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ABSTRACT 

 

Use of fungal mycelia, which has antiviral properties, constitutes a novel strategy for 

addressing existing and newly emerging viral diseases. We evaluated safety and 

feasibility of fungal mycelia (Fomitopsis officinalis and Trametes versicolor, FoTv) for 

treatment of COVID-19 and assessed its antiviral effects and potential to reduce 

symptoms. In a randomized, double-blind, placebo-controlled, dual site (UCSD/UCLA 

medical centers) clinical trial we examined non-hospitalized patients who contracted 

mild-to-moderate COVID-19 ≤ 96 hours, and experienced symptom onset ≤ nine days, 

before enrollment. FoTv was safe, well-tolerated, and feasible for COVID-19 treatment. 

Minor differences in biochemical markers were observed between groups (26 FoTv, 24 

Placebo). FoTv significantly reduced the number and severity of symptoms, particularly 

sore throat/cough, and in vitro SARS-CoV-2 (pseudovirus) cellular infection. In 

conclusion, FoTv was safe and reduced COVID-19 symptoms and cellular viral 

infection. Future studies should investigate therapeutic benefits of fungal mycelia for 

SARS-CoV-2 and other viruses. Clinicaltrials.gov registration:NCT04667247. 
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INTRODUCTION 

COVID-19: Lessons and guidance for future pandemics 

The COVID-19 pandemic underscored the need for effective medical strategies to 

reduce morbidity, mortality, and global disruption in both current and future public health 

emergencies. Although effective strategies now exist for managing SARS-CoV-2, 

emerging variants and other infectious viral diseases (e.g., bird flu, Zika virus, 

Hantavirus, dengue fever, etc.) continue to pose significant risks to global public health. 

Numerous primary prevention and treatment strategies, as well as diet and natural 

therapeutics, may all help reduce these risks.   

 

During the COVID-19 pandemic, vaccines and antiviral medications constituted the first 

lines of defense. However, this approach may not be fully reliable in the future because 

development of relevant vaccines and antivirals may not be able to keep pace with the 

emergence of new viral variants and diseases. In addition, vaccines are usually only 

effective if taken prior to disease exposure. Similarly, antivirals may be less effective 

unless they are taken during a limited time window (prior to or shortly after exposure or 

symptom onset) and may encounter drug resistance because of misuse or overuse.  

Furthermore, vaccines and antiviral interventions may be limited by cost, supply 

constraints, or distribution challenges. 

 

Although COVID-19-related morbidity and mortality have declined far below pandemic 

levels, other emerging infectious diseases continue to warrant close attention. Among 

these, highly-pathogenic avian influenza A (HPAI) is of particular and growing concern. 
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HPAI, caused by a viral subtype of H5N1, has led to a serious form of bird flu with 

symptoms in humans ranging from mild (e.g., conjunctivitis, flu-like symptoms) to severe 

or fatal outcomes (e.g., respiratory failure). Between January 2003 and April 2024, there 

were 896 reported cases of HPAI caused by H5N1 across 24 countries, resulting in a 

case-fatality rate of approximately 52%1. One particularly concerning novel H5N1 clade 

(2.3.4.4b) has been detected in more than 500 avian and mammalian species 

worldwide, including poultry, swine, cats, seals, sea lions, sea otters, ferrets, minks, 

cattle and dairy products2,3 with sporadic transmission to humans4. While most human 

cases have been mild thus far, the expanding host range and increasing evidence of 

cross-species transmission (avian to mammal, mammal to mammal, avian to human, 

and mammal to human) raise concerns about the potential for sustained human-to-

human transmission. This, combined with ongoing outbreaks of this clade in animals 

and the high case-fatality rate observed in earlier H5N1 clades, has raised concern that 

a future pandemic virus could emerge with greater lethality and societal impact than 

SARS-CoV-2. 

