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Abstract

Purpose Periodontitis and coronavirus disease (COVID-19) share risk factors and activate similar immunopathological
pathways, intensifying systemic inflammation. This study investigated the clinical, immunological and microbiological
parameters in individuals with COVID-19 and controls, exploring whether periodontitis-driven inflammation contributes
to worsening COVID-19 endpoints.

Methods Case (positive RT-PCR for SARS-CoV-2) and control (negative RT-PCR) individuals underwent clinical and
periodontal assessments. Salivary levels of TNF-a, IL-6, IL-1p, IL-10, OPG, RANKL, neutrophil extracellular traps, and
subgingival biofilm were analyzed at two timepoints. Data on COVID-19-related outcomes and comorbidity information
were evaluated from medical records.

Results Ninety-nine cases of COVID-19 and 182 controls were included for analysis. Periodontitis was associated with more
hospitalization (p =0.009), more days in the intensive care unit (ICU) (p =0.042), admission to the semi-ICU (p=0.047),
and greater need for oxygen therapy (p =0.042). After adjustment for confounders, periodontitis resulted in a 1.13-fold
increase in the chance of hospitalization. Salivary IL-6 levels (p =0.010) were increased in individuals with COVID-19 and
periodontitis. Periodontitis was associated with increased RANKL and IL-1p after COVID-19. No significant changes were
observed in the bacterial loads of the periodontopathogens Porphyromona gingivalis, Aggregatibacter actinomycetemcomi-
tans, Tanerella forsythia, and Treponema denticola.

Conclusions Periodontitis was associated with worse COVID-19 outcomes, suggesting the relevance of periodontal care to
reduce the burden of overall inflammation. Understanding the crosstalk between SARS-CoV-2 infection and chronic condi-
tions such as periodontitis that can influence disease outcome is important to potentially prevent complications of COVID-19.
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Introduction

The SARS-CoV-2 outbreak has set up an unprecedented
pandemic, causing the collapse of healthcare systems across
the world due to the high number of hospitalizations and
deaths [1]. Although high vaccination rates appear to be

D4 Tarcilia Aparecida Silva leading to disease control in some countries, inequities in
silva.tarcilia@gmail.com; tarcilia@ufmg.br vaccine distribution worldwide, combined with the virus
Extended author information available on the last page of the article ability to mutate, indicate that the emergence of new variants
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and outbreaks cannot be ruled out [2]. Multiple factors (e.g.,
senility, obesity, and underlying chronic conditions) have
been associated with greater odds of worse COVID-19 end-
points [3]. However, crosstalk with other inflammatory and
infectious diseases can boost the systemic inflammatory bur-
den and modify the course of infection, resulting in a variety
of infection phenotypes [4].

Periodontitis is a highly prevalent infectious-inflamma-
tory oral disease [5]. Periodontal pockets serve as a reservoir
of microorganisms, including viruses, fungi, and bacteria
that can enter the bloodstream and/or be aspirated [6]. Fur-
thermore, individuals with periodontitis are threefold more
likely to develop nosocomial pneumonia than those who are
periodontally healthy [7].

Poor oral health status and periodontitis were linked to
worse outcomes of COVID-19 [8-12]. A possible explana-
tion is that SARS-CoV-2 infects and replicates in oral tissues
that express angiotensin converting enzyme-2 (ACE-2) such
as the periodontium [13], epithelium, salivary glands [14],
and a pre-existing pathological condition may exacerbate
these processes. Moreover, periodontitis and COVID-19
activate similar immunopathological pathways, including
the overexpression of cytokines and neutrophil extracellular
traps (NET), intensifying systemic inflammation [15-19].
Nevertheless, the literature on the issue is sparse and the
pathophysiological mechanisms of the COVID-19-periodon-
titis association have not yet been defined. Our hypothesis is
that periodontitis-driven inflammation contributes to worse
COVID-19 endpoints. Herein, we investigated the clinical,
immunological and microbiological parameters of individu-
als with COVID-19 and controls.

