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Abstract

Vaccines have long been used globally as preventive and therapeutic agents against various diseases. Global necessity of cos-
effective, edible and functional food based vaccine development has led the vaccine scientists search for multiple agents that 
would act either directly as vaccine or as vaccine adjuvant. In this article, the potentiality of edible and medicinal mushrooms 
or mushroom bio-components’ as vaccine adjuvants or as direct edible vaccines have critically been reviewed. Outcomes of 
the present article would be of immense importance to the immunologists, vaccine scientists and health-care professionals 
and policy makers worldwide. 
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Abbreviations

SARS COV-2: Severe Acute Respiratory Syndrome 
Coronavirus-2; TCM: Traditional Chinese Medicine; WHO: 
World Health Organization; PSG: Polysaccharides of 
Ganoderma; FIPs: Fungal Immunomodulatory Proteins; 
DNA: Deoxyribo nucleic Acid; HBV: Hepatitis B Virus.

Introduction

Vaccine is a medicinal preparation containing either 
the attenuated or killed microbe or its part that exert 
antigenicity to the host and develops acquired immunity 
of the host [1]. Since 1920s, vaccines of different types 
had been applied against different diseases globally [2,3]. 
Recent coronavirus diseases 2019 (COVID-19) has up surged 
the production and utilization of vaccine against severe 
acute respiratory syndrome coronavirus-2 (SARS COV-2) 
[3]. Health care professionals, researchers and scientists 
throughout the globe had tried their best to present the 
humanity with an easy and accessible to all vaccine against 
SARS COV-2. Ultimately, the humanity has been gifted with a 
COVID vaccine and thus hype towards vaccine development 

and utilization has skyrocketed all over the world. Actually, 
since the invention of vaccine, strategies had been applied 
to enhance the efficacy of vaccine. In this aspect, utilization 
of adjuvants or helping agents for vaccines’ enhanced 
potentiality is a milestone in the era of vaccination. 

Globally, aluminum salts or alums have mostly been 
utilized as the adjuvants towards different forms of injectable 
and edible vaccines [3,4]. World health organization (WHO) 
has allowed alums or aluminum salts rather than any other 
substances as the most potent adjuvants [5]. However, search 
for alternative adjuvant sources has nor remained standstill, 
rather, usage of alternative or traditional medicinal items as 
vaccine adjuvants has received considerable attention [6]. In 
this regard, traditional Chinese medicine (TCM) and relevant 
bio-components seem promising [6,7]. 

Potentiality of Mushrooms as Vaccines or 
Vaccine Adjuvants

Among others, the bio-components of the macrofungi 
Ganoderma lucidum seem pertinent as the adjuvant of 
different vaccines currently utilized worldwide [8-10]. 
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Ganoderma lucidum, also known as ling zhi (in Chinese) or 
reishi (in Japanese) is a medicinal mushroom [11]. Its usage 
in medicine dates back to hoary past [11]. Polysaccharides 
of Ganoderma (PSG) had been found promising as adjuvants 
of different vaccines [12-19]. Different bio-components 
of Ganoderma especially tri-terpenoids also beacon 
excellent as vaccine adjuvants [12-19]. Besides, fungal 
immunomodulatory proteins (FIPs) also seem promising as 
adjuvants towards vaccines [12-15,20-22]. A protein called 
ling zhi-8, derived from G. lucidum had been reported to 
have potent adjuvancity towards DNA vaccine against cancer 
[12-15,20-22]. Adjuvancity of G. lucidum polysaccharides, 
proteins and tri-terpenoids had been linked with their 
immunomodulatory effects [23-27].

Beta-D-glucans (β-D glucan) are polysaccharides of β-1-
3 glycosidic linkages that provide multiple physiological 
effects among which immunomodulatory effects are most 
noteworthy [28-35]. Beta-D-glucans have been found to 
be excellent adjuvants towards vaccines [28-35]. Lentinan, 
dervided from another species of edible mushroom, 
Lentinula edodes, has also been regarded as a potent adjuvant 
to vaccine [36-43]. Polysaccharide from shiitake mushroom 
(L. edodes) enhances immune responses against inactivated 
influenza vaccine in mice [44]. Similar observation has been 
noticed for human subjects in case of maiitake mushrooms 

(Grifola frondosa) [45].

