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Abstract: Basidial fungi have long been known as sources of antitumor compounds such as polysaccharides. Studies conducted by 

scientists from different countries demonstrate that polysaccharides and other fungal compounds (proteins, glycoproteins, terpenoids, 

melanins, nucleosides, etc.) exhibit antiviral activity against many viruses pathogenic for humans. The review presents data on the 

studied antiviral activities of higher basidial fungi against herpes, West Nile, influenza, human immunodeficiency and hepatitis 

viruses as well as orthopoxviruses including variola virus. Many species of basidial fungi and various classes of biologically active 

compounds obtained from them are capable of effectively inhibiting the development of viruses in cells and animals while possessing 

low toxicity. Biologically active compounds from the same fungal species can exhibit antiviral effects against different pathogens. 

Effective strains isolated from wild mushrooms in culture represent promising objects for the development of biotechnological drugs, 

including ones possessing antiviral activity. The data on antitumor and antiviral activities of compounds from the same fungal 

species indicate the correlation of these properties. In this connection, preparations of basidial fungi may have prophylactic value in 

preventing cancers of viral etiology.  
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1. Introduction

 

One of the first scientific publications on fungal 

medicinal compounds appeared in 1968-1969 and 

contained the results of investigation of anticancer 

activity of aqueous extracts obtained from fruiting 

bodies of wood-destroying fungi Ganoderma lucidum 

(Curtis) P. Karst. (lacquered polypore, reishi), Lentinus 

edodes (Berk.) Singer (= Lentinula edodes (Berk.) 

Pegler) (shiitake), Inonotus obliquus (Ach. ex Pers.) 

Pilat (chaga), etc., against cancerous tumors grafted to 

animals such as Sarcoma-180 [1, 2]. These compounds 

were polysaccharides (glycans), high-molecular 

compounds from the class of carbohydrates [3]. The 

first drugs derived from fungi were polysaccharides. 

The best known of them are lentinan (from shiitake 

Lentinula edodes, PSP (polysaccharopeptide) and PSK 

(polysaccharide krestin) (from Trametes versicolor (L.) 

Lloyd), ganoderan from Ganoderma lucidum, plevran 

(from common oyster mushroom Pleurotus ostreatus 

(Jacq.) P. Kumm.), grifolan (from grifola curly Grifola 
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frondosa (Dicks.) Gray). They possessed antitumor and 

immunomodulatory properties [4, 5]. 

Later it was found that polysaccharides and other 

basidiomycete compounds could have an antiviral 

effect [6-8]. 

In recent years, the negative role of viral diseases has 

increased, and new types of viral infections have 

emerged. The problem of development of new 

antivirals has become increasingly acute. 

Literature data show that many fungal species and 

different classes of biological compounds derived from 

them are capable of inhibiting the development of 

viruses that are pathogenic for humans. This makes it 

possible to develop more effective drugs on a complex 

basis affecting different stages of virus reproduction. 

The selection of effective strains producing 

biologically active compounds, which can be used as a 

basis to design antivirals, is very important for 

developing a biotechnology for drug production on the 

basis of fungi. The review presents data obtained by 

scientists from different countries on antiviral 

properties of aqueous extracts and some compounds of 

basidiomycetes with respect to viruses that are most 
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pathogenic for humans. 

2. Biologically Active Compounds of Basidial 

Fungi and Their Efficacies against Some 

Viruses Pathogenic for Humans 

2.1 Herpesvirus  

Herpesvirus infections are spread worldwide. 

HSV-2 (herpes simplex virus type 2) most frequently 

causes genital herpetic infection [9, 10]. 

Genital herpes incidence in different countries 

reaches the level of 80-200 cases per 100 thousand of 

population [11]. 

HSV-2 is especially dangerous for immunodeficient 

patients as it causes generalized herpetic infection with 

extensive lesions of internal organs, often with fatal 

outcome. A number of antivirals are used to treat 

herpesvirus infections, acyclovir (zovirax, virolex), a 

synthetic analogue of deoxy-guanidine, being most 

frequently used. It can block viral DNA polymerase 

and viral DNA synthesis after phosphorylation [12]. Its 

widespread use has led to the emergence of 

drug-resistant strains of herpesvirus. Toxicity of 

acyclovir also imposes restrictions on its use in patients 

with impaired renal function. Other chemicals 

(idoxuridine, foscarnet, tromantadine), interferons and 

their inducers as well as drugs of vegetable origin, for 

example, panavir are also used in medical practice for 

therapy of herpesvirus infections [13]. However, these 

tools are not effective in controlling herpesvirus 

infection [11], therefore, the research and development 

of new antivirals against HSV-1 and HSV-2 are very 

urgent. 

