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Spirulina (Arthrospira platensis) is being widely studied for its possible anticancer, antibac-
terial and antiparasitic properties, and for several medical conditions such as allergies, ulcers,
anemia, heavy-metal poisoning, and radiation poisoning. S. Platensis has also been studied for
its antiviral properties, which seem to be related to its unique sulfated polysaccharide named
Calcium-Spirulan (Ca-SP). Furthermore, antioxidative characteristics of its Phycobiliproteins
(e.g. Phycocyanin) been demonstrated to reduce oxidative stress which is suggested to aid in
reducing viral proliferation and possibly life-threatening collateral symptoms such as severe
inflammation. Reviewing the current scientific evidence for antiviral properties along with the
beneficial effects on the immune system, Spirulina might serve as a highly potential natural
resource for multi-functional nutritional treatment and support in face of the novel coronavirus
(COVID-19) outbreak. In that context, fresh Spirulina biomass, which contains higher concen-
trations of heat-sensitive compounds such as Phycocyanin, is probably the most potent form
for the suggested function.

Keywords: Spirulina Platensis, Antiviral, COVID-19, SARS-COV-2, calcium spirulan

Introduction

Spirulina is a multicellular filamentous, spiral-shaped blue-
green microalgae derived from class Cyanophyta/ Cyanobac-
teria which is an ancient organisms known by its ability to
make photosynthesis it is a member of the Oscillatoriaceae
family that grows naturally in warm climates and are found in
variety of environments; Sand, soil and marshes and different
kinds of aquatic media like fresh water, sea water and brack-
ish water (Charpy, Casareto, Langlade, & Suzuki, 2012; M.
Khan et al., 2005; Sáncbez, Bernal-Castillo, Rozo, & Ro-
dríguez, 2003).

Spirulina platensis acknowledged as a highly nutritious food
with high protein content (60-70% by dry weight) fulfilling
all essential amino acids (Ishimi, Sugiyama, Ezaki, Fujioka,
& Wu, 2006). Its protein content resembles that of legumes
and could be comparable to that of meat, egg and milk al-
though its reduced content of cysteine, methionine and lysine
(Babadzhanov et al., 2004). It contains a wide spectrum of
nutrients that include essential fatty acids, gamma-linolenic
acid, alpha-linolenic acid, linoleic acid, eicosapentaenoic
acid, stearidonic acid, arachidonic acid and docosahexaenoic
acid (Mendes, Nobre, Cardoso, Pereira, & Palavra, 2003). It
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also has phycocyanin and other photo chemicals like phy-
cocyanobilin, chlorophyll and xanthophyll phytopigments
(Chamorro et al., 2002; Gong, Ding, Liu, Chen, & Liu, 2005;
Gong et al., 2005; Upasani & Balaraman, 2003).

Beyond nutritional value, Spirulina species possess specific
therapeutic properties. Certain species of Spirulina have
shown to exhibit immunomodulating and bio modulating
properties. Spirulina platensis (S. platensis) has a positive
and regulatory effect on immune system. Studies indicated
immune enhancing properties of S. platensis in animals and
humans. Administration of this cyanobacteria improved im-
munological resistance in subjects with various types of can-
cer, AIDS and other viral diseases (Z. Khan et al., 2005).

Relevant outlining of beneficial effects and mechanisms
of action of Spirulina:

Antioxidant functions: Spirulina improves the antioxi-
dant enzymes such as SOD, CAT, GSH, GSH-PX and reduce
lipid peroxidation (MDA) as well as has scavenging activ-
ity of free radicals (., 2003; Chaiklahan, Chirasuwan, Siang-
dung, Paithoonrangsarid, & Bunnag, 2010; Chen & Wong,
2008; Gad et al., 2011; Hwang et al., 2011; Ibrahim & Abdel-
Daim, 2015; Kurd & Samavati, 2015).

Immunomodulatory effect: Spirulina increased the
phagocytic potential of macrophages, enhanced the activities
of NK-cell and lysozyme and increased the production of
antibodies, interferon gamma (IFN-gamma) and cytosines
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(interleukins; IL-1,4 and 17) (Al-Batshan, Al-Mufarrej,
Al-Homaidan, & Qureshi, 2001; Nielsen et al., 2010; Ra-
gap2012; Soltani2012; Chu, Van Quynh, & Radhakrishnan,
2013; Jamil, Akanda, Rahman, Hossain, & Islam, 2015;
Krishnaveni, Palanivelu, & Velavan, 2013; Shokri, Khosravi,
& Taghavi, 2014; Şahan et al., 2015).

