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Objectives: To determine if commercially available mouthwash with B-cyclodextrin and citrox (bio-
flavonoids) (CDCM) could decrease the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
salivary viral load.
Methods: In this randomized controlled trial, severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) PCR-positive patients aged 18—85 years with asymptomatic to mild coronavirus disease 2019
(COVID-19) symptoms for <8 days were recruited. A total of 176 eligible patients were randomly assigned
(1:1) to CDCM or placebo. Three rinses daily were performed for 7 days. Saliva sampling was performed
on day 1 at 09.00 (T1), 13.00 (T2) and 18.00 (T3). On the following 6 days, one sample was taken at 15.00.
Quantitative RT-PCR was used to detect SARS-CoV-2.
Results: The intention-to-treat analysis demonstrated that, over the course of 1 day, CDCM was significantly
more effective than placebo 4 hours after the first dose (p 0.036), with a median percentage (logio copies/mL)
decrease T1—T2 of —12.58% (IQR —29.55% to —0.16%). The second dose maintained the low median value for
the CDCM (3.08 logip copies/mL; IQR 0—4.19), compared with placebo (3.31 logyo copies/mL; IQR 1.18—4.75).
At day 7, there was still a greater median percentage (logig copies/mL) decrease in salivary viral load over
time in the CDCM group (—58.62%; IQR —100% to —34.36%) compared with the placebo group (—50.62%; IQR
—100% to —27.66%). These results were confirmed by the per-protocol analysis.
Conclusions: This trial supports the relevance of using CDCM on day 1 (4 hours after the initial dose) to
reduce the SARS-CoV-2 viral load in saliva. For long-term effect (7 days), CDMC appears to provide a
modest benefit compared with placebo in reducing viral load in saliva. Florence Carrouel, Clin
Microbiol Infect 2021;s:1
© 2021 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
may be transmitted via saliva, even in patients who do not cough or
have other respiratory symptoms [1,2]. SARS-CoV-2 is identified in
91.7% of saliva samples from individuals with coronavirus disease
2019 (COVID-19), and the load can reach up to 1.2 x 10% copies/mL
[3—5]. When a person sneezes, converses, breathes or coughs,
saliva droplets containing microorganisms are produced [2]. The
size of these droplets and the quantity produced depend on the
individual. Consequently, the risk of transmission is also variable
[2]. The contamination between people in close contact (1—-3 m)
occurs through saliva droplets (>60 um) [6]. The transmission be-
tween two persons separated by a distance of up to 7—8 m is the
result of virus-laden aerosols (droplets <60 pm) [7,8].

The use of mouthwashes is an ‘adjuvant’ treatment part of the
usual treatment or individual prophylaxis, especially in oral health.
Considering mouthwashes as agents that can decrease the viral
load of SARS-CoV-2 is an extremely attractive concept [9—12].
However, there is no in vivo evidence to recommend mouthwashes
to control SARS-CoV-2 viral load. Among antiviral molecules con-
tained in mouthwashes, hydrogen peroxide, f-cyclodextrin, flavo-
noids, essential oils, cetylpyridinium chloride or povidone-iodine
could be of interest in the fight against SARS-CoV-2 [9,10,13]. The

antiviral activity of B-cyclodextrin—citrox mouthwash (CDCM) in
our trial is based on B-cyclodextrin and citrox (flavonoids). These
molecules have demonstrated antiviral activity against several vi-
ruses [14—20], but evidence for their action against SARS-CoV-2
was based only on in silico studies [10].

The objective of our study was to describe the evolution of
salivary SARS-CoV-2 viral load in COVID-19 outpatients receiving
mouthwashes with or without antivirals.

Materials and methods

A protocol of this trial has been published [21] and the trial
registered at ClinicalTrials.gov (NCT04352959).

Study design

The study was a multicentre, double-blind randomized
controlled trial with two parallel arms (1:1). Participants were
enrolled at four French hospital centres, and monitoring occurred
at home. Written informed consent was obtained from each
participant before enrolment.

The ‘Committee for the Protection of Persons South Mediterra-
nean [II’ (France) reviewed and approved the clinical trial protocol.