Materials and methods

Study design, sample characteristics, and ethical
clearance

A population-based case control study was carried out in
the city of Belo Horizonte, Brazil, during the COVID-19
outbreak, from September 2020 to May 2021. Individuals
examined in the special wards for COVID-19 of two refer-
ral services participated in this study: Hospital das Clini-
cas of the Federal University of Minas Gerais and Hospi-
tal Eduardo de Menezes. Subjects who tested positive for
SARS-CoV-2 in RT-PCR by nasal swab were included in
the case group. The control group consisted of individuals
who had negative salivary RT-PCR for SARS-CoV-2. In this
group, individuals had attended the Dental Urgency Depart-
ment of the School of Dentistry at the Federal University of
Minas Gerais from January 2021 to March 2021. The report
of this study conformed to the STROBE statement. The

study was approved by the Ethics Committee of the Institu-
tion (#37273320.0.0000.5149; #37273320.0.3002.5124).

Sample size calculation and eligibility criteria

The two groups were matched for age and sex at a proportion
of 1.8 control for every case. Inclusion criteria were partici-
pants of any age group, with at least six teeth, and no con-
traindication for periodontal evaluation [7, 20-22]. Individu-
als were excluded in case of pregnancy, and if they had been
treated for periodontal disease in the last 3 months. In addi-
tion, in the COVID-19 group patients were also excluded if
they did not have a positive RT-PCR determined by a nasal
swab, or if they were under mechanical ventilation or using
non-rebreather masks.

Demographic and behavioral characteristics

Participants provided information on schooling, family
income, habits (i.e., smoking and alcohol consumption),
height and weight, oral hygiene habits, previous dental
treatments and, in the case of those infected with COVID-
19, signs and symptoms presented. Information regarding
comorbidities and medication were also obtained from medi-
cal records. Data on serum levels of lymphocytes, neutro-
phils, eosinophils, C-reactive protein, and D-dimer during
hospitalization were collected from the medical records.

Clinical and periodontal assessment—definition
of periodontitis and staging

Clinical and periodontal examinations were performed by
a single calibrated examiner (L.M.B.). Third molars, teeth
with extensive dental caries, absence of a clear cemento-
enamel junction, severe gingival clinical alterations, iat-
rogenic restorative procedures, and excessive presence of
calculus precluding periodontal probing were excluded [23].

Clinical evaluation was undertaken using a head light,
clinical mirror, explorer, periodontal probe (UNC-15, Hu-
Friedy, Chicago, IL, USA), and gauze. Initially, the plaque
index [24] and the Decayed, Missing, and Filled Teeth
(DMFT) index were recorded. The following periodontal
parameters were assessed on all included teeth: probing
depth (PD), clinical attachment level (CAL), and bleeding
on probing (BOP). Six measurements were performed per
tooth (circumferential probing) and the highest value for
each site (mesial, buccal, distal, and lingual) was recorded,
for a total of four values for each tooth. Individuals were
classified according to the 2018 classification for periodon-
titis as healthy and stages I, II, III, or IV [25]. For data analy-
sis, participants of both groups (cases and controls) were
further classified into individuals without periodontitis [peri-
odontal health and stage I (borderline between gingivitis and
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periodontitis) were grouped] and individuals with periodon-
titis (stages II, IIT or I'V).

COVID-19-related outcomes

COVID-19 severity was estimated using the following sur-
rogate clinical endpoints: use of oxygen, hospitalization,
admission to the intensive care unit (ICU), admission to the
semi-intensive care unit (SICU), use of mechanical venti-
lation, length of hospitalization, length of ICU admission,
length of mechanical ventilation, and death [8—12].

Saliva sample collection

In both groups, saliva samples were collected by the unstim-
ulated technique for 5 min into sterile 50 mL tubes during
evaluation (T1) [26]. At a second timepoint (T2), saliva sam-
ples were collected from individuals who had had COVID-
19 (mean 106.2 days after initial diagnosis). Saliva samples
were stored at —80 °C.

SARS-CoV-2 RNA extraction and RT-PCR assay

For SARS-CoV-2 RNA detection, RT-PCR assay was
performed using saliva samples diluted in viral transport
medium, as described previously [27]. Briefly, viral RNA
extraction was executed using the Quick-RNA™ Viral
Kit (cat#R 1035, ZYMO Research, Irvine, CA USA), and
later amplified using the Multiplex Luna® Universal Probe
One-Step RT-PCR Kit (New England Biolabs, Biosci-
ence, Ipswich, MA, USA). Reactions were analyzed using
the Applied ABI 7500 equipment (Applied Biosystems™,
Foster City, CA, USA) at 55 °C for 1 min (45 cycles). The
diagnosis of COVID-19 was performed according to CDC
recommendations [28].

