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ARTICLE INFO ABSTRACT

Keywords: Objective: The purpose of this scoping review is to show the evidence available in the literature and provide

Antiseptics an overview of the antimicrobial-containing mouthwashes for reducing viral load in order to group the most

Mouthwashes up-to-date information and make it more accessible to dentists.

\S/;El::s Design: A structured electronic search in PubMed (Medline), LILACS, EMBASE and EBSCO without temporal

Viral load restriction was performed. The studies were selected based on their title, abstract and full reading following a pre-
established order based on the inclusion and exclusion criteria. The included studies were those that analyzed the
effect of viral load reduction by mouthwashes, primary studies, no reviews and in Spanish, English or Portuguese.
Results: The search resulted in 1881 articles, at the end of the exclusion of duplicates and selection, 71 ar-
ticles were included in this scoping review. The substances most commonly found were chlorhexidine (CHX),
povidone-iodine (PVP-I), essential oils (EO), cetylpyridinium chloride (CPC), hydrogen peroxide (H202) and
other substances (OTHERS).
Conclusion: Of all the mouthwashes analyzed, the Essential oils, Cetylpyridinium Chloride and Povidone-iodine,
showed antiviral potential against common viruses present in the oral cavity, with no significant side effects in
short-term use, and are viable options for use as a pre-procedure in clinical routine against SARS-CoV-2 and other
types of viruses. The other solutions need further studies to determine their effect and confirm their clinical use.

Introduction In addition to all the biosafety control and PPE that reduce the pro-

The pandemic of the new coronavirus SARS-CoV-2 revealed a gap in
knowledge related to the battle against viruses. During dental treatment,
the dentist can be exposed to different microorganisms from different
sources, for example contaminated equipment, body fluids, blood, res-
piratory secretions and saliva. The main factors for this risk of infection
are based on the application of disinfection and sterilization procedures
that can reuse instruments/equipment, inappropriate use of PPE, as well
as the use of diluted or expired disinfectants [1].

The search for substances that reduce viral load is very current and
necessary. In dentistry, saliva is a contaminated fluid with numerous
viruses and infectious potential that generates a great concern regarding
care of biosecurity, both for professionals and patients [2].

Therefore, in this scenario, every patient must be treated as a po-
tential carrier of the disease and source of transmission, in which each
service must receive a high level of attention, following all appropri-
ate and recommended procedures to reduce the risk of transmission of
pathogens [1].
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fessional’s contact with the viruses, it is important for the professional an
alternative that reduces the presence of the virus in the oral cavity, being
a pre-procedure rinse a viable alternative [3]. The WHO (World Health
Organization) suggested the use of mouthwashes as a pre-procedure to
provide a safer dental appointment, but there is no established protocol
for their use with antiviral evidence of these substances. So it is impor-
tant for the dentist and other health professionals to know how to reduce
viral load with grouped and updated information. With this in mind this
scoping review intends to show the evidence available in the literature
and provide an overview of the effect of mouthwashes for reducing viral
load in the mouth in order to unify the most up-to-date information and
make this more accessible to dentists.

Methods
Study design

This is a scoping review to map the literature related with effective-
ness of mouthwashes and viruses present in the oral cavity, conducted

Received 21 November 2022; Received in revised form 19 January 2023; Accepted 27 January 2023
2772-5596/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.dentre.2023.100064
http://www.ScienceDirect.com
http://www.elsevier.com/locate/dentre
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dentre.2023.100064&domain=pdf
mailto:sandralianahenz@gmail.com
https://doi.org/10.1016/j.dentre.2023.100064
http://creativecommons.org/licenses/by-nc-nd/4.0/

E.M. Toschi, L.W. Mercado and S.L. Henz

using the PRISMA Extension for Scoping Reviews (PRISMA-ScR) check-
list [4].

Focused question

This scoping review intends to answer the following research ques-
tion: Which substances used as mouthwash have antiviral activity
against common viruses found in the oral cavity?

Search strategy

An electronic search in PubMed (Medline), LILACS, EMBASE and
EBSCO without temporal restriction updated to September 2021, using
a combination of the following Medical Subject Headings (MeSH) terms
and Boolean operators, was performed: for PubMed - (Mouthwashes OR
"Mouthwashes"[Mesh] OR mouthrinse OR gargling OR "oral rinse") AND
(virus OR viruses OR viral OR viridae OR "viral load"); and for the other
bases - (Mouthwashes OR mouthrinse OR gargling OR "oral rinse") AND
(virus OR viruses OR viral OR viridae OR "viral load").

Eligibility criteria

The protocol was prepared after considerations, and pilot searches.
Before the beginning of the study, a consensus was reached among all
the authors, and a series of inclusion and exclusion criteria were defined.

Inclusion criteria

Studies that evaluated the reduction of viral load by mouthwashes
against common viruses present in the oral cavity were selected. Pri-
mary studies (studies in humans and in animals, case reports and series,
experimental laboratory studies) and letters to the editor that presented
results of experimental studies were included. Studies published in En-
glish, Spanish or Portuguese were considered and there wasn’t a date
limit in the search.

Exclusion criteria

Studies where the main topic wasn’t the description of reduction of
viral load by mouthwashes against common viruses present in the oral
cavity, systematic reviews, reviews, duplicate articles, books or book
chapters and author comments/opinion articles.

Selection of the manuscripts

Results of literature search were analyzed in Zotero 4.0 software
(Digital Scholarship, Vienna, Virginia, USA). Two researchers (ET, LM)
independently screened titles/abstracts after duplicates removal from
feb./21 to sep./21. Any conflict that arose were resolved by a third re-
viewer (SH). The same reviewers then evaluated full text articles and
developed the charting table. Data was extracted, including the follow-
ing: study ID (author and year of publication), study design (in vitro or
in vivo), concentration tested, type of virus, methods (type of analysis or
test) and results.

Results

The first search (Jan/2021) in the selected databases (PubMed,
LILACS, EMBASE and EBSCO) resulted 1684 titles, after removing the
duplicates (586), remained 1098 articles for reading the titles, of which
148 were selected for reading the abstract and full article. Two search
updates were made (Jun/2021 and Sep/2021) and, in the first update
with 136 articles, 35 duplicates were removed resulting in 101 works
and 33 selected. The second update resulted in 61 titles, with the 52 du-
plicates [52] removed, it resulted in 9 articles, being selected 6 studies.
In total, 187 works were selected for reading the full article. Of the 187
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works, 71 articles were included in the review. A new title update was
carried out in May 2022, resulting in a few new titles, all of them were
related to SARS-CoV-2 and did not bring new information, so they were
not included.

Data extraction was divided by commonly known substances:
chlorhexidine (CHX), povidone-iodine (PVP-I), cetylpyridinium chloride
(CPQ), essential oils (EO), hydrogen peroxide (H202) and others (OTH-
ERS) substances that are lesser known were allocated together.

Table 1 shows the distribution of the studies, with CHX and PVP-
I were the substances more tested, followed by EO, CPC and H202.
Table 2 presents the characteristics of the in vitro studies that had posi-
tive results and Table 3 shows all in vivo studies selected for the different
substances.

Discussion

Several products are described in the literature with antiviral activity
for some strains of viruses that commonly are present in the oral cavity
and that possesses a possibility of use as pre-procedure mouthwash, such
as Chlorhexidine, Povidone-iodine, Cetylpyridinium chloride, Essential
oils, Hydrogen peroxide and other substances. For use in the oral cavity
as pre-procedural, it is desirable that the mouthwash has an effect with
30 s to 1 min of exposure, low concentration, and that does not cause
side effects. Many substances have been used in mouthwashes and are
effective in controlling biofilm, reducing the counts of bacteria, helping
to control gingivitis, but the effects in the virus present in the oral cavity
is still unknown. The mechanisms of action of these substances have
been discussed in others reviews [5-7].

Chlorhexidine

Chlorhexidine is a dicationic molecule that has a high substantivity
with slow release and a longer period of action. Thanks to the prop-
erty of its molecule, it has a great antibacterial action defined in the
literature, also acting against fungi, yeasts and enveloped viruses due to
virus membrane sensitivity [8-10]. Because of these characteristics and
its routine use in the dentist’s life, it is a possible option as a mouthwash
to reduce the viral load present in the oral cavity.

The chlorhexidine solution at different concentrations was present
in 22 articles, most of these studies were tested SARS-CoV-2, with 12
performed. Chlorhexidine has been tested with different concentrations
and contact times.

With 30 s of contact time, in vitro studies had different results. An
inactivation of more than 99.9% of the virus with a concentration of
0.2% was obtained [11], and a complete inactivation of SARS-CoV-2
virus replication and pseudotyped SARS-CoV-2 viruses with 0.12% was
observed [12]. However, others studies observed little or no action on
virus inactivation, even with 1 min of contact time or more [8,13-18].

The Chlorhexidine solution as a mouthwash was also tested in vivo
and had divergent results, but most of them with positive results. In a
two 2 arm study, most patients, who used 0.12% chlorhexidine mouth-
wash for 30 s associated with the use of nasal spray of the same solution
in a determined protocol, resulted in testing negative in RT-PCR tests
when compared to the control group without use. This study promoted
the use of the same protective protocol for healthcare workers at one
hospital and compared it with another group of workers at another hos-
pital who did not use it, in the group that used the combination did not
develop the infection and 50% of workers who did not use it (control
group) had the disease [19]. The same concentration of 0.12% also ob-
tained good results when testing the effect of the solution over time in
60 positive patients at different times (baseline, immediately after, 30
and 60 min after) with a significant reduction in viral load up to 60 min
later [20]. On the other hand, no antiviral was verified against SARS-
CoV-2, after patients gargling CHX at concentrations of 0.1% and 0.2%,
respectively [21,22].
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Table 1
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Description of the number of studies included in the review that tested the different oral antiseptic solutions.

PRODUCT NUMBER OF STUDIES NUMBER OF STUDIES in vitro NUMBER OF STUDIES in vivo
Chlorhexidine (CHX) 23 17 6
Povidone Iodine (PVP-I) 22 17 5
Essential oils (EO) 10 8 2
Cetylpyridinium chloride (CPC) 8 6 2
Hydrogen peroxide (H202) 7 5 2
Others substances (OTHERS) 13 8 5
Table 2

Evidence-based in vitro studies on the effect of oral rinses against different viruses.

Substance/ concentration Viruses Exposure time (s) Virucidal effect (%) Reference

CHX (0.12-0.2%) SARS-CoV-2 30s >99.9 Jain, 2021

PVP-1 (0.2-1%) SARS-CoV-2 15s >99.99 Hassandarvish et al., 2020
SARS-CoV-2 30s >99.9 Meister et al., 2020
SARS-CoV-2 30s >99.99 Bidra et al., 2020
SARS-CoV-2 30s >99.99 Anderson, 2020
SARS-CoV-2 60s 99.9 Jain, 2021
SARS-CoV-2 60s >99.99 Pelletier et al., 2021
SARS-CoV-2 60s >99.99 Davies et al., 2020
SARS-CoV; MERSCoV; Rotavirus; Influenza A 15s >99.99 Eggers et al., 2018
MVA; MERS-CoV; HCoV-EMC/2012 15s >99.99 Eggers, 2015
HIV 30s >99.99 Harbison e Hammer, 1989
Influenza Herpes HIV 30s > 99.99 Kawana et al., 1997

EO SARS-CoV-2 30s >99.9 Statkute et al., 2020
SARS-CoV-2 30s 99.9 Meister et al., 2020
SARS-CoV-2 60s >99.90 Davies et al., 2020
HCoV-229E 60s >99.99 Meyers et al., 2020
HIV-1 and HSV-1 30s >99.99 Baqui et al., 2001

CPC (0.0125-0.30%) SARS-CoV-2 20s >99.90 Komine et al., 2021
SARS-CoV-2 30s >99.90 Statkute et al., 2020
HCoV-229E 30s >99.90 Green et al., 2020
HCoV-229E 30s >99.90 Meyers et al., 2020

H202 (1.5-3.0%) - - - -

OTHERS

BT / GT SARS-CoV-2 10s >99.99 Ohgitani, 2021

(OCT) - 0.1% SARS-CoV-2 15s >99.99 Steinhauer et al., 2021

DH - 0.2% SARS-CoV-2 30s >99.99 Komine et al., 2021

BKC SARS-CoV-2 30s >99.00 Meister et al., 2020

(HOCI) 0.01-0.02% SARS-CoV-2 60s >99.99 Davies et al., 2020

These results show the divergence in the form of application of
chlorhexidine solutions, in terms of concentration and contact time, as
well as in the authors’ conclusions. Although some studies report no
antiviral action of Chlorhexidine against SARS-CoV-2 under the condi-
tions tested, it is important to note that other authors have identified
the effect of the solution in vitro and in vivo, being as a stimulus for car-
rying out studies with a greater number of people, in more controlled
situations and testing different concentrations and exposure times.

Other studies used chlorhexidine with different viruses present in
the oral cavity. HSV-1 and HIV-1 were investigated in concentrations of
0.12% and 0.2% and exposure time of 30 s, with a conclusion that CHX
mouthwashes were effective against the HIV-1 and HSV-1 under the
conditions tested [23]. The product completely inactivated the virus at
concentrations greater than 0.2%, this effect seemed immediate, since
the effectiveness of the antiviral action was not related to the contact
time [23]. The use of 20% solution combined or not with administra-
tion of acyclovir against HSV-1, resulting in a significant reduction in
viral titers with chlorhexidine in combination or not with the antiviral
[24]. Another study with HSV-1 tested chlorhexidine in vitro and in vivo.
The CHX solution was used in vitro as 0.01%, 0.05%, 0.1% and 0.2% at
0, 10, 20 and 60 min. In vivo, the 0.2% solution was used in 51 male
albino mice with topical applications 5 times a day for 14 days with col-
lections on day 6 and 8 after infection. The use of chlorhexidine was not
effective and there was a significant cytotoxic activity [25]. CHX (con-
centration not informed) was investigated with different viruses, and
products were mixed and incubated for various periods of time, show-
ing inactivation of Rubella, Measles, Mumps virus and HIV, but was not

effective against Adenovirus, Poliovirus (types 1 and 3), Rotavirus, Rhi-
novirus, and Influenza virus [26]. Poliovirus type 1 was also assessed
in other two studies, the first with 0.05% concentration and the sec-
ond without informing the concentration, at times of 15, 30 and 60 min
for the first and 3 to 5 min for the other, CHX had no antiviral effect
[27,28]. For the other viruses, the results were a little divergent. Only
HSV had a considerable antiviral effect in 3 of 4 studies, even though
it was only one tested in vivo, these results suggest the performance of
randomized clinical studies to confirm these results and the possibility
of use in clinical routine. HIV had 2 studies indicating an effect, but 2
reporting no effect. Rubella, Measles and Mumps virus only one study
tested the effect, even though it is positive, more evidence is needed to
indicate its use. For Adenovirus, Poliovirus (types 1 and 3), Rotavirus,
Rhinovirus, Influenza virus, Sabin type 1, Human adenovirus, Coxsackie
virus and Human coronavirus OC43), the results were negative for the
antiviral effect of Chlorhexidine.