 

Antiviral and disease modifying properties of polypore fungi 

 

A recent randomized clinical trial of Fomitopsis officinalis and Trametes versicolor 

(FoTv) mycelium demonstrated that it is a safe, well-tolerated, and feasible adjunct to 

COVID-19 vaccination. In previously unvaccinated individuals without previous COVID-

19 infection, FoTv in conjunction with COVID-19 vaccination was associated with 

significantly reduced vaccine side effects while preserving, or potentially enhancing, 
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Spike and receptor-binding domain (RBD) antibody titers over a six-month period5. 

Although FoTv is a relatively new therapeutic formulation, it comprises two fungal 

species that are well-characterized with established bioefficacy profiles which highlight 

the unique and potentially complementary benefits of each component. 

 

Turkey tail (Trametes versicolor, Tv [syn. Coriolus versicolor]) is a widely studied 

polypore fungus with a long history of use in traditional medicine along with numerous 

clinical trials supporting the bioefficacy of its mycelium6. Interest in Tv has been growing 

because of its antiviral7,8 and immunomodulatory9–11 effects. Flow cytometry and 

cytokine profiling demonstrated that treatment with Tv mycelium resulted in notable 

changes in activation markers on human monocytes and lymphocytes and influenced 

the profile of pro-inflammatory, anti-inflammatory, and antiviral cytokines10. Tv has 

consistently exhibited wide-ranging antiviral activity in numerous studies, including 

potent anti-influenza effects12–14. In comparative analyses across multiple mushroom 

species, Tv mycelium emerged as the most promising candidate for both anti-influenza 

and anti-herpetic applications, likely due to its strong therapeutic efficacy and low 

toxicity 15,16. More broadly, in vivo treatment of honeybees with Tv mycelium resulted in 

a substantial reduction in viral titers, including a 75-fold decrease in Lake Sinai virus, 

indicating cross-species antiviral activity in a real-world animal model8. 

 

Agarikon (Fomitopsis officinalis, Fo [syn. Laricifomes officinalis]) is another polypore 

fungus with broad-spectrum antiviral, antibacterial, and immunomodulatory effects 

attributed to both mycelium and fruit bodies17–19, demonstrating its medicinal potential20. 
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Mycelial extracts of Fo neutralized influenza A viruses, including H5N1, in vitro and 

significantly reduced infectious viral titers at non-cytotoxic concentrations21. In vitro 

activity of Fo has been shown against a range of pathogens, including viruses such as 

HSV, H5N1, H3N2, and Orthopoxviruses21–24, as well as bacteria such as 

Staphylococcus aureus and Mycobacterium tuberculosis23,25. Complementing its 

antimicrobial and antiviral properties, triterpenoids from Fo also showed anti-

inflammatory effects in RAW 264.7 murine macrophages and have elicited NF-κB 

mediated immune-engaging effects in vivo in a zebrafish cancer model26–28. 

 

Polypore fungi in the management of COVID-19 

In the early stages of the COVID-19 pandemic, we explored ways to employ integrative 

medicine, particularly the use of fungi, as part of the management of COVID-19. One 

concept was to use mushroom mycelium as a vaccine adjunct to prevent the likelihood 

of contracting COVID-195, an approach that had been previously explored in humans 

for influenza B29, and in the veterinary literature for other diseases30–32. Another was to 

employ fungi as a therapy to reduce the morbidity and mortality in individuals who 

contract COVID-19. Both approaches (prevention and therapy) would help society 

achieve herd immunity more quickly and with less harm. Given the early effectiveness 

of vaccines and the unprecedented pace (e.g., “Operation Warp Speed”) with which 

they were deployed, it quickly became apparent that vaccines rather than fungi would 

be become the primary focus of societal prevention efforts. Rather than study fungi as a 

preventive, we investigated the effects of fungi on active disease, focusing on the real-

world need for effective treatments in infected individuals.  
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The primary objective of the current study was to examine, in patients with mild-

moderate COVID-19 undergoing routine care, the effects of adjunctive oral treatment 

with FoTv versus Placebo. We hypothesized that treatment with FoTv would be:  

H1: (a) safe and (b) feasible.  

H2: associated with significantly fewer COVID-related symptoms and reduced symptom 

severity.  

