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INTRODUCTION

Chitosan is a linear polysaccharide composed of randomly 
distributed β-(1 → 4)-linked d-glucosamine and N-acetyl-d-
glucosamine (Figure 1). The chain length of chitosan is vari-
able, but most chitosan products exhibit a molecular weight 
range of 3800–200,000 Daltons.

Most chitosan of commercial use is synthesized via the al-
kaline treatment (e.g. NaOH) and deacetylation of chitin ex-
tracted from shrimp shells. However, increasingly, chitosan 
can also be synthesized from fungal chitin grown in industrial 
quantities.

Chitosan has several uses, among which are biocontrol in 
horticulture and agriculture (Devappa et al., 2021), wine fin-
ings (Ivić et al., 2021), wound dressings to staunch bleeding 
(Amirian et al., 2021), bioprinting (Costantini et al., 2021), 
weight loss (Qinna et al., 2013) and as an edible antimicro-
bial film in food production (Amor et al., 2021). Increasingly, 
research has been undertaken as to the role of chitosan as a 
drug delivery agent and vaccine adjuvant (Idris et al., 2021).

Among the historical and current uses for chitosan is a 
continuing suggestion in the literature that it possesses anti-
microbial properties (Amor et al., 2021). A literature survey 
of the potential antimicrobial properties of chitosan dat-
ing back to the 1960s has revealed sporadic interest in this 

characteristic as evidenced by the work of several groups. 
Papavizas et al. (1962) studied the use of chitosan in the in-
hibition of the plant pathogen Rhizoctonia solani. Muzzarelli 
et al. (1990) studied the potential antimicrobial activity of 
N-carboxybutyl chitosan as a wound dressing against a panel 
of test micro-organisms including Staphylococcus aureus, 
Streptococcus spp., Enterobacter faecalis and Candida spp. 
They found considerable antimicrobial activity across all the 
groups of micro-organisms tested and suggested a complex 
mode of action resulting in cell membrane disruption and 
subsequent loss of membrane function. Omura et al. (2003) 
showed that the antimicrobial activity of chitosan against 
Bacillus subtilis, Escherichia coli, Staphylococcus aureus 
and Pseudomonas aeruginosa was dependent upon the de-
gree of acetylation and the molecular weight of the chitosan 
used. Benhabiles et al. (2012) studied chitin, chitosan and 
several chitosan oligomers of shrimp origin (Parapenaeus 
longirostris) as antibacterial agents against a panel of Gram-
positive and Gram-negative bacteria, including P. aeruginosa, 
Salmonella typhimurium, Vibrio cholerae and B. subtilis. 
They observed significant activity against all tested bacteria. 
The use of chitosan as a plant protective agent against fungi, 
yeasts and bacteria led to research into its anti-bacteriophage 
activity (Pospieszny et al., 1991) and subsequently into its 
general antiviral activity, which was summarized in an earlier 
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review by Chirkov (2002). This review undertakes a logical 
assessment of chitosan's antiviral activity, commencing with 
its anti-bacteriophage activity, then plant viruses and finally 
animal viruses. It is this latter activity which underpins our 
current interest.

In addition to chitosan's proven antimicrobial and antiviral 
properties, it also has a role in the development of antiviral 
vaccines due to its adjuvant properties (Van der Weken et al., 
2021). Additionally, the use of chitosan in the development of 
nanoparticle vaccines to treat arbovirus disease has been sug-
gested by de Souza et al. (2021). In the last 12–18 months, 
such suggestions have led to the investigation of chitosan as 
a potential treatment for SARS-CoV-2 (the aetiological agent 
of COVID-19) (Gurunathan et al., 2020; Pyrć et al., 2020). 
It is our long-standing interest in chitosan as a pharmaceuti-
cal agent and these latter observations pertaining to chitosan 
and SARS-CoV-19 that have led us to reconsider the antiviral 
properties of chitosan in this timely review. The potential role 
of chitosan in the therapy of viral infections is summarized in 
Figure 2. This will form the basis of the subsequent discus-
sions in this review.

ANTIVIRAL ACTIVITY OF 
CHITOSAN AND ITS DERIVATIVES

Previous research has shown that marine polysaccharides 
and oligosaccharides derived from chitosan, carrageen-
ans, alginates and fucans have proven antiviral activity (He 
et al., 2019; Wang et al., 2012). Chitosan antiviral activity in 
plants has been thoroughly investigated by Chirkov (2002), 
Davydova et al. (2011) and He et al. (2019). They found that 
chitosan can suppress viral infections in many plant species 
belonging to different families. Chitosan was shown to affect 
the hypersensitivity response to plant viral infections, as well 
as preventing the systemic spreading of the virus in the plant 
(Chirkov, 2002; Davydova et al., 2011). Some reports indi-
cated that chitosan has no direct antiviral activity, but instead 
it stimulates the immune response of the plant and improves 
its general defence mechanisms (Iriti & Varoni, 2015; Iriti 

& Varoni, 2016). Ai et al. (2012) studied the antiviral activ-
ity of chitosan from the larvae of houseflies (Musca domes-
tica). They used chitosan to treat silkworm larvae (Bombyx 
mori L.) infected with B. mori nucleopolyhedrosis virus 
(BmNPV occlusion-derived virus [ODV]). Results showed 
that the larval mortality rate decreased significantly, thus in-
dicating that chitosan has BmNPV ODV antiviral bioactiv-
ity. They also reported that chitosan can inhibit Autographa 
californica nucleopolyhedrovirus (AcMNPV) and BmNPV 
infections as well as providing helpful information about an-
tiviral breeding technology for insect and plant pathology (Ai 
et al., 2012). Only a few studies on the antiviral activity of 
chitosan in animals have been reported. The earlier review 
by Chirkov (2002) suggests that chitosan inhibits viral in-
fections in animal cells, but gives little evidence. However, 
since then, several studies have reported that chitosan has an-
tiviral activity against human cytomegalovirus strain AD169 
and H1N1 influenza A virus (Divya et al., 2017; Jarach et al., 
2020). Intranasal preparation of chitosan was administered to 
BALB/c mice to stimulate the innate immune system against 
H7N9 Influenza viral infection that is normally highly patho-
genic to humans. Results showed that chitosan was effective 
in protecting the mice against this virus and three other virus 
strains tested. These studies highlight the promising poten-
tial of chitosan as an anti-influenza agent (Mohammadi et al., 
2020; Popescu et al., 2020; Zheng et al., 2016). Hassan et al. 
(2016) tested the antiviral activity of chitosan against Rift 
Valley Fever virus (RVFV), Herpes Simplex-1 (HSV-1) and 
Coxsackie viruses. Results showed a reduction in the infec-
tivity titres of the three viruses (Hassan et al., 2016). In con-
clusion, it is obvious that chitosan has antiviral activity in 
various biological systems. Properties of chitosan polymers 
determine its efficacy in viral suppression. Chitosan concen-
tration, molecular weight, degree of acetylation and amina-
tion, as well as chemical modification play an important role 

