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Mouthrinses and SARS-CoV-2 viral load in saliva:
a living systematic review

Akram Hernandez-Vasquez,*' Antonio Barrenechea-Pulache,? Daniel Comandé® and Diego Azafiedo?

Key points

e Up to 24 May 2021, the effect of the
use of mouthrinses on the viral load of
SARS-CoV-2 continues to be uncertain.

Abstract

e Likewise, the effect of mouthwashes on
the viral load of SARS-CoV-2 in aerosols
generated during dental procedures
remains unknown.

e Evidence from studies of a higher
methodological level, such as randomised
clinical trials conducted in real or
simulated clinical settings, is of vital
importance to better understand the effect
of mouthrinses on SARS-CoV-2 viral load.

Objective To conduct a living systematic review of the clinical evidence about the effect of different mouthrinses on the viral load of

SARS-CoV-2 in the saliva of infected patients.

Methods This study was reported using the PRISMA guidelines. An electronic search was conducted in seven databases and preprint

repositories. We included human clinical trials that evaluated the effect of mouthrinses with antiseptic substances on the viral load of SARS-

CoV-2 in the saliva of children or adults, who tested positive for SARS-CoV-2 by reverse transcriptase-polymerase chain reaction (RT-PCR).
The risk of bias was assessed using the ROBINS-I tool. PROSPERO registration number: CRD42021240561.

Results Five studies were included (n = 66 participants). Study participants underwent oral rinses with hydrogen peroxide (H,0,) at 1%,
povidone-iodine (PI) at 0.5% or 1%, chlorhexidine gluconate (CHX) at 0.2% or 0.12%, cetylpyridinium chloride (CPC) at 0.075%, and

Linolasept. Only one study included a control group with sterile water. Three of the studies identified a reduction in viral load in saliva after

the use of mouthrinses with Pl (up to three hours), CHX (up to four hours), or Linolasept mouthwash (up to six hours). One study reported a

statistically significant reduction after the use of mouthrinses with CPC or Pl vs water (up to six hours) and one study reported a non-significant

reduction in viral load after the use of H,O, rinses.

Conclusions According to the present systematic review, the effect of mouthrinses on SARS-CoV-2 viral load in the saliva of COVID-19 patients

remains uncertain. Evidence from well-designed randomised clinical trials is required for further and more objective evaluation of this effect.

Introduction

The SARS-CoV-2 pandemic has had a
great impact on the health of the global
population because of its increasing
spread and lack of treatment to prevent
infection or reduce disease severity. Since
the first case report in November 2019!
and up to March 2021, more than 121
million infections and over 2.6 million
deaths have been registered and cases
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continue to increase.? The global scientific
community has therefore started a series of
studies aimed at identifying public health
measures and technologies to mitigate the
spread of this disease.

So far, the only effective measures endorsed
by the World Health Organisation (WHO)
to control and prevent the transmission
of this disease at the community level
are continuous hand washing, physical
distancing, and the correct use of face
masks.? Likewise, concerning hospital care,
the WHO has recommended the use of
personal protective equipment (glasses/face
shields, gloves, gowns, and N95 respirators
or their equivalents), for health personnel
who care for patients with COVID-19 and
perform activities with a high risk of
contagion, such as aerosol-generating
procedures performed by dentists. These
procedures can cause viral shedding
through aerosols and splashes generated

during dental care, potentially infecting
health care personnel or patients who were
seen between appointments.

Because there is no known treatment
for COVID-19, the administration of a
series of drugs currently being tested in
clinical trials or approved for other uses has
been proposed for off-label use during the
pandemic — as preventive or recuperative
therapies for COVID-19 based on studies
describing some level of in vitro activity
against SARS-CoV-2. Nonetheless, clinical
studies published later have shown a lack
of efficacy of these drugs to prevent or
treat the disease, and in some cases, they
were associated with higher mortality
and morbidity.* In the field of dentistry,
various investigators have proposed that
the preprocedural use of mouthrinses that
include antiseptic substances could generate
a reduction of SARS-CoV-2 viral load in the
saliva of infected patients.*® These proposals
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are mainly based on evidence from in vitro
studies,” and more recently, human clinical
trials.®

In response, international organisations
such as the Centers for Disease Control
and Prevention and the American
Dental Association®!® have incorporated
recommendations about the use of
mouthrinses before dental procedures
in their guidelines for dental health care
during the COVID-19 pandemic. These
recommendations are aimed at reducing
the load of oral microorganisms in aerosols
generated during treatment, emphasising the
lack of clinical evidence about their efficacy
in reducing the transmission of SARS-CoV-2.
This has generated controversy among the
population, mouthrinse manufacturing
companies, health care professionals, and
researchers about the applicability of this
measure in the prevention of SARS-CoV-2
infection.!!