The study of the composition of the aqueous and 

methanol extracts of lacquered polypore, Ganoderma 

lucidum, which significantly inhibited the cytopathic 

effect of herpes simplex virus, shows that their main 

components are polysaccharides (40.6 %) and protein 

(7.8 %) associated with them [14, 15]. It was found that 

glycoprotein extracted from mycelium of G. lucidum 

inhibited the cytopathic action of HSV-1 and HSV-2 

without any noticeable cytotoxic effect even at a 

significant concentration of fungal glycoprotein [16]. 

It was found that Lentinus edodes (shiitake 

mushroom) extract at the concentration of 0.3 mg/mL 

completely inhibited the release of virions of herpes 

simplex virus type 1 from Vero cells with infectious 

virus titer of 2.0 × 10
4
 PFU/ml [17]. Electron 

microscopy demonstrated the presence of 

nucleocapsids outside the nucleus in both control and 

infected cells treated with the mushroom extract. The 

authors suggest that the active ingredients of the extract 

of the fungus Lentinus edodes affect the virus itself or 

the cellular mechanisms associated with viral 

replication, which leads to the formation of defective 

viral particles. 

It has been found that sulfated polysaccharides are 

good candidates for the search of new drugs to treat 

herpetic infections. The chemically MI-S (modified 

polysaccharide) extracted from mycelium of Agaricus 

brasiliensis (= Agaricus blazei Murill) exhibited a 

promising inhibitory activity against HSV-1 (KOS and 

29R (acyclovir-resistant) strains) and HSV-2 strain 333 

with a selectivity index (SI = D/IC50) higher than 439, 

208, 562, respectively. It is noted that MI-S had no 

virucidal effects, but inhibited the attachment and 

penetration of HSV-1 and HSV-2 into cells and 

reduced the expression of HSV-1 proteins ICP27, 

UL42, gB and gD. The modified polysaccharide MI-S 

showed synergistic antiviral effect with acyclovir. 

These results indicate that MI-S can implement several 

mechanisms of antiherpetic action [18]. 

A nucleoside was isolated from the culture medium 

of the fungus Macrocystidia cucumis (Pers.) Joss after 

fungal culture reached the stationary phase of growth. 

The isolated purine nucleoside showed efficacy against 

HSV-1 [19]. 

A large group of fungal biologically active substances 

are polypeptides, including ones possessing antiviral 

activity. From an aqueous extract of the fungus Rozites 

caperatus (Pers.) P. Karst. (= Cortinarius caperatus 

(Pers.) Fr.), Frank pirano isolated a new protein-based 

antiviral drug hindering the processes of replication of 



Fungal Bioactive Compounds with Antiviral Effect 

  

359 

HSV-1 and HSV-2, cytomegaloviruses, respiratory 

sincytial virus and influenza virus type A [20]. Antiviral 

protein RC28 with antiherpetic activity was derived 

from the extract of R. caperatus and precipitated with 

acetone followed by gel filtration and ion-exchange 

chromatography. RC28 drug inhibits the replication of 

HSV-1 in vitro at the concentration of 0.078 mg/mL 

(IC50) and the therapeutic index (selectivity index) 

higher than 32. The full-length peptide chain of the 

antiviral protein from RC28 R. caperatus has 235 

amino acid residues, and it does not belong to any 

known protein family [21]. 

An agent inhibiting the HSV-1 replication was 

isolated from the extract of fruiting body of maitake 

mushroom Grifola frondosa (Dicks.) Gray. The mass 

spectrometry method was employed to characterize the 

chemical composition of the protein, and this peptide 

was found to consist of 11 amino acids [22]. 

Protein fractions obtained from biomass of the deep 

culture of the basidiomycete Daedaleopsis confragosa 

inhibited herpes simplex virus type 2 (IC50 = 

0.03-0.06 mg/mL) [23]. 

Extracts of 10 from 121 species of basidial fungi 

tested in France for the presence of antiviral activity 

proved to be active against herpes simplex virus. 

Extracts of the following species were active against 

HSV-1: Trametes gibbosa (Pers.) Fr. (1.0-2.25 

mg/mL); Tricholoma virgatum (Fr.) P. Kumm. (1.0 

mg/mL); Tricholoma portentosum (Fr.) Quél. 

(0.75-2.25 mg/mL); Cortinarius orellanoides Rob. 

Henry (= Cortinarius rubellus Cooke) (1.5-3.0 

mg/mL); Cortinarius sanguineus (Wulfen) Fr. 

(0.5-1.75 mg/mL); Lactarius torminosus (Schaeff.) 

Gray (1.25-4.5 mg/mL). HSV-2 activity was 

suppressed by Trametes gibbosa (1.0-2.5 mg/mL); 

Tricholoma virgatum (1.0-2.5 mg/mL), T. portentosum 

(0.5-2.25 mg/mL); T. acerbum (Bull.) Vent. (0.5-2.0 

mg/mL); Collybia maculata (Alb. and Schwein.) P. 

Kumm. (= Rhodocollybia maculata (Alb. and Schwein.) 

Singer) (0.25-2.0 mg/mL); Rozites caperatus 

(0.25-2.25 mg/mL); Cortinarius sanguineus (1.75-3.0 

mg/mL); Hypholoma fasciculare (Huds.) P. Kumm. 

