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A B S T R A C T   

Marine-derived sulfated polysaccharides possess various antiviral activities against a broad range of enveloped 
and non-enveloped viruses. It has become the potential source of antiviral drugs for pharmaceutical develop-
ment. In this review, we will discuss the different types of sulfated polysaccharides and their structural classi-
fication. Some of the major sulfated polysaccharides with potent antiviral activity, including carrageenan, agar, 
ulvan, fucoidan, and alginates, are considered in this review. The mechanism of these sulfated polysaccharides in 
inhibiting the different stages of the viral infection process inside the host cell is also demonstrated. It involves 
blocking the initial entry of the virus or inhibiting its transcription and translation by modulating the immune 
response of the host cell. In addition, we explore the potential of sulfated polysaccharides as antiviral agents in 
preventing recent Corona Virus Disease-2019 (COVID-19).   

1. Introduction 

In recent years, there is a sudden outburst of some viral diseases that 
have caused severe harm to human health (Wang et al., 2020). In the 
discovery and development of drugs, natural products play a vital role 
during the last decades. Various natural products, mostly from plant 
sources (root, bark, flowers, or essential oils) and algae-derived com-
pounds are considered effective alternative against multiple diseases 
(Dutta et al., 2019; Kushwaha et al., 2020; Singh et al., 2019). These 
natural products contain structurally diverse active substances with a 
wide range of biological activities (Goswami et al., 2020; Kushwaha 
et al., 2015). The use of algae to prevent or treat numerous diseases has 
been exploited for many years and is still used in healthcare in many 
countries (Kushwaha et al., 2017; Xian et al., 2020). Seaweeds have been 
recognized as rich and valuable sources of bioactive compounds because 
of their various biological activities (Goswami et al., 2019a; Khalid 
et al., 2018). Marine sulfated polysaccharides are considered as a po-
tential source of biologically active compounds for drug development 
(Bind et al., 2019; Hans et al., 2019). These compounds have been re-
ported to have varieties of pharmacological activities such as antitumor, 
antiviral, antioxidant, antimicrobial, anticoagulant, and immune- 
inflammatory effects (Bind et al., 2018; Fedorov et al., 2013; Goswami 
et al., 2019b). 

Sulfated polysaccharides (SPs) are natural complex polymers found 

majorly in the cell walls of marine algae. Some of the essential SPs 
include carrageenan and agar from red macroalgae, ulvan from green 
macroalgae, and fucoidan and laminarian from brown macroalgae 
(Wijesekara et al., 2011). The sulfated polysaccharides of seaweeds have 
been shown to exhibit antiviral activity against a broad spectrum of 
viruses. It has been reported to inhibit antiviral activity against Herpes 
Simplex virus (HSV) (Gomaa and Elshoubaky, 2016), Human immuno-
deficiency virus type-1 (HIV-1) (Besednova et al., 2019), chikungunya 
virus (Cirne-Santos et al., 2019), and many other enveloped and non- 
enveloped viruses. Also, the antiviral activity of SPs against the 
currently on-going pandemic coronavirus disease 2019 (COVID-19) is 
reported (Chen et al., 2020). COVID-19 is a severe acute respiratory 
syndrome that may cause illness in animals or humans. This virus pri-
marily spreads between people during close contact, often via small 
droplets from the nose or mouth, which are expelled by coughing, 
sneezing, or talking. According to worldometer, as of 20th November 
2020, over 57,019,580 identified cases of COVID 19 worldwide in 218 
countries and territories (Worldometer, 2020). There is no specific 
medicine to prevent or treat this disease. Marine sulfated polysaccharide 
exerts virucidal effect by intervening in different stages of viral infec-
tion. Thus, it raises the possibility for the advancement of antiviral 
agents in therapeutics (Wang et al., 2012). These natural nontoxic and 
effective antiviral drugs are currently investigated to analyze their po-
tential role in the prevention of contagious diseases in humans. 
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In this mini-review, the main focus is on the neoteric development in 
the field of antiviral activity of sulfated polysaccharides isolated from 
the marine biomasses, their molecular significances, and their mecha-
nism of action in preventing and regulating immune responses of the 
host cell. Also, the role of sulfated polysaccharides in preventing COVID- 

19 is briefly discussed. In the last decade, the research and developments 
on the structural or molecular characteristics and biological potency of 
sulfated polysaccharides have been done to a more considerable extent. 
From this pile of research findings, a glimpse of information is tried to be 
illustrated in this review paper. 

RED MACROALGAE 
Carrageenan 

Agaran 

GREEN MACROALGAE 

1b: Iota-carrageenan1a: Kappa-carrageenan

1c: Lamda-carrageenan

1e: Agaropectin1d: Agarose

1f: Ulvanobiuronic acid 3-sulfate type A (A3S) 1g: Ulvanobiuronic acid 3-sulfate type B (B3S)

Fig. 1. (a–k): Chemical structure of Marine derived-sulfated polysaccharides.  
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2. Worldwide production of marine sulfated polysaccharides 

The global production of marine macroalgae is approximately 33 
million tonnes in 2017, out of which 32 million tonnes were harvested 
from the culture sector (Ferdouse et al., 2018). The leading macroalgae 
producing countries are China, Norway, Indonesia, France, Ireland, and 
India (FAO, 2019). The universal seaweed market size was valued at 
$4097.93 million in 2017 and is estimated to reach $9075.65 million by 
2024, which will lead to an increase in annual growth rate to 12.0% in 
2024 (Allied market research, 2018). In 2012, the highest production of 
some of the common red seaweeds was 6.1 million tonnes of Eucheuma 
species (worth 1.2 billion USD), 0.8 million tonnes of Gracilaria species 
(worth 34 million USD), 2.1 million tonnes of Kappaphycus species (371 
million USD), and 0.7 million tonnes of Porphyra species (worth 13 
billion USD) (Bjerregaard et al., 2016). Some of the brown seaweed 
production is 5.7 million tonnes of Saccarina species worth 330 million 
USD and 2.1 million tonnes of Undaria pinnatifida worth 0.9 billion USD. 
Green seaweed production is 2 million tonnes of Ulva species, 1.2 
million tonnes of Caulerpa species (Ferdouse et al., 2018). 

