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Abstract

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) is the cause of the ongoing coro-
navirus disease 2019 (COVID-19) pandemic. It has been hypothesized oral health may be related to the severity
and complications of COVID-19. The aim of this study was to analyze the prevalence of apical periodontitis and
the frequency of root canal treatment in a sample of patients with SARS-CoV-2 infection (COVID-19), correlating
them with the severity of the disease.

Material and Methods: This retrospective study was conducted following the Strengthening Reporting Observa-
tional Studies in Epidemiology (STROBE) guidelines. The study examined 280 patients with positive real time
PCR COVID-19 test whose treatment was performed in our hospital. Fifty-two patients aged 52.3 + 17.3 years,
including 30 males and 22 females, who had an orthopantomography in their clinical record, performed in the last
2 years, were included. Patients with SARS-CoV-2 infection were grouped as mild or moderate (MM) and severe
or critical (SC) illness groups, according to the NIH COVID-19 Treatment Guidelines (Wu & McGoogan 2020).
Radiographic records were analyzed and apical periodontitis (AP) was diagnosed as radiolucent periapical lesions
(RPLs), using the periapical index score (PAI). Student’s t test, ¥2 test and multivariate logistic regression were
used in the statistical analysis.

Results: The number of carious teeth was significantly higher in the SC group (3.4 + 4.1), which showed more
than twice as many teeth with carious lesions than the MM group (1.4 + 1.8) (p = 0.02). Multivariate regression
analysis showed association between the number of carious teeth and the severity of SARS-CoV-2 disease (OR =
1.5; 95% CI = 1.1-2.1; p = 0.017). Endodontic status (OR = 7.12; 95% CI = 1.2-40.9; p = 0.027) also correlated with
the disease severity.

Conclusions: The results suggest that the oral health status of COVID-19 patients correlated with the severity of
the SARS-CoV-2 virus infection. Significant association has been found between the severity of COVID-19 dis-
ease and the presence of a greater number of teeth with caries lesions, as well as with endodontic status.

Key words: Apical periodontitis, caries, COVID-19, root canal treatment, SARS-CoV-2.
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-Cov-2) is the cause of the ongoing coronavirus
disease 2019 (COVID-19) pandemic (1). Patients with
COVID-19 emerge symptoms at 5—6 days after infec-
tion, developing mild symptoms in the initial stage for
2 weeks on average but has the potential to develop into
severe illness, including a systemic inflammatory re-
sponse syndrome, acute respiratory distress syndrome
(ARDS), multi-organ involvement and shock (2). Fac-
tors including age, comorbidities, immune response,
radiographic findings, laboratory markers, and indica-
tors of organ dysfunction may individually or collec-
tively predict worse outcomes (3). Chronic lung disease,
moderate to severe asthma, severe obesity, diabetes,
hypertension, obesity, chronic kidney disease, and liver
disease are also at high risk for severe COVID-19 symp-
toms (4,5).

On the other hand, poor oral health, including periodon-
tal disease (6,7) and apical periodontitis (8-10), is asso-
ciated to higher prevalence and worsening of systemic
diseases such as diabetes, hypertension, coronary heart
disease, obesity, and chronic liver disease. Therefore, it
has been hypothesized that oral health may be related to
the severity and complications of COVID-19 (4). More-
over, it has been reported positive correlation between
the radiological dental damage stage and the severity of
COVID-19 disease (11,12). However, no study has in-
vestigated the association between periapical and end-
odontic status and the severity of COVID-19.

The aim of this study was to analyze the prevalence
of apical periodontitis and the frequency of root canal
treatment in a sample of patients with SARS-CoV-2 in-
fection (COVID-19), correlating them with the severity
of the disease.

Material and Methods

This cross-sectional study was conducted following
the Strengthening Reporting Observational Studies in
Epidemiology (STROBE) guidelines. The Ethics Com-
mittee of the University of Sevilla (Spain) approved the
protocol (1071-N-21). Each subject signed a consent
form after being informed of the nature of the study.