Chlorhexidine has antiviral effect against HSV and HIV and little
antiviral effect in other viruses commonly present in the oral cavity,
clinical studies are necessary to address the effect in reducing virus titer
in the oral cavity.

Povidone-iodine

The povidone-iodine is a water soluble molecule composed of a
polymer called polyvinylpyrrolidone and iodine. It was developed
in the 1950s and it has been widely used as skin antiseptic and
mouthwash due to its iodophor properties that confer a broad spec-
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Table 3

Evidence-based in vivo studies on the effect of oral rinses against different viruses.
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Substance/ Participants/
concentration  Type of study virus Rinsing protocol Control n Analysis Main results Reference
CHX (0.12 - PRC SARS-CoV-2 30s/2x day - 4 No intervention CHX =66 Qualitative Negative RT-PCR result Huang and
0.2%) positive days Control = 55 RT-PCR CHX = 62,1% Control = 5,5% Huang, 2020
RCT SARS-CoV-2 30s Distilled water ~CHX = 27 Salivary A (Ct) CHX had a higher ACt value Elzein, 2021
positive Control = 9 value compared to control.
PRCT SARS-CoV-2 30s Distilled water CHX =38 Salivary (Ct) CHX reduced the viral load after de Paula
positive Control =9 value/fold changes 30 s rinsing and up to 60 min. Eduardo, 2021
relative to the
placebo and
baseline
RCT SARS-CoV-2 30s Tap water CHX =6 Salivary (Ct) value Rinsing with CHX did not reduce  Seneviratne
positive Control = 2 viral load. et al., 2020
PRCT SARS-CoV-2 2x day - 7 days  Chlorine dioxide CHX = 20 Qualitative COVID Negative antigen result CHX = 8 Avhad et al.,
positive (0.1%) Control = 20 antigen Control = 12 2020
PVP-I (0.2 -1%) RCT SARS-CoV-2 30s/3xday-7 Tap water PVP-I=5 (Ct) value Viral clearance was achieved in Mohamed et al.,
positive days Control =5 100% using PVP-I, 20% (Tap water) 2020
RCT SARS-CoV-2 4x day - 5 days Tap water PVP-I=12 Quantitative PVP-I had no effect on reducing Guenezan et al.,
positive Control = 12 RT-PCR/viral viral RNA over time. Viral titers 2021
Titers reduced 75% (95% CI, 43%—95%)
after 1 day compared to 32% (95%
CI, 10%—-65%) in control.
RCT SARS-CoV-2 30s Distilled water =~ PVP-I = 25 Salivary A (Ct) PVP-I was effective to reduce viral Elzein, 2021
positive Control =9 value load in saliva, with ACt value
higher than control.
RCT SARS-CoV-2 30s Tap water PVP-I =4 Salivary (Ct) value PVP-I reduced viral load only 6 h  Seneviratne
positive Control = 2 after rinsing compared with et al., 2020
control.
PCP SARS-CoV-2 60 s/ 2x day - 1 Qualitative After 7 days, negative PCR for 1 Blasi, 2021
positive RT-PCR gene.
EO RCT SARS-CoV-2 30s/3xday -7 Tap water EO=5 (Ct) value Viral clearance was achieved in Mohamed et al.,
positive days Control =5 80% for EO. 2020
RCT Herpes (positive 30s Sterile water EO =20 Salivary viral Rinsing with EO reduced salivary = Meiller et al.,
HSV I and HSV Control = 20 quantification - virus to zero after 30 s and 2005
1) plaque assay remained at significant reduction at
(PFU/mL) 30 and 60 min after application.
CPC PRCT SARS-CoV-2 30s Distilled water CPC=7 Salivary (Ct) CPC+Zn resulted in better de Paula
(0.0125-0.30%) positive Control = 9 value/fold changes reductions in viral load, with Eduardo, 2021
relative to the 20.4 + 3.7-fold reductions after
placebo and 30 s of rinsing.
baseline
RCT SARS-CoV-2 Tap water CPC =4 Salivary (Ct) value CPC reduced viral load 5 min and  Seneviratne
positive Control = 2 6 h after rinsing compared with et al., 2020
control.
H202 PRCT SARS-CoV-2 60s Distilled water ~H202 =7 Salivary (Ct) Rinsing with HP resulted in de Paula
(1,0-1,5%) positive Control =9 value/fold changes 15.8 + 0.08 fold reductions after Eduardo, 2021
relative to the 30s.
placebo and
baseline
PCP SARS-CoV-2 30s - H202 =10 Quantitative Gargling with 1% hydrogen Gottsauner
positive RT-PCR/Viral peroxide did not decrease the et al., 2020
Titers intraoral viral load in
SARS-CoV-2-positive subjects.
OTHERS
Sodium PCP SARS-CoV-2 30 s/7 days - 10 Qualitative Negative RT-PCR result after 1, 5  Kumar et al.,
Bicarbonate - positive RT-PCR and 7 days of rinsing. 2021
7.5%
Linola Sept® oS SARS-CoV-2 60s - 34 = Experimen- (Ct) value Viral The experimental solution reduced Schiirmann
mouthwash positive tal 5 = Temporal load the viral load by about 90% in the et al., 2021
accompaniment saliva of most patients.
ARGOVIT1 PR SARS-CoV-2 15 - 30 s/3x day Conventional 114 = Experi- Qualitative The incidence of SARS-CoV-2 Almanza-Reyes
AgNPs positive mouthwash mental RT-PCR infection was lower in the et al., 2021
117 = Control experimental group = 1.8% (2
participants out of 114) compared
to control 28.2% (33 participants
out of 117).
Freshclor (CHD - PRCT SARS-CoV-2 3x day/7 days CHD CHX =20 Qualitative Negative antigen result CHD = 12  Avhad et al.,
Chlorine dioxide positive Control RT-PCR CHX =8 2020
0.1%) (CHD) = 20
CDCM RCT SARS-CoV-2 60s/3xday/7 - 88 = CDCM Quantitative There was a greater median Carrouel et al.,
positive days 88 = Placebo RT-PCR percentage decrease in salivary 2021

viral load in the CDCM group
compared to the placebo group.

Subtitle: RCT - Randomized Controlled Trial; PRC - Prospective Randomized Cohort; PRCT- Pilot Randomized Clinical Trial; PCP - Prospective Clinical Pilot; PRC -
Prospective Randomized.



E.M. Toschi, L.W. Mercado and S.L. Henz

Table 4
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General characteristics of included studies that verified the effect of Chlorhexidine in different viruses. *When various substances were tested in the same work and
the substance in question did not achieve the best result, the methods were exposed in the solution that achieved this.

STUDY STUDY TYPE CONCENTRATION VIRUS METHODS RESULTS
Jain, 2021 in vitro Sigma Aldrich (CHX SARS-CoV-2 Antiviral assay: 2uL of SARS-CoV-2 Chlorhexidine digluconate in 0.2%
solution - 0.2% and virus stock prepared by cultivating concentration (difference
0.12%) virus using VeroE6 (pfu 2 x 107/mL) ct=12.5 + 0.5) and PVP-I 1
was mixed with 18 uL of the test (difference ct=11+2) inactivated
sample. All the samples were more than 99.9% of SARS-CoV-2, in
incubated for 30 s and 60 s. The contact time of 30 s and 60 s
analysis of the virus inactivation was respectively.
based on the quantification of viral
RNA (cycle threshold [Ct] profile)
present in the culture supernatant
using qRT-PCR.
Steinhauer et al., 2021 in vitro Chlorhexamed fluid SARS-CoV-2 Antiviral assay: SARS-CoV-2 was CHX (formulations A and B) had only
0.1% (CHX - 0.1%); incubated with medium or various limited efficacy against SARS-CoV-2,
Chlorhexamed forte oral rinses (CHX 0,1%, 0,2% and OCT  at a concentration of 80% (v/v).The
alkoholfrei (CHX - 0.2%) 0,1%) for indicated concentrations effect only occurs at prolonged time,
(80% and/or 20%) and time-periods after 1 min.
(15, 30 s, 1 min, 5 min, 10 min).
Viral titres were determined upon
limited end-point titration on Vero E6
cells. Tissue culture infectious dose
50% (TCID50/mL) was calculated
according to Spearman-Karber.
Xu et al., 2021 in vitro Chlorhexidine gluconate ~ SARS-CoV-2 / * After the 30-min contact time, CHX
(CHX - 0.12%) pseudotyped 0,12% completely inactivated the
SARS-CoV-2 virus replication of SARS-CoV-2 and
of pseudotyped SARS-CoV-2 viruses.
Davies et al., 2020 in vitro Ecolabs - Antiseptic SARS-CoV-2 * Two chlorhexidine gluconate-based
Mouthwash (CHX 1 - products were not effective at
0.2%); GlaxoSmithKline - inactivating SARS-CoV-2.
Corsodyl (CHX 2 - 0.2%
Alcohol free)
Statkute et al., 2020 in vitro Corsody! (CHX - 0.2%) SARS-CoV-2 * CHX showed little antiviral effect,
with a < 2log fold reduction
Komine et al., 2021 in vitro GUM® PAROEX (CHX - SARS-CoV-2 * The mouthwash containing only
0.12% Mouthwash) 0.12% CHX as antiseptic did not show
a sufficient inactivation effect against
SARS-CoV-2 in this study.
Meister et al., 2020 in vitro Chlorhexamed Forte SARS-CoV-2 * CHX mouthwashes were not effective
(CHX - Not informed); against the virus under the conditions
Dynexidine Forte CHX - tested.
0.2%
Avhad et al., 2020 in vivo Guard OR - Mouthwash SARS-CoV-2 * After 20 patients in each group
(CHX - 0.2%) gargling twice a day for one week, 12
remain positive for SARS-CoV-2
antigen from CHX group compared to
8 from Chlorine group.
Seneviratne et al., 2020 in vivo Pearly White Chlor-Rinse ~ SARS-CoV-2 * Comparison of salivary Ct values of
(CHX - 0.2%) patients within each group of PI,
CHX, CPC and water at 5 min, 3 h
and 6 h time points did not show any
significant differences.
Huang and Huang, 2020  in vivo CHX comercial SARS-CoV-2 COVID-19 patient: It was a COVID-19 patiente: There was a

mouthwash- 0,12%

prospective randomized cohort study
using CHX as an oral rinse and
subsequent oropharyngeal spray in
hospitalized patients with COVID-19.
For one arm, the study group used
15 ml of 0.12% CHX for 30 s twice
daily for 4 days. In the other arm,
after rinsing with CHX, the patient
used CHX spray in the oropharynx
twice a day for 4 days. Treatment
efficacy was verified by RT PCR after
four days of chlorhexidine use.
Healthcare worker: preventive
effectiveness of using the same oral
rinse regimen with CHX oral rinse
and oropharyngeal spray twice a day
in healthcare workers compared to
healthcare workers from the same
hospitals who did not use CHX.

difference between the proportion of
patients who tested negative after the
use of chlorhexidine (n = 66) (62.1%)
in relation to the control group

(n = 55) (5.5%). Among patients who
used a combination of oral rinse and
oropharyngeal spray (n = 93), 86.0%
eliminated oropharyngeal
SARS-CoV-2, versus 6.2% of control
patients (n = 80) after 4 days of
treatment. Healthcare worker: The
group that used chlorhexidine

(n = 15) as a mouthwash and
oropharyngeal spray twice daily did
not develop SARS-CoV-2 infection,
compared to a 50% rate among
healthcare workers at their respective
hospitals during the course of this
study.

(continued on next page)
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Table 4 (continued)
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STUDY STUDY TYPE CONCENTRATION VIRUS METHODS RESULTS
Elzein, 2021 in vivo CHX solution - 0.2% SARS-CoV-2 61 patients positive for SARS-CoV-2 A significant difference was noted
(nasopharyngeal virus detection by between the delta Ct of distilled
PCR), randomly assigned to three water wash and each of the 2
groups: PVP-I group, CHX group, and  solutions Chlorhexidine 0.2%
distilled water as control group. (p=.0024) and 1% Povidone-iodine
Saliva samples collected at baseline (p=.012). No significant difference
and at 5 min post-application of between the delta Ct of patients using
mouth rinses/water. Samples Chlorhexidine 0.2% and 1%
subjected to SARS-CoV-2 RTePCR Povidone-iodine solutions (p=.24). A
analysis. Outcome = delta Ct - change significant mean Ct value difference
in cycle threshold (Ct) values of (p<.0001) between the paired
salivary SARS-CoV-2. Evaluation of samples (before and after) in
the efficacy = difference in cycle Chlorhexidine group (n = 27) and
threshold (Ct) value. also in Povidone-iodine group
(n = 25) (p<.0001) was found. No
significant difference (p=.566) in the
control group (n = 9).
de Paula Eduardo, 2021 in vivo Periogard (CHX - 0.12%)  SARS-CoV-2 60 patients positive for SARS-CoV-2 Mouthwash with CPC + Zinc and
(nasopharyngeal virus detection by CHX resulted in significant reductions
PCR), randomly assigned to two of the SARSCoV-2 viral load in saliva
groups: placebo (oral rinsing with up to 60 min after rinsing, while HP
distilled water) group and other mouthwash resulted in a significant
groups according to the type of reduction up to 30 mins after rinsing.
mouthwash (CPC, CHX, HP,
CHX-HP). Saliva samples collected at
baseline (before rinsing), immediately
after rinsing, 30 min and 60 min
post-application of mouth
rinses/water. Samples subjected to
SARS-CoV-2 RTePCR analysis.
Ebrahimi et al., 2014 in vitro Chlorhexidine solution HSV-1 * CHX had anti-herpetic effect, with log
(CHX - 0.001 - 0.002%) reduction between 2 and 3log in virus
titers.
Park, 1991 in vitro Chlorhexidine gluconate ~ HSV-1 Antiviral efficacy: Acyclovir and Antiviral efficacy: CHX (5, 8, 10, or
solution (CHX - 20%) chlorhexidine (combined or alone) 20 pg/ml) in combination with
with different concentrations were acyclovir resulted in viral titers
tested on replication virus. Viral titers  significantly lower than were those
were verified by plaque assay by chlorhexidine or acyclovir alone.
technique. Effect on viral DNA Effect viral DNA synthesis: 20 pg/ml
synthesis: Vero cell monolayers were of chlorhexidine or 5 pg/ml of
infected with HSV-1 F-strain/ acyclovir reduced by 11% and 75%;
cultivated with medium containing 5 both acyclovir (5 pg/ml) and
umol/L of acyclovir, 10ug/ml chlorhexidine (20 pg/ml), HSV-1
chlorhexidine or both and total DNA DNA synthesis was inhibited by 87%,
extracted. whereas cellular DNA synthesis was
not altered in comparison with that
from the infected cultures receiving
acyclovir or chlorhexidine alone.
Park and Park, 1989 in vitro and in Chlorhexidine gluconate ~ HSV-1 Antiviral Assay: The virus titers were CHX inhibited HSV-1 growth in a

vivo

Baqui et al., 2001 in vitro

solution (CHX - 20%)

Peridex (CHX - 0.12%);
Sigma (CHX solution -
20%)

HIV-1 and HSV-1

determined by plaque assay
technique after exposure time (0, 10,
20 or 60 min) with CHX solution
(0.01%, 0.05%, 0.1% or 0.2%) at

37 °C. In vivo infection: Fifty-one
inbred male albino mice was
inoculated with a viral solution (50
uL containing 5 X 105 PFU). Infected
mice were divided into three equal
groups, Group 1, control (no
treatment); Group 2, topical
application of 0.2% CHX was started
2 h after the viral infection; Group 3,
topical application of 0.2% CHX was
started 24 h after the viral infection.
CHX was applied topically 5 times a
day for 14 consecutive days. On days
6 and 8 post-infection, samples were
collected and processed to determine
viral titers.