Red macroalgae are commercially more important than green and 
brown macroalgae as it covers three-fourth of the global value. There is 
an increase in demand for red seaweeds in the manufacturing of hy-
drocolloids such as agar and carrageenan. These hydrocolloids have 
various applications in food, pharmaceutical, and biotechnological in-
dustries. Worldwide production of agar in 2014 was about 10,600 
tonnes, with a wholesale value of some $191 million. World carrageenan 

production exceeded 60,000 tonnes in 2014, with a value of over US 
$626 million. In 2014 production of alginates was 30,000 tonnes with a 
value of about US$339 million (Rhein-Knudsen et al., 2015). Many other 
macroalgae derived products like biomass, protein or organic chemicals 
have growing needs globally. Large-scale seaweed production offers 
research and development to expand the range of algae-derived prod-
ucts to upgrade the industrial market. 

3. Marine-derived sulfated polysaccharides 

3.1. Carrageenan and agar from red macroalgae 

Sulfated galactans are the main polysaccharide component of red 
algae, which have a linear backbone of alternating 3-linked β-D-gal-
actopyranose and 4-linked α-galactopyranose. There exist two major 
instances of the sulfated galactans isolated from the red algae, where 
agarans possess the 4-linked α-galactose moiety with levorotatory (L-) 
configuration and the other one termed as carrageenans consist of the 
similar linkage with dextrorotatory (D-) configuration (Al-Alawi et al., 
2011). Thus carrageenans consist of linear chains of alternating β-D- 
galactopyranose units (G-units) with a linkage between the 1 and 3 
positions of the monomeric units and α-galactopyranose units (D-units) 
with a linkage between 1 and 4 positions or 3, 6-α-galactopyranose 
(Anhydrous) units (AnGal units) (Ferreira et al., 2012). The most rele-
vant carrageenans which are commercially produced are kappa (κ) 
[Fig. 1a], iota (ι) [Fig. 1b] and lambda (λ) [Fig. 1c], which differ 

BROWN MACROALGAE 
Fucoidan 

1i: Ulvanobiose acid 3-sulfate type B (U2’S,3S)1h: Ulvanobiose acid 3-sulfate type A (U3S)

1k: alternating α-(1→3) and α-(1→4)-linked L-fucopyranosyls 1j: α-(1→3)-l-fucopyranose residues 

Fig. 1. (continued). 
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according to the number and position of sulfate ester groups (S) and the 
occurrence of 3, 6-anhydro-D-galactopyranose units. κ-carrageenan has 
one (25–30%), ι-carrageenan has two (28–30%), and λ-carrageenan has 
three (32–39%) of sulfate ester groups (Muthukumar et al., 2020). The 
composition of carrageenan varies among species such as Kappaphycus 
alvarezii is a significant source of κ-carrageenan (Rudke et al., 2020), 
Eucheuma denticulatum consists of ι-carrageenan (Jönsson et al., 2020) 
and Gigartina skottsbergii and Chondrus crispus comprises of λ-carra-
geenan (Zhu et al., 2018). Biological precursor carrageenan named μ 
(mu) and ν (nu) is subjected to hot alkaline treatment, which leads to the 
cyclization of 3,6 anhydro rings. This pretreatment converts mu and nu 
into commercial κ- and ι- carrageenan, respectively (Ortiz-Tena et al., 
2017). During carrageenan preparation, galactose and sulfate can be 
either substituted by xylose, glucose, uronic acid, methyl ethers, or 
pyruvate groups (Yu et al., 2010). 

Agar from red macroalgae is composed of two polysaccharides, 
agarose [Fig. 1d] and agaropectin [Fig. 1e]. It is mainly found in Geli-
dium and Gracilaria species. It is built of repeating alternating chains of 
1 → 3-β-D-galactopyranose unit and 1 → 4-α-L-galactopyranose or 3 → 6- 
α-L-galactopyranose (Anhydrous) unit (Usov, 2011). The β-D-gal-
actopyranose unit can be substituted either by sulfate esters, methoxy 
groups, or pyruvic acid acetals groups (Lee et al., 2017a). For example, 
structural analysis of sulfated agar in Polysiphonia nigrescens is mainly 
replaced with sulfate on C6, with minor proportions of methyl ether and 
β-D-xylose (Bouhlal et al., 2011). Similarly, the sulfate group is present at 
the C2 position of agar isolated from Acanthophora spicifera with minor 
substitutions of pyruvylated, sulfated, and sulfated/pyruvylated disac-
charide alditols (Gonçalves et al., 2002). 

