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Abstract 
The common cold is caused by a large range of respiratory viruses and is the 
most common disease of mankind. There is a great need for a prophylactic 
treatment for colds. Specific antiviral treatments are only effective against one 
group of viruses and there is a need for a non-specific treatment that can be 
used against all respiratory viruses. Carrageenan is a general term used to de-
scribe a range of sulfated polysaccharides extracted from edible seaweeds. 
Large polyanionic molecules such as carrageenan have been shown to have 
antiviral activity against a wide range of viruses in vitro. The strong anionic 
charge of carrageenan attracts and traps viruses that have positively charged 
areas on their surface. The trapped viruses are then unable to infect epithelial 
cells. Iota-carrageenan exerts its’ antiviral activity by physical means due to its 
high anionic charge and it does not have any pharmacological properties and 
therefore does not have any toxicology or known side effects from treatment. 
Iota-carrageenan does not have any taste or smell and, when used as a nasal 
spray, does not have any adverse effects. Iota-carrageenan is an ideal prophy-
lactic treatment for the common cold and is safe for use in children. Treatment 
of common cold with iota-carrageenan has to date been studied in five placebo-
controlled clinical trials and these trials support both efficacy as a prophylactic 
treatment for colds and the safety and tolerability of iota-carrageenan. 
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1. Introduction 

Acute respiratory viral infections (URTI) are the most common diseases of man-
kind. All known respiratory viruses are capable of causing the syndrome of symp-
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toms known as the common cold [1]. The common cold syndrome is caused by a 
wide range of viruses such as rhinoviruses, coronaviruses (now including SARS-
CoV-2), influenza viruses, respiratory syncytial viruses (RSV), parainfluenza vi-
ruses, adenoviruses, enteroviruses, metapneumoviruses and unknown viruses 
which may be responsible for 20% - 30% of cases of common cold [2] [3]. Specific 
antiviral treatments such as the neuraminidase inhibitors used to treat influenza 
are only effective against one group of viruses and there is a great need for a non-
specific antiviral therapy with a broad spectrum of activity for the treatment of 
URTI. Antivirals are only effective when used at the earliest signs of infection as 
once the inflammatory response of the immune system is activated; it is too late 
to inhibit the effects of the inflammatory mediators such as bradykinin and pros-
taglandins which mediate the symptoms of common cold [3]. Prophylactic treat-
ments for the common cold have been sought for many years and in 1938 a study 
on prophylactic treatments for colds commented that “The great number of so-
called treatments and prophylactics bears testimony to our failure to cope with 
the problem” [4]. The large number of prophylactic medicines and vitamin sup-
plements available today for treatment of common cold indicates that little has 
changed since 1938 and there is still a great need for a safe and effective prophy-
lactic treatment [5]. The term prophylaxis is derived from the Greek word “phy-
lax” which means to guard against, and prophylactic treatments guard against dis-
ease by making an early intervention and taking action ahead of time [6]. This 
review article will discuss the role of iota-carrageenan administered as an intrana-
sal spray as a prophylactic treatment for a common cold.  

2. Iota-Carrageenan 

Carrageenan is a general term used to describe a range of sulfated polysaccharides 
extracted from edible seaweeds [7]. Red algae (seaweeds) are unique amongst 
plants because of the sulfated polysaccharide composition of their cell walls [7]. 
Carrageenans are extracted on an industrial scale by boiling red algae with alkalis 
[8]. Carrageenan is widely used in the food and cosmetic industries for its thick-
ening and gel-like properties and is commonly used as a thickening agent in 
sauces and ice creams [9]. Commercially important carrageenans are iota-, kappa- 
and lambda-carrageenans. These carrageenans are composed of long chain mole-
cules of disaccharide repeating units (dimers), with kappa, iota and lambda di-
mers having one, two and three sulfate ester groups respectively. The dimer struc-
ture of iota-carrageenan is illustrated in Figure 1 which shows that the dimer has 
two negatively charged sulfate groups. The iota-carrageenan used in nasal sprays 
is pharma grade Gelcarin 379F obtained from DuPont. This source of iota-carra-
geenan is mainly produced from the seaweed Eceuma denticulatum which is 
sometimes named Echeuma spinosum. The carrageenan in nasal sprays is mainly 
(>90%) iota-carrageenan plus kappa-carrageenan (<10%) but does not contain 
any lambda-carrageenan (personal communication from Marinomed company, 
Vienna Austria 2018). 
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Figure 1. Structure of iota-carrageenan dimer, illustrating the 
repeating disaccharide units with two negatively charged sul-
fate groups. 