*

concentration-dependent manner: the
higher the CHX concentration, the
greater the inhibition. CHX at
concentrations greater than 0.001%
(10 bg/ml), showed significant
cytotoxic activity. The treatment with
CHX was not statistically significant.

After the 30-s contact time, undiluted
0.12% and 0.2% completely inhibited
both HIV-1 and HSV-1. The antiviral
effects of 0.12% and 0.2% of CHX
were found to be similar.

(continued on next page)
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STUDY STUDY TYPE CONCENTRATION VIRUS METHODS RESULTS
Bernstein et al. 1990 in vitro Peridex (CHX - 0.12%) Herpes simplex virus  Antiviral assay: A mixture of The virucidal effect occurred quite
(HSV), mouthrinse (Peridex) containing rapidly, with a 30-s exposure showing
Cytomegalovirus 0.12% chlorhexidine gluconate (CH) reductions of 59% for parainfluenza
(CMV), Influenza A, or a placebo containing only and of 99.7+% for CMV.
Parainfluenza, Polio, excipients, no CH, were assayed with  Parainfluenza showed a 59%
and Hepatitis B a virus suspension for 30 s, 5 min and reduction at 30 s, a 91% reduction at
(HBV) 15 min. Aliquots were diluted and 5 min, and a 99% reduction at
inoculated in appropriated tissue 15 min. The percentage of reductions
culture for each type of virus. The at 15 min ranged from >98% for
antiviral efficacy was determined by influenza to >99.9% for HSV. The
plaque enumeration stained with 1%  placebo had virtually no virucidal
crystal violet. For HBV virus, effectiveness, except against CMV,
inactivation of the virus was tested by =~ which showed a 70% reduction at
the assay of the virus-associated DNA 15 min. Neither the CHX containing
polymerase activity during contact mouthrinse nor the placebo was
with active and placebo mouthrinses.  effective against the polio virus. DNA
The amount of DNA synthesized ina  polymerase activity assays for HBV.
three-hour period was then estimated  This indicated that exposure of HBV
by the count of radioactivity in the to the placebo had little effect on
trichloroacetic-acid-insoluble DNA polymerase activity. However,
precipitate. exposure to the 0.12%-CHX
mouthrinse significantly reduced
HBV-DNA polymerase activity in 30 s
(85% reduction), compared with the
placebo. After 15 min of exposure to
the CHX mouthrinse, HBV-DNA
polymerase activity was decreased
99%, compared with the placebo.
Harbison e Hammer, in vitro (CHX solution 20%) HIV-1 * Chlorhexidine gluconate completely
1989 inactivated HIV at concentrations of
>0.2% (1:100 dilution of laboratory
stock; 1:20 dilution of commercial
stock). Inactivation appeared to be
immediate since no difference in
efficacy based on length of exposure
to the microbicide was detected.
Thus, both microbicides are highly
effective at killing HIV in vitro.
Kawana et al., 1997 in vitro Hibitane Concentrate Adenovirus (type 5), * Rubella virus, Measles, Mumps virus
(CHX - not informed) Mumps virus, and HIV were inactivated by CHX.
Rotavirus, Poliovirus CHX was not effective against
(type 1 and 3), Adenovirus, poliovirus type 1 and 3,
Coxsackie virus Rotavirus, Rhinovirus and Influenza
(type B), Rhinovirus Virus.
(type 14), Herpes
virus (type 1),
Rubella virus,
Measles virus,
Influenza virus (type
A), HIV (type 1).
Papageorgiu, in vitro Hibitane (CHX - not Poliovirus type 1 * CHX had no effect on the number of
Moccé-Llivina and Jofre, informed) polioviruses tested with either of the
2001 procedures.
Boudoma, M; Enjalbert; in vitro Hibitane 5 (CHX - Poliovirus type 1 * After 15, 30 and 60 min,
Didier, J. 1984 0.05%) chlorhexidine had no effect on the
virus.
Geller et al. 2010 in vitro CHX - not informed Coronavirus 229E Antiviral assay: Virus (HCoV 229E) Antiviral assay: CHX showed the best

(HCoV 229E)

and products (CHX or tested
substances) were mixed thoroughly
and incubated at RTa. Reductions in
titres were measured by MTT and NR
assay in L-132 cells.

activity, induced a reduction of 0.8,
0.5, 1.4 and 2.110g10 at 10—4 mol/L
concentration for contact times of 5,
15, 30 and 60 min, respectively, and
1.4, 2.1, 2.4 and 3 log10 reduction at
10-3 mol/ L for the same contact
times (30 and 60 min).

trum of action [29,30]. The antiviral effect of PVP-I occurs when the
molecule dissociates and releases free iodine that causes irreversible
damage to the membrane, proteins and nucleic acids of microorganisms
[29].

The over-the-counter commercial formulations are usually con-
sumed at 1% PVP-I and it can be safely used in the oral mucosa in doses
up to 10% [29]. With short-term use of PVP-I, adverse systemic effects
are infrequent [31], and it has only a few contraindications, which in-

clude iodine allergy, thyroid disease, contact dermatitis, and pregnancy
[29,32].

The virucidal efficacy of PVP-I was evaluated in laboratory studies
against the coronavirus, mainly SARS-CoV-2. At concentrations ranging
from 0,23% [33] to 1% or more, PVP-I solutions reduced >99.99% of
viral titers after 30 s of treatment [34-36]. Davies et al. [13] and Pel-
letier et al. [37] found the same result (> 4log10 reduction of viral titre)
after 1 min of treatment, using 0.58% and 1% PVP-I, respectively.
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General characteristics of included studies that verified the effect of Povidone-iodine in different viruses. *When various substances were tested in the same work
and the substance in question did not achieve the best result, the methods were exposed in the solution that achieved this.

STUDY

STUDY TYPE

CONCENTRATION

VIRUS

METHODS

RESULTS

Statkute et al., 2020

Jain, 2021

Bidra et al., 2020

Xu et al., 2021

Davies et al., 2020

Pelletier et al., 2021

Eggers et al., 2018

Hassandarvish et al.,
2020

Anderson, 2020

in vitro

in vitro

in vitro

in vitro

in vitro

in vitro

in vitro

in vitro

in vitro

Videne (PVP-I - 0.5%)

PVP-I solution - 1%

Veloce Biopharma (PVP-I
- 3.0%, 2.5%, and 1.0%)

Povidone-Iodine (PVPI -
10% solution)

Povident (PVP-I - 0.58%)
(surfactant-free)

PVP-I solution - 1%,
1.5% and 3%

Isodine (PVP-I - 7%)

Betadine (PVP-I - 1%)

Betadine antiseptic
solution (PVP-I - 10%),
Betadine antiseptic skin
cleanser (PVP-I - 7.5%),
Betadine Gargle and
mouthwash (PVP-I -
1.0%) and Betadine
throat spray (PVP-I -
0.45%)

SARS-CoV-2

SARS-CoV-2

SARS-CoV-2

SARS-CoV-2 /
pseudotyped
SARS-CoV-2

SARS-CoV-2

SARS-CoV-2

SARS-CoV,
MERSCoV, Rotavirus
(strain Wa) and
Influenza virus A
(subtype HIN1)

SARS-CoV-2

SARS-CoV-2 (hCoV-
19/Singapore/2/2020)

*

Virus (SARS-CoV-2) and product were
mixed thoroughly and incubated for
15 and 30 s at RTa. Surviving virus
from each sample was then quantified
by standard endpoint dilution assay
and the log reduction value of each
compound compared to the negative
control was calculated.

Virus (SARS-CoV-2) and product were
mixed thoroughly and incubated for
30 min at 37 °C. To assess the effect
of mouth rinses, infection was
determined by measuring
fluorescence intensity after 24 h for
replication competent viruses or
luciferase activity after 48 h for
pseudotyped viruses in HeLa-hACE2
cells.

*

Virus (SARS-CoV-2) and product were
mixed thoroughly and incubated for
60 s at RTa. Reductions in titres were
measured by standard end point
dilution assay.

Viruses (SARS-CoV-2, MERS-CoV,
H1N1 and Rotavirus) and products
were mixed thoroughly and incubated
for 15 s RTa. Defined test conditions,
including temperature, contact time
and interfering substances, were
performed according to virucidal
quantitative suspension test
EN14476:2013.

Virus (SARS-CoV-2) and product were
mixed thoroughly and incubated for
15, 30 and 60 s at RTa. Viral titres
were calculated using the
Spearman-Kéarber method and
reported as median tissue culture
infectious dose (TCID50/ml).

Virus (SARS-CoV-2) and product were
mixed thoroughly and incubated for
30 s at RTa. Viral titres were
calculated using the
Spearman—-Karber method and
reported as median tissue culture
infectious dose (TCID50)/mL.

During a 30-s exposure, (PVP-I)
eliminated the virus by 2-3-log10, but
less than the recommended standards
EN14476 (> 4-log10 reduction).
PVP-I showed a level of antiviral
effectiveness in the test, but less than
CHX and showed the smallest relative
changes in Ct values at 30 s. PVP-I
1% (difference ct=11+2) inactivated
more than 99.9% of SARS-CoV-2, in
contact time of 60 s.

After the 15 s and 30 s contact times,
PVP-I oral antiseptic rinse at all 3
concentrations of 0.5%, 1.25%, and
1.5% completely inactivated
SARS-CoV-2.

After the 30-min contact time with
virus, diluted povidone-iodine
(0.5%), appeared to have potent
antiviral activities, however, showed
severe cytotoxicity to cells utilized.

PVP-I reduced SARS-CoV-2 titre by >
4.1 log10 using unconcentrated TCF
and > 5.2 1og10 using concentrated
TCF.

All concentrations of oral rinse
antiseptics evaluated completely
inactivated, reducing >4 log10
CCID50 infectious virus, from 5.3
log10 CCID50/0.1 mL to 1 log1l0
CCID50/0.1 mL or less the
SARS-CoV-2 at 60 s of exposure.

All viral titres were reduced by
between 4.40 and 6.00 log10
TCID50/ml (corresponding to a
reduction in viral titre of > 99.99%
for all viruses tested) after 15 s of
contact time with PVP-I gargle at a
concentration of 0.23% (1:30 i.e.,
recommended dilution). The lower
PVP-I concentrations of 0.023%
(1:300 dilution) and 0.0023%
(1:3000 dilution) that were tested
against rotavirus and influenza did
not reach a log10 reduction in viral
titre > 4, except for the 0.023%
concentration against influenza under
clean conditions.

The undiluted product (1%) achieved
>5 log10 reduction in viral titres
compared to the control at 15, 30 and
60 s under both clean and dirty
conditions. At a two fold dilution
(0.5% PVP-I), the test product
demonstrated >4 log10 kill at 15 s
and >5 log10 kill at 30 and 60 s in
both clean and dirty conditions.

The antiseptic solution, hand
sanitiser, throat spray and
gargle/mouthwash were
non-cytotoxic to the Vero-E6 at
dilutions > 1:100 and skin cleanser at
dilutions > 1:1000; All four products
achieved > 99.99% virucidal activity
against SARS-CoV-2, corresponding to
> 4 1og10 reduction of virus titre,
within 30 s of contact.

(continued on next page)
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STUDY STUDY TYPE CONCENTRATION VIRUS METHODS RESULTS
Bidra et al., 2020 in vitro Veloce Biopharma (PVP-  (SARS-CoV-2) Virus (SARS-CoV-2) and product were At 15-s contact time, all of the PVP-1
I-0.5%, 1.0% and 1.5%) USA-WA1/2020 mixed thoroughly and incubated for oral rinse antiseptics tested were
15 and 30 s at RTa (22 + 2 °C). effective at reducing >3 log10
Surviving virus from each sample was ~ CCID50 infectious virus (3.67 log10
quantified by standard end-point CCID50/0.1 mL to 0.67 log10
dilution assay and the log reduction CCID50/0.1 mL or less). At 30-s
value (LRV) of each compound contact time, once again all of the
compared to the negative (water) PVP-I oral rinse antiseptics reduced
control was calculated. >3.33 1og10 CCID50 infectious virus
(4.0 log10 CCID50/0.1 mL to 0.67
log10 CCID50/0.1 mL or less). No
cytotoxicity was observed with any of
the test compounds.
Meister et al., 2020 in vitro Iso-Betadine mouthwash ~ SARS-CoV-2 Virus (SARS-CoV-2) and product were  The different SARS- CoV-2 strains
- Polyvidone-iodine- mixed thoroughly for 30 s at RTa. (1-3) were susceptible to PVD-I, with
(PVP-I - 1.0%) Reductions in titres were measured > 2,5log reduction factor after 30 s
by using the tissue culture infectious exposure.
dose 50 (TCID50) assay in Vero E6
cells.
Eggers, 2015 in vitro Skin cleanser (PVP-I - MVA; MERS-CoV- Virus (MERS-CoV, MVA) and product For PVP-I mouthwash formulation,
4%), Surgical scrub HCoV-EMC/2012 were mixed thoroughly and incubated  log10 reduction in viral titer >4
(PVP-I - 7.5%) and for 15, 30, and 60 s for MVA, and (99,99%) was demonstrated under
Gargle/mouthwash 15 s for MERS-CoV at RTa. The clean and dirty conditions after only
(PVP-I - 1%) virucidal activity was determined by 15 s exposure undiluted for both
the difference of the logarithmic titer viruses (MVA and MERS-CoV).
of the virus control minus the
logarithmic titer of the test virus.
Meyers et al., 2020 in vitro Betadine (PVP-I - 5%) HCoV-229E * PVP-1 was effective against the virus,
eliminating 99,9% of virus and within
30 s and 99.99% (> 4log) within
2 min of exposure.
Boudoma, M; Enjalbert; in vitro PVP-I solution - 5% Poliovirus type 1 Virus (Poliovirus type 1) and product PVP-I 5% were rapidly virucidal,
Didier, J. 1984 were mixed thoroughly and incubated  reducing 5log10 after 15 min
for 15, 30, and 60 min at RTa. Titres incubation.
of 15, 30 and 60 min were compared
to the titre of control after 60 min
incubation. All titrations were
performed with plaque technique on
24-well plates.
Papageorgiu, in vitro Iodine Solution (IO - 2%) Poliovirus type 1 Virus (Poliovirus type 1) and products  The Iodine solution did inactivate
Moccé-Llivina and Jofre, were mixed thoroughly and incubated  viruses after exposure.
2001 for 3 to 5 min at 22+- 2 °C.
Reductions in titres were measured
by using the tissue culture infectious
dose 50 (TCID50) assay in Huh7 cells
or Counting culturable viruses
adsorbed to cellulose nitrate filters
(the VIRADEN method).
Harbison e Hammer, in vitro Betadine solution I HIV-1 Virus (HIV-1) and product were With the exception of the lubricating
1989 (10%), Betadine solution mixed thoroughly and incubated for antiseptic gel, all povidone-iodine
1I (5%), Betadine douche 30, 60 and 10 min. at RTa. products completely inactivated the
(10%), Pharmadine Reductions in titres were measured virus at concentrations of >0.5% (10-
solution (10%), Betadine by using the tissue culture infectious to 20-fold dilutions of stock).
medicated douche dose 50 (TCID50) assay.
(10%), Betadine
antiseptic gel (10%),
Betadine standardized
solution (10%), Betadine
lubricating antiseptic gel
(5%), Betadine scrub
(7.5%), Betadine scrub II
(5%)
Kawana et al., 1997 in vitro Isodine solution, Isodine ~ Adenovirus (type 5),  Viruses and products were mixed PVP-I was effective against all the

gargle, Isodine cream
(PVP-I-0.2 g/mL)