Assessed for eligibility (7=1195)

Enrolment

I - Pregnancy, breastfeeding (n=7)

Excluded (n= 1019)

+ Not meeting inclusion criteria (1 =599)
- Clinical symptoms for more than 8 days (1 =381)
- Age (1 =130)
- Inability to comply (1 =78)

- Regular use of mouthwash (n=23)
+ Declined to participate (n=173)
+ No trained staff available at that time (7 =137)
+ Unavailable (n=96)
+ Living outside area (n=14)

| Randomized (n=176) |

1 v
1 Allocation J

Allocated to CDCM (n =88)

+ Received allocated intervention (n=87)

+ Did not receive allocated intervention (n=1)
Immediate withdrawal of consent (n=1)

Follow Up l

Allocated to placebo (17 =88)
+ Received allocated intervention (7 = 88)

Lost to follow-up (7 =1)
Discontinued intervention (7 = 10)
Health reasons (n=2)
Withdrawal of consent (n=4)
Treatment forgotten (1 =1)
Included according to symptoms but
negative PCR (n=1)
Technical problem (n=2)

. o |

Lost to follow up (7 =1)

Discontinued intervention (n =9)
Hospitalization (n=2)
Health reasons (n=2)
Withdrawal of consent (n=1)
Treatment forgotten (n=1)
Back in class (n=1)
Technical problem (n =2)

Intention-to-treat analysis (7 =88)

Per-protocol analysis (n=76)

Intention-to-treat analysis (7 =88)

Per-protocol analysis (7 =78)

Fig. 1. BBCovid trial profile.

10.1016/j.cmi.2021.05.028

Please cite this article as: Carrouel F et al., Use of an antiviral mouthwash as a barrier measure in the SARS-CoV-2 transmission in adults with
asymptomatic to mild COVID-19: a multicentre, randomized, double-blind controlled trial, Clinical Microbiology and Infection, https://doi.org/



http://ClinicalTrials.gov

E Carrouel et al. / Clinical Microbiology and Infection xxx (Xxxx) xxx 3

Table 1
Baseline characteristics of the study groups (intention-to-treat analysis)
CDCM Placebo
Gender, n/N (%)
Male 41/88 (46.59%) 39/88 (44.32%)
Female 47/88 (53.41%) 49/88 (55.68%)
Age (years) n =88 n =88
Mean + SD 42.06 + 14.97 44.08 + 16.16

Median; range (IQR)
No co-morbidity, n/N (%)

41.5; 18—76 (30—52)
65/82 (79.27%)

42; 18—77 (30—56)
65/85 (76.47%)

Diagnosis to inclusion n =87 n=283

time (days)

Mean + SD 3.71 + 4.11 2.84 + 1.57

Median; range (IQR) 4; 0-38 (2—-4.5) 3; 0-8(2—4)
Initial place of care, n/N (%)

Home 80/85 (94.12%) 77/84 (91.67%)

Hospital 5/85 (5.88%) 6/84 (7.14%)

Nursing care 0/85 (0.00%) 1/84 (1.19%)
Diagnostic delay to n =387 n=_84

day 1 (days)

Mean + SD 43 +3.34 3.61 +1.48

Median; range (IQR) 4; 0—-31 (3-5) 4;1-8 (3-5)
Delay clinical signs to n=76 n=2382

day 1 (days)

Mean + SD 5.59 + 1.54 5.46 + 1.67

Median; range (IQR) 6; 2—9 (4.75-7) 6; 1-9 (4.25-7)
Delay PCR to day 1 (days) n=285 n=284

Mean + SD 4.11 +1.53 3.73 £ 145

Median; range (IQR) 4; 1-8 (3-5) 4; 0—-8 (3—5)

Abbreviations: CDCM, B-cyclodextrin-citrox mouthwash; IQR, interquartile range;
SD, standard deviation.

The study was conducted in compliance with the principles of the
Declaration of Helsinki.

Participants

The population was ambulatory adults with asymptomatic and
mild clinical COVID-19 symptoms who had voluntarily presented at
the hospital for a screening qualitative PCR test. Asymptomatic
patients are defined as individuals without clinical signs whereas
mild corresponds to outpatients and patients with clinical symp-
toms without pneumonia manifestations on image results [22].

Eligibility was restricted to adults aged 18—85 years old with a
clinical diagnosis of COVID-19 infection, asymptomatic or mild
clinical symptoms that had been present for <8 days, virological
confirmation, an understanding and acceptance of the trial and
written agreement to participate in the trial.

