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Simple Summary: This scoping review highlights the immune-related similarities between the
COVID-19 infection and periodontal disease, especially focusing on serum cytokine levels, such as
IL-1B, IL-6, and TNF-« levels. Overall, higher IL-1§3, IL-6, and TNF- « levels were reported in COVID-
19-infected patients compared to patients with periodontitis. However, most of the included studies
indicated elevated serum pro-inflammatory cytokine (IL-1f3, IL-6 and TNF-«) levels in diseases
(COVID-19/periodontitis) compared to healthy controls included in the same study. This shows the
strong immunopathogenic role of these proinflammatory cytokines in the rationale and progressive
destruction of these two conditions, and this review aims to highlight the role of a robust immune
response in inflammation progression and to educate the readers about the importance of oral hygiene
during the pandemic era.

Abstract: On 11 March 2020, the WHO declared a global emergency as a result of the ‘novel coron-
avirus infection’, which emerged from Wuhan, China, and rapidly spread across international borders.
There is vast evidence that supports a direct link between oral cavities and this systemic circulation,
but it is still unclear if oral conditions like periodontitis influenced the COVID-19 disease outcome.
This scoping review highlights the fact that both periodontitis and COVID-19 independently increase
serum pro-inflammatory cytokine levels, however there is a lack of documentation on if this bio-
chemical profile synergizes with COVID-19 and/or periodontal severity in the same individuals. The
purpose of this scoping review is to accumulate existing data on the serums IL-1§3, IL-6, and TNF-o
in COVID-19 and periodontitis patients and check if periodontitis negatively impacts the COVID-19
outcome, educating the population about the implications of COVID-19-related complications on
their oral health, and vice versa, and motivating patients towards oral hygiene maintenance.

Keywords: cytokine; COVID-19; periodontal disease; immuno-pathology

1. Introduction

Periodontitis is an inflammatory condition that damages the alveolar bone and soft
tissues around the teeth, and compromises tooth stability [1]. It is one of the most common
causes of partial to complete edentulousness; it remains a major contributing factor towards
oro-functional abnormality and psychological challenges [2]. Periodontitis is established by
the formation of a thin biofilm around the tooth necks, which induces inflammation caused
by host-bacterial interactions and the production of pro-inflammatory cytokines. Follow-
ing this, a strong immune response is initiated by the further secretion of inflammatory
cytokines to combat pathogenic gram-negative bacteria, along with several adverse effects
that manifest clinically (as tissue dissolution), immunologically (as increased immune
cell infiltrate), and bio-chemically (as a pro-inflammatory cytokine milieu). Periodontal
destruction is a sequelae of inflammation, vascular endothelial dilatation, leukocytic trans-
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endothelial migration, cytokine release, and chemotaxis, that cumulatively generates a
continuous positive feedback loop (Figure 1).
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Figure 1. Cytokines released in pathogenesis of periodontal disease and the novel coronavirus
infection. Figure legends: IL—Interleukin; L-CAM—Leukocyte cell adhesion molecules; E-CAM-
Endothelial cell adhesion molecules; MMP—Matrix metalloproteinases; TNF—Tumor necrosis factor;
PGE—Prostaglandin E; RANKL—Receptor activator of nuclear factor kappa-B Ligand; CRP—C-
reactive protein; JAK—Janus Kinases; STAT—signal transducer and activator of transcription; VEGF—
Vascular endothelial growth factor; LPS- Lipopolysaccharide.

Increased vascular leakiness following periodontal microvascular dilatation causes
cytokines to enter the systemic circulation, leading to systemic implications for periodontitis
related to the heart, lungs, and brain apart from other complications such as pre-term birth,
acute respiratory distress syndrome (ARDS), and “cytokine storm” as in the case of covid-19
infection. [3,4]. Periodontal inflammation is directed by an imbalance in the Th1/Th2/Th17
milieu [5]. A systemic link between periodontitis and bacterial pneumonia is established
due to the accidental aspiration of periodontopathic bacteria into the respiratory tract, and
some reports suggest that adequate oral hygiene maintenance could prevent the bacterial
spread to the lungs [6,7]. Respiratory distress in COVID-19 leads to clinical hypoxia,
which in turn increases reactive oxygen species that damage periodontal and lung tissues
via apoptotic cell death [8]. Hypoxia also increases leucocytic infiltration and mast cell
degranulation, which activates further chemokine secretion [9].

Cytokines that are frequently associated with periodontitis are IL-1f3, IL-6, IL-12, IL-
16, IL-17, IL-21, and TNF-« [10-13]. In particular, IL-13, TNF-«, and IL-6 are secreted
upon exposure to LPS from the P.gingivalis, which plays a pivotal role in bone resorption,
peri-implantitis, and periodontitis apart from the role of these cytokines in other sys-
temic inflammatory conditions, thus making these cytokines prime targets for therapeutic
strategies [14-17], Along these lines, this scoping review aims to highlight if simultaneous
increases in the serums IL-1§, IL-6, and TNF-« in periodontitis and COVID-19 infection
patients could indicate an association between periodontitis and the coronavirus infection.

Research Questions

(i) IfF IL-1pB, IL-6, AND TNF-« are elevated in the serum of patients with periodontal
disease OR COVID-19 infection.