Mumps virus,
Rotavirus, Poliovirus
(type 1 and 3),
Coxsackie virus
(type B), Rhinovirus
(type 14), Herpes
virus (type 1),
Rubella virus,
Measles virus,
Influenza virus (type
A), HIV (type 1).

thoroughly and incubated for various
times at 25 °C. Reductions in titres
were measured by using the tissue
culture infectious dose 50 (TCID50)
assay.

virus species tested. PVP-I drug
products, which were examined in
these experiments, inactivated all the
viruses within a short period of time.
Measles had an irregular sensibility to
PVP-I and were inactivated only
within a long period of time exposure.

(continued on next page)
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STUDY STUDY TYPE CONCENTRATION VIRUS METHODS RESULTS
Mohamed et al., 2020 in vivo Betadine (PVP-I - 1%) SARS-CoV-2 Patients positive for SARS-CoV-2 Five confirmed Stage 1 COVID-19
(Stage 1 COVID-19), randomly patients were included in each arm.
assigned to four groups: PVP-I group,  Viral clearance was achieved in 100%
Essential oils group, Tap water group  using PVP-I, 20% (Tap water) and 0%
and no intervention as control group  (Control). There was no reporting of
using the mouthwashes for 30 s, 3 any side effects.
times/day per 7 days.
Nasopharyngeal and oropharyngeal
swabs were taken at day 4, 6 and 12
of the intervention. The collected
swabs were analyzed by RT-PCR
using the commercial kit, LyteStarTM
2019-nCoV RT-PCR Kit 1.0 and
following the manufacturer’s
recommendations
Seneviratne et al., 2020 in vivo Betadine Gargle and SARS-CoV-2 * Comparison of salivary Ct values of
Mouthwash (PVP-I - patients within each group of PI,
0.5%) CHX, CPC and water. The effect of
decreasing salivary load was observed
to be sustained at 6 h time point.
Guenezan et al., 2021 in vivo Mylan (PVP-I 1%) SARS-CoV-2 24 patients positive for SARS-CoV-2 Use of PVP-I had no influence on
(nasopharyngeal virus detection by changes of viral RNA quantification
PCR), randomly assigned to a control ~ over time. Mean relative difference in
group (no intervention, n = 12) or an  viral titers between baseline and day
intervention group (n = 12). 1 was 75% (95% CI, 43%—95%) in
Intervention consisted of 4 successive  the intervention group and 32% (95%
mouthwashes and gargles with 25 mL  CI, 10%—65%) in the control group.
of 1% aqueous PI solution each, Thyroid stimulating hormone
followed by one 2.5 mL nasal elevation (median [IQR], 3.4
pulverization of the same solution [2.6-4.3] mIU/L vs 2.1 [1.4-3.1]
into each nostril using an intranasal mlU/L at baseline) was observed in
mucosal atomization device (4 times all patients after 5 days of PI
a day for 5 days). Follow-up was done exposure, exceeding the upper normal
on day 1 and then every 2 days until  value in 5 patients, with a return to
day 7 to assess the efficacy (viral baseline values 7 to 12 days later. No
quantification) and safety of the modification in thyroid hormone (T3,
decolonization. Almost all (>95%) of  T4) or creatinine levels was observed.
the nasopharyngeal swabs were taken
by the same skilled nurse at least 3 h
after the last PI application for
quantification of viral RNA using
RT-PCR, and viral titer using the
dilution limit method on Vero cells
and the Spearman-Karber approach
with a limit of detection of 10 tissue
culture infectious dose (TCID50) per
mL.
Blasi, 2021 in vivo PVP-I solution - 1% SARS-CoV-2 1 patient positive for SARS-CoV-2 After further 24 h, all other symptoms
(nasopharyngeal virus detection by disappeared. One week later, the
PCR) was told to inhale a 1% aqueous real-time PCR test was positive only
solution of PVP-I through each nostril ~ for gene N (2019-nCoV specific target
until the liquid is perceived in the gene).
throat, followed by gargling with the
same solution for 60 s, twice a day.
SARS-CoV-2 real-time PCR tests were
conducted: E gene (Pan Coronavirus
screening); RARP/S gene (2019-nCoV
specific target gene); N gene
(2019-nCoV specific target gene).
Elzein, 2021 in vivo PVP-I solution - 1% SARS-CoV-2 * A significant difference was noted

between the delta Ct of distilled
water wash (control) and 1% PVP-I
(p=.012). No significant difference
between the delta Ct of patients using
1% PVP-I solution (p=.24). A
significant mean Ct value difference
(p<.0001) between the paired
samples (before and after) in the
PVP-I group (n = 25) (p<.0001) was
found. No significant difference
(p=.566) in the control group (n = 9).
PVP-I was effective against the virus
under the conditions tested.

10
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General characteristics of included studies that verified the effect of Essential oils in different viruses. *“When various substances were tested in the same work and
the substance in question did not achieve the best result, the methods were exposed in the solution that achieved this.

STUDY STUDY TYPE CONCENTRATION VIRUS METHODS RESULTS

Statkute et al., 2020 in vitro Listerine Cool Mint SARS-CoV-2 * During a 30 s of exposure, the rinse
(ethanol 21.7%, thymol containing ethanol/ethyl lauroyl
0.064%, eucalyptol arginate eliminated live virus to
0.092%, methyl EN14476 standards (>4-log10
salicylate 0.060% and reduction), while another with
menthol 0.042%), ethanol/essential oils eliminated
Listerine Advanced Gum virus by 2-3-log10.

Treatment (23% v/v
ethanol, ethyl lauroyl
arginate HCI (LAE)
0.147% w/w)

Xu et al., 2021 in vitro Listerine Antiseptic SARS-CoV-2 / Viruses (SARS-CoV-2 and After the 30-min contact time, diluted
Original (eucalyptol pseudotyped Pseudotyped SARS-CoV-2) and listerine completely inactivated the
0.092%, menthol SARS-CoV-2 products were mixed thoroughly and virus replication of SARS-CoV-2 and
0.042%, methyl incubated for 30 min at 37 °C. To of pseudotyped SARS-CoV-2 viruses,
salicylate 0.06%, thymol assess the effect of mouthrinses, with minimal cytotoxicity.

0.064%) infection was determined by
measuring fluorescence intensity after
24 h for replication competent viruses
or luciferase activity after 48 h for
pseudotyped viruses in HeLa-hACE2
cells.

Davies et al., 2020 in vitro Listerine Advanced SARS-CoV-2 Virus (SARS-CoV-2) and product were  Both formulations of Listerine
Defense Sensitive (1.4% mixed thoroughly and incubated for (Listerine Advanced Defense Sensitive
dipotassium oxalate); 1 min at 20 + 2 °C. Reductions in and alcohol-free Listerine Total Care)
Listerine Total Care titres were measured by using the reduced SARS-CoV-2 titre to below
(eucalyptol, thymol, tissue culture infectious dose 50 the limit of detection for the tests
menthol, sodium fluoride (TCID50) assay in Vero E6 cells. after a 1 min treatment: >3.5 log10
and zinc fluoride) reduction for Listerine Advanced

Defense Sensitive and >4.1 log10
reduction for Listerine Total Care,
respectively.

Meister et al., 2020 in vitro Listerine Cool Mint SARS-CoV-2 Virus (SARS-CoV-2) and product were  Listerine Cool Mint significantly
(ethanol 21.7%, thymol mixed thoroughly for 30 s at RTa. reduced viral infectivity to up to 3
0.064%, eucalyptol Reductions in titres were measured orders of magnitude to background
0.092%, methyl by using the tissue culture infectious levels after 30 s exposure time.
salicylate 0.060% and dose 50 (TCID50) assay in Vero E6
menthol 0.042%) cells.

Meyers et al., 2020 in vitro Listerine Antiseptic HCoV-229E Virus (HCoV-229e) and product were Listerine Antiseptic was able to
(eucalyptol 0.092%, mixed thoroughly and incubated for decrease the infectious virus levels by
menthol 0.042%, methyl 30 s, 1 min, or 2 min at RTa. greater than 4 log10, or greater than
salicylate 0.06%, thymol Reductions in titres were measured 99.99%. After incubation times of 1
0.064%); Listerine Ultra by using the tissue culture infectious and 2 min we were unable to detect
(eucalyptol 0.092%, dose 50 (TCID50) assay in Huh7 cells.  any remaining infectious virus.
menthol 0.042%, methyl Listerine Antiseptic, Listerine Ultra,
salicylate 0.06%, thymol Equate and Antiseptic Mouthwash all
0.064%); Equate showed slightly lower efficacy,
(eucalyptol 0.092%, particularly at the shorter contact
menthol 0.042%, methyl times, and Equate showed the
salicylate 0.06%, thymol greatest variability. However, the
0.064%) and Antiseptic Listerine-like (same composition)
Mouthwash (eucalyptol mouthwashes/gargles decreased
0.092%, menthol infectious virus titers by greater than
0.042%, methyl 99%.
salicylate 0.06%, thymol
0.064%)

Yamanaka et al., 1994 in vitro Listerine; Cool Mint HIV (HTLV-IIIB) Virus (HIV) and product were mixed The results showed that Listerine and
Listerine (dilution 50% thoroughly and incubated for 10, 20 Cool Mint Listerine were almost
and 5%) or 30 s at RTa. Reductions in titres identical. Exposure for 30 s to 50% of

were measured by using the kit Listerine inactivated more than 60%
HIVAG-1 (P24 ANTIGEN) in CD4 of HIV.
cells.

Baqui et al., 2001 in vitro Listerine Antiseptic (LA) HIV-1 and HSV-1 Viruses (HIV-1 and HSV-1) and After the 30-s contact time, LA and

and Tartar control
Listerine Antiseptic
(TLA)

11

products were mixed thoroughly for
30 s at RTa. Reductions in titres were
measured by inhibition of the
syncytia formation or the cytopathic
effect (CPE) for HIV-1 on MT-2 cells
and by inhibition of the plaque
formation for HSV-1 on Vero cell
monolayers.

TLA completely inhibited both HIV-1
and HSV-1. LA and TLA inhibited
HSV-1 up to 1:2 dilution. The
antiviral effects of LA and TLA were
found to be similar.

(continued on next page)
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STUDY STUDY TYPE CONCENTRATION

VIRUS

METHODS

RESULTS

Dennison et al., 1995 in vitro Listerine Antiseptic

(diluted)

Mohamed et al., 2020 in vivo Listerine® Original

Meiller et al., 2005 in vivo Listerine Antiseptic Cool
Mint (eucalyptol
0.091%, menthol

0.042%, thymol 0.063%)

HSV-1 (14-012),
HSV-2 (333-8-9),
Rotavirus (SA-11),
Influenza A (H1N1),
Adenovirus type 5
(Strain Adenoid 75)

SARS-CoV-2

HSV-I and HSV-II

Viruses (Herpes simplex virus type 1
and type 2, Rotavirus, Influenza A
virus (HIN1) and Adenovirus type 5)
and product were mixed thoroughly
and incubated for 30 s, 2 min, and

5 min at 37 °C. For assessment of
direct toxicity a confluent monolayer
of Vero cells was used, and for
inhibition of growth a monolayer was
used that was 60% to 70% confluent.

Patients with Herpes (direct
immunofluorescence of cytological
smears of the lesions/oral fluids was
used to confirm Herpes simplex virus
types I or II), randomly assigned to
treatment groups: active ingredient
and sterile water as control group.
Salivary fluid samples were taken: (1)
at baseline; (2) immediately following
a 30 s rinse; (3) 30 min. after the 30 s
rinse; and (4) on the repeat trial, also
at 60 min. after the 30 s rinse. All
samples were evaluated for viral titer
and results compared.

Listerine at a dilution greater than or
equal to 1:100 did not have a
cytopathic effect or inhibit the
growth of any of the cells used in the
virucidal assays. The number of
plaques formed by HSV-1 was
reduced by 96.3% when the virus was
exposed to Listerine for 30 s.
Exposure to Listerine for 2 min
resulted in 100% reduction of
infective HSV-1, and 5 min of
exposure resulted in 97.6% reduction
of PFUs per well. Exposure of HSV-2
to Listerine for all time periods tested
inactivated the virus. Thus a 100%
reduction in HSV-2 plaques was seen
at 30 s, 2 min, and 5 min. The number
of plaques formed by Rotavirus was
reduced by 12.2% when the virus was
exposed to Listerine for 30 s.
Exposure to Listerine for 2 min
reduced the number of plaques by
only 5.7%. After 5 min of exposure
virus infectivity for the experimental
group was higher, with 21.5% more
plaques in groups treated with
Listerine than in the virus group not
treated with Listerine. Exposure of
Influenza to Listerine effectively
eliminated the infectivity of virus for
all Listerine exposure periods tested.
Exposure of Adenovirus to Listerine
for 5 min resulted in a 33.4%
reduction in the vero cell cytopathic
effect. Adenovirus infection reduced
the confluent vero monolayer of cells
from 99.4% -+ 0.9% coverage to
25.1% -+ 15.5% after 3 days; with
exposure of the adenovirus to
Listerine for 5 min, 49.9% -+ 14.8%
of the monolayer remained.

This preliminary study showed that
regular gargling with 1% PVP-I and
Essential oils formula have the
potential for achieving early
SARS-CoV-2 viral clearance among
stage 1 COVID-19 patients. Viral
clearance was achieved in 100%,
80%, 20% and 0% for 1% PVP-I,
essential oils, tap water gargle and
control group respectively. There was
no reporting of any side effects.

