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Abstract
Background: Saliva, salivary glands, gingival crevicular fluid, and supragingival
biofilmsmay harbor SARS-CoV-2 RNA. This observational study aimed to inves-
tigate the presence and load of SARS-CoV-2 RNA in supragingival, and subgin-
gival biofilms obtained from intensive care unit (ICU) patients.
Methods:A convenience sample, composed of 52 COVID-19+ participants (48.6
± 14.8 years, 26.9% females), were evaluated for pre-existing comorbidities, num-
ber of teeth, and periodontal data [visible plaque (VPI), bleeding on probing
(BOP), periodontal probing depth (PPD), and attachment loss (AL)]. Supragingi-
val and subgingival samples (SubDeep: four sites with the deepest PPD; SubRe-
main: remaining shallower sites) were analyzed byRT-qPCRwith corresponding
cycle quantification (Cq). Statistical analyses considered the individual (P= 5%).
Results: Twenty-six participants tested positive for dental biofilms (Biofilm+)
with 96.2% of them being positive for subgingival samples. Pre-existing comor-
bidities, number of teeth examined,VPI, PPD,AL, andBOPwere similar between
Biofilm+ andBiofilm-. SubDeepPPD (3.72± 0.86), AL (4.34± 1.33), and%of BOP
(66.0 ± 31.1) values were significantly greater compared to SubRemain values
(2.84 ± 0.48, 3.37 ± 0.34, and 20.4 ± 24.1, respectively). Biofilm+ Cqs showed no
association with the periodontal condition. Cqs from Nasopharynx/Oropharynx
(Naso/Oro; n = 36) were similar between Biofilm+ and Biofilm- participants.
Length of time since ICU intake, last Naso/Oro RT-qPCR readings, onset of
COVID-19 symptoms, and biofilm samplings were greater for Biofilm-.
Conclusions: ICU patients harbored SARS-CoV-2 RNA in supragingival and
subgingival biofilms, irrespective of the periodontal condition, and systemic viral
load. The high number of positive patients highlights the need to better under-
stand this habit to provide adequate oral care.
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1 INTRODUCTION

Since its emergence, the SARS-CoV-2 virus has infected
millions of individuals worldwide, leading to countless
deaths and severe changes in the routines of nations.
Periods of social isolation, the large-scale use of face

masks, and the implementation of hand hygiene measures
are examples of the changes imposed by the pandemic
to reduce interindividual contamination.1–5 However, the
infection rate of the virus is expressive, and variants have
been detected worldwide.6–8 Since the beginning of the
pandemic, efforts have been made to elucidate the trans-
mission pathways of the virus and its penetration routes
into human cells, in addition to the development of preven-
tion, methods (including immunization) and therapeutic
methods.
The oral cavity plays a vital role in SARS-CoV-2 infec-

tion, together with the upper airways, as viral particles are
expelled by sneezing or through phlegm, speech, cough-
ing, and sputum.9–12 Saliva is an excellent example of a
critical intraoral transmission source.13–16 Besides showing
high sensitivity and specificity to the detection of SARS-
CoV-2 RNA compared to throat samples,15 saliva har-
bors a high viral load.17 Additionally, SARS-CoV-2 RNA is
present at the salivary glands,18 and the viral RNAhas been
detected in gingival crevicular fluid19 with a sensitivity of
63.64% [confidence interval (CI) 45.1% to 79.60%], consid-
ering the presence of SARS-CoV-2 RNA in the nasopha-
ryngeal swab sampling as the gold standard.
Further, the oral cavity may act as a viral pathway. It

has been suggested that the salivary glands18 and gin-
gival tissue cells harbor angiotensin-converting enzyme
receptors (ACEs), furin, and transmembrane serine pro-
tease 2 (TMPRSS2)20 which are responsible for binding
with the virus spike proteins and separating the S1 and S2
ends of the virus to penetrate human cells, respectively.21,22
According to Lloyd–Jones et al.,23 gingival tissue may play
a role in the penetration of the virus, which in turn affects
the bloodstream and pulmonary cells. Interestingly, an
evaluation of postmortem gingival specimens revealed five
out of seven positive Quantitative Real–Time PCR (RT-
qPCR) results.24
In our initial study,25 the presence of viral RNA in