The exclusion criteria were pregnancy, breastfeeding, an
inability to comply with the protocol, a lack of written agreement,
mouthwash use on a regular basis (more than once a week), an
inability to answer questions and a lack of cooperation.

Randomization and masking

Eligible patients were randomly assigned (1:1) to either the
CDCM group or the placebo group. The randomization sequence
with permutation blocks of size 4 was prepared using e-CRF Voo-
zalyon 1.3 (Voozanoo, Caluire, France) (see Supplementary mate-
rial, Appendix S1).

Once enrolled, participants each received three 200 mL medi-
cation vials. Each vial contained either a mouthwash containing the
antiviral components (B-cyclodextrin (0.1%) and citrox (0.01%)) or
placebo, which had similar appearance and content but without the
above-mentioned antiviral components; the labels on the vials were
identical. All participants, investigators, statisticians and laboratory
staff were masked to medication vials and treatment allocation.

Procedures

Participants were instructed to use three mouthwashes per day
(at 09.00, 14.00 and 19.00), with either 30 mL of CDCM or placebo,
both provided by Curaden AG (Kriens, Switzerland) for 1 min (see
Supplementary material, Fig. S1). Participants were instructed to
collect their saliva by trained nurses using the ‘Saliva Collection
System’ kit (Greiner Bio-one, Kremsmiinster, Austria). Saliva sam-
pling was performed on the first day at T1 (09.00, before the first
mouthwash) and then at T2 (13.00) and T3 (18.00). On the
following 6 days, only one sample was taken at 15.00. The rationale
for performing the pure saliva sampling before and not after the
mouthwash was to collect the amount of viral load that had accu-
mulated in the previous hours following the previous rinsing.

SARS-CoV-2 RNA detection and quantification were performed
at laboratories of the National Reference Centre for Respiratory
Viruses (Lyon, France) (see Supplementary material, Appendix S1
and Table S1). The viral load in saliva was calculated as the num-
ber of RNA copies per mL of saliva.

Outcomes

Primary outcome measures included changes from baseline
SARS-CoV-2 in salivary samples at two time-points, 4 and 9 hours,
within 1 day after the first intake. Secondary outcome measures
included changes from baseline SARS-CoV-2 in salivary samples at
6 days after the first dose.

Statistical analysis

Sample-size calculations were estimated using the freeware
STPLAN (Version 4.5, Department of Biomathematics, University of
Texas MD, USA). The sample size was based on a minimal viral load
difference of 1 logyp copies/mL between placebo and CDCM groups,
a common standard deviation of 2 logg copies/mL, a power of 0.9
and a type I error of 5%. It was calculated that at least 70 individuals
per group would be necessary. With an estimated drop-out rate of
25%, 88 individuals per group were required (unilateral test).

Intention-to-treat analyses were performed on the imputed
data from all randomized patients using Multiple Imputation by
Chained Equations, based on a Monte Carlo—Markov chain algo-
rithm under missing at random data hypothesis. We performed a
paired non-parametric Wilcoxon signed rank test with Bonferroni
correction comparing the decrease of viral load over time: T1
versus T2, T1 versus T3 and T1 versus day 7 in both groups. Then
the two groups were compared at each time thanks to a non-
parametric Mann—Whitney U test. Finally, a mixed-effect linear
model (viral load repeated data along time from day 1 T1 to day 7)
was performed with group (CDCM/placebo) as fixed effect and in-
dividuals as random effect.

Additionally, per-protocol analysis using the same methodology
as the intention-to-treat analyses was performed based on partici-
pants with a complete set of outcome data at day 1.

Post hoc subgroup analyses were performed on the data sets with
Day 1 T1 values starting at the first quartile (Q1, patients' baseline
viral load >2.94 logip copies/mL (intention-to-treat) or 2.95 logio
copies/mL (per-protocol)), the second quartile (Q2, patients' baseline
viral load >4.01 log1o copies/mL; 4.12 log1o copies/mL (per-protocol))
and the third quartile (Q3, patients' baseline viral load >5.03 logig
copies/mL; >5.16 logio copies/mL (per-protocol)).

Except for the Mann—Whitney U test, the other tests were based
on the unilateral hypothesis (H1: CDCM < placebo). All analyses
other than sample-size calculations and graphic illustrations were
performed using R (version 3.6.0, The R Foundation for Statistical
Computing Platform).