(ii) If elevated serum cytokines influence the severity of periodontitis or the COVID-
19 infection.
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2. Methodology

A detailed keyword search (Supplementary Table S1) in the PubMed, LitCovid,
Cochrane, and Google Scholar databases was performed, and relevant articles were selected
based on their titles and abstracts. Articles published on COVID-19 between December
2019 and March 2022 were included, whereas no time period was followed for the peri-
odontitis articles. The full texts of the included studies were further scrutinized based on
the inclusion criteria. Finally, the references of the selected articles were hand-searched to
locate additional studies.

Inclusion criteria.

1.  Studies estimating IL-1f3, IL-6, [AND] TNF-« in serum/plasma/blood/placental sam-
ples of patients affected with either the coronavirus infection [OR] periodontal disease.

Exclusion criteria

1.  Studies estimating either of the serums IL-1§3, [OR] IL-6, [OR] TNF-«.

Studies using patient samples for in-vitro analysis to estimate the release of IL-1f3,
IL-6 and TNF-«.

Samples where materials other than serum/blood /plasma/placental blood were used.
General reviews, systematic reviews, case reports, case series, and animal studies.
Analysis of the serums IL-13, (or) IL-6, (or) TNF-« in patients with periimplantitis.
Articles published in languages other than English.

Studies which do not compare cytokine levels with control groups.

N

NSO

3. Results

The search strategy for COVID-19 and periodontal disease yielded 19,338 and 781 arti-
cles, respectively, and were narrowed down to 351 studies and 381 studies on COVID-19 and
periodontitis, respectively, based on their titles and abstracts (Figure 2). Systemic inflamma-
tory conditions not only hasten disease severity but alter cytokine levels in periodontal and
lung tissues; studies including patients with systemic conditions were excluded, and these
excluded studies are shown in supplementary Table S2. Further full-text analysis based
on the inclusion and exclusion criteria lead to the inclusion of 15 individual articles on
COVID-19 and periodontitis. The included studies were critically screened to extract data,
such as author name, country, journal, number of participants, study groups, study type,
sample used for cytokine evaluation, and results of the serum/plasma cytokine (IL-1j3,
TNF-« and IL-6) levels (if reported). Since both Aggressive periodontitis (AgP) and Chronic
periodontitis (CP) cases were included, studies with COVID-19 infection cases and controls
of all of the age groups were also included, wherein three studies included participants
aged < 18 y old [18-20].

Atrticles identified by searching database

Covid-19 Periodontitis

(PubMed, (Detailed keyword search (DKS),

N=18328; N=703; Simplified keyword
LitCovid, N=1010 search (SKS), N=78

v A

Included articles (Covid - PubMed,
N=349; LitCovid, N=2;

Excluded articles (Covid PubMed,
N=17979; LitCovid, N=1002;

Y

Titles and abstracts screened >

Periodontitis DKS, N=366; A Periodontitis DKS, N=337;
Periodontitis SKS, N=15) Periodontitis SKS, N=63)
y - n
Atrticles included (Covid PubMed, Excluded articles (Covid PubMed,
N=13; LitCovid, N=2; Periodontitis | Full text articl d for clizibili — N=336; LitCovid, N=0; Periodontitis
DKS, N =4; Periodontitis SKS, S s e DKS, N =362; Periodontitis SKS,
N=11) N=4)

y

Articles included for data extraction (Covid PubMed = 13;
LitCovid=2, Periodontitis DKS = 4; Periodontitis SKS = 11.

Figure 2. Flowchart of search strategy.