(1.0-2.5 mg/mL); H. sublateritium (Schaeff.) Quél. (= 

H. lateritium (Schaeff.) P. Kumm.) (0.25-2.0 mg/mL); 

Lactarius torminosus (1.25 mg/mL) [24]. 

Belarusian scientists present data on carotenoids 

isolated from sulfur-yellow Laetiporus sulphureus 

possessing activity against HSV-1 [25, 26]. 

Aqueous extracts and polysaccharides of fungi of the 

genus Pleurotus (P. ostreatus and P. pulmonarius) 

were active against HSV-2. It was found that the 

antiviral effect of the total fungal polysaccharide 

fractions was higher than that of the original aqueous 

extracts. Antiviral activity of aqueous extracts of fungi 

seems to be associated with the presence of 

polysaccharides and to increase with their increasing 

concentrations in the original material or the 

concentration degree of the total polysaccharide 

fraction [27]. By the example of the tiered tooth fungus 

Hericium cirrhatum, it was confirmed that 

polysaccharide concentration increased antiviral 

activity against HSV-2. To isolate polysaccharides, 

basidiomycete biomass obtained by 7-day deep 

cultivation was homogenized in distilled water in the 

ratio 1:5. The mixture was kept on a water bath at 60 ± 

2 °C for 2 hours followed by centrifugation at 10,000 

rpm/min at room temperature for 20 min. The resulting 

supernatant was treated stepwise with ethanol as 

follows: 1 from 0 to 30%; 2-30-50%; 3-50-60%; 

4-60-70%; 5-70-80% saturation. In the isolation of 

total polysaccharides (0-82% ethanol saturation), the 

supernatant was mixed with 96% ethanol in the ratio 

1:5. The fraction sediment was formed at the 

temperature of 4 ± 2 °C overnight. The resulting 

precipitates were separated by centrifugation at 10,000 

rpm/min at room temperature for 20 min and 

subsequently dissolved in distilled water. The resulting 

solutions were stored at minus 30 ± 2 °C until 

examined [28]. The largest yield of polysaccharides 

was observed in the second variant with ethanol 

saturation from 30% to 50% (5.05 ± 0.8 mg/ml). This 

variant also showed the highest antiviral activity, and 
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its SI (selectivity index) was 148 while that of the 

aqueous extract was 19 and that of the total 

polysaccharides was 24. Thus, 30-50% ethanol 

saturation is promising for the extraction of 

polysaccharides from H. cirrhatum [29]. 

The performed screening of the total 

polysaccharides from 10 strains of basidiomycetes of 

the genera Trametes, Pleurotus, Daedaleopsis, 

Ganoderma, Fomitopsis, Piptoporus with respect to 

HSV-2 showed promise in deriving polysaccharides of 

the following fungal strains: Trametes pubescens 

С-10-01 (SI > 68.6); T. versicolor К-09-01 (SI > 11.3); 

T. gibbosa K-114 (SI > 74.2); Fomitopsis pinicola P-8 

(SI = 8.00). In productivity assessment, the same 

strains showed a high growth factor, which is important 

for fungal biomass production in a fermenter [30]. 

It has been shown that aqueous solution of melanin 

from natural raw material, chaga Inonotus obliquus at 

the concentration of 0.006 mg/mL has 100% activity 

against HSV-2 in Vero. cell culture [31]. Melanin 

derived from the deep culture of I. obliquus fungus 

strain F-1244, also showed virucidal effect against 

HSV-2 at the concentration of IC50 = 0.005 mg/mL (SI 

= 878), which confirms that melanin production with 

biotechnological method is promising. It was found 

that by adding copper ions in the nutrient medium it’s 

possible to induce melanin synthesis in I. obliquus 

F-1244 culture, which can significantly (by 5 times) 

increase the yield of melanins. However, it turned out 

that melanins obtained in the presence of copper ions 

were less active IC50 = 0.06 mg/mL (IS = 38) against 

herpes simplex virus type 2. We can assume that the 

addition of copper, stimulating the functioning of 

laccase, shifts the dynamic equilibrium point in the 

work of the enzyme complex, which results in certain 

changes in the final structure of melanins. Thus, the 

observed decrease in melanin activity might be the 

result of modification of their structure, which, in turn, 

is caused by hyperstimulation of laccase enzyme with 

copper ions [32]. 

The protective activity of fungal aqueous extracts 

was determined using the intraperitoneal route of 

administration 24 hours before infecting animals with 

HSV-2. By administering aqueous extracts of fungal 

species L. edodes and P. ostreatus at the dose of 0.4 mg 

of dry matter per mouse a day before infecting animals 

with one LD50 (the virus lethal dose causing the death 

of 50% of animals) of HSV-2, 100% and 90% survival 

of animals was detected by administering extracts of 

fungal species I. obliquus and Hydnellum compactum 

(Pers.) P. Karst. at the doses of 2 and 0.55 mg of dry 

matter per mouse, respectively [33]. 