supragingival (Sup) biofilms was explored. A total of 18.9%
of the participants, who tested positive for SARS-CoV-2
RNA in oropharyngeal and nasopharyngeal samples, also
tested positive for the Sup biofilms. However, in that study,
the viral RNA and viral load in the subgingival biofilms,
estimated through the Cycle quantification values, could
not be investigated. Once there is a close relationship
between the supragingival and subgingival environments,
the current hypothesis implies that SARS-CoV-2 RNA
could be present in both biofilms. Therefore, the present

study was designed to evaluate the presence and load of
the viral RNA in supragingival and subgingival biofilms
of patients positive for COVID-19 in an intensive care unit
(ICU).

2 MATERIALS ANDMETHODS

2.1 Ethical considerations

This observational clinical study was conducted at the
Hospital de Clínicas de Porto Alegre (HCPA), Porto
Alegre, Brazil. The study protocol was approved by the
HCPA Ethics Committee (CAAE: 41763220.8.0000.5327).
This report followed the STARD statement
guidelines.26

2.2 Sample selection

Patients from theHCPA’sCOVID-19 ICU (May–June 2021),
and who had an informed consent form signed by a legal
representative, were eligible for the study. The inclusion
criteria were:

∙ Dentate participants.
∙ Not pronated.
∙ Had teeth that allowed for the experimental examina-
tion.

∙ Had a systemic condition and well-being that allowed
for experimental examination.

Disavowal by legal representatives (even after provision
of a signed informed consent form and/or data collection)
and impossibility to sample dental biofilms (even if clinical
examinations could be performed) served as exclusion cri-
teria in the present study. Figure 1 displays the composition
of the final study population.

2.3 Data collection

The collection of the data occurred between May 1st and
June 15th, 2021. Demographic data were collected from the
HCPA records to define the characteristics of all the indi-
viduals enrolled in the study.
Additionally, the following data were obtained:

∙ Pre-existing comorbidities: diabetes, hypertension, obe-
sity, and others [neurological, psychological, cardiovas-
cular diseases (HIV; hepatitis B and C), cancer, autoim-
mune disease, metabolic disease, respiratory disease,
history of organ transplantation]
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F IGURE 1 Flowchart of the study

∙ Time elapsed between the ICU intake and the dental
biofilm sampling.

∙ Time elapsed between the last Nasopharyngeal and
Oropharyngeal RT-qPCR and the dental biofilm sam-
pling.

∙ Time elapsed between the COVID-19 symptom’s onset
and the dental biofilm sampling.

2.3.1 Clinical examination

A trained and calibrated periodontist (LuMMi) performed
all the clinical examinations. The intraclass correlation
coefficient (ICC) for repeated periodontal probing depth
(PPD) and attachment loss (AL) examinations were 0.82
and 0.78, respectively.
Even with the difficulties associated with a COVID-

19 ICU, still it was possible to examine the partici-
pants in their beds. However, not all the teeth that
were present were accessible for the experimental proce-
dures. Moreover, no examinations were performed at the
palatal/lingual sites.
The following examinations were performed at the buc-

cal aspect:

∙ Visible plaque index (VPI)27 from the distal, medial, and
mesial sites

∙ Bleeding on probing (BOP), PPD, and AL from the dis-
tal and mesial sites. The PPD and AL were measured in
millimeters (10 mm periodontal probe1).

1 Millennium, São Caetano do Sul, SP, Brazil.

During the collection of the data, two additional peri-
odontists (JF and LM) helped with the management of the
participant in their beds, the data registration, and the han-
dling of the instruments and sampling materials. The peri-
odontal probe was disinfected with alcohol 70o between
the sites to avoid possible SARS-CoV-2 cross-infection. The
periodontal exams were dictated to a recorder to eliminate
the use of periodontal sheets and othermaterials inside the
ICU.