Still today, DNA based vaccines have been used against 
hepatitis B virus (HBV) and relevant patho-physiologies 
[44,45]. Experimental evidence suggest that oyster 
mushroom (Pleurotus ostreatus)-derived lectin, when added 
as adjuvant to the HBV DNA vaccines, the immunogenic 
potency increases several fold [44,45]. Mechanistically, 
lectins of oyster mushroom (Pleurotus ostreatus) aid in 
vanquishing HBV tolerance through toll like receptor 6 
signaling cascade that generates anti-HBV antibodies and 
helper T cells [47,48]. Fruiting bodies of enoki mushroom 
(Flammulina velutipes) have been genetically engineered 
to express the trans-gene of HBV and to produce HBV oral 
vaccine [44,45]. Antibody titer of these vaccinated pigs show 
successful outcome of this mushroom based approach [44,45]. 
Immunomodulatory effects of some edible musrooms such 
as button (Agaricus blazei Murill), lion’s mane (Hericium 
erinaceus), and maitake (Grifola frondosa) provide extensive 
evidence of their potentiality in their usage as edible vaccines 
[46]. Bio-informatics based molecular docking studies show 
that bio-components (β-D-glucan, galactomannan, betulinic 
acid) of chaga mushroom (Inonotus obliquus) strong binding 
affinity with the spike proteins of the SARS-COV-2 virus 
[47,48]. Thus, this mushroom also could be a basis of vaccine 
development (Table 1).

S. No Name of Mushroom Figure of Mushroom

1  Oyster mushroom (Pleurotus ostreatus)

2  Reishi mushroom (Ganoderma lucidum)

3  Shiitake mushroom (Lentinula edodes)
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4 Maitake mushroom (Grifola frondosa)

5  Enoki mushroom (Flammulina velutipes)

6  Button mushroom (Agaricus bisporus)

7  Lion’s mane mushroom (Hericium erinaceus) 

9  Chaga mushroom (Inonotus obliquus)

Table 1: Figures of Mushrooms.
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Conclusion

Different bio-components present in both edible and 
medicinal mushrooms spur excellent sources to be of 
vaccine agents or vaccine adjuvants. Extensive studies and 
clinical trials of the positive outcomes of mushroom based 
vaccines and vaccine adjuvants could pave a new vista in 
fighting the humanity against different diseases. In this 
aspect, special attention of the funding authorities, research 
regulatory bodies, health-care professionals and researchers 
throughout the globe should come forward.

References

1. Facciola A, Visalli G, Lagana A, Di Pietro A (2022) An 
Overview of Vaccine Adjuvants: Current Evidence and 
Future Perspectives. Vaccines (Basel) 10(5): 819.

2. Verma SK, Mahajan P, Singh NK, Gupta A, Aggarwal R, et al. 
(2023) New-age vaccine adjuvants, their development, 
and future perspective. Front Immunol 14: 1043109.

3. Moni SS, Abdelwahab SI, Jabeen A, Elmobark ME, Aqaili 
D, et al. (2023) Advancements in Vaccine Adjuvants: 
The Journey from Alum to Nano Formulations. Vaccines 
11(11): 1704.

4. Chen S, Yang L, Ou X, Li JY, Zi CT, et al. (2022) A new 
polysaccharide platform constructs self-adjuvant 
nanovaccines to enhance immune responses. J 
Nanobiotechnology 20(1): 320.

5. The Global Advisory Committee on Vaccine Safety 
(2012) Aluminium adjuvants. World Health Organization 
(WHO).

6. Wang D, Liu Y, Zhao W (2021) The Adjuvant Effects on 
Vaccine and the Immunomodulatory Mechanisms of 
Polysaccharides From Traditional Chinese Medicine. 
Front Mol Biosci 8: 655570.

7. Weiss AM, Hossainy S, Rowan SJ, Hubbell JA, Esser-
Kahn AP (2022) Immunostimulatory Polymers as 
Adjuvants, Immunotherapies, and Delivery Systems. 
Macromolecules 55(16): 6913-6937. 

8. Suarez-Arroyo IJ, Loperena-Alvarez Y, Rosario-Acevedo 
R, Martinez-Montemayor MM (2017) Ganoderma spp: 
A Promising Adjuvant Treatment for Breast Cancer. 
Medicines 4(1): 15. 

9. Boh B, Berovic M, Zhang J, Zhi Bin L (2007) Ganoderma 
lucidum and its pharmaceutically active compounds. 
Biotechnol Annu Rev 13: 265-301.

