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Abstract
Aims: SARS-CoV-2 RNA has been recovered from different sites in the human body, 
including the mouth. The present study aimed to investigate the presence of SARS-
CoV-2 RNA in the dental biofilm of symptomatic patients who tested positive in 
nasopharyngeal and oropharyngeal (NASO/ORO) samples.
Materials & Methods: An observational clinical study of individuals with flu-like 
symptoms was conducted between July and September 2020. Dental biofilm (BIO) 
samples were collected and analysed using real-time quantitative polymerase chain 
reaction (RT-qPCR) to determine the virus's presence.
Results: Seventy participants (40 ± 9.8 years of age, 71.4% female) tested positive 
for SARS-CoV-2 RNA in NASO/ORO samples and were included in the study. Among 
them, 13 tested positive in BIO samples (18.6%; 95% CI: [9.5, 27.7]). The median and 
interquartile range of cycle quantification (Cq) for NASO/ORO and BIO samples were 
15.9 [6.9] and 35.9 [4.0] (p  =  .001), respectively. BIO-positive participants showed 
a higher virus load in NASO/ORO samples (p  =  .012) than those testing negative 
(Cq = 20.4 [6.1]).
Conclusions: Dental biofilms from symptomatic COVID-19 patients harbour SARS-
CoV-2 RNA and might be a potential reservoir with an essential role in COVID-19 
transmission.

K E Y W O R D S
COVID-19, dental plaque, observational study, pandemics, SARS-CoV-2

Clinical relevance

Scientific Rationale: The dental biofilm can harbour SARS-CoV-2 RNA.
Principal Findings: About a fifth of the participants who tested positive for viral RNA in naso-
pharyngeal and oropharyngeal samples also have tested positive for SARS-CoV-2 in the dental 
biofilm.
Practical implications: The results show a not yet explored human habitat of the viral RNA. This 
finding might stimulate investigations about SARS-CoV-2 in dental biofilms, helping to promote 
virus containment strategies.
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1  |  INTRODUC TION

Since emerging at the end of 2019, coronavirus disease 2019 
(COVID-19), caused by the SARS-CoV-2 virus, has affected mil-
lions of people worldwide, constituting one of the most challeng-
ing public health issues in human history. While many countries 
are still dealing with the so-called “first COVID-19 wave,” a “sec-
ond wave” has been observed, raising questions about the scope 
of available control measures (Adhikari et al., 2020; de Brouwer 
et al., 2020; Xu & Li, 2020). Various interventions—such as social 
distancing, face masks, hygiene measures, massive diagnostic ef-
forts, contact tracing and quarantines—remain the best option to 
try to interrupt the spread of the virus, thus lowering the risk of 
contagion between people until there are enough vaccines to pre-
vent further spread of the virus (Lewnard & Lo, 2020; Wiersinga 
et al., 2020).

Understanding the sites within the human body capable of har-
bouring SARS-CoV-2 RNA is crucial for understanding the virus's 
points of entry and reducing its spread. A meta-analysis evaluating 
the presence of SARS-CoV-2 RNA in different clinical samples de-
tected viral RNA in samples from nasopharynges and oropharynges, 
secretions from the lower respiratory tract, bronchoalveolar lavage 
fluid, rectal swabs, blood and faeces (Bwire et al., 2021). The litera-
ture also identifies saliva as one of the most critical routes of inter-
individual SARS-CoV-2 transmission (Cheng et al., 2020; Li et al., 
2020; Wang et al., 2020), and viral RNA was recently observed in 
the salivary glands (Huang et al., 2020).

However, saliva may not be the only intra-oral niche capable of 
harbouring viruses. Therefore, it is essential to investigate the pres-
ence of SARS-CoV-2 RNA in other intra-oral sites. The teeth, gingival 
sulcus, tongue, cheek mucosa, hard and soft palates, and tonsils are 
all niches that harbour several types of microorganisms (Dewhirst 
et al., 2010; Teles et al., 2013), including viruses (Slots, 2010; Baker 
et al., 2017). Recently, SARS-CoV-2 RNA was detected in crevicular 
gingival fluid (Gupta et al., 2021).

In addition, the tooth structure and adjacent tissues might rep-
resent a potential virus-harbouring site in the context of the present 
pandemic. Since teeth have a non-shedding surface, they harbour 
microorganisms in surface biofilm, which may resist host inflamma-
tory and immune defences and pharmaceutical treatments unless it 
is disrupted mechanically (Harrel & Molinari, 2004; Bjarnsholt et al., 
2018). Furthermore, the process of biofilm formation and maturation 
presupposes a detachment phase, during which microorganisms can 
travel to other parts of the human body (Talsma, 2007). According 
to the literature, viruses from dental biofilm may also infiltrate the 
bloodstream (Slots, 2015).

