Research Article

Can toothbrushing reduce the intraoral viral load of
SARS-CoV-2? A pilot study with a dentifrice containing an

antimicrobial phthalocyanine derivative

Kann Zahnebursten die intraorale Viruslast von SARS-CoV-2 reduzieren?
Eine Pilotstudie mit einer Zahnpasta, die ein antimikrobiell wirksames

Phthalocyanin-Derivat enthalt

Abstract

The aim of this study was to assess whether toothbrushing with a den-
tifrice containing an antimicrobial phthalocyanine derivative (APD) can
reduce the intraoral viral load of SARS-CoV-2. Twenty COVID-19-positive
dentate patients aged >18 years were selected instructed to brush their
teeth for 2 min with a dentifrice containing APD. Self-collected samples
of unstimulated saliva were carried out three times: TO (baseline), T5
(5 min after toothbrushing), and T30 (30 min after toothbrushing). The
analysis of viral RNA was performed by RT-gPCR for detection of three
viral genes (ORFlab, N and S genes). Results were statistically tested
using Friedman’s test and pairwise comparison with Bonferroni correc-
tions, with a significance level of 5%. There was an increase in the cycle
threshold (Ct) value from TO to T5 in 13 patients (72.2%), and from TO
to T30 in 14 patients (77.8%). In two patients (11.1%) no SARS-CoV-2
was detected at T5 and five patients (27.8%) at T30. The Ct values were
statistically significantly higher (p=0.020) at T30 in comparison to TO
and Tb.

This pilot study suggests that toothbrushing with a dentifrice containing
APD could reduce the SARS-CoV-2 viral load in the oral cavity. However,
further studies are needed to confirm this possible beneficial effect
against SARS-CoV-2.

Zusammenfassung

Es sollte untersucht werden, ob Zahneputzen mit einer Zahnpasta, die
ein antimikrobielles Phthalocyanin-Derivat (APD) enthalt, die intraorale
Viruslast von SARS-CoV-2 verringern kann. 20 COVID-19-positive
Zahnpatienten im Alter von 18 Jahren oder alter wurden ausgewahlt
und mussten sich 2 min lang mit einer APD-haltigen Zahnpasta die
Zahne bursten.

Proben von unstimuliertem Speichel wurden von den Probanden dreimal
selbst entnommen: TO (Ausgangswert), T5 (5 min nach dem Zahneput-
zen) und T30 (30 min nach dem Zahneputzen). Die Analyse der viralen
RNA wurde mittels RT-gPCR zum Nachweis von drei viralen Genen
(ORF1ab, N und S) durchgefuhrt. Verwendet wurde der Friedman-Test
und der paarweise Vergleich mit Bonferroni-Korrektur mit einem Signi-
fikanzniveau von 5% v Bei 13 Patienten (72,2%) stieg der Zyklus-
Schwellenwert Ct von TO auf T5 und bei 14 Patienten (77,8%) von TO
auf T30 an. Bei zwei Patienten (11,1%) wurde bei T5 kein SARS-CoV-2
nachgewiesen und bei funf Patienten (27,8%) bei T30. Die Ct-Werte
waren bei T30 im Vergleich zu TO und T5 signifikant héher (p=0,020).
Die Pilotstudie deutet darauf hin, dass Zahneputzen mit einer APD-
haltigen Zahnpasta die SARS-CoV-2-Viruslast in der Mundhohle verrin-
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gern konnte. Es sind jedoch weitere Studien erforderlich, um diese
mogliche positive Wirkung gegen SARS-CoV-2 zu bestatigen.