Taking into account the present interest
in the utility of this oral hygiene product in
the prevention of SARS-CoV-2 infection, the
objective of this study was to make a living
systematic review of the clinical evidence
regarding the effect of different mouthrinses
on the viral load of SARS-CoV-2 in the saliva
of infected patients. Additionally, we aimed
to evaluate the effect of mouthwashes on the
quantification of the virus in the aerosols
generated during dental care of infected
patients, and the duration of the reduction
of viral load in saliva and aerosols. We will
also perform periodic updates of the study
search, since according to the ClinicalTrials.
gov registry, clinical trials on the subject are
ongoing.'*!*!* This will eventually provide
new clinical evidence to complement the
currently published information and the
conclusions of this systematic review.

Methods

The protocol of this living systematic review
was prospectively registered in accordance with
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols
(PRISMA-P) statement'> on PROSPERO with
reference number CRD42021240561. We will
update the search every month according to
the availability of new evidence as a living
systematic review.'®* We also plan to maintain
the review in a living mode for at least 12
months from the publication of the protocol.
This article currently reports the basic findings
from relevant articles identified up to May 24

2021. The results reported comply with the
‘Preferred Reporting Items for Systematic
reviews and Meta-Analyses’ (PRISMA)
guidelines!’ (see online Supplementary
Checklist 1).

Inclusion criteria

We included human clinical trials that
evaluated the effect of mouthrinses with
antiseptic substances on the viral load of
SARS-CoV-2 in the saliva of patients, children
or adults with COVID-19, diagnosed by
reverse transcriptase-polymerase chain
reaction (RT-PCR). Likewise, we included
studies that evaluated the outcome of viral
load on aerosols generated during dental
procedures, the duration of the reduction
in viral load, viral clearance, SARS-CoV-2
cellular infectivity in saliva, and salivary
cytokine profiles. We did not restrict our
criteria to any dosage, duration, or timing
of mouthrinses. The comparison of interest
was distilled water, sterile water, tap water,
saline solution, or no treatment. We included
articles published in both peer-reviewed
journals and preprints, and publications
written either in English or Spanish. We
excluded comments, conference abstracts,
interviews, and studies developed in animal
models or in vitro conditions. The preprints
included will be reassessed at the time of
peer-reviewed publication, and the most
recent version will be included.

Search strategy

A systematic electronic search of articles
published up to February 26 2021 was
conducted using PubMed, CINAHL, The
Cochrane Library, Embase, Scopus, Dentistry
and LILACS
databases. Preprint repositories including

& Oral Sciences Source,

medRxiv and bioRxiv were also searched.
This search was later updated to include
articles published until May 24 2021.

A librarian (DC) developed the search
strategies which were later validated by the
authors (AHV, ABP, and DA). We initially
designed a search strategy in PubMed, which
was adapted to the other databases containing
the following terms with synonyms and
other medical descriptors: ‘coronavirus’,
‘SARS-CoV-2' and ‘mouthrinse’. The details
of the search terms used are given in online
Supplementary Table 1. The same search
strategies will be run on every update. We
also manually screened the references of
the original studies and reviews that were

SYSTEMATIC REVIEW

included to identify additional eligible
studies. Restrictions on date, language,
study design, or publication status were not
applied to the searches in the databases.
For this living systematic review, three
independent authors (DC, ABP, and AHV)
will receive an updated literature search file
every month. They will continuously include
relevant, newly published, or unpublished
studies as per the above inclusion criteria.