SARS-CoV-2 depends on the presence of angiotensin-converting 
enzyme II (ACE2) receptors—which exhibit high expression on the 
epithelial cells of the oral mucosa (Xu et al., 2020)—to attach, enter 
and multiply, leading to infection. Alternatively, it can also remain 
at the virion stage (i.e. a complete viral particle constituting an in-
fective form of a virus outside the host cell; Lodish et al., 2000). To 

date, the presence of SARS-CoV-2 in dental biofilm has not been 
explored. The present study was developed to explore the presence 
of SARS-CoV-2 RNA in the dental biofilm of symptomatic patients 
who tested positive in nasopharyngeal and oropharyngeal (NASO/
ORO) samples.

2  |  MATERIAL S AND METHODS

2.1  |  Ethical considerations

An observational clinical study was conducted at Hospital de 
Clínicas de Porto Alegre (HCPA), which is affiliated with the Federal 
University of Rio Grande do Sul in Porto Alegre, Rio Grande do Sul, 
Brazil. The study protocol was approved on June 9, 2020, by the 
HCPA Ethics Committee (CAAE: 30801120.0.0000.5327). This re-
port followed STARD statement guidelines.

2.2  |  Sample selection and data collection

According to the hospital's protocol, all staff members with flu-like 
symptoms must be tested for SARS-CoV-2 at the institution's oc-
cupational medicine division (OMD). Those seeking consultation 
between July 14 and September 9, 2020, were recruited for the pre-
sent study. Those who met the study eligibility criteria, signed the in-
formed consent form and tested positive for viral RNA in the NASO/
ORO samples were included in the study, composing a consecutive 
sample. Demographic data were collected to define the characteris-
tics of all individuals enrolled in the study.

After being examined by the medical team, biofilm sam-
ples were collected from the participants by two trained den-
tists (SF and JF). Before sampling, subjects rinsed their mouths 
with water twice, for one minute each time. However, given the 
possibility that spitting out water could release particles into 
the environment, the participants were given a glass of mineral 
water to rinse their mouths with and were instructed to swallow 
when finished. Additionally, the cheeks, tongue and lips were 
retracted using a sterilized wooden spatula during the sampling, 
and cotton rolls were placed at the bottom of the labial and lin-
gual vestibules. During biofilm sampling, the number of teeth 
and the presence of visible dental biofilm were noted. Sterilized 
dental swabs (regular size; KG Sorensen Brush, São Paulo, SP, 
Brazil) were used to sample the dental biofilm from the dental-
gingival area; samples were collected from the buccal and lingual 
surfaces of all teeth (upper right and left vestibular; lower right 
and left lingual; lower right and left vestibular). A total of six 
swabs for each participant were pooled in a coded falcon tube, 
constituting one sample per individual, and stored at −80°C until 
being sent to the laboratory to conduct a blind analysis (Instituto 
de Ciências Básicas da Saúde, Federal University of Rio Grande 
do Sul).
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2.3  |  Laboratory analysis

2.3.1  |  Preparation of samples

At the laboratory, 3 ml of saline solution was added to each tube, 
then the tubes were kept refrigerated until processing. All samples 
were handled in a security level II - B2 chamber following the 
recommendations for viral diagnosis set out by the Brazilian Ministry 
of Health. During processing, the samples were vortexed, and three 
1  ml aliquots were extracted. Two of the aliquots were stored at 
−80°C as reserve samples, while the third was used to extract viral 
genetic material using a QIAamp Viral RNA Mini Kit (QIAGEN) 
following the manufacturer's instructions. Extracted RNA samples 
were also stored at −80°C. Before RNA isolation, 200 µl of buffer 
was added.

2.3.2  |  Real-time quantitative polymerase chain 
reaction (RT-qPCR)

Determination of the presence of the SARS-CoV-2 virus was con-
ducted using real-time quantitative polymerase chain reaction 
(RT-qPCR, also known as RT-PCR). The Charité protocol (Corman 
et al., 2020) was used along with the AgPath-ID One-Step RT-PCR 
Reagents kit (Thermo Fisher Scientific). Additionally, a control 
assay was run with ribonuclease P (RNase P) according to the pro-
tocol of the US Center for Disease Control and Prevention (CDC, 
2020).

Samples that showed amplification with Cycle quantification 
(Cq) <40 for both viral and control genes were considered posi-
tive controls for SARS-CoV-2. Samples where only one of the viral 
genes was amplified were classified as inconclusive, and RT-qPCR 
was repeated. Samples without amplification of either gene were 
considered inadequate, and both RNA extraction and RT-qPCR 
were repeated. A total of three samples had to be repeated (once 
each).

