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ABSTRACT: The novel coronavirus (nCoV) disease COVID-19, triggered by SARS-CoV-2 is a major threat 

caused to the public health in the 21th century. Combating the same is a herculean challenge for the scientific 

world. This is represented as the third corona virus outbreak in preceding 20 years, followed by SARS (2002-

2003) and MERS (2012). However, there is no clinically effective drugs against COVID-19 virus infection. For 

International medical community, development of effective drugs to avoid and cure a viral attack is an urgent 

requisite during this time. As a consequence, we have piloted an organised review presenting the anti-viral 

prospective of carrageenan, a sulphated galactan derived from red seaweed. Sulphated polysaccharides are 

demonstrated as potential antiviral that can intrude the initial stages of viral infections, have wide prospects in 

anti-corona virus applications. Carrageenan and its oligosaccharides are well reported for its anti-viral properties; 

chiefly via the obstruction of the attachment stage of virus. The current review presents the survey of antiviral 

prospective of carrageenan and aims to provide new approach to researchers for exploring seaweed 

polysaccharides to develop effective therapy against strains of SARS-CoV-2 virus. 
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INTRODUCTION 

Corona viruses are positive-sense single-stranded enveloped RNA viruses, (Fig.1) that infects vertebrates 

including animals and human beings causing respiratory and enteric diseases [Weiss et al., 2011; Heald et al., 

2012; Anthony et al., 2017]. Corona virus are of four types namely α, β, γ and δ, amongst α- and β-type comprise 

strains which are human pathogenic [Cui et al., 2019]. The novel strain of COVID-19, from acute respiratory 

syndrome corona virus 2 (SARS-CoV-2) emerged in 2019 had spread to > 210 countries and caused great threat 

to global faces. SARS-CoV-2 have infected >8000 people, lead to 774 mortalities in twenty-seven countries 

[Parvez and Parveen 2017]. It has been reported as the most contagious form and ranked as third recorded escape 

of virus from animals to humans < 2 decades [Yang et al., 2020] that created severe health implications to 

humans [Tang et al.,2020]. 
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Figure 1: Pathogenic human coronaviruses 

The spike glycol-protein (S –protein) of corona virus is considered as the major target for vaccine 

development. The S protein of corona virus play key role in pathogenesis and induce immune 

response to the host [Du et al., 2009; Liu et al., 2020]. Till date, there is no effective clinical therapy for 

COVID-19 infections. Variety of therapies targeted to inhibit virus growth and replication are found to 

be ineffective as a consequence of mutation and resistance acquired by them against the newly 

introduced therapies [Chase et al., 2011]. In this regard, there is an important requisite to prepare target 

specific, high-efficiency, low-toxic drugs against corona virus. Seaweeds owing to their high sulphated 

polysaccharides content, wide availability, minimum production cost, biodegradability, non-cytotoxic, 

and biocompatible nature serves as attractive candidates for developing prospective anti-virals [Perez 

et al., 2016; Hao et al., 2019; Besednova et al., 2019; Chen et al., 2020]. Sulphated polysaccharides 

mimic heparin sulphate and are demonstrated to inhibit enveloped virus replication [Pereira and 

Critchley, 2020] by impeding the initial stages of viral replications. This is ascertained by masking the 

positive charge of viral surface receptors, which restrict them from binding to heparan sulphate 

proteoglycans on the surface of the host [Witvrouw et al., 1997; Klimyte et al., 2006; Talarico and 

Damonte, 2007; Hao et al., 2019]. Hence, they are good candidates for developing effective drugs for 

viruses. In this review, we presents the anti-viral prospective of the commercially important sulphated 

polysaccharide, carrageenan; their mechanism of anti-viral actions in brief to deliver a novel methods 

for the formulation of clinically effective therapy against corona virus. In traditional Chinese 

medicine, polysaccharides serve as a major ingredient, gained potential application prospect in the 

prevention and cure of corona virus due to their pronounced anti-viral functionality and remarkable 

anti-viral mode of action. Carbohydrate attaching agents are having the efficacy to inhibit porcine 

reproductive and respiratory syndrome virus (PRRSV), mouse hepatitis virus (MHV), feline corona 
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viruses I and II serotypes, infectious bronchitis virus (IBV), transmissible gastroenteritis virus and 

corona virus [Ghosh et al.,2009]. 

