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Abstract

Purpose The scope of this research endeavor was the determination of the applicability of over the counter mouthwash
solutions in reducing the viral load in the saliva of COVID-19 patients and hence decreasing their infectivity. Beyond that,
new experimental mouthwashes were investigated in terms of a possible positive immune modulation, which might offer an
additional opportunity for a positive pharmaceutical effect.

Methods The effectivity of the mouth washing solution was determined on 34 hospitalized COVID-19 patients by measuring
the viral load by RT-qPCR in pharyngeal swabs, which were taken before and after rinsing. The inflammatory modulation
thru the experimental solutions was assayed in an in vitro model of virus infected nasopharyngeal epithelium cells.

Results 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. 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.

Conclusion We recommend the application of mouth wash solutions to COVID-19 patients, since our results indicate a
reduction in infectivity and might govern the protection of health care professionals. Further improvement to the over the
counter formulation can be made by utilizing zinc and dexpanthenol, as they which might be beneficial for the patients’ health.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) as the cause of coronavirus infectious dis-
ease 2019 (COVID-19). COVID-19 has become a global
source of morbidity, mortality and social disruption since
its emergence in Asia in late 2019 and subsequent pan-
demic spread. Despite intense efforts including vaccina-
tion campaigns, the virus pandemic continues requiring
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further preventive measures. Due to the airborne trans-
mission, the use of antiseptic mouth rinses against SARS-
CoV-2 seems an obvious possibility to reduce the viral
load and thereby decrease the likeliness of viral transmis-
sion. Mouthwashes are widely used solutions, to reduce
the number of micro-organisms in the oral cavity and
colony-forming units in aerosols [7]. Since SARS-CoV-2
enters cell via the ACE-2 receptor and ACE-2 is highly
expressed in salivary glands and oral cavity epithelial cells
[6, 31], SARS-CoV-2 shows a high reproduction rate in
oral tissues. Hence it is suspected that the saliva in the
oral cavity may act as a potential reservoir for the trans-
mission of the highly contagious novel coronavirus. In
accordance with that, SARS CoV-2 has been detected in
high amounts in the saliva of the COVID-19 patients [28].
Further studies identified saliva as a source of viral spread
[17], mainly because viruses can be transmitted through
aerosol generation from the oral cavity through increased
pressure due to coughing, sneezing or speaking (reviewed
in [16]. Hence commonly applied over-the-counter mouth

@ Springer


http://orcid.org/0000-0002-9274-5645
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-021-06873-8&domain=pdf

European Archives of Oto-Rhino-Laryngology

rinses could be an easy application to reduce the over-
all infectivity of COVID-19-positive patients. Numerous
investigations were already undertaken to reduce the viral
load in COVID-19 patients by gargling with mouth rins-
ing solution. Several over-the-counter mouthwash prod-
ucts showed promising results in in-vitro experiments
[18, 19]. Until recently, only povidone iodine was able to
show promising results in clinical practice and was inves-
tigated in controlled clinical trials utilizing larger study
populations [3]. The larger population (> 1000) made it
possible to detect positive changes in the clinical burden.
The authors even suggested a decrease in mortality upon
application of this strong virucidal agent. Unfortunately,
side effects, e.g. disturbance of epithelial barrier [24] or
thyroid dysfunction occurred in patients exposed to long-
term povidone iodine gargling [8]. Notably, a minor viral
clearance of the throat was already achieved by physical
means via gargling with tap water [20]. This effect might
be enhanced by utilizing surfactant based cleaning prod-
ucts like baby shampoo known to inactivate SARS-CoV-2
in vitro [11, 19]. The reduction of viral load via the mouth
washing procedures may be affected by ingredients already
used for oral health care products.

It is known that many species of viruses, including
SARS-CoV-2, have evolved mechanisms to dampen the
antiviral effect of inflammation caused by interferon-beta
(IFN-B), MX-1 or OAS-1 [5], but simultaneously enhanc-
ing the inflammatory signaling (via IL-6 and various
CXCLs). This will promote the fatal inflammatory state
of the infected tissue [1, 9]. Particularly, GM-CSF was
reported to be higher in critically ill patients [29] and high
expression of CXCL-9, CXCL-10 and interleukin-6 (IL-6)
resulting in a poor prognosis in SARS-CoV-2 infections
[2, 13, 27]. Only the glucocorticoid dexamethasone pro-
vides a unique anti-inflammatory effect able to provide
control against a cytokine storm and improves clinical
outcome [22].

