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Purpose: The aim of this study was to investigate whether sucking of an iota-carrageenan 
containing lozenge releases sufficient iota-carrageenan into the saliva of healthy subjects to 
neutralize representatives of the most common respiratory virus families causing common cold 
and SARS-CoV-2.
Patients and Methods: In this monocentric, open label, prospective clinical trial, 31 
healthy subjects were included to suck a commercially available iota-carrageenan containing 
lozenge. Saliva samples from 27 subjects were used for ex vivo efficacy analysis. The 
study’s primary objective was to assess if the mean iota-carrageenan concentration of the 
saliva samples exceeded 5 µg/mL, which is the concentration known to reduce replication of 
human rhinovirus (hRV) 1a and 8 by 90%. The iota-carrageenan concentration of the saliva 
samples was analyzed by UV-Vis spectroscopy. The antiviral effectiveness of the individual 
saliva samples was determined in vitro against a panel of respiratory viruses including 
hRV1a, hRV8, human coronavirus OC43, influenza virus A H1N1pdm09, coxsackievirus 
A10, parainfluenza virus 3 and SARS-CoV-2 using standard virological assays.
Results: The mean iota-carrageenan concentration detected in the saliva exceeds the concentra-
tion needed to inhibit 90% of hRV1a and hRV8 replication by 134-fold (95% CI 116.3–160.8-fold; 
p < 0.001). Thus, the study met the primary endpoint. Furthermore, the iota-carrageenan saliva 
concentration was 60 to 30,351-fold higher than needed to reduce viral replication/binding of all 
tested viruses by at least 90% (p < 0.001). The effect was most pronounced in hCoV OC43; in case 
of SARS-CoV-2, the IC90 was exceeded by 121-fold (p < 0.001).
Conclusion: Sucking an iota-carrageenan containing lozenge releases sufficient iota-carra-
geenan to neutralize and inactivate the most abundant respiratory viruses as well as pandemic 
SARS-CoV-2. The lozenges are therefore an appropriate measure to reduce the viral load at 
the site of infection, hereby presumably limiting transmission within a population as well as 
translocation to the lower respiratory tract.
Trial Registration: NCT04533906.
Keywords: iota-carrageenan, respiratory viruses, corona virus, lozenges, antiviral, clinical 
study, SARS-CoV-2

Introduction
Respiratory tract infections (RTIs) are among the most common diseases to affect 
humans with typical symptoms such as rhinitis, cough, fever, and sore throat1 and, 
in worst case, severe respiratory syndromes. Most of these infections are caused by 

Correspondence: Martina Morokutti- 
Kurz  
Marinomed Biotech AG, Korneuburg, 
2100, Austria  
Email martina.morokutti- 
kurz@marinomed.com   

Ulrich Schubert  
Institute of Virology, Friedrich-Alexander 
University Erlangen-Nürnberg (FAU), 
Erlangen, Germany  
Email ulrich.schubert@fau.de

International Journal of General Medicine 2021:14 5241–5249                                           5241
© 2021 Morokutti-Kurz et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 22 June 2021
Accepted: 5 August 2021
Published: 7 September 2021

http://orcid.org/0000-0003-0118-4297
mailto:martina.morokutti-kurz@marinomed.com
mailto:martina.morokutti-kurz@marinomed.com
mailto:ulrich.schubert@fau.de
http://www.dovepress.com/permissions.php
https://www.dovepress.com


viruses, predominately human rhinoviruses and endemic 
coronaviruses, followed by ortho- and paramyxoviruses 
(influenza virus, parainfluenza virus) and adenoviruses.2 

Currently, the global spread of SARS-CoV-2/COVID-19 
is devastating health systems and economies worldwide.