3.2. Ulvan from green macroalgae 

Ulvan is one of the most complex sulfated polysaccharides repre-
senting about 9–36% of the algae dry weight and found in Ulva, Gayr-
alia, and Monostroma species. Ulvan mainly consists of L-rhamnose 
constituting 5.0–92.2 M%, D- glucuronic acid comprising 2.6–52.0 M%, 
D-xylose constituting 0.0–38.0 M%, L-iduronic acid, which constitutes 
0.6–15.3 M%, and sulfate in different proportions (Kim, 2015). The 
ulvan backbone mostly consists of α- and β-(1 → 4)- linked sugars with 
characteristic repeating disaccharide units. Aldobiuronic acids, also 
known as ulvanobiuronic acid (types A and B) [Fig. 1f, g], and aldo-
bioses, known as ulvanobioses (type U) are two major disaccharide 
repeating units [Fig. 1h, i] (Kidgell et al., 2019). One of the most com-
mon disaccharide units, Ulvanobiuronic acid type A3S consists of β-D- 
glucuronic acid (1,4)-linked to α-L rhamnose 3-sulfate, while in type B3S 
α-L-iduronic acid is (1 → 4)-linked to α-L-rhamnose 3-sulfate. Ulvano-
biose U3S consists of β-D-xylose 2-sulfate (1 → 4)-linked to α-L-rhamnose 
3-sulfate and type U2’S,3S consist of β-D-xylose (1 → 4)-linked to α-L- 
rhamnose 3-sulfate (Figueira et al., 2020). Some of the marine algae 
synthesized these sulfated polysaccharides. Such as Monostroma nitidum 
composed of rhamnan sulfate polysaccharides (Lee et al., 2010). Gayr-
alia oxysperma is consisting of heterorhamnan sulfate polysaccharides 
units (Li et al., 2012). Enteromorpha compressa composed of sulfated 
heteroglycuronan units, which contains rhamnose with terminal link-
ages between 1 and 4 position or 1 to (2,4) positions, xylopyranose unit 
with the linkage between 1 and 4 positions, and (1,4)- glucuronic acid 
units linked terminally (Ray, 2006). 

3.3. Fucoidan from brown macroalgae 

Fucoidan is a heterogeneous sulfated polysaccharide that constitutes 
25–30% of the dry algal weight. It is consists of a backbone of α-(1 → 3)- 
L-fucopyranose residues [Fig. 1j] or alternating α-(1 → 3) and α-(1 → 4)- 
linked L-fucopyranosyls [Fig. 1k]. These residues are either substituted 
with sulfate, acetate, or glycosyl units such as glucuronic acid. It also 
contains minimal quantities of monosaccharides like D-xylose, D-galac-
tose, D-mannose, and uronic acids (Ale et al., 2011). Fucoidan from Fucus 

evanescens and Ascophyllum nodosum contain alternative units of α-(1 → 
3)-linked and α-(1 → 4)-linked L-fucopyranose. In Fucus evanescens, the 
sulfate group is substituted on C-2 and C-4 fucopyranose residues, and 
Ascophyllum nodosum consists of sulfate at the C-2 position of the 3- 
linked fucose and C-2- and C-3 positions of the 4-linked fucose (Yugu-
chi et al., 2016). 

4. The antiviral mechanism of sulfated polysaccharide 

Marine sulfated polysaccharides exhibit unique structures that exert 
antiviral effects. It obstructs different phases of the viral life cycle by 
directly inactivating virions before infection or by inhibiting its repli-
cation inside the host cell. Thus, seaweeds rich in polysaccharides 
largely contribute to the discovery and development of antiviral drugs. 
The primary stages in the life cycle of the virus are attachment, pene-
tration, uncoating, biosynthesis, viral assembly, and release, which 
differ with species [Fig. 2]. 

4.1. Inhibition of virus attachment 

The initial contact occurs by the ionic interaction between positively 
charged external glycoproteins that are present on the enveloped virus 
surface and the negatively charged constituents of the host cell surface. 
A high density of negative charge is present on the cell surface due to the 
existence of sulfate residues that interact with the positively charged 
domain of viral glycoprotein that disrupts the initial virus-cell contact 
(Sepúlveda-Crespo et al., 2017). Carrageenan might prevent virus 
infection into the host cell by directly inhibiting its binding to the cell 
surface. 

4.2. Inhibition of virus penetration 

After binding of the virus onto the host cell, the subsequent virus 
invasion process is followed by irreversible adsorption via electrostatic 
interaction between the host cell and virus receptors. To cease this 
penetration operation, some of the sulfated marine polysaccharides 
interact with virus receptors, which block its interaction with the host 
cell surface or directly interact with virions to prevent virus infection. 
Several studies have shown that negative charges residing over the 
sulfate group of carrageenan interact with the virus by covering up the 
positive charge of the viral receptors (Wang et al., 2012). 

4.3. Inhibit interiorization and uncoating of the virus 

The virus is penetrated inside the host cell by invagination of the 
outer membrane to form a vacuole. Then it is transported through the 
intracellular fluid, i.e., cytoplasm, and delivered to endosomes and other 
intracellular organelles. After endocytosis, the virus interacts with the 
cell membrane or creates an intracellular compartment enclosing virus, 
thus changing the structure of the viral capsid. When a virus interacts 
with receptor protein around the endosome, specific signals are pro-
duced, which uncoats and discharges the virions (Mercer et al., 2010). 
The certain sulfated marine polysaccharides are reported to interfere 
with the virus internalization by interacting with virus membrane pro-
teins. They bind with carbohydrate groups linked to the polypeptide 
chains of the virus to inhibit its penetration. Also, sulfated poly-
saccharides bind at the allosteric site of the viral capsid, which prevents 
the uncoating of the virus inside the host cell. 

