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The highest viral loads of severe acute respiratory syndrome coronavirus-2 are detectable
in the oral cavity, so a potential reduction of infectious virus by nasal and oral sprays could
reduce transmission. Therefore, the inactivation capacity of nine nasal and oral sprays was
evaluated according to EN 14476. One nasal spray based on sodium hypochlorite and one
oral spray containing essential oils reduced viral titres by two to three orders of magni-
tude. Although clinical data are still sparse, nasal and oral sprays display a more con-
venient application for elderly people or those who are unable to rinse/gargle.
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people worldwide. Although vaccination programmes have
been implemented successfully in many countries, specific
therapies have not been approved to date. Furthermore, the
emergence of different variants of concern displaying
increased transmissibility, more severe disease and a sig-
nificant reduction in neutralization by antibodies can reduce
the effectiveness of treatments or vaccines, increasing cases in
the community and, more importantly, among healthcare
workers. Hence, social distancing, personal hygiene measures
including frequent handwashing, and wearing face masks
remain essential to reduce virus transmission, which mainly
occurs via respiratory secretions. As the highest viral loads are
detectable in the oral cavity, a reduction of infectious virus in
the nasopharynx and oropharynx could lower viral shedding
and, consequently, transmission by infected individuals [1].
Recent findings demonstrated the potential of commercially
available oral rinses to inactivate SARS-CoV-2 in vitro [2]. In
dentistry, a pre-procedural rinse is a well-established method
to reduce microbial pathogens and, although clinical data are
sparse, its application has also been suggested during the
ongoing SARS-CoV-2 pandemic in Germany [3]. The underlying
mechanism of virus inactivation is believed to be the sensitivity
of the viral envelope towards chemical agents such as ethanol,
chlorhexidine, cetylpyridinium chloride, hydrogen peroxide
and povidone-iodine, present in both disinfectants and oral
rinses [4]. Depending on their composition, nasal sprays could
display similar antiviral properties. The application of oral
rinses and nasal sprays that inactivate SARS-CoV-2 could be
particularly important when it comes to dental practice, as
aerosol and droplet spread during dental procedures is inevi-
table, and keeping an appropriate distance is impossible. Thus,
using oral rinses and nasal sprays could reduce the risk of
exposure of healthcare workers with infectious virus and cross-
contamination between patients. The aim of this study was to
assess the capacity of seven nasal sprays and two oral sprays to
inactivate SARS-CoV-2 in vitro.
Table I

Overview of nasal and oral sprays used in the study with ingredients a

Product Ingredients

Ac Carragelose (1.2 mg/mL), kappa-carrageenan (0.4 mg/mL
chlorite

Bc Sodium chlorite (0.9%), panthenol
Cc Xylometazolin hydrochloride (1 mg/mL), dexpanthenol (5
Dc Sodium hypochlorite (<0.08%), lithium-magnesium-sodium
Ec Xylometazolin hydrochloride (0.1%)
Fc Hydroxypropyl methyl cellulose, succinic acid, disodium s
Gc Galphimia, luffa operculate, sabadilla
Hd Zincum aceticum, zincum gluconium
Id Anise oil, eucalyptus oil, levomenthol, myrrh extract, clo

peppermint oil ratanhia root extract, tormentil root extra

TCID50, 50% tissue culture infective dose.
a Viral loads were reduced to lower limit of quantification.
b Results from large volume plating.
c Nasal spray.
d Oral spray.
Methods

Quantitative suspension test and virus titration

The virucidal activity of seven nasal sprays and two oral
sprays was assessed as described previously [5]. Briefly, nasal
or oral sprays were mixed with SARS-CoV-2 hCoV-19/Germany/
BY-Bochum-1/2020 (GISAID accession ID EPI_ISL_1118929, [6])
and an interfering substance mimicking nasal secretion [5].
Medium served as a control. After 30 s of incubation, remaining
viral loads were quantified by a limited dilution assay on VeroE6
cells cultured in Dulbecco’s modified Eagle’s medium [supple-
mented with 10% (v/v) fetal calf serum, 1% non-essential amino
acids, 100 IU/mL penicillin, 100 mg/mL streptomycin and 2 mM
L-glutamine]. Subsequently, the cells were stained with crystal
violet, and the 50% tissue culture infective dose (TCID50/mL)
was determined. Determination of virucidal activity was cal-
culated by the difference between the medium control and the
test product. Cytotoxicity of the different products was eval-
uated using non-infected cells and set as the lower limit of
quantification.
Large volume plating

For Product I, large volume plating was performed to
reduce cell toxicity and reach a �4 log10 reduction of viral
loads. Thus, similar to the quantitative suspension test, eight
parts of Product I were combined with one part interfering
substance and one part virus. After 30 s of incubation, the
mixture was diluted 1:1000 in medium and added to VeroE6
cells plated on six 96-well plates. Medium served as a control.
After 72 h of incubation at 37 �C, the cells were stained with
crystal violet, and the remaining infectious virus was quanti-
fied by counting cytopathic effect (CPE)-positive wells
(TCID50/mL).
nd calculated reduction factors

Initial viral load

(log10 TCID50/mL)

Inactivation

(log10 TCID50/mL)