Anti-inflammatory effect: In addition to inhibition of
colon inflammatory markers; MPO and PGE2 as well as pro
inflammatory cytosines; TNF-alpha and IL-1beta, IL-6) with
restoring the histological structure of colon by decreasing
levels of lysosomal enzymes, tissue marker enzymes and gly-
coproteins (Abdel-Daim, Farouk, Madkour, & Azab, 2015;
Ali, Barakat, & Hassan, 2015; BAYLAN, ÖZCAN, Oya,
& Mustafa, 2012; Chu et al., 2013; Coskun et al., 2011;
Gutiérrez-Rebolledo et al., 2015; Pugh et al., 2015; Ra-
sool & Sabina, 2008; Somchit et al., 2014; Syeda Hurmatul
Quader, Shoaib Ul Islam, Arm Saifullah, Md Fakhar Uddin
Majumder, & Jma Hannan, 2013; Vidé et al., 2015).

Effect of spirulina on innate immunity: Spirulina
showed specific positive effects on innate immune functions
and can affect the nonspecific immunity in several ways. A
sulphated polysaccharide isolated from water extract of Spir-
ulina, Ca-SP showed immunomodulatory and anti-viral ac-
tivities (Luescher-Mattli, 2005; Pugh, Ross, Eisohly, Eisohly,
& Pasco, 2001).

Polysaccharides and phycocyanin from Spirulina increased
immunity in mice by enhancing bone marrow reproduction,
thymus growth, and spleen activity (Hayashi et al., 1998; Hi-
rahashi et al., 2002; Hong-Quan, An-Ping, Yun, & Yang-
Mei, 2001; Qishen, 1988; Qureshi, Garlich, & Kidd, 1996).
It was reported that Spirulina up-regulates key cells and or-
gans of the immune system improving their ability to func-
tion in spite of stress from environmental toxins and infec-
tious agents. Studies on animal models documented that phy-
cocyanin of Spirulina stimulates hematopoiesis, especially
erythropoiesis by inducing erythropoietin hormone (EPO).
There is also evidence that c-phycocyanin and polysac-
charides of Spirulina enhance white blood cell produc-
tion (Qureshi et al., 1996). The percentage of phagocytic
macrophages increased when cats were administered water-
soluble extract of S. platensis (Qureshi, Kidd, & Ali, 1995).
Increased phagocytic activity was also observed in other an-
imals such as mice and chicken (Al-Batshan et al., 2001;
Hayashi & Katoh, 1994; Qureshi et al., 1996). The water-
soluble extract of S. platensis induces secretion of inter-
leukins such as IL-1 from peritoneal macrophages (Hayashi
& Katoh, 1994). The activity of NK cells was also enhanced
significantly (Hirahashi et al., 2002). Studies on chicken
model showed increased tumoricidal activity of NK cells
(Qureshi et al., 1996, 1995). Further studies are needed to
establish the exact biochemical mechanisms involved.

Effect of spirulina on specific immunity: Experimental
studies indicated that Spirulina products buildup both the hu-
moral and cellular arms of the immune system (Qureshi et al.,
1996). Lymphocytes are key players of specific immunity.
Spirulina stimulates mobilization of lymphocytes and other
immune cells into the blood (Luescher-Mattli, 2005). It was
found that when mice were fed with Spirulina there was a
significant increase in splenic cells producing IgM antibody
(K. Hyashi et al., 1996; Hyashi & Hayashi, 1996). Addition
of water extract of Spirulina also increased proliferation of
spleen cells in culture. Several studies on animal model in-
dicated increased production of specific classes of antibodies
such as IgA and IgE (Hayashi & Katoh, 1994; Nichols1968;
Qureshi et al., 1996). It was observed that Spirulina pos-
sess anti-allergic properties by inducing IgA antibody against
food allergens. Studies on rats suggested mast cell inhibiting
functions of Spirulina [Kim, Lee, Cho, and Moon (1998);
Yang1997]. Further studies revealed that phycocyanin of
Spirulina inhibit release of histamine and functions as anti-
inflammatory compound (Qureshi et al., 1995). In addition,
it was observed that phycocyanin enhances mucosal immu-
nity (Nemoto-Kawamura et al., 2004).