Schliisselworter: SARS-CoV-2, COVID-19, Zahneputzen, Zahnpasta,

Phthalocyaninderivat, Viruslast

Introduction

On March 11, 2020, the World Health Organization (WHO)
declared Coronavirus Disease 2019 (COVID-19) as a
pandemic, a worldwide catastrophe, and nearly 5 million
deaths have been reported since then [1], [2], [3]. Air-
borne contamination, respiratory droplets and direct
contact are the main sources of infection with SARS-CoV-2
[2], [4], [B]. Measures to prevent the spread of COVID-19
have been used, e.g., mask-wearing, social distancing
and hand antisepsis [6], with an emphasis on vaccines.
Since the mouth is involved in the pathophysiology of
COVID-19 [7], [8], [9], [10] and given the relationship
between oral health and disease severity [8], [9], dental
care has become even more important [11], [12], [13],
[14]. In this pandemic context, the use of adjuvant pre-
ventive measures, such as toothbrushing, gargling, rinsing
and the use of oral hygiene products, has been reported
[14], [12], [15], [16], [47], [18], [19], [20]. Recently, an
antimicrobial phthalocyanine derivative (APD) compound
was incorporated in oral hygiene products [16], [19], [20],
[21], [22], [23], [24]. Two previous studies have shown
the beneficial effects of an APD mouthwash gargling/rins-
ing protocol in COVID-19 patients, such as rapid amelior-
ation of sore throats, cough, mouth ulcers and a signifi-
cant decrease in the length of hospitalization [19], [20].
Additionally, an in-vitro study demonstrated 90% and
99-99% SARS-CoV-2 inactivation with an oral rinse and
a dentifrice containing APD, respectively [21]. However,
there are no results from clinical studies on the effect of
toothbrushing with dentifrice containing APD on the in-
traoral viral load of SARS-CoV-2.

In the current pilot study, we assessed whether tooth-
brushing with a dentifrice containing APD can reduce the
intraoral viral load of SARS-CoV-2-positive subjects.

Materials and methods
Ethics

This project was carried out in compliance with relevant
laws and guidelines, and with the ethical standards of
the Declaration of Helsinki. It was approved by the Ethics
Committee of the Federal Institute of Parana (CAAE
35194520.0.0000.8156) upon permission of the Lon-
drina Municipal Health Authority.
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Study designh and subjects

The present work was designed as a cross-sectional
clinical pilot study to assess whether toothbrushing with
a dentifrice containing the antimicrobial agent APD can
reduce the intraoral viral load of SARS-CoV-2.

Taken as a convenience sample, the subjects consisted
of 20 dentate adult patients of both genders aged
>18 years who lacked comorbidities and were non-
smokers, who had mild symptoms and were diagnosed
with COVID-19 by real-time reverse transcription-poly-
merase chain reaction (RT-PCR) in nasopharyngeal swab
samples at a reference center for the diagnosis of COVID-
19 in Londrina, Brazil.

An online questionnaire was sent to collect the demo-
graphic characteristics of the patients and clinical data
about COVID-19 symptoms using the Mentimeter system
(Mentimeter AB, Stockholm, Sweden).

Samples collection

After telephone contact and agreement to participate in
the research, the researchers took a kit containing three
15-ml falcon tubes (Corning Incorporated, USA), a denti-
frice containing APD (DentalClean, Rabbit Corp, Londrina,
Brazil), and a toothbrush (DentalClean, Rabbit Corp,
Londrina, Brazil) to the residence of each volunteer.
Videos with instructions for performing the saliva self-
collection and toothbrushing were sent via WhatsApp.
The self-collected samples of unstimulated saliva were
performed in the morning, before breakfast. Saliva collec-
tion was carried out three times in the same day: TO
(baseline, before toothbrushing); T5 (5 min after tooth-
brushing); and T30 (30 min after toothbrushing). The
patients did not eat or drink and or use any oral hygiene
product or medication during the entire collection period
(30 min). For acquiring a baseline saliva specimen (TO)
for the SARS-CoV-2, participants were asked to rinse their
mouths with 5 ml of water, then all the saliva produced
was poured into the tube for 10 min. Immediately after-
wards, they were instructed to use the same amount of
dentifrice to brush their teeth and tongue for 2 min. After
5 and 30 min of toothbrushing, the saliva collection pro-
cedure was repeated.

The samples were stored in freezers (-20°C) until a spe-
cial service arrived to transport them to the COVID-19
testing laboratory. There, the samples were stored at
-80°C until analysis.
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RNA extraction of SARS-CoV-2 using
magnetic beads

Viral RNA was extracted from 100 pL of saliva collected
at each time period, using the automatized extractor
EXTRACTA 32 (LOCCUS, Cotia, Brazil) and magnetic-bead
extraction kits (MVXA-PO16 FAST), following the manufac-
turer’s instructions (LOCCUS, Cotia, Brazil). A negative
extraction control (UltraPure™ DNase/RNase-Free Dis-
tilled Water, Thermo Fisher Scientific, Waltham, MA, USA)
was added to each extraction run.