Experiments on outbred albino mice revealed that an 

aqueous extract of natural chaga and melanin derived 

from it at intraperitoneal administration to mice one 

day before challenge with herpes simplex virus type 2 

protected 90 and 88% of animals from infection, 

respectively [34]. 

2.2 West Nile Virus  

West Nile virus is a typical representative of the 

family Flaviviridae. The genus Flavivirus includes 53 

viral species and most of them cause severe diseases in 

domestic animals and humans. The most significant 

infectious diseases from medical point of view are 

associated with dengue viruses, Japanese encephalitis, 

tick-borne encephalitis, West Nile and yellow fever 

viruses. 

As shown in experiments with West Nile virus, 

α-glucans isolated from L. edodes, can increase the 

resistance of animals (mice) to pathogens [35]. 

Extracts and total polysaccharide fractions obtained 

from aqueous extracts of fungi belonging to the genera 

Ganoderma, Lentinus, Pleurotus, Daedaleopsis, 

Trametes, Laetiporus, Inonotus fully suppressed 

infectious activity of not less than 1,000 TCID50 of 

West Nile virus [27, 36]. 

2.3 Influenza Virus  

Influenza virus is the most famous and common of 

more than one hundred viruses that cause infectious 

diseases of the upper respiratory tract. Influenza 
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epidemics annually cause 3.5 million cases of severe 

illness and 300-500 thousand deaths in the world [37]. 

New epidemic strains of influenza a virus emerge 

every 1-2 years as a result of point mutations in two 

surface glycoproteins—HA (hemagglutinin) and NA 

(neuraminidase). Influenza virus can circumvent the 

protective mechanisms of human immune system, and 

therefore, long-term immunity against influenza is not 

formed. Influenza pandemics causing huge population 

mortality can cover entire continents [38]. The search 

for new effective preventive and therapeutic drugs 

against influenza is one of priority tasks of public 

health. 

Fungal compounds producing an inhibitory effect on 

influenza virus are known. A substance of protein 

nature preventing the replication of influenza virus 

type A was isolated from an aqueous extract of Rozites 

caperatus fungus [20]. 

The analysis of antiviral activity of the extract of 

Ganoderma pfeifferi against influenza virus type A and 

HSV-1 revealed that the major antiviral component of 

the extract were triterpenoids: ganodermadiol, 

lucidodiol and aplanoxin acid G [39-41]. 

Hispidin and hispolon, substances having isoprenoid 

nature and found in the ethanol extract of Inonotus 

hispidus fungus (Bull.) P. Karst., showed antiviral 

activity against influenza virus type A and type B. Both 

extracts of fruiting bodies and fungal mycelium 

exhibited antiviral activity [42, 43]. 

Animal studies have shown that α-glucan isolated 

from L. edodes can increase the animals’ resistance to 

pathogens as demonstrated in experiments with 

influenza virus [44, 45]. 

Antiviral activity of gasteroid fungi was investigated. 

According to some authors, vodka-based tincture of 

gasteromycete Phallus impudicus can serve as a 

preventive tool before influenza epidemics, and it 

causes 100% protection effect in the case of colds [46]. 

A more detailed study of P. impudicus with respect to 

influenza virus H5N1 showed that aqueous extracts 

from fruiting bodies inhibited viral replication in cells 

by 5.20 ± 1.50 lg, and those from cultured mycelium 

by 4.45 ± 1.60 lg [47]. 

Aqueous extracts from fruiting bodies of the flat 

polypore Ganoderma applanatum (neutralization 

index against subtype H5N1 up to 5.00 ± 0.15 lg; the 

sulphur yellow polypore Laetiporus sulphureus (5.00 ± 

1.67 lg for H5N1 and 6.16 ± 0.14 lg for H3N2); 

sclerotium of chaga mushroom I. obliquus with 

neutralization index for subtype H5N1 of 4.7 ± 1.2 lg; 

the lung oyster mushroom P. pulmonarius (6.06 ± 0.18 

lg for H5N1 and 5.73 ± 0.14 lg for H3N2) were among 

also especially active against influenza viruses [48-50]. 

An aqueous extract of mycelium of the larch polypore 

Fomitopsis officinalis (Vill.: Fr.) Bond. and Singer was 

active against influenza virus of different subtypes with 

neutralization indices NI = 3.00 ± 0.11 lg (H5N1), NI 

= 1.50 ± 0.25 lg (H3N2). High antiviral activity of 

aqueous extracts of the rough daedaleopsis 

Daedaleopsis confragosa against influenza virus 

subtypes H5N1 (NI = 2.5 ± 0.14 lg) and H3N2 (NI = 

6.3 ± 0.07 lg) was also shown [51, 52]. 