Biology 2023, 12, 550

40f 15

In the periodontitis group, nine studies showed all of the cytokines were elevated
in periodontitis compared to the controls; six studies showed no difference between the
controls and periodontitis, and one study only reported elevated IL-6 in severe periodontitis
compared to the mild periodontitis group (Figure 3a) [21-33]. Data reporting methods
were highly heterogeneous between the included studies; hence, further statistical analysis
of these data was not possible. (Table 1)
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Figure 3. (a) Cytokine profile in periodontitis patients; (b) Cytokine profile in COVID-19 patients;
(c) Comparison of cytokine levels between COVID-19 and periodontitis. (Arrows indicate increase or
decrease in cytokine levels).
Table 1. Data collected from included studies from the periodontitis search strategy.
Periodontitis
No of Par- Type of Pe-  Periodontal Group Contr(')l
Author, ticipants, ; fee . . Results of . Cytokine
S . riodontitis Assessment in Cytokine Cytokine
Year, Journal Study Type Agein . L . Serum Concentra-
No and Periodontitis Analysis . Concentra- X
Country Parenthe- S 1 Cytokines X tion
ses ample Group tion (pg/mL)
(pg/mL)
Fon American CP =86 ?liotltlirr?:s
Jian Journal of observational G911+ cp BL PD, PI, CAL, Vg’ere hioher NR in NR in
1 2021g’ Transla- stud 8.63), HC= Ser’um patients with ELISA inCP tl%an cases and cases and
L tional y 60 (57.26 + more than 16 teeth controls controls
China Research 7.15) controls
: (p <0.001)
IL-1B = IL-1B =
AgP =30 Radiographic No difference ~ 0.00 0.00
RC Journal of (36.7 + 6.3) o bap in all three (0.00-0.02)  (0.00-0.03)
. periodon- . yrs), AgP, cytokines IL-6 = 0.06 IL-6 = 0.06
2 Davies ol pilot study HC =30 Serum g;j 6 ﬁg CAL  ELISA between AgP (0.00-0.19)  (0.00-0.18)
! research controls L and controls TNF-o = TNF-o =
family histor;
(1845 yrs) y Y (p > 0.05) 0.27 0.24
(0.00-0.72) (0.00-0.90)
No
Case =27 PI, GI, significant median, median,
Lo Journal of ar . ... supragingival difference in IL-1p = IL-1p =
T Fiorini, periodon- randomized (18-35 yr_s) Periodontitis, calculus, cavities, Flow cytokine 114.90 134.15
3 2013, 1 1 trial Control = serum and hanei lovel TL-6 = 5.40 1L-6 = 3.8
Brazil ta control tria 30 GCE overhanging cytometry evels -6 =5. -6 =3.
research (1835 yrs) restorations, BOP, between TNF-« = TNF- =
y PD, CAL. groups (all=  1.70 115
p > 0.05)
moderate—
severe PD > 4 mm, All three
GCP = 40 chronic and/or CAL > cytokines IL-1B3 = L-1B =3.6
Artem 490 + 43 general- 4 mm), were 19.7 £3.2 +1.01
El- Journal of . . 9. : ized eneralized (>30% significantl IL-6 =73.29 )
r le-blind ) ° s g y IL-6 = 4.52
4 dzharov, Clinical single-our yIs), eriodonti- of sites), and ELISA. more +5.11
a _ 1% ,
. clinical trial Controls = . . . . +0.81
2021, Medicine 40 (49.7 + tis radiographic elevated in TNF-o = TNF-o =
Russia (49. (Mild- vertical bone GCP than 13.68 + iy
4.8 yrs) 124 +£0.22
moderate- defect of at least controls (all 2.39
severe), 4 mm. p<0.01)

serum
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Table 1. Cont.

Periodontitis

No: of Par- T fPe- Periodontal Gr Control
Author, ticipants, ypeor [e eriodonta’ . Results of oup Cytokine
S . riodontitis Assessment in Cytokine Cytokine
Year, Journal Study Type Agein . L . Serum Concentra-
No C and Periodontitis Analysis . Concentra- .
ountry Parenthe- S 1 G Cytokines X tion
ses ample roup tion (pg/mL)
(pg/mL)
Serum and
salivary
IL-1B,IL-6,
and TNF-«
Periodontitis (PD) > 5 mm, V\ize;eiﬁ ntl
Nidhi Investigational =54 (53.28 Periodontitis  over 21 yrs of age, }Slg cantly . .
; . igher at NRin NR in
Medara, . and interven- +11.44 type NR, had a Luminex L
5 Cytokine . . baseline in cases and cases and
2020, tional yrs), HC = serum and minimum of 16 assay N L.
. . X periodontitis controls controls
Australia study 40 (49.30 + saliva teeth (excluding than health
10.62 yrs) the third molars), anad calthy
significantly
decreased
with
treatment
Generalized
moderate = >30%
of teeth with BOP, No IL-1B =
CAL 34 mm, PD statistically 4.42 IL-1B8 =
Periodontitis >5and <7 mm, significant (2.94-4.78), 3.88
Jennifer Clinical Cross- =9(522+ generalized  and radiographic group IL-6 = 3.99 (2.69-5.25),
6 Chang, Oral Inves- sectional 10.8 yrs), moderate bone loss of 16 to ELISA differences in (3.78- IL-6 =1.48
2020, tications observational HC=10 to severe 30%; IL-183, IL-6, 10.06), (0.82-2.98),
USA & study (52.8 £9.2 CP, Serum Severe = >30% of and TNF-« TNF- = TNF-& =
yrs) teeth with BOP, between test 11.82 7.98 (4.16—
CAL > 5 mm, PD and control (11.18- 14.62)
> 7 mm, and groups 14.92)
radiographic bone
loss > 30%
Significantly
higher levels
> - =
Periodontitis Fc]lDinTcglmm’ of serums g:l (1),{5 + IL-1p =
IL-6, TNF-«, | 7.03 £ 3.53,
Helal E =55 (37.46 Stage two attachment loss) nd 11.77, 1L-6 = 19.03
7 Hetta, Vacci Case-control +4.2yrs), periodonti- CAL > 5 mm, and ELISA IaL—l B IL-6=125.4 44 56 .
2020, accines study HC =20 tis, radiographic > were +£19.03, —
. seen in TNF-o =
USA (35.65 + serum evidence of bone X . TNF-« =
. patients with 11.01 +
1.6 yrs) loss in at least 202.71 £
X CP than 7.77
six teeth 103.8
controls
(p =0.0001)
Serum IL-13,
IL-6, and
Periodontitis TNF-« were
Xinling =36 (44.8 . . all . .
g Wang, Oral Case-control + 113 yrs), multiple sites remarkably NRin NRin
. comparison _ CP, serum with bone loss ELISA cases and cases and
2021, Diseases tud HC =25 nd PD > 4 mm more trol trol
China study (41.6 £9.7 a upregulated contro’s contro’s
yrs) in CP group
than control
group
No difference
inIL-1B, IL-6
community and TNF-oc
eriodontal index levels IL-1B IL-1 B
Healthy = I(DCPI)~ non- between (ng/mL) = (ng/mL) =
73 (40.85 + - non- groups, but 0.35 +0.11, 0.47 £+ 0.06,
Dong- lof ~ 1011 B periodontitis(CPI -6 -6
Hun ]ou'rna o cross 1 yrs),. 0 to CPI2 severe
9 periodon- sectional periodonti- cr N L ELISA periodontitis (ng/mL) = (ng/mL) =
Han 1 d . including normal d
2020 tology study tis =20 and gingivitis) showe 1.38 +£0.21, 1.17 £0.12,
(48.65 + versus higher IL-6 TNF- TNF-
9.27 yrs) . . than control (ng/mL) = (ng/mL) =
g‘zrr“’cdrﬁ’l“;“s (cr1 and mild 2104049 1924029
periodontitis
groups