4.4. Inhibition of virus transcription and translation process 

After internalization and uncoating, the virus is replicated inside the 
host cell. The replication of the virus involves the synthesis of viral 
messenger RNA, viral protein synthesis, and then viral genome repli-
cation mediated by regulatory protein expression. Many marine poly-
saccharides can inhibit the virus transcription and replication process 
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after entering into the host cells by interfering with the replication en-
zymes such as reverse transcriptase or by preventing the formation of 
proteins from messenger RNA in the host cell (Queiroz et al., 2008). 

5. Antiviral activity of marine-derived sulfated polysaccharides 

Studies conducted over 50 years ago showed the effects of poly-
saccharides from marine algae in the inhibition of influenza B and 
mumps virus. These findings have introduced algae-derived poly-
saccharides as a potent source of antiviral agents. The scientific research 
on antiviral compounds and various biological activities of marine 
sulfated polysaccharides towards several deadly viruses has eventually 
increased in the past decade. Since then, a vast number of studies have 
been published on the antiviral property of various sulfated poly-
saccharides. They prevent a wide range of contagion diseases such as 
human immunodeficiency virus (HIV), hepatitis-C virus (HCV), dengue 
virus (DENV), herpesvirus (HSV-1 and HSV-2), human papillomavirus 
(HPV), and many respiratory tract viruses. Antiviral activity of some of 
the sulfated polysaccharides and their mode of action are discussed 
below [Table 1]. 

5.1. The antiviral potential of sulfated polysaccharides carrageenan from 
red macroalgae 

The presence of 3,6-anhydrogalactopyranose and allocation of sul-
fate groups on carrageenan show different inhibitory effects on different 
viruses (Jiao et al., 2011). Buck et al. (2006) reported that iota- 
carrageenan is a potent infection inhibitor for a specific sexually trans-
mitted human papillomavirus (HPV) by preventing the binding of HPV 
virions to cells. It has shown a thousand-fold more susceptibility, with a 
50% inhibitory concentration value (IC50) at low concentration. They 
have also reported that contraceptives lubricated with carrageenans 
could effectively block HPV infection transmission through sexual con-
tact. Besides, carrageenans incorporated within infant formulas have 

shown restricted vertical transmission of HPV from mother to baby. 
It is reported that λ-carrageenan and hybrid μ/ι carrageenan isolated 

from Gigartina skottsbergii can inhibit the activity of type1 and type-2 
herpes simplex virus (HSV). It interferes between cell surface heparin 
sulfate and HSV glycoprotein interlinkage at an early stage of infection. 
Carrageenan and its oligosaccharide derivatives bind with the glyco-
protein present on the virus surface. This linkage leads to the denatur-
ation and inactivation of HSV glycoprotein. Thus it inhibits the viral 
adsorption and replication inside the host cell (Carlucci et al., 2002). 

Linear chains of galactopyranosyl residues of λ- and ι-carrageenan 
are found to be potent inhibitors of dengue virus type-2 (DENV-2) and 
type-3 (DENV-3) in monkey kidney cells and human hepatic cells. Re-
sults have shown that the dengue virus can be inhibited by carrageenan 
either at the early stage of virus adsorption or after the encapsulation of 
the capsid of virus-containing nucleic acid into the cytoplasm (Talarico 
and Damonte, 2007). Yamada and his co-workers demonstrated the anti- 
HIV activity of carrageenan. Carrageenan was modified by depolymer-
ization and sulfation to increase its activity. Depolymerized and sulfated 
κ and ι carrageenan show the highest anti-HIV activity (Yamada et al., 
2000). Also, low molecular weight κ-carrageenan obtained by 
microwave-aided acid hydrolysis was acetylated and sulfated. The ob-
tained derivative of carrageenan displayed the highest activity against 
the influenza virus (H1N1) in mice (Tang et al., 2013). Wang and his co- 
workers have reported that carrageenan could inhibit mRNA and protein 
expression of the influenza A virus. Their result shows that after the 
virus is internalized inside the host cell, carrageenan blocks the viral 
replication cycle. It inhibited the formation of nucleic acids and pro-
teins, which cease the release of the virus outside the host cell (Wang 
et al., 2011). 

Therefore, the antiviral activity of carrageenan has distinct inhibi-
tory actions on different viruses because of their molecular mass and 
level of sulfation, which comprises of sulfate content and the position of 
sulfation. 

Fig. 2. Stages in life cycle of virus (Black) - (i) virus attachment, (ii) virus penetration and uncoating (iii) biosynthesis (iv) viral assembly (v) viral release. 
Mechanism of antiviral actions of Sulfated polysaccharides (SPs) (Red)- (i) inhibit virus attachment (ii) inhibit virus penetration (iii) inhibit virus internalization and 
uncoating (iv) Inhibit virus transcription and replication process. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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5.2. The antiviral potential of sulfated polysaccharide ulvan from green 
macroalgae 

Chiu and his colleagues have tested the antiviral effects of ulvan from 
Ulva lactuca on the Japanese encephalitis virus (JEV). It is a mosquito- 
borne flavivirus that causes acute encephalitis in humans. They re-
ported that ulvan could inhibit JEV infection in Vero cells by blocking 
virus adsorption and making the virus unable to enter cells (Chiu et al., 
2012a). 