Assessment of anti-influenza activity of chaga 

mushroom melanin showed that at the same dilution 

(1:3000) the neutralization index was higher for human 

influenza virus strain A/Aichi/2/68 (H3N2) as 

compared with avian influenza virus 

A/chicken/Kurgan/05/2005 (H5N1) (6.3 lg and 3.0 lg, 

respectively), which is obviously associated with 

biological characteristics of influenza virus strains 

[31]. 

Extracts from the basidiomycetes G. applanatum, L. 

sulphureus and I. obliquus were tested with respect to 

the pandemic influenza virus A/Moscow/226/2009 

(H1N1) v on MDCK cell culture and then on 

laboratory mice [53, 54]. It was revealed that all 

studied mushroom extracts were low toxic for MDCK 

cell culture and laboratory animals. It was found that 

basidiomycete extracts inhibited the reproduction of 

pandemic influenza virus by 2.6-3.2 lg, which was 

comparable with the effect of the reference drug 

Tamiflu®  in those experiments (inhibition of the viral 
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replication was 2.9 lg). 4 days after infecting the mice 

with influenza virus, its concentration in the 

homogenates of lungs from animals treated with 

extracts of basidiomycetes I. obliquus and L. 

sulphureus was significantly below the control, by 1.83 

and 2.00 lg, respectively (the daily dose of the extracts 

was 366.7 and 66.7 µg/g of the mouse bodyweight, 

respectively); for mice treated with Tamiflu® , the 

decrease in the virus amount was 2.16 lg when 

compared with the control. 

2.4 Human Immunodeficiency Virus 

The only tool to prevent the development of HIV 

infection and the disease progression is combination 

ARV (antiretroviral) therapy. 

ARV therapy is aimed at suppressing the replication 

of human immunodeficiency virus i.e. it is etiotropic 

therapy of HIV infection. Using ARV drugs we can 

block HIV replication and reduce the virus 

concentration in the blood (to undetectable levels). 

This results in the restoration of CD4 lymphocyte 

subpopulation (full or partial), which prevents the 

development, facilitates the course or contributes to the 

disappearance of opportunistic infections improving 

the quality of life and increasing life expectancy of 

HIV-infected patients. In addition, prescribing ARV 

drugs to HIV-positive pregnant women can 

significantly reduce the likelihood of vertical 

transmission. 

Despite the large number of currently developed 

anti-HIV drugs, there is a problem of antiviral therapy 

effectiveness. The main obstacles to the solution of this 

problem are the toxicity of drugs [55], high cost of 

drugs and the capability of HIV-1 to develop resistance 

to antiviral drugs [56, 57]. 

Therefore, the problem of development of effective 

and inexpensive antiviral agents producing no toxic 

effect on humans remains extremely urgent. 

Some fungal compounds can exert inhibitory effects 

on human immunodeficiency virus. It has been shown 

that polysaccharides from PSK krestin and PSP from 

Trametes versicolor can inhibit HIV-1 in vitro. They 

show immunostimulatory effect, krestin supporting 

killer cells of the immune system, and the 

polysaccharide-protein complex inhibiting the 

attachment of HIV-1 gp120 to CD4 surface receptor 

and HIV reverse transcriptase activity [7, 58-61]. 

Velutin and flammulin proteins isolated from the 

winter mushroom Flammulina velutipes have cytotoxic 

activity and inactivate ribosomes. Velutin inhibits 

HIV-1 reverse transcriptase [62]. 

Protein fractions derived from biomass of the deep 

culture of the basidial fungus D. confragosa showed 

antiviral activity (IC50) against HIV-1 at the 

concentrations from 0.0025 to 0.004 mg/mL [23]. 

Some triterpenes of the fungus Ganoderma lucidum, 

for example, ganoderic acid B, are active against 

human immunodeficiency virus type 1 in MT-4 cell 

culture [63, 64]. 

An ubiquitin-like glycoprotein that inhibited the 

development of human immunodeficiency virus was 

isolated from the oyster mushroom Pleurotus ostreatus 

[62]. Positive results were obtained with Grifola 

frondosa fungus glucans in HIV-infected patients [65, 

66]. 

Chaga preparations exhibited effectiveness against 

HIV-1 [67]. 

The extract from mycelial culture of the fungus 

Fuscoporia obliqua (Ach. ex Pers.) Aoshima (= 

Inonotus obliquus (Ach. ex Pers.) grown on liquid 

nutrient medium is known to be used as an active 

ingredient inhibiting human immunodeficiency virus 

[68]. 

The melanin-glucan complex derived from chaga 

fungus I. obliquus showed the highest activity of the 

five species of fungi I. obliquus, L. edodes, G. 

applanatum, Phellinus igniarius, Fomes fomentarius 

tested by scientists from Belarus and Ukraine with 

respect to HIV-1 in MT-4 culture cell. The minimum 

effective concentration of samples ranged from 0.4 to 

10 µg/mL in different experiments [69]. 

Screening of extracts of different basidiomycete 
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species of Western Siberia also demonstrated that 

chaga extracts possessed the highest antiretroviral 

activity [70]. 