In both Trials 1 (30 min) and 2

(60 min), recoverable infectious
virions were reduced to zero after a
30 s experimental rinse (Listerine);
whereas, the control rinse (sterile
water) resulted in a non-significant
(p>.05) reduction. The experimental
group also demonstrated a continued
significant (p>.05) reduction 30 min
post rinse when compared with
baseline while the control group
returned to baseline levels. In Trial 2,
the 60 min post rinse follow-up
demonstrated a 1-2 log residual
reduction from baseline in the
experimental group; however, this
was not significant.
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General characteristics of included studies that verified the effect of Cetylpyridinium chloride in different viruses. *When various substances were tested in the same
work and the substance in question did not achieve the best result, the methods were exposed in the solution that achieved this.

STUDY STUDY TYPE CONCENTRATION VIRUS METHODS RESULTS
Statkute et al., 2020 in vitro SCD Max (CPC - 0.1%); Dentyl Dual SARS-CoV-2 Virus (SARS-CoV-2) and product were  During a 30 s exposure, two rinses
Action (CPC 0.05%—0.1%); Dentyl mixed thoroughly and incubated for containing cetylpyridinium-chloride
Fresh Protect (CPC 0.05%—0.1%) 30 s at RTa. Reductions in titres were eliminated the live virus to EN14476
measured onto VeroE6 cells transduced standards (>4-log10 reduction).
with Lentivirus vectors expressing ACE2
and TMPRSS2.

Muifioz-Basagoiti in vitro Perio Aid Intensive Care (with SARS-CoV-2 Virus (SARS-CoV-2) and product were  CPC has antiviral activity against

etal., 2021 1.47 mM of CPC + 1.33 mM of mixed thoroughly and incubated for SARS-CoV-2 and CPC-containing
Chlorhexidine) and Vitis CPC 2 min at RTa. Collected viruses were mouthwashes have the capacity to
Protect (CPC - 2.063 mM) titrated on Vero E6 cells to calculate the reduce 1000 times the infectivity of a

Tissue Culture Infectious Dose 50% viral stock when treated at a 1:1 ratio
(TCID50) per ml after each of the for 2 min.
treatments.

Komine et al., 2021  in vitro GUM® WELL PLUS Dental rinse SARS-CoV-2 Virus (SARS-CoV-2) and product were  All the products containing 0.0125 to
(alcoholic type)(CPC - 0.05%); mixed thoroughly and incubated for 0.30% CPC inactivated SARS-CoV-2
GUM® WELL PLUS Dental rinse 20 s, 30 s or 3 min at 25 °C. The viral with a reduction of 3.3 to >4.4Log10
(non-alcoholic type)(CPC - 0.05%); infectivity titer was expressed in PFU/mL regardless of dosage form.
GUM® WELL PLUS Dental paste PFU/mL. Three independent
[CPC toothpaste - 0.05% (1/4 experiments were performed.
slurry with ultrapure water:

0.0125% CPC]; GUM® Disinfection
spray for mouth/throat (CHX -
0.06% + CPC 0.05% mouthwash);
GUM® PAROEX (CHX

0.12% + CPC 0.075% mouthwash);
GUM® Oral Rinse (CPC - 0.075%);
GUM® MOUTHWASH HERB 2020
(CPC - 0.04%)

Green et al., 2020 in vitro CPC solution - 0.07% HCoV-229E Virus (Human CoV-SARS 229E) and After 30 s and 1 min of exposure,
product were mixed thoroughly and only 0.07% CPC induced a reduction
incubated for 30 s and 1 min at RTa. in viral count (>99.9%) of Human
The post exposure infectivity TCID50 CoV-SARS 229E in this in vitro test.
(50% tissue culture infectious dose) was
determined using the Quantal test
(Spearman -Karber method) - mean
log10 reduction as the difference in
TCID50.

Meyers et al., 2020  in vitro Crest Pro-Health (CPC - 0.07%) HCoV-229E * After the contact time, Crest

Pro-Health (mouthwash containing
CPC) decreased infectious virus by at
least 3 log10 to greater than 4 log10,
or 99.9% to more than 99.99%.

Alvarez et al., 2020  in vitro CPC solution (CAS 123-03-5, HSV-1 (KOS); HSV-1 For assessing the antiviral effect of CPC After the contact time (10 min) CPC

Merck) (K26-GFP); HSV-2 on the formation of PFUs, Vero cells or treatment reduced the amount of

(333) ZAG GFP gingival fibroblasts were cultured in HSV-1 and HSV-2 genome copies in

24-well plates and infected with HSV-1, Vero cells and gingival fibroblasts.
HSV-2, ACVR-HSV-1 or ACVR-HSV-2 Cells infected with either virus and
for 1 h and then immediately after then treated with CPC produced
treated with CPC for 10 min. PFUs were significantly less PFUs and viral titers
determined directly in the cultures at after HSV-1 and HSV-2 infection,
24 h.p.i. using a fluorescence when compared to untreated cells.
microscope.

Seneviratne et al., in vivo Colgate Plax mouthwash (CPC - SARS-CoV-2 16 patients positive for SARS-CoV-2 There was no statistically significant

2020 0.075%) (nasopharyngeal virus detection by difference when comparing the
PCR), randomly assigned to four salivary Ct values  of the patients
groups: PVP-I group (n = 4), CHX group within each test and water group in
(n =6), CPC group (n = 4) and water as the times. However, when the change
control group (n = 2). Saliva samples in Ct value in each of the patients in
collected at baseline and at 5 min, 3 h, the CPC group was compared with
and 6 h post-application of mouth the patients in the water group at the
rinses/water for 30 s. Samples subjected respective time points, a significant
to SARS-CoV-2 RTePCR analysis. increase was observed in the patients

in the CPC group at 5 min and 6 h.
de Paula Eduardo, in vivo Colgate Total 12 (CPC - SARS-CoV-2 60 patients positive for SARS-CoV-2 Mouthwash with CPC + Zinc resulted

2021

0.075% + Zinc lactate 0.28%)

(nasopharyngeal virus detection by
PCR), randomly assigned to two groups:
placebo (oral rinsing with distilled
water) group and other groups
according to the type of mouthwash
(CPC, CHX, HP, CHX-HP). Saliva
samples collected at baseline (before
rinsing), immediately after rinsing,

30 min and 60 min post-application of
mouth rinses/water. Samples subjected
to SARS-CoV-2 RTePCR analysis.

in significant reductions of the
SARS-CoV-2 viral load in saliva up to
60 mins after rinsing.
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General characteristics of included studies that verified the effect of Hydrogen Peroxide in different viruses. *When various substances were tested in the same work
and the substance in question did not achieve the best result, the methods were exposed in the solution that achieved this.

STUDY STUDY TYPE CONCENTRATION VIRUS METHODS RESULTS
Bidra et al., 2020 in vitro H202 solution - 1.5% SARS-CoV-2 * The H202 solutions at concentrations
and 3% of 1.5% and 3.0% showed minimal
virucidal activity after 15 s and 30 s
of contact time.
Xu et al., 2021 in vitro Colgate Peroxyl (H202 - SARS-CoV-2 / Virus (SARS-CoV-2) and product were  After the 30-min contact time with
1.5%) pseudotyped mixed thoroughly and incubated (the  virus, diluted Colgate Peroxyl,
SARS-CoV-2 time depends on the product). significantly inactivated viruses but
Reductions in titres were measured their antiviral effects were associated
by CellTiter 96® AQueous One with severe cytotoxicity.
Solution Cell Proliferation Assay in
HeLa-hACE2 and TR146 cells.
Davies et al., 2020 in vitro Peroxyl (H202 - 1.5%) SARS-CoV-2 Virus (SARS-CoV-2) and product were Peroxyl was ineffective in reducing
mixed thoroughly and incubated for virus titer after 1 min of exposure
1 min at 20 + 2 °C. Reductions in
titres were measured by using the
tissue culture infectious dose 50
(TCID50) assay in Vero E6 cells.
Meister et al., 2020 in vitro Cavex Oral Pre Rinse SARS-CoV-2 Virus (SARS-CoV-2) and product were Cavex Oral pre Rinse was not
(H202 - 1.5%) mixed thoroughly and incubated for effective against the tree strain virus
30 s at RTa. Reductions in titres were  under the conditions tested.
measured by using the tissue culture
infectious dose 50 (TCID50) assay by
crystal violet staining and subsequent
scoring of the amounts of wells
displaying cytopathic effects in Vero
E6 cells.
Meyers et al., 2020 in vitro Peroxide Sore Mouth HCoV-229E * After the 30 s, 1 min and 2 min of
Cleanser (H202 - 1.5%); exposure, the three products with
H202 diluted in 1.5% H202 as their active ingredient all
PBS (H202 - 1.5%); demonstrated similar abilities to
Orajel Antiseptic Rinse inactivate HCoV, replicate assays
(H202 - 1.5%, Menthol showed some variability but overall
0.1%) the reduction of infectious virus
ranged from lower than a 1 log10
reduction to a 2 log10 reduction or
<90% to 99%.
Gottsauner et al., 2020 in vivo H202 solution - 1% SARS-CoV-2 10 patients positive for SARS-CoV-2 There was no statistically significant
(nasopharyngeal virus detection by difference between baseline viral load
PCR), were tested with hydrogen and viral load after 30 min 1%
peroxide mouthwash (1%) for 30 s. hydrogen peroxide rinsing.
Saliva samples collected at baseline
and at 30 min post-application of
mouth rinses. Samples subjected to
SARS-CoV-2 RT-PCR analysis.
de Paula Eduardo, 2021 in vivo Peroxyl (H202 - 1.5%), SARS-CoV-2 * Mouthwash with CPC + Zinc and

Peroxyl + PerioGard
(H202 - 1.5% + CHX -
0.12%)

CHX resulted in significant reductions
of the SARSCoV-2 viral load in saliva
up to 60 mins after rinsing, while HP
mouthwash resulted in a significant

reduction up to 30 mins after rinsing.

Other studies verify some virucidal activity within after 30 s of treat-
ment, but with only the elimination of 2-310og10 (99,9%) viral titres
[35,8,11,17]. Potent antiviral activities with diluted povidone-iodine so-
lutions were also verified, but only after 30-min contact time with the
virus [12].

Five selected studies evaluated antiviral activity PVP-I solutions in
vivo against SARS-CoV-2 with different approaches and results. Mo-
hamed et al. [39] and Guenezan et al. [38] followed positive SARS-
CoV-2 patients using the PVP-I solution and compared the Ct value (cy-
cle threshold) of RT PCR with positive patients who rinsed with water
(control). They showed 100% viral clearance after 6 days in 5 confirmed
stage 1 COVID-19 patients using 1% PVP-I, 30 s, 3 times/day [39]. The
other study followed positive patients (n = 12) for up to 7 days who
used 1% aqueous PVP-I solution (4 successive mouthwashes and also
nasal spray of the same solution - 4 times a day for 5 days) and did not
find changes in viral RNA quantification over time of PVP-I [38].

Two studies in vivo analyzed the antiviral effectiveness and the du-
ration of the effect after one mouthwash. Compared Ct value of RT-PCR

14

salivary sample from 16 SARS-CoV-2 positive patients that rinsed PVP-I
(n = 4) for 30 s before application (baseline) and 5 min, 3 h and 6 h post-
application of mouthrinses (including PVP-I group) with control (water).
It was only observed a reduction of viral load increase (Ct value) after
6 h [40]. Elzein et al. [41] found that SARS-CoV-2 positive patients rins-
ing with 1% PVP-I solution (n = 25) for 30 s was effective in reducing
viral load in salivary samples after 5 min of mouthwash compared with
control/water (n = 9). This result indicates that 1% povidone-iodine
oral solutions are effective pre-procedure mouthwashes against salivary
SARS-CoV-2 in dental treatments. In a clinical case with one positive
COVID-19 patient who inhaled an aqueous solution of PVP-I at 1%, fol-
lowed by gargling with the same solution for 60 s, twice a day, SARS-
CoV-2 target gene was detected only 7 days later [42].

Another coronavirus has also demonstrated susceptibility to PVP-I.
Reductions in viral titer > 4log10 (99.99%) were found after only 15 s of
exposure to both viruses MERS-CoV, HCoV-EMC/2012 and SARS-CoV-
2 [43,33]. The other strain HCoV-229e was eliminated after 2 min of
treatment [44].
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General characteristics of included studies that verified the effect of Others substances in different viruses. *When various substances were tested in the same work
and the substance in question did not achieve the best result, the methods were exposed in the solution that achieved this.

STUDY STUDY TYPE = CONCENTRATION VIRUS METHODS RESULTS

Steinhauer et al., in vitro Octenidine dihydrochloride =~ SARS-CoV-2 * Octenidine dihydrochloride, due to

2021 (OCT) - 0.1% cytotoxicity, was performed in large volume

plating (LVP) experiments, and results
showed a reduction of viral titres by 4.38
log10 after 15 s, being effective against
SARS-CoV-2.

Davies et al., 2020 in vitro OralWise (stabilized SARS-CoV-2 * After the 1 min contact time, OraWize+, a
hypochlorous acid) - product containing 0.01-0.02%
0.01-0.02% hypochlorous acid (HOC)) as its active

ingredient, reduced virus titre in
unconcentrated TCF by >5.5 log10 TCID50
ml-1, to below the limit of detection for the
assay.

Almanza-Reyes in vitro and in ~ Silver nanoparticles - 1% SARS-CoV-2 To determine the efficacy of AgNPs AgNPs is effective against SARS-CoV-2, but

et al., 2021 vivo (0.6 mg/mL metallic silver) against SARS-CoV-2 in vitro, they first didn’t totally abolish viral production,

analyzed its cytotoxicity on cultured Vero infection was clearly controlled to some
E6 cells. To analyze the effect of AgNPs extent with a reduction of about 80% at a
on virus infectivity Vero E6 cells were concentration of 0.03%. The incidence of
infected with a fixed amount of virus and = SARS-CoV-2 infection (p = .000), was
different concentrations of AgNPs, significantly lower in the experimental
starting at 0.03%, were added to cells. At  group vs the control group, where 1.8% (2
72 h post-infection supernatants were participants out of 114) and 28.2% (33
collected and titrated in order to participants out of 117) were infected
determine virus yields normalized to respectively. No adverse reactions were
those reached in medium alone. reported.

Prospective randomized study of 231

participants that was carried out for 9

weeks. They were instructed to mix 4 to 6

spray shots of this solution with 20 mL of

water and to gargle with the obtained

solution for 15 to 30 s at least 3 times a

day, also nasal lavages with the same

solution using a cotton swab twice a day.

As a second option, they were instructed

to cover evenly the oral cavity with the

spray shots of solution without its

previous dilution in water. Participants of

the control group were instructed to do

mouthwash and nose rinse with a

conventional mouthwash the way they

normally did before the study.

