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Reduction of SARS-CoV-2 salivary viral load with
pre-procedural mouth rinses: a randomised,
controlled, clinical trial

Jaspreet Kaur Farmaha," Jeffrey N. James,? Kyle Frazier,” Nikhil Shri Sahajpal,® Ashis K. Mondal,® Doan Tam Bloomquist,*
Ravindra Kolhe,? Stephen W. Looney® and Ryan Bloomquist*®

Key points

In our analysis, Listerine and
chlorhexidine gluconate mouthwash
outperformed hydrogen peroxide
and povidone iodine in reducing
SARS-CoV-2 oral viral load.

We advocate for clinicians to employ
mouthwashing with Listerine or
chlorhexidine gluconate before oral
procedures, like handwashing, to
reduce the potential spread of SARS-
CoV-2 in the healthcare setting.

Prophylactic mouthwash with
Listerine or chlorhexidine
gluconate may potentially reduce
SARS-CoV-2 oral viral load.

Prophylactic mouthwashes, including
Listerine or chlorhexidine gluconate,
can be effective in reducing oral viral
load for up to two hours during oral
exams and procedures.

Abstract

Introduction The purpose of this study was to test the short-term efficacy of four commercial mouthwashes versus
water in reducing SARS-CoV-2 viral load in the oral cavity over clinically relevant time points.

Methods In total, 32 subjects that were proven SARS-CoV-2-positive via polymerase chain reaction (PCR)-based
diagnostic test were recruited and randomised into five parallel arms. Cycle threshold (Ct) values were compared in
saliva samples between the groups, as well as within the groups at baseline (pre-rinse), zero hours, one hour and two
hours post-rinse, using SARS-CoV-2 reverse transcription-PCR analysis.

Results \We observed a significant increase in Ct values in saliva samples collected immediately after rinsing with all
the four mouthwashes — 0.12% chlorhexidine gluconate, 1.5% hydrogen peroxide, 1% povidone iodine, or Listerine

— compared to water. A sustained increase in Ct values for up to two hours was only observed in the Listerine and
chlorohexidine gluconate groups. We were not able to sufficiently power this clinical trial, so the results remain
notional but encouraging and supportive of findings in other emerging mouthwash studies on COVID-19, warranting
additional investigations.

Conclusions Our evidence suggests that in a clinical setting, prophylactic rinses with Listerine or chlorhexidine gluconate can
potentially reduce SARS-CoV-2 viral load in the oral cavity for up to two hours. While limited in statistical power due to the
difficulty in obtaining this data, we advocate for pre-procedural mouthwashing, like handwashing, as an economical and
safe additional precaution to help mitigate the transmission of SARS-CoV-2 from a potentially infected patient to providers.

Introduction

Considering the role of the oral cavity in the
pathogenicity and transmission of severe acute
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respiratory syndrome coronavirus (SARS-
CoV-2)"* and the routine aerosol-generating
nature of procedures in dentistry,® dental
providers and oral surgeons are at particular
high risk of COVID-19 transmission."*>¢
During the ongoing COVID-19 pandemic,
dentists and other healthcare professionals
who work in the oral cavity have implemented
the use of mouth rinses to reduce viral loads
as recommended by the American Dental
Association (ADA). Prophylactic rinses are
commonly used before routine procedures like
dental fillings and cleanings, or before surgeries
requiring intubation.” By disinfecting the oral
cavity through bacteriostatic, bactericidal and
virucidal rinses, practitioners seek to mitigate
the risk of spreading an infection from a
patient’s mouth to other parts of their body or
to the outside environment.
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Therapeutic mouthwashes which contain
active ingredients, such as chlorhexidine
gluconate (CHX), hydrogen peroxide
(H,0,), povidone-iodine (PI), or alcohol-
based Listerine, are commonly used in
dentistry. Existing data provide evidence
for their efficacy in reducing bacterial and
viral loads in in vitro cell cultures,®*'%!"
oral cavities'? and aerosols*'* generated
during procedures. Recent systematic
reviews also strongly support the hypothesis
that prophylactic rinses can be effective
in reducing the oral viral load of SARS-
Cov-2.241> At the time of this study design,
there was little empirical data to support
pre-procedural rinses to reduce COVID-19
transmission to healthcare professionals or
patients.'>'®” Currently, the ADA states that
evidence supports pre-procedural mouth
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rinses as effective in reducing oral viral
load, but this has not been directly proven
to reduce in-office spread of viruses and
more research is needed.’® It is imperative
to know if a reduction in viral loads lasts
for a clinically meaningful duration that
would provide a safe window to conduct
routine procedures.'” While in vitro
experiments provide controlled information,
we attempted to best mimic the in vivo
environments encountered in a healthcare
setting during oral procedures. Hence, we
conducted a prospective, parallel groups,
randomised, double-blind, controlled,
clinical trial to compare the efficacy of
prophylactic rinses in reducing the salivary
load of SARS-CoV-2 for up to two hours post
rinsing. We compared the cycle threshold
(Ct) values compared in saliva samples
between the groups and within the groups
at baseline (pre-rinse), zero hours, one
hour and two hours post rinse, using SARS-
CoV-2 reverse transcription-polymerase
chain reaction (RT-PCR) analysis. We aim
to identify a safe and economical way of