3. Antiviral Activity of Carrageenan 

The in vitro antiviral activity of carrageenan was first described in 1958 when agar, 
containing carrageenan, was shown to exert a marked inhibitory effect on the 
growth of influenza B virus and mumps virus in embryonated chicken eggs [10]. 
The antiviral properties of a range of sulfated polysaccharides, such as heparin 
and components of agar were studied in the 1960s, and it was demonstrated that 
it was the negative electrostatic charge of these molecules that was responsible for 
trapping viruses [11]-[13]. In the 1980s, studies focussed on a range of polysac-
charides with antiviral properties, and since carrageenans were already widely 
available as food additives and generally recognised as safe (GRAS), these poly-
saccharides were a good therapeutic target for development of antiviral therapies 
for human use [14]. Carrageenan has been shown to have antiviral activity in vitro 
against a wide range of viruses such as hepatitis A virus [15], herpes simplex virus 
[16], rhinovirus [17], papillomavirus [18], dengue virus [19], various enveloped 
viruses such as cytomegalovirus, vesicular stomatitis virus and human immuno-
deficiency virus [20], porcine reproductive and respiratory syndrome virus [21] 
influenza A virus [22] and SARS-CoV-2 [23]. This broad spectrum of antiviral 
activity indicates that carrageenan does not have a specific interaction with viruses 
or their cell receptors but exerts antiviral activity by a non-specific physical inter-
action with viruses [24]. 

4. In-Vitro Studies Demonstrating Antiviral Activity 

The antiviral activity of carrageenan was first discovered in an in-vitro study in 
1958 [10], and since then, numerous studies have demonstrated antiviral activity 
against a wide range of viruses. Some of the studies demonstrating in-vitro anti-
viral activity of iota-carrageenan are summarised in Table 1 with the relevant pub-
lications, Grassauer 2008 [17], Morokutti-Kurz 2017 [25], Graf 2018 [26], Leib-
brandt 2010 [27], Morokutti-Kurz 2015 [28], Varese 2021 [29], Alsaidi 2021 [30], 
Froba 2021 [23]. The studies in Table 1 are designated as prophylactic when it 
was shown that incubation of culture cells with iota-carrageenan prior to infection 
inhibited viral replication. Grassauer et al. 2008 [17] speculate that their results 
indicate that iota-carrageenan can prevent infection by creating a hostile environ-
ment for respiratory viruses and therby block viral entry into cells and replication, 
and this can be viewed as a prophylactic treatment. 
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Table 1. In vitro studies demonstrating antiviral efficacy of iota-carrageenan. Prophylactic 
use is stated in brackets. 

VIRUS PUBLICATION 

Human rhinoviruses  

HRV-1a 
Grassauer, 2008; Morokutti-Kurz, 2017; 

Graf, 2018 

HRV-2 (prophylactic) Grassauer, 2008 

HRV-8 Grassauer, 2008; Morokutti-Kurz, 2017 

HRV-14 Grassauer, 2008 

HRV-16 Grassauer, 2008 

HRV-83 Grassauer, 2008 

HRV-84 Grassauer, 2008 

Human influenza viruses  

A/H1N1/PR8/34 (prophylactic) Leibbrandt, 2010 

A/H1N1 A/Hansa Hamburg/01/09 Morokutti-Kurz, 2015, 2017 

A/Aichi/2/68 H3N2 Leibbrandt, 2010; Morokutti-Kurz, 2015 

A/H5N1/Teal/Germany/Wv632/05 Morokutti-Kurz, 2015 

A/H7N7/Türkiye/Germany/R11/01 Morokutti-Kurz, 2015 

Endemic coronaviruses  

hCoV OC43 (prophylactic) Morokutti-Kurz, 2017; Graf, 2018 

Pandemic coronaviruses  

SARS-CoV-2 SPSS 2019 Morokutti-Kurz, 2020 

SARS-CoV-2 Varese et al., 2021 

SARS-CoV-1 Alsaidi, 2021 

SARS-CoV-2 2019 (prophylactic) Morokutti-Kurz, 2020 

SARS-CoV-2 2019 Schütz, 2021 

SARS-CoV-2 D614 G, SARS-CoV-2 
K1417N/E484K/N501Y 

Alsaidi, 2021 

SARS-CoV-2 SSPL 2019, SARS-CoV-2 SSPL 
Alpha, SARS-CoV-2 SSPL Beta,  

SARS-CoV-2 SSPL Gamma, SARS-CoV-2 
SSPL Delta (prophylactic) 