SARS-CoV-2 RNA detection by RT-qPCR

The qualitative analysis of viral RNA was performed by
RT-PCR using the TagPath™ COVID-19 multiplex Real-
Time RT-PCR (RT-qPCR) test for detection of three viral
genes (ORF1ab, N and S genes) (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufacturer’s in-
structions. Positive and negative controls were analyzed
simultaneously with the samples. All stages of RT-PCR,
including cDNA synthesis and amplification of the target
sequences, were performed in the QuantStudio™ 6 FLEX
Real-Time PCR system (Thermo Fisher Scientific, Wal-
tham, MA, USA). Results were considered positive when
the cycle threshold (Ct) values were <37 for two or more
genes and negative when the Ct values were >37 for
three SARS-CoV-2 targets (ORFlab, N, and S genes).
This was the same methodology used to diagnose COVID-
19 from nasopharyngeal swab samples and was per-
formed in the same laboratory by the same team of
technicians.

Statistical analysis

The evaluation of the effects was based on differences
in Ct values. The medians of the Ct values of the three
genes (ORFlab, N, and S) were calculated to avoid the
influence of the outliers in the data set and were used
for statistical analysis. The Kolmogorov-Smirnov test was
used to assess the normality of the variables. Continuous
variables were described with median values with in-
terquartile range (IQR) for non-normally distributed vari-
ables, and with mean #* standard deviation (SD) values
for mean age (a normally distributed variable). Friedman's
test and pairwise comparison with Bonferroni corrections
were used to compare the differences in the Ct values
between the groups. The infectivity was classified accord-
ing to the Ct value obtained: high viral load (Ct<25), inter-
mediate viral load (Ct: 25-30) and low viral load (Ct>30)
[25]. Statistical significance was set at p<0.05. All statist-
ical analyses were performed using IBM SPSS Statistics,
version 27 (IBM Corp., Armonk, NY, USA).

Results

Twenty patients were initially included in this study, but
two patients were excluded because no SARS-CoV-2 could

be detected in the saliva specimen. The patient charac-
teristics are shown in Table 1. The 18 patients (8 female,
10 male) had a mean age of 30.6 years (SD: 8.50). No
adverse events were reported by any of the patients. The
median period between onset of symptoms and swab
collection was 4 days (IQR: 3-6). According to the viral
load on swabs, the median Ct value was 19.8 (IQR:
18.9-21.1). Seventeen patients (94.4%) had a high viral
load and one patient (5.6%) an intermediate viral load.
The median period between onset of symptoms and
toothbrushing/saliva collections was 8 days (IQR: 7-10),
and the baseline saliva Ct value was 29.6 (IQR:
22.1-32.3).

Analysis of Ct value before and after
toothbrushing

Figure 1 shows the Ct values of detection of SARS-CoV-2
genes in saliva at TO, T5 and T30. There was an increase
in the Ct value from TO to T5 in 13 patients (72.2%), and
from TO to T30 in 14 patients (77.8%). In two patients
(11.1%). no SARS-CoV-2 was detected at T5, increasing
to five patients (27.8%) at T30.

The Ct values were significantly higher (p=0.020) at T30
in comparison to TO and T5 (Table 2). The greatest differ-
ence in the Ct values was between T30 and TO (3.8).

Discussion

The pilot study demonstrated intraoral reduction of the
SARS-CoV-2 viral load after toothbrushing using a denti-
frice containing APD. In each of the 18 subjects (who
served as their own controls), the intraoral viral load was
examined in the saliva at baseline (TO) and 5 and 30 min
after toothbrushing, and the patients themselves carried
out the saliva collections at home. This methodology is
in accordance with Valentine-Graves et al. [26], who
concluded that at-home self-collection makes it possible
to reduce the individual’s exposure, the need for personal
protective equipment/cost, and also offers options for
screening populations without symptoms.

Understanding the pathophysiology of COVID-19, with
SARS-CoV2 having its affinity for the mucous membranes
of the mouth and oropharynx, and the salivary glands as
a reservoir, lends research such as this study strategic
importance in the global fight against COVID-19 [27],
[28]. Arecent study by Huang et al. [28] confirmed SARS-
CoV-2 infection in the salivary glands and oral mucosa
by identifying the host entry factors (ACE2 and TMPRSS).
The authors reported that salivary glands and oral mucosa
could play an important role in transmitting the SARS-
CoV-2 to the lungs or the gastrointestinal tract via saliva.
Huang et al. concluded that the oral cavity is an important
site for SARS-CoV-2 and saliva as a potential route of
COVID-19 transmission from oral droplets containing in-
fectious virus and infected cells. A study by Matuck et al.
[10] demonstrated the presence of SARS-CoV-2 in period-
ontal tissue in severely ill patients. Those authors highlight

GMS | (&G

GMS Hygiene and Infection Control 2024, Vol. 19, ISSN 2196-5226

3/7



Poleti et al.: Can toothbrushing reduce the intraoral viral load ...