reducing the potential spread of COVID-19
from patient to providers and staff through
pre-procedural rinses and furthermore,
determine which rinse, if any, is the most
effective in doing so.

Methods

Participants

COVID-19 patients, whose nasopharyngeal
swabs or saliva sample tested positive for
SARS-CoV-2 virus in a PCR-based diagnostic
test at the Augusta University (AU) Medical
Centre drive-through COVID testing facility,
were approached for study participation. The
study was opened to recruitment in October
2020. However, due to low subject recruitment
rate from the hospitalised population, the
protocol was amended to include remote
study visits. For the later cohort, subject
eligibility was assessed via telephone and
subjects consented over a virtual platform
using the guidelines provided by AU
Institutional Review Board. Once consent
was obtained, a study kit was delivered to

Table 1 Demographic characteristics of the subjects recruited in the study

the subject’s location. Study samples were
self-collected under the observation of a
study team member and stored on ice until
collection. Most subjects were recruited
remotely between February and June 2021.
Patients included in this clinical trial were at
least 18 years old, could understand English,
were either non-symptomatic or symptomatic
but not intubated, and self-reported no
allergies to Listerine, PI, or CHX. In addition,
patients willing to do remote visits required
access to video conference technology. A total
of 32 COVID-19 patients consented to the
trial. Informed consent was obtained from all
subjects, all subjects were able to consent for
themselves, and were able to withdraw from
the study if desired at any time. The study
design was reviewed and approved by the
Institutional Review Board of AU (protocol
number 1607808) and the Human Subjects
Ethics Board of AU and was conducted in
accordance with the Helsinki Declaration
of 1975.

Table 1 presents the characteristics of the
recruited subjects.

Subject characteristics All CHX 1.5%H,0, | PI Listerine | Water
Age in years (mean + SD) 40.7+120 | 38881 | 41.4+149 | 41.9+10.8 | 43.9+13.6 | 36.5+15.0
Sex

Male 15 3 2 5 3 2
Female 17 3 3 3 4 4
Race

African 14 3 2 3 3 3
European 17 3 3 5 4 2
Asian 1 0 0 0 0 1
Ethnicity

Hispanic/Latino 0 0 0 0 0 0
Non-Hispanic/non-Latino 32 6 5 8 7 6
COVID-19-related symptoms reported

Yes 20 2 4 5 4 5

No n 4 1 2 3 1

N/A* 1 0 0 1 0 0

Days between COVID-19 diagnostic test and study saliva sample collection (mean+SD) | 5+3 5+2 3+2 5+3 6x4 4+4
SARS-CoV-2 virus detected in the baseline saliva sample

Yes 16 3 4 3 3 3

No 15 3 1 4 4 3

Key:

* = subject withdrew after consenting, before any study procedure or data collection
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Experimental design
Enrolled patients completed a demographic/
health assessment form. Eligible subjects
were randomly assigned to one of the five
treatment groups: A) 0.12% CHX (Peridex);
B) 1.5% H,0,; C) PI mouthwash (diluted 1%
Betadine); D) Listerine (eucalyptol 0.092%,
menthol 0.042%, methyl salicylate 0.060%,
thymol 0.064% as active components,
with 20% ethanol as inactive agent); or E)
water. Concentrations of mouthwashes
were determined to either commercially
available antimicrobial formulations of
1.5% H,0,, Peridex and Listerine, while
1% PI antimicrobial mouthwash dilution
was determined according to published
antimicrobial recommendations.?® Visits
were conducted by the coordinator and the
principal investigator. Participants were
assigned to interventions using a block
randomisation allocation sequence generated
by a biostatistician using SAS 9.4 programme
(SAS Institute Inc, Cary, NC, 2016) and a size
five block. Solutions were coded, though the
colour and taste of the mouthwashes were
not masked. Thirty minutes before each
saliva sample collection, the patients were
asked to rinse their mouths with water to
remove food debris and to refrain from
eating or drinking to prevent interference
in downstream processing of the sample. At
the time of planning this study, there were a
very limited number of clinical trials reported
that examined the effect of mouth rinses in
eliminating SARS-CoV-2 virus from oral
cavity. Hence, initially, the study was designed
with five subjects in each group.”
Subsequently, several clinical trials were
published that reported the effect of certain
oral mouth rinses (PI, CHX included) in
decreasing the salivary load of SARS-CoV-2.
These studies were used to a power analysis
for sample size calculation. Sample size was
calculated based on differences in absolute Ct
value for each group, assuming equivalence
superiority of the treatment groups (mouth
rinses) over the control group (water). The
mean Ct value under null hypothesis was set
at 27.7 (standard deviation [SD] = 4.8). A
difference of nine units between the groups
was considered negligible and a difference
greater than one unit was considered
significant. To achieve 95% power using
these assumptions, six patients per group
were necessary. Based on these assumptions,
a sample size of n = 7 considering dropout
for each group was required to achieve 95%

power, with a significance level set at 0.05.
Because of unknowns regarding COVID-19
in our initial study design and difficulties
encountered in both enrolment and retention,
we were not able to achieve this power; thus,
the results remain promising but speculative,
warranting further investigation.

For the study, participants were required to
have video conferencing capabilities. A team
member video-called each participant before
the start of the protocol and reviewed the
study details. The team member proctored all
procedures via close remote video supervision
throughout the study, including the opening
of the kit, sample collections, rinsing, and
sealing and packaging for pick-up. Four
unstimulated saliva samples were collected
from each subject by asking them to spit
approximately 1 ml of saliva in a saliva
collection tube as previously reported.*
A baseline saliva sample (pre-rinse) was
collected before rinsing the oral cavity with
the assigned mouthwash. The subjects were
then asked to rinse their mouth with 5 ml
of the assigned mouthwash for two minutes
and to discard the rinse. Three post-rinse
saliva samples were collected immediately
after (post), one-hour post, and two-hours
post rinse. To rule out any interference from
mouthwash solution in the estimation of
viral loads in saliva samples, spiked samples
were run as controls before running the test
samples (data not shown).

Samples were stored on ice and transported
to the SARS-CoV-2 testing facility at AU
within 12 hours of sample collection for
further processing in accordance with the
Centers for Disease Control and Prevention
interim guidelines.” The testing facility was
blinded to samples and was not provided with
group assignments. The complete protocol can
be obtained from the corresponding author
upon reasonable request.

SARS-CoV-2 detection method

Viralload was measured through quantitative
PCR using Ct values, or the number of PCR
cycles required for machine detection, as a
readout of viral load. Therefore, lower Ct
values were interpreted as higher viral loads
and higher Ct values indicated a lower viral
load. The assay was performed on a Food
and Drug Administration emergency use
authorisation kit in a Clinical Laboratory
Improvement Amendments facility. Perkin
Elmer’s coronavirus nucleic acid detection kit
(P/N:2019-nCOV-PCR-AUS) (PerkinElmer
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Inc, Waltham, MA) was used to detect SARS-
CoV-2. The SARS-CoV-2 assay used was
based on automated ribonucleic acid (RNA)
extraction in the Chemagic 360 instrument
(Perkin Elmer) using Chemagic Viral DNA/
RNA kit H96 (P/N: CMG-1033-S), followed
by TagMan-based real time-PCR assay. For
the detection step, in vitro transcription of
SARS-CoV-2 RNA, complementary DNA
amplification, and fluorescence detection
were completed in a single tube. The
assay targeted specific genomic regions of
SARS-CoV-2: nucleocapsid (N) gene and
ORFlab gene. The TagMan probe for the
N gene target amplicon was labelled with
6-carboxyfluorescein (6-FAM), while the
ORFlab gene target amplicon was labelled
with 6-carboxy-X-rhodamine (6-ROX)
fluorescent dyes, respectively, to generate
target-specific signals. The assay included an
RNA internal control (Bacteriophage MS2)
that served as assay control from nucleic
acid extraction to fluorescence detection.
The internal control probe was labelled with
victoria fluorescent (VIC) dye to differentiate
its fluorescent signal from SARS-CoV-2
targets. Real time PCR was carried out either
in QuantStudio3’s or QuantStudio5’s PCR
instrument (ABI, Thermofisher). Several
tubes arrived without sufficient sample to
conduct a PCR test and had to be excluded
from the analysis. RT-PCR data analysis
was carried out QuantStudio Design and
Analysis Software.*