Respiratory viruses enter the body mainly via the naso-
pharyngeal cavity. They do not only infect the nasal 
epithelium but also other parts of the upper respiratory 
tract such as the pharyngeal mucosa. From there, infection 
may spread to the lower respiratory tract, causing severe 
lung infection. RTIs are transmitted from person to person 
by respiratory droplets or indirectly via contaminated sur-
faces. Reducing the viral load at the site of infection 
presumably limits the risk of transmission within 
a population and/or the individual´s respiratory tract.

Treatment of respiratory viral infection with iota-carra-
geenan nasal spray has already shown to be safe and 
effective in five randomized, double blind, placebo-con-
trolled clinical trials with more than 600 children and 
adults suffering from respiratory viral infection. 
Therapeutic application of an iota-carrageenan nasal 
spray reduced the viral load which also manifested clini-
cally by reducing the severity and duration of symptoms as 
well as the number of relapses in the verum group.3–7 

Recently it was shown that an iota-carrageenan containing 
nasal spray showed a significant prophylactic efficacy in 
preventing SARS-CoV-2 infection in healthcare personnel 
caring for patients with COVID-19 disease.8

Carrageenan is a high molecular weight sulfated 
polymer derived from red seaweed (Rhodophyceae) 
that has been extensively used in food, cosmetic and 
pharmaceutical industry and is generally recognized as 
safe by the FDA (GRAS). Three main forms of carra-
geenans are commercially used: iota, kappa and lambda. 
They differ from each other in the degree of sulfation, 
solubility and gelling properties.20 The antiviral activity 
of iota-carrageenan is well-established and has been 
demonstrated in vitro and in vivo with a variety of 
respiratory viruses including SARS-CoV-2.9–16 The 
mode of action of iota-carrageenan is solely physical. 
Once at the site of infection at an effective concentra-
tion, it covers the viral surface by rather indiscriminate 
electrostatic interactions, thereby preventing its binding 
to the mucosa, internalization and, as a result, primary 
infection. In case that infection has already taken place, 
newly synthesized virus particles that are excreted from 
the cells are neutralized by iota-carrageenan as well, 
resulting in an inhibition of viral spread. Locally acting 

lozenges are known to reach the site of infection 
directly. It is therefore legitimate to hypothesize that 
they thereby exert maximal efficacy. We already pub-
lished that dissolved lozenges containing 10 mg iota- 
carrageenan were highly active in binding and inactivat-
ing hRV1a and hRV8, coxsackievirus A10, hCoV OC43 
and influenza virus A H1N1n.11

The aim of this study was to investigate whether the 
iota-carrageenan that is released into the saliva of subjects 
upon sucking a lozenge containing 10 mg iota-carrageenan 
is sufficient to inhibit the replication of the most common 
respiratory viruses causing common cold and sore throat: 
hRV1a and 8, hCoV OC43, influenza virus A H1N1n, 
parainfluenza virus 3 and coxsackievirus A10. In the 
light of the current SARS-CoV-2 pandemic, the samples 
were also tested for their potential to inhibit the replication 
of SARS-CoV-2.

Materials and Methods
Study Design
This post-marketing, monocentric, open label clinical study 
was conducted according to MPG §40/3 at a general practi-
tioner in Vienna during July 2020. The study was performed 
in compliance with the Declaration of Helsinki and the 
Guideline for Good Clinical Practice, and all applicable 
local laws and regulations. The protocol received clearance 
from the Austrian Competent Authority as well as the ethics 
committee (EK 19-295-0120) of the City of Vienna. After 
receiving informed consent, 31 eligible male and non-preg-
nant female subjects with no signs of an acute respiratory 
infection were included. Subjects had to collect native saliva 
before sucking one lozenge with an iota-carrageenan content 
of 10 mg. During sucking of the lozenge subjects donated 
their saliva instead of swallowing it. When the collected 
saliva volume reached about 5 mL sucking was terminated 
and samples were stored at −20°C.

Four saliva samples had to be excluded from analysis 
since blood traces were visible due to periodontitis of the 
participants as stated by the principal investigator (Figure 1).

Study Medication
Coldamaris® iota-carrageenan Lozenges (Lot Nr. 
8030007).