- Patients’ selection

Participants were recruited among patients with CO-
VID-19, with positive real time PCR COVID-19 test,
receiving treatment at the Virgen del Rocio Univer-
sity Hospital (Sevilla, Spain) between March 2020
and April 2021. The study examined 280 patients
with positive real time PCR COVID-19 test whose
treatment for COVID-19 was performed in our hos-
pital. Fifty-two patients aged 52.3 + 17.3 years, in-
cluding 30 males and 22 females, who had an ortho-
pantomography in their clinical record, performed
in the last 2 years, were included. Patients without
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ortopantomography were excluded from the study.
- Clinical spectrum and severity illness classification
Patients with SARS-CoV-2 infection were grouped into
the following severity of illness categories, according
to the NIH COVID-19 Treatment Guidelines (https://
www.covidl9treatmentguidelines.nih.gov/overview/
clinical-spectrum/) (2), as follows:

1) Mild illness: Individuals who have any of the various
signs and symptoms of COVID-19 (e.g., fever, cough,
sore throat, malaise, headache, muscle pain, nausea,
vomiting, diarrhea, loss of taste and smell) but who
do not have shortness of breath, dyspnea, or abnormal
chest imaging.

2) Moderate illness: Individuals who show evidence of
lower respiratory disease during clinical assessment or
imaging and who have an oxygen saturation (SpO2 >
94%) on room air at sea level.

3)Severe illness: Individuals who have SpO2 < 94% on
room air at sea level, a ratio of arterial partial pressure
of oxygen to fraction of inspired oxygen (PaO2/FiO2
<300 mm Hg), a respiratory rate > 30 breaths/min, or
lung infiltrates > 50%.

4) Critical illness: Individuals who have respiratory
failure, septic shock, and/or multiple organ dysfunction.
For analytical purposes, disease severity was dichoto-
mized by classifying patients into two groups: the first
comprised patients with mild or moderate illness (MM)
and the second grouped patients with severe or critical
illness (SC).

As relevant systemic diseases that could influence the
severity of the SARS-CoV-2 infection and that have
been shown to be associated with endodontic variables,
the data of each patient regarding diabetes, cardiovas-
cular diseases and smoking habits were recorded.

- Radiographic examination

The radiographic periapical status was diagnosed based
on the examination of digital panoramic radiographs of
the jaws. Two trained radiographic technicians, with
over ten years of experience, took the panoramic ra-
diographs using a digital ortho-pantomograph machine
(Promax®, Planmeca, class 1, type B, 80 KHz, Plan-
meca, Helsinki, Finland).

- Radiographic evaluation

Periapical status was assessed using the “Periapical In-
dex” (PAI) score (13), as described previously (14,15).
A score greater than two (PAI > 3) was considered to
be a sign of periapical pathology. The worst score of
all roots was taken to represent the PAI score for multi-
rooted teeth. Teeth were classified as root-filled teeth
if they had been filled with radiopaque material in the
root canal(s).

The following information was recorded in structured
form for each subject: number of teeth present; number
of carious teeth, number of restored/filled teeth, number
of teeth that have identifiable radiolucent periapical le-
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sions (AP), and number of root-filled teeth (RFT). For
analytical purposes, both AP and RFT variables were
dichotomized as absent or > 1 AP or RFT.

The presence of periodontal disease was evaluated ra-
diographically assessing alveolar bone loss. The height
of the alveolar bone crest was measured from a fixed
reference point (the cemento-enamel junction) proximal
to all available teeth. Subjects with alveolar bone loss >
4 mm were considered periodontal patients (16).

- Observers’ calibration

Three blinded observers with extensive clinical experi-
ence in endodontics examined the radiographs. Before
evaluation, the observers participated in a calibration
course for the PAI system, which consisted of 100 ra-
diographic images of teeth, some root-filled and some
not, kindly provided by Dr. Orstavik. Each tooth was
assigned to 1 of the PAI scores by using visual referenc-
es (also provided by Dr. QOrstavik) for the 5 categories
within the scale (13). After scoring the teeth, the results
were compared to a “gold standard atlas”, and a Cohen
Kappa was calculated.

Intra-observer reproducibility was evaluated for each
examiner. Every observer scored the panoramic radio-
graphs of 10 patients (5 of each group, randomly select-
ed). Then, one month after this first examination, the
observer was re-calibrated in the PAI system and re-
peated the scoring of the radiographs of the same 10 pa-
tients. The intra-observer agreement test on PAI scores
on the 10 patients produced a Cohen’s Kappa ranging
0.78 - 0.91.

The Cohen’s Kappa for inter-observer variability ranged
0.75 - 0.87. The consensus radiographic standard was
the simultaneous interpretation by the three examiners
of the panoramic radiograph of each patient (17,18).