10. Ekiz E, Oz E, Abd El-Aty AM, Proestos C, Brennan C, et 

al. (2023) Exploring the Potential Medicinal Benefits 
of Ganoderma lucidum: From Metabolic Disorders to 
Coronavirus Infections. Foods 12(7): 1512.

11. El Sheikha AF (2022) Nutritional profile and health 
benefits of Ganoderma lucidum “Lingzhi, Reishi, or 
Mannentake” as functional foods: Current scenario and 
future perspectives. Foods 11(7): 1030.

12. Zhang P, Ding R, Jiang S, Ji L, Pan M, et al. (2014) The 
adjuvanticity of Ganoderma lucidum polysaccharide 
for Newcastle disease vaccine. International journal of 
biological macromolecules 65: 431-435.

13. Liao S-F, Liang C-H, Ho M-Y, Hsu T-L, Tsai T-I, et al. (2013) 
Immunization of fucose-containing polysaccharides 
from Reishi mushroom induces antibodies to tumor-
associated Globo H-series epitopes. Proc Natl Acad Sci 
110(34): 13809-13014. 

14. Lin YL, Shih C, Cheng PY, Chin CL, Liou AT, et al. (2020) A 
Polysaccharide Purified From Ganoderma lucidum Acts 
as a Potent Mucosal Adjuvant That Promotes Protective 
Immunity Against the Lethal Challenge With Enterovirus 
A71. Front Immunol 11: 561758. 

15. Lin Y-L, Cheng P-Y, Chin C-L, Chuang K-T, Lin J-Y, et al. 
(2023) A novel mucosal bivalent vaccine of EV-A71/EV-
D68 adjuvanted with polysaccharides from Ganoderma 
lucidum protects mice against EV-A71 and EV-D68 lethal 
challenge. J Biomed Sci 30(1): 96.

16. Zhang Q, Hu M, Xu L, Yang X, Chang Y, et al. (2017) Effect 
of edible fungal polysaccharides on improving influenza 
vaccine protection in mice. Food and Agricultural 
Immunology 28(6): 981-992.

17. Li QZ, Wang XF, Zhou XW (2011) Recent status and 
prospects of the fungal immunomodulatory protein 
family. Crit Rev Biotechnol 31(4): 365-375.

18. Kino K, Yamashita A, Yamaoka K, Watanabe J, Tanaka 
S, et al. (1989) Isolation and characterization of a new 
immunomodulatory protein, ling zhi-8 (LZ-8), from 
Ganoderma lucidium. J Biol Chem 264(1): 472-428.

19. Murasugi A, Tanaka S, Komiyama N, Iwata N, Kino K, 
et al. (1991) Molecular cloning of a cDNA and a gene 
encoding an immunomodulatory protein, Ling Zhi-8, 
from a fungus, Ganoderma lucidum. J Biol Chem 266(4): 
2486-2493. 

20. Lieuwe GVDH, Adam VDVJ, Frans MBC, Kohsuke K, 
Andries JH, et al. (1995) Ling Zhi-8: studies of a new 
immunomodulating agent. Transplantation 60(5): 438-
433. 