(p = 0.045)




Biology 2023, 12, 550 60f15

Table 1. Cont.

Periodontitis

No: of Par- T fPe- Periodontal Gr Control
Author, ticipants, ypeor [e eriodonta’ . Results of oup Cytokine
S . riodontitis Assessment in Cytokine Cytokine
Year, Journal Study Type Agein . L . Serum Concentra-
No C and Periodontitis Analysis . Concentra- .
ountry Parenthe- Sample Group Cytokines Hon tion
ses (pg/mL) (pg/mL)
>30% of sites with B
T PD and CAL > No IL-1 B = IL-1p =1.1
amires Healthy 4 d BoP, Lt significant 0911+ 12406
Sz- . controls = i anc: 2ot multiplex difference in 0.8) (1. 6),
Clinical cross and a minimum fluorescent N / IL-6 =3.6
eremeske N 25(51.6 £ . . cytokine IL-6=25
10 - Oral Inves-  sectional (@Y of six teeth in each ~ bead-based 3.5+£14),
Miranda, S 7.2 yrs), CP ith . levels (29 £2.1),
2019 tigations study =26 (507 quadrant with at immunoas- G TNF-o = TNF-o =
B Cl + 83 yrs) least one site with say N (all = 3547 + 49 (5.0 £
razi o YIS PD and CAL > & "‘5%55)5‘ I 1.7)
5 mm and BoP P> ’
Mild periodontitis
= >2 sites with
CAL > 3 mm, PD Serums
> 4 mm/one site IL-183, IL-6,
Healthy with PD > 5 mm; and TNF-«x
J. controls = Moderate were all
Bagavad  Journal of case-control 66 (48 + periodontitis = >2 remarkably NR in NR in
11 Gita, periodon- tud 4.413 yrs), CP sites with CAL > ELISA more cases and cases and
2018, tology study CP =66 4 mm, or >2 sites upregulated controls controls
India (4322 + with PD > 5 mm; in CP than
1.951 yrs) Severe control group
periodontitis = >2 (allp <
sites with CAL > 0.0001)
6 mm and >1 site
with PD > 5 mm
Periodontitis:
presence of >10 No IL-1B3 = IL-1B =
Marian. Healthy teeth with CAL > multiplex ionificant 0.13 (0.03; 0.09 (0.01;
d aS ana controls = 5 mm; >10 teeth fluorescent (Si%f cant, 1L-6 =2.27 0.25), IL-6
12 Rabede Cutokine dinical study 13453+ p withPD >5mm;  bead-based ¢ “OEM (0.95; =0.73 (0.44;
o Y Y 79yrs), CP and >30% sites immunoas- 1eyvels 12.53), 1.41),
USA =15 (504 with BOP. say e TNF-a=  TNFa=
+8.1yrs) HC =PPD < system ctwee 1.35 (0.53; 0.33 (0.01;
4 mm and BOP in groups 4.84) 2.73)
<30% sites
Healthy (Ser_usn Os 012];_1 B
controls = I}]i-_() (;.7 = IL-1B8 = IL-1B =
319(62;55 + ;“;lfnfnpozr E]ZL 0.052), and 21.76 + 1459 +
fong o S perodontr >3 mm; moderatc 0005 were  TL6=1892 TL4- 1612
13 & . tis = 442 cr CP = >4 with PD ELISA 1 N N
2016, Health observational ; all +1.97, +2.18,
; (CP =26.86 > 3 mm; severe CP _ _
China study . remarkably TNF-oc = TNF-oc =
+ 3.63, > 4 with PD >
more 2334 £ 15.18 +
severe CP 5mm
_ upregulated 2.56 3.94
~2661 + in CP than
3.45 yrs)
control group
Serums
IL-1B = _
Healthy Healthy: GI< 1, % HAB S aomese- DR
controls = BOP < 25%, No a & 26.08), IL-6 -
Ozlem Journal of R : were all (0.71-27.07,
. . 91 (31-54 sites with CAL, =5.82
Fentoglu,  Clinical Observational . remarkably IL-6 = 5.40
14 . yrs), peri- CP CP = >4 teeth ELISA (3.51-
2010, Periodon- study dontitis = itha PD > more (3.20-22.70,
Turkey tology odontitis = with a S 5 upregulated 62.53), TNF- =
442 (31-54 mm, with CAL > . TNF-o =
in CP than 25.08 (0.71-
yrs) 2 mm 14.82 (1.80-
control group 177.74) 1459.76)
(all p = 0.006) ’
pathologic tooth
migration, tooth Serums
American Healthy displacement, -1p, 16, 1B =
_ gingival bleeding, 4 / 11.69 + IL-1B =
. Journal of controls = e and TNF-«
Jin and mobility, PD, . 4.13, 147 £0.59,
Orthodon- . 117 (33.9 = . were higher
Zhang, X Comparative periodontal . 1L-6 =7.92 IL-6 =7.92
15 tics and 5.7 yrs), pe- CP ELISA in
2017, . study . L abscess, CAL = . - +3.02, + 3.08,
. Dentofacial riodontitis . periodontitis
China Orthope- =52 (365 mild (1-2 mm, n = than health TNF-o = TNF-o =
. P B 3 48), moderate y 17.68 + 497 +1.76
dics +65.8yrs) (3-4 mm controls (all 561
n =39), and severe p <0.05)
(>5 mm, n = 30)