F I G U R E  1   Schematic diagram of the basic molecular structure 
of deacetylated chitosan, where n indicates the repeat of the formula, 
resulting in the molecular weight range of 3800–20,000 Daltons 
(Qniemiec; https://commo​ns.wikim​edia.org/wiki/File:Chito​san_chair.
png) [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E  2   Schematic diagram illustrating the potential role of 
chitosan in controlling viral infections [Colour figure can be viewed at 
wileyonlinelibrary.com]
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in its antiviral properties (Chirkov, 2002). Low concentra-
tions (0.1  mg/ml) of high molecular weight chitosan have 
been shown to suppress potato virus X (PVX) and tobacco 
mosaic virus (TMV) in a third to a half of treated potato and 
tomato plants, whereas higher concentrations of chitosan 
solution (1 mg/ml) suppressed the viral infection in 80% of 
the treated plants. These results illuminate the effect of con-
centration on antiviral activity of chitosan (Kulikov et al., 
2006). The results of these and other studies are summarized 
in Table 1. Many studies show that chitosan antiviral activ-
ity increases as its molecular weight decreases (Davydova 
et al., 2011; Iriti & Varoni, 2015; Kulikov et al., 2006). On 
the other hand, data from other studies indicate that high 
molecular weight chitosan possesses higher antiviral proper-
ties against PVX infection in potato plants (Chirkov et al., 
1998, 2001). Davydova et al. (2011) reported that antivi-
ral activity is weakly affected by its degree of acetylation 
(Davydova et al., 2011). Divya et al. (2017) suggest that 
the antimicrobial properties of chitosan are greatly affected 
by the repeated amino groups on the backbone of the poly-
mer structure. Other researchers reported that deaminated 
chitosan has a higher antiviral activity (Chirkov, 2002). 
This controversy has led researchers to study the structure 
of chitosan and its associated antiviral activity relationship 
more precisely. Many chemical modifications have been per-
formed on the chitosan backbone, resulting in the production 
of different polymeric derivatives that possess novel antivi-
ral activity (He et al., 2019; Mori et al., 2013; Wang et al., 
2012; Zhou, Hu, et al., 2020; Zhou, Shuxiang, et al., 2020). 
He et al. (2019) studied the antiviral activity of 6-amine chi-
tosan derivatives using haemagglutination tests. They found 
that these derivatives have more antiviral activity, especially 
those with a bromine ion. 6-deoxy-6-bromo-N-phthaloyl chi-
tosan reduced the observed haemagglutination titre of virus 
to zero. On the other hand, the real-time polymerase chain 
reaction (RT-PCR) results indicated that amino-modified 
chitosan stimulates the immune response as well as inhibit-
ing human immunodeficiency virus (HIV) viral transcription 
(He et al., 2019). Many studies have shown the effectiveness 
of sulphonated chitosan derivatives as antiviral agents. Two 
groups have shown that sulphated synthetic galactomannans 
possess anti-HIV activity with low cytotoxicity (Budragchaa 
et al., 2015; Dimassi et al., 2018). N-carboxymethylchitosan 
N,O-sulphate has also exhibited activity against HIV by inhi-
bition of HIV-reverse transcriptase (Dimassi et al., 2018). It 
has been suggested that the viral inhibitory activity of anionic 
derivatives depends upon the position of the sulphate group 
on the chitosan backbone and whether it is at O2 and/or O3 
positions in the glucosamine residue (Chirkov, 2002). The 
antiviral activity of guanidinylated chitosan hydrochloride 
against TMV has been evaluated. Results indicate a higher 
inhibitory rate for chitosan hydrochloride than for chitosan 
and a subsequent increase in plant resistance against TMV 

HIV (Hu et al., 2009). A fluorinated chitosan oligomer de-
creases viral replication from the norm to 40% in the infected 
cells, hence confirming the antiviral activity of chitosan de-
rivatives (Kim et al., 1999). Figure 3 summarizes the proven 
antiviral activity of chitosan against several human viruses.

PROPOSED MECHANISMS OF 
ACTION OF CHITOSAN AND ITS 
DERIVATIVES AS AN ANTIVIRAL 
AGENT

In the last few years, there has been great interest in the de-
velopment of novel drugs and the re-purposing of currently 
available antiviral medications to fight novel viral infections. 
This development is partially due to most novel viral infec-
tions having no associated licensed antiviral drug or vaccine 
(Pardi and Weissman, 2020). Although the efforts to produce 
vaccines are ongoing, there is still a need for prophylactic in-
tervention against novel viral infections, especially as some of 
the more promising vaccine technologies neutralize the sys-
temic virus, but not viral particles within the nasal epithelia 
(Sahebnasagh et al., 2020; Pyrć et al., 2020). In this context, 
great interest has been directed towards natural biopoly-
mer compounds as natural antiviral candidates (Randazzo 
et al., 2018; Sofy et al., 2019). Here, we review the proposed 
mechanisms of action of chitosan and its derivatives used to 
prevent or limit viral infection in general and COVID-19 in-
fections in particular. Recently, the antiviral activity of chi-
tosan and its derivatives has been studied by several groups 
(Donalisio et al., 2020; Hamed et al., 2020; He et al., 2019; 
Paul et al., 2019; Taubner et al., 2020; Wang et al., 2020). 
Despite these extensive published reports, the exact antiviral 
mechanism of chitosan and its derivatives is not fully under-
stood (Matica et al., 2019). Moreover, several factors may 
contribute to the antiviral action of any novel antiviral agent. 
In addition to the inherent physical, chemical and biological 
properties of chitosan, its biodegradability, biocompatibil-
ity, antimicrobial, antiviral, non-toxicity, cost-effectiveness, 
mucoadhesiveness and eco-friendly nature make it a promis-
ing platform for the design and development of new deriva-
tives and delivery/or target systems for viruses (Abd El-Hack 
et al., 2020). Unfortunately, the poor aqueous solubility, low 
bioavailability and low thermal and mechanical stability of 
chitosan limit the widespread application of unmodified, na-
tive chitosan (Sofy et al., 2019; Lu et al., 2020). The surface 
functionalization of chitosan (i.e. the development of novel 
chitosan derivatives) may be used to tackle such limitations. 
By aiming to improve its physicochemical and biological 
properties and consequently, expand its range of applications 
(Riva et al., 2011). The activity of chitosan is dependent on 
many factors, such as type and species of micro-organism, 
molecular weight and degree of deacetylation of chitosan, as 
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well as the chemical structure and functionalization/derivati-
zation of chitosan molecules (Goy et al., 2009; Hosseinnejad 
and Jafari, 2016). Here, we review the published proposed 
mechanisms of the antiviral activity of chitosan (Figure 4). A 
good understanding of the stages of viral infection to a host 
cell is crucial to understand the mechanisms of the antiviral 
activity of chitosan and its derivatives thereof. Traditionally, 
the viral life cycle is of four major steps: (i) attachment and 
entry into a target cell (Stages 1 and 2 in Figure 4), (ii) repli-
cation of the viral genome (Stages 3, 4, 5 and 6 in Figure 4), 
(iii) maturation of viral proteins and genome packaging into 
the infectious progeny (Stage 7 in Figure 4) and (iv) egress 
and dissemination to the next target cell (Stage 8 in Figure 4) 
(Jones et al., 2020).