2.3.2 Dental biofilm sampling

Because of the logistics of the COVID-19 ICU, including
a high demand to reduce the length of stay of the per-
sonnel, the biofilm sampling was planned 3 days after the
periodontal examination, which allowed time for select
the sites to be sampled subgingivally. Thus, the examina-
tions were performed on Saturdays and the sampling was
conducted on Tuesdays. During the interval, Falcon tubes,
sterile dental swabs2,25 and all the materials required for
sampling were prepared outside the ICU.

Supragingival samples (Sup): One pool was obtained
from the dento-gingival area, as follows:

∙ One dental swab per quadrant was used for all the acces-
sible teeth, that is, all buccal sites.

∙ After sampling, one cotton roll was used to remove
reminiscent supragingival biofilm to grant an adequate

2 KG Sorensen Brush, São Paulo, SP, Brazil.
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subgingival sampling. An additional roll was used to
avoid saliva during the dental biofilm sampling.

∙ 1.Subgingival samples: One dental swab per site was
used, which were pooled accordingly:

∙ Deepest sites (SubDeep): In each participant the deep-
est PPD at four different teeth of all examined teethwere
identified as SubDeep sampling sites. If more than one
site showed the same PPD, the presence of BOP was
decisive. However, if no differences could be observed
regarding the PPD and BOP, the higher AL was decisive.

∙ Remaining sites (SubRemain): all the other shallower
sites sampled subgingivally.

One Falcon tube containing 1 mL of saline solution was
used for each pooled sample, therefore, there were three
tubes for each participant (one Sup, one SubDeep, and one
SubRemain).
All sampleswere stored at -80◦Cuntil analysis in the lab-

oratory.

2.4 Laboratory analysis

2.4.1 Preparation of the samples

A total of 2 mL of saline solution was added to each tube,
and the tubes were refrigerated until processing. All the
samples were handled in a security level II—B2 cham-
ber following the recommendations for viral diagnosis set
out by the Brazilian Ministry of Health. During process-
ing, the samples were vortexed, and three 1 mL aliquots
were extracted. Two of the aliquots were stored at -80◦C as
reserve samples, whereas a MagMax™ Viral Pathogen II
Nucleic Acid IsolationKit3 was used to extract viral genetic
material from the third aliquot (according to the manu-
facturer’s instructions). The extracted RNA samples were
stored at -80◦C. Before RNA isolation, 200 µL of buffer was
added to each sample.

2.4.2 Real-time quantitative polymerase
chain reaction (RT-qPCR)

Determination of the presence of the SARS-CoV-2 virus
was conducted using real-time quantitative polymerase
chain reaction (RT-qPCR). The Charité protocol28 was
used in addition to the AgPath-ID One-Step RT-qPCR
Reagents kit‡ Additionally, a control assay was conducted
using ribonuclease P (RNase P), according to the protocol
of the US Centers for Disease Control and Prevention.29

3 Thermo Fisher Scientific, Waltham, MA, USA.

< 38 for viral and control geneswere positive controls for
SARS-CoV-2. The samples in which only one of the viral
genes was amplified were classified as inconclusive, and
the RT-qPCRwas repeated. The samples that did not show
amplification of either gene were considered inadequate,
and the RNA extraction and RT-qPCR were repeated. A
total of three samples required RT-qPCR repetition.

2.5 Data analysis

Initially, aiming to calculate the percentage of sites posi-
tive to VPI and BOP, the total number of teeth examined
per participant was multiplied by a factor of 3 (i.e., dis-
tal, medial, and mesial sites of the buccal surface). The
obtained number represented the total number (i.e., 100%)
of all sites present. Thereafter, the number of positive sites
per participant was identified (thus making it possible to
calculate the percentage of affected sites for each individ-
ual). The averages of PPD andAL, in turn, were reported in
millimeters. Afterwards, the means for each variable were
calculated to the study sample.
The mean (standard deviation) or median (interquartile

range) was calculated for each numeric variable, accord-
ing to its distribution. Distribution frequencies were deter-
mined for the categorical variables.
Through the Shapiro–Wilk test and the F test, the