Table 1: Characteristics of patients with SARS-CoV-2 detected in the nasopharyngeal swab and baseline saliva by RT-gPCR

Patient Gender Age Period between Nasopharyngeal Viral Period between  Baseline
no. symptom onset swab load symptom onset saliva
and swab Ct values and baseline Ct values
collection (days) Median saliva collection Median
(days)
1 M 27 2 18.65 High 5 21.28
2 W 20 6 23.67 High 9 22.35
3 W 22 4 24.59 High 8 31.08
4 W 40 2 16.08 High 5 33.81
5 W 23 7 20.57 High 10 32.34
6 M 38 6 20.22 High 9 29.74
7 M 41 5 19.82 High 8 29.12
8 M 29 3 17.61 High 7 29.44
9 M 20 4 19.73 High 7 32.36
10 M 23 4 18.81 High 8 18.96
11 M 45 4 22.66 High 7 29.96
12 w 31 2 18.73 High 4 17.91
13 M 28 6 16.30 High 10 24.59
14 M 33 3 18.26 High 8 17.42
15 M 20 4 19.73 High 9 23.56
16 W 45 7 26.84 Intermediate 10 30.79
17 w 27 7 19.90 High 10 33.34
18 W 29 6 19.82 High 11 34.38
Ct: cycle threshold
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Figure 1: Ct values of detection of SARS-CoV-2 genes in saliva at TO (baseline), T5 and T30
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Table 2: Comparison of the Ct value in saliva between baseline, T5 and T30 groups

Ct value P value A of Ct value A of Ct value
Median T5-T0 T30-TO
(IQR) Median Median
Baseline (T0) T5 T30 (IQR) (IQR)
29.59° 28.972 31.39° 0.020* 1.72 3.83
(22.08-32.34) (25.93-33.82) (24.60-38.00) : (-0.28-3.77) (0.42-6.33)

* Statistically significant

Different superscript letters represent statistically significant differences.

that periodontal tissue can be a target for SARS-CoV-2
and contribute to the presence of the virus in saliva.
Therefore, under these circumstances, all aspects of oral
hygiene are crucial areas for preventing the spread of the
virus; the use of antiviral oral-care products could be an
adjuvant against the SARS-CoV-2 [29]. In this sense, the
WHO [30] and the German Society of Hospital Hygiene
[31], [32] recommend that dental practices routinely ask
patients to decontaminate their oral cavity with an anti-
viral mouthwash prior to examination.

The results of the present study found that after 30 min
of toothbrushing, the Ct values in the saliva of 77.8% of
the patients increased. Of these, no SARS-CoV-2 was
detected at T30 in 27.8% (Figure 1), which may have
substantially reduced the infectivity of disease. The estim-
ate of viral load reduction was based on the mean in-
crease in the Ct values of 3.8 units, which may correspond
to at least a 10-fold less target RNA [33]. Previous studies
have shown that Ct values offer a semi-quantitative
analysis of viral RNA concentration, i.e., lower Ct values
correspond to higher viral RNA concentrations, and can
serve as an indirect indicator of the relative viral load of
SARS-CoV-2 [33], [34].

The limitations of this study were that no virus cultures
were performed for SARS-CoV-2, substantivity analysis
of the dentifrice after 30 min was not performed, there
was no toothbrushing group without APD, and no control
group without toothbrushing.

We believe that the sum of the mechanical action associ-
ated with the antiviral action of toothbrushing could be
a useful adjuvant in the fight against the pandemic. The
results of this pilot study suggest the need for further,
prospective studies evaluating the effectiveness of
products with antiviral characteristics and the mechanical
actions of reducing oral microbiota. Such studies should
involve longer periods of use, as well as the analysis of
substantivity for a longer period before determining the
antiviral effect.

Conclusion

The pilot study suggests that toothbrushing with a denti-
frice containing APD could reduce the SARS-CoV-2 viral
load in the oral cavity. However, further studies are
needed to confirm this possible beneficial effect against
SARS-CoV-2.
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