 

A secondary objective was to characterize the effects of FoTv (versus control) on 

inhibition of in vitro SARS-CoV-2 viral entry into cells. We further hypothesized: 

H3: FoTv would inhibit viral entry into Vero-TMPRSS2 (mammalian epithelial) cells. 

 

METHODS 

 

Study Design 

This was a 14-day, double-blind, placebo-controlled, dual-site randomized clinical trial. 

Food and Drug Administration (FDA) approval was obtained prior to recruitment and 

enrollment. Participants were recruited from University of California San Diego (UCSD) 

or University of California Los Angeles medical centers and their local communities and 

consented at UCSD. The trial protocol can be accessed at ClinicalTrials.gov, Identifier: 

NCT0466724733 and this study adheres to CONSORT guidelines (see CONSORT 

Checklist).  
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Participants  

 

Originally, a planned recruitment of 66 in total (53 complete cases) was estimated 

based on the number needed to assess safety and feasibility, which included a 20% 

dropout rate (estimated using RMASS)34 for a model with one between and one within 

factor to provide minimum power of 80% to detect a medium effect size. Due to our low 

observed dropout rate (2%, see Results section) we were able to obtain a similar power 

with a total sample size of 50 participants. Sex was self-reported in response to an 

open-ended query.  

 

Eligibility Criteria 

 

Inclusion: (1) Diagnosed with COVID-19 within the prior 96 hours; (2) onset of 

symptoms within the prior 9 days; (3) 18 years or older. 

 

Exclusion: (1) Known renal or liver failure; (2) acute symptoms that required 

hospitalization (3) current use of investigational agents to prevent or treat COVID-19; (4) 

prisoners; or (5) pregnant or breastfeeding women.  

 

Participants were asked to minimize alcohol and cannabis use during the study period. 

Use of monoclonal antibodies, supplements, hydroxychloroquine, ivermectin, and 

vaccines were permitted throughout the study. 
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Randomization and Masking 

 

After enrollment (Day 0), participants were randomly assigned in a 1:1 ratio to receive 

FoTv or Placebo starting on Day 1 (Figure 1). Prior to recruitment, the statistician (S.G.) 

created a randomization table using block sizes of 4 and 6 (SPSS software) and then 

randomization status was directly communicated to the pharmacist, who shipped the 

capsules to participants without direct communication. Only the statistician and 

pharmacist were unblinded to participant randomization. FoTv and Placebo capsules 

were visually identical and distributed in unlabeled containers. 

 

Materials 

 

FoTv consisted of dried FoTv mycelium and the fermented brown rice substrate on 

which it was cultivated, and inert Placebo of dried cooked organic brown rice. Fo and Tv 

mycelia were independently cultivated through solid state fermentation on an organic 

brown rice substrate. Each myceliated fermented substrate ingredient was frozen, dried, 

and milled into a powder before being combined evenly and encapsulated in 500-mg 

pullulan capsules to produce the FoTv formulation. FoTv and Placebo were developed, 

encapsulated to a cGMP standard, and provided by Fungi Perfecti, LLC, which was 

granted Investigational New Drug (IND) status and approved for study in a Phase I 

clinical trial by the FDA. As required by the FDA, certificates of analysis were obtained 

for Fo, Tv, and Placebo. Capsules were packaged and appeared identical to untrained 

study participants. FoTv/Placebo dosage was eight capsules three times daily (TID) for 
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14 consecutive days. The dosage was based on a prior study of effects of Tv on 

immune response11 and was the regimen employed in a clinical trial of individuals who 

received FoTv as an adjunct to COVID-19 vaccination (Saxe et al. 2026). A treatment 

duration of 14 days was selected to minimize subject burden and maximize adherence, 

while timing delivery to the typical 1-2 week duration of COVID-19 symptoms at the time 

of study design36. 

 

Procedure 

 

Participants in both groups received mobile phlebotomy services to collect blood 

samples on Day 0 and Day 14, provided mid-turbinate nasal swabs on Days 0, 7 and 14 

(to assess viral load), and completed a daily symptom diary from Day 0-14 (Figure 1). 