assumptions of normality and homoscedasticity of the
data were evaluated to decide whether parametric or
nonparametric analyses would be performed. Regarding
the quantitative variables, for comparisons of independent
groups, the t test or Mann–Whitney U test were used. To
assess the differences between paired groups, the t test for
paired samples or the Wilcoxon matched-pair signed-rank
test was used. To measure the relationship between the
periodontal clinical variables and Cq values, the Pearson
and Spearman correlation coefficients were used, accord-
ing to the distributions of the variables. Fisher’s Exact Test
was used to test the associations between the qualitative
variables.
To explore the temporal presence of the viral RNA in

dental biofilms, three timeframes (based on the sampling
date of dental biofilms) were considered:

∙ The number of days since ICU intake
∙ The number of days elapsed since the last Nasophar-
ynx/Oropharynx (Naso/Oro) RT-q-PCR

∙ The number of days since the onset of COVID-19 symp-
toms

When the Naso/Oro Cq results could be assessed
(data retrieved from 36 participants, constituting the
Naso/OroGp), this information was used for comparisons
with the Cq from the dental biofilms.



GOMES et al. 5

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS4) for Windows (ver-
sion 18.0). The analyses were conducted at the level of the
individual and the significance level was set at 5%.

3 RESULTS

3.1 Demographics, pre-existing
comorbidities, and the presence of the viral
RNA in dental biofilms

Seventy-five informed consent forms were obtained and a
consecutive sample of 52 individuals was composed (48.6
± 14.8 years, 26.9% females). A flowchart of the study is
depicted in Figure 1.
A total of 26 participants (50% of the total sample)

showed at least one positive RT-qPCR result for the pres-
ence of SARS-CoV-2 RNA in dental biofilms, that is,
of supra- or subgingival origin. The demographics, pre-
existing comorbidities, and periodontal characteristics of
all the participants (n = 52) and for those who tested pos-
itive (Biofilm+: n = 26) or negative (Biofilm–: n = 26) in
the dental biofilms are shown in Table 1, with no differ-
ences between them. However, the number of days since
the ICU intake, the last Naso/Oro RT-qPCR examination
and the COVID-19 symptoms’ onset, in relation to the den-
tal biofilm sampling day, were always greater for Biofilm–

participants (P = 0.012, 0.006, and 0.011, respectively).

3.2 Distribution of the viral RNA in
supragingival or subgingival samples, the
periodontal condition from subdeep and
subremain sites, and the cycle
quantification values

Twenty-four Biofilm+ participants (92.31%) tested positive
in supragingival biofilm samples, with only one partic-
ipant testing solely in supragingival biofilm. Of the 25
participants who tested positive subgingivally (97.2% of
the Biofilm+ participants), 19 (73.8%) tested positive for
the SubDeep and SubRemain samples simultaneously. Six
patients, however, tested positive for only one of these sub-
categories (Table 2). The Cq values observed for the total
sample were 33.34 ± 3.5.
SubDeep showed significantly higher PPD [3.72 ±

0.86 mm versus 2.84 ± 0.48 mm, respectively; P < 0.001]
(Table 3) compared with SubRemain sites. Also, the AL
means, and themean percentage of BOPpositive siteswere
significantly greater for SubDeep sites. Interestingly, the

4 SPSS Inc., Chicago, IL, USA.

correlation coefficients showed that theCq valueswere not
influenced by the periodontal parameters (P > 0.05).
The Cq values from the Naso/Oro RT-qPCR were avail-

able for part of the study population (n = 36) (Table 4).
Additionally, the prevalence of positive and negative
results from the Sup, SubDeep, and SubRemain samples
can be seen in Table 4. The Cq means were greater for the
dental biofilm samples when compared to the Naso/OroGp
Cq values (P < 0.001). The Naso/OroGp Cq values did
not differ between the Biofilm+ and Biofilm– participants
(P > 0.05).