Spirulina Inhibitory effects in case of- viral infection:
Sulfated polysaccharides, such as dextran sulfate and hep-
arin, have proved to be potent inhibitors of human HIV-1 in-
vitro (Hayashi, Hayashi, & Kojima, 1996). As to their mech-
anism of action, these agents have been shown to inhibit the
binding of the virions to CD4 molecules on target cells and
virus-induced syncytium formation (Hayashi et al., 1996).
However, in-vivo effectiveness has not been established due
to poor absorbability, short half-life and unfavorable anti-
coagulant activity in blood (Hayashi et al., 1996). A study
on water-soluble extract of Spirulina platensis, exhibited an
inhibitory effect against HSV-1 replication (Hayashi et al.,
1996). From that extract the polysaccharide Calcium Spiru-
lan (Ca-SP) was extracted as an antiviral component. Ca-SP
was found to be active against not only HSV-1 but also HIV-
1 components that are more likely to be active in-vivo. The
study indicates that Ca-SP has an anti-HIV activity almost
equal to dextran sulfate and is a much more potent inhibitor
of HSV-1 (Hayashi et al., 1996). Moreover, Ca-SP is also ac-
tive against human cytomegalovirus replication (Hayashi et
al., 1996). The same compound may be used to suppress op-
portunistic passengers such as human cytomegalovirus and
HSV-1 (Azabji-Kenfack et al., 2011). The mechanism of
virus replication inhibition is suggested due to inhibition of
virus binding to host cells and subsequent virus-cell fusion
step (Hayashi et al., 1996). The team achieved better Ca-SP
purification later in their works and detailed its composition
and Ca-SP was found to be composed of rhamnose, 3-O-
methylrhamnose (acofriose), 2,3-di-O-methylrhamnose, 3-
O-methylxylose, uronic acids, and sulfate (Lee et al., 1998).
Ayehunie, Belay, Baba, and Ruprecht (1998) performed a
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similar study concerning Spirulina platensis water extract
inhibition of HIV-1 replication. In their research, hot wa-
ter extract of Spirulina platensis demonstrated inhibition of
HIV-1 replication and syncytium formation in human T-cell
lines, Jurkat cells (PBMC) and human Langerhans cells (LC)
(Ayehunie et al., 1998). T-cell-tropic viruses (HIV-IIIB and
HIVRF) and a primary patient isolate (11G) were inhibited
(Ayehunie et al., 1998). A polysaccharide-containing frac-
tion as well as a tannin-free fraction were responsible for this
anti-HIV-1 activity (Ayehunie et al., 1998).

Mader et al. (2016) presented greater evidence for Ca-SP
and spirulina extract antiviral potential against HSV-1 and
Kaposi sarcoma-associated herpes virus/human herpes virus
8 (KSHV/HHV-8). Mader et al. (2016) compared Ca-SP and
with Acyclovir (ACV), a standard treatment for lip herpes,
in a standard plaque reduction assay. Ca-SP showed strong
inhibition of HSV-1 infection with an IC50 of 0.04 µg/ml,
comparable with ACV, while spirulina extract showed lower
inhibition (IC50, ~30 µg/ml) when added 2h before infection
of Vero cells (Mader et al., 2016). To further examine Ca-
SP and spirulina extract potential, the team tested inhibitory
effects on keratinocytes, a relevant cellular target of human
HSV-1 infection. The inhibitory potency of Ca-SP stayed
similar to that of ACV (IC50, 0.07 µg/ml) for the same cell
culture

(Mader et al., 2016). Spirulina extract showed stronger an-
tiviral effect in keratinocytes than in Vero cells (IC50, 8.2
µg/ml), while addition of spirulina extract to Ca-SP (ratio,
1:1.5) had no synergetic inhibitory activity (Mader et al.,
2016). Moreover, cell viability showed no toxic effects of
the active substances and solvents in the experiments (Mader
et al., 2016).