Fröba, 2021 

Coxsackievirus  

Coxsackievirus A10 Morokutti-Kurz, 2017 

5. Clinical Trials Demonstrating Efficacy of Iota-Carrageenan 

The results of five clinical trials studying the efficacy of intranasal iota-carrageenan 
for treatment of URTI are summarised in Table 2. Four of the studies used 
prophylactic treatment starting at the first signs of URTI [31]-[34] and one used 
prophylactic treatment over a 21-day period [35]. 
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Table 2. Clinical trials using iota-carrageenan as a prophylactic treatment for common cold. 

PUBLICATION PATIENTS TREATMENT ANTIVIRAL SYMPTOMATOLOGY 

Eccles et al. (2010) 
Double blind  

placebo 
controlled  

trial 

n = 35 Adults 
mean age 19.6 

years 

0.12% iota-carrageenan 
nasal spray, 3 times a 

day for four days 

Nasal lavage was analyzed by real time 
RT-PCR for the presence of viral  

genomes. Viral load in the respiratory  
virus positive patients increased by  

almost sixfold whereas it decreased by 
92% in the iota-carrageenan treatment 

group (p < 0.009). 

Carrageenan treated 
group had a reduction in 

total symptom scores  
between days 2 - 4 of trial 

(p = 0.046) 

Fazekas et al. 
(2012) 

Double blind  
placebo 

controlled trial 

n = 153 children 
aged between 1 - 
18 years, mean 

age 5 years 

0.12% iota-carrageenan 
nasal spray, 3 times a 

day for seven days 

Topical application of the  
iota-carrageenan spray reduced 

viral loads in nasal secretions to a  
significantly higher degree than placebo 
after 3 to 5 days of treatment (p = 0.026) 

Non significant reduction 
in total symptom scores 

between days 2 - 7 of trial 

Ludwig et al. 
(2013) 

Double blind  
placebo  

controlled trial 

n = 211 adults 
mean age 33  

years 

0.12% iota-carrageenan 
nasal spray, 3 times a 

day for seven days 

Viral titers in nasal fluids showed a  
significantly greater decrease in  

carrageenan treated patients in the  
intention-to-treat population (p = 0.024) 

and in the per protocol population  
(p = 0.018) between days 1 and 3/4. 

Significant reduction in 
total symptom scores in 
later days of cold (p = 

0.048) 

Eccles et al. (2015) 
Double blind  

placebo 
controlled trial 

n = 200 adults 
mean age 20  

years 

0.12% iota-carrageenan 
nasal spray, 4 times a 

day for four days 

Non-significant trend for a reduction in 
viral titres in the iota-carrageenan group 

compared to the placebo group. 

Significant reduction in 
total symptom scores  

between days 2 - 4 of trial 
(p = 0.0364) 

Figueroa et al. 
2021 Pilot double 

blind placebo 
controlled trial 

N= 394 hospital 
workers mean age 

38 years 

0.17% iota-carrageenan 
nasal spray, 4 times a 

day for 21-day 

Symptomatic patients had nasophayngeal 
swab for PCR test for SARS-CoV-2 

Significant reduction in 
incidence of COVID-19 

(p = 0.03) 

 
Eccles et al. (2010) [31] conducted a double-blind placebo-controlled pilot 

study on 35 adults with intranasal treatment with an iota-carrageenan nasal spray 
given on early symptoms of common cold (<48 hours onset of symptoms) and 
demonstrated significant reductions in both common cold symptoms and viral 
load. 

Fazekas et al. (2012) [32] conducted a double-blind placebo-controlled on 153 
children with early symptoms of common cold (<36 hours) and demonstrated 
significant reduction in viral load on treatment with intranasal iota-carrageenan 
but there was no significant difference in symptom scores between treatment 
groups, perhaps because the parents and children had difficulty in assessing symp-
toms because of the young age of the children (mean age 5 years). The trial did 
report a reduced time to clearance of common cold symptoms (7.6 in the iota-
carrageenan treatment group versus 9.4 days in the placebo group (p = 0.038). 