Complete inhibition of HIV-1 reproduction in MT-4 

cells was demonstrated when adding extracts from 

natural chaga before and after the virus adsorption; the 

drug dilution was 1:32000, which made up 0.03 µg/mL 

of dry matter [71]. 

Fractions of aqueous and hydroalcoholic extracts of 

chaga exhibited antiviral properties against HIV-1 at 

the concentration of 5.0 μg/mL when applied to MT-4 

culture simultaneously with the virus [72]. 

There are also sparse data on the evaluation of 

antiviral activity of melanin. It was found that 

water-soluble melanin synthesized from 

heteropolymers, which is produced as a commercial 

product (Sigma Chemical Co, USA) could inhibit 

human immunodeficiency virus replication in cell 

culture at the doses from 0.2 to 10 μg/mL [73]. 

Evaluation of antiviral effectiveness of melanins 

derived from chaga on human MT-4 cell culture 

infected with HIV-1 showed that chaga melanin is 

capable of 50 % inhibition of HIV-1 reproduction at 

the concentration of 1.95 ± 0.65 mg/mL [31]. 

Melanins derived not only from natural chaga 

mushroom, but also from culture fluid and biomass of 

the strain I. obliquus F-1244 isolated into the culture 

show inhibitory effect against HIV-1. The conducted 

research offers opportunities to create antiretrovirals on 

the basis of melanin obtained by the biotechnological 

method [74]. 

Enhanced immunity is important for HIV-infected 

people. One of these immunity improving drugs 

derived from mushrooms is “Immune Assist 24/7” [75]. 

It consists of extracts and polysaccharides of several 

fungal species (Agaricus blazei, Cordyceps sinensis 

(Berk.) Sacc., Grifola frondosa, Coriolus versicolor 

(L.) Quél. (= Trametes versicolor (L.) Lloyd), 

Ganoderma lucidum, Lentinula edodes) and is 

inherently a biologically active food supplement. The 

impact of “Immune Assist 24/7”, an immunomodulator 

and antiviral agent of natural origin, on 8 HIV-infected 

patients was estimated in the regional hospital Sunyani 

(Ghana). The patients were given three 800 mg tablets 

of “Immune Assist 24/7” once a day (2.4 g/day); 

peripheral blood was collected at baseline, Day 30 and 

Day 60 for CD4+. The study has shown that “Immune 

Assist 24/7” can be used as the sole therapeutic agent 

without additional antiretroviral drugs. The number of 

CD4+ T-lymphocytes significantly increased in all the 

patients. According to the authors, these initial results 

are promising and indicate the potential value of further 

studies of this drug with respect to other immune 

parameters and viral load in HIV-infected patients. 

2.5 Orthopoxviruses  

The family Poxviridae comprises a large group of 

viruses, including ones pathogenic for human: variola 

virus, monkeypox virus, cowpox virus, ectromelia 

virus, etc. 

The eradication of smallpox as a disease is a major 

victory of public health. Smallpox vaccination is one of 

the most ambitious projects in the history of medicine, 

but the negative side of the cessation of immunization 

is the lack of population immunity to variola virus. Due 

to the significant increase in the proportion of 

population susceptible to smallpox, variola virus is 

increasingly considered as a possible agent of 

bioterrorist attacks. To date there are no drugs to treat 

or prevent smallpox, therefore, the search for new 

antivirals against variola virus and other 

orthopoxviruses remains an urgent task. A few studies 

have been conducted in the world to study antiviral 

effects of basidiomycetes against orthopoxviruses. 

Several strains of larch polypore Fomitopsis officinalis 

were isolated into pure culture in the USA. The 

inhibitory effect of extracts from fungal biomass was 

evaluated on poxviruses in cell culture. It was found 

that one of the strains of F. officinalis I showed a high 

antiviral effect against cowpox virus while another 

strain of F. officinalis IV was effective against vaccinia 

virus. The author concludes that this fungus can possess 
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antiviral activity against other orthopoxviruses [76].  

According to the authors of the patent [77], 

compositions consisting of fungi of the genera 

Fomitopsis, Piptoporus, Ganoderma can be used for 

prevention and treatment purposes against various 

viruses including poxviruses. 

In Russia, studies on variola virus strain India-3A as 

well as the vaccinia virus strain L-IVP stored in the 

Collection of SRC VB Vector have been conducted. 

Extracts of chaga exhibited the greatest activity against 

variola virus. The SI (selectivity index) of one of 

aqueous extracts was more than 9, and that of the other 

was 7.4. Their effectiveness increased when they were 

used according to the prevention scheme i.e. the 

extracts were applied to Vero cells a day before the 

virus inoculation. For example, the selectivity index of 

chaga aqueous extract increased from 7.4 to 29.8. The 

selectivity index of an aqueous extract from larch 

polypore F. оfficinalis was 4. 