Sample Processing
To obtain homogenous and reproducible baseline results, 
native saliva samples from 27 subjects were pooled whereas 
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treated saliva samples were analyzed separately. All sam-
ples were diluted 1:2 with cell culture water, pasteurized at 
80°C for 35 min to ensure safe handling of the samples. 
Finally, samples were aliquoted. One aliquot was used for 
determination of carrageenan concentration, and the remain-
ing aliquots were used in the antiviral activity assays. The 
pasteurization process did not affect the sample quality and 
the carrageenan content (data not shown).

Evaluation of Efficacy
The primary objective was to determine whether the mean 
iota-carrageenan concentration in saliva during sucking an 
iota-carrageenan containing lozenge reached known IC90 

values for hRV1a and hRV8 (5 µg/mL).9 The primary 
efficacy variable was defined as the mean iota-carrageenan 
concentration in saliva during sucking an iota-carrageenan 
containing lozenge.

The secondary objectives were to determine whether 
the mean iota-carrageenan concentration in treated saliva 
(µg/mL; base line corrected) reached the respective IC90/ 
MIC values (paired t-tests) of the saliva samples for 
hRV1a, hRV8, hCoV OC43, influenza virus A H1N1n, 
coxsackievirus A10, PIV3 and SARS-CoV-2. The second-
ary efficacy variable was defined as the specific antiviral 
activity of the treated saliva samples against a set of 
respiratory viruses expressed as inhibitory concentration 
50% or 90% (IC50, IC90) or as minimal inhibitory concen-
tration (MIC). These virological parameters were deter-
mined in vitro using standard virological assays 
(described later).

Determination of the Iota-Carrageenan 
Concentration
The iota-carrageenan concentration of the heat-inactivated 
samples was determined by means of UV/Vis detection 
after complex formation with methylene blue (MB).6 

Briefly, methylene blue interacts with iota-carrageenan at 
low concentrations to form a water-soluble meta-chromic 
complex. The complexation results in a change of the dye 
from blue (absorptions maxima at 610 and 666 nm) to 
purple with a maximum absorption wavelength of 559 nm. 
The absorbance values at these wavelengths are propor-
tional to the iota-carrageenan concentration. Also, pooled 
native samples were tested accordingly. The measured 
iota-carrageenan concentrations of the treated samples 
were corrected with the signal of the native samples (base-
line corrected) to avoid overestimation of the iota-carra-
geenan concentration of the treated samples.

Determination of the Antiviral Activity
A sample of known inhibitory activity (iota-carrageenan in 
0.5% NaCl), a negative control (0.5% NaCl and/or 
untreated saliva) and toxicity/agglutination controls in the 
absence of virus were included in every assay to ensure 
that the assay was functional and to relate the activity of 
any treated saliva sample to a reference of known effec-
tiveness. The assays were standardized and only assays 
meeting the predefined acceptance criteria were used for 
data evaluation.

Replication Inhibition Assays - hRV1a, hRV8, 
Coxsackievirus A10
Virus and cell cultivation as well as antiviral activity 
assays for hRV1a, hRV8 and coxsackievirus A10 were 
performed as previously described.11 In short, the respec-
tive virus was preincubated with a semilogarithmic dilu-
tion series of the respective treated saliva before it was 
added to permissive cell lines (HeLa/RD) for infection. 
After infection, cells were washed with medium and cul-
tured at 33°C (hRV) or 37°C (coxsackievirus A10), hereby 
maintaining the same dilution of treated saliva as in the 
prophylactic treatment. The specific antiviral activity was 
established by determining the effect on cell viability. An 
incubation of cells with the same dilution series in the 
absence of viral infection was performed to monitor 
a potential toxicity of the treatment.