Table legends: CP = chronic periodontitis; AgP = Aggressive periodontitis; PD = pocket depth; CAL= clinical
attachment loss; Bl = bleeding index; PI = plaque index; GI = gingival index; BOP= bleeding on probing;
GCP = generalized chronic periodontitis; GCF = gingival crevicular fluid.
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Regarding COVID-19, eight studies showed increased IL-13, IL-6, and TNF-ot in these
cases compared to the controls [18,19,34-39], five studies showed elevated IL-6 alone, and
one study indicated higher TNF-« alone (Figure 3b) [40-45]. In addition, one study reported
no significant difference between the cases and controls in all three of the cytokine levels,
and one study reported no difference in all three IL-6, IL-13, and TNF-« between cases
and controls [41], and interestingly two studies showed decreased IL-13 and TNF-« in the
cases compared to the controls [20,40,41,43-45]. A single study reported that in COVID-19
cases, high serum IL-1p and IL-6 in the disease were correlated with critical in-hospital
deaths (p = 0.01) [36] (Table 2).

Table 2. Data collected from included studies from the COVID-19 search strategy.

Cases Controls
Author, Year, No: of Results of Serum Cytokine Cytokine
SNo Country Journal Study Type Participants Cytokines Concentration  Concentration
(pg/mL) (pg/mL)
IL-6 increased more in
cases than controls
Covid + ve = (p = 0.000), and there
Tamara S. Journal of 124 (59.25 + was an insignificantly
1 Rodrigues, experimental Observational 18.01 yrs, mild,  greater increase in NR in cases NR in cases
2021 per study moderate, and ~ IL-1p in cases than versus controls  versus controls
. medicine e
Brazil severe), controls; no significant
HC =73 increase in TNF-« in
cases than controls
(p=023)
IL-13(p = 0.000), IL-6 (p IL-1B = IL-1 3 =0.02
International Cross-sectional Covid + ve = =0.000), and TNF-« (p 7.22(10.39), (0.00),
2 Lu Qinggqing, journal of observational 20 (8-78 yrs), =0.000) of COVID-19 IL-6 = IL-6 = 0.03
2021, China clinical stud HC =35 patients were 7.56(10.89), (0.00),
practice Y (7-8 yrs), significantly higher TNF-a=14.21  TNF-a =0.02
than control group (23.80) (0.00)
Cases had higher IL-1§3,
Covid + ve = IL-6, and TNF-« levels IL-1p=8 18 =23
92 (105 than controls (all p <
(8.6-17.8 yrs) 0.01), and severe (9-57), (0.25-4.15),
Shafiek Hala K, Pediatric multi-center : oY il . IL-6 = 32 IL-6=8
3 . (Moderate =68, COVID-19 pneumonia
2021, Egypt immunology study . . (13-1496), (2-14.7),
severe = 18, patients had higher
o TNF-a =5.7 TNF-a=1.8
critical = 6), HC  IL-1p and IL-6 levels (3.5-18) (0.4-2.6)
=100; (<18 yrs)  than moderate cases ’ o
(allp < 0.01)
Covid +ve=  11B IL-6 and TNF-o
Hamed International Placebo- 40 (severe, yere mcrease . .
. significantly in NR in cases NR in cases
4 Valizadeh, Immunophar- controlled 19-69 yrs), HC .
.y . COVID-19 patients versus controls  versus controls
2020, Iran macology clinical trial =40 :
(22-65 yrs) compared with healthy
y control group (p < 0.05)
IL-1B, TNF-«, and IL-6
(all p < 0.0001) were
higher in cases than
Iranian Journal ~ Cross sectional Covid +ve =61 controls. Mild and
5 Saeid Taghiloo, of observational (62 (50-72 yrs),  severe. IL1f3 and NR in cases NR in cases
2020, Iran Immunolo stud HC =31, TNF-« (p < 0.0001), versus controls  versus controls
8y Y (60.2 yrs) along with IL-6

(p = 0.0001) were
higher in severe cases
than mild cases
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Table 2. Cont.