A sample of melanin (SI = 12.5) derived from I. 

obliquus showed activity against vaccinia virus. 

Extracts from chaga (SI = 2) and larch polypore (SI = 2) 

possessed certain antiviral potential [31, 78]. 

Further studies of chemical metabolites from fungi 

(F. officinalis, I. obliquus) that inhibit VARV 

replication can detect compounds with different 

mechanisms of action, which is relevant for the 

development of therapeutic drugs against smallpox. It 

can be supposed that samples from the studied fungal 

species, which showed antiviral effects against two 

viruses of the family Poxviridae with entirely different 

pathogenicities, variola virus and vaccinia virus, can be 

effective against other orthopoxviruses: monkeypox, 

ectromelia, cowpox and other viruses. 

2.6 Poliovirus  

Poliovirus (Poliovirus hominis) is an infectious 

agent that causes polio in humans, belongs to the 

family Picornaviridae, enterovirus group, which also 

comprises Coxsackie and ECHO viruses. It exists as 3 

independent types (I, II and III), type 1 being most 

common. 

In 2007, antiviral activity of aqueous and ethanolic 

extracts as well as polysaccharides from the fruiting 

bodies of Agaricus brasiliensis against poliovirus 

type 1 was tested. The tested substances showed 

antiviral activity, it is assumed that the active 

ingredients act at the initial stage of poliovirus 

replication [79]. 

Four species showed activity in investigating 

antiviral effects of extracts from fresh fruiting bodies of 

121 species of basidiomycetes against poliovirus: 

Clitocybe nebularis (Batsch) P. Kumm. (1.0-5.0 

mg/mL), Lepista inversa (Scop.) Pat. (= Lepista 

flaccida (Sowerby) Pat.) (1.0-4.5 mg/mL), Mycena 

pura (Pers.) P. Kumm. (1.25-1.75 mg/mL), Lactarius 

torminosus (Schaeff.) Gray (0.5-2.5 mg/mL). These 

fungi proved to be active against vesicular stomatitis 

virus [24]. 

2.7 Hepatitis Viruses  

Hepatitis viruses belong to different taxons and 

differ in biochemical and molecular characteristics, but 

all these viruses cause hepatitis in humans. Chronic 

liver diseases, including viral hepatitis B and C are 

among the ten leading causes of human deaths. 170 

million people worldwide suffer from hepatitis C and 

twice as many (350 million) suffer from hepatitis B. 

About 2 billion people worldwide are infected with 

hepatitis B virus. HBV (hepatitis B virus) belongs to 

Hepadnaviridae, a family of DNA viruses that cause 

liver diseases in humans and animals. 

Basidiomycetes such as Cordyceps sinensis, Grifola 

frondoza and Lentinus edodes have long been used in 

Oriental medicine to treat liver diseases. However, the 

number of scientific studies of antiviral activity of 

basidiomycete metabolites against hepatitis virus is 

still very limited. The conducted research allows us to 

identify two possible directions in using 

basidiomycetes for hepatitis therapy. First, substances 

produced by various basidiomycetes have been used as 

adjuvants in vaccination. The problem is that a DNA 
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vaccine can induce CD8 (+) T-cell response, but the 

level of response is very low in most mammals. In the 

framework of this direction, it was shown that 

co-administration of a DNA vaccine against hepatitis 

and a mushroom (Agaricus blazei Murill) extract 

enriched with polysaccharides (as an adjuvant) to mice 

significantly enhanced cellular and humoral immune 

responses [80]. 

It was also found that purified lectins of P. ostreatus 

as an adjuvant (1 mg/mL) also enhanced the 

immunogenicity of the DNA vaccine against hepatitis 

B [81]. A synthetic beta-glucan, oligosaccharide, an 

analogue of the basic subunit of lentinan produced by L. 

edodes, was investigated as an adjuvant. It was shown 

that beta-glucan enhanced CTL and Th1 responses 

induced by the DNA vaccine [82]. 

Fractions of an aqueous extract of I. obliquus were 

shown to possess virucidal properties with respect to 

hepatitis C virus, namely, the ability to reduce 

infectious properties by 100 times within 10 min. 

Antiviral properties of fungal extracts manifested 

themselves at both prophylactic use (24 h before 

infection) and therapeutic use (at the time of infecting 

pig embryo kidney cells) [83]. 

2.8 Other Viruses 

There are data on investigations of other viruses. 

Triterpenes (lutidinic acids, ganoderic acids, methyl 

ganoderate F. etc.) isolated from fruiting bodies of 

white rot fungus G. lucidum inhibited the induction of 

EBV-EA antigen of Epstein-Barr virus occurring under 

the effect of 12-O-tetradecanoyl phorbol-13acetate in 

Raji cell line [84]. 

Water-soluble preparations of G. applanatum 

exhibit antiviral activity against vesicular stomatitis 

virus VSV IND (Indiana serotype) [40]. 