Direct killing of the virus

Some studies have reported that some polysaccharides can 
directly enter the infected host cell and kill viruses in situ 
(Chen & Huang, 2018; Shi et al., 2017). The electrostatic 
interaction between the polycationic positive charge of chi-
tosan and the negatively charged surface of the virus can 
inhibit the infectious ability of the virus and/or directly kill 
the virus by disrupting its protective membrane (Mansouri 
et al., 2004; Raafat & Sahl, 2009). N-(2-hydroxypropyl)-
3-trimethylammonium chitosan chloride (HTCC), is a 

cationically modified chitosan derivative that exhibits ef-
fective inhibition of SARS-CoV-2 and Middle Eastern 
Respiratory Syndrome Coronavirus (MERS-CoV) replica-
tion. The analysis of the mechanism of interaction revealed 
a complex formation between HTCC polymer and S-protein 
of the virus, which blocks viral entry into the host cell 
(Milewska et al., 2016, 2020, 2021).

Inhibiting viral adsorption and subsequent 
host cell invasion

The initial step in the viral infectious life cycle is adsorption 
to the host cell through binding to the cell surface by elec-
trostatic interaction, which is followed by subsequent viral 
invasion of the host cell. The viral invasion process is often 
associated with the endocytosis of the virus, the fusion of 
the viral particle with the host cell membrane and the subse-
quent translocation of the virus into the host cell. Gao et al., 
(2018) claimed that 3,6-sulphated chitosan directly inhibits 
human papillomavirus (HPV) by binding to the viral capsid 
proteins and thus, blocking virus–host cell adsorption (Gao 
et al., 2018). Other sulphated chitosan-oligosaccharide de-
rivatives have been reported to block the interaction between 
HIV-1gp120 and CD4+ cell surface receptors, which inhib-
its virus–host cell fusion and subsequent viral entry into the 
host cell. Moreover, sulphated polysaccharides can interact 
with the positively charged regions of cell surface glycopro-
teins, leading to a shielding effect on these regions, and thus 
preventing the binding of viruses to the cell surface (Artan 
et al., 2010; Gao et al., 2018). Sosa et al. (1991) showed that 
the N-carboxymethylchitosan N,O-sulphate, a polymer de-
rived by the sulfation of N-carboxymethyl chitosan, inhibits 
HIV-1 adsorption to the cell surface receptor CD4+ and re-
verse transcription of the viral genome (Sosa et al., 1991). 
Water-soluble chitosan is shown to decrease the infectivity 
of both feline calicivirus (FCV-F9) and bacteriophage MS2 
(an infectious agent of E. coli and other members of the 
Enterobacteriaceae), but having minimal effects on murine 
norovirus (MNV-1). Chitosan oligosaccharide was found to 
be less effective in decreasing the infectivity of FCV-F9 and 
MS2 than was water-soluble chitosan. For MNV-1, higher 
molecular weight chitosan, higher concentrations and longer 
incubation times may be necessary to cause a reduction in 
viral titres (Davis et al., 2012; Su et al., 2009).

Chitosan as a prophylactic antiviral agent 
(effects on immune system)

The mucous membrane that covers, for example, the nasal 
cavity and the respiratory system is a major part of the human 
immune system (Parkin and Cohen, 2001). Such mucosal 

F I G U R E  3   The tested and proven antiviral activity of chitosan 
against several human viruses, where HSV-1 is herpes simplex virus 
type 1; H7N9 is an avian-origin influenza A virus; HIV is human 
immunodeficiency virus; SARS CoV-2 is severe acute respiratory 
syndrome Coronavirus-2; H1N1 is pandemic 2009 influenza A virus; 
HCMV is human cytomegalovirus and RVFV is Rift Valley fever 
Virus [Colour figure can be viewed at wileyonlinelibrary.com]
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membranes act as a mechanical and chemical barrier that 
limits the invasion and colonization of the body by foreign 
pathogens (Sperandio et al., 2015). In addition to this local 
effect, the mucosal membranes are interlinked with the lym-
phatic system, and thus are known as the mucosal immune 
system. The mucosal immune system has two major parts, 
the innate system and the adaptive system (Dunkelberger & 
Song, 2010). The innate system comprises various recogni-
tion molecules and natural killer cells, while the adaptive 
system comprises various antigen-presenting cells and the 
T and B lymphocytes (Ryan et al., 2001). Most infectious 
agents enter the body at mucosal surfaces and therefore mu-
cosal immune responses function as a first line of defence 
(Ryan et al., 2001). From the aforementioned discussion 
regarding the importance of the mucosal membranes as a 
part of the immune system, mucosal membranes have been 
a target for local immunization that could prevent the pen-
etration and replication of the virus in the mucosa at a very 
early stage of host infection. Challenges of such local im-
munization compared with injection vaccination have been 
addressed and reviewed elsewhere (Holmgren et al., 2003). 
Intranasal delivery of vaccines is one of the most extensively 
tested methods to elicit both mucosal and systemic immune 