In this combined in vitro and in vivo study, we investi-
gated the clinical action of an over the counter mouth wash
and tried to find starting points for an optimized formula-
tion of an experimental mouth rinse formulations based
on in vitro experiments. Our clinical data determined the
reduction of the viral load of SARS-CoV-2 infected hos-
pitalized patients upon application of an over-the-counter
product. Furthermore, the in vitro experiments with anti-
inflammatory agents known for insignificant side effects
were conducted. One was dexpanthenol, which is known
to reduce inflammation and IL-6 release in respiratory epi-
thelium [15] and zinc known to decreases NF-kB activation
resulting in decreased expression of proinflammatory target
genes [12]. By this, we intended to restore a proper inflam-
matory response in epithelial cells which is thrown out of
balance by a viral infection.
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Materials and methods
Cell culture

For culture of nasopharyngeal epithelium tissue extracted
during head and neck surgery was utilized. Immediately
after removal the tissue was stored on ice and transported
to the cell culture lab. After removing excess connective
tissue and clotted blot the mucosa was chopped into small
pieces (approx. 2mm?) and digested with collagenase
(0.375 U/ml in PBS, NB4; SERVA Electrophoresis GmbH,
Germany) at 37 °C for 2 h. If necessary, erythrocyte lysis
buffer (155 mM NH,CI, 10 mM KHCO;, 0,1 mM EDTA
at pH 7.3) was applied after centrifugation of the suspen-
sion and decantation of the collagenase. Subsequently,
the pelleted cells were resuspended in PneumaCult™-Ex
Plus media (STEMCELL Technologies Inc., Canada) and
cultivated for 3—7 days in T25 cell culture flask (Sarstedt,
Germany). During this time the media was changed every
second day. Following this pre-cultivation, the cells were
detached with Accutase (Capricorn, Germany), seeded in
the designated multiwall plates (Starlab, Germany) and
further processed for the experiments described below.

TLR-3 stimulation and screening of inflammatory
mediation by test substances

To simulate viral infection cells were seeded in
PneumaCult™-Ex Plus media with a density of 10* cells
per cm? in six well plates. After 24 h the cells were incu-
bated with different concentrations of the TLR-3 agonists
Poly (I:C) or 10 pg/ml Poly (I:C) in combination with 1%
(v/v) of the test substances A-F or 5% of the test sub-
stances E*, F* and D. After 4 h of incubation at 37 °C
with 5% CO, the cells were further processed for RNA

isolation and RT-qPCR.

RT-qPCR

The cells were washed two times with PBS and the mRNA
was derived from the homogenized cells suspension by a
RNA extraction kit (innuPREP DNA/RNA Mini Kit 2.0;
Analytik Jena, Germany) and transcribed to cDNA (Rever-
tAid First Strand cDNA Synthesis Kit, Thermo Fisher,
USA). RT-qPCR was performed using the magnetic induc-
tion cycler (MIC, BMS, Australia) utilizing a ready to use
master mix (Luna Universal gPCR Master Mix; NEB,
USA) containing 200 nM Primer (Table 1) in a 10 pl sam-
ple volume as technical triplicate. As reference gene for
quantification served the GAPDH transcript.
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Table 1 Primers utilized in this study

TNF fw/rev

AAG CCC TGG TAT GAG CCC ATC TAT

AGG GCA ATG ATC CCA AAG TAG ACC

IL6 fw/rev
CXCL-9 fw/rev
CXCL-10 fw/rev
GMCSF fw/rev
IFNB fw/rev
OAS1 fw/rev
MX1 fw/rev

CCTGCATCAGCACCAACCAA

TCATCTGGCCGGTCTCACTC
GACGCCGCATTGACCATCTA

GCAAAGAGGCACTGGCAGAAAACA

CCTTTCCCATCTTCCAAGGGT

CCTGGTTGTCTTCCTCAGTCC
AAGATGGTTGTTTCCGAAGTGG

TTCTGCAGGAACTGGATCAGGACT
TTTTCTCGCAGGAAGGGCTTG
GGAGGATGGCAGTGGAAGTC
TCATCTGGCCGGTCTCACTC
TCTCATTCCAGCCAGTGCTA
CTGGACCTCAAACTTCACGGA
TCAGTAATAGAGGGTGGGATGC

Clinical pilot study

The clinical pilot study was conducted in the Department
of Otolaryngology, Head and Neck Surgery, Campus
Klinikum Bielefeld, Bielefeld University. 34 SARS-CoV-2
positive hospitalized patients were recruited for an obser-
vational study approved by the ethical committee of Ruhr-
Universitit Bochum (Bad Oeynhausen, Az 2020-726_1)
and gave their informed consent prior to their inclusion
in the study which was conducted in accordance with the
ethical standards laid down in the Declaration of Hel-
sinki. The patients gargled the mouthwash (Linola sept,
Dr. August Wolff GmbH & Co KG, Bielefeld/Germany)
for 1 min. Directly before and 5 min after gargling phar-
yngeal swabs using a standardized protocol were taken
and sent for SARS-CoV-2 analysis (Labor Krone, Bad Sal-
zuflen/Germany). 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 the
S-, N- and R-genes with cycle threshold (Ct) for SARS-
CoV-2 was performed (Seegene, Seoul, Korea, according
to the suppliers instructions). For the analysis the most
sensitive S-gene Ct-values (pre and post rinsing) descrip-
tive statistics were used. In case of missing Ct-values pre
rinsing, data were excluded from the descriptive statistics.
Missing Ct-values post rinsing (no virus detected) were
replaced with a Ct-value of 37 for statistical reasons. Ct of
37 indicates a minimal existing viral load. The viral load
was derived from the Ct value with the aid of a regression
curve obtained from a solution containing a standardized
viral load. 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.