Quantification of molecules involved
in inflammation and NET

Salivary concentrations of tumor necrosis factor-alpha
(TNF-a), interleukin (IL)-6, IL-1f, IL-10, osteoprotegerin
(OPG), and receptor activator of nuclear factor Kappa-B
ligand (RANKL) were measured by an ELISA-based cap-
ture assay using DuoSet® ELISA kits—R&D Systems, Min-
neapolis, MN, USA). Optical density was determined at
450 nm using a FlexStation 3 Microplate Reader (Molecular
Devices, San Jose, CA, USA). The Quant-iT™ PicoGreen®
dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA) was used
to quantify NET levels by identifying the myeloperoxidase
(MPO)-DNA complex in saliva [29]. Fluorescence intensity
(excitation at 488 nm and emission at 525 nm wavelength)
was determined with a FlexStation 3 Microplate Reader.
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Biofilm collection and bacterial DNA quantification

Subgingival biofilm samples were collected from the five
sites with the highest PD using sterile absorbent paper cones
(#30, Dentsply®, New York, NY, USA) introduced into each
periodontal site for 60 s. The cones were then placed in a
sterile microtube and stored at — 80 °C. A second sample
of biofilm was collected from the COVID-19 patients at
T2. Bacterial DNA quantification procedures were per-
formed according to previously published methods [30, 31].
Briefly, bacterial DNA from periodontal biofilm samples
was extracted by the DNA Purification System (QIAamp
UCP Pathogen, Qiagen, Hilden, Germany). Total bacterial
load was quantified using the microbial DNA qPCR assay
kit (QIAgen, Hilden, Germany) for the 16S rRNA gene.
RT-PCR analyses were performed in a MiniOpticon system
(BioRad) using SybrGreen MasterMix (Invitrogen), specific
primers (Porphyromonas gingivalis: sense TGCAACTTG
CCTTACAGAGGG, antisense ACTCGTATCGCCCGT
TATTC; Tanerella forsythia: sense GGGTGAGTAACG
CGTATGTAACCT, antisense ACCCATCCGCAACCAATA
AA; Treponema denticola: sense AGAGCAAGCTCTCCC
TTACCGT, antisense TAAGGGCGGCTTGAAATAATGA,;
Aggregatibacter actinomycetemcomitans: sense ATGCCA
ACTTGACGTTAAAT, antisense AAACCCATCTCTGAG
TTCTTCT), and 5 ng of DNA in each reaction. Calculations
for determining each target microbe level were made from
triplicate measurements of the target gene in comparison
with standard curves for each target.

Data analysis

The Statistical Package for the Social Sciences software (ver-
sion 22.0, IBM Inc., New Armonk, NJ, USA) and GraphPad
Prism software (version 7.00, Graph-Pad software, La Jolla,
CA, USA) were used for the description and statistics of the
case and control groups. Intragroup comparisons between
individuals with or without periodontitis were performed.
The chi-square test was performed to analyze categorical
variables and the Student T test was performed for quan-
titative variables. In the COVID-19 group, comparisons
(with the chi-square test and the Student T test) between
individuals with and without periodontitis were performed
for COVID-19-related outcomes. A binary regression was
performed to examine the influence of periodontitis on
COVID-19-related outcomes, controlling for confounding
variables. Comparisons of cytokine concentrations between
individuals with or without periodontitis were performed
with Student T tests. The differences (AT2-T1) for the varia-
bles cytokine concentrations and bacterial loads during (T1)
and after (T2) COVID-19 infection (cytokine variations and
bacterial load variations) were calculated with Paired T tests.
Before the regression models, an explanatory analysis was
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conducted to identify confounders for each outcome. Varia-
bles with p value <0.20 were included in the models. For the
regressions, the significance level was set at p value <0.05.

Results

Demographic characteristics, oral health-related
behaviors and oral health outcomes

A total of 221 individuals on the COVID-19 wards were
assessed for eligibility, 99 participants met the inclusion
criteria and were included in the case group; age ranged
from 16 to 74 years. Two hundred-and-forty-two patients
were assessed to compose the control group and 182 were
included; age ranged from 20 to 74 years. There were no dif-
ferences between groups regarding age, sex, family income,
schooling, oral hygiene habits, and body mass index (BMI).
Smoking and alcoholism were more prevalent in the control
group. Individuals in the control group had worse oral and
periodontal status (higher DMFT index, higher number of
tooth losses, as well as higher mean PD, CAL, and BOP)
than individuals in the COVID-19 group. However, no dif-
ference between groups was observed for the prevalence of
periodontitis (Supplementary Table 1).