10.1016/j.cmi.2021.05.028

Please cite this article as: Carrouel F et al., Use of an antiviral mouthwash as a barrier measure in the SARS-CoV-2 transmission in adults with
asymptomatic to mild COVID-19: a multicentre, randomized, double-blind controlled trial, Clinical Microbiology and Infection, https://doi.org/




4 E. Carrouel et al. / Clinical Microbiology and Infection xxx (xXxx) xXx

(a) : (b)

__ 100 T
o 8
8. ° 25
o 75 [=)
2 =3
g L § i !
‘g o) @ 00 l ]
o 50 5 CDCM 2 ! !
b 4 =i Placebo © |
k Al o H
> -~ - 3 !
o - S 25
3 25 £
3 2 =
& )
14 >o -5.0
b Q
0 9
ek ke = S aaal Ul 4
0.0 : ] ; % L L
D1T1 DIT2 D1T3 cbem Placebo
(c) (d) 5
10.0- £ 4 - ‘
Q.
2 8
| e 2 :
8 75 g |
2 = } !
=] Q i {
S ) e o | !
=1 8¢ ; 5
@ p| 1 0 H
o 50/ VY o o R cDeMm % | '
E 4 Placebo o o ‘ |
> $ 8 3 ! |
o = 3 )
3 25 B g
0 = gl
& ;
2 3
< o
w 1
9 6
0.0 2
' . ; J < .
D1T1 D1T2 D1T3 » cDEM placebi
Ty
__100] S
-d (]
£ g :
8 o !
aQ = | i
8 75 : 20 I :
9 . = 3 4
@ S S i
g ! ) 2 1 :
= . - @ !
e} + - Y 4
3 5.01 o - <1CDCM g -2 {
E P " 2. - ' Placebo g
£ ~| 3 RS o
3 3 . 2
> B gl
Q 25 = -4
o (]
@ >
% )
3 3
0.0 b - D -6
; ; ; <
D1T1 D1T2 D1T3 0 cpem Placebo
] iy
100/ £ of
= [}
E 2
8 8 |
2 e |
8 75 2 0 ]
° ) = x
[=] . ® = e
k) 2 ; :
k AT 2 ! :
© A
o 50 X ‘ +ICDCM £ -21
B —— 5 & Placebo g
> o
5 - g
> i ©
5 2.5 £ 4
@Q o
£ 3
0 Q
0.0+ &) 61
D1T1 D1T2 D1T3 & cbem Placebo

Fig. 2. Evolution of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) salivary load within the mouthwash cohorts at day 1 (intention-to-treat analysis). (a) Evolution
for all patients. (b) SARS-CoV-2 viral load difference between T1 and T2 for all patients. (c) Evolution for patients with a SARS-CoV-2 viral load >2.94 logyo copies/mL at day 1 T1. (d)
SARS-CoV-2 viral load difference between T1 and T2 for patients with a SARS-CoV-2 viral load >2.94 logyo copies/mL at day 1 T1. (e) Evolution for patients with a SARS-CoV-2 viral
load >4.01 logyo copies/mL at day 1 T1. (f) SARS-CoV-2 viral load difference between T1 and T2 for patients with a SARS-CoV-2 viral load >4.01 log;o copies/mL at day 1 T1. (g)
Evolution for patients with a SARS-CoV-2 viral load >5.03 logqo copies/mL at day 1 T1. (h) SARS-CoV-2 viral load difference between T1 and T2 for patients with a SARS-CoV-2 viral
load >5.03 logyo copies/mL at day 1 T1.
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Table 2
Salivary SARS-CoV-2 load evolution for the CDCM and placebo groups (intention-to-treat analysis)
CDCM Placebo p value®

Global n =88 n =88

Day 1Tl
Median (IQR) 4.05 (2.94—4.96) 3.85 (2.97-5.08)

Day 1 T2 n=288(ID=7) n=288(ID=5)
Median (IQR) 3.33 (2.29-4.23) 3.60 (2.07—4.83)
Median difference T1—T2 (IQR) —0.38 (—1.39 to 0.00) —0.15 (—0.97 to0 0.33) 0.036
p value® <0.001 0.039
% decrease T1—T2 median (IQR) —12.58% (—29.55% to —0.16%) —6.74% (—21.16% to 10.44%)