Carrageenan remains as a linear, anionic, sulphated polysaccharide derived from marine red 

seaweed [Manuhara et al., 2015]. It is structurally composed of D-galactose and 3, 6-anhydro-galactose 

units with α-1,3 and β-1,4 glycosidic linkage [Rees, 1972; Necas and Bartosikova, 2013]. Carrageenan 

based on the number and position of sulfate groups of 3, 6 anhydro-galactose (3, 6 AG) are classified 

into various forms such as κ, λ, ι, ε, μ. The number and position of sulphate residues of 3, 6 AG 

influence primarily its structural characteristic. Structurally, κ-carrageenan constitutes a 3, 6 AG 

bridge with single sulphate ester group, ascertains low hydrophilicity, λ-carrageenan pose no 

hydrophobic 3, 6 AG bridge and constitute three hydrophilic sulphate ester groups, ascertaining 

greatest hydrophilicity at almost all conditions. While, i-carrageenan poses a 3, 6 AG bridge with two 

sulfate ester groups [Distantina and Fahrurrozi 2011]. Carrageenan is well noted for its pronounced 

activities such as anti-viral [Marchetti et al., 1995; Carlucci et al., 1999; Campo et al., 2009], 

immunomodulatory [Zhou et al., 2004] and numerous others. The chemical structure of carrageenan is 

depicted in fig. 2. 

 
Figure 2: Chemical structure of carrageenan 

Carrageenan, a potential anti-viral candidate for COVID-19 research 

Although, carrageenan is described to have a direct virucidal effect against different enveloped viruses [Chen 

and Huang, 2018], there are only few studies tested for virucidal efficacy of sulphated polysaccharide, especially 

carrageenan. Studies conducted by Harden and co-workers (2009) reported the antiviral activity against herpes 

simplex virus-2 of carrageenan extracted from Gigartina atropurpurea. Antiherpetic activity of λ-carrageenan 

https://www.sciencedirect.com/science/article/pii/S0144861709000459%23bib80
https://www.sciencedirect.com/science/article/pii/S0144861709000459%23bib16
https://www.sciencedirect.com/science/article/pii/S0144861709000459%23bib143
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derived from G. skottsbergii, has been conducted with suid herpesvirus-1 and bovine herpesvirus-1 which are 

animal herpes viruses [Diogo et al., 2015]. In addition, Gomaa and Elshoubaky [2016] have reported the 

inactivation of herpes simplex virus-1 and Rift valley fever virus by using carrageenan extracted from 

Hydroclathrus cathralus and Acanthophora specifira. It was observed that varicella zoster virus infectivity was 

inhibited ≈ 85% when treated with ι-carrageenan’s [Abu- Galiyun et al., 2019]. 

 

Antiviral mechanism of action of carrageenan 
Carrageenan and their derivates are prospective antivirals that are effective to impede the growth and 

replication of enveloped viruses. The members of Herpesviridae family constituting herpes simplex virus types 1 

and 2 [Talarico et al.,2004; De et al.,2006; Harden et al.,2009;], cytomegalovirus [Baba et al.,1988], varicella-

zoster virus [Abu- Galiyun et al.,2019], equid herpesvirus 3 [Vissani et al.,2016], suid herpes virus type 1 and 

bovine herpesvirus type 1 [Diogo et al.,2015] remain as the most studied forms. Other enveloped viruses affected 

by carrageenan include dengue virus type 2 [De et al.,2006; Talarico et al.,2007], human immunodeficiency 

virus  [Yamamnda et al.,2000], Sindbis virus [Baba et al.,1988], Influenza virus [Besednova et al.,2019], human 

metapneumovirus [Klimyte et al.,2016], porcine reproductive and respiratory syndrome virus [Guo et al.,2019], 

rabies virus [Luo et al.,2015], Rift Valley fever virus [Goma et al.,2016], vaccinia virus [Gonzalex et al.,1987; 

Baba et al.,1988], Semliki forest virus, swine fever virus and hantaviruses [Pavliga et al.,2016]. 

Moreover, in a recent study, it is established that ι and λ carrageenan have a strong inhibitory action against 

SARS-CoV2 [Bansal et al.,2020; Jang et al.,2021, Morokutti-Kurz et al.,2021], and other sulphated 

polysaccharide have been assumed as good candidates for treatment of COVID-19 infection [Andrew and 

Jayaraman, 2021]. There are also few relevant studies reported the antiviral functionality against human 

rhinovirus (non-enveloped virus) [Grassauer et al., 2008], enterovirus 71 [Chiu et al., 2012], and papillomavirus 

type 16 [Buck et al., 2006]. A schematic illustration of antiviral action of carrageenan is summarized in Fig. 3 

 
Figure 3:  Schematic illustration of antiviral action of carrageenan extracted from red seaweeds 

Effect of anti-viral property of carrageenan on viral replication  
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The inhibitory activity of carrageenan against viral replication is depicted in the fig. 4. Cell attachment (1), 

entry (2), uncoating (3), synthesis (4) Viral genome replication, translation and assembly (5), and release (6) are 

the six consecutive steps regulating the viral replication. 