In both groups, individuals with periodontitis were mid-
dle-aged/older adults and had increased BMI compared to
individuals with no periodontitis. In the COVID-19 group,
individuals with periodontitis had a lower family income and
lower schooling than those without periodontitis. In the con-
trol group, most participants with periodontitis were males
and most participants without periodontitis were women.
There was no difference in tooth brushing and flossing fre-
quency between patients with and without periodontitis in
both groups (p > 0.05) (Table 1).

The prevalence of depression, pulmonary and kidney
diseases was higher among individuals in the COVID-19
group compared to those in the control group (Supplemen-
tary Table 2). The main symptoms of COVID-19 reported
were respiratory symptoms (76.8%), fever (54.5%), ageu-
sia (52.5%), anosmia (49.5%), gastrointestinal symptoms
(40.4%), tiredness/malaise (21.2%), and tachycardia (2.0%).

Periodontal and clinical status

In both groups, patients with periodontitis had worse oral
health status, as the measurements of DMFT index, PD,
and CAL among them were higher than among individu-
als without periodontitis. Tooth loss and BOP were also
increased in individuals with periodontitis in both groups.
In the COVID-19 group, plaque index was worse in patients
with periodontitis than in patients without periodontitis
(p<0.001) (Table 2).

Periodontitis and COVID-19-related outcomes

Among individuals with COVID-19, periodontitis was asso-
ciated with more hospitalization (p =0.009), more days in
the ICU (p=0.042), admission to the SICU (p=0.047),
and higher need for oxygen therapy (p =0.042). However,
there was no difference in total hospitalization length, need
for ICU, need for mechanical ventilation, or death between
individuals with and without periodontitis in the COVID-19
group (Table 3).

For the COVID-19 group, binary regression models eval-
uated the association of periodontitis with hospitalization
and use of oxygen, controlled for the confounders BMI, car-
diovascular alteration, and age (Table 4). After adjustment,
individuals with periodontitis were 1.13 times more likely
to be hospitalized than individuals without periodontitis
(CI=1.01-1.26; p=0.028). The association between peri-
odontitis and use of oxygen, controlled for the confounders
was not significant.

The association of periodontitis and COVID-19 out-
comes was also analyzed by comparing healthy, stage I,
IL, IIT and IV groups. The more severe the periodontitis,
the higher was the percentage of hospitalization. No spe-
cific stage of periodontitis or health was associated with
more need of hospitalization, ICU, mechanical ventila-
tion, death, oxygen therapy, or with lengthier hospitaliza-
tion, days in the ICU or days under mechanical ventilation
(Supplementary Table 3). The association of PD, CAL and
BOP with the COVID-19 outcomes was not significant.
In addition, there was no correlation between these vari-
ables and the duration of hospitalization, days in the ICU,
and days of use of mechanical ventilation. (Supplementary
Table 4).

Cytokine analysis in periodontitis
and no periodontitis patients

The concentration of IL-6 was higher in patients with
periodontitis than in patients without periodontitis in the
COVID-19 group (p =0.010). Patients with COVID-19 and
periodontitis also had a higher salivary concentration of
IL-6 than control individuals with periodontitis (p =0.009).
The concentration of IL-1f was increased in individuals
with periodontitis when compared to individuals without
periodontitis in the COVID-19 group (p =0.028) and control
(»=0.050). No statistical differences were identified for the
concentrations of IL-10, TNF-a, OPG, RANKL, and NET
(Fig. 1).

A weak positive correlation was observed between the
salivary concentration of NET and PD ($#=0.319; p=0.001),
CAL ($=0.302; p=0.003) and BOP ($=0.237; p=0.019).
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Table 1 Demographic characteristics and oral health-related behaviours of COVID-19 and control participants with and without periodontitis