- Statistical analysis

The minimal sample size (n = 28) was calculated using
the sample size calculator software of the National Cen-
ter for Advancing Translational Sciences (NIH, UK)
(http://www.sample-size.net/sample-size-proportions/)
for the comparison of proportions in two independent
samples, with continuity correction. They were consid-
ered a two-sided significance level of 5% (o = 0.05, Za
= 1.960), and 80% power (§ = 0.20, Zp = 0.842). The
estimated prevalence of AP was 40% (19,20). The prev-
alence of AP and the frequency of RCT were evaluated
on the total number of individuals and the total number
of teeth. Raw data was entered into Excel (Microsoft
Corporation, Redmond, WA). All analyzes were per-
formed in an SPSS environment (Version 11; SPSS, Inc,
Chicago, IL). Student's t test, x2 test, and multivariate
logistic regression analysis were used to determine the
significance of differences between groups. Data are re-
ported as mean + standard deviation. According to the
established significance level, a p-value < 0.05 was con-
sidered statistically significant.
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Results

Table 1 shows the distribution of the variables analysed
in both severity groups of COVIC-19 patients, MM and
SC groups. The mean age of the SC (59.3 + 13.2 yo)
was significantly older than that of the MM (47.2 + 18.6
yo) (p = 0.012). There were no significant differences
in the gender distribution between both groups (p >
0.05). The mean number of teeth of the patients in the
SC group (21.8 + 5.7) was significantly less than that of
the patients in the MM group (25.9 = 5.7) (p = 0.013).
Neither diabetes, nor cardiovascular diseases, nor
smoking habits showed significant differences between
the two groups (p > 0.05). In the MM group, 30.0% of
the subjects had periodontal disease, while in the SC
group 59.1% did (p < 0.05).

Regarding the endodontic variables, in the MM group
the number of teeth with AP was 1.6 + 1.9, while in the
SCG group it was 1.7 £ 2.1 (p > 0.05). The number of
RFT was 0.8 + 2.0 in the MM group and 1.5 + 2.6 in the
SC one (p > 0.05). Taking the patient as a reference, the
number of subjects with one or more teeth with AP in
the MM group was 19 (63.3%) while in the SC group
they were 17 (77.3%) (OR = 1.97; 95% CI = 0.57-6.82;
p > 0.05). At least one RFT was found in nine patients
(30.0%) in the MM group, while in the SC group 12 pa-
tients (54.5%) showed RFT (OR = 2.80; 95% CI = 0.89
—8.81; p =0.07).

No significant differences were found in the number of
filled teeth (p > 0.05). On the contrary, the number of car-
ious teeth was significantly higher in the SC group (3.4 +
4.1), which showed more than twice as many teeth with
carious lesions than the MM group (1.4 £ 1.8) (p = 0.02).
To analyse more deeply the possible association be-
tween endodontic variables and the severity of Covid-19
disease, multivariate logistic regressions were run. In
the multivariate analysis, including age, gender, number
of teeth, number of carious teeth, number of filled teeth,
diabetes, cardiovascular diseases, smoking habits, peri-
odontal status, endodontic status, and periapical sta-
tus as independent variables, and taking as dependent
variable the severity of SARS-CoV-2 disease (Table 2).
Only the number of carious teeth was shown to be as-
sociated with the severity of SARS-CoV-2 disease (OR
=1.55;95% CI = 1.08 — 2.23; p = 0.017).

However, to avoid the model becoming too stressed, in
the final regression model only six explanatory vari-
ables were included: age, a possible confounding vari-
able, and those showing higher OR and lower p value,
such as number of carious teeth, diabetic status, peri-
odontal status, smoking habits and endodontic status
(Table 3). Carious teeth maintained its significant cor-
relation with the severity of SARS-CoV-2 (OR = 1.50;
95% CI = 1.07-2.10; p = 0.017), and endodontic status
(OR = 7.12; 95% CI = 1.24-40.90; p = 0.029) also cor-
related with the disease severity.
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Table 1: Distribution of analyzed variables among patients with mild / moderate disease (MMG) and severe / critical disease (SCG). Odds ratio
(OR) values, and their 95% confidence interval (CI), have been estimated using %2 test.