Following the 14-day treatment period, follow-up phone calls were conducted on Days 

28 and 58 to review symptoms and identify any emergency department or hospital 

visits. Compliance with study medication was monitored by a combination of daily diary, 

routine phone calls by the study team, and photo evidence of empty bottles at study 

completion.  

 

Viral entry assay using SARS-CoV-2 spike-pseudotyped VSV 

 

Viral entry was measured using a modified VSV that carried the SARS-CoV-2 spike (S) 

protein on its surface. This type of virus, a “pseudovirus”, is useful for studying viral 

entry because it can enter cells but is not able to complete a full round of virus 
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production on its own37–39. The virus also contained a Renilla luciferase (Rluc) reporter 

gene, which generated a light signal after the virus entered cells. This allowed viral entry 

to be measured by luminescence. Because the normal VSV glycoprotein gene was 

removed, the virus could undergo only a single round of infection and could not produce 

new infectious virus unless a glycoprotein (SARS-CoV-2 Spike) was provided in trans 

(i.e., externally sourced to create the pseudovirus). 

 

For assay optimization, a range of pseudovirus input doses was tested to identify 

conditions that produced a reporter signal within the linear range of detection. For 

inhibition experiments, the selected amount of pseudovirus was incubated with FoTv at 

a final concentration of 0.01 mg/mL for 1 hour before infection. Because FoTv was 

dissolved in dimethyl sulfoxide (DMSO), an equivalent volume of DMSO alone was 

included as a vehicle control. As a validation control, we also included an uninfected 

control condition in which cells were incubated with plain media. The resulting 

pseudovirus mixtures were added to Vero-TMPRSS2 (mammalian epithelial) cells and 

incubated for 24 hours under standard culture conditions. After incubation, the cells 

were lysed and Rluc activity was measured according to the manufacturer’s protocol 

(Promega Rluc Assay System). Luminescence was then read on a Tecan plate reader 

as an indicator of pseudovirus entry. Three independent replicates of each condition 

were performed.  

 

Outcome Variables 
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Primary Objective: Randomized Clinical Trial 

 

Safety: (1) Adverse event (hospitalizations; ER or urgent care visits) frequency across 

Days 1-14; and (2) markers of serum renal and hepatic function and of coagulation on 

Days 0 and 14. Participants were classified as having normal vs. abnormal renal 

function using markers including adjusted estimated glomerular filtration (eGFR)40, as 

well as sodium, chloride, and blood urea nitrogen (BUN). Classification of normal vs. 

abnormal hepatic function was based on serum total protein, albumin, alkaline 

phosphatase (ALP), Aspartate Aminotransferase (AST), Alanine Transaminase (ALT), 

and total bilirubin. Classification of normal vs. abnormal coagulation was based on 

prothrombin time, activated partial thromboplastin time (APTT), and international 

normalized ratio. Cutoff scores for normal vs. abnormal classifications appear in 

Supplemental Table 1. 

 

Feasibility: (1) Completion rate at Day 14 (end of safety assessment period); and (2) 

Treatment Adherence= (capsules taken/assigned) * 100%. 

 

Efficacy: (1) Primary serum inflammatory markers examined Erythrocyte sedimentation 

rate (ESR), C-reactive protein (CRP), as well as secondary COVID-19 disease markers 

troponin-T, lactate dehydrogenase (LDH), ferritin, and D-dimer, (2) SARS-CoV-2 viral 

load (polymerase chain reaction [PCR] cycle threshold value--a measure of detectable 

viral genetic material), and the (3) duration and severity of COVID-19 symptoms as 

assessed by daily questionnaires, were examined.  
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Participants were asked to rate their symptoms on a scale of 0 (none or absent) to 4 

(very severe) across 12 symptoms commonly associated with COVID-19: fever, fatigue, 

muscle aches, shortness of breath, shortness of breath upon exertion, cough, sore 

throat, stuffy nose, runny nose, loss of taste, loss of smell, and headache. Symptom 

summary outcome measures were also computed for each day by (1) counting the total 

number of symptoms reported (Symptom Count), and (2) summing the severity ratings 

of all symptoms reported (Symptom Severity). Results for individual symptoms and 

symptom summary outcome measures are reported in Table 3 and Supplemental Table 

2.   