Aguilar-Briseño and his teammates have isolated Ulvan from Ulva 
clathrata and fucoidan from Cladosiphon okamuranus. They evaluated the 
antiviral activity and mode of action of isolated Ulvan, fucoidan, and 
their mixture on Newcastle disease virus (NDV). Their antiviral activity 
was assessed by syncytia reduction assay. They stated that syncytia 
formation could only be inhibited if ulvan and its mixture were added 
before protein cleavage as once protein is cleaved via trypsin digestion; 
ulvan will lose the ability to inhibit syncytia formation. Their result 
shows that ulvan was able to inhibit 67% of syncytia formation, fucoi-
dan inhibits 47%, and their mixture inhibits 59% of syncytia formation 
(Aguilar-Briseño et al., 2015). 

5.3. The antiviral potential of sulfated polysaccharides fucoidan from 
brown macroalgae 

Queiroz and his associates have examined the potential of fucoidan 
to inhibit HIV reverse transcriptase (RT) enzyme before integrating the 
virus into the host cell. RT enzyme is encoded by a retrovirus that cat-
alyzes the viral RNA (ribonucleic acid) genome into DNA (deoxy-
ribonucleic acid). They have also studied the role of sulfate and carboxyl 
groups present on the fucoidan to inhibit HIV. They have assessed that 
fucoidan has a prominent effect on reverse transcriptase in vitro, even at 
low concentration values. Their results have also shown that fucoidan 
polysaccharide, modified by carboxy-reduction and desulfation, has 

Table 1 
Antiviral activity of some sulfated polysaccharides from marine algae.  

Organism Compounds Activity References 

Red macroalgae 
Acanthophora 

spicifera 
Agaran aHSV-1, HSV-2, 

inhibit initial 
attachment of 
virus to the cells 

Bedoux et al., 
2017 

Meristiella gelidium Iota/kappa/nu- 
hybrid 
carrageenan 

HSV-2, bDENV-2, 
no cytotoxicity on 
Vero cells 

De Sf-Tischer 
et al., 2006 

Acanthophora 
spicifera 

Carrageenan HSV-1, cRVFV, 
inhibit virus 
replication 

Gomaa and 
Elshoubaky, 
2016 

Sigma–Aldrich Kappa- 
carrageenan 

Enterovirus 71 
prevent viral 
replication before 
and after 
adsorption 

Chiu et al., 
2012b 

Purchased from 
FMC 
Biopolymers 

Iota-carrageenan dHRV, prevent 
binding and 
replication of 
virions 

Grassauer et al., 
2008 

Gymnogongrus 
griffithsiae, 
Cryptonemia 
crenulata 

Sulfated galactans HSV-1, HSV-2, 
inhibit virus 
adsorption 

Talarico et al., 
2004 

Gracilaria corticata Sulfated galactan HSV-1, HSV-2, 
inhibition of virus 
attachment 

Mazumder 
et al., 2002 

Purchased from 
FMC 
Biopolymers 

Iota-carrageenan Pandemic eH1NI/ 
2009 reduced viral 
replication 

Leibbrandt 
et al., 2010 

Gymnogongrus 
torulosus 

DL-galactan HSV-2, DENV-2, 
inhibit virus 
adsorption 

Pujol et al., 
2002 

Sebdenia 
polydactyla 

Sulfated 
xylomannans 

HSV-1 Ghosh et al., 
2009 

Lithothamnion 
muelleri 

Sulfated 
xylogalactans 

HSV-1, HSV-2, 
inhibit viral 
adsorption and 
penetration into 
the cells 

Malagoli et al., 
2014 

Scinaia hatei Sulfated 
xylomannan 

HSV-1, HSV-2, 
inhibit virus 
binding 

Mandal et al., 
2008 

Sphaerococcus 
coronopifolius, 
Boergeseniella 
thuyoides 

Water-soluble 
sulfated 
polysaccharides 

HSV-1, fHIV-1, 
inhibit adsorption 
and replication of 
the virus 

Bouhlal et al., 
2011  

Green macroalgae 
Enteromorpha 

compressa 
Ulvan HSV, inhibit 

adsorption and 
replication of the 
virus 

Lopes et al., 
2017 

Ulva intestinalis Ulvan Measles virus, 
reduction of 
syncytia formation 
and low 
cytotoxicity 

Morán- 
Santibañez 
et al., 2016 

Ulva armoricana Enzyme assisted- 
Ulvan 

HSV-1, no 
cytotoxicity on 
Vero cells 

Hardouin et al., 
2016 

Monostroma 
latissimum 

Rhamnan sulfate HSV-1, HIV-1, 
gHCMV, virus 
adsorption and 
replication 

Wang et al., 
2018  

Brown macroalgae 
Adenocystis 

utricularis 
Fucoidan 
(galactofucan) 

HSV-1, HSV-2, no 
cytotoxicity 

Ponce et al., 
2003 

Dictyota dichotoma Fucoidan 
(galactofucan) 

HSV-1, reduction 
in plaque 
formation 

Rabanal et al., 
2014 

Cladosiphon 
okamuranus 

Fucoidan 
(glucuronic acid, 
sulfated fucose) 

DENV-2, direct 
binding 

Hidari et al., 
2008  

Table 1 (continued ) 