Ohgitani, 2021 in vitro Black and green tea (TFDG SARS-CoV-2 Virus suspension (SARS-CoV-2) in saliva  After the 10 s contact time, it was clearly

and TSA) - 500 uM (Japan/Al/I- was treated with black tea or distilled shown that both black and green tea
004/2020) water for 10 s. Reductions in titres were significantly declined the titer of the virus
measured by using the tissue culture in saliva. Virus titers in culture supernatants
infectious dose 50 (TCID50) assay in were either not detected or significantly
VeroE6 cells. lower compared with the titer of secondary
virus released from the cells infected with
intact virus.

Komine et al., 2021  in vitro Delmopinol hydrochloride -~ SARS-CoV-2 * After the 30 s contact time, mouthwash

0.2% containing 0.20% delmopinol hydrochloride
inactivated SARS-CoV-2 with a >5.4 Log10
PFU/mL reduction.

Meister et al., 2020 in vitro Dequonal (Dequalinium SARS-CoV-2 * The different SARS-CoV-2 strains (1-3) were
chloride, benzalkonium susceptible to BKC with >2,5log reduction
chloride) - (BKC); Octenident factor after 30 s exposure, but not to OCT
mouthwash (Octenidine and PBP.
dihydrochloride) - (OCT);

ProntOral mouthwash
(Polyaminopropyl biguanide
polyhexanide) - (PBP) -
concentration not informed
Ebrahimi et al., 2014 in vitro Irsha - diluted solution: HSV-1 Virus (HSV-1) and different CC50 for Irsha was 0.38%. All

0.05%, 0.5%, 0.2%, 0.1%,
2.0%, 1.0%, 5.0%, 10%,
20%, 50% and 100%

concentrations of product were mixed
thoroughly at RTa. Reductions in titres
were measured by using the colorimetric
test MTT in Vero cells.

15

concentrations had inhibitory effects. The
maximum and minimum logarithms of virus
titer were observed at concentrations of
0.1% and 0.5% respectively. The highest
virus titer was found with 0.1% Irsha. There
was no significant difference between 0.1
and 0.2 Irsha concentrations (p = .918).
There was a statistically significant
difference between the 0.5% Irsha
concentration with each of the 0.2% and
0.1% concentrations of this. mouthwash

(p =.002).

(continued on next page)
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STUDY STUDY TYPE CONCENTRATION VIRUS

METHODS

RESULTS

Lee et al., 2014 C31G and mouthrinse H1N1 and H3N2
containing C31G

(Sense-Time) - 3%

in vitro

Avhad et al., 2020 Freshclor (Chlorine dioxide SARS-CoV-2

0.1%)

in vivo

Kumar et al., 2021 in vivo Sodium Bicarbonate - 7.5% SARS-CoV-2

Schiirmann et al., in vivo SARS-CoV-2

2021

Biorepair® Zahnmilch (aqua,
sorbitol, xylitol, zinc
hydroxyapatite, cellulose
gum, zinc pca, aroma,
peg-40, hydrogenated castor
oil, sodium lauryl sulfate,
sodium myristoyl
sarcosinate, sodium methyl,
cocoyl taurate, lactoferrin,
sodium hyaluronate, sodium
saccharin, sodium benzoate,
phenoxyethanol, benzyl
alcohol) - concentration not
informed

Carrouel et al., 2021 in vivo CDCM: B-cyclodextrin (0.1%) SARS-CoV-2

and Citrox (0.01%)

Virus (HIN1 and H3N2) and product
were mixed thoroughly and incubated for
30 min at 4 °C. Infectious viral titers
within the diluted mixtures were
calculated from three replicates using the
method of Spearman-Karber

40 patients were provided with
Chlorhexidine gluconate (0.2%)
mouthwash and Chlorine dioxide (0.1%)
mouthwash to rinse and gargle thrice a
day for one week. The qualitative COVID
antigen test confirmed by Qualitative PCR
on an oropharyngeal swab collected from
the patients was compared for both the
groups at baseline and post-intervention
levels.

10 patients positive for SARS-CoV-2
(nasopharyngeal virus detection by PCR),
patients received 7.5% sodium
bicarbonate gargle and were instructed to
gargle for 7 days by taking 20 mL of
solution and perform gargle for at least
30 s. The clinical condition and laboratory
evaluation were monitored using
inflammatory markers like ferritin, lactate
dehydrogenase (LDH), procalcitonin, and
D-dimer from day O up to day 7. On the
5th day and 7th day after the study,
nasopharyngeal and oropharyngeal swab
samples for doing RT-PCR were obtained.
34 SARS-CoV-2 positive hospitalized
patients were recruited for an
observational study. The patients gargled
the mouthwash for 1 min. Directly before
and 5 min after gargling pharyngeal
swabs using a standardized protocol were
taken and sent for SARS-CoV-2 analysis.
To investigate the time course of viral
load development after gargling,
additional pharyngeal swabs were taken
from five patients after 2 h, 4 h and 6 h.
Real-time polymerase chain reaction
(RT-qPCR) for SARSCoV-2 was performed.
The viral loads of the patients obtained in
this way (before and after rinsing and
over the following hours) are used to
calculate the reduction in viral load and
the relative reduction of viral load for
each patient.

176 patients positive for SARS-CoV-2
(nasopharyngeal virus detection by PCR),
randomly assigned to two groups: CDCM
or placebo. Saliva sampling was
performed on day 1 at 09.00 (T1), 13.00
(T2) and 18.00 (T3). In the following 6
days, one sample was taken at 15.00.
Quantitative RT-PCR was used to detect
SARS-CoV-2.

After the 30 min contact time, the C31G
solution showed a higher virucidal activity.
C31G completely inactivated all of the
tested viruses at their commercial
concentration.

After 20 patients in each group gargling
thrice a day for one week, 12 remain
positive for SARS-CoV-2 antigen from CHX
group compared to 8 from Chlorine group.

7.5% sodium bicarbonate 25 mL gargle
statistically showed nonsignificant p-value
for all of the studied variables. However,
the PCR results were negative on 24 h, on
day 5 and day 7.

The clinical pilot study demonstrated that
the mouth rinsing solution was able to
reduce the viral load by about 90% in the
saliva of most patients [the mean values
show an increase of the Ct-values of 3.1
(standard deviation 3.6)]. This reduction
was determined to persist for about 6 h. In
the experimental solutions, the ingredients
dexpanthenol and zinc were able to reduce
the expression of proinflammatory cytokines
in the cell culture model, while the antiviral
response was not altered significantly.

The results demonstrated that, over the
course of 1 day, CDCM was significantly
more effective than placebo 4 h after the
first dose, with a median percentage (log10
copies/mL) decrease T1-T2 of —12.58%.
The second dose maintained the low median
value for the CDCM (3.08 1og10 copies/mL;
IQR 0-4.19), compared with placebo (3.31
log10 copies/mL; IQR 1.18-4.75). At day 7,
there was still a greater median percentage
(log10 copies/mL) decrease in salivary viral
load over time in the CDCM group
compared with the placebo group.

The virucidal activity of povidone-iodine was analyzed and tested in
other viruses only in vitro and the potential use with positive results was
considered for HIV, Influenza and Herpes viruses that showed suscep-
tibility with low concentration solutions (0,5-1%) and short exposure
time (30 s-1 min). The virucidal activity of povidone-iodine was ana-
lyzed and tested in other viruses only in vitro and the potential use with
positive results was considered for HIV, Influenza and Herpes viruses
that showed susceptibility with low concentration solutions (0,5-1%)
and short exposure time (30s-1 min). Study that analyzed PVP-I at dif-
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ferent concentrations and exposure times versus enveloped and non-
enveloped viruses (HIV, Herpes, Influenza, Adenovirus, Mumps virus,
Measles, Rotavirus, Rhinovirus, Rubella) found effective virucidal ac-
tion with an application of 0.5% concentration for Influenza, Herpes
and HIV viruses, with viral load reduction or complete inactivation af-
ter 30 s of treatment [26]. These results are corroborated for Influenza
virus, which verified > 99.99% reduction in viral load after 30 s of in-
cubation by [27-28] and the HIV virus that was completely inactivated
with the use of the 0.5% solution [23].
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Based on the evidence obtained, PVP-I has an excellent antiviral ef-
fect when used as a mouthwash for 30 s to 1 min at a concentration of
1% against SARS-CoV-2 and similar viruses in vitro. Most of the in vivo
studies corroborate the in vitro results, with a positive effect of PVP-1,
indicating potential for pre-procedure clinical use and duration of the
antiviral effect for a few hours. For other viruses, despite few studies,
in vitro evidence was found indicating a great antiviral effect of PVP-I
against HIV, Influenza and Herpes viruses with the same form of use.

Essential oils

Essential oils are typically used in a combination of natural essen-
tial oils such as phenol, thymol, eucalyptol, menthol and methyl sal-
icylate. They have a substantivity compared to Chlorhexidine and an
action against bacteria and yeast, in addition to being studied for their
antiviral effect [45-47].

The essential oils were investigated in 10 articles, 2 in vivo and 8
in vitro. Most of the studies tested Listerine products that have similar
compositions, based on ethanol, thymol, eucalyptol, menthol, methyl
salicylate, sodium fluoride and/or zinc fluoride. For SARS-CoV-2, in vitro
studies, tested the rinses by mixing the product with the virus for a short
period of time. All studies achieved a decrease in viral load, indicating
significant antiviral potential of essential oils against this virus. Three
of these studies exposed SARS-CoV-2 for 30 s [8,17] with good results.
While Davies et al. [13] who obtained the best result, used 1 min of
exposure, being the longer contact time an explanation of the better
antiviral activity. In another study, despite the long and unfeasible con-
tact time, an excellent antiviral effect of EO against SARS-CoV-2 was
demonstrated [12]. In the only in vivo study, essential oils were tested
with collections from SARS-CoV-2 positive patients on days 4, 6, and 12
of the intervention. An early viral clearance of 80% was obtained for es-
sential oils, showing the potential use of essential oils for 30 s, without
side effects [39].

HCoV-229e have been used as a substitute for SARS-CoV-2 [44]. Al-
though there are differences in these viruses, they are in the same virus
family, with many similar structures and are both human respiratory
pathogens. The products (Listerine Antiseptic, Listerine Ultra, Equate
and Antiseptic Mouthwash) were tested by exposure to the virus with
time periods of 30 s, 1 min and 2 min. The three formulations showed
a decrease in viral load of more than 99%, where after 1 and 2 min it
was not possible to detect the virus, especially for Listerine Antiseptic.
These data show again the ability of essential oils to almost completely
eliminate human respiratory pathogens viruses in 1 min.

HIV virus was tested in 2 in vitro studies with Listerine products. The
first study used the HTLV-IIIB strain for 30 s of exposure and obtained
a 60% reduction in both formulations: Listerine and Cool Mint Listerine
[48]. The second used Listerine Antiseptic and Tartar control Listerine
Antiseptic with HIV-1 for 30 s, which resulted in complete inactivation
of the virus by the two products in a similar way [22]. This shows that
essential oils also has an antiviral potential against HIV, which despite
being shown in the literature as a virus that is not transmitted through
saliva due to salivary proteins that have the ability to inhibit the virus
[48,49], evidence also suggests its inactivation by mouthwash with Lis-
terine products.

The antiviral activity of essential oils has been investigated with
other viruses. HSV-I was tested with Listerine Antiseptic and Tartar Con-
trol Listerine Antiseptic for 30 s with complete inhibition by both rinses
[22]. HSV-I and HSV-II, were tested with Listerine Antiseptic. For HSV-I
there was a 96.3% reduction in viral load in 30 s and 100% in 2 min.
For exposure of HSV-II with Listerine, all time periods evaluated (30 s,
2 min, and 5 min) inactivated 100% of the virus. These two in vitro stud-
ies showed the antiviral potential of Listerine products in a relatively
short and applicable contact time [50]. An in vivo study with HSV-I and
HSV-II tested the persistence of viral inhibition over time, after 30 and
60 min recoverable infectious virions were reduced to zero after 30 s
and a continued significant reduction 30 min after rinsing when com-
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pared to baseline, showing a residual effect of Listerine Antiseptic Cool
Mint and its components [51]. Rotavirus, Influenza A, and Adenovirus
type 5 were also exposed to essential oils for 30 s, 2 and 5 min. The
number of plaques formed by Rotavirus was reduced by 12.2% in 30 s
and only 5.7% in 2 min. In the group treated with mouthwash, after
5 min virus infectivity was higher (21,5%) for the experimental group
when compared with the virus group not treated. Influenza infectivity
was eliminated in all periods of exposure to Listerine.

Adenovirus infection in vero cells when exposed to Listerine for
5 min resulted in a 49.9% +- 14.8% of the monolayer remaining. Af-
ter 3 days, Adenovirus infection reduced the confluent vero monolayer
of cells from 99.4% -+0,9% coverage to 25.1% -+ 15,5% [51]. Lister-
ine Cool Mint tested in a quantitative suspension test with 3 different
SARS-CoV-2 isolates and mixed with an interfering substance mimick-
ing a respiratory secretion, significantly reduced viral infectivity to up
to 3 orders of magnitude to background levels [17].

These results show the antiviral potential of essential oils, mainly
Listerine, against different viruses present in the oral cavity. A greater
effect can be observed against SARS-CoV-2 (and its similar HCoV-229E),
HIV-I, HSV-I and HSV-II. The use of essential oils mouthwash for 30 s
to reduce the viral load against SARS-CoV-2 and HSV can be recom-
mended, since similar results were observed in different studies, includ-
ing in vivo. For the other viruses tested, more studies should be carried
out for better conclusions, but the EO have already presented results
that favor their use.

Cetylpyridinium chloride

Cetylpyridinium Chloride is the most common quaternary ammo-
nium salt and corresponds to a cationic molecule with substantivity, like
Chlorhexidine, but with a much faster release (3 to 5 h). It acts on a wide
spectrum of oral bacteria and its antiviral action has been observed and
based on the disruption of the lipid envelope of viral organisms [53-56].

Cetylpyridinium chloride was investigated in 9 articles, including
7 studies in vitro and 2 in vivo. Of all the in vitro studies, 5 used the
mouthwash against the SARS-CoV-2 virus or its similar. Statkute et al.
[8] obtained excellent results in inactivating SARS-CoV-2 with 2 prod-
ucts containing 0.07%—0.1% CPC in 30 s of exposure, which were Dentyl
Dual Action and Dentyl Fresh Protect. Another study used 0.0125 to
0.30% CPC formulations at contact times of 20-30 s and obtained ex-
cellent results, with all products containing 0.0125%-0.30% CPC inac-
tivating SARS-CoV-2 (3.3 to > 4.4log10 PFU/mL) regardless of dosage
form [16]. The antiviral activity of cetylpyridinium chloride (Vitis CPC
Protect-2063 mM) tested for 2 min of exposure to SARS-CoV-2 (B.1.1.7/
D614G), resulting in a competent antiviral activity against the virus,
with an ability to reduce infectivity by 1000 times of a viral stock when
treated at least at a 1:1 vol ratio for 2 min. When used in sterile saliva
for 30 s it decreased the TCID50/ml of variant B.1.1.7 by 10 times com-
pared to the untreated virus and there was no difference between the
presence or absence of saliva [57]. Another 2 studies tested CPC at con-
centrations of 0.07% against the HCoV-229E virus [44,58], in which the
first with a contact time of 30 s to 1 min obtained a reduction in viral
load (>99.9%) and the second similar with Crest Pro-Health decreas-
ing viral load by at least 3logl0 to greater than 4logl0, or more than
99.99% after the contacts time (30 s, 1 and 2 min).