https://medwinpublishers.com/VVOA/
https://pubmed.ncbi.nlm.nih.gov/35632575/
https://pubmed.ncbi.nlm.nih.gov/35632575/
https://pubmed.ncbi.nlm.nih.gov/35632575/
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1043109/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1043109/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1043109/full
https://www.mdpi.com/2076-393X/11/11/1704
https://www.mdpi.com/2076-393X/11/11/1704
https://www.mdpi.com/2076-393X/11/11/1704
https://www.mdpi.com/2076-393X/11/11/1704
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-022-01533-3
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-022-01533-3
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-022-01533-3
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/s12951-022-01533-3
https://www.who.int/groups/global-advisory-committee-on-vaccine-safety/topics/adjuvants
https://www.who.int/groups/global-advisory-committee-on-vaccine-safety/topics/adjuvants
https://www.who.int/groups/global-advisory-committee-on-vaccine-safety/topics/adjuvants
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2021.655570/full
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2021.655570/full
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2021.655570/full
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2021.655570/full
https://pubs.acs.org/doi/full/10.1021/acs.macromol.2c00854
https://pubs.acs.org/doi/full/10.1021/acs.macromol.2c00854
https://pubs.acs.org/doi/full/10.1021/acs.macromol.2c00854
https://pubs.acs.org/doi/full/10.1021/acs.macromol.2c00854
https://www.mdpi.com/2305-6320/4/1/15
https://www.mdpi.com/2305-6320/4/1/15
https://www.mdpi.com/2305-6320/4/1/15
https://www.mdpi.com/2305-6320/4/1/15
https://pubmed.ncbi.nlm.nih.gov/17875480/
https://pubmed.ncbi.nlm.nih.gov/17875480/
https://pubmed.ncbi.nlm.nih.gov/17875480/
https://www.mdpi.com/2304-8158/12/7/1512
https://www.mdpi.com/2304-8158/12/7/1512
https://www.mdpi.com/2304-8158/12/7/1512
https://www.mdpi.com/2304-8158/12/7/1512
https://www.mdpi.com/2304-8158/11/7/1030
https://www.mdpi.com/2304-8158/11/7/1030
https://www.mdpi.com/2304-8158/11/7/1030
https://www.mdpi.com/2304-8158/11/7/1030
https://pubmed.ncbi.nlm.nih.gov/24530324/
https://pubmed.ncbi.nlm.nih.gov/24530324/
https://pubmed.ncbi.nlm.nih.gov/24530324/
https://pubmed.ncbi.nlm.nih.gov/24530324/
https://www.pnas.org/doi/full/10.1073/pnas.1312457110
https://www.pnas.org/doi/full/10.1073/pnas.1312457110
https://www.pnas.org/doi/full/10.1073/pnas.1312457110
https://www.pnas.org/doi/full/10.1073/pnas.1312457110
https://www.pnas.org/doi/full/10.1073/pnas.1312457110
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.561758/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.561758/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.561758/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.561758/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.561758/full
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1323326
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1323326
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1323326
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1323326
https://pubmed.ncbi.nlm.nih.gov/21651437/
https://pubmed.ncbi.nlm.nih.gov/21651437/
https://pubmed.ncbi.nlm.nih.gov/21651437/
https://pubmed.ncbi.nlm.nih.gov/2909532/
https://pubmed.ncbi.nlm.nih.gov/2909532/
https://pubmed.ncbi.nlm.nih.gov/2909532/
https://pubmed.ncbi.nlm.nih.gov/2909532/
https://pubmed.ncbi.nlm.nih.gov/1990000/
https://pubmed.ncbi.nlm.nih.gov/1990000/
https://pubmed.ncbi.nlm.nih.gov/1990000/
https://pubmed.ncbi.nlm.nih.gov/1990000/
https://pubmed.ncbi.nlm.nih.gov/1990000/
https://journals.lww.com/transplantjournal/abstract/1995/09000/ling_zhi_8__studies_of_a_new_immunomodulating.6.aspx
https://journals.lww.com/transplantjournal/abstract/1995/09000/ling_zhi_8__studies_of_a_new_immunomodulating.6.aspx
https://journals.lww.com/transplantjournal/abstract/1995/09000/ling_zhi_8__studies_of_a_new_immunomodulating.6.aspx
https://journals.lww.com/transplantjournal/abstract/1995/09000/ling_zhi_8__studies_of_a_new_immunomodulating.6.aspx


Vaccines & Vaccination Open Access
5

Rahman MA. Potentiality of Mushrooms as Edible Vaccines. Vaccines Vaccin 2024, 9(2): 000173. Copyright©  Rahman MA.

21. Miyasaka N, Inoue H, Totsuka T, Koike R, Kino K, et al. 
(1992) An immunomodulatory protein, Ling Zhi-8, 
facilitates cellular interaction through modulation of 
adhesion molecules. Biochem Biophys Res Commun 
186(1): 385-390. 

22. Hsu H-Y, Hua K-F, Wu W-C, Hsu J, Weng S-T, et al. 
(2008) Reishi immuno-modulation protein induces 
interleukin-2 expression via protein kinase dependent 
signaling pathways within human T cells. J Cell Physiol 
215(1): 15-26.

23. Lin Y-L, Cheng P-Y, Chin C-L, Chuang K-T, Lin J-Y, et al. 
(2023) A novel mucosal bivalent vaccine of EV-A71/EV-
D68 adjuvanted with polysaccharides from Ganoderma 
lucidum protects mice against EV-A71 and EV-D68 lethal 
challenge. J Biomed Sci 30(1): 96.