Replication Inhibition Assay - SARS-CoV-2
Virus isolation, virus and Vero B4 cell cultivation were 
performed as described elsewhere.18 For determining the 

Figure 1 Distribution of subjects.
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antiviral activity, Vero B4 cells were maintained in 
Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco, 
Carlsbad, USA) containing 10% (v/v) inactivated fetal 
calf serum (FCS, Capricorn Scientific, Ebsdorfergrund, 
Germany), 2 mM l-glutamine (Gibco, Carlsbad, USA), 
100 U/mL penicillin (Sigma, St. Louis, USA), and 100 
µg/mL streptomycin (Sigma, St. Louis, USA).

Per 24 well plate, 4.8×106 Vero B4 cells were resus-
pended in 3.6 mL medium and infected in FCS-free 
DMEM with an MOI of 0.02 of the field isolate 
SARS-CoV-2PR-1 for 1 h at 37°C under gentle rotation. 
Afterwards, the inoculum was removed. After washing 
with PBS, the cells were resuspended in the amount of 
medium necessary to seed 2×105 cells/well. Infected 
cells were seeded in 24 well plates and incubated with 
treated saliva at 15, 10, 5 and 2.5 µg/mL iota-carragee-
nan. At 72 h post-infection, supernatants were har-
vested, incubated for 10 min at 95°C and analyzed via 
q-RT-PCR as described elsewhere.12,17

Hemaggutionation Inhibiton Assay – HCoV OC43, 
PIV3 and Influenza Virus A H1N1pdm09
Virus and cell cultivation as well as antiviral activity assays 
for hCoV OC43, PIV3 and influenza virus A H1N1pdm09 
were performed as described elsewhere.11 In short, two 
(hCoV OC43, PIV3) or four (influenza virus) hemagglutina-
tion units (HAU) were incubated with a semilogarithmic 
dilution series of test samples (starting at 3 µg/mL iota- 
carrageenan (hCoV OC43) or 30 µg/mL (influenza virus 
A H1N1pdm09, PIV3) for 10 min at room temperature. 
A suspension of chicken red blood cells was added to each 
well to allow hemagglutination (HA) of RBC by the virus 
for 1.5 h at 4°C. At the time point of assay evaluation, 
control RBC in the absence of an antiviral were fully agglu-
tinated by the virus, whereas inhibition of hemagglutination 
could be observed in the presence of treated saliva down to 
a certain concentration (MIC).

Control Compounds
Iota-carrageenan was purchased from Dupont former FMC 
Biopolymers (both Philadelphia, PA). The dry polymer 
powders were dissolved in cell culture water (B Braun 
Melsungen AG, Germany) to a final iota-carrageenan con-
centration of 2.4 mg/mL containing 0.5% NaCl (Merck 
KGA, Germany). This stock solution was sterile filtered 
through a 0.22 mm filter (Sarstedt, Germany) and stored at 
4°C until use. Iota-carrageenan was used as a reference in 
all assays. The quality of iota-carrageenan was analyzed 

via 1HNMR, which confirmed an iota-carrageenan content 
of 92.5% and minor quantities of kappa- and nu- 
carrageenan.

Safety
No adverse events were recorded during the trial. Saliva of 
four subjects contained traces of blood due to previously 
unrecognized periodontitis. These saliva samples were 
omitted from analysis.

Statistical Analysis
The primary objective was to determine whether the mean 
iota-carrageenan concentration in saliva during sucking an 
iota-carrageenan containing lozenge reached published 
IC90 values for hRV1a and hRV8 (~5 µg/mL iota- 
carrageenan).9

The null hypothesis is defined as: Mean iota-carragee-
nan concentration (µg/mL; baseline corrected) in saliva 
during sucking an iota-carrageenan containing lozenge < 
published IC90 values of hRV1a (5µg/mL iota-carragee-
nan) and hRV8 (5 µg/mL iota-carrageenan).9

The alternative hypothesis is defined as: Mean iota- 
carrageenan concentration (µg/mL; baseline corrected) in 
saliva during sucking an iota-carrageenan containing 
lozenge ≥ published IC90 values of hRV1a (5 µg/mL 
iota-carrageenan) and hRV8 (5 µg/mL iota-carrageenan).9