Study selection

Initially, the results of the electronic
search were imported to the reference
management software EndNote X9. We
eliminated all duplicate registries following
the methodology described by Bramer et
al.'® An independent two-stage screening
process was undertaken to identify studies
meeting the eligibility criteria by two authors
(ABP and AHV) using the web application
‘Rayyan’.! First, we evaluated the registries
by title and abstract; those appearing to meet
the inclusion criteria were selected and the
remaining were discarded. Afterward, full
texts of the selected papers were evaluated
under the same inclusion criteria. Any
disagreement was discussed among the
reviewers and in case of indecisiveness, a
third reviewer took part in the discussion
(DA).

Extraction and synthesis of results

The reduction of viral load of SARS-CoV-2 in
saliva or aerosols generated by dental
procedures and the duration of the said
reduction was reported using different units
of measurement registered before and after
the use of mouthrinses according to the
results of each study. If a study did not report
relevant data for extraction (for example,
viral load of SARS-CoV-2 in saliva), the
corresponding author was contacted in order
to obtain that information. In the absence
of response, if the values of viral load of
SARS-CoV-2 were available in published
figures of the manuscript, these data
were then extracted via WebPlotDigitizer
version 4.4.%° The data were independently
extracted by two authors (ABP and AHV),
and any disagreement was resolved through
discussion with a third author (DA).

We also extracted the following
information: study design, settings,
participant characteristics, study eligibility
criteria, intervention, control, and the risk
of bias assessment for each study. Data were
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independently extracted by two authors
(ABP and AHV) using standardised forms. If
these data were not reported, we contacted
the authors to request them.

The general information about the
publications and specific data of each study
included are compiled in the summary
tables. For any outcome in which data were
sufficient to calculate an effect estimate, we
planned to conduct a meta-analysis.

Risk of bias assessment

Two authors (AHV and ABP) independently
assessed the risk of bias using the ROBINS-I
(Risk Of Bias In Non-Randomized Studies
of Interventions) tool,?! and disagreements
were resolved through discussion with a
third author (DA).

Ethical considerations
We did not request approval of the study by
an Institutional Review Board because this is

a revision of bibliographic databases.

Results
The search strategy among the different
databases identified 860 articles. After
removing duplicates, 660 articles were
included and a total of 648 studies were
excluded in phase one after the title and
abstract review. The remaining 12 articles
were evaluated in full text, and seven were
excluded after this evaluation; the reasons
for exclusion were: not measuring viral load
in saliva or aerosols after the intervention
with mouthrinses (six studies), and only
considering qualitative measurements to
establish the diagnosis of COVID-19 (one
study) (Fig. 1). After this process, five studies
(see online Supplementary References 1)
were included.?2%23:2425

Three of the studies included were original
articles,®?4?5 whereas the rest were short
communications.?>?* All were reported in
English (n = 5). Among the five studies, a
total of 66 participants were included. The
patients subjected to an intervention received
mouthrinses with either hydrogen peroxide
(H,0,) 1%, povidone-iodine (PI) (0.5% or
1%), chlorhexidine gluconate (CHX) (0.2%
or 0.12%), or cetylpyridinium chloride (CPC)
(0.075%). One study only specified the use of
an over-the-counter antiseptic mouthwash
for their intervention (‘Linolasept’), and no
active component was named. Only one
study included a control group that used
sterile water for comparisons.® This latter

Fig. 1 Flowchart of study selection according to the PRISMA statement

Records identified through
database search
(n=847)

Records identified through
preprint servers
(n=32)

N

(n=678)

Records after removing duplicates

Y

(n=678)

Screened records

Excluded records
(n=666)

|

Full text articles excluded

evaluated
(n=12)

Full text articles

(n=7)
No measurement of outcomes
of interest (n=6);

v

|

No diagnosis by RT-PCR (n=1)

Sudies included

(n=5)

qualitative synthesis

in the

(Inclusion) (EIigibiIity) ( Screening ) (Identification)

study included the second largest number of
participants (n = 16) and mentioned having
used commercially available mouthrinses
with PI, CHX, and CPC (Table 1).