Variables Control COVID-19
No periodontitis Periodontitis p value No periodontitis Periodontitis p value
Age, n (%)
<49 years 56 (58.9) 36 (41.4) 0.026* 34 (65.4) 15 (31.9) 0.001°*
>50 years 39 (41.1) 51 (58.6) 18 (34.6) 32 (68.1)
Sex, n (%)
Male 40 (42.1) 56 (64.4) 0.003* 28 (53.8) 24 (51.1) 0.842%
Female 55 (57.9) 31(35.6) 24 (46.2) 23 (48.9)
Family income, n (%)
<2 MWs 31 (40.3) 36 (45.6) 0.237%* 20 (38.5) 32 (68.1) 0.003%**
3-5 MWs 25 (32.5) 29 (36.7) 22 (42.3) 12 (25.5)
>5MWs 21 (27.3) 14 (17.7) 10 (19.2) 3(6.4)
Schooling, n (%)
<8 years 24 (31.2) 34 (42.5) 0.186* 11 (21.2) 25(53.2) 0.002*
> 8 years 53 (68.8) 46 (57.5) 41 (78.8) 22 (46.8)
Tooth brushing, n (%)
Once/day 2 (2.6) 3(3.8) 0.390%** 3(5.8) 3(6.4) 0.821%%*
Twice/day 22 (28.6) 36 (45.0) 15 (28.8) 10 (21.3)
3 times/day 53 (68.8) 33 (41.3) 28 (53.8) 30 (63.8)
>3 times/day 0(0.0) 8 (10.0) 6(11.5) 4(8.5)
Flossing, n (%)
No 28 (39.4) 38 (52.8) 0.132%* 22 (42.3) 24 (51.1) 0.424%
Yes 43 (60.6) 34 (47.2) 30 (57.7) 23 (48.9)
Smoking, n (%)
No 55 (87.3) 52 (76.5) 0.111%%* 40 (76.9) 33(70.2) 0.262%%*
Yes 6(9.5) 11 (16.2) 3(5.8) 0(0.0)
Ex-smoker 2(3.2) 5(7.4) 9(17.3) 14 (29.8)
BMI (kg/m?) 24.60 (21.72-31.47)  29.29 (20.38-41.21)  0.086**** 2578 (14.35-45.72)  29.72 (17.9-57.14)  0.001"""
(median, min—
max)

BMI body mass index, max maximum, min minimum, MW minimum wage

*Pearson chi-square test; **Linear by linear; ***Fisher’s Exact; ****Mann—Whitney test. Bold means statistically significant at p <0.05

Control group: age (n=182); sex (n=182); family income (n=156); schooling (n=157); tooth brushing (n=157); flossing (n=143); smoking

(n=125); and BMI (n=92)

COVID-19 group: age (n=99); sex (n=99); family income (n=99); schooling (n=99); tooth brushing (n=99); flossing (n=99); smoking

(n=96); and BMI (n=99)

A weak correlation was also observed between PD and
IL-1B (=0.361; p<0.001) (Supplementary Table 5).

Cytokine and C-reactive protein variation
during and after COVID-19 infection

When analyzing cytokine variation (AT2-T1), significant
increases in IL-1fB (p =0.005), RANKL (p=0.010), and
NET (p=0.039) concentration were observed from T1 to
T2 (=100 days after initial diagnosis of SARS-CoV-2 infec-
tion). The concentrations of IL-10, OPG and TNF-« at T2
decreased compared to T1, without statistical significance
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(Fig. 2). Cytokine variation observed during and after
the infection was not associated with the serum levels of
C-reactive protein, lymphocytes, neutrophils, eosinophils,
and D-dimer (data not shown). A weak positive correla-
tion between the serum levels of C-reactive protein at T1
and the salivary levels of RANKL (#=0.234; p=0.032),
NET ($=0.224; p=0.041), and RANKL/OPG (=0.222;
p=0.045) at T1 was observed (Supplementary Table 6).
Regression models were constructed with factors ICU
need, BMI, intubation need, periodontitis, smoking, and
oxygen use) that could potentially explain the observed
variation in cytokine concentration. Periodontitis was
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Table 2 Clinical characteristics of COVID-19 and control participants with and without periodontitis
Variables Control COVID-19