Data analysis
Samples for which Ct values were below the
detection limit for both N gene and ORFlab
gene at the baseline sample pre-rinse time
points were excluded from the data analysis.
For statistical analysis, Ct values that were
below the detection limit were replaced by 40
in post-rinse samples across the samples.

The absolute Ct values were analysed using
a repeated-measures analysis of variance
with one within-factor timepoint, with four
levels: pre-rinse (pre), immediate post rinse
(post), one-hour post-rinse, two-hour post-
rinse; and one between-factor mouth rinse,
with five levels: 0.12% CHX; 1.5% H,0,
PI mouthwash; Listerine mouthwash; and
control. Because of the exploratory nature
of this study, there was no adjustment for
multiple testing. All statistical tests were
two-tailed and were performed at the 0.05
level of significance. All analyses were
carried out using SAS 9.4.
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Fig. 1 Flow diagram depicting the progress of the study from participant enrolment to data analysis phase. (Note: @ = subject withdrew
from the study after consenting and randomisation; * = Ct values below the detection limit for both N gene and ORF1ab gene in the baseline
[pre-rinse] sample; # = non-compliance with sample collection protocol)

Enroliment

Allocation

COVID-19 patients tested positive
SARS-CoV-2
Assessed for eligibility (n = 410)

Excluded (n =378)

Not meeting inclusion criteria (n = 74)

Declined to participate (n = 54)

Other reasons (n = 250; No response to phone call)

Randomised (n = 32)

l

CHX (A) (n=6)
Received allocated intervention
(n=6)

Did not receive allocated
intervention
(n=0)

1.5% H,0, (B) (n=5)
Received allocated intervention
(n=5)

Did not receive allocated
intervention
(n=0)

1% Betadine (C) (n = 8)
Received allocated intervention
(n=7)

Did not receive allocated
intervention
(n=1¢)

Listerine (D) (n=7)
Received allocated intervention
(n=7)

Did not receive allocated
intervention
(n=0)

Water (E) (n = 6)
Received allocated intervention
(n=6)

Did not receive allocated
intervention
(n=0)

Analysed (n =3)
Excluded from analysis (n = 3*)

Analysed (n =4)
Excluded from analysis (n = 1*)

Analysed (n=3)
Excluded from analysis (n = 4*)

Analysed (n =3)
Excluded from analysis (n = 4*)

Analysed (n =3)
Excluded from analysis (n = 2*, 1*)

Results

Of the 32 subjects enrolled, one withdrew
before the visit, and another was withdrawn
due to non-compliance with the protocol
after randomisation and completion of the
visit. Baseline saliva (pre-rinse) samples for
14 subjects had Ct values below the detection
limit for both N and ORF1ab genes, and these
subjects were also excluded from further
analysis (Fig. 1). In addition, baseline saliva
(pre-rinse) samples for two subjects had Ct
values below the detection limit for the N gene
and were not included in the analysis.

Figure 2 presents the Ct values for the N
gene for individual subjects and group mean
at each time point within each group. The
mean and standard error (SE) for the N gene
within each group are presented in Figure 2f.
Compared to control, a significant increase
in Ct values was observed immediately after
rinsing with each of the mouthwashes tested
(p <0.05) (post-timepoint). The Ct values
for the Listerine group were higher than the
H,0, and PI groups and reached the statistical
significance cut-off (Listerine vs H,O,
[p =0.0457] and Listerine vs PI [p = 0.0451]).
A statistically significant difference in Ct
values was also observed between the CHX
group and Listerine group compared to the
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water group, at the post one-hour and post
two-hours rinse. As Ct values are inversely
proportional to the viral load in the sample,
a sustained increase in Ct value for the CHX
group and Listerine group suggests their
effectiveness in reducing viral load in the
oral cavity over the two-hour course we tested
compared to water control. In contrast, the
H,0, group Ct value was significantly higher
at the two-hour time point (p <0.05), but not
at the one-hour time point.