responses (Arulanandam et al., 2001; Cossette et al., 2020; 
Jackson & Herbst-Kralovetz, 2012; Ku et al., 2020; Morabito 
et al., 2018; Perrone et al., 2009; Terauchi et al., 2018; Zheng 
et al., 2020; Zhou, Hu, et al., 2020; Zhou, Shuxiang, et al., 
2020). The intranasal delivery of vaccines offers the possi-
bility of self-administration, higher patient compliance, and 
reduces the risk of cross-infection by blood-borne pathogens, 
especially in cases of mass vaccination (Jackson & Herbst-
Kralovetz, 2012). Because of the advantages of mucosal 
vaccination over injectable vaccination, much attention has 
been addressed to the development of effective and safe ad-
juvants specific for this route of vaccine administration. In 
this context, chitosan alone or its derivatives demonstrates 
a universal value as a prophylactic antiviral agent. To ex-
plore the universality of chitosan-induced protective effects, 
the chitosan intranasal vaccine was tested against two strains 
of influenza virus, influenza A virus (H1N1) and avian in-
fluenza virus (H9N2). The data obtained provide strong evi-
dence that intranasal administration of chitosan can induce 
an effective immune protection against diverse strains of 
influenza viruses (Sui, Chen, Fang, et al., 2010; Sui, Chen, 
Wu, et al., 2010; Zheng et al., 2016). Bedford et al. (2020) 
described an effective chitosan-hydrogel-based vaccine as 

F I G U R E  4   Schematic diagram of the proposed mechanisms of antiviral activity of chitosan (Adapted from Shi et al., 2017). The viral life 
cycle is of four major steps: (i) attachment and entry into a target cell (Stages 1 and 2), (ii) replication of the viral genome (Stages 3, 4, 5 and 6), 
(iii) maturation of viral proteins and genome packaging into the infectious progeny (Stage 7) and (iv) egress and dissemination to the next target 
cell (Stage 8) [Colour figure can be viewed at wileyonlinelibrary.com]
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a vaccination strategy for depositing highly protective local 
immunity within the nasal cavity mucosa and preventing the 
progress of severe lower respiratory tract infections. Such 
formulation provided effective protection against influ-
enza virus and could easily be adapted to elicit nasal tissue-
resident memory (Trm) CD8+ T cells that are reactive against 
other relevant respiratory viruses, including SARS-CoV-2 
(Bedford et al., 2020). In another study where native chitosan 
was administered intranasally to mice, Zheng et al. (2016) 
revealed a potent activation of mucosal immune responses 
through a significant enhancement of the infiltration of leu-
kocytes into the bronchoalveolar lavage and elevated levels 
of pro-inflammatory cytokines in the bronchus/lung tissues. 
Such action was able to completely protect the mice from 
otherwise lethal infectious doses of H7N9 influenza virus 
(Sui, Chen, Wu, et al., 2010). Of the tested chitosan deriva-
tives, the RT-PCR result showed that the expression level 
of tumour necrosis factor (TNF-α) and interferon-beta (IFN-
β) increased significantly, as a result of the application of 
the amino-modified chitosan (6-deoxy-6-bromo-N-phthaloyl 
chitosan), which was the result of the stimulation of im-
mune response. Moreover, chitosan was used as an adjuvant 
in other types of vaccines. Chitosan augmented the efficacy 
of the nasally administered influenza matrix protein 2 (M2) 
without transmembrane matrix protein-2 (sM2) and matrix 
protein 1 (M1). Such vaccines completely protected mice 
against the homologous virus and partially against the heter-
ologous influenza A (H1N1) and avian influenza A (H5N1) 
viruses (Sui, Chen, Fang, et al., 2010; Sui, Chen, Wu, et al., 
2010).

CHITOSAN NANO-SYSTEMS AND 
CHITOSAN DERIVATIVES FOR THE 
DELIVERY OF ANTIVIRAL AGENTS

In recent years, nanotechnology has been applied to increase 
the effectiveness of chitosan as an antiviral agent (Gu et al., 
2017; Rikta, 2019; Singh et al., 2019). Chitosan nanopar-
ticles have improved physical characteristics, and can be 
used as carrier molecules to enhance the antiviral activity of 
certain antiviral agents. The antiviral activity of curcumin 
chitosan nanoparticles against hepatitis C virus (HCV) in 
human hepatoma cells was evaluated by Loutfy et al. (2020). 
Hepatitis C virus core protein expression confirmed 100% 
inhibition of viral entry and replication for both chitosan na-
noparticles and for curcumin chitosan nanoparticles (Loutfy 
et al., 2020). These studies also evaluated the effect of chi-
tosan nanoparticles in increasing the safety profile of the 
Sofosbuvir, which is a potent anti-HCV agent. This work re-
sulted in an in-use dose reduction and a subsequent decrease 
in drug side effects and an improved antiviral efficiency 
(Loutfy et al., 2020). The solubility and oral bioavailability 