To investigate the temporal development of the phar-
yngeal viral load patients we sampled the viral load of
five patients at different time points (0 h, 2 h, 4 h and 6 h)
after gargling.

Results

Screening for interesting formulation of mouth
wash and establishment of cell culture model
to investigate the modulation of inflammation

Different test substances were supplied to the laboratory
(Table 2).

Test substance A—B are commercially available product
whereas already established as a mouth wash the all the other
substances were experimental formulations. First, all test
substances (Table 2) were assayed for in vitro biocompatibil-
ity via an MTS assay and their anti-inflammatory properties
(Fig. 1a). The test substance A and C exhibited no effect on
the vitality. The test substance D showed a positive effect on
the vitality of epithelial cell, with a significant elevation of
10% above the ground level at 0.5% and 1% v/v. In contrast
to that, the test substance B decreased the metabolic activity
of the assayed cells. This decrease was dose dependent and
can be estimated to lay around 10% at 0.5% v/v and around
20% at 1% v/v. The test substance E showed only a slight
but not significant elevation above the ground level. The test
substance F showed a significant decrease around 5% at low
concentrations (0.0625% and 0125% v/v). This was balanced
out at higher concentration. Hence all substances except of
B demonstrated a fair in vitro biocompatibility.

Subsequently, we assayed all test substances according to
their anti-inflammatory properties. In order to optimize the
simulation of a viral infection in our epithelial cell popula-
tions in vitro, Poly (I:C) was administered with 1 ug/ml,
3 pg/ml and 10 pg/ml to determine the optimal dose, to
measure inflammatory and immune-modulatory cell sign-
aling pathways in primary cell cultures and find the most
sensitive inflammatory markers to measure the pharmaceu-
tical effect of the test substances. TNF-a showed a similar
and robust upregulation already at 1 pg/ml and can be used
as marker for TLR-3 induced inflammation. At a concentra-
tion of 10 pg/ml Poly (I:C) a stable and strong upregulation
of all key inflammatory mediators was observed (Fig. S1).
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Table 2 The formulations of the different test substances investigated regarding their inflammatory modulation

Name Product/composition

A 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

B Karex® Mouthwash: aqua, glycerin, hydroxyapatite, xylitol, aroma, disodium pyrophosphate, tetrapotassium, pyrophosphate, zinc pca,
hydroxyethylcellulose, propylene glycol, sodium methyl cocoyl, taurate, sodium hydroxide, aloe barbadensis leaf juice powder, chamo-
milla recutita flower, extract, cetylpyridinium chloride, potassium acesulfame

C Second Source Biorepair®: aqua, glycerin, zinc hydroxyapatite, xylitol, cellulose gum, microcrystalline cellulose, aroma, peg-40 hydro-
genated castor oil, hydroxyethylcellulose, zinc pca, allantoin, sodium methyl, cocoyl taurate, sodium myristoyl sarcosinate, propylene
glycol, sodium hyaluronate, sodium, saccharin, sodium hydroxide, sodium chloride, phenoxyethanol, benzyl alcohol

D Aqua, carrageenan, zinc acetate and zinc PCA (pyrrolidone-carboxylate), dexpanthenol, sodium hyaluronate, sodium benzoate, citric
acid

E Aqua, carrageenan, zinc acetate and zinc PCA (pyrrolidone-carboxylate), dexpanthenol, sodium hyaluronate, phenoxyethanol, citric acid

F Aqua, carrageenan, zinc PCA (pyrrolidone-carboxylate), phenoxyethanol

E* Aqua, zinc, dexpanthenol

F* Aqua, zinc

D Aqua, dexpanthenol
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Fig.1 Vitality of oral epithelial cells after incubation with the six
test substances. a The cells were incubated for 24 h with different v/v
ratios of the test substances. The vitality was measured in terms of
metabolic activity via an MTS assay. The test substance A, C and F
exhibited only minor effects on the metabolic activity. The test sub-
stance D and E showed a positive effect on the vitality of epithelial
cell. The test substance B decreased the metabolic activity of the
assayed cells. (one tailed Mann—-Whitney-U with 95% confidence

Therefore, we supplemented 10 ug/ml Poly (I:C) and 1%
(v/v) of the test substances into the medium for the inves-
tigation of inflammatory regulation through the different
substances (Fig. 1b). Only E and F showed the strongest
downregulation of the TNF-a expression initially induced
by TLR-3 stimulation (1.8-fold and 2.0-fold, respectively).