24. Zhang Q, Hu M, Xu L, Yang X, Chang Y, et al. (2017) Effect 
of edible fungal polysaccharides on improving influenza 
vaccine protection in mice. Food and Agricultural 
Immunology 28(6): 981-992.

25. Vetter J (2023) The Mushroom Glucans: Molecules of 
High Biological and Medicinal Importance. Foods 12(5): 
1009.

26. Muthusamy G, Joardar SN, Samanta I, Isore DP, 
Roy B, et al. (2020) Dietary administered purified 
β-glucan of edible mushroom (Pleurotus florida) 
provides immunostimulation and protection in broiler 
experimentally challenged with virulent Newcastle 
disease virus. The Journal of Basic and Applied Zoology 
81: 1-10.

27. Cordova-Martinez A, Caballero-Garcia A, Roche E, 
Noriega DC (2021) β-Glucans Could Be Adjuvants for 
SARS-CoV-2 Virus Vaccines (COVID-19). International 
Journal of Environmental Research and Public Health 
18(23): 12636.

28. Cognigni V, Ranallo N, Tronconi F, Morgese F, Berardi R 
(2021) Potential benefit of β-glucans as adjuvant therapy 
in immuno-oncology: A review. Exploration of Targeted 
Anti-tumor Therapy 2(2): 122-138.

29. Vetvicka V, Vannucci L, Sima P (2020) β-glucan as a new 
tool in vaccine development. Scandinavian Journal of 
Immunology 91(2): e12833.

30. Phillips JM, Ooi SL, Pak SC (2022) Health-promoting 
properties of medicinal mushrooms and their bioactive 
compounds for the COVID-19 era-an appraisal: do the 
pro-health claims measure up? Molecules 27(7): 2302.

31. Chen S-N, Nan F-H, Liu M-W, Yang M-F, Chang Y-C, et al. 

(2023) Evaluation of Immune Modulation by β-1, 3; 1, 6 
D-Glucan Derived from Ganoderma lucidum in Healthy 
Adult Volunteers, A Randomized Controlled Trial. Foods 
12(3): 659.

32. Saha TK, Mariom, Rahman T, Moniruzzaman M, Min T, 
et al. (2023) Immuno-physiological effects of dietary 
reishi mushroom powder as a source of beta-glucan on 
Rohu, Labeo rohita challenged with Aeromonas veronii. 
Scientific Reports 13(1): 14652.

33. Liu Z, Yu L, Gu P, Bo R, Wusiman A, et al. (2020) 
Preparation of lentinan-calcium carbonate microspheres 
and their application as vaccine adjuvants. Carbohydrate 
polymers 245: 116520.

34. He J, Liu Z, Jiang W, Zhu T, Wusiman A, et al. (2020) 
Immune-adjuvant activity of lentinan-modified calcium 
carbonate microparticles on a H5N1 vaccine. Int J Biol 
Macromol 163: 1384-1392. 

35. Fan W, You B, Wang X, Zheng X, Xu A, et al. (2023) Safety 
and efficacy of lentinan nasal drops in patients infected 
with the variant of COVID-19: a randomized, placebo-
controlled trial. Frontiers in Pharmacology 14: 1292479.

36. Zhou X, Wang H, Zhang J, Guan Y, Zhang, Y (2024) Single-
Injection Subunit Vaccine for Rabies Prevention using 
Lentinan as Adjuvant. International Journal of Biological 
Macromolecules 254(pt 3): 128118.

37. Liu Z, He J, Zhu T, Hu C, Bo R, et al. (2020) Lentinan-
Functionalized Graphene Oxide is an Effective Antigen 
Delivery System that Modulates Innate Immunity and 
Improves Adaptive Immunity. ACS applied materials & 
interfaces 12(35): 39014-39023.

38. Jin X, Liu X, Ding J, Zhang L, Yang Y, Wang X, et al. (2020) 
Lentinan improved the efficacy of vaccine against 
Trichinella spiralis in an NLRP3 dependent manner. 
PLoS Negl Trop Dis 14(9): e0008632. 

39. Ahn H, Jeon E, Kim JC, Kang SG, Yoon S-I, et al. (2017) 
Lentinan from shiitake selectively attenuates AIM2 and 
non-canonical inflammasome activation while inducing 
pro-inflammatory cytokine production. Sci Rep 7: 1314.

40. Zhou G, Liu H, Yuan Y, Wang Q, Wang L, et al. (2024) 
Lentinan progress in inflammatory diseases and tumor 
diseases. Eur J Med Res 29(1): 8. 