Figure 3 presents the Ct values for the
ORF1lab gene for individual subjects and group
mean at each time point within each group.
Similar to the N gene, there were statistically
significant differences between those who
rinsed with water and those who rinsed with
Listerine over the two-hour time course post
rinse (p <0.5). For the other three types of
mouthwash tested, Ct values were increased
in post-rinse samples, but none of the values
were statistically significant (Fig. 3f).

There were no statistically significant
differences among the time points within the
mouthwash groups for both N and ORFlab
genes. Among those participants who
rinsed with CHX, the following timepoint
comparisons almost did not reach statistical
significance: pre vs post (p = 0.0761) and pre
vs one hour (p = 0.0812). Among those who

rinsed with H O

272
almost, but did not, reach significance: pre

the following comparisons

vs post (p = 0.0761) and pre vs one hour
(p = 0.0677) for N gene and pre vs post
(p = 0.0966) for ORF1ab gene.

No adverse events were reported by any
subject during the study.

Discussion

In response to the COVID-19 pandemic,
healthcare had to act quickly to adopt
interventions to reduce the risk of spreading
coronavirus in the workplace. One of the
recommendations by dental professional
associations was to use pre-procedural
mouthwash rinses with 1.5% H,O, or 0.2%
PI to curtail the transmission of SARS-
CoV-2. Though limited by sample size, this
randomised clinical trial (RCT) provides
preliminary evidence to support the use of
prophylactic mouth rinses with alcohol-based
Listerine or 0.12% CHX to reduce SARS-
CoV-2 viral load in the oral cavity. In contrast,
we have limited evidence to support the use
of prophylactic rinses with 1% PI and 1.5%
H,0, to reduce SARS-CoV-2. While gargling
was not performed in this study, the utility of
the mouth rinse might be expanded if patients
gargled before intraoral procedures.
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Fig. 2 Ctvalues for the N gene in the saliva samples collected at baseline (pre) and immediately after rinsing (post), one hour and two hours. The
dotted line represents the Ct values for individual subjects and the solid black line represents the group means along with SE. a) 0.12% chlorhexidine
gluconate mouthwash. b) 1.5% H,0, mouthwash. c) 1% betadine mouthwash. d) Alcohol-based Listerine. e) Water groups. f) The mean and SE for the
N gene within each group. As Ct values are inversely proportional to viral load, the y-axis represents Ct values on a reverse scale
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Fig. 3 Ctvalues for the ORF1ab gene in the saliva samples collected at baseline (pre) and immediately after rinsing (post), one hour and two

hours. The dotted line represents the Ct values for individual subjects and the solid black line represents the group means along with SE. a) 0.12%
chlorhexidine gluconate mouthwash. b) 1.5% H,0, mouthwash. c) 1% betadine mouthwash. d) Alcohol-based Listerine. €) Water groups. f) The mean
and SE for the ORF1ab gene within each group. As Ct values are inversely proportional to viral load, the y-axis represents Ct values on a reverse scale
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SARS-CoV-2 is a lipid-enveloped virus,
and hence the agents which interfere with
its outer membrane may be effective in
inactivating it.” Alcohol-based mouthwashes
have been shown to inactivate enveloped
viruses in vitro, such as herpes, influenza
and even coronavirus.'"**? These studies
provide proof-of-concept that ethanol-based
mouthwashes can be effective in reducing
enveloped viruses and support our findings
in the Listerine group. To our knowledge,
this is the first report of the effectiveness of
alcohol-based mouthwash in reducing the
viral load of SARS-CoV-2 in the oral cavity
in an RCT,*% and is worth pursuing further
with a sufficiently powered trial.