Applicability in cell culture of vitality of test
substances E and F and improvement for in vitro
testing

Test substances E and F were the most promising candi-
dates for further anti-inflammatory investigations. Beyond
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interval, **<0.01, ***<0.001) b The cell culture model of epithe-
lium treated with 10 pg/ml Poly (I:C) showed a reproducible strong
upregulation of inflammatory marker TNF-a. Interestingly, it also
showed a significant downregulation of this inflammation upon treat-
ment with 1% (v/v) of test substance A, E and F. (Depicted: mean and
standard deviation; 7 test with welch correction, two tailed with 95%
confidence interval, **<0.01)

this the substances E and F were the only ones with a simpli-
fied composition which allowed us to investigate the anti-
inflammatory potential of dexpanthenol and zinc in our cell
culture model. To gain a higher in vitro concentration of
these substances, without further dilution of the cell culture
medium, we investigated differently concentrated formula-
tions of these recipes.

Unfortunately, the test substances E100 and F100 showed
the decency to coagulate and precipitated components of
the cell culture medium (Fig. S2a). In contrast to that much
less coagulation even at high concentrations of 3% v/v were
observed in E10 and F10 formulations. Since we needed to
test if that amount of coagulation is negligible, we compared
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the viability in titration of E and E10 or F and F10, respec-
tively (Fig. S2b). Results demonstrated that test substances
E and E10 obtained similar outcomes compared to F and F10
and are likewise suitable for further in vitro testing. Since we
could detect unknown coagulum (cf. Fig. S2a), we decided
to keep the original concentration of the test substance for
further in vitro testing.

Subsequently, we investigated formulation E and F, which
were initially optimized as mouth gargle with regard to
improved suitability for in vitro culturing. To reduce intra-
cellular stress, which might alter the inflammatory response
of the culture, we removed the Carrageenan, utilized for its

gelling, thickening, and stabilizing properties, and the pre-
servative phenoxyethanol from the formulations E and F
and termed them E* and F*. Since E contained Zinc and
dexpanthenol as biological active ingredient and F only
contained zinc, we introduced a further test substance
containing the same concentration of dexpanthenol as in
E and termed this substance D. We again tested this new
test substance for their biocompatibility in an in vitro test
(Fig. 2). We found that this improved the in vitro biocompat-
ibility notably. Therefore, we decided to conduct the final
assessment of the inflammatory mediation by the test sub-
stance with the new formulations E*, F* and D, which were

Fig. 2 Viability of oral epithe-
lial cells treated with the four 100 - — E
test substances. The exclusion
of Carrageenan and phenoxyeth- F
anol resulted in a highly in vitro ~—~ 80—
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Fig. 3 Investigation of action of the test substances on cells treated
with the test substances E*, F* and D. Compared to the medium con-
trol (MC) a strong upregulation of all transcripts was observed upon
application of Poly (I:C) (P). More importantly, the expression of the
cytokines (TNF-a, IL-6, GM-CSF) and chemokines (CXCL-9 and
CXCL-10) was significantly downregulated by additional applica-
tion of test substance E*. Some were more sensitive to dexpanthenol

MC P PE*E*PF* F* PD D MC P PE*E*PF*F* PD D

(chemokines) and some susceptible to zinc (GM-CSF). The anti-
viral transcripts (INF-B, MX-1 and OAS-1) on the other side were
slightly upregulated (MX-1 by F*), slightly downregulated (OAS-1
by zinc +dexpanthenol) or not influenced at all (INF-f) (¢ test with
welch correction, two tailed with 95% confidence interval,* <0.05,
*#k <001, ***<0.001, ****<0.0001). Three anionic surfactants led
to a significant reduction of the viral load in the pharynx
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optimized for in vitro testing allowed high concentrations of
up to 30% (v/v) (For E* and F*) and 40% for D without sig-
nificant reduction in vitality or induction of cellular stress,
respectively).

Assay for modulation of inflammation by the test
substances

In terms of biocompatibility of the test substance (Fig. 2)
we applied 5% v/v of the test substance and 10 pg/ml Poly
(I:C) to the cell culture model. After 4 h of incubation total
RNA was determined.

The new formulations of the mouth washes enabled the
investigation of the inflammatory modulation by the two
active ingredients zinc and dexpanthenol in our cell cul-
ture model of virus-infected epithelial cells. We found that
the significant 250-fold upregulation of the major cytokines
TNF-a was damped by a factor of about 4.4 with zinc alone
and around 7.0 with dexpanthenol (with or without zinc).
The other central cytokine of SARS-CoV-2 driven cytokine
storm IL-6 was also strongly upregulated (90-fold); again
zinc and dexpanthenol counteracted this trend and reduced
this upregulation by a factor around 2, when administered
alone, and a factor of about 3.5 in combination. All these
anti-inflammatory actions were significant with p values
between 0.03 and smaller as 0.0001. The two cytokines
CXCL-9 and CXCL-10 were heavily upregulated (21.000-
fold and 7.000-fold, respectively) and did not react to a treat-
ment with zinc. But both chemokines were reduced by a
factor of about 2 independent from a combinatory treatment
of dexpanthenol with zinc or with dexpanthenol alone in a
highly significant manner (with p values between 0.003 and
0.004). In case of GM-CSF this effect was the other way
around and the downregulation by a factor of about 2.5 was
achieved with zinc alone as well as a combination of dex-
panthenol and zinc while dexpanthenol had no effect at all
(both p values around 0.04). Most interestingly, the strong
upregulation of the antiviral target INF-f, MX-1 and OAS-1
was not distinctively downregulated by the treatment with
zinc or dexpanthenol. In detail, the strong upregulation (130-
fold) of INF-P was not influenced, neither by zinc nor by
dexpanthenol or the combinatory treatment. The expression
of the antiviral MX-1 was even slightly further increased via
the treatment with zinc (1.2-fold). Only the antiviral target
OAS-1 exhibited a small (2.3-fold) downregulation after
application of the combinatory treatment.