41. Zhu H, Hu M, Wang D, Xu G, Yin X, et al. (2020) Mixed 
polysaccharides derived from Shiitake mushroom, 
Poriacocos, Ginger, and Tangerine peel enhanced 
protective immune responses in mice induced 
by inactivated influenza vaccine. Biomedicine & 

https://medwinpublishers.com/VVOA/
https://www.sciencedirect.com/science/article/abs/pii/S0006291X05808198
https://www.sciencedirect.com/science/article/abs/pii/S0006291X05808198
https://www.sciencedirect.com/science/article/abs/pii/S0006291X05808198
https://www.sciencedirect.com/science/article/abs/pii/S0006291X05808198
https://www.sciencedirect.com/science/article/abs/pii/S0006291X05808198
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.21144
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.21144
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.21144
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.21144
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.21144
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-023-00987-3
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1323326
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1323326
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1323326
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1323326
https://www.mdpi.com/2304-8158/12/5/1009/review_report
https://www.mdpi.com/2304-8158/12/5/1009/review_report
https://www.mdpi.com/2304-8158/12/5/1009/review_report
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00180-0
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00180-0
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00180-0
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00180-0
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00180-0
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00180-0
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00180-0
https://www.mdpi.com/1660-4601/18/23/12636
https://www.mdpi.com/1660-4601/18/23/12636
https://www.mdpi.com/1660-4601/18/23/12636
https://www.mdpi.com/1660-4601/18/23/12636
https://www.mdpi.com/1660-4601/18/23/12636
https://pubmed.ncbi.nlm.nih.gov/36046144/
https://pubmed.ncbi.nlm.nih.gov/36046144/
https://pubmed.ncbi.nlm.nih.gov/36046144/
https://pubmed.ncbi.nlm.nih.gov/36046144/
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.12833
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.12833
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.12833
https://www.mdpi.com/1420-3049/27/7/2302
https://www.mdpi.com/1420-3049/27/7/2302
https://www.mdpi.com/1420-3049/27/7/2302
https://www.mdpi.com/1420-3049/27/7/2302
https://www.mdpi.com/2304-8158/12/3/659
https://www.mdpi.com/2304-8158/12/3/659
https://www.mdpi.com/2304-8158/12/3/659
https://www.mdpi.com/2304-8158/12/3/659
https://www.mdpi.com/2304-8158/12/3/659
https://www.nature.com/articles/s41598-023-41557-9
https://www.nature.com/articles/s41598-023-41557-9
https://www.nature.com/articles/s41598-023-41557-9
https://www.nature.com/articles/s41598-023-41557-9
https://www.nature.com/articles/s41598-023-41557-9
https://pubmed.ncbi.nlm.nih.gov/32718625/
https://pubmed.ncbi.nlm.nih.gov/32718625/
https://pubmed.ncbi.nlm.nih.gov/32718625/
https://pubmed.ncbi.nlm.nih.gov/32718625/
https://pubmed.ncbi.nlm.nih.gov/32758599/
https://pubmed.ncbi.nlm.nih.gov/32758599/
https://pubmed.ncbi.nlm.nih.gov/32758599/
https://pubmed.ncbi.nlm.nih.gov/32758599/
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1292479/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1292479/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1292479/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1292479/full
https://pubmed.ncbi.nlm.nih.gov/37977452/
https://pubmed.ncbi.nlm.nih.gov/37977452/
https://pubmed.ncbi.nlm.nih.gov/37977452/
https://pubmed.ncbi.nlm.nih.gov/37977452/
https://pubs.acs.org/doi/10.1021/acsami.0c12078
https://pubs.acs.org/doi/10.1021/acsami.0c12078
https://pubs.acs.org/doi/10.1021/acsami.0c12078
https://pubs.acs.org/doi/10.1021/acsami.0c12078
https://pubs.acs.org/doi/10.1021/acsami.0c12078
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0008632
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0008632
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0008632
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0008632
https://www.nature.com/articles/s41598-017-01462-4
https://www.nature.com/articles/s41598-017-01462-4
https://www.nature.com/articles/s41598-017-01462-4
https://www.nature.com/articles/s41598-017-01462-4
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-023-01585-7
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-023-01585-7
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-023-01585-7
https://pubmed.ncbi.nlm.nih.gov/32172063/
https://pubmed.ncbi.nlm.nih.gov/32172063/
https://pubmed.ncbi.nlm.nih.gov/32172063/
https://pubmed.ncbi.nlm.nih.gov/32172063/
https://pubmed.ncbi.nlm.nih.gov/32172063/


Vaccines & Vaccination Open Access
6

Rahman MA. Potentiality of Mushrooms as Edible Vaccines. Vaccines Vaccin 2024, 9(2): 000173. Copyright©  Rahman MA.