Each of both co-primary endpoints was tested at signifi-
cance level of 0.025 (one-sided). Study success was defined 
by a positive outcome of all endpoints thus no adjustment 
for multiple testing was required. By means of 
Kolmogorov-Smirnov-Lilliefors-Tests normality assump-
tion of the data was proved. In case of normality, a one- 
sample t-test was applied to test the null hypothesis; other-
wise, a Wilcoxon signed-rank test was used at an alpha 
level of 0.025 (one-sided). In addition to p-values, the 
mean iota-carrageenan concentration was supported by 
95% confidence intervals.

The secondary objectives were to determine whether the 
mean iota-carrageenan concentration in saliva (µg/mL; base 
line corrected) during sucking an iota-carrageenan contain-
ing lozenge reached the respective IC90/MIC values (paired 
t-tests or Wilcoxon signed-rank tests) of the clinical saliva 
samples against hRV1a, hRV8, hCoV OC43, influenza virus 
A H1N1n, PIV3, coxsackievirus A10 and SARS-CoV-2.

Furthermore, all assessed variables were evaluated 
using appropriate descriptive methods. Quantitative vari-
ables were described with the number of non-missing 
values, mean, standard deviation (SD), median, and 
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minimum/maximum values. Qualitative values were 
described with the number and percentages of subjects 
with each qualitative characteristic. Missing values were 
not included in the calculation of percentages.

Results
Study Population
Thirty-one volunteers were screened, included and com-
pleted the study. Four of 31 native saliva samples con-
tained traces of blood due to gum bleeding. Therefore, 
samples from these subjects had to be excluded from the 
efficacy analysis. Hence, the safety population comprises 
31 subjects, whereas the per protocol (PP) population 
consists of 27 subjects. Demographic data of all volunteers 
(n=31) show that 67.7% of the probands were female and 
32.3% were male. The median age was 52.5 (± 13.7) 
years, the mean body mass index was 27.06 (± 5.9) kg/m2.

Results of Statistical Evaluation of the 
Primary Efficacy Variable – Baseline 
Corrected Iota-Carrageenan 
Concentration
Since the assumption of normality for iota-carrageenan values 
was accepted as assessed by a Kolmogorov–Smirnov Test 
(p=0.71), a one sample t-test was computed to assess whether 
the baseline corrected mean iota-carrageenan concentration 
was different to the published IC90 values for hRV1a and 
hRV8 (5 µg/mL).9 The pooled native saliva samples gave an 
unspecific signal corresponding to 44.40 to 89.27 µg/mL iota- 
carrageenan; a value by which the iota-carrageenan concen-
tration of each treated samples was reduced to avoid its over-
estimation. The baseline-corrected mean iota-carrageenan 
concentration was 667.8 µg/mL (Table 1 and Figure 2) and 
thus statistically significantly higher than the published IC90 of 
both hRV1a and hRV8 (5 µg/mL, p < 0.001, 95% CI [581.5; 
754.1]). Thus, the mean iota-carrageenan concentration pre-
sent in the treated saliva samples exceeds the iota-carrageenan 
concentration that is necessary to reduce rhinoviral replication 
by 90% by more than 133.6-fold 95% CI [116.3; 150.8]. The 
lowest concentration found in the treated saliva samples was 
321.3 µg/mL. Even this concentration exceeded published 

IC90 values by 64.3-fold. These results clearly show that the 
primary endpoint was met.

Results of Statistical Evaluation of the 
Secondary Efficacy Variables
For evaluation of the secondary objectives the specific 
antiviral activity of the treated saliva samples (expressed 
as IC90/MIC values) was determined in vitro as described 
in the Material & Methods section (Table 2).