Clinical pilot study
34 SARS-CoV-2 positive hospitalized patients were
recruited for an observational study. We utilized the over-

the-counter product Linolasept® mouthwash with an analo-
gous composition to Biorepair® (Test substance A). The
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selection of this product was based on its availability as an
established mouth gargle. Five datasets were excluded due
to missing Ct-values of the pre-rinse-samples. The overall
mean of Ct-values before rinsing was 26.0 (standard devia-
tion 5.8) and a median of 28.0. The overall mean of Ct-
values after rinsing was 29.1 (standard deviation 6.1) and a
median of 31.0 (Fig. 1). The mean values show an increase
of the Ct-values of 3.1 (standard deviation 3.6). This indi-
cates a reduction of the viral load in the pharynx of about
90%.

We observed a clear reduction of viral load subsequently
to the execution of the mouth washing procedure. This
reduction was highly significant in the tested population.
We determined the relative reduction of viral load at least
twofold and the majority of patients exhibited a tenfold
reduction of viral load. This was independent of the ini-
tial viral load (data not shown). Hence, the patients with
high viral titers (above 10° a.u.), which are suspected to be
highly infectious, likewise showed an effective reduction in
their infectivity. To investigate the temporal development
of the pharyngeal viral load we sampled the viral load of
five patients at different time points (O h, 2 h, 4 h and 6 h)
after gargling (Fig. 4). We determined that the viral load
required approximately six hours to recover to the initial
viral load. Interestingly, these results showed that highly
infectious patients were able to restore their initial viral load
during this time, while less infectious patients were not able
to restore their initial infectivity 6 h post gargling.

Discussion

We could verify that all tested substances (except of sub-
stance B) showed a fair in-vitro biocompatibility at con-
centration smaller than 1% (v/v). At higher concentrations
(above 5% v/v) an increase in cellular stress or decrease of
viability, respectively, was detected. We assume that the pre-
servatives phenoxyethanol and sodium benzoate reduced the
in-vitro biocompatibility of the mouth wash formulations. To
test the substances for their immunomodulatory properties,
we established cell culture model resembling the immune
response to viral infections. We could detect a significant
anti-inflammatory potential of the applied test substances
E and F. Interestingly, these two substances contained zinc
and dexpanthenol as bioactive ingredients, which were both
already known for their anti-inflammatory potential [12, 15].
To investigate this effect in greater detail, we designed new
formulations resembling these promising candidates E and
F but omitting the preservatives and introduced a new sub-
stance D only containing dexpanthenol. As suspected, these
formulations could be applied at very high concentrations
[up to 40% (v/v)] in our cell culture model. Hence, they rep-
resented the ideal tool to investigate the immunomodulatory
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Fig.4 a A clear reduction of the viral load was detectable in the
population of SARS-CoV-2 patients after gargling with the applied
mouth wash solution. This change was statistically highly significant
(Wilcoxon matched-pairs signed rank test, with 95% confidence inter-
val, **** < (0.0001). b The depiction of the reduction of the viral load

properties of the utilized ingredients zinc and dexpanthe-
nol at concentrations the pharyngeal epithelium will be
exposed to during gargling. When these substances were
applied at a concentration of only 5% (v/v) to our cell culture
model, the amount of dexpanthenol and zinc was already
sufficient to dampen the expression of the cytokines TNF-o
and IL-6 by a factor of at least 2 up to 7. It is known that
these two cytokines are expressed upon activation of the
canonical NF-kB pathway which results in the nuclear
translocation of the NF-xB transcription factor [10]. In con-
trast to TNF-a and IL-6 the expression of the chemokines
CXCL-9 and CXCL-10 is regulated via the activation of
AP-1 thru MAPKs upon TLR-3 ligation [21]. Since these
two chemokines were influenced by dexpanthenol alone, we
suggest that this inflammatory signaling is only positively
regulated by dexpanthenol. Most importunately the antiviral
inflammatory response, which is mediated via INF-f, OAS-1
and MX-1 was not negatively influenced neither thru zinc
nor by dexpanthenol. Subsequent to TLR-3 activation, the
expression of these antiviral proteins is induced by the tran-
scription factor IRF-3 [4]. In Summary, we conclude that
zinc might interfere with the canonical pathway of NF-kB,
while dexpanthenol additionally modulated MAPK driven
activation of AP-1. None of the two bioactive components of
our experimental mouth wash formulations seem to interact
with the TBK1 driven nuclear translocation of IRF3. Even
these novel in-vitro formulations could be applicable to for-
mulation in future clinical studies. Apart from the applica-
tion of zinc and dexpanthenol in mouth washes one might
also consider these two components, which possess very lit-
tle side effects, as an adjuvant treatment to heavily inflamed
lung tissue. This could augment the treatment of COVID-19