Organism Compounds Activity References 

Adenocystis 
utricularis 

Fucoidan HIV-1, block entry 
of the virus 

Trinchero et al., 
2009 

Cystoseira indica Sulfated fucans HSV-1, HSV-2, 
inhibit virus 
adsorption 

Mandal et al., 
2007 

Sargassum mcclurei Fucoidan HIV-1, block entry 
of the virus 

Thuy et al., 
2015 

Caulerpa brachypus Xylan-fucoidan HSV-1, inhibit 
attachment, 
penetration, and 
later stage 
replication 

Lee et al., 2004 

Fucus vesiculosus Fucoidan hBVDV, inhibit 
binding of the 
virus 

Güven et al., 
2020 

Laminaria japonica Fucoidan iH5N1, inhibit 
entry of the virus 

Makarenkova 
et al., 2010 

Undaria pinnatifida Galactofucan HSV-1, HSV-2, 
HCMV, Inhibit 
virus entry, and 
host-virus binding 

Hemmingson 
et al., 2006 

Sargassum 
trichophyllum 

Fucoidan HSV-2, inhibit 
virus adsorption, 
penetration and 
replication 

Lee et al., 2011  

a Herpes simplex virus. 
b Dengue virus. 
c Rift valley fever virus. 
d Human rhinovirus. 
e Influenza A virus. 
f Human immunodeficiency virus. 
g Human cytomegalovirus. 
h Bovine viral diarrhea virus. 
i Avian influenza virus. 
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reduced the inhibitory activity for HIV RT four times compared to un-
modified ones. Therefore, they have suggested that chemical structures 
of molecules such as degree of sulfation, disaccharides linkages, poly-
meric backbone, and the degree of polymer chemical reactions could 
play an important function in affecting antiviral properties of fucoidan 
polysaccharides (Queiroz et al., 2008). 

Dinesh et al. (2016) reported the anti-HIV-1 property of fucoidan 
extracted from Sargassum swartzii. They observed that it exhibit inhibi-
tory activity against HIV-1 p24 antigen (95.6 ± 1.1%) and reverse 
transcriptase (78.9 ± 1.43%) at a concentration of 25 μg/ml. Yuguchi 
et al. (2016) reported that fucoidan obtained from certain brown sea-
weeds displayed similar anti-HIV activity by blocking the early steps of 
HIV entry into target cells. They have suggested that sulfate content and 
its position in the fucoidan backbone is not associated with antiviral 
activity. Hayashi and his colleagues have reported that fucoidan from 
Undaria pinnatifida can prevent the replication of influenza A virus in-
side the host cell by blocking the transcription process. They have also 
said that fucoidan helps in stimulating both innate and adaptive immune 
functions by regulating B- lymphocytes (bone marrow cells) and T- 
(thymus cells) lymphocytes in virus-infected mice (Hayashi et al., 2013). 

6. Modulation of host antiviral immune responses with seaweed 
polysaccharides 

The viral infection can induce the antiviral immune responses of the 
host cell. Type I interferon system (IFN), host natural killer (NK) cells, 
and phagocytic cells contribute significantly against viral infection. IFN 
interacts with receptors on the cell surface that generates the antiviral 
proteins and enhances the activity of NK cells, T lymphocytes, and 
macrophages (Sozzani et al., 2010). Several seaweed polysaccharides 
help indirectly in the inhibition of viral infection and speed up the 
process of virus removal by activating the NK cells and stimulating 
antiviral immune factors. 

The λ-carrageenan polysaccharide has been shown to induce the 
synthesis of interferon, which contributes to the biological effects on the 
immune response. Microwave degradation of λ-carrageenan from 
Chondrus ocellatus has been reported to inhibit the growth of tumors by 
improving the activity of interferons and enhancing lymphocyte multi-
plication (Liu et al., 2019). Fucoidan has various immune-modulating 
effects, such as stimulating the production of NK cells, development of 
dendritic cells, and the function of cytotoxic lymphocytes. Moreover, it 
enhances the Th1-type immune response by producing antibodies 
against determinants of specific antigen and generates memory T cells 
against the particular virus (Zhang et al., 2015). Carrageenan from 
Kappaphycus striatum modulates the immune response by enhancing the 
activity of macrophages and NK cells and increases the expression of 
interleukin-2 (IL-2) and tumor necrosis factor-alpha (TNF-α) (Yuan 
et al., 2006). The sulfated polysaccharides from Enteromorpha prolifera 
can stimulate macrophages cells. It can also induce the production of 
various cytokines such as interferon-gamma (IFN-γ) and interleukin-2 
(IL-2), thus upregulating the Th-1 response (Kim et al., 2011). Poly-
saccharides from brown and green macroalgae are also reported to 
improve the antiviral immune response of the host cell. Alginate poly-
saccharide 911 can block the absorption of the virus and inhibit its 
replication by modulating the immune response of T and B lymphocytes 
(Xianliang et al., 2000). 

In conclusion, marine sulfated polysaccharides can impede the virus 
adsorption and its replication and, thus, activate the immune response of 
the host directly by accelerating the process of virus clearance. 

7. Potential antiviral application of marine polysaccharide in 
combating COVID-19 

In late December 2019, an outbreak of novel coronavirus diseases 
(COVID-19) in Wuhan, China has spread quickly nationwide. According 
to the World Health Organization (WHO), it is a pandemic disease 

caused by a unique beta-coronavirus, one of the four genera of coro-
navirus (alpha, beta, delta, and gamma). At present, it is formally known 
as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
(Gorbalenya et al., 2020). It is transmitted through the air (cough or 
sneeze), physical contact, contaminated objects, or mass gathering. 
Infected people experience a dry cough, high fever, sore throat, and face 
difficulty in breathing. 