Ludwig et al. (2013) [33] conducted a double blind placebo-controlled trial on 
211 adults with early symptoms of common cold (<48 hours) and demonstrated 
that alleviation of symptoms was 2.1 days faster in the carrageenan group com-
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pared to placebo (p = 0.037). Viral titres in nasal fluids showed a significantly 
greater decrease in carrageenan treated patients in the intention-to-treat popula-
tion (p = 0.024) and in the per-protocol population (p = 0.018) between days 1 
and 3/4.  

Eccles et al. (2015) [34] conducted a double-blind placebo-controlled trial on 
200 adults with early symptoms of common cold (<48 hours) and demonstrated 
a significant reduction in symptom scores between treatment groups (p = 0.0364). 

Figueroa et al. (2021) [35] conducted a study on 394 adults who treated them-
selves with an iota-carrageenan nasal spray over a 21-day period and demon-
strated a significant reduction in incidence of COVID-19 over the test period (p 
= 0.03). 

Clinical trials on URTI are difficult because of the acute nature of the disease, 
and the five clinical trials above can be criticised as either being small pilot studies 
or not achieving all their stated outcome measures. But when the five trials are 
considered together, they provide evidence that an iota-carrageenan nasal spray 
can reduce viral titres, and also reduce severity of symptoms of URTI [36] [37]. 

6. Mechanism of Antiviral Activity of Carrageenans 

In order to infect epithelial cells of the respiratory tract, respiratory viruses must 
travel through a layer of respiratory mucus and then find and interact with surface 
receptors on the cells. It has been proposed that negatively charged molecules such 
as heparan sulfate on the surface of epithelial cells are important in attracting pos-
itively charged viruses through the mucus layer so that the viruses can reach their 
specific cell receptors and be absorbed into the cells to replicate [24] [38]-[43]. 
The virus has been proposed to “surf” along the surface of the epithelial cells as it 
is attracted to the negatively charged heparan sulfate [41]. Heparan sulfate prote-
oglycans are long chain branched glycoproteins found on the cell surface that have 
multiple functions in cell physiology as they interact with numerous ligands such 
as cytokines, chemokines, proteases and integrin and cell adhesion receptors [44]. 
The structure of heparan sulfate is illustrated in Figure 2 which illustrates its neg-
atively charged groups.  

 

 

Figure 2. Structure of heparan sulfate showing 
the negatively charged sulfate groups. 
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Several sulfated polysaccharides, such as heparin, dextran sulfate, pentosan pol-
ysulfate, mannan sulfate and sulfated cyclodextrins have been shown to exhibit 
antiviral activity [45]. Iota-carrageenan has similar antiviral properties to other 
sulfated polysaccharides and it has been proposed that the negatively charged sul-
fate groups of carrageenan are important for their antiviral activity by giving them 
a strong anionic charge [46]. 

The strong anionic charge of carrageenan attracts and traps viruses which have 
positively charged areas on their surface. The trapped viruses are then unable to 
infect epithelial cells. 

The proposal that negatively charged sulfate groups on polysaccharides such as 
heparin and carrageenans are responsible for antiviral activity has been put for-
ward many times and is nicely summarised by Nahmias and Kibrick (1964) [11]. 

“The inhibitory activity of the heparin was found to be related to the sulfate 
groupings on the molecule. The effect of heparin appears to be on the virus, rather 
than on the cell. The virus is not inactivated, however, and the heparin-virus 
“complex” is readily dissociable on dilution. Heparin was shown to affect viral 
infection in its earliest phase, probably at the primary electrostatic attachment of 
virus to cell.” [11]. 

The electrostatic activity of carrageenan is generally accepted as the explanation 
for antiviral activity but carrageenan does have other properties that may also 
contribute to its antiviral efficacy such as modulation of intracellular signalling 
pathways, antioxidant activity and immunomodulatory properties [46]. 

7. Prophylaxis 

There is still a great need for a safe and effective prophylactic treatment for com-
mon cold. The instructions for use of carrageenan nasal sprays are “use at the first 
signs of symptoms”. A dry, scratchy throat irritation may indicate the onset of a 
common cold, and similarly, nasal irritation and sneezing may also be early symp-
toms that a common cold is likely to follow, but these early symptoms are not a 
“common cold”. The term “common cold” was used to describe a common syn-
drome of symptoms long before the discovery of the viruses responsible for the 
disease were discovered. The common cold is therefore self-diagnosed worldwide 
on the basis of a grouping of familiar symptoms such as sore throat, runny nose, 
sneezing, and nasal congestion [47] and the presence of a single symptom such as 
throat irritation or sneezing may indicate that a common cold is likely to follow but 
these single symptoms would not be deemed by the subject to be a common cold.  