4 DISCUSSION

During the present study, 50% of the patients from the
COVID-19 ICU of a university and public hospital (HCPA)
harbored SARS-CoV-2 RNA in dental biofilms, either
supra- or subgingivally (SubDeep and SubRemain). In gen-
eral, when an individual tested positive for one of the three
biofilm samples, at least one other sample was also posi-
tive. Interestingly, the presence and load of the viral RNA
were independent of the periodontal condition. Besides,
the number of biofilm-positive participants decreased over
time in the ICU.
This study is the second of its kind to investigate the

presence of SARS-CoV-2 RNA in dental biofilms. The
first study only assessed the viral RNA in supragingival
samples, and the participants were younger and periodon-
tally healthy.25 In the present study, the mean age of the
participants was 48.6 ± 15.0 years, and they were predomi-
nantly male. In contrast, in the study conducted by Gomes
et al.,25 a mean age of 40 ± 9.8 years was reported, and
the participants were mostly female. In the present inves-
tigation, access to periodontal examinations was limited,
either by the presence of intraoral medical devices or by
the general COVID-19 condition of the participants. In this
respect, only the data regarding the number of teeth that
could be examined per participant are shown (Table 1). For
the same reason, only the buccal sites could be examined.
However, the periodontal examination was performed by
a periodontist, measuring subgingival parameters suitable
for periodontal diagnosis (PPD, AL, and BOP). Overall,
no differences were observed between the Biofilm+ and
Biofilm– participants regarding the demographics and
all the periodontal parameters computed (the mean
percentage of the sites that were positive for VPI and BOP,
and the PPD and AL millimeter means). Each participant
showed AL of at least 2 mm in two interproximal sites
from different teeth (data not shown). Thus, even though a
complete investigation of the periodontal condition could
not be performed, it could be inferred that all participants
showed signs of periodontitis.30
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TABLE 1 Summary of the sociodemographic data, time frames in relation to the dental biofilm sampling, the presence of systemic
comorbidities, number of teeth, and the periodontal examinations for the total sample (Total) and for the participants who tested positive
(Biofilm+) or negative (Biofilm–) for SARS-CoV-2 RNA in dental biofilm samples

Parameters Total (n = 52) Biofilm+(n = 26) Biofilm–(n = 26) P-value
Age (years)a 48.6 [15.0] 48.2 [15.5] 49.0 [14.6] 0.885b

Female participantsc 14 (26.9) 7 (26.9) 7 (26.9) 1.000d

Time frames
Days in the ICUa 17.5 [12.3] 13.2 [7.5] 21.7 [14.4] 0.012b

Time elapsed between the
Oro/Naso RT-qPCR and the
dental biofilm samplinga

18.6 [10.6] 14.5 [7.2] 22.6 [12.0] 0.006b

Time since the onset of
COVID-19 symptomsa

27.1 [13.9] 22.1 [9.4] 32.2 [16.1] 0.011b

Presence of comorbiditiesc

Diabetes 12 (23.1) 4 (15.4) 8 (30.8) 0.324d

Hypertension 25 (48.1) 11 (42.3) 14 (53.8) 0.579d

Obesity 23 (44.2) 12 (46.2) 11 (42.3) 1.000d

Others 42 (80.8) 21 (80.8) 21 (80.8) 1.000d

Number of teeth
(contributed)a

5.9 [1.1] 5.8 [0.6] 6.0 [1.4] 0.734e

Periodontal examinationsa

Visible plaque (%) 82.7 [18.1] 86.5 [15.2] 78.9 [20.3] 0.169e

PPD 3.1 [0.5] 3.1 [0.5] 3.2 [0.6] 0.744b

BOP (%) 36.9 [22.9] 32.7 [20.9] 40.7 [24.0] 0.202e

AL 3.7 [0.9] 3.7 [0.9] 3.8 [0.9] 0.583b

P = comparison between the Biofilm+ and Biofilm– participants.
amean [standard deviation].
bindependent samples t test.
cnumber (percentage).
dFisher’s exact test.
eMann–Whitney test.
Biofilm+: all the participants who showed a positive RT-qPCR result for the presence of SARS-CoV-2 RNA in a dental biofilm, irrespective of whether it was a
supragingival or subgingival sample.
Number of teeth (contributed): mean number of teeth examined per participant; PPD: periodontal probing depth; BOP: bleeding on probing; AL: attachment loss.
Others: neurological, psychological, cardiovascular diseases (HIV; hepatitis B and C), cancer, autoimmune disease, metabolic disease, respiratory disease, trans-
plant.