The team (Mader et al., 2016) extrapolated the mechanism
of action for Ca-SP HSV-1 inhibitory effect on human ker-
atinocytes and determined by different approaches that Ca-
SP inhibits the infection of human keratinocytes by HSV-1
through interference with the attachment phase of viral entry.
A similar mechanism of heparin, a homologue of heparan
sulfate, which has been shown to inhibit HSV-1 infection of
human keratinocytes (Mader et al., 2016).

Ca-SP was also found to inhibit KSHV/HHV-8, which cause
cutaneous Kaposi sarcoma, a disease accessible to topical
therapy. Inhibitory dose-dependent KSHV/HHV-8 antiviral
activity was shown to reduce KSHV/HHV-8 titers and viral
DNA copy numbers with IC50 of 1.5 µg/ml, which is well
below the IC50 of the currently used treatment (Foscarnet,
40-100 µg/ml) (Mader et al., 2016). Further, Mader et al.
(2016) performed a clinical trial for Ca-SP/Spirulina extract
cream concatenation (ratio, 1:1.5). The trial revealed that
though less potent than systemic antivirals, the cream proved
more potent that topical ACV cream in preventing herpes
labialis exacerbation. Moreover, if herpes occurred, crusts

and dryness of the lips were reported less frequently by pa-
tients using the novel cream, whereas the duration of herpes
labialis was similar in both topical treatment groups (Mader
et al., 2016). Coupling of Ca-SP with spirulina extract was
performed in order to capture the spirulina extract antiviral
activities not related to Ca-SP and due to its regenerative and
antibacterial properties (Mader et al., 2016).

A different research conducted on Vero cells administrating
2 mg/ml hot water extract (HWT) of Spirulina maxima by
Hernández-Corona, Nieves, Meckes, Chamorro, and Barron
(2002), showed inhibitory effects for the infection of HSV-
2, PRV, HSV-2, PRV, HCMV, and HSV-1, and the high-
est antiviral activity was against HSV-2, without affecting
VSV, SA-11, and poliovirus type 1 (Hernández-Corona et
al., 2002). Results revealed that the extract competed with
the virus and inhibited the viral infection in a dose dependent
manner, 2 h after viral infection, suggesting that S. maxima
could interfere with the initial events of the viral infectious
cycle, adsorption and penetration. Events which take place
on the first 2 h after virus infection of the cells (Hernández-
Corona et al., 2002). These results suggest that S. max-
ima inhibited from the beginning the herpesvirus infection
by blocking virus adsorption and penetration to Vero cells
without a direct viricidal effects [COVID191].

Antioxidative properties reducing viral propagation Phy-
cocyanobilin: Lethal strains of influenza are characterized
by increased capacity to induce proinflammatory cytokines
in human macrophages. Thus, measures which dampen the
influx and activation of leukocytes during influenza infesta-
tion may aid survival (McCarty, Barroso-Aranda, & Contr-
eras, 2010).

One potential target is NF-kappaB a family of transcription
factors that is activated in influenza-infected pulmonary ep-
ithelial cell. This activation appears to contribute to the life
cycle of the virus by aiding the Ca-SP-mediated nuclear ex-
port of viral nucleoproteins. NF-kappaB also protects the
virus by inhibiting the ability of type-1 interferons to in-
duce antiviral proteins. Moreover, NF-kappaB activation ev-
idently plays a role in the inflammatory response to influenza
infection, as it promotes the transcription of a number or
proinflammatory cytokines; thus, inhibitors of IkappaB ki-
nase suppress the production of interleukin-8 in human ep-
ithelial cells infected with influenza (McCarty et al., 2010).

Another Potential target in treatment of influenza is NADPH
oxidase. Influenza has been shown to induce oxidant stress
in the cells it infects, an effect mediated at least in part by the
viral hemaglutinin protein; this evoked oxidant stress may
contribute to activation of NF-kappaB.