 
Figure 4: Schematic representation of the proposed model depicting the process of viral infection and ant-viral 

effect of carrageenan on virus replication (Adapted from Shi et al., 2017) 

Inhibition of viral attachment 
In several studies, carrageenan has demonstrated the potential to block the interaction amongst 

glycosaminogylcans, chiefly heparin sulphate and various enveloped (membrane) and non-enveloped (non-

membrane) virus [Abu-Galiyun et al.,2019; Klimtye et al.,2016; Shao et al., 2009]. In enveloped virus, 

carrageenan has the efficacy to bind with the proteins like glycoproteins of herpes simplex and hemaglutinin of 

influenza, restricting the entry of virus particles thereby preventing virus attachment to GAGs [Carlucci et al., 

1997]. The mechanism of restricting the contact between the capsid of virus and cell surface receptors, is 

assumed as an activity against non-enveloped viruses [Buck et al., 2006].  

Inhibition of Viral Internalization/Entry 

Viral proteins undergo change in conformation when attached to cell surface. As a consequence, signaling 

cascades are activated and membrane of the cell destabilizes, resulting internalization of the virus [Sobhy et al., 

2017]. There is very scant information reported on the study of carrageenan against virus entry since the 

demonstration require more sophisticated techniques. However, the study of Talarico and Damonte [2007], λ-

carrageenan can inhibit DENV-2 nucleocapsid internalization. It is reported that these compounds serve as 

effective inhibitor of primary dengue virus infection in human myeloid K562 and U937 cells. [Piccini et al., 

2020].  

Likewise, rabies virus (RABV) internalization was affected by λ-carrageenan P32 [Luo et al., 2015]. Herpes 

simplex virus type-1 internalization were blocked by ι-carrageenan, with the aid of radiolabeled viral particles 
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[Gonzalex et al., 1987]. These compounds are assumed to have inhibitory post attachment effect against human 

papilloma virus and human rhino virus by impeding essential conformational changes in the viral particle and by 

blocking virion surfaces involved in binding to specific receptors [Grassauer et al, 2008]. 

Inhibition of Uncoating 

The study carried out by Talarico and Damonte [2007] demonstrated that dengue virus-2 internalization is 

blocked by λ-carrageenan. It is anticipated that virions that invade the cells are unable to undergo uncoating and 

are expelled from the endosomes. The work of Luo et al. [2015] revealed that λ-carrageenan P32 have the 

efficacy to prevent the conformational changes of RABV glycoprotein. As a consequence, cellular fusion is 

restricted, leading to inhibition of virus uncoating.  

Inhibition of Synthesis 
The effect of carrageenan polysaccharides on the synthesis of protein and enzymatic actions of avian 

mieloblastosis virus and herpes simplex virus-1 were reported. [Nakashima et al., 1987]. In the presence of 

carrageenan, the viral protein synthesis was declined for herpes simplex virus [Gonzalez et al., 1987]. It has been 

reported that reverse transcriptase activity of alpha mosaic virus were inhibited in the presence of λ-carrageenan 

derived from Schizymeniapacifica [Nakashima et al., 1987]. The effect of carrageenan on intracellular replication 

has been systematically evaluated in influenza A virus [Wang et al., 2011]. In Vero-infected cells, k form of 

carrageenan demonstrated the suppression of EV 71 mRNA synthesis [Chiu et al., 2012]. The assumed effect of 

ι-carrageenan in dengue virus and varicella-zoster virus intracellular replication steps has been observed. In Vero 

cells, seventy five percent inhibition of VZV intracellular replication and in C6/36 HT mosquito-derived cell 

line, the inhibition of replication of DENV were reported. [Abu-Galiyum et al., 2019, Talarico et al., 2011]. 

 Protective Effect on Cells 
Carrageenan exerts its antiviral role by binding to the viruses and inhibiting them from adsorbing to cell 

cultures. Hence the prophylactic action of carrageenan has not been explored. In the study of Chiu et al. [2012], 

Vero cells pre-treated with κ-carrageenan demonstrated that these molecule can bind to both surface of virus and 

the receptor of the cell  and when C6/36HT mosquito cells were pretreated with ι-carrageenan, it resulted in a 

decline in the virus yield at post infection and the EC50 value remained comparable to the value ascertained on 

incubation of carrageenan and virus for the entire infection [Talarico et al., 2011].In Vero E6 cells, pretreatment 

with λ-,κ-and ι-carrageenan, reduced the titer of hantavirus PM-95 [Pavliga et al.,2016].  

CONCLUSION AND FUTURE PROSPECTS 

Polysaccharides gained significance for several decades due to the active ingredients present in them. In 

traditional Chinese medicine, carrageenan and their derivatives pose broad spectrum of antiviral activities and 

serve as a major ingredient. Carrageenan possess boundless application prospects in anti-corona virus due to their 

potential to exert anti-viral property by interfering with the life cycle of virus with their unique mechanisms. We 

speculate that carrageenan and its derivatives will exert anti-SARS-CoV-2 effects by the mechanisms as 

presented in Fig.4. This review may provide an innovative idea for the formulation of drugs against COVID-19 
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and effective therapies by understanding the anti-viral mechanism of action of carrageenan at various stages of 

viral replication. 
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