of an inhibitor of hepatitis B virus called Bay 41-4109 was 
improved through formulation as chitosan nanoparticles for 
delivery. Results showed negligible toxicity and enhanced 
drug uptake (Xue et al., 2015). Anti-retroviral agents used in 
the treatment of acquired immuno-deficiency syndrome have 
drawbacks such as poor bioavailability and host cytotoxicity. 
The use of chitosan as a nano-carrier for Saquinavir increases 
the bioavailability of the drug by increasing loading potential 
and cell targeting (Ramana et al., 2014). Frank et al. (2017) 
succeeded in the formulation of a semisolid preparation of the 
antiviral agent imiquimod for the treatment of vaginal papil-
lomavirus (HPV) infections. They used chitosan to undertake 
nano-encapsulation of the drug to increase the contact time 
with the vaginal tissue through mucoadhesion, which results 
in increased drug penetration (Frank et al., 2017). Liang 
et al. (2020) exhibited that 3,6-sulphated chitosan inhibits 
HPV via direct binding to the viral capsid, which blocks 
subsequent viral adsorption to the host cell surface (Liang 
et al., 2020). Gómez-Mascaraque et al. (2016) encapsulated 
(–)-epigallocatechin gallate in electro-sprayed chitosan cap-
sules to prolong its antiviral activity against MNV. This 
sustained the drug release and protected it from degradation 
under host physiological conditions (Gómez-Mascaraque 
et al., 2016). A nano-emulsion of acyclovir was developed 
via encapsulation within chitosan nanospheres for topical ad-
ministration of the skin for the treatment of HSV infections. 
This increased the local concentration of the drug. An in vitro 
assessment of acyclovir-loaded chitosan nanospheres against 
HSV-1 and HSV-2 strains indicated a higher antiviral activ-
ity when compared to that of free acyclovir (Donalisio et al., 
2018). Chitosan crosslinked tripolyphosphate nanoparticles 
encapsulated with acyclovir were evaluated as ocular drug 
delivery systems. Results were promising, since these na-
noparticles have the ability to intimately contact the corneal 
and conjunctival surfaces with negligible associated toxicity 
(Calderón et al., 2013). Chitosan-coated liposomes have been 
prepared to contain the novel antiviral agent Triazavirin. 
These liposomes were then assessed for their stability for 
3 months and any changes in their mucoadhesive properties 
(Kozhikhova et al., 2018). Other researchers have evaluated 
the anti-retroviral activity of Tenofovir disoproxil against 
HIV-1 infection using zinc-stabilized chitosan–chondroitin 
sulphate nano-complex carriers. Results of the in vitro as-
sessment of antiviral effects of this nanoparticle formulation 
exhibited a reduction in HIV-1infection. Cytotoxicity studies 
also showed that this nano-complex system is non-toxic to 
humans (Wu et al., 2016). In in vitro tests, a total inhibition of 
HIV-1 infection was obtained by chitosan–hyaluronan nano-
poly-electrolyte complex surface decorated with anti-α4β7 
IgA (Wu et al., 2020). This group also found that chitosan-
based colloidal poly-electrolyte complexes can be used as 
anti-retroviral drug delivery systems against HIV infections 
(Wu et al., 2020). Curcumin has a previously confirmed 
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antiviral activity (Mathew & Hsu, 2018) and is a natural 
photosensitizer. Randazzo et al. (2016) exhibited activity of 
photoactivated curcumin against norovirus surrogates, feline 
calicivirus (FCV) and MNV. Their results showed that photo-
activated curcumin at 50 µg/ml reduced FCV titres by almost 
5 log10 cycles after incubation at 37℃ for 30 min. A lower 
antiviral activity (0.73 log10 cycle TCID50/ml reduction) was 
reported for MNV. Such results indicate that photoactivated 
curcumin can be used as an alternative natural additive to re-
duce viral contamination (Randazzo et al., 2016). However, 
curcumin suffers from poor bioavailability. Ng et al. (2020) 
developed a delivery system of curcumin-encapsulated chi-
tosan nanoparticles and they assessed their antiviral activ-
ity against feline infectious peritonitis virus (FIPV) in cats. 
Results showed an improvement in the oral bioavailability 
of curcumin and a decrease in the immune-related proteins 
in FIPV infections in the treated cats (Ng et al., 2020). Mori 
et al. (2013) exhibited significant antiviral activity of silver 
chitosan nanoparticles preparations against H1N1 Influenza 
A virus. However, the increase in activity was directly pro-
portional to the concentration of silver nanoparticles and 
inversely proportional to the size of the particles. They sug-
gested that silver chitosan nanoparticles interact with viruses 
and so exhibit antiviral activity (Jarach et al., 2020; Mori 
et al., 2013). Sofy et al. (2019) stabilized silver nanoparticles 
using polyquaternary phosphonium oligochitosans. This sys-
tem has a synergistic action against enteric viruses such as 
FCV, Hepatitis A virus and Coxsackievirus (CoxB4) (Sofy 
et al., 2019).

Other researchers have suggested that many properties of 
chitosan make it a promising candidate for use in the delivery 
of antiviral drugs. For example, Sahraei et al. (2020) report 
that the antimicrobial drug chloroquine acts by increasing the 
pH of intracellular vacuoles, and altering protein degradation 
pathways through acidic hydrolases. On the other hand, other 
researchers have modified chloroquine into hydroxychloro-
quine, which is more soluble, less toxic and easier to attach 
to other compounds, such as chitosan. Hydroxychloroquine-
encapsulated chitosan nanoparticles have an increased pH 
and subsequently, this increases its antiviral activity against 
SARS-CoV-2 (Ejeromedoghene et al., 2020). Figure 5 sum-
marizes the advantages of using chitosan as an antiviral nan-
odelivery system.

CHITOSAN-BASED ANTIVIRAL 
VACCINE FORMULATIONS

Many studies have investigated the use of adjuvants as a 
strategy to increase the immune response to selected vaccines 
including those for influenza. Chitosan has been used as an 
adjuvant for vaccine delivery because it has well-known bi-
osafety, biocompatibility and mucosal adsorption-promoting 