TABLE 2 Dental biofilm origin and the number and percentage of participants who tested positive for the presence of SARS-CoV-2 RNA
considering all possible combinations of positive results, with the corresponding mean cycle quantification (Cq)

Biofilm origin Number of positive participants Cumulative percentage Cq [sd]
Sup 1 3.85 35.8
SubDeep 1 3.85 32.2
SubRemain 1 3.85 37.3
Sup + SubDeep 2 7.70 36.39 [0.1]
SubDeep + SubRemain 2 7.70 35.72 [0.3]
Sup + SubDeep + SubRemain 19 73.08 32.5 [3.6]
Total 26 100 33.34 [3.5]

Abbreviations: Sup: supragingival biofilm samples; SubDeep: subgingival biofilm samples from the deepest sites; SubRemain: subgingival biofilm samples from
all remaining shallower sites; sd: standard deviation.
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TABLE 3 Means [sd] of the periodontal probing depth (PPD; in millimeters), bleeding on probing (BOP; in percentage), and attachment
loss (AL; in millimeters) considering the subgingival deepest sites (SubDeep) and subgingival remaining shallower sites (SubRemain) for the
total sample (n = 52), irrespective of whether a participant tested positive (Biofilm+) or negative (Biofilm–) for the presence of SARS-CoV-2
RNA in dental biofilm samples

Periodontal
parameters SubDeepa SubRemaina P-valueb Cq SubDeep Cq SubRemain
PPD (n = 52) 3.72 [0.86] 2.84 [0.48] < 0.001 NA NA
PPD Biofilm+ 3.59 [0.67] 2.86 [0.51] < 0.001 r = 0.032 (P = 0.886) r = −0.407 (P = 0.060)
PPD Biofilm– 3.85 [1.01] 2.82 [0.45] < 0.001 NA NA
P-valuec 0.270 0.767

BOP (n = 52) 66.0 [31.1] 20.4 [24.1] < 0.001d NA NA
BOP Biofilm+ 62.5 [30.2] 16.1 [20.1] < 0.001d r = 0.219 (P = 0.328) r = 0.011 (P = 0.962)
BOP Biofilm– 69.6 [32.2] 24.6 [27.3] < 0.001d NA NA
P-valuee 0.402 0.266

AL (n = 52) 4.34 [1.33] 3.37 [0.74] < 0.001 NA NA
AL Biofilm+ 4.11 [1.18] 3.39 [0.80] < 0.001 r = −0.034 (P = 0.879) r = −0.224 (P = 0.316)
AL Biofilm– 4.58 [1.44] 3.34 [0.68] < 0.001 NA NA
P-valuec 0.198 0.843

amean [sd].
bpaired-samples t test.
cindependent samples t test.
drelated samples Wilcoxon test.
eMann–Whitney test; Pearson correlation coefficient or Spearman correlation coefficient values (r) and significance (p).

TABLE 4 Number of participants with RT-qPCR results for
Nasopharynx and Oropharynx samples (Naso/OroGp, n = 36) who
tested positive (Biofilm+) or negative (Biofilm–) in dental biofilm
samples and considering the origin of the samples (Sup, SubDeep,
and SubRemain) with the respective Cycle Quantification values

Naso/OroGp N Naso/OroCqs BiofilmCqs

Naso/OroGp 36 23.9 [5.3] NA
Biofilm+ 17 23.0 [4.0] 33.1 [3.9]a

Biofilm– 19 24.7 [6.2] NA
0.330b

Sup+ 15 23.1 [4.0] 31.9 [4.5]a

Sup- 21 24.4 [6.1] NA
0.429b

SubDeep+ 16 22.8 [4.0] 33.5 [4.0]a

SubDeep- 20 24.7 [6.1] NA
0.271b

SubRemain+ 14 22.5 [3.6] 32.8 [3.9]a

SubRemain- 22 24.8 [6.0] NA
0.164b

mean [sd]; Naso/OroCqs: nasopharyngeal and oropharyngeal samples; Cq
Biofilm: Cq from the biofilm samples; NA: not available.
apaired-samples t test (P < 0.001).
bindependent samples t test.