shows that it is reduced by a factor of at least two (median: dashed
line, quartile: dotted lines). ¢ Assay of the time course of the viral
load development in the nasopharynx. The viral load requires around
6 h to recover from the rinsing process

patients with, e.g. dexamethasone by further reducing IL-6,
TNF-a, CXCL-9 and CXCL-10 expression without interfer-
ing with the antiviral signaling so desperately needed in this
situation.

This pilot study shows that the mouthwash Linola sept
reduces the viral load in the pharynx up to approximately
90%. The reduction in viral load detected by RT-qPCR
examined in this study is directly coupled to the infectiv-
ity of a COVID-19 patient. La Scola and colleagues found
that 70% of samples with Ct values of 25 or below could
be cultured, compared with less than 3% of the cases with
Ct values above 35 [14]. Since we could observe an aver-
age enhancement of the Ct around 3.1 in the observed
cohort, we suggest that the gargling reduced the infectivity
of the patients significantly. Another study by Singanay-
agam et al. [26] showed the heaviest reduction of cultured
viral particles between a Ct value of 25 and 30; thus we
conclude that particularly for patients exhibiting initial
Ct values around 25 the treatment with the mouth wash
solution is most effective in the reduction of transmis-
sion of SARS-CoV-2. It can be assumed that the observed
reduction is mainly achieved be pure physical means, thru
the hydrodynamic forces acting on the oral epithelium
during gargling. But besides that, the formulation of sev-
eral ingredients in the applied mouth washing solution is
designed to augment this mode of action. For example,
the component sodium dodecyl sulphate (SDS) acts as an
detergence and we suggest that SDS might improve the
release of viral particles attached to the oral epithelium
into the mouth gargling solution. In terms of the durabil-
ity of this improvement, we found a correlation between
initial Ct value and ability to recover the viral load in the

@ Springer



European Archives of Oto-Rhino-Laryngology

pharyngeal region. We suggest that this faster recovery of
SARS-CoV-2 is due to high initial viral titer in combina-
tion with the high reproduction rate of SARS-CoV-2 [23]
and the high expression of ACE-2 in oral tissue [6]. This
viral recovery might be further slowed down by adding
active ingredients contained in the applied mouth rins-
ing solution. For example, the component carrageenan
is known to inactivate SARS-CoV-2 [25]. An addition to
that, SDS, primarily included due to its detergence proper-
ties, was demonstrated to inactivate enveloped viruses like
the HIV [30]. Anyhow, a pharmaceutical action needs to
be verified against a placebo in further clinical studies. The
initial formulation of the applied mouth washing solution
Linola sept® not only containing zinc but also hydroxyapa-
tite, also known for its anti-inflammatory potential [32].
In accordance with that the product Biorepair® (test sub-
stance A), which is similar to the applied Linola sept®
mouth rinse, already displayed a positive immunoregu-
latory modulation (Fig. 1). We suggest to additionally
supplement the rinsing applied in our pilot study with
dexpanthenol to further increase the positive effect on the
immune system. A long-term observational (above 5 days)
placebo-controlled study is currently ongoing to detect an
improvement of clinical parameters. A comparison with
a placebo group is employed to distinguish the influence
of purely mechanical-physical cleaning from the effect of
the ingredients. A reduction of viral load in the pharyn-
geal region in combination with an improved inflammatory
response is anticipated.

Conclusions

This investigation will direct future clinical studies for an
improved reduction of viral load in the pharyngeal region.
We could determine possible additive applications sup-
porting antiviral therapies already applied in COVID-19.
More importantly, we found that the mouth washing can
reduce the viral load by 90%. This should lead to a reduced
infectivity of the patient infected with SARS-CoV-2 and
might improve the protection of health care professionals.
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Funding Open Access funding enabled and organized by Pro-
jekt DEAL. The study was supported by Dr. Kurt Wolff, Bielefeld,
Germany.

Declarations

Conflict of interest The authors disclose no conflicts of interest.

@ Springer

Ethical approval This study was approved by the ethics committee at
Ruhr Universitit Bochum (AZ-2018-397_1). All recommendations of
World Medical Association (WMA) in the Declaration of Helsinki
were granted.