These values were then compared to the mean iota-carra-
geenan concentration of the clinical saliva samples (667.8 
µg/mL). The assumption of normality for the difference of 
iota-carrageenan concentrations and the respective mean 
IC90 or minimum inhibitory concentration (MIC) values 
was valid as assessed by Kolmogorov–Smirnov Tests (p > 
0.05 for all cell assays). The mean baseline corrected iota- 
carrageenan concentration was significantly higher than the 
IC90/MIC of hRV1a, hRV8, hCoV OC43, influenza virus 
A H1N1, coxsackievirus A10 and pandemic SARS-CoV-2 
(Table 3) as computed by paired t-tests. Moreover, the iota- 
carrageenan concentration exceeded the IC90/MIC concen-
trations, depending on the virus, by 60- to 30,350.9-fold, 
indicating that significantly more iota-carrageenan than 
necessary to inactivate the tested viruses is present in the 
saliva after sucking an iota-carrageenan containing lozenge.

Discussion
Iota-carrageenan is a well-established antiviral with a strictly 
physical mode of action.9,10,19 It is neither absorbed nor 
metabolized and has therefore no pharmacological 
properties.19 Thus, the very presence of iota-carrageenan at 
the site of infection above a specific concentration, which 
varies from virus to virus and thus has to be determined 
specifically (eg. IC50, IC90, MIC), attests its effectiveness.

The aim of the present study was to investigate 
whether the iota-carrageenan concentration in the saliva 
of subjects who sucked one iota-carrageenan lozenge was 
sufficient to inhibit the replication of the most predominant 
respiratory viruses causing common cold. The samples 
were tested for their antiviral effectiveness using virologi-
cal standard methods (infectivity reduction assay, 

Table 1 Iota-Carrageenan Concentration and Statistical Parameters Assessed from Treated Saliva Samples

Mean SD Min Max Q1 Median Q3 N

Carrageenan conc. [µg/mL] 667.8 218.1 321.3 1048.1 475.1 729.2 854.7 27

Abbreviations: Conc., concentration; SD, standard deviation; Min, minimum; Max, maximum; Q1, first quartile; Q3, third quartile; N, population size.
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hemagglutination inhibition assay) as published by the 
WHO and other healthcare institutions.20 These protocols 
were adapted for the herein used viruses and are described 
in detail in9–11 and in the Material and Methods section.

Our results clearly show that sucking an iota-carrageenan 
lozenge releases sufficient iota-carrageenan into the saliva to 
neutralize the most common respiratory viruses and even 

SARS-CoV-2. First, we determined the iota-carrageenan 
concentration in saliva collected during sucking, showing 
that it exceeds the necessary published concentration of 
iota-carrageenan to inhibit hRV1a and hRV8 significantly 
(p < 0.001). Second, we assessed the specific inhibitory effect 
of each of the treated saliva samples on several respiratory 
viruses: hRV1a and hRV8, hCoV OC43, influenza A virus 
H1N1n, coxsackievirus A10, PIV3, and SARS-CoV-2. Here, 
the mean iota-concentration exceeded the concentration 
needed to inhibit 90% of viral replication by 82 or 464-fold 
in case of hRV1a or hRV8, by 1324-, 60- and 10,154-fold in 
case of influenza virus A H1N1n, coxsackievirus A10, and 
by PIV3, respectively. The effect was most pronounced with 
hCoV OC43, where the IC90 was exceeded by 30,351-fold 
(p < 0.001). No adverse events were recorded during the trial.

These findings are in good agreement with two clinical 
studies investigating the effect of an iota-carrageenan nasal 
spray in early common cold patients.4,6 The authors 
showed a significant antiviral efficacy in the virus positive 
population as well as in all three virus subgroups, eg, hRV, 
hCoV, influenza virus A. The highest effectiveness was 
observed in human corona virus-infected patients, where 
the reduction of disease duration was more than 3 days, 
and the number of relapses was three times less in iota- 
carrageenan treated coronavirus infected patients com-
pared to control patients.5

Hemilä et al performed an independent meta-analysis 
with publicly available data from clinical studies with an 
iota-carrageenan containing nasal spray.21 The authors 
attest the quality of the available clinical data as well as 
the broad effectiveness against influenza viruses and ende-
mic coronaviruses. They further conclude that nasal 

Figure 2 Boxplot of individual baseline corrected iota-carrageenan concentration.