The results of the present study showed a close peri-
odontal condition between the Biofilm+ and Biofilm– par-
ticipants. Of particular interest is the high percentage of

sites that were positive for VPI in both groups of par-
ticipants (Biofilm+ and Biofilm–). Thus, it is conceiv-
able that the amount of supragingival biofilm was not
decisive for the presence of viral RNA and most likely
reflects the difficulties experienced by the nursing team
in performing the oral hygiene protocol set out by the
HCPA (12-12 hours tooth brushing with chlorhexidine
0.12% solution). The COVID-19 ICU conditions, such as
the presence of facial respiratory masks, pronate position
of the patients, urgent maneuvers, the number of urgent
interments, and the risk of the spread of the virus, are
important limitations for oral hygiene practices. Moreover,
intraoral manipulation difficulties were easily perceived
by the authors of the present study during the experi-
mental procedures. Therefore, every effort was made to
avoid saliva contamination during the sampling of den-
tal biofilms using cotton rolls. Additionally, before the
subgingival sampling was conducted, the supragingival
biofilm was removed using cotton rolls. However, cross-
infection via saliva cannot be fully disregarded. Conversely,
the risk of cross-contamination was equally distributed
among the 52 participants and not solely among those
who tested positive for the viral RNA. In addition, some
participants who tested positive had another one or two
samples that showed negative results. Thus, even if cross-
contamination of the saliva did occur, a definitive response
would depend on the results of a saliva RT-qPCR test from
the same day of the dental biofilm sampling. However,
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this was not the case and is a limitation of the present
study.
Interestingly, 19 of 26 participants (73.7%) tested pos-

itive for all the biofilms, irrespective of whether they
were supragingival or subgingival in origin. The excep-
tions were one participant who tested positive only for
the supragingival sample, four participants who tested
positive for the supragingival sample and one of the
subgingival samples (SubDeep or SubRemain), and two
participants who tested positive only for the subgingival
samples. To the best of our knowledge, this is the first
study to test the hypothesis regarding the presence of the
viral RNA, aside from supragingival, from subgingival
biofilms. The results revealed a trendwhich indicated that,
once a participant tested positive for one of the biofilms,
he/she would also test positive for other samples. With
respect to the sites sampled subgingivally, these results
are particularly interesting as they cannot be attributed
to site-to-site cross-infection once the periodontal probe
was cleaned and disinfected with cotton and alcohol 70o.
The present findings, in which 25 participants tested
positive for at least one of the subgingival samples (97.15%
of Biofilm+), show that there is no requirement to explore
SubDeep and SubRemain sampling sites in future studies
if the objective is to investigate the prevalence of positive
subjects. In contrast, the pooling of samples from all sites
would be more appropriate. In the present study, the aim
was also to investigate the potential relationship between
the periodontal condition and the presence and load of
the viral RNA. Therefore, separate evaluations of the Sub-
Deep and SubRemain sites were required. In general, the
criteria that were applied concerning the selection of the
SubDeep and SubRemain provided consistent informa-
tion regarding the periodontal status from these sites: the
deepest sites represented themost affected sites in terms of
inflammation, that is, PPD and BOP, and attachment loss.
As shown in Table 4, no significant correlations were

observed between the viral load and the periodontal condi-
tion. So, the viral load of the subgingival biofilm seemed to
be independent of the periodontal condition, which is par-
ticularly important for a discussion regarding periodontal
disease and COVID-19 outcomes. Marouf et al.31 reported
an association of radiographic periodontal bone loss and
COVID outcomes. In our study we did not find a correla-
tion between clinical inflammatory parameters, PPD and
BOP, and the presence of the viral RNA. These observa-
tions together with the results reported by Larvin et al.32
that obese COVID patients who experienced gingival pain
and bleeding gums or teeth withmobility had an increased
risk of death (CI 95% 1.91-5.06) grants further investigations
on the potential of dental biofilm plaque sampling to be
used as detection tool for SARS-CoV-2.