Day 1 T3 n=88(ID=11) n=88(ID=7)
Median (IQR) 3.08 (0—4.19) 3.31(1.18-4.75)
Median difference T1-T3 (IQR) —0.24 (—1.55 to 0.06) —0.30 (—1.23 to 0.22) 0.270
p value® <0.001 0.002
% decrease T1—T3 median (IQR) —10.67% (—37.30% to 3.25%) —9.79% (—28.53% t0 9.21%)

Day 7 n=288(ID = 14) n=288(ID =19)
Median (IQR) 0(0—1.34) 1.62 (0—-1.70)
Median difference T1—day 7 (IQR) —2.07 (—4.03 to —0.50) —2.11 (—3.35 to —0.86) 0.388
p value® <0.001 <0.001

% decrease T1—day 7 median (IQR)
Mean difference
MLM p value® 0.112

—58.62% (—100% to —34.36%)
—0.17 (90% CI —0.39 to 0.06)

—50.62% (—100% to —27.66%)

Abbreviations: CDCM, B-cyclodextrin-citrox mouthwash; ID, imputation data; IQR, interquartile range; MLM, mixed linear model; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.

Data are expressed in log;o copies/mL of saliva or in % for the % of variation calculated with values expressed in log;o copies/mL.
2 Mann—Whitney U test of the differences with a unilateral alternative hypothesis (H1 CDCM < Placebo).

b Wilcoxon rank signed test of the differences.

¢ Mixed linear model of the concentrations over time with a unilateral alternative hypothesis (H1 CDCM < Placebo).

Results
Study design and analysis set

This trial [21] was conducted between 9 June and 11 December
2020. Out of 1195 selected patients, 176 met the inclusion criteria
and were randomized. These patients constituted the intention-to-
treat population (Fig. 1). The baseline characteristics of the two
study groups were similar (Table 1). The mean age was
43.06 + 5.56 years, ranging from 18 to 77 years; 80/176 (45.45%) of
patients were male. A total of 157/169 (92.90%) were outpatients,
and 130/167 (77.84%) of participants had no medical antecedents.
Among the participants, 15/175 (8.57%) were asymptomatic and
160/175 (91.43%) had mild symptoms, with 3.58 + 2.25 of the
symptoms on the COVID-19 report forms. Participants were ran-
domized within 4 days (interquartile range (IQR) 3—5 days) of
symptom onset. The first saliva specimens were collected at a
median time of 4 days (IQR 3—5 days) after nasopharyngeal PCR-
positive results. Median initial viral load was 4.01 logyo copies/mL
(IQR 2.94—5.03 logio copies/mL, range 0—10.19 logyo copies/mL).
The first quartile (Q1) corresponded to a viral load starting at 2.94
log1p copies/mL, whereas the second (Q2) corresponded to a viral
load starting at 4.01 logip copies/mL, and the third (Q3) corre-
sponded to a viral load starting at 5.03 logp copies/mL.

Change in SARS-CoV-2 salivary viral load during the first day for all
the patients

The SARS-CoV-2 salivary load continuously decreased between
T1-T2 and T2—T3 for the CDCM group and the placebo group
(Fig. 2). The median viral load was lower in the CDCM group
compared with the placebo group at T2 and T3. A significant dif-
ference was observed in viral load reduction in the before—after
comparison of the same patients receiving CDCM versus no dif-
ference for the placebo group from T1 to T2 (p 0.036) (Table 2). The

percentage median decrease (logio copies/mL) was —12.58% (IQR
—29.55% to —0.16%) for CDCM versus —6.74% (IQR —21.16% to
10.44%) for placebo. At T3, the salivary viral load decreases were
significant for both groups compared with T1 (CDCM: p < 0.001;
placebo: p 0.002). However, no significant difference between the
two groups was detected. Similar results were obtained with the
per-protocol analysis (see Supplementary material, Tables S2, S3
and S4 and Fig. S2).

Change in the SARS-CoV-2 salivary viral load during the first day
based on patients' baseline viral load

The time-by-time outcomes on day 1 according to the initial
salivary load were analysed in three subgroups based on the
quartiles. The descriptive results and the quantitative results are
presented in Fig. 2 and the Supplementary material (Table S5).