2.4  |  Data analysis

The mean (SD) or median (interquartile range) was calculated for 
each numeric variable, according to its distribution. Distribution 
frequencies were determined for categorical variables. The 
proportion of positive results for SARS-CoV-2 RNA was explored 
using 95% confidence intervals (https://istats.shiny​apps.io/Infer​
ence_prop/).

The Wilcoxon matched pair signed rank test was used to com-
pare Cq from NASO/ORO samples and Cq from positive BIO sam-
ples. The Mann–Whitney U test was used to compare the Cq values 
from NASO/ORO samples for participants who tested positive and 
negative in BIO samples.

Statistical analyses were performed using Statistical Package 
for the Social Sciences (SPSS) for Windows version 18.0 (SPSS Inc.). 

Analyses were conducted at the level of the individual and the sig-
nificance was set at 5%.

3  |  RESULTS

Medical records from staff members at the OMD showed that 70 
individuals tested positive for SARS-CoV-2 in NASO/ORO samples, 
composing the present sample (40  ±  9.8  years, 71.4% female). Of 
these, 13 individuals (18.6%) tested positive for SARS-CoV-2 in the 
dental biofilm (Table 1).

Sociodemographic data, number of teeth, presence of visible 
dental biofilm, and distribution of comorbidities for the total sam-
ple and the participants testing positive for SARS-CoV-2 RNA in 
BIO samples are reported in Table 1. Hypertension, the most com-
mon comorbidity, showed a similar distribution in the total sample 
(12.9%) and the positive BIO samples (15.4%).

The expression of viral RNA was higher in NASO/ORO samples 
(p =  .001), as shown by the smaller Cq median, compared to BIO-
positive samples (Table 2). In addition, the virus expression in NASO/
ORO samples was significantly higher for those who tested positive 
for SARS-CoV-2 RNA in BIO samples compared to those who tested 
negative (p = .012).

Descriptive results related to flu-like symptoms and systemic 
markers for the total sample and for the participants who tested 
positive for SARS-CoV-2 RNA in the dental biofilm are shown in 
Table 3. A large proportion of the BIO-positive participants (46.2%) 
exhibited five flu-like symptoms (data not shown).

4  |  DISCUSSION

The findings of the present study confirm, for the first time, the 
hypothesis that dental biofilms harbour SARS-CoV-2 RNA in pa-
tients with COVID-19 flu-like symptoms. This observation is im-
portant because it may impact COVID-19 control strategies to 

TA B L E  1  Sociodemographic data, number of teeth, presence of 
visible dental biofilm and presence of systemic comorbidities for 
the total sample (n = 70) and for participants positives for SARS-
CoV-2 in the dental biofilm (BIO; n = 13)

Indicator Total sample BIO positives

Age (years)a  40 ± 9.8 42 ± 10.6

Female participantsb  50 (71.4) 10 (76.9)

Number of teetha  28 ± 3.1 27 ± 3.2

Presence of dental biofilmb  28 (40.0) 5 (38.4)

Presence of comorbidities

Diabetesb  5 (7.1) 1 (7.7)

Hypertensionb  9 (12.9) 2 (15.4)

Cardiac diseaseb  1 (1.4) 0 (0.0)

aMean ± SD.
bNumber (Percentage).

https://istats.shinyapps.io/Inference_prop/
https://istats.shinyapps.io/Inference_prop/
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prevent the spread of the disease, as well as potential therapeutic 
measures.

The presence of viral RNA in 13 of 70 biofilm samples (18.6%) is 
concurrent with the literature, which shows that the prevalence of 
SARS-CoV-2 RNA varies widely depending on the sampling method, 
from 91.8% for bronchoalveolar lavage to 7.6% for oropharyngeal 
swabs (Bwire et al., 2021). Interestingly, SARS-CoV-2 RNA was de-
tected in crevicular gingival fluid with 63.64% sensitivity (concern-
ing nasopharyngeal findings) in a sample of 33 patients, where 14 
(42.42%) were deemed to have gum disease upon further examina-
tion (Gupta et al., 2021).

It is known that the results from molecular tests, such as RT-
qPCR, do not measure microorganism viability (Keer & Birch, 2003; 

Polonyi et al., 2013; Burton et al., 2021) and that SARS-CoV-2 re-
quires angiotensin-converting receptors to enter the cell and repro-
duce (Xu et al., 2020). However, SARS-CoV-2 virions can also survive 
in different environments and on various surfaces (van Doremalen 
et al., 2020).

RT-qPCR showed a median Cq of 35.9 [4.0] in BIO samples, 
which was significantly greater than that observed for NASO/
ORO (15.9 [6.9]). This demonstrates a lower load of SARS-CoV-2 
RNA in the dental biofilm. On the other hand, the high RNA virus 
expression for NASO/ORO samples, denoted by the lower Cq val-
ues for participants who tested positive in BIO samples, suggests 
an association between the NASO/ORO load and the presence of 
viral RNA in the dental biofilm. However, it is essential to high-
light that the number of patients who tested positive for SARS-
CoV-2 RNA in the BIO samples was too low to support reliable 
statistical analyses. Furthermore, due to substantial uncertainty 
regarding the viral load and its relation to the level of infectivity 
or disease severity (Walsh et al., 2020), no conclusions can be 
drawn about it.

