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Abstract: Considering the importance of COVID-19 disease pandemic, emerged by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), in line with other studies to find appropriate prevention or treatment methods for this virus infection by proposing the use of natural
derived ingredients as an approach for COVID-19 disease control was our study objective. Here
we reviewed previous studies on natural derived nasal sprays and found that some known natural
derived ingredients have antiviral properties, so their topical use as a nasal spray is effective in
reducing the symptoms of respiratory infections. Moreover, such nasal sprays also have the potential of decreasing viral load, including titer of coronaviruses, in the nasal cavity. It seems that
the use of carrageenan or other herbal ingredients in the nasal spray may block the SARS-CoV-2
virus from entering the lung cells of an affected person and can also prevent virus transmission to
other susceptible persons. Further, noticing what we know about the novel 2019 coronavirus so
far, we suggested carrageenan that has an unspecific physical antiviral activity and some other
natural derived ingredients as a choice in coping with SARS-CoV-2 virus infection.
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BACKGROUND
Acute respiratory infections are the most common illnesses that people around the world experience during their
lifetime. Among these, viral infections, including influenza
and the common cold, are the most prevalent ones[1]. Moreover, the problem that nowadays the world is facing, COVID19 disease, is also a respiratory infection caused by coronaviruses. Acute respiratory syndrome (SARS) and the Middle
East respiratory syndrome (MERS) are other coronavirus outbreaks [2].
Common cold, as a viral disease that affects the upper respiratory system, is the most common infection among viral
illnesses in human beings with ordinary symptoms like
blocked nose (congestion), rhinorrhea, and sneezing [3]. Studies on the cause of respiratory illnesses have discovered rhinoviruses, coronaviruses, influenza viruses, respiratory syncytial virus, parainfluenza viruses, adenoviruses, enteroviruses, and metapneumovirus as known involved viruses [4, 5].
The common cold pathogenesis consists of a multifaceted interaction between viruses and the host’s inflammatory
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response. The host’s response can vary for each respiratory
virus. Two main clinical symptoms of the common cold,
blocked nose and rhinorrhea, are caused by vasodilation and
increased vascular permeability resulting from a viral infection of the nasal mucosa and cholinergic stimulation effects
on the mucous gland to increased secretion and sneezing [6].
Although nowadays, a wide variety of medications are recommended for common cold treatment, considering serious
potential side effects, there are no definitely effective drugs
for prevention or treatment [4]. Several attempts to find effective prophylactic or therapeutic treatments, including natural
derived ingredients, vitamins, zinc, and others, have been
made, but their debatable results are unreliable [5].
Because of the upper respiratory tract and nasal cavity involvement in the common cold, the use of local nasal sprays
may be effective in improving symptoms and treating the disease. Furthermore, the prevention of common cold infection
through the nasal spray demonstrates the effectiveness, safety,
and satisfaction of the patient [4].
Several chemical nasal sprays include decongestant
sprays, antihistamine sprays, steroid nasal sprays, etc. The ordinary use of these sprays reduces the symptoms of the common cold and allergic rhinitis. Decongestant sprays such as
ephedrine, oxymetazoline, and xylometazoline reduce the
congestion and help patients in breathing by constricting
© 2021 Bentham Science Publishers
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swollen blood vessels and tissues, but they are effective only
for a few days and do not have an antiviral effect on viral common cold [3, 7]. Antihistamine sprays such as azelastine and
olopatadine affect H1 brain cells by crossing the blood-brain
barrier, eventually lead to sedation [8, 9]. Corticosteroid nasal
sprays such as beclomethasone dipropionate, fluticasone propionate, fluticasone furoate, mometasone furoate, triamcinolone acetonide, and budesonide bind to intracellular glucocorticoid receptors in the cytoplasm of inflammatory cells and
inhibit inflammation by down-regulating the inflammatory responses [7, 10]. In some cases, fighting against viral diseases
with chemical drugs may be highly effective, but it may also
cause severe adverse effects in human beings [11, 12]. It
should also be considered that the prescription of nasal decongestants for children is not recommended[13]. Other nasal
sprays, such as saline nasal spray, which is used to lavage the
nasal cavity, are worth mentioning. It can help reduce inflammatory mediators in nasal secretions, remove pathogens, and
improve ciliary function by decreasing mucosal concentration
and increasing moisture in the nose [14]. Ipratropium bromide, sodium cromoglycate, and zinc nasal sprays are also frequently used, but their efficacy is controversial [3, 7, 12, 15].
Moreover, the therapeutic potential of medicinal plants is
confirmed and can be an important source of novel drugs [16].
Plants and natural derived extracts with antiviral activity
might be an alternative method for chemical compounds in
upper respiratory tract infections’ treatment [11]. In other
words, the link among botanical therapeutics, naturally derived pharmaceuticals, and multi-component botanical drugs