CHX is a standard antiseptic reccommended
for plaque control and management of
periodontitis. Despite limited evidence for
CHX inactivation of SARS-CoV-2 in in vitro
assays,”*?” data from human studies support
our findings. Early into the pandemic, Yoon
et al. first reported a significant reduction in
SARS-CoV-2 viral load in the saliva for up to
two hours following gargling with 0.12% CHX.
Similar results were observed in three recently
reported RCTs, who tested the efficacy of 0.12%
CHX in reducing the oral load of SARS-CoV-2
for a up to one hour in a larger cohort.’**?
In contrast, another RCT that collected saliva
samples 3-6 hours after rinsing the oral
cavity with 0.2% CHX solution did not find
consistent reductions in Ct values, compared
to baseline or control.”® Together with our
findings, it suggests that rinsing with CHX has
the potential to be effective in reducing the oral
viral load over short durations.

A significant increase in Ct values was also
observed, immediately after rinsing with 1% PI
or 1.5% H,0O,. However, in the former group,
the increased Ct values were not sustained over
longer time intervals, whereas for the latter
group, the Ct-values did not show a consistent
trend, making it difficult to make meaningful
conclusions about the effectiveness of H,O,in
decreasing viral load for longer time durations.
However, these findings in the H,0, group
agree with a recent clinical trial, which showed
that pre-rinse with 1.5% H,O, mouthwash
resulted in only transiently reduced oral
SARS-CoV-2, lasting about 30 minutes, with
nearly baseline Ct values at the 60-minute time
point.*!

Despite the qualitative trends in this trial,
there are some shortcomings to discuss. There
was great difficulty in obtaining this data
set, related to the regulation of working with

SARS-CoV-2, the difficulty in obtaining the
specimens, and the logistical issues raised by
this global pandemic. Subject recruitment was
stopped before the planned recruitment target,
impeding a statistically significant outcome.
SARS-CoV-2 infection rate declined drastically
by June 2021 in Augusta, Georgia, and many
of the patients enrolled were determined to be
false-positive. Consequently, we withdrew 14
subjects from the study, as Ct values were below
detection limits in the baseline saliva samples
of these subjects. This major withdrawal also
resulted in disturbing the randomisation
of the subjects and one discrepancy was a
significant difference between Listerine and
water (p = 0.0363) in the pre-rinse samples
for these groups.

Due to difficulties in culturing SARS-
CoV-2 and the highly contagious nature of
the virus, the viability of the viruses in the
saliva samples was not determined. Hence,
it cannot be clearly established if the viruses
detected based on RT-PCR methodology were
still infectious. Debate on whether aerosols
or droplets of oral and respiratory secretions
are the primary means of COVID-19 spread,
but regardless, these fluids contain infectious
viral particles that can spread the virus from
host to host.**** Additionally, saliva has been
established as a reliable clinical sample source
in order to determine the viral load in the
subjects.* Our data supports qualitative trends
that justify the need for additional studies on
the use of Listerine or CHX as promising
agents to reduce the spread of SARS-CoV-2
when used as pre-procedural rinses.

Conclusion

Considering the evolution of novel strains
of SARS-CoV-2, we must find the tools to
live with this virus. Despite the limitations,
our study does provide clinical evidence in
utilising prophylactic mouth rinses with
Listerine and CHX to reduce the oral load of
the SARS-CoV-2 virus. We promote the use
of pre-procedural mouth rinses in a utility
similar to handwashing as an additional
tool to help reduce the spread of COVID-
19 from a potentially infected patient to
providers that will be working in or around
an unmasked mouth. This simple, affordable,
and innocuous technique, which is already
in place in many dental settings, may have
the potential to reduce transmission of SARS-
CoV-2 and create a safer work environment
in healthcare.

BRITISH DENTAL JOURNAL | VOLUME 234 NO. 8 | APRIL 282023

| RESEARCH

Ethics declaration

The authors declare no conflicts of interest.

All experiments and methods were performed in
accordance with relevant guidelines and regulations.
The study design was reviewed and approved by the
Institutional Review Board of AU (protocol number
1607808). The study received an expedited review
based on applicable federal regulations 45 CFR 46
(DHHS). This study was approved by the Human
Subjects Ethics Board of AU and was conducted in
accordance with the Helsinki Declaration of 1975 as
revised in 2013.

Informed consent was obtained from all subjects and
all subjects were able to consent for themselves. All
subjects consented accordingly, approved of their own
participation and were able to withdraw from the
study if desired at any time.
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The registration number is NCT04719208.
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