The main objective of these studies
was to evaluate the effect of the use of
different mouthrinses on the viral load of
SARS-CoV-2 in the oral cavity or saliva.
Measurements of this outcome were
conducted before and after the intervention
at variable time intervals. The minimum
interval of time post intervention for the
first measurement was five minutes, and
the maximum was six hours. The highest
number of measurements per participant
was five (basal, after five minutes, one hour,
two hours, and three hours; and basal, after
five minutes, two hours, four hours, and
six hours) and the lowest was two (basal and
after five minutes; and, basal and after 30
minutes). Most studies were carried out in
a single day and only one conducted serial
measurements at the hospital on days 3 and
6 (Table 1).%

The viral load obtained during follow-up
was reported as copies/mL and only one
study reported it as average fold change
values calculated from cycle threshold values.
Measurements of viral load were highly
variable and at times conflicting among the
studies (Table 2). In their intervention, Yoon
et al. observed that in two patients on hospital
day 3, the viral load became undetectable
at two and four hours of follow-up after
the use of mouthrinses based on CHX,

becoming detectable again after six hours.*
Nonetheless, on hospital day 6, the viral
load of SARS-CoV-2 was detectable in all the
follow-up measurements.? Seneviratne et al.
identified statistically significant differences
in the average fold changes of viral load values
after the use of mouthrinses from baseline, in
comparisons between CPC vs. water at five
minutes and six hours of follow-up, and PI
vs. water at six hours of follow-up.® Likewise,
Martinez Lamas et al. observed a progressive
reduction of the mean viral load obtained
from the four participants from baseline
until three hours of follow-up.?* Meanwhile,
Schiirmann described how the viral load of
SARS-CoV-2 can be reduced by up to 90%
after the use of mouthrinse and recovers to
preintervention values after approximately
six hours. These authors agree that the use
of mouthrinses could reduce the viral load of
SARS-CoV-2 in the saliva samples of patients,
reaffirming the need for more thorough
studies to confirm these preliminary
findings.®%32425 In contrast, Gottsauner et al.
concluded that mouthrinses based on H,0,
1% did not reduce the intraoral viral load
of those infected with the new coronavirus
and were not able to establish a statistically
significant reduction in the viral load in saliva
after 30 minutes of follow-up in ten patients.?

Assessment of the risk of bias
After using the ROBINS-I tool,
concluded that the five studies analysed

we

have a critical???32425 or serious risk® of

a4
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Table 2 Summary of results of the studies
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Gottsauner 10 20 mL 1% None e Baseline: median 1.8 x 103 (IQR 3.1 x 102 and 4.7 x 104) copies/mL
(2020) H202 of SARS-CoV-2 RNA
e 30 min: median 1.5 x 103 (IQR 8.3 x 102 and 3.4 x 104) copies/mL
of SARS-CoV-2 RNA
* (p=0.96)
Martinez 4 15 mL of 1% PI | None Authors state that in 2 of the 4 participants (patients 3 [P3] and 4

Lamas (2020)

[P4]), the PVP-I resulted in a significant drop in viral load, which
remained for at least 3 hours. Statistical significance and exact viral load
measurements were not reported

Data for viral load (log10 copies/mL) was extracted utilising the online
application ‘WebPlotDigitizer’ as follows:

e Baseline: P1: 2.8; P2: 5.8; P3: 2.2; P4: 4.2
e 5 min: P1: 3.0; P2: 5.3; P3: 2.8; P4: 4.3
e 1 hour: P1: 2.8; P2: 2.4; P3: 2.4; P4: 3.2
e 2 hours: P1: 2.8; P2: 1.8; P3: 1.6; P4: 2.5
e 3 hours: P1: 3.2; P2: 1.0; P3: 2.2; P4: 2.2

Seneviratne Pl group (n = 4)