Cases Controls
Author, Year, No: of Results of Serum Cytokine Cytokine
S No Country Journal Study Type Participants Cytokines Concentration  Concentration
(pg/mL) (pg/mL)
IL-6 was higher in
severe cases than HC
(p <0.001), no
difference between
C0v1d. +ve = cases and HC in IL- AUC =1L-6 =
L 64 (Mild and TNF-« levels.
aura . . . AUC =0.70, 95
. . Prospective moderate and IL-1B was higher in o .
6 Bergantini, Cytokine han i i1 %CI: NR in controls
2022 Ttal study severe, 59-67 severe than in mild/ 0.57-0.85p =
, 1taly — - : -00p
yrs), HC = 27 moderate cases (p = 0.007 (pg/mL)
(36-78 yrs) 0.048; p = 0.042) and )
IL-6 was higher in
severe than in
mild/moderate cases
(p <0.05,p <0.01)
IL-1B, TNF-«, and IL-6
Covid + ve = levels were higher in
Bandar Lo . 53 (Mild and severe cases than . .
7 Alosaimi, 2021, f;‘:;‘t‘ffsl mn Otbzer"a“onal critical, 55 + 18 controls (p < 0.001), and NI: mn Casr'ftsr | NI: mn Casr‘:fr |
Saudi Arabia unology study yrs), HC =18, TNEF-oc was higher in VErsus controls - VErsus contro’s
(16-92 yrs) mild cases than
controls (p < 0.05)
IL-6 was higher in
cases than controls
{:cl)il:lrifall()f case-control Covid + ve = (5;17 jliof.igili’:lndassociated
Jia Guo, 2022, . (died- 205 (65-72 yrs), & y NR in cases NR in cases
8 endocrinology . with mortality, whereas
USA survived) HC =333 . . versus controls  versus controls
and tud (60-68 yrs) no difference in IL-13
metabolism study y and TNF-« levels was
seen between cases and
controls
No difference in IL-1f
Anbalagan Journal of Covid +ve =16  and IL-6 between
gan - Observational (2645 yrs, HC  groups, and TNF-« NR in cases NR in cases
9 Anantharaj, Clinical . .
2022, India Virolo study =10, was slightly increased versus controls  versus controls
’ &Y (2645 yrs) in cases and this was
insignificant
Covid + ve = IiL-614[3;2140.37 Ii;lllﬁf:l 23.98
Nihayet ]ourr}al of Observational 31(53.72 + Levels.of all .cytokmes L6 =24902 + TL-6=5177+
10 Bayraktar, Medical study 17.02 yrs), HC were higher in the cases 62.84 5194
2021, Turkey Virology (:533,53 . than control group TNFox = 15159 TNF-ct = 52.74
yrs +56.50 +20.43
Covid +ve =20 IL-1p and TNF-« were
(14.50-17.00 .
Zhen-Zhen ys, (mild decreased more in
1 Zhane, 2021 Pediatric Observational mo,dera te, cases than controls NR in cases NR in cases
il ! pulmonology study ! (p < 0.05), whereasno  versus controls  versus controls
China severe), . .
difference was found in
HC =20, IL-6
(~14.5 yrs)
IL-1pB (p = 0.03), IL-6, _
. . and TNF-« were higher IL-1p =067+ IL1B (0.10 £
. Prospective, Covid +ve=71 . 1.38, 0.31; 0.15, 0.03);
Mathilda non- (mean 62 yrs), i casethancontrols, Y1000 16 (1,804 +
12 i‘ggd’ 2020, Cytokine randomized HC =20, i?glﬁg‘:rﬁfif‘ }‘fe errien 229.48,39.65;  0.88,1.61);
study (mean 48.9 yrs) agtients thayt dii ol TNF-a=22.88  TNF-a (9.92 +
P +12.15,19.09.  2.04; 9.65).

survive
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Table 2. Cont.

Cases Controls
Author, Year, No: of Results of Serum Cytokine Cytokine
S No Country Journal Study Type Participants Cytokines Concentration  Concentration
(pg/mL) (pg/mL)
IL-6 and TNF-« (p = IL-1 =0.19 IL-13 =0.23
Multicenter Covid + ve = 0.03) were increased (0.16-0.59); (0.082-0.40);
13 Sophie Stukas,  Critical Care prospective 5 60 \270 r\;j I_{ c more in cases than IL-6=79.9 IL-6 = 65.0
2020, Canada Explorations observational B é2 ( (g s) controls, however, IL-3  (27.7-200); (25.2-154);
study - yrs was not significantly TNF-a =102  TNF-a=6.16
different among groups  (6.05-16.9) (4.09-10.0)
Laura Covid + ve = gllrfi}f,it:(;ilgeseﬁffge’ced
. ) Single center 246 (18-60 yrs), . & Y NR in cases NR in cases
14 Bergamaschi, Immunity in cases group than
cohort study HC =45 versus controls  versus controls
2021, UK (65 yrs) control groups
y (p < 0.0005)
Covid + ve = IL-1p and TNF-« were
Ax"ulkumaran, Critical care Observational 86 (Mild = 44, higher in controls than NR in cases NR in cases
15 Nishkantha, lorati tud Severe = 42, cases, and IL-6 was trol trol
2021, India explorations study 4873 yrs), HC  higher in cases than versus controls  versus controls
=7(28-49yrs)  controls

Table legends: Covid + ve = confirmed COVID-19 patients with RT-PCR.