The CPC was studied in vivo against the SARS-CoV-2 virus in two
works [40] using Colgate Plax mouthwash (0.075% CPC) in 16 SARS-
CoV-2 positive patients for 30 s with salivary collections at baseline,
5 min, 3 h, and 6 h after mouthwash. When compared to the control
group (mouthwash with water) it can be postulated that CPC mouth-
wash decreased the salivary SARS-CoV-2 levels within 5 min of use, and
sustained this effect at 3-h and 6-h. The other study used Colgate to-
tal 12 (0.075% CPC and 28% Zinc lactate) in 60 patients with salivary
collections at baseline, 30 min and 60 min after application. The use
of a mouthwash containing the combination of CPC+Zinc resulted in a
significant reduction in the viral load in saliva up to 60 min after appli-
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Fig. 1. Flowchart showing the follow-up to the selection of studies.

cation, reinforcing the effect of this product against this type of virus,
both in vitro and in vivo, and its possible use in dental routine [20].

The HSV-1 and HSV-2 viruses were also tested with CPC (200 pg/mL)
in vitro by exposing infected cells to cetylpyridinium chloride solution
for 10 min. When compared to untreated cells, cells infected with the
viruses (HSV-1 and HSV-2) showed lower PFU (plaque-forming unit)
formation and lower viral titers after treatment with the product. CPC
has an antiviral effect against this type of virus, however, the contact
time required to obtain this effect makes its use difficult. These results
demonstrate the possible in vivo effect of CPC and guide further studies’
performance to obtain more consolidated results.

Hydrogen peroxide

The hydrogen peroxide action basically occurs through the release
of oxygen, a potent free radical. The H202 solutions at concentrations
of 1.5% and 3.0% showed minimal virucidal activity after 15 s and 30 s
of contact time, when tested in vitro against SARS-CoV-2 [13,17,35].
Other results are conflictants with the same product, Peroxyl (contain-
ing 1.5% hydrogen peroxide), showed that mouth rinses inactivated the
virus replication of SARS-CoV-2 and of pseudotyped SARS-CoV-2 viruses
[12], but this result is closely related to the severe cytotoxicity of the
product reported by the study and in another study was ineffective [13].
When tested in vivo against SARS-CoV-2 in a concentration of 1%, the
viral load is similar in the baseline and 30 min after rinsing [59]. Hydro-
gen peroxide has little or no effect on viruses present in the oral cavity,
and its use is not indicated as a mouthwash to reduce the viral load.

Others substances

Other substances have been tested and some of them show good re-
sults when used in vivo like Chlorine dioxide [21] and Silver nanoparti-
cles [60]. Natural products have been used in some dental products, but
their effect on viruses is not well established [61,62]. Other products like
Biorepair® Zahnmilch [63], Delmopinol [16], C31G [64], ProntOral
mouthwash (Polyaminopropyl biguanide polyhexanide); Dequonal (De-
qualinium chloride, benzalkonium chloride); Octenident mouthwash

T Records identified through multiple database searches
S (PubMed, LILACS, EMBASE and EBSCO)
S (n=1881)
=
: 1
@
o
= Records after duplicates removed
— (n=1192)
(o]
=
=
8
g Records screened Records excluded
(n=1192) (n=1005)
ey
S
il Full-text articles Studies excluded after full-text
assessed for eligibility reading and reasons (n=116):
(n=187) 1. the main topic wasn't the
L description of reduction of
] viral load by mouthwashes
against common viruses
‘S present in the oral cavity.
s Studies included in
‘_,-:’ synthesis
(n=71)
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(Octenidine dihydrochloride) [17], IRSHA [14], products containing
different active compounds, virucidal activities could be observed, but
more studies are necessary to check if in the oral cavity the effect will
be the same.

Hypochlorous acid stabilized [13] and CDCM: B-cyclodextrin (0.1%)
and Citrox (0.01%) [65,66], have demonstrated antiviral activity
against some viruses, with inconsistent results in different situations
showing the necessity of more studies.

Regarding the other substances, although some of them have demon-
strated some antiviral effect, further studies are needed to demonstrate
their antiviral potential and adverse effects (Fig. 1, Tables 4-9).

Conclusion

There are few products with an effect on reducing the viral load of
viruses present in the oral cavity for use as a pre-procedural mouthwash.
Essential oils, Cetylpyridinium Chloride, and Povidone-iodine solutions
showed antiviral potential against common viruses present in the oral
cavity, without significant side effects in short-term use, and are viable
options for use as a pre-procedure in clinical routine against SARS-CoV-
2 and other types of viruses. The other solutions, despite having some
effect in reducing viral load, need further randomized clinical studies
with a larger number of patients and with more controlled situations
to determine the potential of various mouthrinses agents in reducing
intraoral viral load.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.



E.M. Toschi, L.W. Mercado and S.L. Henz

Acknowledgments

We would like to thank the Federal University of Rio Grande do Sul
and for all members of the Institutional Library.

References

[1]

[2]

[3]

[4

[

[5

—

[6]

[7

—

[8

—

[9

[}

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Saccucci M, lerardo G, Protano C, Vitali M, Polimeni A. How to manage the bio-
logical risk in a dental clinic: current and future perspectives. Minerva Stomatol
2017;66:232-9. doi:10.23736/50026-4970.17.04087-0.

Amato A, Caggiano M, Amato M, Moccia G, Capunzo M, De Caro F. Infection control
in dental practice during the COVID-19 pandemic. Int J Environ Res Public Health
2020;17:E4769. doi:10.3390/ijerph17134769.

Narang HK, Codd AA. Action of commonly used disinfectants against enteroviruses.
J Hosp Infect 1983;4:209-12. doi:10.1016,/0195-6701(83)90052-x.

Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, Moher D, Pe-
ters MDJ, Horsley T, Weeks L, Hempel S, Akl EA, Chang C, McGowan J, Stewart L,
Hartling L, Aldcroft A, Wilson MG, Garritty C, Lewin S, Godfrey CM, Macdonald MT,
Langlois EV, Soares-Weiser K, Moriarty J, Clifford T, Tuncalp O, Straus SE. PRISMA
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern
Med 2018;169:467-73. doi:10.7326/M18-0850.

Fernandez MDS, Guedes MIF, Langa GPJ, Rosing CK, Cavagni J, Muniz FWMG. Viru-
cidal efficacy of chlorhexidine: a systematic review. Odontology 2022;110:376-92.
doi:10.1007/5s10266-021-00660-x.

Mateos-Moreno MV, Mira A, Ausina-Méarquez V, Ferrer MD. Oral antiseptics
against coronavirus: in-vitro and clinical evidence. J Hosp Infect 2021;113:30-43.
doi:10.1016/j.jhin.2021.04.004.

Reis INR, do Amaral GCLS, Mendoza AAH, das Gracas YT, Mendes-Correa MC,
Romito GA, Pannuti CM. Can preprocedural mouthrinses reduce SARS-CoV-2 load
in dental aerosols? Med Hypotheses 2020. doi:10.1016/j.mehy.2020.110436.
Evelina Statkute, Anzelika Rubina, David Thomas, Richard J Stanton, The viru-
cidal efficacy of oral rinse components against SARS-CoV-2 in vitro, (2020).
https://biorxiv.org/cgi/content/short/2020.11.13.381079.

Haydari M, Bardakci AG, Koldsland OC, Aass AM, Sandvik L, Preus HR. Comparing
the effect of 0.06% -, 0.12% and 0.2% Chlorhexidine on plaque, bleeding and side
effects in an experimental gingivitis model: a parallel group, double masked random-
ized clinical trial. BMC Oral Health 2017;17:118. doi:10.1186/5s12903-017-0400-7.
Jones CG. Chlorhexidine: is it still the gold standard? Periodontol 1997;15:55-62
2000. doi:10.1111/§.1600-0757.1997.tb00105.x.

Jain A, Grover V, Singh C, Sharma A, Das D, Singh P, Thakur K, Ringe R. Chlorhex-
idine: an effective anticovid mouth rinse. J Indian Soc Periodontol 2021;25:86-8.
doi:10.4103/jisp.jisp_824_20.

Xu C, Wang A, Hoskin ER, Cugini C, Fine DH, Markowitz K, Chang TL. Differen-
tial effects of antiseptic mouth rinses on sars-cov-2 infectivity in vitro. Pathogens
2021;10:1-14. doi:10.3390/pathogens10030272.

Davies K, Buczkowski H, Welch SR, Green N, Mawer D, Woodford N,
Roberts ADG, Nixon PJ, Seymour DW, Killip MJ. Effective in vitro inactivation
of SARS-CoV- 2 by commercially available mouthwashes. J Gen Virol 2021;102.
doi:10.1099/JGV.0.001578.

Ebrahimi H, Pourshahidi S, Sahraeian N, Motamedifar M. A comparative in vitro
study of the effects of irsha and chlorhexidine mouthwashes and acyclovir on HSV-1.
J Dent Sch Shahid Beheshti Univ Med Sci 2014;32:1-8.

Geller C, Fontanay S, Mourer M, Dibama HM, Regnouf-de-Vains J-B, Finance C, Du-
val RE. Antiseptic properties of two calix[4]arenes derivatives on the human coron-
avirus 229E. Antiviral Res 2010;88:343-6. do0i:10.1016/j.antiviral.2010.09.009.
Komine A, Yamaguchi E, Okamoto N, Yamamoto K. Virucidal activity of oral care
products against SARS-CoV-2 in vitro. J Oral Maxillofac Surg Med Pathol 2021.
doi:10.1016/j.ajoms.2021.02.002.

Meister TL, Briiggemann Y, Todt D, Conzelmann C, Miiller JA, Grof R, Miinch J,
Krawczyk A, Steinmann J, Steinmann J, Pfaender S, Steinmann E. Virucidal efficacy
of different oral rinses against severe acute respiratory syndrome coronavirus 2. J
Infect Dis 2020;222:1289-92. doi:10.1093/infdis/jiaa471.

Steinhauer K, Meister TL, Todt D, Krawczyk A, Palvogel L, Becker B, Paulmann D,
Bischoff B, Pfaender S, Brill FHH, Steinmann E. Comparison of the in-vitro efficacy of
different mouthwash solutions targeting SARS-CoV-2 based on the European Stan-
dard EN 14476. J Hosp Infect 2021;111:180-3. doi:10.1016/j.jhin.2021.01.031.
Huang YH, Huang JT. Use of chlorhexidine to eradicate oropharyngeal SARS-CoV-2
in COVID-19 patients. J Med Virol 2021;93:4370-3. doi:10.1002/jmv.26954.
Eduardo Fde P, Corréa L, Heller D, Daep CA, Benitez C, Malheiros Z, Stewart B,
Ryan M, Machado CM, Hamerschlak N, Rebello Pinho JR, Bezinelli LM. Salivary
SARS-CoV-2 load reduction with mouthwash use: a randomized pilot clinical trial.
Heliyon 2021;7:e07346. doi:10.1016/j.heliyon.2021.e07346.

Avhad SK, Bhanushali M, Sachdev SS, Save SS, Kalra D, Kamala DN. Comparison
of effectiveness of chlorine dioxide mouthwash and chlorhexidine gluconate mouth-
wash in reduction of oral viral load in patients with covid-19. Indian J Public Health
Res Dev 2020;11:27-32. doi:10.37506/ijphrd.v11i11.11343.

Baqui AA, Kelley JI, Jabra-Rizk MA, Depaola LG, Falkler WA, Meiller TF.
In vitro effect of oral antiseptics on human immunodeficiency virus-1
and herpes simplex virus type 1. J Clin Periodontol 2001;28:610-16.
doi:10.1034/j.1600-051x.2001.028007610.x.

Harbison MA, Hammer SM. Inactivation of human immunodeficiency virus by Be-
tadine products and chlorhexidine. J Acquir Immune Defic Syndr 1989;2:16-20.
Park NH, Park JB, Min BM, Cherrick HM. Combined synergistic antiherpetic effect of
acyclovir and chlorhexidine in vitro., Oral Surg. Oral Med Oral Pathol 1991;71:193—
6. d0i:10.1016,/0030-4220(91)90467-q.

19

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Dentistry Review 3 (2023) 100064

Park JB, Park NH. Effect of chlorhexidine on the in vitro and in vivo her-
pes simplex virus infection. Oral Surg Oral Med Oral Pathol 1989;67 149-53.
d0i:10.1016/0030-4220(89)90320-4.

Kawana R, Kitamura T, Nakagomi O, Matsumoto I, Arita M, Yoshihara N, Yanagi K,
Yamada A, Morita O, Yoshida Y, Furuya Y, Chiba S. Inactivation of human viruses
by povidone-iodine in comparison with other antiseptics. Dermatol Basel Switz
1997;195(2):29-35 Suppl. doi:10.1159/000246027.

Boudouma M, Enjalbert L, Didier J. A simple method for the evaluation of
antiseptic and disinfectant virucidal activity. J Virol Methods. 1984;9:271-6.
doi:10.1016/0166-0934(84)90052-1.

Papageorgiou GT, Mocé-Llivina L, Jofre J. New method for evaluation of virucidal
activity of antiseptics and disinfectants. Appl Environ Microbiol 2001;67:5844-8.
doi:10.1128/AEM.67.12.5844-5848.2001.

Garcia-Sanchez A, Pefia-Cardelles J-F, Ordonez-Fernandez E, Montero-Alonso M, Ke-
walramani N, Salgado-Peralvo A-O, Végh D, Gargano A, Parra G, Guerra-Guajardo L-
I, Kozuma W. Povidone-iodine as a pre-procedural mouthwash to reduce the salivary
viral load of SARS-CoV-2: a systematic review of randomized controlled trials. Int J
Environ Res Public Health 2022;19:2877. doi:10.3390/ijerph19052877.

Parhar HS, Tasche K, Brody RM, Weinstein GS, O’Malley BW, Shanti RM, New-
man JG. Topical preparations to reduce SARS-CoV-2 aerosolization in head and neck
mucosal surgery. Head Neck 2020;42:1268-72. doi:10.1002/hed.26200.

Chorney SR, Rizzi MD, Dedhia K. Considerations for povidone-iodine antisepsis in
pediatric nasal and pharyngeal surgery during the COVID-19 pandemic. Am J Oto-
laryngol. Head Neck Med Surg 2020;41. doi:10.1016/j.amjot0.2020.102737.