No periodontitis ~ Periodontitis p value No periodontitis  Periodontitis p value
DMEFT index (median, min—max) 19 (4-25) 18 (8-24) 0.003* 10 (0-25) 18 (0-27) <0.001*
Tooth loss (median, min—max) 2 (0-10) 5 (0-19) <0.001* 1 (0-22) 10 (0-22) <0.001*
PD (mm) (median, min—max) 1.93 (1.59-2.33) 2.43(1.96-7.11) <0.001* 1.79(1.32-2.41) 2.44 (1.65-3.48) <0.001*
CAL (mm) (median, min—max) 1.98 (1.51-2.33) 2.49(2.01-9.50) <0.001* 1.86(1.35-3.01) 2.55(1.75-7.45) <0.001*
BOP, % (median, min-max) 3.85(0-19) 8.6 (0-33) <0.001* 0 (0-8) 1.67 (0-28) <0.001*
Salivary flow (ml/min) (median, min-max) 0 (0-2) 0(0-2) 0.098* 0.65 (0.10-1.9)  0.80(0.10-1.64) 0.716*
Plaque index, n (%)
Excellent/good 18 (94.7) 16 (76.2) 0.186*** 46 (88.5) 26 (55.3) <0.001%**
Poor/terrible 1(5.3) 5(23.8) 6 (11.5) 21 (44.7)

BOP bleeding on probing, CAL clinical attachment level, max maximum, DMFT decayed, missing, and filled teeth, min minimum, ml/min mil-
liliters per minute, mm millimeter, PD probing depth

*Mann—Whitney test; **Pearson chi-square test; ***Fisher’s Exact. Bold means statistically significant at p <0.05

Control group (no periodontitis/periodontitis): DMFT (n=53/n=40); tooth loss (n=95/n=287); PD (n=95/n=87); CAL (n=95/n=87), BOP
(n="T7/n=280); salivary flow (n="74/n=66). COVID-19 group (no periodontitis/periodontitis): all variables (n=>52/n=47)

Table 3 COVID-19-related
outcomes of patients with and
without periodontitis

Variables COVID-19
No periodontitis Periodontitis p value
Hospitalization, n (%)
No 10 (19.2) 12.1) 0.009*
Yes 42 (80.8) 46 (97.9)
Hospitalization length (mean +SD) 16.04 +35.84 16.26 +15.53 0.969%**
ICU, n (%)
No 43 (82.7) 32 (68.1) 0.105%*
Yes 9(17.3) 15 (31.9)
Change ICU to SICU, n (%)
No 52 (100.0) 43 (91.5) 0.047%*
Yes 0(0.0) 4(8.5)
Days on ICU (mean =+ SD) 0.83+2.11 2.23+4.20 0.042%:%%
Mechanical ventilation, n (%)
No 50 (96.2) 44 (93.6) 0.666%**
Yes 2 (3.8) 3(6.4)
Days on mechanical ventilation (mean + SD) 0.19+0.97 043+1.76 0.412%%*
Death, n (%)
No 51 (98.1) 47 (100.0) 1.000%*
Yes 1(1.9) 0(0.0)
Oxygen therapy, n (%)
No 19 (36.5) 8 (17.0) 0.042*
Yes 33 (63.5) 39 (83.0)

ICU intensive care unit, SD standard deviation, SICU semi-intensive care unit

*Pearson chi-square test; **Fisher’s exact; ***Student 7 test. Bold means statistically significant at p <0.05

associated with a significant increase in levels of RANKL
(p=0.001) and IL-1p (p =0.016). Individuals who did
not need oxygen therapy exhibited a reduction in the

concentration of RANKL (p =0.002). The variation of
NET concentration during and after the infection, as well
as the variation in C-reactive protein at the beginning and
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Table 4 Binary regression
of factors influencing

Hospitalization

Use of oxygen

hospitalization and use of OR 95% CI p value OR 95% C1 p value
oxygen in COVID-19 patients
Periodontitis
No 1 - 0.028 1 0.149
Yes 1.13 1.01-1.26 1.19 0.938-1.519
BMI
Underweight 1 - — 1 _ _
Normal weight 1.01 0.881-1.144 0.493 1.14 0.747-1.260 0.273
Overweight 1.03 0.874-1.233 0.665 1.03 0.793-1.338 0.820
Obese 1.19 0.721-1.960 0.945 2.69 0.457-15.873 0.310
Cardiovascular alteration
No 1 - 0.026 1 - 0.183
Yes 1.16 1.018-1.322 1.18 0.924-1.510
Age
<49 years 1 0.285 1 - 0.557
>50 years 1.06 0.947-1.200 1.07 0.841-1.379

BMI body mass index, CI confidence interval, OR odds ratio. Bold means statistically significant at p <0.05

at the end of the infection, were not associated with the
variables included in the multivariate model (Table 5).