and health have been shown by findings. It was also confirmed
that these products would be useful agents in treatment and
prevention [17].
OBJECTIVE
Due to the COVID-19 disease pandemic and efforts to find
appropriate ways to cope with this virus, in this review, we
tried to propose an effective method to reduce the severity of
this disease by collecting data from previous clinical trials and
animal studies on the effect of treating various viral infections
of the upper respiratory tract with herbal nasal sprays.
CARRAGEENAN
Investigations showed that the most examined natural derived ingredient for upper respiratory tract viral infections’
treatment is carrageenan [4, 5, 13, 18-20]. Carrageenan is a
high-molecular sulphated galactose polymer and an indigestible polysaccharide derived from Rhodophyceae red algae
(seaweeds). It is generally used in food preparations, cosmetic
and pharmaceutical industries. It has gelling and emulsifying
properties[21]. Carrageenan is used in three copolymer forms
as Iota, Kappa, and Lambda, due to the number and location
of sulphate moieties on the hexose scaffold structure that have
different degrees of solubility and gelling properties. Carrageenan compounds are listed in the US Food and Drug Administration as “Generally Recognized as Safe” (GRAS)
products for consumption and topical applications [4, 13, 18].
There is some evidence that shows that carrageenan formerly had been used as a home remedy to cure colds[21]. Evidence revealed that carrageenan has antiviral activity against
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some animal viruses. It seems that carrageenan has the ability
to reduce the immune responses via lowering a viral load by
forming a barrier on the mucosal surface and inhibiting the
interface between the virus and cellular surface. In consequence, it could interfere with the mechanism of the cells’ infection. However, it should be noted that antiviral success depends on the type of polymer, virus, and host cells [4, 13, 18].
In 2010, in a study on efficacy and safety of an iota-carrageenan nasal spray in patients with common cold symptoms,
35 patients with early symptoms of common cold received
Iota-carrageenan in a randomized, double-blind placebo-controlled exploratory trial. The results showed a significant reduction in the symptoms of the common cold and the viral
load in nasal lavages. Furthermore, pro-inflammatory mediators FGF-2, Fractalkine, GRO, G-CSF, IL-8, IL-1a, IP-10, IL10, and IFN-a2 were reduced in subjects using iota-carrageenan. Moreover, this method did not show any side effects [4].
In another double-blind, randomized placebo-control
study by Fazekas et al. in 2012 on children with acute symptoms of common cold, clearance of disease time, viral load,
and secondary infections with other respiratory viruses were
reduced in the iota-carrageenan group compared with 0.9%
sodium chloride solution (as placebo) group. This finding confirms the beneficial effects of iota-carrageenan in the treatment of the common cold. Failure to significantly reduce
symptoms of the disease in this study could be due to the inability of children with an average age of 5 years to express
their discomforts [13].
In a randomized, double-blind placebo-controlled trial,
Ludwig et al. in 2013 investigated the difference of carrageenan-supplemented nasal spray and saline solution on 211 patients suffering from early symptoms of the common cold in
decreasing symptoms and viral load in nasal fluids. As expected, local administration of carrageenan with nasal spray
reduced the duration of cold symptoms and viral load in the
nasal fluids of patients. In this study, viral load determination
showed that the prevalence of rhinovirus or coronavirus infection was in more than 80% of the cases [5].
Koenighofer et al. analyzed individual patient data of two
randomized controlled trials in 2014 to study the therapeutic
effectiveness of carrageenan nasal spray in acute common
cold. The findings presented a significant reduction in duration of disease, and fewer relapses and virus clearance have
been observed in 126 carrageenan-treated patients. In both trials, virus-confirmed common cold was caused by three main
virus subtypes: human rhinovirus, human coronavirus, and influenza A virus. The remarkable point is that carrageenan nasal spray showed the majority antiviral efficacy in the human
coronavirus-infected population. The study data suggested
that carrageenan is directly bound to the virus and prevented
attachments of the virus to the cells, so carrageenan nasal
spray exerts effects in an unspecific physical mode on all different viruses [19].
In a study which was conducted in 2015, the synergic activity of zanamivir and carrageenan in intranasal use against
influenza A virus was evaluated in-vitro and in-vivo. Findings
showed that both compounds were effective individually, but
they show significantly more efficacy when used synergically.
This combination can be a strategy to protect against newly
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emerging pandemic viruses throughout the time of identification, manufacturing, and vaccine research [20].
The most recent study by Graf et al. in 2018 as in vitro and
in vivo experiments has been done to develop an effective nasal spray containing xylometazoline hydrochloride and iotacarrageenan for the symptomatic relief of rhinitis and sinusitis. The study results demonstrated that Iota-carrageenan does
not affect the vasoconstrictive ability of xylometazoline HCl,
and it also saves its efficacy and antiviral effectiveness in coping with human rhinovirus (hRV) 1a, hRV8, and human coronavirus OC43. They showed that the physical antiviral activity of carrageenan is based on creating a viscous layer at the