The COVID-19 is a novel enveloped beta-coronavirus which mainly 
caused infections in the pulmonary and digestive tract (Zhu et al., 2020). 
The outer membrane of the virus is made up of spike proteins that 
protrude out of the cell surface. The inside virus contains capsid protein 
along with its genome and single-stranded RNA. It is reported that 
glycoproteins on the surface of coronavirus bind to the receptors of host 
cells. This attachment leads to the entrance of the virus inside the cell. 
Spike proteins on the virus surface bind with blood vessel cells of the 
heart and kidney and with epithelial cells of lungs and intestine via 
angiotensin-converting enzyme (Xu et al., 2020). 

There are currently no vaccine or effective antiviral treatments for 
COVID-19 in general, although hundreds of clinical trials are underway. 
Recently, marine sulfated polysaccharides have gain attention because 
of their antiviral effects [Table 2]. It has been proved that the antiviral 
properties of carrageenan have shown promising inhibitory effects on 
many types of viruses. It can effectively disrupt the interaction between 
virus and host cell receptors, thus block the internalization of virus 
particles. Koenighofer and co-workers have developed carrageenan- 
based nasal spray, which was effective in a patient with a common 
cold infected by a human coronavirus OC43 (beta) and human corona-
virus 229E (alpha). Its application has shown a 2.5-fold reduction in 
relapses of symptoms and increased viral clearance compared to 
placebo-treated patients during clinical trials (Koenighofer et al., 2014). 
To treat throat infection caused by a human coronavirus OC43, 
Morokutti-Kurz and his colleagues have prepared lozenges comprising 
10 mg iota-carrageenan as active pharmaceutical constituents. Their 
results show that glycoproteins on the coronavirus surface were 

Table 2 
Some of the marine sulfated polysaccharides reported to combat COVID-19.  

Compound Efficacy Effect/mechanism Reference 

Iota-carrageenan 
based nasal 
spray 

Concentration as 
low as 6 μg/ml 

Inhibit SARS-CoV-2 in 
vitro 

Bansal et al., 
2020 

Carrageenan 
based nasal 
spray 

– 2.5-Fold reduction in 
relapses of symptoms 

Koenighofer 
et al., 2014 

Fucoidan and 
carrageenan 

At 3.90-500 μg/ 
ml concentration 

Prevent SARS-CoV-2 
entry into the cell by 
binding to the S- 
glycoprotein 

Song et al., 
2020 

Iota-carrageenan 
based lozenges 

At a 
concentration of 
10 mg 

Denaturation of 
coronavirus 
glycoprotein 

Morokutti-Kurz 
et al., 2017 

Fucoidan Kappa 
carrageenan 
Iota- 
carrageenan 

Concentration of 
0.01–10% by 
weight 

Prevent or treat 
respiratory tract 
infections caused by 
the virus 

Grassauer and 
Prieschl- 
Grassauer, 
2019 

Fucoidan At approx. 83 nM 
concentration 

SP bind to spike 
protein of SARS-CoV- 
2 in vitro, preventing 
its binding to the host 
cell 

Kwon et al., 
2020 

Iota- 
carrageenan 
based nasal 
spray 

At the 
concentration of 
0.12% 

Relieve nasal 
congestion in the 
upper respiratory 
tract 

Graf et al., 2018 

Iota- 
carrageenan 

Total 1 mg dose 
daily 

2.40 fold increase in 
recovery rate from 
coronavirus infection 

Hemilä and 
Chalker, 2020 

Lamda- 
carrageenan 

At 0.3–1.4 μg/ml 
concentration 

Target viral 
attachment to cell 
surface receptors 

Jang et al., 
2020  

N. Hans et al.                                                                                                                                                                                                                                    



Bioresource Technology Reports 13 (2021) 100623

8

denatured during the residence time of lozenge inside the mouth. 
Carrageenan based lozenges were responsible for the morphological 
changes of glycoproteins due to the low pH maintained inside the 
mouth. Denaturation of glycoproteins leads to inhibit the virucidal ac-
tions of coronavirus (Morokutti-Kurz et al., 2017). Graf and his partners 
have formed a nasal spray formulation comprising 0.05% of xylometa-
zoline hydrochloride and 0.12% of iota-carrageenan. This formulation 
has been reported to relieve nasal congestion in the upper respiratory 
tract and simultaneously provides antiviral protection of respiratory 
mucosa (Graf et al., 2018). 

Grassauer and Prieschl-Grassauer have investigated the effect of 
carrageenan on the inhibition of coronavirus mediated cell death in cat 
kidney cells. Iota-carrageenan shows significant inhibition at low levels 
(4 μg/ml), but kappa- and lambda-carrageenan are not sufficient. They 
reported that pretreatment of the host cell with the highest experimental 
carrageenan concentration of 400 μg/ml shows only 35% inhibition. 
This result indicates that pretreatment is not significant enough to 
protect cells from coronavirus infection. Therefore, they suggested that 
antiviral active agent carrageenan should be present at the time of 
infection, i.e., when virus and host cell interaction is about to take place. 
Thus, carrageenan facilitates protection against coronavirus. It also 
suggests that carrageenan can be coated or impregnated to a solid sur-
face of hygiene or sanitary item such as gloves, tissue paper, cotton 
swab, and facial masks (Grassauer and Prieschl-Grassauer, 2019). 