Microbiological profile during and after COVID-19
infection

The bacterial loads of P. gingivalis and A. actinomycetem-
comitans during the COVID-19 infection (T1) were higher,
albeit not significant, when compared to T2 (=100 days
after infection). The bacterial loads of T. forsythia and T.
denticola at T2 were higher, albeit not significant than at T1
(Supplementary Fig. 1). There was no difference in bacterial
load between patients with and without periodontitis at the
two timepoints analyzed (data not shown).

Discussion

The present study investigated the potential association
between the periodontal status and the severity of SARS-
CoV-2 infection through clinical, inflammatory, and micro-
biological parameters. Our findings demonstrated that peri-
odontitis was associated with higher rates of hospitalization,
lengthier stay in the ICU, admission to the SICU, and higher
need for oxygen therapy. After adjustment for confounders
such as BMI, cardiovascular alteration and age, periodontitis
resulted in a 1.13-fold increased chance of hospitalization.
Increased salivary levels of IL-6 were seen in patients with
COVID-19 and periodontitis. The presence of periodonti-
tis was also related to a positive variation of RANKL and
IL-1f after COVID-19, even though no significant changes
in the bacterial loads of periodontopathogens P. gingivalis,
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A. actinomycetemcomitans, T. forsythia, and T. denticola
were detected.

In 2019, there were 1.1 billion prevalent cases of severe
periodontitis worldwide [5], making this one of the most
prevalent diseases in the world and a public health prob-
lem, since it can lead to tooth loss, masticatory impairment,
and worse oral health-related quality of life, with a negative
impact on several systemic diseases [7, 31-34]. Our clinical
evaluation revealed that individuals with periodontitis had
higher rates of hospitalization and oxygen therapy require-
ments, a longer stay in the ICU and higher SICU admission,
in agreement with the data of Gupta et al. [11]. Although
there was no association between periodontitis and the total
hospitalization period, we observed that patients with peri-
odontitis stayed longer in the ICU. In contrast, we did not
find an association of periodontitis with mechanical ven-
tilation and ICU admission or with death [9, 11, 12]. This
was possibly due to the low mortality rate observed in our
sample (1%) compared to others (2.4%, 9.7% and 24.2%,
respectively) [9, 11, 12]. Further dissimilarities with other
studies may be related to study design, clinical examina-
tion, periodontitis classification, and time of examination.
In our study, periodontal examination was performed during
the infection and the diagnosis of periodontitis was based
on PD, CAL, and tooth loss; moreover, a matched control
group was included. In contrast, some studies did not per-
form clinical periodontal examination [8, 9], did not include
a control group [12, 35], and only evaluated patients after
the infection [10]. Multivariate analysis showed that even
after the removal of confounders, periodontitis persisted as a
significant factor regarding the need of hospitalization. How-
ever, caution is needed when analyzing these data, because
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a statistical significance does not necessarily translate into
clinical significance [36].

The potential association of COVID-19 and periodon-
titis is based on biological plausibility, since the two
conditions appear to have similar pathological immune-
mediated mechanisms [18, 19] and share closely similar
risk factors [37, 38], and the periodontal pockets may
act as a reservoir of SARS-CoV-2 [13]. Periodontitis is
characterized by loss of periodontal attachment due to

microbiological challenge and is associated with host-
mediated inflammation [25], with the identification of an
increased number of proinflammatory markers such as
IL-1B, IL-6, IL-10, TNF-a, OPG, RANKL, and NET that
are representative of the periodontal disease status [17,
39, 40].

While the IL-6 was proposed in few studies as a marker
of periodontitis [16, 17, 41], the increase in IL-6 was not
consistently shown when a heterogeneous group (patients
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Fig.2 Cytokine and neutrophil extracellular trap concentration in the
saliva of individuals with COVID-19 during and after the infection.
(A) Interleukin (IL)-1p, (B) IL-10, (C) osteoprotegerin (OPG), (D)