Table 2 Antiviral Effectiveness of the Saliva Samples Against Various Viruses. IC90 and MIC in (µg/mL)

hRV1a 
(IC90)

hRV8 
(IC90)

hCoV OC43 
(MIC)

IV A H1N1n 
(MIC)

Coxsackievirus A10 
(IC90)

PIV3 
(MIC)

SARS-CoV-2 
(IC90)

Mean IC90/MIC 9.5 2.38 0.025 0.66 14.79 0.07 7.46

SD 3.71 3.00 0.012 0.25 11.02 0.01 4.72
Minimum 4.76 0.69 0.007 0.24 5.97 0.02 1.47

Lower quartile 6.79 1.17 0.024 0.52 8.13 0.07 4.75

Median 8.98 1.36 0.024 0.80 8.74 0.07 5.49
Upper quartile 11.22 2.44 0.024 0.80 21.32 0.07 9.89

Maximum 18.9 16.57 0.081 0.80 49.19 0.07 22.56

Notes: The respective viruses were incubated with a dilution series of the treated saliva samples before infection of a susceptible cell line. After assay determination antiviral 
effectiveness was determined as described in the material and methods section (N=27). The reference (iota-carrageenan in 0.5% NaCl) showed an equal or highly similar 
IC90/MIC as the treated saliva samples in all assays, indicating that the antiviral activity of iota-carrageenan persists in the complex saliva matrix. 
Abbreviations: IV, influenza virus; MIC, minimal inhibitory concentration; IC90, 90% maximal inhibitory concentration; SD, standard deviation; N, population size.
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carrageenan may also inhibit the new coronavirus SARS- 
CoV-2. This assumption has meanwhile been confirmed 
in vitro12,16 and clinically8,14 and is also supported by the 
present study which reveals that replication competent 
SARS-CoV-2 is effectively neutralized when incubated 
with iota-carrageenan treated saliva. The mean iota-carra-
geenan concentration in the saliva samples exceeded the 
respective IC90 by 120.5-fold (p < 0.001). These data are 
in line with former in vitro experiments showing that iota- 
carrageenan inhibits cell entry of the SARS-CoV-2 spike 
pseudo typed lentivirus and replication of SARS-CoV-2 
with an IC50 of <2.6 µg/mL iota-carrageenan.12 Jang et al 
confirm the potent antiviral activity of carrageenan against 
SARS-CoV-2 in vitro and in vivo.22 Furthermore, Schuetz 
et al demonstrate that iota- and kappa- carrageenans sup-
press SARS-CoV-2 infection of TMPRSS2-42 Vero E6 
cells and primary differentiated human airway epithelial 
cultures. The authors conclude that the application of 
carrageenan containing nasal and mouth sprays may 
reduce the risk of acquiring SARS-CoV-2 infection and 
may limit viral spread.16 Indeed, a multicenter, rando-
mized, double-blinded, placebo-controlled trial assessing 
the prophylactical use of nasal iota-carrageenan in hospital 
personnel dedicated to caring for COVID-19 patients 
revealed significant efficacy in preventing SARS-CoV-2 
infection.8

The COVID-19 pandemic triggered the development of 
numerous oral and nasal sprays which claim to reduce 
viral infection in the nasal/oral cavity. A recent review 
identified 14 such sprays in development; many of these 
sprays are already marketed as medical devices in 
Europe.23 However, a closer look often reveals a lack of 
safety and efficacy data. Huijghebaert et al investigated 
a trypsin containing mouth spray (Viroprotect®, 