8. Benefits of marine SPs over other natural compounds 

Several potential vaccines are being studied for COVID 19, but no 
specific effective treatment is developed. Although many natural com-
pounds other than sulfated polysaccharides from marine algae also 
shows promising results on COVID 19 patients. Various herbal tradi-
tional medicines, plant extracts containing flavonoids and phenolic 
compounds, and essential oils from medicinal plants are reported to 
have antiviral bioactivities for COVID 19. Shree et al. (2020) have re-
ported that phytochemicals from medicinal plants such as Ashwagandha 
(Withania somnifera), Giloy (Tinospora cordifolia), and Tulsi (Ocimum 
sanctum) showed potential inhibitor against SARS-CoV-2 main protease. 
Studies show that essential oil from Eucalyptus and Neem (Azadirachta 
indica) helps in the symptomatic treatment of COVID 19 (Roy and 
Bhattacharyya, 2020). Wahedi et al. (2020) have reported that phenolic 
compounds from plants such as Stilbene can disrupt the affinity binding 
of COVID spike protein on the human ACE2 receptor. Jo et al. (2020) has 
reported that the antiviral activity of some of the flavonoids can effi-
ciently block the enzymatic activity of coronavirus 3C-like protease. 
Other plant secondary metabolites such as alkaloids, terpenoids, and 
polyphenols were also reported to prevent the binding of the virus to the 
host cell (Jahan and Onay, 2020). 

Although potential anti-SARS-CoV-2 activity is exhibited by both 
algae-based and plant-based compounds, they both have their own 
merits and demerits. Marine macroalgae have been explored by many 
researchers as an excellent opportunity to become an inexhaustible 
source of biologically active compounds for the discovery of novel and 
useful therapeutic drugs. Algae-based and plant-based compounds are 
safe, biocompatible, and biodegradable, but the production cost of 
algae-based SPs is less than plant-based natural compounds due to their 
abundance in the ocean (Ruocco et al., 2016). Marine SPs are water- 
soluble and can easily be extracted using an aqueous extraction 
method, unlike plant-based compounds extracted using harmful organic 
compounds. Physicochemical and mechanical properties of SPs can 
easily be modified, which increases its use in pharmaceutical industries 
(Lee et al., 2017b). No clear health risk has been identified in the 
literature; however, initiatives are required to study the chemical 
composition, biological potency, bioavailability, toxicity, and associated 
mechanisms of sulfated polysaccharides in pharmaceutical sectors. 

9. Conclusion 

The sulfated polysaccharides are considered as a promising antiviral 
drug in the future. The diverse structure of SPs has an essential role in 
boosting the host antiviral response by interfering with virus attach-
ment, adsorption, and its replication process. There are several antiviral 
studies of marine polysaccharides have been performed in vitro or on 
specific animal models. Across 40 compounds are commercially avail-
able in the market, and many more are being implemented at the pre-
clinical or clinical stages of human trials. More initiatives are required to 
study the chemical composition, biological potency, and associated 
mechanisms of SPs in pharmaceutical sectors. 
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Morán-Santibañez, K., Cruz-Suárez, L.E., Ricque-Marie, D., Robledo, D., Freile- 
Pelegrín, Y., Peña-Hernández, M.A., Rodríguez-Padilla, C., Trejo-Avila, L.M., 2016. 
Synergistic effects of sulfated polysaccharides from Mexican seaweeds against 
measles virus. Biomed. Res. Int. 2016. https://doi.org/10.1155/2016/8502123. 

Morokutti-Kurz, M., Graf, C., Prieschl-Grassauer, E., 2017. Amylmetacresol/2, 4- 
dichlorobenzyl alcohol, hexylresorcinol, or carrageenan lozenges as active 
treatments for sore throat. Int. J. Gen. Med. 10, 53. https://doi.org/10.2147/IJGM. 
S120665. 

Muthukumar, J., Chidambaram, R., Sukumaran, S., 2020. Sulfated polysaccharides and 
its commercial applications in food industries—a review. J. Food Sci. Technol. 1–14. 
https://doi.org/10.1007/s13197-020-04837-0. 

Ortiz-Tena, J.G., Schieder, D., Sieber, V., 2017. Carrageenan and more: biorefinery 
approaches with special reference to the processing of Kappaphycus. In: Hurtado, A., 
Critchley, A., Neish, I. (Eds.), Tropical Seaweed Farming Trends, Problems and 
Opportunities, Developments in Applied Phycology, vol. 9. Springer, Cham, 
pp. 155–164. http://doi-org-443.webvpn.fjmu.edu.cn/10.1007/978-3-319-6349 
8-2_10. 

Ponce, N.M., Pujol, C.A., Damonte, E.B., Flores, M.L., Stortz, C.A., 2003. Fucoidans from 
the brown seaweed Adenocystis utricularis: extraction methods, antiviral activity 
and structural studies. Carbohydr. Res. 338, 153–165. https://doi.org/10.1016/ 
S0008-6215(02)00403-2. 

Pujol, C.A., Estevez, J.M., Carlucci, M.J., Ciancia, M., Cerezo, A.S., Damonte, E.B., 2002. 
Novel DL-galactan hybrids from the red seaweed Gymnogongrus torulosus are potent 
inhibitors of herpes simplex virus and dengue virus. Antivir. Chem. Chemother. 13, 
83–89. https://doi.org/10.1177/095632020201300202. 

Queiroz, K.C.S., Medeiros, V.P., Queiroz, L.S., Abreu, L.R.D., Rocha, H.A.O., Ferreira, C. 
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