properties (Şenel, 2019; Xing et al., 2018). Chitosan is capa-
ble of significantly enhancing cellular immune responses of 
nasally administered influenza, pertussis and diphtheria vac-
cines (Mohammed et al., 2017; Read et al., 2005). Norovirus 
virus-like particle antigen has been formulated as a spray 
dried powder with chitosan and a monophosphoryl lipid im-
munity enhancer. Phase 1 clinical study results exhibited an 
induction of IgA secretions in the mucosal tissues after intra-
nasal chitosan adjuvant vaccine administration (Mohammed 
et al., 2017). A complex coacervation method has been used 
to encapsulate a DNA vaccine in chitosan nanoparticles to 
be tested against swine influenza in mice. Results showed 
better immune responses in immunized mice with a pro-
longed release of the plasmid DNA compared to the DNA 
vaccine alone (Zhao et al., 2011). Gu et al. (2017) used the 
same method to prepare chitosan nanoparticles encapsulat-
ing siRNA (small interfering RNA) and conjugated with 
antibody. They assessed the antiviral activity of this dual 
system to deliver siRNA across the blood–brain barrier to 
inhibit HIV replication. Results exhibited an increase in cel-
lular accumulation of siRNA and gene silencing compared 
to non-modified chitosan nanoparticles and single antibody 
modified chitosan nanoparticles (Gu et al., 2017). A nasal 
vaccine consisting of pegylated chitosan microparticles 
loaded with Bordetella bronchiseptica dermonecrotoxin 
(a virulence factor of atrophic rhinitis causative agent) was 
prepared. Results on murine RAW264.7 cells exposed to B. 
bronchiseptica dermonecrotoxin-loaded pegylated chitosan 
microspheres suggested that this system is a promising vac-
cine delivery systems (Xing et al., 2018). Yu et al. (2019) de-
veloped alginate chitosan-coated nanocomposites to be used 
as oral vaccine delivery system for proteins. Release stud-
ies indicated the protein protection effect of chitosan against 
acidic environment. As well as flow cytometry analysis 
showed enhancement of protein internalization into human 
Caco2 and macrophage cells (Yu et al., 2019). A vaccine 
of Hepatitis B surface antigen was developed using glycol-
chitosan nanoparticles to be delivered via an intranasal route, 
to enhance mucosal immune responses. In vitro studies ex-
hibited an increase in mucosal uptake while anti-Hepatitis B 
surface antigen antibody titre test in mice confirmed the im-
munogenicity of the system. The suggested explanation for 
this observation was that glycol-chitosan nanoparticles have 
better mucoadhesive properties, which results in a prolonga-
tion of the nasal residence time and a subsequent increase 
in vaccine antigen uptake by B cells (Pawar & Jaganathan, 
2016). Other researchers loaded the surface antigen of hepa-
titis B (HBsAg) into alginate-coated chitosan nanoparticles 
anchored with lipopolysaccharide for immunity enhance-
ment. An alginate coat protected the chitosan nanoparticles 
from acidic conditions in the stomach. The system showed 
a significant increase in IgA at mucosal secretions and IgG 
antibodies in systemic circulation. Results were promising 
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for oral mucosal vaccination (Saraf et al., 2020). AbdelAllah 
et al. (2020) used alginate-coated chitosan nanoparticles as 
an adjuvant to deliver hepatitis A vaccine. The prepared 
system exhibited an increase in the rate of seroconversion, 
antibody level and the splenocyte proliferation (AbdelAllah 
et al., 2020). A killed/inactivated swine influenza virus an-
tigen was loaded in chitosan nanoparticles, which were 
co-administered with the adjuvant poly (I:C) via the nasal 
route. An increase in haemagglutination inhibition titres was 
observed, as well as the proliferation of antigen-specific 
interferon-gamma (IFNγ) secreting T-helper/memory and 
γδ T cells was induced. Th1 (IFNγ, IL-6 and IL-2) and Th2 
(IL-10 and IL-13) cytokine mRNA expression in the tracheo-
bronchial lymph nodes was observed to increase. The virus 
load in the nasal passages and microscopic lung lesions were 
observed to be partially reduced. These results indicate that 
the chitosan nano-vaccine induces a cross-protective im-
mune response in host cells (Renu et al., 2020). Kim et al. 
(2020) immunized mice with chitosan particles encapsulated 
with ovalbumin. IgG2 titre and interferon-gamma produc-
tion were observed to be enhanced (Kim et al., 2020). Yang 
et al. (2020) evaluated chitosan and hydroxypropyltrime-
thyl ammonium chloride chitosan as effective vaccine ad-
juvants. Humoral immunity levels of immunized chickens 
were lower than the control population, but the cellular im-
munity levels were improved (Yang et al., 2020). Chitosan 
and trimethyl chitosan nanoparticles were stabilized using 
negatively charged sodium alginate. The modified particles 
were loaded with inactivated PR8 influenza virus and evalu-
ated as adjuvants for mucosal vaccine delivery. In this ex-
periment, immunized mice exhibited higher IgG2a and IgG1 
antibody titres for the non-stabilized chitosan nanoparticles 
compared to those for the trimethyl chitosan nanoparticles. 

Alginate-coated chitosan nanoparticles exhibited a decrease 
in antibody titres with a lower immune response compared to 
the alginate-coated trimethyl chitosan nanoparticles (Mosafer 
et al., 2019).

CHITOSAN IN VACCINE 
PREPARATIONS AGAINST 
CORONAVIRUSES

The emergence of the recent pandemic strain of corona-
virus, SARS-CoV-2, has resulted in urgent interest in the 
development of vaccine delivery systems and adjuvants 
for the treatment of the associated disease (COVID-19). 
Previous studies on the role of chitosan for such uses in-
dicate that the cationic polymer chitosan may be used as 
a successful biodegradable vaccine delivery adjuvant and 
that this characteristic may be applicable to SARS-CoV-2. 
Bande et al. (2020) studied the use of chitosan as a vac-
cine adjuvant in the treatment of poultry infectious bron-
chitis caused by an avian coronavirus. Chitosan–saponin 
nanoparticles were used to encapsulate a DNA vaccine and 
subsequently, their immunogenicity was determined against 
two infectious bronchitis viruses, M41 and CR88. There was 
an observed increase in the mucosal IgA and an expression 
of interferon-gamma related genes, indicating an improve-
ment of antibody- and cell-mediated responses. Their results 
confirmed that both chitosan and saponin can be used as 
adjuvants or immunomodulators that enhance the immune 
responses of the host (Bande et al., 2020). Sun et al. (2009) 
prepared biotinylated chitosan nanoparticles encapsulated 
with bovine coronavirus N-protein. They evaluated the im-
munization efficacy of their formula against SARS-CoV-2. 

F I G U R E  5   Schematic diagram 
summarizing the potential advantages of 
chitosan as antiviral drug nanodelivery 
systems [Colour figure can be viewed at 
wileyonlinelibrary.com]
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The researchers used bifunctional fusion protein vector to 
achieve dendritic cell selective targeting. The increase in 
the mucosal IgA and systemic IgG against N-protein indi-
cating that chitosan is a promising gene delivery vehicle 
(Mohammadi et al., 2020; Sun et al., 2009). Chitosan nano-
particles were used for intranasal delivery of plasmid DNA 
encoding nucleocapsid SARS-CoV-2. This stimulates the se-
cretion of the SARS-CoV-2 spike protein that will compete 
with live coronavirus for binding to human ACE2 receptors. 
Results indicated the production of high levels of IgA and 
IgG in mice. Chitosan prevents DNA vaccine degradation 
and its cationic nature increases binding to the negatively 
charged DNA. Furthermore, the mucoadhesive properties of 
chitosan encourage its use as a delivery adjuvant to mucosal 
surfaces (Ejeromedoghene et al., 2020; Tatlow et al., 2020).

PATENTED APPLICATIONS FOR 
ANTIVIRAL CHITOSAN

There are three approaches to the use of chitosan in the an-
tiviral applications, as shown in Table 2 and which are con-
sidered here:

Chitosan/disinfectant mixtures

The first approach is the use of disinfectant chitosan 
mixed with various other materials as a potential antiviral 
disinfectant. These materials may be classified as organic 
or inorganic compounds. Chitosan/organic compositions 
include mixing of the partially acrylated chitosan with 

T A B L E  2   Summary of patents using chitosan in antiviral preparations

Use Mechanism Process Activity References

(I) Antiviral 
activity by 
physical 
mixtures

Mixing with 
organics

Polyvinylpyrrolidone, gelatine, 
photo-initiator, sodium sulphate, 
ethanol, and acrylate glycidyl 
ether, etc.