Informed consent An informed consent was obtained by all enrolled
patients according to local and international guidelines.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Blanco-melo D, Nilsson-payant BE, Liu WC, Uhl S, Hoagland
D, Moller R, Jordan TX, Oishi K, Panis M, Sachs D, Wang TT,
Schwartz RE, Lim JK, Albrecht RA, Tenoever BR (2020) Imbal-
anced host response to SARS-CoV-2 drives development of
COVID-19. Cell 181:1036-1045

2. Chien JY, Hsueh PR, Cheng WC, Yu CJ, Yang PC (2006) Tem-
poral changes in cytokine/chemokine profiles and pulmonary
involvement in severe acute respiratory syndrome. Respirology
11:715-722

3. Choudhury MIM, Shabnam N, Tazin Ahsan M (2021) Effect of
1% povidone iodine mouthwash/gargle, nasal and eye drop in
COVID-19 patient. Biores Commun 7:919-923

4. Christofferson RC, McCracken MK, Johnson AM, Chisenhall
DM, Mores CN (2013) Development of a transmission model for
dengue virus. Virol J 10:127

5. Chu H, Chan JF, Wang Y, Yuen TT, Chai Y, Hou Y, Shuai H,
Yang D, Hu B, Huang X, Zhang X, Cai JP, Zhou J, Yuan S, Kok
KH, To KK, Chan IH, Zhang AJ, Sit KY, Au WK, Yuen KY
(2020) Comparative replication and immune activation profiles of
SARS-CoV-2 and SARS-CoV in human lungs: an ex vivo study
with implications for the pathogenesis of COVID-19. Clin Infect
Dis 71:1400-1409

6. Descamps G, Verset L, Trelcat A, Hopkins C, Lechien JR, Journe
F, Saussez S (2020) ACE2 protein landscape in the head and neck
region: the conundrum of SARS-CoV-2 infection. Biology (Basel)
9:235

7. Eggers M, Koburger-Janssen T, Eickmann M, Zorn J (2018)
In vitro bactericidal and virucidal efficacy of povidone-iodine
gargle/mouthwash against respiratory and oral tract pathogens.
Infect Dis Ther 7:249-259

8. Guenezan J, Garcia M, Strasters D, Jousselin C, Leveque N,
Frasca D, Mimoz O (2021) 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 147(4):400-401

9. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Smith
N, Pere H, Charbit B, Bondet V, Chenevier-Gobeaux C, Breillat
P, Carlier N, Gauzit R, Morbieu C, Pene F, Marin N, Roche N,
Szwebel TA, Merkling SH, Treluyer JM, Veyer D, Mouthon L,


https://doi.org/10.1007/s00405-021-06873-8
http://creativecommons.org/licenses/by/4.0/

European Archives of Oto-Rhino-Laryngology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Blanc C, Tharaux PL, Rozenberg F, Fischer A, Duffy D, Rieux-
Laucat F, Kerneis S, Terrier B (2020) Impaired type I interferon
activity and inflammatory responses in severe COVID-19 patients.
Science 369:718-724

Hayden MS, West AP, Ghosh S (2006) NF-kappaB and the
immune response. Oncogene 25:6758—-6780

Jang Y, Shin H, Lee MK, Kwon OS, Shin JS, Kim YI, Kim CW,
Lee HR, Kim M (2021) Antiviral activity of lambda-carrageenan
against influenza viruses and severe acute respiratory syndrome
coronavirus 2. Sci Rep 11:821

Jarosz M, Olbert M, Wyszogrodzka G, Mlyniec K, Librowski
T (2017) Antioxidant and anti-inflammatory effects of zinc.
Zinc-dependent NF-kappaB signaling. Inflammopharmacology
25:11-24

Kong SL, Chui P, Lim B, Salto-Tellez M (2009) Elucidating the
molecular physiopathology of acute respiratory distress syn-
drome in severe acute respiratory syndrome patients. Virus Res
145:260-269

la Scola B, le Bideau M, Andreani J, Hoang VT, Grimaldier C,
Colson P, Gautret P, Raoult D (2020) Viral RNA load as deter-
mined by cell culture as a management tool for discharge of
SARS-CoV-2 patients from infectious disease wards. Eur J Clin
Microbiol Infect Dis 39:1059-1061

Li-Mei W, Jie T, Shan-He W, Dong-Mei M, Peng-Jiu Y (2016)
Anti-inflammatory and anti-oxidative effects of dexpanthenol on
lipopolysaccharide induced acute lung injury in mice. Inflamma-
tion 39:1757-1763

Li H, Wang Y, Ji M, Pei F, Zhao Q, Zhou Y, Hong Y, Han S, Wang
J, Wang Q, Li Q (2020) Transmission routes analysis of SARS-
Cov-2: a systematic review and case report. Front Cell Dev Biol
8:618

LiY,Ren B, Peng X, Hu T, Li J, Gong T, Tang B, Xu X, Zhou X
(2020) Saliva is a non-negligible factor in the spread of COVID-
19. Mol Oral Microbiol 35:141-145

Meister TL, Bruggemann Y, Todt D, Conzelmann C, Muller JA,
Gross R, Munch J, Krawczyk A, Steinmann J, Pfaender S, Stein-
mann E (2020) Virucidal efficacy of different oral rinses against
severe acute respiratory syndrome coronavirus 2. J Infect Dis
222:1289-1292