Reduction

factor

), sodium 5.98 5.45 0.53

5.70 5.57 0.13
0 mg/mL) 5.70 5.61 0.09
-silicate 5.78 3.57 2.21

5.70 5.50 0.20
uccinate 5.98 5.80 0.18

5.70 7.18 0
5.70 5.76 0

ve oil,
ct

6.23 �3.20a

1.84a,b
�3.03
�4.69b
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Figure 1. Experimental set-up of the quantitative suspension test following virus titration to determine viral titres [50% tissue culture
infective dose (TCID50/mL)] (A). Virucidal activity of nasal sprays (B, Products AeG) and oral sprays (C, Products H and I) against severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) (N¼3; mean � standard deviation). Virus was incubated with medium (control,
grey bar) or various nasal and oral sprays (white bar) for 30 s. Hereafter, remaining viral titres (TCID50/mL) were determined upon
titration on VeroE6 cells according to SpearmaneKarber. Cytotoxic effects are indicated as the lower limit of quantification (dotted line).
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Results

The virucidal capacity of different commercially available
nasal and oral sprays was investigated (Table I) using a quan-
titative suspension test adapted to European Guideline EN
14476. One part virus was incubated with one part interfering
substance mimicking nasal secretion and eight parts nasal or
oral spray for 30 s (Figure 1A). The residual infectious titre was
determined by an end-point dilution assay (white bar) and
compared with medium-treated virus as a control (grey bar).
Only a nasal spray based on sodium hypochlorite lowered viral
titres by 2.21 log10 TCID50/mL (Figure 1B, Product D), whereas
all other nasal sprays, based on sodium chlorite, xylometazolin
hydrochloride or homeopathic remedies, did not affect the
infectivity of SARS-CoV-2. In line with this notion, an oral spray
containing homeopathic remedies also had no impact on
infectious viral loads, while an oral spray based on essential oils
reduced viral loads to the lower limit of detection (Figure 1C,
Product I). When performing large volume plating with Product
I, a reduction factor of �4.69 log10 TCID50/mL was observed
(Table I). Taken together, the majority of nasal and oral sprays
did not inactivate SARS-CoV-2 within 30 s.

Discussion

The application of oral rinses, and nasal or oral sprays could
potentially reduce infectious viral loads in the oral cavity, thus
temporarily reducing the risk of transmission. Depending on the
formulation, oral rinses can impede SARS-CoV-2 infectivity
in vitro [5]. In contrast to oral rinses, nasal sprays are not
intended to reduce microbial contamination, but rather to
promote the detumescence of the nasal mucosa. Moreover,
selected nasal sprays contain different types of active ingre-
dients compared with oral rinses, and thus need careful evalu-
ation regarding their inactivation capacity towards SARS-CoV-2.
As such, this study investigated seven nasal sprays and two oral
sprays regarding their virucidal activity against SARS-CoV-2
during quantitative suspension tests. Nasal sprays based on
sodium chlorite, xylometazolin hydrochloride or homeopathic
remedies did not reduce virus infectivity, while a nasal spray
based on sodium hypochlorite reduced viral loads by 2.21 log10
TCID50/mL (Figure 1B, Product D). In accordance, household and
hand disinfectants based on sodium hypochlorite are reported to
successfully inactivate a broad range of enveloped viruses [7].
The lithium-magnesium-sodium-silicate within Product D forms
a gel matrix that potentially interferes with virus infection due
to the formation of an aqueous film. However, further research
is required to assess if sodium hypochlorite is well tolerated by
individuals in clinical situations. In agreement with previous
observations for oral rinses [5], an oral spray containing essential
oils completely suppressed SARS-CoV-2 infectivity (Figure 1C,
Product I). In the present study, a product containing carra-
geenan (Figure 1B, Product A) did not harbour any virucidal
activity, although recent findings have reported otherwise [8,9].
This discrepancy can potentially be explained by longer incu-
bation times, and a different experimental set-up aiming to
evaluate the effect of carrageenan on the viral life cycle rather
than a quantitative suspension test.

Although nasal sprays frequently contain potential antiviral
ingredients, clinical data are sparse regarding the in vivo
efficacy of oral rinses and nasal sprays, especially as many
studies determine viral loads by quantitative reverse tran-
scriptase polymerase chain reaction (RT-qPCR) and do not
measure infectious virus. However, antiseptic agents presum-
ably affect viral infectivity by damaging the viral envelope
without impeding RNA integrity [4]. Therefore, clinical trials
evaluating the antiviral capacity of oral rinses and nasal sprays
should also assess infectious virus. In general, the application
of nasal or oral sprays should be evaluated carefully as only a
few sprays have demonstrated virucidal activity towards SARS-
CoV-2 in vitro. Whether those findings can be transferred into
clinical application, potentially contributing to reduced virus
transmission, remains to be evaluated in further studies. Cer-
tainly, nasal or oral sprays do not provide a general therapeutic
option as their ectopic application will not hamper viral repli-
cation. Nevertheless, nasal and oral sprays can potentially
reduce the risk of transmission by temporarily reducing viral
loads in the oral cavity, making dental procedures or surgery in
close proximity to the nasopharynx and oropharynx safer.
Recent findings have demonstrated that nasal sprays can
reduce viral loads of different respiratory viruses in vivo [10].
Thus, using oral rinses and nasal sprays could reduce the risk of
exposure of healthcare workers to infectious virus. Addition-
ally, nasal and oral sprays display a more convenient applica-
tion for elderly people or those who are unable to gargle due to
intubation or other contraindications.
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