For patients with an initially salivary SARS-CoV-2 load >2.94
log1g copies/mL, there was a significant difference in the reduction
in the viral load between T1 and T2. CDCM had an effect, whereas
the placebo did not (p 0.036). The salivary viral load significantly
decreased over the T1—T3 period for both groups; however, there
was a more positive impact (logqg copies/mL) for the CDCM group
(—15.74%, IQR —38.53% to —1.48% for CDCM versus —10.84%, IQR
—28.65% to 3.82% for placebo).

For patients with an initial salivary SARS-CoV-2 load >4.01 logyo
copies/mL, the results did not show a significant difference be-
tween CDCM and placebo at T2 (p 0.182) or T3 (p 0.257). The me-
dian percentage decrease (logqg copies/mL) between T1 and T3 was
—16.35% for CDCM (IQR —37.42% to —3.56%) and —12.30% for pla-
cebo (IQR —27.19% to 1.53%).

For patients with an initial SARS-CoV-2 saliva load >5.03 logyo
copies/mL, the quantitative results showed no significant difference
between the two groups for periods T1—-T2 and T1—-T3. The median
percentage decrease (logip copies/mL) at T1—-T3 was —24.14% for
CDCM (IQR —41.05% to —4.49%) and —14.15% for placebo (IQR

10.1016/j.cmi.2021.05.028

Please cite this article as: Carrouel F et al., Use of an antiviral mouthwash as a barrier measure in the SARS-CoV-2 transmission in adults with
asymptomatic to mild COVID-19: a multicentre, randomized, double-blind controlled trial, Clinical Microbiology and Infection, https://doi.org/




6 E. Carrouel et al. / Clinical Microbiology and Infection xxx (xXxx) xxx

(a)

10.01
7.5

= (DCM
Placebo

5.01

2.5]

SARS-CoV-2 viral load (logsq copies/mL)

0.0 ™ Lo 1 ) 1 e ) B il o | 2 = |12 | b P | B2 =

(b)

10.01

7.51

5.0/ [er eV}

! Placebo

2.5

SARS-CoV-2 viral load (log;, copies/mL)

0.0 LM 2L o L sl L e L —
DIT1 D1T2 D1T3 D2 D3 D4 DS D6 b7

(c)

10.0
7.51

5.0 : CDCM

Placebo

2.5

SARS-CoV-2 viral load (logs copies/mL)

D1T1 D172 D1T3 02 D3 04 D5 06 7

(d)

10.0¢

= , 4 R | . .
507 ~ 3 : 55 s > ) 5 cDem
Ll ‘ 7 ‘ . [ ol { Placebo

2.51

SARS-CoV-2 viral load (logs, copies/mL)

0.01 s = d

D1IT1 D1T2 D1T3 D2 D3 D4 D5 D6 D7

Fig. 3. Evolution of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) salivary load within the mouthwash cohorts from day 1 to day 7 (intention-to-treat analysis). (a)
Evolution for all patients. (b) Evolution for patients with a SARS-CoV-2 viral load >2.94 log;o copies/mL at day 1 T1. (c) Evolution for patients with a SARS-CoV-2 viral load >4.01
log1o copies/mL at day 1 T1. (d) Evolution for patients with a SARS-CoV-2 viral load >5.03 log;o copies/mL at day 1 T1.

—27.71% to —4.21%). Similar results were obtained with the per- A continuous decrease over the 7 days for the CDCM group and
protocol analysis (see Supplementary material, Table S6). the placebo group was observed (Fig. 3). At day 7, no significant
difference between patients receiving CDCM and those receiving

placebo was observed (p 0.388) (Table 2, and see Supplementary

Change in SARS-CoV-2 salivary viral load at 7 days for all the material, Table S4). In both groups, the viral load was significantly
patients lower on day 7 than on day 1 T1 (p < 0.001). With the linear mixed
model, a higher but non-significant (p 0.112) reduction in the viral

The changes from baseline in the amount of SARS-CoV-2 in load was observed in the CDCM group (mean difference —0.17
salivary samples at 7 days were analysed as intention-to-treat. logip copies/mL, 90% CI —0.39 to 0.06). Similar results were
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obtained with the per-protocol analysis (see Supplementary ma-
terial, Table S4, Figs S3 and S4).

