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Abstract: Background: Saliva of patients with COVID-19 has a high SARS-CoV-2 viral load. The
risk of spreading the virus is not insignificant, and procedures for reducing viral loads in the oral
cavity have been proposed. Little research to date has been performed on the effect of mouthwashes
on the SARS-CoV-2 virus, and some of their mechanisms of action remain unknown. Methods:
SARS-CoV-2 positive nasopharyngeal swabs measured by RT-PCR were used for virucidal activity
in a 1:1 ratio, with an incubation time of 1 min. The solutions used in this study were: iodopovi-
done (8 mg); * D-limonene, a terpene extracted from citrus peels (0.3%); t cetylpyridinium chloride
(0.1%) (CPC); ¥ chlorhexidine gluconate (10%) (CHX); § a CPC (0.12%) and CHX (0.05%) containing
formula; ** a formula containing essential oils; ttaCPC containing formula (0.07%); t a D-limonene
(0.2%) and CPC (0.05%) containing formula; 8 a solution containing sodium fluoride (0.05%) and
CPC (0.075%); *** a solution containing CHX (0.12%) and; " a CHX (0.2%) containing formula.
f As a control reaction, saline solution or excipient solution (water, glycerin, citric acid, colorant,
sodium citrate) was used. Conclusion: Within the limitations of this study, we can conclude that
a mouthwash containing both D-limonene and CPC reduced the virucidal activity in about 6 logs
(>99.999% reduction). Hence, establishing a clinical protocol for dentists is suggested, where all
patients to be treated rinse pre-operatively with a mouthwash containing both D-limonene and CPC
to reduce the likelihood of infection with SARS-CoV-2 for dentists. This is a relatively inexpensive
way to reduce viral transmission of SARS-CoV-2 from infected individuals within the community. It
is also a simple way to decrease infections from asymptomatic and pre-symptomatic patients.

Keywords: mouthwash; SARS-CoV-2; virucidal activity; viral load; COVID-19; CPC; D-limonene;
antiseptic

1. Introduction

Coronavirus disease 2019 (COVID-19) due to infection by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has spread around the world from December 2019
and by March 2020 was declared a pandemic by the World Health Organization (WHO).
Worldwide, as of 7:07 pm CEST, 9 August 2021, there have been 202,608,306 confirmed
cases of COVID-19, including 4,293,591 deaths, as reported by WHO [1].

Severe acute respiratory syndrome-related coronavirus (SARS-CoV-2) is a non-segmented
positive-strand RNA enveloped virus and the agent responsible for causing coronavirus
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disease 19 (COVID-19). SARS-CoV-2 particles have a spherical shape, with diameters
ranging from 60-140 nm, and are coated with 9-12 nm spike proteins in conjunction
with the envelope and membrane proteins, which are embedded in a lipid bilayer viral
envelope [2]. Inside the envelope, the single-stranded positive-sense viral RNA is associated
with nucleocapsid proteins [3]. Possible ways to reduce transmission include targeting
viral components, such as the membrane (envelope), surface spike proteins, and nucleic
acids, to inactivate viruses.

Evidence shows that SARS-CoV-2 may be transmitted through contact, [4] airborne [5],
fomite [6], fecal-oral [7], bloodborne [8], mother-to-child [7,9], and animal-to-human [10-12].
Infection with SARS-CoV-2 primarily causes respiratory illness, ranging from mild disease
to severe disease and death, and some people infected with the virus are asymptomatic [13].

Since the beginning of the coronavirus pandemic, the main theory on viral transmis-
sion via small airborne micro-droplets (also commonly referred to as ‘aerosols’) has been
intensely discussed in the context of the SARS-CoV-2/COVID-19 [13]. Several hospital-
based studies have performed air sampling for SARS-CoV-2. At least four of these studies
found several positive samples for SARS-CoV-2 genome (RNA) in the air using polymerase
chain reaction (PCR) testing [14-17].

The cellular receptor for SARS-CoV-2 is angiotensin-converting enzyme II (ACE2).
Because of this, ACE2-expressing cells are target cells and are susceptible to infection. ACE2
receptors are very common in the oral cavity and may be at a potential high-risk route for
SARS-CoV-2 infection [18].