PI'5 mL (0.5%

Sterile water

A statistically significant increase in fold change of Ct value at 5 min

(2020) CHX _ w/v) (1) and 6 hours (0.9) was observed post-rinsing with CPC mouthrinse
group (n = 6) . .
CHX 15 mL compared to the water group patients (p <0.05). A statistically
CPC group (n = 4) of undiluted significant increase in fold change was obtained only at 6 hours (1)
WERGr &5 @i (0.2% w/v) post-rinsing with Pl in comparison with water (p <0.01)
group (n = 2) CPC 20 mL of Data for exact Ct values were not reported. Mean Ct values were
0.075% extracted utilising the online application ‘WebPlotDigitizer’ as follows:
’ e Baseline: Pl group 22.5; CHX group 29.9; CPC group 32.1; water
group 26.4
® 5 min: Pl group 24.1; CHX group 27.9; CPC group 32.9; water group
253
e 3 h: Pl group 24.1; CHX group 30.1; CPC group 30.7; water group
23.2
e 6 h: Pl group 23; CHX group 28; CPC group 31.9; water group 22
Yoon (2020) | 2 CHX solution None Hospital day 3 (viral load, log10 copies/mL):
mouthwash ® Baseline: P1: 6.86 P2: 4.87
(0.12%, 15 e 1 h: P1: ND P2:ND
mL) for 30 e 2 h: P1: ND P2: ND
seconds * 4 h:P1: 6.38 P2: 4.00
Hospital day 6 (viral load, log10 copies/mL):
e Baseline: P1: 4.36 P2: 5.00
e 1 h:P1:4.70 P2: 3.93
e 2h:P1:2.93 P2: 3.85
® 4h:P1:6.26 P2: 2.73
Schiirmann 34 SARS- Linolasept for 1 | None Among those followed for 5 min (n = 29) (mean Ct-value):
(2021) CoV-2 positive minute ® Baseline: 26.0 (SD 5.8)
hospitalised ® 5 min: 29.1 (SD 6.1)

patients were
recruited, two
measurements
were obtained in
only 29 patients:
at baseline and
after 5 minutes

A sample of 5
patients was
followed for up to
6 hours

Key:

Among those followed for 6 h (n = 5):

e Highly infectious patients recovered initial viral load during this time
while less infectious patients were not able to restore their initial
infectiviy 6 h post-gargling

Data for exact viral load (1*10X) was not reported. This was extracted
utilising the online application ‘WebPlotDigitizer’ as follows:

e Baseline: P1: 9.4; P2: 7.1; P3: 6.0; P4: 4.3; P5: 4.4

e 5min: P1: 4.9; P2: 5.6; P3: 3.4; P4: 3.8; P5: 2.6

e 2h:P1:6.9; P2: 6.6; P3: 4.0; P4: 3.2; P5: 2.6

e 4h:P1:7.7; P2: 7.1; P3: 4.9; P4: 3.3; P5: 2.6

e 6 h:P1:8.6; P2: 6.9; P3: 5.5; P4: 3.3; P5: 3.3

IQR = interquartile range; Pl = povidone-iodine; CHX = chlorhexidine gluconate; CPC = cetylpyridinium chloride; min = minutes; h = hours; Ct = cycle threshold

values; P = patient; ND = non detectable; SD = standard deviation.

bias mainly because confounding factors
and the selection of patients (Fig. 2) were
not controlled. Regarding the first domain,
the majority of studies did not consider
the beginning of COVID-19 symptoms,
did not control the ingestion of food or

water by patients before the start of the
intervention, and in one study, participants
had been taking antiviral medication during
the duration of the study.* For the second
domain, these studies had very small samples,
with the largest including only 29 patients

(with measurements at baseline and after
five minutes) of 34 recruited.?® Moreover,
the characteristics of the participants were
very heterogeneous among the studies, and
no clear inclusion or exclusion criteria were
established.
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Discussion

The main objective of this living systematic
review was to evaluate the effect of different
kinds of mouthrinses on the viral load of
SARS-CoV-2 in the saliva of patients with
COVID-19. Five studies were included: three
published in original article format and two
as short communications. They included
patients with positive SARS-CoV-2 infection
confirmed by RT-PCR (66 participants in
total), who underwent oral rinses with
H,0O, at 1%, PI at 0.5% or 1%, CHX at 0.2%
or 0.12%, CPC at 0.075% or other kinds
of antiseptic mouthwashes (Linolasept).
Only one of the studies included a control
group in which sterile water was used. All
studies included a baseline assessment
of viral load in saliva or oropharyngeal
secretions and between two and five
follow-up periods with a minimum of five
minutes and a maximum of six hours after
the intervention. Measurement of viral load
was reported in copies/mL and one of the
studies used the average fold change values
of the cycle threshold values to determine
changes in the viral load from baseline
and each follow-up. Three of the studies
identified a reduction of viral load in saliva
after the use of mouthrinses with PI (up to
three hours), CHX (up to four hours), and
Linolasept mouthwash (up to six hours).
One study reported a statisticaly significant
reduction after the use of mouthrinses
with CPC or PI vs. water (up to six hours),
and, one study reported a non significant
reduction in viral load after the use of H,0,
rinses (comparing baseline vs 30-minute
measurements). All the studies evaluated
were at high risk of bias.