The present study was not designed to determine the virus's 
mechanism for colonizing dental biofilm, the potential paths in-
volved or the occurrence of cross-contamination from saliva, 
oropharynx exhalations or blood, thus warranting further inves-
tigations. However, the simple presence of SARS-CoV-2 in the 
dental biofilm, irrespective of the viral load, may define the oral 
cavity as a potential reservoir for the virus. In the future, research-
ers should always consider the oral cavity's role in the transmis-
sion of SARS-CoV-2 (Herrera et al., 2020), pay close attention to 
the richness of ACE2 receptors at the dorsum of the tongue (Xu 
et al., 2020), and continue to define colonization pathways and 
mechanisms.

To date, there have been very few recorded cases of viral trans-
mission and infection in the dental clinic setting. In November 2020, 
Estrich and colleagues reported a prevalence rate of 0.9% among 
dentists in the United States, based on a cross-sectional study that 
included over 2000 practising dentists (Estrich et al., 2020). The au-
thors concluded that adherence to the use of personal protective 
equipment, including N-95 masks, contributed to the low number 
of cases and made the clinical practice safe for both patients and 
dentists.

Although mouth rinses containing chemical agents (povidone-
iodine, chlorhexidine, cetylpyridinium chloride, oxygen peroxide, 
essential oils, beta-cyclodextrin and citrox) are currently used to 
control SARS-CoV-2 load before clinical procedures, scientific proof 
of their effectiveness is still lacking (Burton et al., 2020; Gottsauner 
et al., 2020; Herrera et al., 2020; Mendez & Villasanti, 2020; Moosavi 
et al., 2020).

However, the use of mouth rinses combined with the mechanical 
disruption of the biofilm by the professional could help reduce the 
spread of the virus during clinical treatment. Another situation that 
has not yet been explored is that SARS-CoV-2 may be transferred 
from the dental biofilm to the oral cavity through routine dental hy-
giene measures such as tooth brushing or flossing. This suggests the 

TA B L E  2  Cycle quantification (Cq) from the RT-qPCr reaction 
in nasopharyngeal and oropharyngeal (NASO/ORO) and dental 
biofilm (BIO) samples

NASO/OROa  BIOa  p-valueb 

Total sample 
(n = 70)

19.5 [7.4] NA

BIO positives 
(n = 13)

15.9 [6.9] 35.9 [4.0] .001

BIO negatives 
(n = 57)

20.4 [6.1] NA

p-valuec  .012

aMedian [Interquartile Range]; NA, not available.
bWilcoxon matched pair signed rank test. Comparison between NASO/
ORO samples C quantification (Cq) of participants testing positives in 
dental biofilms and BIO samples Cq.
cMann–Whitney U test. Comparison of NASO/ORO samples Cq 
between participants that have tested positive and negative in BIO 
samples.

TA B L E  3  Flu-like symptoms and systemic markers for the total 
sample (n = 70) and for the participants positives for SARS-CoV-2 
RNA in the dental biofilm (BIO; n = 13)

Total sample BIO positives

Flu symptomsa 

Fever 31 (44.3) 10 (76.9)

Cough 23 (32.9) 8 (61.5)

Fatigue 29 (41.4) 6 (46.2)

Runny nose 33 (47.1) 7 (53.8)

Throat ache 20 (28.6) 10 (76.9)

Body ache 30 (42.9) 7 (53.8)

Headache 43 (61.4) 10 (76.9)

Loss of taste 23 (32.9) 2 (15.4)

Loss of smell 29 (41.4) 4 (30.8)

Systemic markersb 

Body temperature (°C) 36.5 ± 0.7 36.7 ± 0.7

Oxygen saturation 98.5 ± 1.7 99.1 ± 1.4

aNumber (Percentage).
bMean ± SD.
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need for future studies about viral spread and containment strate-
gies focusing on dental care procedures.

The literature suggests that fever, cough and fatigue are the main 
symptoms observed in positive patients (Adil et al., 2021). Herein, 
fever, throat ache and headache were the main flu-like symptoms re-
ported by the participants. However, symptoms such as fever, cough 
and throat ache were around 2–3 times more prevalent in the BIO-
positive group than in the BIO-negative group.

In conclusion, the presence of SARS-CoV-2 RNA in dental bio-
film supports the hypothesis that the oral cavity can be a potential 
source of viral infection. This source should be considered when de-
fining the appropriate preventive measures to stop the spread of the 
virus and reverse the increase in case numbers.
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