After the data analysis, serum cytokine concentration was extracted from 11 periodon-
titis studies and the highest reported concentration for IL-1 (3 level was 114 pg/mL, whilst
IL-6's was 125.4 pg/mL, and TNF-«’s was 202.71 pg/mL. Among COVID-19 patients, the
highest reported serum concentration of IL-1 3 level was 140 pg/mL, whilst IL-6’s was
249.0 pg/mL, and TNF-«’s was 151.59 pg/mL. Overall, higher serum IL-1 3, IL-6, and
TNEF-o levels were reported in COVID-19 compared to periodontitis, (Figure 3c). Another
group of researchers suggested that patients showing IL-6 levels above the 50th percentile
(IL-6 cut-off value above 163.4 pg/mL) had a 91.7% probability of dying (p = 0.0018), and
TNF-« levels above the 50th percentile (cut-off level > 33.91 pg/mL) had a 75% probability
of dying (p = 0.0648) [38]. On the other hand, a I1mm increase in PD is associated with a
25.06 pg/mL increase in IL-13, a 1.72 pg/mL increase in IL-6, and a 1.70 pg/mL increase
in TNF-« in saliva, supporting their role in tissue destruction [46,47]. Apart from these
findings, it should be noted that IL-6 was the single cytokine that consistently increased in
COVID-19 and was also used as a marker to distinguish levels of COVID-19 severity [41].

4. Discussion

Several periodontal studies indicated an increase in all three of the cytokines; however,
a few studies found a decrease in the overall cytokine levels. Studies showing decreased
cytokines were greater than the number of studies reporting increased IL-6 alone. Regard-
ing COVID-19, most studies showed increased cytokines, whereas only one study reported
a decrease in all cytokines. The number of periodontitis studies showing decreased cy-
tokines was just over half of the number of COVID-19 studies showing decreased cytokines.
Nevertheless, overall data supported the hypothesis that high IL-1f3, IL-6, and TNF-« in
the same patient play a role in COVID-19 and periodontitis pathogenicity independently.
Interestingly, when studies reported only one cytokine increase, IL-6 increased more fre-
quently than IL-1 and TNF-a. In fact, a few studies reported a decrease in IL-13 and /or
TNEF-a but not IL-6, which explains why IL-6 could be the sole determinant of severity in
COVID-19 [20].

Apart from periodontitis and COVID-19, local (salivary) and systemic (serum) TNF-
o/IL-6/IL-13 levels also increased in other inflammatory conditions, such as chronic oral
erosive lesions and ulcers, and these cytokine levels were inversely proportional to the
IL-10 that regulated epithelial healing [48,49]. Interplay between IL-1f3, IL-6, and THF-«
allows for seamless disease progression. (Figure 4). For instance, TNF-« upregulates
PMN infiltration, disrupts the epithelial integrity, and positively influences IL-13 and
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IL-6 to downregulate epithelial growth [50-52]. Following an epithelial breach, IL-1f3
and TNF-« increase gingival fibroblastic MMP and activate the protease pathway for
tissue dissolution [53]. IL-6 and TNF-« interplay by raising IL-1 levels for advancing
bone demineralization [54]. IL-1 {3 is largely associated with bone destruction, osteoclastic
maturation, inhibition of ALP activity, and collagen synthesis [55,56]. In lung epithelium,
bacterial LPS stimulate TNF-« to prime cells to produce more TNF-« and IL-1f3 to continue
the destructive pathway [57].

Lung epithelia

Novel Corona Virus

Periodontal Gingival epithelia

Pathoge’n\
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Figure 4. Inmune-pathogenetic similarities and cytokine interplay in periodontitis and COVID-19.

Lastly, bacterio-viral interactions diminish respiratory ciliary activity and enhance
bacterial adhesion, which facilitate pathogenic aspiration from oral cavities [58]. Table 3
shows that the occurrence of periodontitis is associated with COVID-19 and COVID-19
worsens the severity of periodontal disease and COVID-19-related hospitalization. There-
fore, periodontal disease management and a decreased pathogenic load may decrease the
accidental aspiration of periodontal pathogens into the lungs and decrease hospitalization
or COVID-19-related complications [59].

Table 3. Data showing association between periodontitis and COVID-19 and if periodontitis worsens
COVID-19 severity.