exhibiting distinct periodontal status) was compared to a
control group (periodontal health group) [42, 43]. Further-
more, salivary IL-6 concentration was not modified by peri-
odontal therapy [26, 44]. On the other hand, in a homogene-
ous group of patients with stage IV periodontitis, a robust
increase in IL-6 was detected compared to controls [45].
In our study, IL-6 concentration did not consistently dis-
criminate individuals with and without periodontitis in the
control group. However, the COVID-19 group with peri-
odontitis showed a significant increase of IL-6 compared
to controls with periodontitis and to COVID-19 individuals
without periodontitis. This strongly suggests a contribution
of both periodontitis and COVID-19 to salivary IL-6 levels
and supports the hypothesis that periodontitis-induced local
and systemic inflammation results in worse COVID-19 out-
comes. In turn, COVID-19-induced systemic inflammation
may impact periodontitis contributing to the IL-6 levels in
saliva, an assumption that deserves further investigation.
Noteworthy, patients with COVID-19 had higher serum
levels of cytokines including IL-6 and this increase was sig-
nificantly higher in critically ill patients [15]. Even though
we did not observe significant changes in the target peri-
odontal bacteria, it has been recently shown that periodon-
topathogens induce the expression of ACE-2, IL-6, and IL-8
in alveolar epithelial cells, suggesting that the aspiration of
these bacteria regulates the inflammatory response of the
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COVID-19

receptor activator of nuclear factor Kappa-B ligand (RANKL), (E)
tumoral necrosis factor alpha (TNF-a), and (F) neutrophil extracel-
lular traps. *Statistically significant at p <0.05

lower respiratory tract [46]. Therefore, we hypothesize that
periodontitis-induced local and systemic inflammation con-
tributes to the deterioration of clinical condition and to more
severe outcomes during COVID-19.

We also analyzed cytokine production after COVID-
19 infection, detecting significant increases of IL-1p,
RANKL, and NET. A regression model showed that the
presence of periodontitis explained IL-1p and RANKL
changes. Overall, these data raise concerns about the per-
sistence of the virus at inflamed periodontal sites even
after infection. The presence of virus in periodontal pock-
ets may inhibit the macrophage response to the bacterial
challenge, reducing cytokine production [47]. Thus, by
these mechanisms, SARS-CoV-2 could lead to changes
in bacterial load and periodontal status, a hypothesis that
needs to be further examined. Alternatively, the exacer-
bated systemic inflammation during COVID-19 could lead
to a deterioration of periodontal inflammation, thus result-
ing in an increase of those markers even after the infection.
Consistently, the impact of systemic inflammation on peri-
odontal tissues has been observed in chronic diseases, such
as rheumatoid arthritis [32] and diabetes [34].

A significant increase in the formation of NET was
observed in individuals with periodontal diseases [40],
in contrast to our findings, in which patients with peri-
odontitis of both groups showed higher but statistically
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nonsignificant NET concentration. Conversely, exacer-
bated formation of NET has been reported in individuals
with severe COVID-19 [48], while in our study salivary
levels of NET increased only after infection, and this trend
was not explained when correlated with confounders,
including periodontitis.

The strengths of this study include the representative
sample of unvaccinated patients from two reference cent-
ers, extensive data collection on cytokine, and bacterial load
measurements during and after the infection. To the best of
our knowledge, this is the first study to evaluate cytokines
and microorganisms in patients with and without COVID-19
and to associate the findings with periodontal status. None-
theless, a limitation of this report is that the clinical evalua-
tion of ICU patients was not possible because of the use of
a mask with a reservoir and the mechanical ventilation tube,
which precluded the assessment of highly severe patients.
This study was carried out at the beginning of the pandemic,
and at that time protocols/guidelines for the management of
affected individuals were still being elaborated, a fact that
certainly resulted in non-standardized clinical decisions.
Taken together, the present data suggest that improvement
in oral hygiene and periodontal treatment could potentially
prevent complications of COVID-19 by reducing the pos-
sibilities of nosocomial pneumonia and overall inflamma-
tion, as well as preventing the flow of microorganisms to
the bloodstream through the periodontal pocket ulcerated
epithelium.

In summary, worse periodontal status was associated
with increased hospitalization, oxygen therapy, ICU length,
and SICU admission. Periodontitis patients had augmented
salivary levels of IL-6 during COVID-19 infection. The
presence of periodontitis was also related to an increase in
RANKL and IL-1 after infection, although there were no
significant changes in the bacterial loads of the periodon-
topathogens P. gingivalis, A. actinomycetemcomitans, T.
forsythia, and T. denticola. The data reinforce the relevance
of oral and periodontal care in patients with COVID-19 as a
potential strategy to reduce overall inflammation and aspi-
ration of microorganisms, thus preventing complications.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10266-023-00811-2.
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