3. Discussion 

The analysis of the published scientific data on the 

study of antiviral activities of extracts and some 

compounds derived from basidiomycetes against a 

number of viruses that are pathogenic for humans 

suggests that many species of basidiomycetes and 

different classes of biologically active compounds 

derived from them can effectively inhibit the 

development of viruses in cells and animals while 

possessing low toxicity. The main biologically active 

compounds derived from basidiomycetes exhibiting 

antiviral effects include polysaccharides, proteins, 

glycoproteins, melanins, terpenoids, nucleosides, etc. 

The presence of proteins, polysaccharides, triterpenes, 

carotenoids and flavonoids was revealed in aqueous 

and ethanol extracts of 20 fungal species growing in 

Southwestern Siberia [85]. 

Many polysaccharides recognized as antitumor 

compounds also exhibit antiviral effects [6, 7, 86]. The 

data on antitumor and antiviral activities of the same 

fungal species indicate a correlation between these 

properties [34]. In this context, the role of preparations 

derived from basidiomycetes can only increase because, 

in addition to prevention and treatment of viral 

infections, polysaccharides and other fungal 

compounds will contribute to prevention of cancers, 

which have a viral etiology up to 20% [87]. 

Published scientific data also indicate that 

biologically active compounds from the same fungal 

species can exhibit antiviral effects against different 

pathogens. Triterpenoids isolated from fruiting bodies, 

mycelia and spores of lacquered polypore G. lucidum 

exhibit antiviral activity against human 

immunodeficiency virus type 1, hepatitis B and 

Epstein-Barr viruses [61, 84, 88]. 

Ganodermadiol, lucidadiol and applanoxidic acid 

isolated from Ganoderma pfeifferi show activities 

against HIV-1, HSV-1 and influenza virus type A [39]. 

Aqueous extracts and polysaccharides from 

mushrooms belonging to the genera Ganoderma (G. 

lucidum), Pleurotus (P. eryngii, P. djamor, P. 

ostreatus, P. pulmonarius) and Lentinus (L. edodes) 

possess antiviral activities against RNA-containing 

WNV and DNA-containing HSV-2 [27].  

This allows us to suggest that the type of viral 
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nucleic acid does not play a fundamental role in the 

mechanism of antiviral actions of these drugs. 

According to screening results, antiviral effect was 

found in 32 of the 59 fungal species isolated for the first 

time in culture from natural habitats in Western Siberia, 

and in 10 of these species the effect was observed with 

respect to 3 or more viruses [34, 89-93]. 

Aqueous extracts and melanin derived from natural 

chaga Inonotus obliquus exhibit activity against many 

viruses: human immunodeficiency type 1, herpes 

simplex virus type 2, West Nile, influenza, vaccinia 

and monkeypox viruses [31, 34]. This broad spectrum 

of antiviral activity is associated with complex 

composition of compounds. The main component of 

aqueous extracts from chaga is the chromogen-PPC 

(polyphenol carbon complex) similar to HA (humic 

acids) in physicochemical characteristics. PPC and HA 

are complexly organized natural objects with unknown 

structure. Polyphenol oxicarbon complexes contain a 

polymer synthesized by the fungus on the basis of 

lignin. It has irregular structure, and its structural units 

are esters of sinapyl and coniferyl aldehydes, vanillin, 

syringaldehyde, syringic, vanillic, n-oxybenzoic gallic 

and protocatechuic acids and their derivatives [94-97]. 

The polyphenol complex also includes free and bound 

phenols and carbohydrates, flavonoids, carbonic acids, 

etc. Coloring of polyphenols is due to melanins 

classified under allomelanins [98-100]. 

New data demonstrate the complexity of chaga 

composition. Terpenoids, sterols and new 

sesquiterpene have been detected in sclerotium and 

mycelium of the fungus [101]. 

The research results indicate that fungi represent 

promising objects for the development of 

biotechnological drugs because both mycelium and 

fruiting bodies contain all important biologically active 

compounds [102-107]. The use of deep cultivation to 

produce mycelium biomass allows for the 

standardization of conditions for formation of 

biologically active substances and the final product. An 

important condition for the development of new 

effective biotechnology antivirals is the presence of 

active strains of basidiomycetes producing biologically 

active substances. 

4. Conclusion  

Basidiomycetous fungi have long been known as 

sources of anticancer compounds such as 

polysaccharides. Studies conducted by scientists from 

different countries have shown that polysaccharides 

and other fungal compounds (proteins, glycoproteins, 

terpenoids, nucleosides, etc.) exhibit antiviral activity 

against many viruses pathogenic for humans: herpes, 

West Nile, influenza, human immunodeficiency, 

hepatitis viruses and orthopoxviruses. Biologically 

active compounds derived from the same fungal 

species can exhibit antiviral effects against different 

pathogens. Effective strains isolated in culture from 

wild mushrooms are objects for the development of 

drugs including ones possessing antiviral activity on 

the basis of mycelium biomass and extraction of the 

necessary BAS from it. 
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