceive the causal
effect between periodontitis and COVID-
19, Synergistic  effects  between
periodontitis and other comorbidities are
also in need of further research to identify
patients  who are more  prone o
unfavorable COVID-19 outcomes.
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