Chitosan hydrogel antiviral liquid 
gloves

Qingliang et al. (2020)

Chitosan mixed with grapefruit seed 
extract

Antiviral disinfectant activity against 
influenza virus, parainfluenza virus 
and rotavirus

Yong-Chul et al. (2018)

Chitosan succinate Antiviral gel Azat Rashidovich et al. 
(2010)

Chitosan oligosaccharide pesticide Against resistant watermelon virus 
disease and hot pepper virus 
diseases

Zhang et al. (2012)

Chitosan and virus insecticide raw 
powder

Raw powder promotes the infection 
of insects with the virus so as to 
guarantee the insect killing

Zhenpu et al. (2017)

Chitosan in combination of heparin 
or heparin sulphate

Prevention or treatment of infections 
in mammal including man caused 
by herpes virus

Olle et al. (2001)

Mixing with 
inorganics

Copper-containing chitosan fibres Field of sanitary protection articles Xianming et al. (2020)

Chitosan particles with nickel ion Adsorb enterovirus Ya-Ching et al. (2009)

(II) Antiviral 
activity by 
chemistry

Chitosan 
derivatives

Changing the structure of chitosan Excellent antiviral action Yonghong et al. (2004)

Chitosan–arginine derivative Against influenza A (H1N1), vaccinia 
virus (Copenhagen strain), 
herpes simplex 1 (SP7 strain) and 
encephalomyocardidits virus (B 
strain)

Baker and Wiesmann 
(2020)

(III) To prepare 
vaccines

Attenuated 
live 
vaccine

Chitosan microsphere Against Porcine epidemic diarrhoea 
virus

Qigai et al. (2019); Fulai 
et al., (2018)

Chitosan derivatives N-2-
hydroxypropyldimethylethyl 
ammonium chloride chitosan/
carboxymethyl chitosan

Newcastle disease attenuated live 
nanoparticle vaccines

Kai and Wang (2015)

Nanoparticles Influenza virus attenuated live vaccine Ze (2012)

Chitosan adjuvant intranasally Pandemic influenza Holdings (2001)
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the following organic materials: polyvinylpyrrolidone, 
gelatine, a photoinitiator, fumed silica, mutton fat ester, 
coconut diethanolamide, fatty alcohol polyoxyethylene 
ether sodium sulphate, ethanol and acrylate glycidyl 
ether to produce a chitosan hydrogel. This hydrogel may 
then be used in an antiviral spray and as antiviral liquid 
gloves (Qingliang et al., 2020). These preparations show 
remarkable antibacterial and antiviral effects. Chitosan 
may also be mixed with grapefruit seed extract, which 
has been described as having antiviral disinfectant activ-
ity with significant inhibitory activity against influenza 
virus, parainfluenza virus and rotavirus. These composi-
tions exhibited high safety profiles towards the human 
body, thus encouraging its utilization as a safe antivi-
ral agent (Yong-Chul et al., 2018). Chitosan succinate 
has been included in a composition containing human 
leukocytic interferon and p-methyl hydroxyl benzoate 
(nipagin) to form an antiviral gel (Rashidovich et al., 
2010). Chitosan oligosaccharide pesticide combinations 
have also been used to treat the normally highly resist-
ant watermelon virus and hot pepper virus diseases. The 
addition of chitosan oligosaccharide to pesticides has ap-
parently solved the problem of virus disease resistance 
and decreased the necessary concentration of pesticide 
residues after antiviral processing of seeds and plants 
(Zhang et al., 2012). A study by Zhenpu et al. (2017) also 
described the combination of chitosan and virus insecti-
cide powder. The formula contains chitosan, virus raw 
powder, stabilizer and surfactant. Chitosan's role in this 
formulation is to induce the plant to generate chitinase, 
which damages the peritrophic membranes of insects and 
subsequently promotes the infection of insects with the 
virus so as to guarantee insect killing. In addition, chi-
tosan protects the function of the insect virus so that the 
virus is more stable in field conditions (Zhenpu et al., 
2017). Chitosan in combination with heparin or heparan 
sulphate has been shown to prevent herpes virus infec-
tions in mammals, including humans (Olle et al., 2001). 
Chitosan/inorganic compositions have also been reported 
to have antiviral activity. In a study by Xianming et al. 
(2020), a filter was prepared from copper-containing chi-
tosan fibres, which was used for sanitary protection of 
various articles. These antiviral filters have excellent fil-
tering effect on bacteria and viruses, and can additionally 
kill the bacteria and viruses trapped by the filter. The fil-
ter can also be used on daily basis for protection against 
respiratory disease infectious particles (Xianming et al., 
2020). Another application describes a composite of chi-
tosan particles with nickel ions (Ni2+). The chitosan in 
this application has a degree of N-deacetylation greater 
than 60%. It was reported that such chitosan composite 
particles are able to adsorb enterovirus, in particular en-
terovirus 71 (Ya-Ching et al., 2009).

Disinfectant chitosan in the preparation of 
antiviral agents

The second approach is the application of disinfect-
ant chitosan and chitin derivatives in the preparation of 
antiviral agents. Such antiviral activity has been proven 
with RNA viruses, DNA viruses and retroviruses. Such 
derivatives have exhibited positive results in the preven-
tion and treatment of viral diseases, coupled with insig-
nificant adverse effects (Yonghong et al., 2004). Baker 
and Wiesmann (2020) investigated the antiviral activity 
of chitosan–arginine derivatives, which were shown to 
exhibit broad antiviral activity. The assay test for loss in 
infectivity via standard plaque assay showed a twofold to 
threefold reduction in viral particle titre against influenza 
A (H1N1), vaccinia virus (Copenhagen strain), herpes 
simplex 1 (SP7 strain) and encephlomyocardidits virus (B 
strain). Thus, soluble chitosan–arginine derivatives inacti-
vate both enveloped and non-enveloped viruses (Baker & 
Wiesmann, 2020).