The increased oxidant stress evoked by influenza infection
may contribute to the efficient viral propagation, while also
playing a key role in inflammatory lung damage (McCarty
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et al., 2010). Lung epithelial cells express several different
isoforms of NADPH oxidase and it seems likely that this
enzyme complex is a major source of excess oxidant stress
in influenza-infected cells and decrease in intracellular glu-
tathione levels exacerbates the impact of oxidants in infected
cells. The phagocytic form of NADPH oxidase expressed by
leukocytes infiltrating infected lung tissue also evidently con-
tributes to total oxidative stress in infected lung parenchyma
[COVID192]. The increased oxidant stress evoked by in-
fluenza infection bay contribute to the efficient viral propa-
gation, while also playing a key role in inflammatory lung
damage (McCarty et al., 2010).

Demonstrated in influenza-infected mice, adenovirus medi-
ated transfer of heme oxygenase-1 (HO-1) cDNA reduces
the lung damage and influx of leukocytes, while markedly
boosting survival (60% vs 0% in controls). HO-1 gener-
ates bilirubin, which recently has been shown to be a po-
tent physiological inhibitor of NADPH oxidase activity. It is
reasonable to suspect that the potent antioxidant activity of
bilirubin contributed prominently to the protection afforded
by HO-1 transfection. This conclusion is of particular inter-
est in light of suggestions that oral administration of phyco-
cyanobilin (PCB) – richly supplied by spirulina, a biliverdin
homolog, can mimic the NADPH oxidase-inhibitory activity
of endogenous bilirubin. It would thus be of great interest to
examine the impact or oral dietery spirulina or PCB-enriched
spirulina extracts on the course of viral infections (McCarty
et al., 2010). Reasonably, jointly targeting both NADPH
oxidase and NF-kappaB would produce a more substantial
impact on the survivability of lethal influenza strains. Joint
administration of ample doses of spirulina and salicylate ini-
tiated as soon as feasible during infection might be expected
to have life-saving potential. This would be a reasonably
feasible and inexpensive strategy (McCarty et al., 2010).

Conclusions:

Several scientific findings suggested that Spirulina proved to
be a potential and ideal candidate for conjugative therapy due
to the possible synergetic effect of many phytochemicals in
whole cell. It has been demonstrated that the use of Spir-
ulina and its extracts may reduce viral diseases as demon-
strated by Hayashi et al. (1996); Ayehunie et al. (1998),
Hernández-Coronaetal. (2002), Maderetal. (2016); the sul-
fated polysaccharide Ca-SP has a potential in inhibiting virus
attachment, in some cases (Hayashi et al., 1996) better than
known substances such as the case with HSV-1. Ayehunie
et al. (1998) demonstrated a polysaccharide spirulina extract
fraction inhibition on HIV-1 replication while Hernández-
Corona et al. (2002) showed inhibitory effects for HSV-2,
PRV, HCMV and HSV-1, via hot water spirulina extract (S.
maxima), which might owe to the antiviral activity of Ca-SP.

Mader et al. (2016) presented even greater evidence for Ca-
SP inhibition of HSV-1 and KSHV/HHV.
As suggested by McCarty et al. (2010), phycobilin proteins
(such as phycocyanin) can mimic NADPH oxidase inhibitory
activity of bilirubin and ease oxidative stress and reduce vi-
ral proliferation. Furthermore, Ngo-Matip et al. (2015) re-
vealed how dietary supplementation with Spirulina platen-
sis can aid in lowering viral load and prevent further exoge-
nous infections by aiding the immune system function. Spir-
ulina platensis is readily available and sustainably produced,
it merits a myriad of characteristics that prove it an interest-
ing potential source for new natural products.

Due to the unique composition of spirulina, with emphasis on
minimal processing to maintain native structure and potency
of heat-sensitive and oxygen-sensitive components such as
Ca-SP and Phycocyanin (Oliveira, Duarte, Moraes, Crexi, &
Pinto, 2010; Tiburcio, Galvez, Cruz, & Gavino, 2007), it can
serve as a multi-functional nutritional treatment and support
and have a therapeutic potential that can aid in mitigating
damage and suffering in the recent COVID-19 eruption. In
light of these evidence, and due to the fact that Spirulina is
considered a food substance and not a pharmaceutical, cur-
rent circumstances call for an expedited trial runway to es-
timate its efficacy in this current epidemic. Additional en-
hancements are also possible in the form of functional en-
hancement during cultivation, in the form of adding Zinc,
Selenium or other effective anti-viral agents.
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