ColdZyme®) for which it was claimed to prevent common 
cold and COVID-19. After thorough data analysis, the 
authors concluded that exogenous trypsin exposure might 
not only be ineffective, but might even trigger adverse 
effects on viral transmission, susceptibility/infection and 
mutation.23 In contrast, no hRV escape mutants could be 
detected after 10 passages in the presence of low-level 
iota-carrageenan.9 As iota-carrageenan non-specifically 
envelops the virus, thereby preventing interaction between 
virus and cellular surface, development of resistance due 
to the occurrence of escape mutants is unlikely. There are 
also lozenges on the market claiming antiviral activity. We 
tested a set of lozenges with Amylmetacresol/2,4-dichlor-
obenzyl alcohol or hexylresorcinol as active ingredient for 
their inhibitory effect on a set of common cold viruses and 
used iota-carrageenan containing lozenges as comparator. 
Interestingly, out of nine tested lozenges, only the iota- 
carrageenan containing one exerted fast, broad and com-
prehensive antiviral activity against all tested viruses.11 

Safety and efficacy of intranasally applied iota-carragee-
nan have been demonstrated in several clinical trials in 
more than 600 children and adults.3–6,8 Additionally, post- 
marketing data of more than 19 million sold nasal sprays 
and 1.4 million sold packs of lozenges confirm its excel-
lent safety profile.

In conclusion, this clinical study clearly demonstrates 
that sucking of a lozenge containing 10 mg iota-carrageenan 
releases sufficient antivirally active iota-carrageenan into 
the saliva to neutralize the most abundant viruses causing 
common cold and sore throat (hRV, endemic hCoV, influ-
enza virus, coxsackievirus, PIV) as well as pandemic 
SARS-CoV-2.

Complete neutralization is known to occur within 20 
min and starts during sucking of the lozenge (mean 

Table 3 Calculated Mean Difference/Mean Excess Factor for the Iota-Carrageenan Concentration Detected in Treated Saliva to IC90/ 
MIC (95% CI)

Virus Tested Mean Difference (µg/mL) Mean x-Fold Excess p-value

hRV1a 658.20 (571.7; 744.7) 81.8 (64.9; 98.6) <0.001

hRV8 665.42 (578.68;752.16) 463.2 (353.8; 572.6 <0.001

hCoV OC43 667.77 (581.49; 754.06) 30,350.9 (22,909.8; 37,792.0) <0.001
IV A H1N1n 667.14 (580.87; 753.42) 1323.6 (964.5; 1682.7) <0.001

Coxsackievirus A10 653.01 (568.07; 737.95) 60.0 (47.4; 72.6) <0.001

PIV3 667.7 (581.4; 754.0) 10,154.0 (8563.0; 11,746.0) <0.001
SARS-CoV-2 660.3 (573.9; 746.8) 120.5 (93.2; 147.8) <0.001

Notes: Carrageenan concentrations of the saliva samples were compared to the concentrations needed to inhibit at least 90% of virus binding/replication (IC90, MIC).  
CIL and CIU are shown in brackets. p-values from paired t-tests indicate statistical significance of the differences. 
Abbreviations: CI, confidence interval; CIL, lower confidence interval; CIU, upper confidence interval; IV, influenza virus.
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dissolution time is 13 min 20 sec).11 The iota-carrageenan 
containing salivary film then covers the surface of the oral 
cavity (saliva volume needed is about 2.147 mL as calcu-
lated from24) where neutralization is assumed to persist 
during the mean residence time of carrageenan at the 
mucosa, which is about four hours.17

This neutralization presumably leads not only to 
a reduction of infection, but also to a reduced transmissi-
bility within a population and/or translocation to the lower 
respiratory tract, hereby potentially preventing more 
severe illnesses.

As iota-carrageenan exhibits broad antiviral activity, 
iota-carrageenan lozenges should be considered as an 
easily available first line-defense against circulating as 
well as newly emerging viruses to close the gap between 
virus identification and successful development of vac-
cines or specific antiviral medication.
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