COVID + ve,
COVID-ve, Periodontitis
S No Author, Year, Journal, Study Type Periodontitis, No Association/ Worsens
Country ’ yyp Periodontitis No Association COVID-19
Subjects Disease Outcome
(N)
Shipra Gupta, Clinical oral investigations, 82, NR, ..
1 2022, India cross-sectional analytical study 65, 27 Association Yes
Pradeep S. Anand, Journal of Periodontology, 79,71, .
2 2021, India case-control study 79, Nil Association NR
3 Yi Wang, 2021, {\iug.‘a.l of E/r[a“fllalt.loml 1299010; NR, Associati v
China edicine, Mendelian 975; NR ssociation es

randomization study
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Table 3. Cont.
COVID + ve,
COVID-ve, Periodontitis
S No Author, Year, Journal, Study Type Periodontitis, No Association/ Worsens
Country ’ yyp Periodontitis No Association COVID-19
Subjects Disease Outcome
N)
Supriya Mishra, Dentistry Journal, 294, NR, -
4 2022, India cross-sectional study 149, 66 Association Yes
5 Nora Alnomay;, fa; di De?ita; Journal, 188, NR, A iation Y.
2022, Saudi Arabia e OoPECHY 99, 89 ssociatio s
cohort study
116, NR, 81%
. Journal of Family Medicine and  (covid + ve in
7 ﬁl\gieet Kaur, 2022, Primary Care, Comparative hospital) 46.2% Association Yes
study (covid- + ve home
quarantine); NR
Panagiotis .. .
8 Gardelis, 2022, Clinical and Experimental 30, NR, 30, NR Association Yes
. Dental Research, Pilot study
Switzerland
Boy M. Bachtiar, Saudi dental journal, Unclear
? 2022, Indonesia crosssectional study 23,6, 6 NR association NR
Camila Alves Journal of
10 Costa, Periodontology, prospective 128, NR, 46, 8 Association Yes
2022, Brazil study
. Journal of Dental Research, 14466, NR, ..
1 H. Larvin 2021, UK retrospective longitudinal study 6631, 35154 Association Yes
1 S. Wadhwa, 2022, Saudi Dental Journal, 387, 387, Association Yes
USA retrospective study Unclear, NR
13 Harriet Larvin, Frontiers in Medicine, 1616, 11637, Association Yes
2020, UK retrospective study 2100, 11153
Israel Guardado- Inte?nanonal Journal of
14 Luevanos. 2022 Environmental Research and 117,117, Association Yes
’ ’ Public Health, case-control 42,56

Mexico

study

Table legends: Covid + ve = confirmed COVID-19 patients with RT-PCR.

5. Further Scope for Scrutiny

Currently, data reporting methods on the cytokine levels in periodontitis/COVID-19
are highly ambiguous, with limited available literature. The lack of homogeneity in the
methodology, ethnicity, and sample size prevents generalizability and conclusions of a
definitive outcome. Future studies with age-matched groups and control over possible
confounding factors will lead to homogenous studies assessing the data with a more
detailed meta-analysis. Table 4 enlists research areas that need focus to develop a further

understanding of an association between periodontitis and COVID-19.

Studies without control groups were not included in the methodology; hence, a large
number of studies were excluded and the bias of the included studies has not been analysed,
which are major limitations of this scoping review. In addition, the authors of the selected
studies were not contacted to procure the serum cytokine values in the diseased patients
when this was not mentioned in the manuscript, which might contribute to a skewed data
analysis and could be an added limiting factor.
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Table 4. Scope for further research and unanswered questions.

Scope for Further Research and Unanswered Questions

Chemical profile

-Report the cytokine range in population of specific age groups

-Familial H/o inflammatory comorbidities that influence cytokine level in the same
patients with COVID-19 infection/periodontitis

-If the COVID-19 infection altered the GCF/gingival cytokine concentration
-Cytokine serum level threshold beyond which the patient dies.

Disease outcome

-Respiratory symptoms corresponding to the serum cytokine level
-PD/CAL/defect size corresponding to the serum cytokine level
-Patterns in bone loss corresponding to the serum cytokine levels
-Influence of serum cytokine levels on the disease prognosis

Disease management

-Occurrence of coronavirus in intrabony defects/gingival tissues

-Occurrence of periodontopathic bacteria in the lung lesions of COVID-19-infected
subjects, and if it is increased with periodontitis severity

-If COVID-19/periodontitis increases the susceptibility to other inflammatory conditions
-If COVID-19 infection alters the periodontal treatment outcome/tissue healing/dental
implant stability

-Serum cytokine comparison among COVID-19/periodontitis /periodontitis + COVID-19
to find an association.

-If systemic anti-cytokine therapy could decrease disease severity

6. Conclusions

Most studies showed greater increases in IL-6 in cases than controls, which suggests
that IL-6 is a strong potential diagnostic and prognostic biomarker. However, this pattern
has been more often reported in cases of COVID-19, and warrants additional research to
conclude its role in periodontal pathology. Overall, serum pro-inflammatory cytokines are
elevated in the presence of periodontopathic bacteria, so it could be derived that periodontal
disease negatively influences the serum cytokine profile, which could further affect COVID-
19 disease outcomes. Moreover, reports suggest that recent periodontal therapy/well-
controlled periodontitis result in lesser COVID-19 complications. Furthermore, a two-way
link is established between periodontitis and lung conditions due to the aspiration of oral
bacteria into the respiratory tract and the dislodgement of coronavirus into the periodontal
pockets. This may worsen the disease outcome of periodontitis and COVID-19 thereby
underlining the importance of the maintenance of proper periodontal hygiene and prevent
complications related to each other.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390 /biology12040550/s1, Supplementary Table S1: Search keywords,
Supplementary Table S2: Excluded studies in periodontitis.
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