MMG SCG Total value OR
n=30 n=22 n=52 p (95% CI)
Age/Years Mean + SD 472 +£18.6 59.3+13.2 523+173 0.012
Male 19 (63.3) 12 (54.5) 31 (59.6)
Gender (n, %) >0.05
Female 11 (36.7) 10 (45.5) 21 (40.4)
Mean + SD 259+57 21.8+57 24.1+6.0
No. teeth - 0.013
Median 28 22 24.5
) Present 5(16.6) 8 (36.4) 13 (25.0) 286
Diabetes 0.11
Absent 25(83.3) 14 (63.6) 39 (75.0) (0.78 —10.43)
Cardiovascular | Present 8 (26.6) 9 (40.9) 17 (32.7) 0.28 1.90
disease Absent 22 (73.3) 13 (59.1) 35 (67.3) ' (0.59 -6.16)
Present 4(133 5(22.7 9(17.3
Smoking habit (13.3) (22.7) 173) 0.38 0.52
Absent 26 (86.7) 17 (77.3) 43 (82.7) (0.12-2.23)
Present 9 (30.0 13 (59.1 22 (42.3
Periodontal status = (300 (9.1) #2.3) 0.04 3.37
Absent 21 (70.0) 9 (40.9) 30 (57.7) (1.06 - 10.69)
. Mean = SD 1.6+1.9 1.7+2.1 1.6+2.0
No. teeth with AP >0.05
Median 1 1 1
Present 19 (63.3 17 (77.3 36 (69.2
Teeth with AP ( ) ( ) ¢ ) 0.28 1.97
Absent 11 (36.7) 5(22.7) 16 (30.8) (0.57-6.82)
Mean + SD 0.8+2.0 1.5+£2.6 1.1+23
No. of RET - >0.05
Median 0 0.5 0
Present 9(30.0 12 (54.5 21 (40.4
RET (30.0) (54.5) (40.4) 0.07 2.80
Absent 21 (70.0) 10 (44.5) 31 (59.6) (0.89 - 8.81)
Mean + SD 14£18 34+41 22432
Carious teeth - 0.02
Median 0.5 2 1
) Mean + SD 32+44 37+41 34+42
Filled teeth - >0.05
Median 1.5 2 2

RFT: root-filled teeth; AP: apical periodontitis; OR: odds ratio.

Table 2: Multivariate logistic regression analyses of the influence of the independent variables age, gender (0 = female; 1 = male), number of
teeth, number of carious teeth, number of filled teeth, diabetic status (0 = absent; 1 = present), cardiovascular disease (0 = absent; 1 = present),
periodontal status (0 = absent; 1 = present), smoking habits (0 = absent; 1 = present), endodontic status (0 = no RFT; 1 = at least 1 RFT), and
periapical status (0 = no tooth with AP; 1 = at least 1 tooth with AP) on the dependent variable “severity of SARS-CoV-2 disease” (0 = mild or
moderate; 1 = severe or critical).

Independent variable )/ Odds Ratio 95% CI Inf. Limit | 95% CI Sup. Limit.
Age 0.5998 1.0208 0.9453 1.1022
Gender 0.6353 0.6777 0.1357 3.3834
No teeth 0.8256 1.0206 0.8512 1.2237
No carious teeth 0.0172 1.5507 1.0808 2.2251
No filled teeth 0.4570 1.0976 0.8587 1.4030
Diabetes 0.2109 3.4827 0.4930 24.6006
Cardiovascular disease 0.8292 0.8052 0.1124 5.7663
Periodontal status 0.0725 5.3690 0.8575 33.6167
Smoking habit 0.4238 2.7380 0.2320 32.3149
Endodontic status 0.0821 5.5859 0.8036 38.8288
Periapical status 0.9624 1.0483 0.1477 7.4384

Overall model fit: Chi Square = 22.618; df = 11; p = 0.0200. AP: apical periodontitis; RFT: root filled teeth.
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Table 3: Multivariate logistic regression analyses of the influence of the independent variables number of carious teeth, diabetic status (0 =
absent; 1 = present), periodontal status (0 = absent; 1 = present), smoking habits (0 = absent; 1 = present), and endodontic status (0 =no RFT; 1
= at least 1 RFT) on the dependent variable “severity of SARS-CoV-2 disease” (0 = mild or moderate; 1 = severe or critical).

Independent variable )4 Odds Ratio 95% CI Inf. Limit | 95% CI Sup. Limit.
Age 0.6069 1.0136 0.9626 1.0674
No carious teeth 0.0173 1.5035 1.0747 2.1033
Diabetes 0.2433 2.5691 0.5265 12.5360
Periodontal status 0.0671 4.0085 0.9066 17.7222
Smoking habits 0.4329 2.4694 0.2578 23.6500
Endodontic status 0.0278 7.1194 1.2391 40.9044

Overall model fit: Chi Square = 21.4032; df = 6; p = 0.0016. RFT: root filled teeth.

Discussion

The results of the present study show that the oral health
status of COVID-19 patients could be related to the se-
verity of the SARS-CoV-2 virus infection. Although
periapical status is not associated with greater severity
of the disease, significant association has been found
between the severity of COVID-19 and the presence of a
greater number of teeth with caries lesions, periodontal
disease and endodontic status.