mucosa that traps viruses and inhibits both primary and secondary infection [18].
Finally, the advantage of this compound is the disappearance of symptoms caused by a reduction in immune response
and viral load in the common cold, without any side effects on
nasal tissue, blood vessels, and glands. Thus, carrageenan is
safe enough to use in the treatment or prevention of the common cold in adults and children [4, 19]. Due to the high prevalence of coronaviruses among viral common cold agents, it
seems that it may also be useful in the treatment of a new
emerging coronavirus, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).
OTHER NATURAL DERIVED INGREDIENTS
Aside from carrageenan, a mixture of three plant-derived
components, including Euphorbium resinifera, Pulsatilla
pratensis, and Luffa operculata have been investigated. Euphorbium compositum®SN, TheraMax, which contains both
green tea and elderberry extracts, and Artemisia abrotanum L.
are other plant extract-derived antiviral compounds with no
toxicity and side effect [11, 22, 23].
Euphorbium compositum®SN is a homeopathic combination. In a study conducted by Glatthaar-Saalmüller et al. in
2001, the antiviral effect of Euphorbium compositum®SN on
influenza A virus, respiratory syncytial virus (RSV), human
rhinovirus (HRV), and herpes simplex virus type 1 (HSV-1)
was investigated in an in-vitro model. The results of this analysis revealed an antiviral effect on these viruses. Also, Euphorbium compositum plant-derived components, E. resinifera and Pulsatilla pratensis, showed antiviral activity against
RSV and low toxicity [11].
Remberg et al., in a study on Artemisia abrotanum L. derived nasal spray, showed that this traditional medicine could
control allergic rhinitis symptoms through its anti-allergic and
anti-inflammatory reactions [23].
In another study by Smee et al. in 2011 on green tea and
elderberry extracted composition, TheraMax demonstrated
antiviral activity probably through blocking virus adsorption
against eight strains of influenza A and B which have been
shown in-vitro and in-vivo [22]. Characteristics of these studies are summarized in Tables 1 and 2.
There are multiple plant-derived intranasal compounds
that can be suggested for the treatment of viral respiratory infections. However, according to the previous studies, the effect of plant-derived intranasal compounds on the prevention
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of viral respiratory infections in healthy or high-risk exposed
people has not been widely practiced in clinical trials .
CORONAVIRUS OUTBREAKS
In the last two decades, the world has faced the emergence
of three coronaviruses that have been globally spread and
raised concerns. Coronaviruses are single-stranded, positivesense RNA, enveloped, and nonsegmented viruses [24]. In
2003, in China, an untreatable and rapidly spreading respiratory illness with unknown etiology emerged. It turned out to
be caused by an uncommon coronavirus whose sequence was
significantly different from the known human coronaviruses
at that time. The virus was eventually named SARS-CoV. Almost a decade later, in 2014, the new MERS-CoV coronavirus, which caused respiratory disease, appeared in the Middle East [24-26].
Recently, in December 2019, it was reported to the World
Health Organization (WHO) that a group of patients with
pneumonia of an unknown source had been observed in
China. One week later, the novel coronavirus 2019 (SARSCoV-2) was isolated from these patients. So far, the novel virus has infected more people than both of its predecessors, and
therefore more deaths are expected [24].
COVID-19 DISEASE
Coronavirus disease (COVID-19) is an infection caused
by SARS-CoV-2, which primarily involves the human respiratory system. The first cases were reported in December 2019
in Wuhan City, China. SARS-CoV-2 is highly transmittable
and a pathogenic viral infection. So it is a great global public
health concern now [27].
COVID-19 illness starts with the most common symptoms
fever, cough, and fatigue; other revealed symptoms are sputum production, headache, hemoptysis, diarrhea, dyspnea, and
lymphopenia. Clinically chest CT scan presented as pneumonia, but there were also abnormal features such as RNAaemia,
acute respiratory distress syndrome, acute cardiac injury, and
incidence of grand-glass opacities that lead to patient loss
[28].
Transmission of infection is through coughing and sneezing large droplets by symptomatic or asymptomatic patients.
Inhalation of these droplets or the connection of nose, mouth,
and eyes with contaminated surfaces will lead to infection.
Spread via aerosolization/fecal-oral routes is another possible
way. However, there is no evidence of fetus infection, but the
postnatal transmission is reported. It is noteworthy that the
bacterial load in the nasal cavity is more frequent than in the
throat. But no difference between symptomatic and asymptomatic people in viral load level has been found[29]. The pathogenesis mechanism of COVID-19 is not fully known yet, but
its similarity to SARS-CoV and MERS-CoV will help us to
have a reasonable hypothesis [30]. It seems that, like similar
coronaviruses, SARS-CoV-2 spike(s) glycoprotein binds to
the cell membrane receptors and enters the host cells [27].
As a result of the rapid spread of the COVID-19 disease among human beings, laboratory diagnosis methods of
SARS-CoV-2 infection are important for early diagnosis and
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Table 1.
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Characteristics of human studies.