Chen M-H, Chang P-C. The effectiveness of mouthwash against SARS-CoV-2 infec-
tion: a review of scientific and clinical evidence. J Formos Med Assoc 2022;121:879-
85. doi:10.1016/j.jfma.2021.10.001.

Eggers M, Koburger-Janssen T, Eickmann M, Zorn J. In vitro bactericidal and viruci-
dal efficacy of povidone-iodine gargle/mouthwash against respiratory and oral tract
pathogens. Infect Dis Ther 2018;7:249-59. doi:10.1007/s40121-018-0200-7.
Anderson DE, Sivalingam V, Kang AEZ, Ananthanarayanan A, Arumugam H, Jenk-
ins TM, Hadjiat Y, Eggers M. Povidone-iodine demonstrates rapid in vitro virucidal
activity against SARS-CoV-2, the virus causing COVID-19 disease. Infect Dis Ther
2020;9:669-75. doi:10.1007/540121-020-00316-3.

Bidra AS, Pelletier JS, Westover JB, Frank S, Brown SM, Tessema B. Comparison
of in vitro inactivation of SARS CoV-2 with hydrogen peroxide and povidone-iodine
oral antiseptic rinses. J Prosthodont Off J Am Coll Prosthodont 2020;29:599-603.
doi:10.1111/jopr.13220.

Hassandarvish P, Tiong V, Mohamed NA, Arumugam H, Ananthanarayanan A, Qa-
suri M, Hadjiat Y, Abubakar S. In vitro virucidal activity of povidone iodine gar-
gle and mouthwash against SARS-CoV-2: implications for dental practice. Br Dent J
2020. doi:10.1038/541415-020-2402-0.

Pelletier JS, Tessema B, Frank S, Westover JB, Brown SM, Capriotti JA. Ef-
ficacy of povidone-iodine nasal and oral antiseptic preparations against severe
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2). Ear Nose Throat J 2020.
doi:10.1177/0145561320957237.

Guenezan J, Garcia M, Strasters D, Jousselin C, Lévéque N, Frasca D, Mimoz O.
Povidone iodine mouthwash, gargle, and nasal spray to reduce nasopharyngeal viral
load in patients with COVID-19: a randomized clinical trial. JAMA Otolaryngol Head
Neck Surg 2021. doi:10.1001/jamaoto0.2020.5490.

N.A. Mohamed, N. Baharom, W. Shahida, W. Sulaiman et al., Early viral clear-
ance among covid-19 patients when gargling with povidone-iodine and essen-
tial oils: a pilot clinical trial, (2020). https://medrxiv.org/cgi/content/short/
2020.09.07.20180448.

Seneviratne CJ, Balan P, Ko KKK, Udawatte NS, Lai D, Ng DHL, Venkatachalam I,
Lim KS, Ling ML, Oon L, Goh BT, Sim XYJ. Efficacy of commercial mouth-rinses
on SARS-CoV-2 viral load in saliva: randomized control trial in Singapore. Infection
2020. doi:10.1007/s15010-020-01563-9.

Elzein R, Abdel-Sater F, Fakhreddine S, Hanna P, Feghali R, Hamad H, Ayoub F.
In vivo evaluation of the virucidal efficacy of chlorhexidine and povidone-iodine
mouthwashes against salivary SARS-CoV-2. A Randomized-Controlled Clinical Trial
- PMC; 2021 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8080510/ (accessed
August 31, 2022).

Blasi C. Iodine mouthwashes as deterrents against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Infect Control Hosp Epidemiol 2020.
doi:10.1017/ice.2020.1356.

Eggers M, Eickmann M, Zorn J. Rapid and effective virucidal activity of povidone-
iodine products against middle east respiratory syndrome coronavirus (MERS-
CoV) and modified vaccinia virus ankara (MVA). Infect Dis Ther 2015;4:491-501.
doi:10.1007/s40121-015-0091-9.

Meyers C, Robison R, Milici J, Alam S, Quillen D, Goldenberg D, Kass R. Lowering
the transmission and spread of human coronavirus. J Med Virol 2021;93:1605-12.
doi:10.1002/jmv.26514.

Figuero E, Nébrega DF, Garcia-Gargallo M, Tenuta LMA, Herrera D, Carvalho JC.
Mechanical and chemical plaque control in the simultaneous management of gingivi-
tis and caries: a systematic review. J Clin Periodontol 2017;44(18):5S116-34 Suppl.
doi:10.1111/jcpe.12674.

Lynch DP. Oral viral infections.
do0i:10.1016/50738-081X(00)00138-3.
Quintas V, Prada-Lopez I, Donos N, Sudrez-Quintanilla D, Tomas I. Antiplaque
effect of essential oils and 0.2% chlorhexidine on an in situ model of oral
biofilm growth: a randomised clinical trial. PLoS One 2015;10:e0117177
-e0117177.

Yamanaka A, Hirai K, Kato T, Naito Y, Okuda K, Toda S, Okuda K. Efficacy of lis-
terine antiseptic against MRSA, Candida albicans and HIV. Bull Tokyo Dent Coll
1994;35:23-6.

Clin  Dermatol  2000;18:619-28.


https://doi.org/10.23736/S0026-4970.17.04087-0
https://doi.org/10.3390/ijerph17134769
https://doi.org/10.1016/0195-6701(83)90052-x
https://doi.org/10.7326/M18-0850
https://doi.org/10.1007/s10266-021-00660-x
https://doi.org/10.1016/j.jhin.2021.04.004
https://doi.org/10.1016/j.mehy.2020.110436
https://biorxiv.org/cgi/content/short/2020.11.13.381079
https://doi.org/10.1186/s12903-017-0400-7
https://doi.org/10.1111/j.1600-0757.1997.tb00105.x
https://doi.org/10.4103/jisp.jisp_824_20
https://doi.org/10.3390/pathogens10030272
https://doi.org/10.1099/JGV.0.001578
http://refhub.elsevier.com/S2772-5596(23)00002-0/sbref0014
https://doi.org/10.1016/j.antiviral.2010.09.009
https://doi.org/10.1016/j.ajoms.2021.02.002
https://doi.org/10.1093/infdis/jiaa471
https://doi.org/10.1016/j.jhin.2021.01.031
https://doi.org/10.1002/jmv.26954
https://doi.org/10.1016/j.heliyon.2021.e07346
https://doi.org/10.37506/ijphrd.v11i11.11343
https://doi.org/10.1034/j.1600-051x.2001.028007610.x
http://refhub.elsevier.com/S2772-5596(23)00002-0/sbref0023
https://doi.org/10.1016/0030-4220(91)90467-q
https://doi.org/10.1016/0030-4220(89)90320-4
https://doi.org/10.1159/000246027
https://doi.org/10.1016/0166-0934(84)90052-1
https://doi.org/10.1128/AEM.67.12.5844-5848.2001
https://doi.org/10.3390/ijerph19052877
https://doi.org/10.1002/hed.26200
https://doi.org/10.1016/j.amjoto.2020.102737
https://doi.org/10.1016/j.jfma.2021.10.001
https://doi.org/10.1007/s40121-018-0200-7
https://doi.org/10.1007/s40121-020-00316-3
https://doi.org/10.1111/jopr.13220
https://doi.org/10.1038/s41415-020-2402-0
https://doi.org/10.1177/0145561320957237
https://doi.org/10.1001/jamaoto.2020.5490
https://medrxiv.org/cgi/content/short/2020.09.07.20180448
https://doi.org/10.1007/s15010-020-01563-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8080510/
https://doi.org/10.1017/ice.2020.1356
https://doi.org/10.1007/s40121-015-0091-9
https://doi.org/10.1002/jmv.26514
https://doi.org/10.1111/jcpe.12674
https://doi.org/10.1016/S0738-081X(00)00138-3
http://refhub.elsevier.com/S2772-5596(23)00002-0/sbref0047
http://refhub.elsevier.com/S2772-5596(23)00002-0/sbref0048

E.M. Toschi, L.W. Mercado and S.L. Henz

[49]

[501]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Corstjens PLAM, Abrams WR, Malamud D. Saliva and viral infections. Periodontol-
ogy 2016;70:93-110 2000. doi:10.1111/prd.12112.

W.L.S. Maria Aparecida de Andrade Moreira MACHADO, SciELO - Brasil - Zika
virus infection spread through saliva — a truth or myth? Zika virus infection
spread through saliva — a truth or myth?, (2016). https://www.scielo.br/j/bor/
a/QZNFsB7pTRWJCYT7fxHmBQM/?lang=en (accessed August 31, 2022).
Dennison DK, Meredith GM, Shillitoe EJ, Caffesse RG. The antiviral spectrum of
Listerine antiseptic. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1995;79:442—
8. d0i:10.1016/51079-2104(05)80124-6.

Meiller TF, Silva A, Ferreira SM, Jabra-Rizk MA, Kelley JI, DePaola LG. Efficacy
of listerine antiseptic in reducing viral contamination of saliva. J Clin Periodontol
2005;32:341-6.

Binney A, Addy M, Newcombe RG. The effect of a number of commer-
cial mouthrinses compared with toothpaste on plaque regrowth. J Periodontol
1992;63:839-42. doi:10.1902/jop.1992.63.10.839.

Jenkins S, Addy M, Wade W, Newcombe RG. The magnitude and duration of the
effects of some mouthrinse products on salivary bacterial counts. J Clin Periodontol
1994;21:397-401. doi:10.1111/§.1600-051x.1994.tb00736.x.

Moran J, Addy M, Roberts S. A comparison of natural product, triclosan
and chlorhexidine mouthrinses on 4-day plaque regrowth. J Clin Periodontol
1992;19:578-82. doi:10.1111/j.1600-051x.1992.tb00686.x.

Mukherjee S, Aravindha Babu N, Rajesh E, Masthan KMK. Viral lesions of oral cavity.
Indian J Forensic Med Toxicol 2020;14:1108-13. doi:10.37506/ijfmt.v14i4.11659.
J. Munoz-Basagoiti, D. Perez-Zsolt, R. Leon, V. Blanc, J. Gispert, B. Clotet,
N. Izquierdo-Useros, Cetylpyridinium chloride-containing mouthwashes reduce in
vitro SARS-CoV-2 infectivity, (2020). https://biorxiv.org/cgi/content/short/2020.
12.21.423779.

Alison Green, Glyn Roberts, Timothy Tobery, Carol Vincent, Matteo Barili, Car-
olyn Jones, In vitro assessment of the virucidal activity of four mouthwashes
containing cetylpyridinium chloride, ethanol, zinc and a mix of enzyme and
proteins against a human coronavirus, (2020). https://biorxiv.org/cgi/content/
short/2020.10.28.359257.

20

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Dentistry Review 3 (2023) 100064

Gottsauner MJ, Michaelides I, Schmidt B, Scholz KJ, Buchalla W, Widbiller M,
Hitzenbichler F, Ettl T, Reichert TE, Bohr C, Vielsmeier V, Cieplik F. A prospec-
tive clinical pilot study on the effects of a hydrogen peroxide mouthrinse on
the intraoral viral load of SARS-CoV-2. Clin Oral Investig 2020;24:3707-13.
doi:10.1007/500784-020-03549-1.

Almanza-Reyes H, Moreno S, Plascencia-Lépez I, Alvarado-Vera M, Patrén-
Romero L, Borrego B, Reyes-Escamilla A, Valencia-Manzo D, Brun A, Pestryakov A,
Bogdanchikova N. Evaluation of silver nanoparticles for the prevention of SARS-
CoV-2 infection in health workers: in vitro and in vivo. PLoS One 2021;16:e0256401.
doi:10.1371/journal.pone.0256401.

E. Ohgitani, M. Shin-Ya, M. Ichitani, M. Kobayashi, T. Takihara, M. Kawamoto, H.
Kinugasa, O. Mazda, Rapid inactivation in vitro of SARS-CoV-2 in saliva by black tea
and green tea, (2020). https://biorxiv.org/cgi/content/short/2020.12.28.424533.
Ide K, Yamada H, Matsushita K, Ito M, Nojiri K, Toyoizumi K, Matsumoto K,
Sameshima Y. Effects of green tea gargling on the prevention of influenza infection
in high school students: a randomized controlled study. PLoS One 2014;9:96373.
doi:10.1371/journal.pone.0096373.

Schiirmann M, Aljubeh M, Tiemann C, Sudhoff H. Mouthrinses against SARS-CoV-2:
anti-inflammatory effectivity and a clinical pilot study. Eur Arch Otorhinolaryngol
2021. doi:10.1007/s00405-021-06873-8.

Lee D-H, Youn H-N, Park J-K, Kang B-H, Kang J-H, Lee J-B, Park S-Y,
Choi I-S, Lee S-W, Song C-S. In vitro virucidal effect of mouthrinse contain-
ing C31G on seasonal influenza viruses. J Microbiol Biotechnol 2014;24:921-4.
doi:10.4014/jmb.1312.12055.

Carrouel F, Gongalves LS, Conte MP, Campus G, Fisher J, Fraticelli L,
Gadea-Deschamps E, Ottolenghi L, Bourgeois D. Antiviral activity of
reagents in mouth rinses against SARS-CoV-2. J Dent Res 2021;100:124-32.
doi:10.1177,/0022034520967933.

Lalani S, Poh CL. Flavonoids as antiviral agents for enterovirus A71 (EV-A71).
Viruses 2020;12. doi:10.3390/v12020184.


https://doi.org/10.1111/prd.12112
https://www.scielo.br/j/bor/a/QZNFsB7pTRWJCYT7fxHmBQM/?lang=en
https://doi.org/10.1016/s1079-2104(05)80124-6
http://refhub.elsevier.com/S2772-5596(23)00002-0/sbref0052
https://doi.org/10.1902/jop.1992.63.10.839
https://doi.org/10.1111/j.1600-051x.1994.tb00736.x
https://doi.org/10.1111/j.1600-051x.1992.tb00686.x
https://doi.org/10.37506/ijfmt.v14i4.11659
https://biorxiv.org/cgi/content/short/2020.12.21.423779
https://biorxiv.org/cgi/content/short/2020.10.28.359257
https://doi.org/10.1007/s00784-020-03549-1
https://doi.org/10.1371/journal.pone.0256401
https://biorxiv.org/cgi/content/short/2020.12.28.424533
https://doi.org/10.1371/journal.pone.0096373
https://doi.org/10.1007/s00405-021-06873-8
https://doi.org/10.4014/jmb.1312.12055
https://doi.org/10.1177/0022034520967933
https://doi.org/10.3390/v12020184

	Antiviral effect of oral antiseptic solutions commonly used in dentistry practice: A scoping review
	Introduction
	Methods
	Study design
	Focused question
	Search strategy
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria
	Selection of the manuscripts

	Results
	Discussion
	Chlorhexidine
	Povidone-iodine
	Essential oils
	Cetylpyridinium chloride
	Hydrogen peroxide
	Others substances

	Conclusion
	Funding
	Declaration of Competing Interest
	Acknowledgments
	References