Chitosan and live vaccines

The third approach is the use of chitosan to prepare live 
vaccines. Due to its antiviral activity, chitosan has been em-
ployed to prepare attenuated live virus vaccine. Attenuated 
live vaccine chitosan microspheres were prepared for por-
cine epidemic diarrhoea virus (PEDV). The advantage of 
chitosan microspheres was that the PEDV antigen activ-
ity was preserved, the immune effect of the vaccine was 
improved and the preparation can be stored for prolonged 
periods with an associated ease of transportation (Qigai 
et al., 2019). A process of inactivation of PEDV using 
chitosan has also been described elsewhere (Fulai et al., 
2018). The inactivation process includes treatment of the 
virus with chitosan and the addition of different concen-
trations of acid or alkaline solutions, formaldehyde, per-
oxyacetic acid and chlorine-containing disinfectants in 
a specific temperature range. Park et al. (2015) showed 
that chitosan has a significant viral inactivation activity. 
Chitosan derivatives have also been used to form virus-
loaded nanoparticles, for example, live Newcastle disease 
virus encapsulated in N-2-hydroxypropyl dimethylethyl 
ammonium chloride chitosan nanoparticles (Kai and 
Wang, 2015). The nanoparticle method solved problems 
related to low encapsulation ratios and drug-loading ca-
pacities of vaccine antigens and poor adsorption capabili-
ties on the mucosal surface. Chitosan as an adjuvant in the 
preparation of influenza virus attenuated live vaccine has 
also been reported (Ze, 2012). Chitosan adjuvant enhances 
the immunogenicity of the vaccine, induces the human 
body to generate a stronger immune response, effectively 
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reduces the required amount of the vaccine and effec-
tively enlarges the immunized population within an exist-
ing production capacity and technology. This technique 
could have important social impact and a real application 
value for pandemic influenza. An older study by Holdings 
(2001) describes a pharmaceutical product comprising an 
intranasal dispensing device adapted to deliver a vaccine 
comprising of an influenza virus antigen and chitosan as 
adjuvant. This device was found to be useful for produc-
ing a protective IgA mucosal immune response in humans 
(Holdings, 2001).

NEW APPLICATIONS OF CHITOSAN 
IN THE COVID-19 BATTLE

SARS-CoV-2 is the causative factor for COVID-19 pan-
demic. The virus is transmitted between humans mainly via 
inhalation of infectious respiratory droplets (Kannan et al., 
2020). Healthcare providers are the most highly exposed 
group regarding the hazard of SARS-CoV-2 transmission. 
SARS-CoV-2 consists of negatively charged RNA as its 
genetic material, enclosed within a positively charged 
protein capsid, which is further enveloped in material 
taken from the host cell membranes (Cascella et al., 2020; 
Mousavizadeh & Ghasemi, 2020). The virus has a parti-
cle size of 70–90 nm and carries a positive zeta-potential. 
Hathout and Kassem (2020) suggested that positively 
charged chitosan polymers may be used in production of 
positive, large surface area nanofibres. These nanofibres 
could then be incorporated into fabrics for the production 
of protective clothes for healthcare providers. Such fi-
bres would create an electrostatic repulsion between the 
chitosan nanofibres and the positively charged viral par-
ticles and hence, decrease the viral load on the protective 
clothes (Baji et al., 2020; Hathout & Kassem, 2020). N-(2-
hydroxypropyl)-3-trimethylammonium chitosan chloride 
with an average molecular weight of 250 kDa and degree 
of substitution between 50% and 80% exhibits a strong in-
teraction with the recombinant ectodomain of the S-protein 
of HCoV (human coronavirus, a SARS-CoV-2 analogue). 
This interaction blocks the S-protein–host cellular inter-
action and subsequent viral infection (Milewska et al., 
2016; Rasul et al., 2020). N-palmitoyl-N-monomethyl-
N,N-dimethyl-N,N,N-trimethyl-6-O-glycolchitosan with a 
concentration of 10–100 µg/ml has been shown to decrease 
SARS-CoV-2 infection in A549ACE2+ human lung cells 
and Vero E6 cells (kidney epithelial cells from an African 
green monkey (Chlorocebus sp.)) by 3–4 log values. This 
observation can be explained as a result of electrostatic 
binding to the virus that prevents the viral entry into the 
human airway epithelial cells (Pyrć et al., 2020).

THE LIMITATIONS OF CHITOSAN 
AS AN ANTIVIRAL AGENT

Chitosan is obtained from chitin. Much of chitin is present 
in seafood Crustacea, mainly shrimps, prawns, crabs and lob-
sters, where it occurs as a significant component in the shells/
exoskeletons (Gerente et al., 2007). Chitin is also present in nu-
merous other organisms and has been isolated from fungi and 
insect species, such as beetles, silkworms and crickets (Wang 
et al., 2020). Various chemical and physical procedures have 
been used in the preparation of chitosan from chitin. This pro-
cessing significantly affects the final chemistry of the chitosan 
and the product quality. The variability of chitosan source and 
process of preparation has led to production of wide range of 
chitosan polymers with different physicochemical proper-
ties, such as differences in degree of deacetylation, molecular 
weight, crystallinity, and residual ash and protein contents. 
Such variability in chitosan physicochemical properties could 
lead to inconsistent and conflicting reports regarding their bio-
logical and antiviral performance (Hamilton et al., 2007; Iriti 
& Varoni, 2015; Iriti & Varoni, 2016).

CONCLUSIONS

It is apparent from the literature cited above, that chitosan and 
its derivatives are molecules of great interest in the develop-
ment and delivery of vaccines in the prevention and treatment 
of various viral infections of humans. Most particularly, re-
cent evidence suggests that chitosan and its derivatives may 
play a crucial role in the treatment of SARS-CoV-2. The abil-
ity of chitosan to be both a vaccine adjuvant and an antiviral 
agent in its own right is critical in our study of this molecule 
and the development of formulations for both vaccines and 
direct antiviral agents (e.g. antiviral nasal sprays). The appar-
ent success of the SARS-CoV-2 vaccination programmes in 
several nations is tempered by the knowledge that the virus 
has already mutated into several, more infectious if equally 
morbid and fatal variants. At the time of writing (May 2021), 
GISAID (Global Initiative on Sharing Avian Influenza Data) 
have identified nine global clades (S, O, L, V, G, GH, GR, 
GV and GRY) of SARS-CoV-2 (https://www.gisaid.org/
phylo​dynam​ics/globa​l/nexts​train/​Globa​lphyl​ogeny, updated 
by Nextstrain. GISAID. 18 May 2021. Retrieved 21 May 
2021). Such results indicate that SARS-CoV-2 is likely to 
evolve into an endemic form in the near future. This will 
mean that we will require a continuing effort to treat this dis-
ease (COVID-19) on a seasonal basis and in a fashion similar 
to that we undertake with seasonal influenza. Such efforts 
must consider the use of differing vaccine adjuvants and an-
tiviral protocols. We believe that chitosan and its derivatives 
have a vital role to play in this campaign.

https://www.gisaid.org/phylodynamics/global/nextstrain/Globalphylogeny
https://www.gisaid.org/phylodynamics/global/nextstrain/Globalphylogeny
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