Results show that patients with more severe disease
were 8 times more likely to have RFT teeth (OR =
7.12; p = 0.029). It can be assumed that patients with a
greater number of RFT have a greater history of pre-
vious exposure to caries and apical periodontitis. In
short, assessing the results of this study as a whole,
they suggest the existence of an association between
poorer oral health and greater severity of the disease
caused by SARS-CoV-2.

Since the study sample had a high risk of COVID-19
transmission, the study was conducted using panoramic
radiographs, without including intraoral examination of
the patients. To assess the periapical status, the ‘periapi-
cal index’ (PAI) scoring system have been used (13),
and index widely used in epidemiological and clinical
studies (21). Panoramic radiography has the advantages
over periapical radiographs of showing all teeth, reduc-
ing the patient's exposure to ionizing radiation, faster
acquisition, and convenience (22). Although panoramic
radiographs have shown good diagnostic accuracy and
high specificity in assessing AP, the use of panoramic
radiographs has been correlated with an underestima-
tion of the number of periapical lesions (23).

The results of the present study are consistent with
those of Sirin & Ozcelik (2021), who also found a cor-
relation between a greater number of caries lesions and
greater severity of patients with COVID-19. Likewise,
the association between periodontal status and the se-
verity of COVID-19 disease showed in the present study
is in agreement with other previous results investigating
the possible association between periodontal disease
and SARS-Cov-2 infection, concluding that periodontal
disease was significantly associated with higher risks of

COVID-19 complications (4). Moreover, a case-control
study has shown association between periodontal dis-
ease and higher risk of ICU admission, need for assisted
ventilation and death of COVID-19 patients (24).

The pandemic of SARS-CoV-2 virus has caused a large
number of deaths worldwide (25). The risk of death
from the disease depends on the immune system, a
healthy lifestyle, and physiological and psychological
health (26). Taking into account that oral health sta-
tus is related to systemic health status (10), oral health
status could also be related to SARS-Cov-2 infection.
On one side, cytokines and microbial antigens released
during periodontal or endodontic infection contrib-
ute to the systemic pro-inflammatory state, and may
influence the development of systemic diseases such
as diabetes or cardiovascular diseases (9). Similarly,
the pro-inflammatory state caused by oral infections
could also contribute to the imbalanced host response
to SARS-CoV-2, in which the pro-inflammatory state
plays a primary role (27). Another possible link be-
tween oral health status and SARS-Cov-2 infection is
the presence in the oral mucosa, tongue, and gum epi-
thelium, of ACE2, which is the cellular entry receptor
for SARSCoV-2 (28). Poor oral health has been linked
to increased expression of ACE2 receptors, leading to
the suggestion that good oral hygiene may be impor-
tant in the fight against the COVID-19 pandemic (28).
Moreover, SARS-CoV-2 has been detected in periodon-
tal pockets and caries lesions, and these sites may act as
reservoirs for the virus (29). Patients with a higher num-
ber of caries lesions would have a higher viral load and
could suffer from more severe disease. Finally, a link
between altered dental plaque and oral biofilm on the
risk of increased severity of SARS-CoV-2 has been pro-
posed, existing data showing that reducing dental plaque
accumulation may minimize COVID-19 severity (30).
The results of this study should be viewed with caution
given that this investigation has some limitations. No
direct oral examination of the patients has been carried
out, but only a radiographic assessment. In addition,
there is control group, although this drawback is par-
tially corrected by the multivariate analysis.
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The main problem that arises in the interpretation of
the results comes from the significant difference in
the mean age of the patients in both severity groups,
very logical in a disease that is characterized by more
severely affecting older patients. Considering that the
mean age of the SC (59.3 yo) was significantly older
than that of the MM (47.2 yo) (p = 0.012), the associa-
tion observed between the severity of Covid-19 and the
state of oral health could also be attributed to the older
age of the SC group. However, in the multivariate logis-
tic regression analysis, including age as a co-variable,
the association between both variables continued to be
significant.

Conclusions

The present results suggest that the oral health status of
COVID-19 patients correlated with the severity of the
SARS-CoV-2 virus infection. Significant association
has been found between the severity of COVID-19 dis-
ease and the presence of a greater number of teeth with
caries lesions, as well as with periodontal disease and
endodontic status.

The results of this study, along with others already men-
tioned, should be translated to clinical practice. Thus,
evaluation of the oral health status of patients with CO-
VID-19 could help predict the possibility of complica-
tions and the level of severity that the disease may have.
The information provided by an orthopantomography
on the state of oral health could justify its indication
at the time of diagnosis of COVID-19, but new stud-
ies are required to confirm the prognostic usefulness of
orthopantomography in the management of COVID-19
patients.
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