Author

Type of
study

P. Remberg et al.
2004 [23]
Ron Eccles et al.
2010 [4]

Tamas Fazekas
et al.
2012 [13]

Disease

Viruses

Intervention

Allergic
rhinitis
Randomized,
double-blind,
placebo-controlled

Common
cold

Randomized,
double-blind,
placebo-controlled

Common
cold

Virus load Detection Method

Artemisia abrotanum L.
Influenza virus type A and B, respiratory
syncytial virus type A and B, rhinoviruses (major/minor group viruses),
parainfluenza virus types 1/2/3/4, human
metapneumovirus, and coronavirus types
OC43 and 229E

Iota-Carrageenan

Influenza virus type A and B, respiratory
syncytial virus, rhinovirus, parainfluenzavirus (PIV1, PIV2, PIV3), human metapneumovirus, and coronaviruses

Iota-Carrageenan

Result

-Symptoms↓

Quantitative
Real-time PCR

-Viral load ↓
-Symptoms↓
- Proinflammatory mediators↓

Quantitative
Real-time PCR

-Viral load ↓
-Disease clearance time ↓
-Secondary infection ↓

Martin Ludwig
et al.
2013 [5]

Martin
Koenighofer et
al.
2014 [19]

Randomized,
double-blind,
placebo-controlled

Common
cold

Influenza virus type A and B, respiratory
syncytial virus, rhinovirus, parainfluenza
viruses (PIV1, PIV2, PIV3), human metapneumovirus and coronavirus type
OC43 and 229E,

Carrageenan

Individual patient data
analysis of
two randomized controlled trials

Common
cold

Influenza virus types A and B, respiratory syncytial virus, human rhinovirus,
parainfluenza viruses (PIV1, PIV2,
PIV3), human metapneumovirus, and
coronavirus types OC43 and 229E.

Carrageenan

necessary actions, and for this purpose, virus culture, immunological assay, and nucleic acid testing have been suggested
[31].
An immunological assay is a serology test that detects the
presence of SARS-CoV-2 antibodies. It is valuable when the
RT-PCR test has not been done on negative cases or confirmed COVID-19-positive cases. There is a doubt about the
utility of these immunological assays’ test results for public
health management purposes. Antibody tests can only be useful for detecting previous SARS-CoV-2 infections if used at
least 15 or more days after infection and have a lower value in
the first week of COVID-19 sickness exposure [32].
The gold standard method for SARS-CoV-2 detection is
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) [33], and currently, the most used targets for RTqPCR are conserved regions of Orf1Ab(open reading
frames1Ab), N (nucleocapsid), S (spike ), and E (envelope
protein) genes [34, 35].
The real-time RT-PCR tests sensitivity and specificity are
not 100%. The main concern is the risk of false-negative and
false-positive. False-negative results may occur by viral load
difference in anatomic sites of patients and sampling procedures, lack of laboratory practice standard, personnel skill,
mutations in the primer and probe-target regions, or mis-