The virus can be identified in saliva even before COVID-19 symptoms occur, indicating
that asymptomatic persons are at risk of virus transmission. Since transmission via salivary
droplets or aerosols is the main way to spread SARS-CoV-2, reducing oral viral loads would
be paramount in helping to control the spread of the virus. Dentists are, by definition, at a
high risk of contracting infectious diseases. Special precautions, in addition to ordinary
precautions, could prevent disease transmission from asymptomatic carriers. These extra
precautions would not only aid in the control of COVID-19, but they would also serve as a
guide for dealing with other respiratory illnesses [19]. Nevertheless, there is a study where
it was concluded that the risk of transmission of SARS-CoV-2 and other respiratory viruses
through aerosolized saliva in dental operatories is reasonably low, despite the limitations
of a small sample size [20].

The salivary glands may be a major source of SARS-CoV-2 in saliva [21]. COVID-19
can be found in patients’ saliva at a rate of 91.7 percent, and the live virus can be grown in
salivary samples [22]. This suggests that SARS-CoV-2 transmitted by asymptomatically
infected individuals may originate from infected saliva [23].

Since the beginning of the pandemic, the use of antiseptic mouth rinses has been
suggested to help diminish the risk of transmission of SARS-CoV-2 [24-26]. This might be
extremely beneficial in dentistry in granting a more secure field to work in and also in daily
routine for individuals using mouthwash regularly.

Currently, there is enough in vitro evidence to reinforce the use of mouthwashes to
potentially reduce the viral load of SARS-CoV-2 and other coronaviruses [27].

New research to test this might include evaluating existing or specifically customized
new formulations [25]. We developed a new biochemical assay to study the effect of
mouthwash on the stability of the viral envelope and its ability to reduce the viral load.
The aim of this study is to determine the virucidal activity of different mouthwashes using
a novel biochemical assay.

2. Methods
2.1. Virus Samples and Products

SARS-CoV-2 positive nasopharyngeal swabs measured by RT-PCR with a virus con-
centration between 144,543 and 79,432,823 copies/mL (about 6-8 logs) were kept at —80 °C
and used for the RNA inactivating assay in a 1:1 ratio with the inactivating solutions with
incubation times of 1 min. The experiments were conducted with the same swab samples
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to ensure uniformity in the viral titers. The solutions used in this study are described in
Table 1. As a control reaction, saline solution or excipient solution (water, glycerin, citric

acid, colorant, sodium citrate) was used.

Table 1. Solutions used in the study.

Product Name (Laboratory) Active Ingredient
* IPV Isodine® (Bussie) Iodopovidone (8 mg)
t D-limonene D-Limonene D-limonene (0.3%)
¥ CPC Cetylpyridinium chloride  Cetylpyridinium chloride (0.1%)
§ CHX Chlorhexidine gluconate Chlorhexidine gluconate 10%
** Product A PERIO-AID® (DENTAID) CPC (0.12%) and CHX (0.05%)
+ Product B Listerine® Zero Alcohol Eucalyptol 0.091% w/v, Menthol
(Johnson & Johnson) 0.042% w/v, Thymol 0.063% w/v
it Product C Periogard® (Colgate) CHX (0.12%)
Sodium fluoride (0.05%) and
EETS ®
Product D Plax® (Colgate) CPC (0.075%)
it Product E Clorhexol® (Farpag) CHX (0.2%)
it Product F Scope® (P&G) CPC (0.07%)
Xyntrus® (Brix Medical D-limonene (0.2%) and CPC
S8 L Science) (0.05%)
58§ Mouthwash Control reaction Water, glycerin, citric acid,

base excipients colorant, sodium citrate

2.2. RNA Inactivating Assay

The indirect virucidal activity was determined by combining a previously quantified
nasopharyngeal sample positive for SARS-CoV-2 with a mouthwash product or control for
1 min and shaking. Then, 1 U/mg of RNase A (Promega, Madison, WI, USA) was added
and incubated for 1 min. The reaction was stopped by adding 400 uL of lysis solution, and
the RNA was extracted with the Quick-DNA /RNA Viral MagBead Kit (Zymo Research,
Irvine, CA, USA). An amount of 5 pL of the extracted solution was used for RT-PCR to
measure the presence of SARS-CoV-2.

2.3. RT-qPCR

The real-time RT-qPCR protocol was adapted from the one used by Corman et al. [28].
Briefly, a 20 uL reaction was prepared containing 5 L. RNA, 400 nM primers, 200 nM
probe, and 10 pL of 2 x reaction buffer provided with the iTaq universal Probe One-Step
Kit (BioRad, Hercules, CA, USA). Oligonucleotides and probes targeting the E viral gene
and human RNase P gene were synthesized and provided by LGC Biosearch Technologies
(Petaluma, CA, USA). Thermal cycling was performed at 55 °C for 10 min for reverse
transcription, followed by 95 °C for 3 min, and 45 cycles of 95 °C for 15 s and 58 °C for 30 s.
To quantify the viral load, Cgs from the BioRad CFX96 system targeting the E gene were
converted to viral load using a plasmid containing the sequence of SARS-CoV-2 genes E
and RdRp, kindly provided by Jaime Castellanos’ Virology Laboratory, Universidad del
Rosario, Colombia.