Considering that 18.9% of patients tested positive in
supragingival biofilm at the beginning of the onset of
COVID-19 symptoms, as shown previously,25 and that
46.1% tested positive in the present study during the ICU
stay, it seems that the presence of the viral RNA in den-
tal biofilms may increase from the peak of the symptoms,
which generally occurs approximately 5 days after the ini-
tial exposure to the virus.9 Moreover, a recognized diffi-
culty regarding SARS-CoV-2 is understanding the poten-
tial of the virus to survive in different types of human
samples.33 Therefore, the next step was to explore whether
there was signaling that could provide information regard-
ing the amount of time that the viral RNA remains in
dental biofilms. The number of days that elapsed between
the ICU intake, the onset of COVID-19 symptoms and the
last RT-qPCR were always greater for the Biofilm– par-
ticipants. These results suggest that as time passes, the
viral RNA does not remain in the dental biofilm. How-
ever, because of the similar medical condition as well
of periodontal conditions among the study population,
it remains unclear why certain subjects tested positive,
and others tested negative within the same timeframes.
Besides, the similarity observed for the Naso/Oro Cqs,
as shown in Table 4, makes difficult to draw conclu-
sions about the prevalence of biofilm positive and negative
individuals.
An additional observation regarding the Naso/Oro Cq

values (a mean of 23.9 ± 5.3, Table 4) from participants
inside the Naso/OroGp showed a lower viral RNA load
than what has previously been reported (15.99 ± 6.9).25
This suggests that, more than the systemic viral load
itself, the permanence of the systemic viral RNA possibly
increases the probability of detecting the viral RNA in den-
tal biofilms. The biofilm sampling conducted by Gomes
et al.25 occurred during the onset of the initial COVID-
19 symptoms. In the present study, the amount of time
that elapsed since the onset of symptoms was 27.1 ± 13.9
days. Moreover, as time elapsed, a greater number of neg-
ative participants was observed. However, this informa-
tion remains incomplete. It would be of utmost impor-
tance to reassess the dental biofilms, in special the subgin-
gival ones, from those Biofilm+ participants who survived
COVID-19.
The results shown here do not allow inferring whether

the viral RNA in the biofilm is a consequence of con-
tamination by crevicular fluid nor about the possibility
of participating in an eventual recontamination of the
periodontal tissues.18,19,22,23 In this context, it is important
to emphasize that the presence of the viral RNA in supra-
and subgingival biofilms does not imply that the virus
is vital. This information would be important to trace
dental care strategies to COVID-19 patients. Besides, other
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molecular analysis could help understand how the virus
relates with the dental biofilm or whether the presence
of SARS-CoV-2 implies to a dental biofilm dysbiosis.
Even though samples are available, and this analysis has
been foreseen in the study protocol, this research could
not be performed because of limited laboratory facilities.
Other limitations of the present investigation are related
to the small sample size, that may respond to some lack
of precision in the results, and the limited access to the
Naso/Oro Cqs. Regardless of these limitations, we believe
that the present results add important information for the
necessary research trajectory aiming to better understand
periodontal condition and COVID-19.

5 CONCLUSION

The presence of SARS-CoV-2 RNA in dental biofilms most
likely reflects the extent to which the virus can spread
throughout the body. Thus, it is crucial to analyze dental
biofilms, whether of supra- or subgingival origin, and irre-
spective of the periodontal condition, as potential SARS-
CoV-2 habitats. Furthermore, the high number of positive
patients observed in the present study highlights the need
to better understand this habitat to facilitate the provision
of adequate oral care. Moreover, the mechanical disrup-
tion of dental biofilms in patients from the COVID-19 ICU
should be strongly considered.
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