Quantitative
Real-time PCR

-Viral load ↓

Quantitative
Real-time PCR

-Viral load ↓

-Symptoms↓

-Symptoms↓
-Disease clearance time ↓
-Disease relapse↓

matches between the primers and probes and the target sequences [36]. Several problems like contamination during
sampling, contamination by PCR amplicons, contamination of
reagents, cross-reactions with other viruses or genetic material
could also lead to false-positive results[37].
Until now, there is not any approved guideline for
COVID-19 treatment, so treatments are more supportive and
symptomatic. Common precautions are maintaining hydration
and nutrition, controlling fever, improving respiration and
blood oxygen levels. Low to medium dose of corticosteroids,
antibiotics/antifungals for co-infections, antiviral drugs which
have been used based on the experience with SARS and
MERS such as ribavirin and lopinavir/ritonavir, intravenous
immunoglobulin, interferons, chloroquine, and plasma of patients recovered from COVID-19, are some probably efficient
medications that are currently in use [29].
As mentioned previously, studies show that coronaviruses
are one of the main causes of viral respiratory infections.
Nowadays, the prevalence of SARS-CoV-2 has increased the
interest of researchers in these viruses. In studies that have
been done on SARS-CoV-2 until now, the prevalence and
pathogenesis mechanisms of this virus are similar to the other
coronaviruses. After the transition to nose and mouth, the
SARS-CoV-2 virus attaches to the surface of respiratory cells
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Characteristics of animal and in vitro studies.

Author

Type of study

Disease

Viruses

Intervention

Animal
tests

Cells tests

Christine Graf

Animal model (rabbit)
and In vitro

Rhinitis and
sinusitis

Human rhinoviruses
(hRV1a and hRV8)
and human coronavirus OC43

Xylometazoline
hydrochloride and
iota-carrageenan

2-Week local tolerance and
toxicity
study in
rabbits

Cytopathic effect reduction assay, Hemagglutination inhibition (HAI)
assay, Hen’s egg test on
the chorioallantoic membrane (HET-CA M), and
Permeation studies utilizing bovine respiratory
mucosa of the nasal cavity

Animal model (C57BL/6
mice ) and In vitro (Madin-Darby canine kidney
(MDCK) cells)

Influenza A
infections

Influenza virus A
strains
(H1N1(09)pdm,
H3N2, H5N1,
H7N7)

Zanamivir and
Kappa-carrageenan and iota-carrageenan

Evaluation of anti-influenza activity in a semiliquid plaque assay

In vitro (Madin-Darby
canine kidney (MDCK)
cells/MDCK, HEp-2 and
HeLa cell cultures)

Rhinitis and
sinusitis

Influenza virus A,
respiratory syncytial
virus, human rhinovirus, and herpes
simplex virus type 1

Euphorbium compositum

Hemagglutination assays,
enzyme immunoassays,
plaque assays, and analyses of the in vitro cytotoxicity (MTT assay)

Influenza virus A
and B(influenza
A/NWS/33 (H1N1))

TheraMax

et al.
2018 [18]

Martina
Morokutti-Kurz
et al.
2015 [20]
B. GlatthaarSaalmüller
et al.

( The human cervical epithelial carcinoma cell
line (HeLa) and Vero
(embryonic African
green monkey kidney)
cells)

2001 [11]
Donald F Smee
et al.
2001 [22]

Animal model (BALB/c
mice) and In vitro (Madin–Darby
canine kidney cell)

influenza virus infections

and enters them into the host body, eventually leading to proliferation and pathogenesis. Studies have shown that most of
the viral load is in the nasal cavity of the virus carrier, even
when he/she is symptomatic or asymptomatic [29].
Therefore, previous strategies may be effective in preventing and treating COVID-19 disease [38]. According to the
previous studies, we found that some natural derived ingredients have a restrictive effect on viral common cold. Therefore,
they may also be effective on SARS-CoV-2. One of these
compounds is carrageenan, which has been shown to play a
limited role in the replication and pathogenesis of respiratory
viruses, especially coronavirus [19].

providers, those with underlying medical conditions, including immunodeficiency disorders, cardiovascular disease, diabetes, chronic respiratory disease, organ transplants, cancer,
patient exposures, asymptomatic COVID-19 carriers, and
older adults. This proposed approach could be investigated in
further studies.
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