Pharmacotherapy 126: 110049.

42. Nishihira J, Sato M, Tanaka A, Okamatsu M, Azuma T, 
et al. (2017) Maitake mushrooms (Grifola frondosa) 
enhances antibody production in response to influenza 
vaccination in healthy adult volunteers concurrent with 
alleviation of common cold symptoms. Functional Foods 
in Health and Disease 7(7): 462-482.

43. Gao W, Sun Y, Chen S, Zhang J, Kang J, et al. (2013) 
Mushroom lectin enhanced immunogenicity of HBV DNA 
vaccine in C57BL/6 and HBsAg-transgenic mice. Vaccine 
31(18): 2273-2280.

44. He M, Su D, Liu Q, Gao W, Kang Y (2017) Mushroom 
lectin overcomes hepatitis B virus tolerance via TLR6 
signaling. Sci Rep 7: 5814.

45. Huang LH, Lin HY, Lyu YT, Gung CL, Huang CT (2019) 
Development of a Transgenic Flammulina velutipes Oral 

Vaccine for Hepatitis B. Food Technol Biotechnol 57(1): 
105-112. 

46. Hetland G, Johnson E, Bernardshaw SV, Grinde B 
(2021) Can medicinal mushrooms have prophylactic or 
therapeutic effect against COVID-19 and its pneumonic 
superinfection and complicating inflammation? 
Scandinavian journal of immunology 93(1): e12937.

47. Eid JI, Das B, Al-Tuwaijri MM, Basal WT (2021) Targeting 
SARS-CoV-2 with Chaga mushroom: An in silico study 
toward developing a natural antiviral compound. Food 
Science & Nutrition 9(12): 6513-6523. 

48. Zhao R, Chen Q, He YM (2018) The effect of Ganoderma 
lucidum extract on immunological function and identify 
its anti-tumor immunostimulatory activity based on the 
biological network. Scientific reports 8(1): 12680.

https://medwinpublishers.com/VVOA/
https://pubmed.ncbi.nlm.nih.gov/32172063/
https://ffhdj.com/index.php/ffhd/article/view/363
https://ffhdj.com/index.php/ffhd/article/view/363
https://ffhdj.com/index.php/ffhd/article/view/363
https://ffhdj.com/index.php/ffhd/article/view/363
https://ffhdj.com/index.php/ffhd/article/view/363
https://ffhdj.com/index.php/ffhd/article/view/363
https://pubmed.ncbi.nlm.nih.gov/23499522/
https://pubmed.ncbi.nlm.nih.gov/23499522/
https://pubmed.ncbi.nlm.nih.gov/23499522/
https://pubmed.ncbi.nlm.nih.gov/23499522/
https://www.nature.com/articles/s41598-017-06261-5
https://www.nature.com/articles/s41598-017-06261-5
https://www.nature.com/articles/s41598-017-06261-5
https://www.ftb.com.hr/archives/1593-development-of-a-transgenic-flammulina-velutipes-oral-vaccine-for-hepatitis-b
https://www.ftb.com.hr/archives/1593-development-of-a-transgenic-flammulina-velutipes-oral-vaccine-for-hepatitis-b
https://www.ftb.com.hr/archives/1593-development-of-a-transgenic-flammulina-velutipes-oral-vaccine-for-hepatitis-b
https://www.ftb.com.hr/archives/1593-development-of-a-transgenic-flammulina-velutipes-oral-vaccine-for-hepatitis-b
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.12937
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.12937
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.12937
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.12937
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.12937
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.2576
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.2576
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.2576
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.2576
https://www.nature.com/articles/s41598-018-30881-0
https://www.nature.com/articles/s41598-018-30881-0
https://www.nature.com/articles/s41598-018-30881-0
https://www.nature.com/articles/s41598-018-30881-0

	_GoBack
	Abstract
	Abbreviations
	Introduction
	Potentiality of Mushrooms as Vaccines or Vaccine Adjuvants
	Conclusion
	References