Treatment with a carrageenan nasal spray at first signs of symptoms can there-
fore be considered as a means of preventing the development of a common cold 
and can be considered as a prophylactic treatment. 

8. Safety 

Iota-carrageenan is a large polysaccharide molecule that is not absorbed across 
the respiratory tract when used as a nasal spray. No evidence has been found in 
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the literature for any human metabolism of iota-carrageenan, although it is me-
tabolised by some marine bacteria [48]. Iota-carrageenan exerts its’ antiviral ac-
tivity by physical means due to its high anionic charge and it does not have any 
pharmacological properties and therefore does not have any toxicology or known 
side effects from treatment. The safety of iota-carrageenan when used as a nasal 
spray is supported by the results of the five clinical trials illustrated in Table 2 
which reported that there were no significant differences in adverse events be-
tween the verum and placebo-treated groups. 

Carrageenan is widely used in the food industry as a thickener and although 
carrageenan is generally recognised as safe (GRAS), there have been some con-
cerns that intake with food may have adverse effects on gastrointestinal health 
[49]. The amount of carrageenan ingested in food products is difficult to quantify 
but it is likely in the order of grams per day in many persons because of the com-
mon use of carrageenan as a food additive. David et al. (2018) report intakes of up 
to 7.7 g per day and that intake of carrageenan from processed food may be up to 
2.5 g per day [50]. Other reports quoted by David et al. (2018) have estimated 
carrageenan intakes between 50 - 100 mg per day [50]. 

The intranasal daily intake of iota-carrageenan in clinical trials is reported to 
be 1 mg a day [37] and this intake is much smaller than the grams of carrageenan 
that can be ingested in foods. The intake of carrageenan when used as a prophy-
lactic treatment for common cold is acute and over a period of a few days, whereas 
the intake of carrageenan in food is long term over a lifetime. It is therefore not 
valid to compare any concerns on the safety of carrageenan in food with safety of 
a nasal spray because of the great differences in dose and the duration of exposure. 

9. Tolerability 

Iota-carrageenan does not have any taste or smell and when used as a nasal spray 
does not have any adverse effects apart from those normally associated with the 
use of any nasal spray. From personal experience in conducting clinical trials on 
iota-carrageenan nasal sprays as a prophylactic treatment for common cold, par-
ticipants in the trials comment on the lack of any sensation associated with treat-
ment apart from the sensation of spraying the nose. 

Interaction with Other Medicines and Treatments 

Iota-carrageenan nasal sprays are licensed by regulators as a medical device that 
works by the physical properties of carrageenan and therefore do not have any 
known interactions with any other concomitant treatments for the common cold 
or any other disease. If patients use concomitant nasal treatments such as saline 
and corticosteroids, it is recommended to use the carrageenan nasal spray at least 
an hour before or after the other treatment in order to avoid diluting the treatment 
or any other interaction. 

10. Discussion and Conclusion 

Common cold is caused by a wide range of respiratory viruses, and any antiviral 

https://doi.org/10.4236/ojrd.2025.151003


R. Eccles 
 

 

DOI: 10.4236/ojrd.2025.151003 43 Open Journal of Respiratory Diseases 
 

treatment for this common disease must work on some properties that are com-
mon to all these viruses. All respiratory viruses must pass through the physical 
barrier of mucus and respiratory fluid lining the respiratory tract to reach the cell 
surface. There is evidence that the viruses use their positive electrical charge to 
reach the negatively charged cell surface [41]. Polyanionic molecules such as iota-
carrageenan trap viruses as they move towards the epithelial surface, and they also 
trap viruses that are released from the epithelial cells. 

Iota-carrageenan is an ideal prophylactic treatment for common cold as it does 
not have any pharmacological or toxicological activity and is safe for use in chil-
dren. Treatment of common cold with iota-carrageenan has to date been studied 
in five placebo-controlled clinical trials and these trials support both efficacy as a 
prophylactic treatment for colds and the safety and tolerability of iota-carragee-
nan. The information presented in this review provides good clinical evidence for 
the safety and efficacy of carrageenan as an antiviral therapy, but it is hoped that 
in the future, larger and robust clinical trials will definitively establish the efficacy 
and safety of carrageenan. 
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