3. Results

To evaluate the virucidal potential of different compounds and commercial mouth-
wash solutions, a method was designed to test the stability of the SARS-CoV-2 envelope
to protect its RNA from RNase treatment directly from nasopharyngeal samples obtained
from COVID-19 epidemiological surveillance. A model for the proposed mechanism of
action by the mouthwash solutions on the viral envelope is described in Figure 1.
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Figure 1. Model of the mechanism of action by mouthwash products on the viral envelope.

Previously diagnosed positive samples of SARS-CoV-2 RNA by RT-PCR were incu-
bated in the presence of RNase to test whether enveloped viral particles, presumably
infective, would protect the RNA from the enzymatic degradation. Figure 2 shows the
stability of the viral RNA after the RNase treatment, suggesting the viral envelope protects
the viral genome from enzymatic digestion.

There is a decrease in the amount of viral load in the RNase treated sample, presumably
due to broken viral particles and naked RNA present in the swab sample that was degraded
during the RNase treatment. However, most of the RNA was preserved and quantified. The
assay was tested with an iodopovidone solution (IPV), previously reported to have strong
virucidal activity against SARS-CoV-2 in in vitro experiments [29]. A 1-min incubation of
IPV with the nasopharyngeal swab positive sample reduced the viral load completely, more
than 6 logs reduction efficacy (Figure 3), suggesting that IPV degrades or compromises the
integrity of the viral envelope, exposing the RNA to the RNase enzyme to degrade it, and
presumably inactivating the virus. The virucidal activity of several commercial mouthwash
products was subsequently tested by the RNA inactivating assay. We observed a reduction
of about 6 logs with a D-limonene (0.2%) and CPC (0.05%) containing formula §8,
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Figure 2. RNase treatment of nasopharyngeal sample containing SARS-CoV-2.
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Figure 3. Viral load reduction of SARS-CoV-2 from nasopharyngeal samples by mouthwash products.
(A) Iodopovidone *; (B) Product A **; (C) Product B , (D) Product C ***; (E) Product D *; (F) Product
E ; (G) Product F #; (H) Product G S5; (I) Mouthwash base excipients. Plots show the Mean and

SD of 4-5 experiments.
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However, none of the other solutions showed a reduction in viral load with the assay
presented here (Figure 3).

Viral samples were incubated with D-limonene, CPC, or CHX, common compounds
found in mouthwash solutions, to determine whether they had any impact on the reduc-
tion of viral load. After incubation with the different compounds already mentioned,
D-limonene and CHX resulted in a reduction of viral load of about 1.5 logs (~95% reduc-
tion) (Figure 4). However, RNA was still present and resisted degradation through the
RNase treatment.

A : B I .
lodopovidone 8mg Cetylpyridinium chloride 0.1%
6 8 r
oy )
E, L ECT
® ®
2 24
< £
22 >
g &2 r
- -
0 0
Control +1P + IP + RNase Control +CPC +CPC + RNase
¢ D-Limonene 0.3% D Chlorhexidine gluconate 10%
6 8 -
jry pry
£ E6 I
2| g
3 0
22 | 2
2 F
g g
0 0
Control +D-LIM + D-LIM + RNasa Control + CHX +CHX + RNase

Figure 4. Effect of (A) IPV * 4%, (B) CPC * 0.1%, (C) D-limonene ¥ 10%, and (D) CHX § 10% on the
detection of SARS-CoV-2 RNA by RT-PCR. Plots show the Mean and SD of 4-5 experiments.

4. Discussion

One of the main current concerns in dentistry is the risk of infection with SARS-
CoV-2 while working with patients. A high risk of infection by SARS-CoV-2 while sharing
settings that are enclosed, confined, or crowded, has also been described [30]. This has been
increased due to new variants, as the Delta variant infections are on average ~1000 times
greater compared to A/B lineage infections during the initial epidemic wave in China
in early 2020, implying that Delta could replicate more quickly and be more contagious
during the early stages of infection [31].

New alternatives of reducing the risk of infection by decreasing the viral loads of
contagious individuals are being evaluated in different centers worldwide. Different
protocols and recommendations have been published addressing key points to reduce
this risk.