The results of four studies reported that
the use of mouthrinses with PI, CHX,
CPC or an over-the-counter mouthwash
(Linolasept) could reduce the viral load
of SARS-CoV-2 in the saliva of confirmed
COVID-19 patients. However, it should be
taken into account that the evidence to
date corresponds to studies with a small
sample size (between two and 34 patients)
and with a risk of serious or critical bias
- mainly because the potential effect
of confounding variables is impossible
to control. For example, the studies did
not take into account variables such
as the onset of COVID-19 symptoms
or the consumption of food before the
intervention, which could have had an
impact on the viral load in saliva. Therefore,
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with the results of these studies, it is not
possible to conclude that the reduction in
viral load is solely based on the effect of the
mouthrinses. In addition, despite the fact
that most of the studies included reported
a positive effect on reducing the viral load
of SARS-CoV-2, we could not state that
these results are consistent, because of the
marked heterogeneity among the studies.
These differences were mainly identified
in the measurement units used to express
viral load, the number and periods of
follow-up, the concentrations of antiseptic
substances, and the procedures for the use
of mouthrinses, among other aspects.
Future studies must address confounding
factors through the development of well-
designed randomised clinical trials, or at
least, well designed prospective studies
preferably using matching techniques of
analysis (for example, propensity score
matching).

Moreover, the studies analysed suggest
that different types of mouthrinses reduce
the viral load of SARS-CoV-2 in the saliva
of infected patients for variable time frames
after their application, with one study
reporting a maximum time of 6 hours. This
could translate into a reduction in the viral
content found in aerosols generated during
dental procedures, resulting in a reduction in
the spread of the disease in health personnel
and patients without infection. However,

we must highlight that none of the studies
included evaluated this outcome nor were
they developed in dental clinical settings;
therefore, based on the current evidence,
the effect of mouthwashes on the viral
load of SARS-CoV-2 in aerosols generated
during dental procedures remains unknown.
Furthermore, the included studies did not
conduct viral load measurements after the
performance of a dental procedure. This is
important because it is hypothesised that
SARS-CoV-2 could be present in the salivary
glands of infected patients?**” and expelled
into the oral cavity through saliva.?29:30
Therefore, given that salivary secretion is
stimulated during oral instrumentation for
dental procedures, it would be reasonable
to assume that the duration of viral load
reduction would probably be shorter in
clinical scenarios. Evidence from studies
of a higher methodological level, such as
randomised clinical trials, conducted in
real or simulated clinical settings is of vital
importance to better understand the effect
of mouthrinses on SARS-CoV-2 viral load in
the saliva of patients with COVID-19 and in
aerosols generated during dental procedures
in these patients.

One of the limitations of our study is that
because of the low quality of the studies,
the small sample size, the heterogeneity
reported in terms of follow-up periods, and
reporting of viral load measurement, the

6

© EBD 2022

© The Author(s), under exclusive licence to British Dental Association 2022



calculation of a meta-analysis would have
very limited utility. However, an extensive
bibliographic search has been carried out
in seven databases, and the search has also
been extended to preprint repositories
including medRxiv and bioRxiv, to cover
the greatest amount of evidence available
on the subject. Likewise, the present study
has a living systematic review design to
perform future updates according to the
results of completed or ongoing clinical
trials registered in the ClinicalTrials.gov
portal. This will enable the adoption of a
more conclusive position for or against the
use of mouthrinses to reduce the viral load
of SARS-CoV-2 in the saliva of patients with
COVID-19.

Conclusion

In conclusion, according to the present
systematic review, the effect of mouthrinses
on the viral load of SARS-CoV-2 continues
to be uncertain. The recommendations by
governmental organisations around the
world about the use of these mouthrinses
as a preventive measure against infection
by SARS-CoV-2 could generate a false sense
of security among dentists, care staff, and
patients. This could subsequently lead to a
groundless reduction in the use of known
effective measures for the prevention of
infection and dissemination of COVID-
19 during aerosol-generating procedures,
resulting in an increase in contagion rates.
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