Meyers C, Robison R, Milici J, Alam S, Quillen D, Goldenberg
D, Kass R (2021) Lowering the transmission and spread of human
coronavirus. ] Med Virol 93:1605-1612

Mohamed NA, Baharom N, Sulaiman WSW, Rashid ZZ, Ken WK,
Ali UK, Othman SN, Samat MN, Kori N, Periyasamy P (2020)
Early viral clearance among covid-19 patients when gargling with
povidone-iodine and essential oils a clinical trial. Report No.
NCTO04410159,(clinicaltrial. gov NCT04410159, 2020) 24(5):673
Muresan XM, Bouchal J, Culig Z, Soucek K (2020) Toll-like
receptor 3 in solid cancer and therapy resistance. Cancers (Basel)
12:3227

Noreen S, Magbool I, Madni A (2021) Dexamethasone: thera-
peutic potential, risks, and future projection during COVID-19
pandemic. Eur J Pharmacol 894:173854

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Ogando NS, Dalebout TJ, Zevenhoven-Dobbe JC, Limpens R, van
der Meer Y, Caly L, Druce J, de Vries JIC, Kikkert M, Barcena
M, Sidorov I, Snijder EJ (2020) SARS-coronavirus-2 replication
in Vero E6 cells: replication kinetics, rapid adaptation and cyto-
pathology. J Gen Virol 101:925-940

Ramezanpour M, Smith JL, Psaltis AJ, Wormald PJ, Vreugde S
(2020) In vitro safety evaluation of a povidone-iodine solution
applied to human nasal epithelial cells. International forum of
allergy & rhinology. Wiley Online Library, pp 1141-1148
Schutz D, Conzelmann C, Fois G, Gross R, Weil T, Wettstein L,
Stenger S, Zelikin A, Hoffmann TK, Frick M, Muller JA, Munch
J (2021) Carrageenan containing over-the-counter nasal and oral
sprays inhibit SARS-CoV-2 infection of airway epithelial cultures.
Am J Physiol Lung Cell Mol Physiol 320:1.750-756
Singanayagam A, Patel M, Charlett A, Lopez Bernal J, Saliba
V, Ellis J, Ladhani S, Zambon M, Gopal R (2020) Duration of
infectiousness and correlation with RT-PCR cycle threshold val-
ues in cases of COVID-19, England, January to May 2020. Euro
Surveill. https://doi.org/10.2807/1560-7917.ES.2020.25.32.20014
83

Tang NL, Chan PK, Wong CK, To KF, Wu AK, Sung YM, Hui
DS, Sung JJ, Lam CW (2005) Early enhanced expression of inter-
feron-inducible protein-10 (CXCL-10) and other chemokines pre-
dicts adverse outcome in severe acute respiratory syndrome. Clin
Chem 51:2333-2340

To KK, Tsang OT, Leung WS, Tam AR, Wu TC, Lung DC, Yip
CC, Cai JP, Chan JM, Chik TS, Lau DP, Choi CY, Chen LL, Chan
WM, Chan KH, Ip JD, Ng AC, Poon RW, Luo CT, Cheng VC,
Chan JF, Hung IF, Chen Z, Chen H, Yuen KY (2020) Temporal
profiles of viral load in posterior oropharyngeal saliva samples
and serum antibody responses during infection by SARS-CoV-2:
an observational cohort study. Lancet Infect Dis 20:565-574
Upadhyay J, Tiwari N, Ansari MN (2020) Role of inflammatory
markers in corona virus disease (COVID-19) patients: a review.
Exp Biol Med (Maywood) 245:1368-1375

Urdaneta S, Wigdahl B, Neely EB, Berlin CM Jr, Schengrund CL,
Lin HM, Howett MK (2005) Inactivation of HIV-1 in breast milk
by treatment with the alkyl sulfate microbicide sodium dodecyl
sulfate (SDS). Retrovirology 2:28

Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, Li T, Chen Q
(2020) High expression of ACE2 receptor of 2019-nCoV on the
epithelial cells of oral mucosa. IntJ Oral Sci 12:8

Yelena S, Daria L, Liudmila R, Ilya Z, Alexandru G, Anatoly
F, Natalya K, Irina K, Julia K (2016) Preparation of biocom-
patible composites based on poly-L-lactide/hydroxyapatite and
investigation of their anti-inflammatory activity. Key Eng Mater
683:475-480

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483
https://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483

	Mouthrinses against SARS-CoV-2: anti-inflammatory effectivity and a clinical pilot study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Cell culture
	TLR-3 stimulation and screening of inflammatory mediation by test substances
	RT-qPCR
	Clinical pilot study

	Results
	Screening for interesting formulation of mouth wash and establishment of cell culture model to investigate the modulation of inflammation
	Applicability in cell culture of vitality of test substances E and F and improvement for in vitro testing
	Assay for modulation of inflammation by the test substances
	Clinical pilot study

	Discussion
	Conclusions
	References