For dentists, using mouthwash before a dental appointment is one of the most promis-
ing ways to lower the risk of SARS-CoV-2 infection. Considering the way SARS-CoV-2 is
transmitted, reducing its risk of infection has become a safety priority for dentists, as well
as for the general population.
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In May 2020, the Cochrane Library published a review with recommendations for
the re-opening of dental services [32], reporting 82% of sources recommended the use of
pre-operative mouthwashes at the dental office. This recommendation was issued without
robust evidence, but other published articles do suggest that it is a recommendation that
should be followed [33].

Mouthwashes directly inactivating SARS-CoV-2 would be crucial to creating a protocol
to reduce the spread of COVID-19 [34].

Few articles have examined the inactivating effect of chlorhexidine gluconate (CHX)
on SARS-CoV-2 [35,36], and some have suggested the effects of cetylpyridinium chloride
(CPC) on other viruses [37], but there are currently no data on direct inactivation effects
of CPC on SARS- CoV-2 [26]. On the other hand, previous studies on virucidal activities
have been tested against some coronaviruses [38,39]. Benzalkonium chloride and hydrogen
peroxide have also been tested against coronaviruses [37]. The relevance of using CDCM on
day 1 (4 h after the initial dose) to reduce the SARS-CoV-2 viral load in saliva was supported
by a multicenter, randomized, double-blind controlled trial of an antiviral mouthwash as a
barrier measure in the SARS-CoV-2 transmission in people with asymptomatic to moderate
COVID-19 symptoms; the mouthwash was commercially available with cyclodextrin and
citrox (bioflavonoids) (CDCM) [40]. A randomized clinical trial found that mouthwash
containing CPC + Zinc and CHX resulted in substantial reduction of the SARS-CoV-2 viral
load in saliva for up to 60 min after rinsing, whereas mouthwash with hydrogen peroxide
(HP) resulted in a significant reduction for up to 30 min [41]. According to a study using an
anionic phthalocyanine derivative (APD) in a mouthwash protocol, the mechanical action
of the mouthwash containing a chemical with antiviral activity against SARS-CoV-2 may
minimize patient symptoms and virus spread [42].

Our study shows an important reduction of about 6 logs (or more than 99.99%) in the
virucidal activity via a solution containing D-limonene and CPC. This finding is a strong
advantage when compared to other mouthwashes included in the study.

This study showed the antiviral activity against SARS-CoV-2 of the following oral
care products: iodopovidone (8 mg); * D-limonene, a terpene extracted from citrus peels
(0.3%); cetylpyridinium chloride (0.1%) (CPC); ¥ chlorhexidine gluconate (10%) (CHX);
§ a CPC (0.12%) and CHX (0.05%) containing formula; ** a formula containing essential oils;
t a CPC containing formula (0.07%); ¥ a D-limonene (0.2%) and CPC (0.05%) containing
formula; 5§ a solution containing sodium fluoride (0.05%) and CPC (0.075%); *** a solution
containing CHX (0.12%); 2 CHX (0.2%) containing formula HE,

However, only iodopovidone and a D-limonene (0.2%) and CPC (0.05%) contain-
ing formula have shown a significant reduction of SARS-CoV-2 viral load using the
biochemical assay.

5. Conclusions

The data in this report were collected in vitro, and a further evaluation of the anti-
SARS-CoV-2 activity of the products is required in vivo, as for every other mouthwash.

However, within the limitations of this study, we report that D-limonene and CPC in
mouthwash preparation reduced the virucidal activity of SARS-CoV-2 by about 6 logs. This
reduction in virucidal activity has not been demonstrated yet by any other commercially
available mouthwash.

Hence, establishing a clinical protocol for dentists is suggested, where all patients to
be treated rinse pre-operatively with a mouthwash containing both D-limonene and CPC
to reduce the likelihood of infection with SARS-CoV-2 for dentists.

Reducing the risk of infection with SARS-CoV-2 has become a safety priority for the
general population at large, and a similar protocol might prove an inexpensive way to help
reduce the spread of SARS-CoV-2.
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Abbreviations

* Isodine® Laboratorio Bussie.

t Noncommercial mouthwash donated by Laboratorio Brix Medical Science.
i Noncommercial mouthwash donated by Laboratorio Brix Medical Science.
§ Noncommercial mouthwash donated by Laboratorio Brix Medical Science.

Perio-Aid® Laboratorio Dentaid.
tt Listerine® Zero Alcohol. Johnson & Johnson.
tt  Scope® Procter & Gamble.
§§ Xyntrus® Laboratorio Brix Medical Science.
#+  Plax® Colgate.
tt+  Periogard® Colgate.
t1t Clorhexol® Laboratorios Farpag.
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