Change in SARS-CoV-2 salivary viral load at 7 days based on
patients' baseline viral load

At day 7, the median salivary viral load was always lower for the
CDCM group than for the placebo group (Fig. 3). No significant
differences between the two groups were observed (Table 2). For
initial salivary loads >5.03 logy copies/mL, the median percentage
decrease (logyg copies/mL) at day 7 compared with that at T1 for the
CDCM group versus the placebo group was —84.28% (IQR —100% to
—36.52%) versus —44.20% (IQR —59.59% to 33.61%). With the linear
mixed model, a more significant reduction in the viral load was
observed for patients with an initial viral load >4.01 logo copies/
mL in the CDCM group; mean difference —0.25 logyg copies/mL
(90% CI —0.47 to —0.04; p 0.028). Likewise, the analysis of patients
with an initial viral load >5.03 logqg copies/mL indicated a mean
difference in the CDCM group versus the placebo group of —0.36
log10 copies/mL (90% CI —0.64 to 0.08; p 0.019). Similar results
were obtained with the per-protocol analysis (see Supplementary
material, Table S5, Figs S3 and S4).

Discussion

The primary end-point demonstrated an effect of CDCM versus
placebo. A single CDCM rinse significantly reduced the risk of SARS-
CoV-2 contamination from saliva. Over the course of 1 day, the first
CDCM rinse significantly reduced the viral load, and the second
dose maintained this low value, compared with placebo.

The post-hoc analysis based on patients' baseline viral load led
to several observations. First, among participants with an initial
load >2.94 logyg copies/mL, a significant decrease in the CDCM
group was observed in the 4 hours separating T2 from T1. Second,
their salivary viral load significantly decreased over the T1 to T3
period in both groups; however, there was a more positive impact
in the CDCM group than in the placebo group. The decrease
observed in the placebo group could be explained by the natural
decrease in salivary viral load over the course of a day, by the effect
of oral rinsing or by the presence of excipients that can be
considered as potential active ingredients [23]. Third, for patients
with initial loads >4.01 logjo copies/mL, a higher but non-
significant percentage of viral load reduction was observed for
the CDCM group than for the placebo group. One hypothesis is that,
for participants with the highest viral load, the frequency of
mouthwash use could be insufficient to significantly impact the
viral load within a short period of time.

Moreover, the post-hoc analysis based on patient age concluded
that the age was not related to initial viral load at day 1 T1
(Spearman correlation test, p 0.07), nor to the evolution up to day 1
T1 (Spearman correlation test, p 0.74). No impact over time was
observed (mixed linear model p 0.302).

Concerning the antiviral load responses to mouthwashes on day
7, our trial provided unclear evidence for the general population. By
eliminating the fluctuation effect, there was a greater drop in
salivary viral load over time in the CDCM group. For patients with
an initial viral SARS-CoV-2 load >4.01 logjp copies/mL or >5.03
log1o copies/mL, CDCM significantly reduced the salivary viral load
more quickly than placebo.

Our study had limitations related to the time elapsed from the
first salivary collection to the time delay estimate for adults without
clinical symptoms. Thirty per cent of individuals with infection
never develop symptoms [24,25]. Since infectivity appears to peak
at or before symptom onset, the initial viral load data underesti-
mate the salivary concentration load of the general population

during the incubation period [26]. Second, in our RCT, the propor-
tion of missing data was 12% (13% in the Active group; 11% in the
Control group). The reasons for missing data—completely random
missing data, random missing data and non-random missing
data—were not specified. Third, in both groups, some participants
had no SARS-CoV-2 load at day 1 T1(28/176, 15.9%). These data may
have affected the power of the tests and/or affected the viral load
reduction values. Moreover, due to the recruitment period
(June—December 2020), the question of extrapolation of the results
to variant strains that have emerged since that time arises.

Conclusion

CDCM had a significant beneficial effect on reducing SARS-CoV-
2 salivary viral load in adults with asymptomatic or mild COVID-19,
4 hours after the initial dose. For long-term effect, the benefit to
recommend CDMC appears limited, even if three daily rinses had a
beneficial effect on reducing the SARS-CoV-2 salivary viral load
7 days after the initial intake in adults with high salivary viral loads
at baseline. CDMC appears to provide a modest benefit compared
with placebo in reducing viral load in saliva.
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