 

Secondary Objective: In Vitro Experiment 

 

Vero-TMPRSS2 cells were lysed and Renilla luciferase activity was measured 

according to the manufacturer’s instructions as a readout of viral entry. Luminescence 

values were used to quantify relative pseudovirus entry into cells. 

 

 

Data Management and Analysis 

 

Data were managed and statistical analyses performed by Krupp Center for Integrative 

Research (KCIR) biostatistics and data management core, using the KCIR Data 

System. Each participant was assigned a sequential participant number. Baseline group 
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demographic and clinical feature comparability was tested using Analysis of Variance 

and Chi-square analyses. Descriptive analyses assessed data distribution, normality, 

and homogeneity. Missing data and group dropout rate were examined for randomness. 

Data were analyzed in SPSS (v.28) using two-tailed statistical tests (differences 

considered statistically significant for p values <0.05).  

 

Feasibility. Feasibility was determined by obtaining a minimum of 80% 

completion/adherence rates.  

 

Safety. Linear mixed-effects (LME) analyses compared serum levels between one 

grouping factor (Treatment Group: FoTv vs. Placebo) across two timepoints (Days: 0 

and 14). Differences between groups across days were examined using in terms of the 

percentage (±95% CI) of participants transitioning from a normal serum level of each 

marker on Day 0 to an abnormal level on Day 14.  

 

Efficacy. Efficacy analysis used linear mixed-effects (LME) analyses. The first set of 

efficacy analyses compared serum levels of inflammatory markers between one 

grouping factor Treatment Group (FoTv vs. Placebo) across two timepoints (Days: 0 

and 14). The second efficacy analysis compared SARS CoV-2 Viral Load between one 

grouping factor Treatment Group (FoTv vs. Placebo) across three timepoints (Days: 0, 

7, and 14). The third set of efficacy analyses compared symptoms between one 

grouping factor (Treatment Group: FoTv vs. Placebo) across 15 timepoints (Days: 0-
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14). The main effects of Group, Day, and the Group by Day interaction were examined 

for each analysis.   

 

The standards for serum levels for five serum outcomes (total protein, sodium, BUN, 

ferritin, and D-dimer) were different across the two recruitment sites. For these 

outcomes, data were z-transformed prior to mixed-effects analyses. 

 

Exploratory analyses were carried out to examine whether vaccination status 

(vaccinated vs unvaccinated) was associated with symptom outcomes. We first 

examined whether there was a significant Group (FoTv/Placebo) by Vaccination Status 

(vaccinated/unvaccinated) by Day (Days 0-14) interaction. Because of the small sample 

size of the unvaccinated group (5 FoTv, 7 Placebo) no mixed-model follow-up analyses 

were conducted. Instead, we carried out descriptive follow-up analyses that examined 

the Symptom Count (and Severity) averaged across Days 0-14, and also identified the 

study day (Days 1-14) on which Symptom Count (and Severity) had decreased by 50% 

compared to Day 0.  

 

In vitro luminescence data were analyzed using Analysis of Variance comparing FoTv to 

DMSO on three independent biological samples. Data from the uninfected condition are 

also shown.  

 

 

RESULTS 
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Sample Characteristics 

 

Participants were enrolled between December 2020 and March 2022, with the last 

follow-up visit in August 2022. Fifty participants were enrolled, 26 receiving FoTv and 24 

Placebo (Figure 1, Figure 2). Mean participant age was 45.4 ± 14.4 years. Participants 

were: 64% female, 84% Caucasian, 6% Asian, 8% other race; 26.5% reported Hispanic 

ethnicity.  

 

At baseline (Day 0), there were no significant differences between FoTv and Placebo 

groups in demographic or clinical characteristics, presence of cardiovascular disease, 

hypertension, or diabetes, or the number of days between symptom onset and start of 

treatment (Day 1), indicating effectiveness of the randomization procedure (Table 1). 

 

The means of the two groups were not significantly different at baseline with regard to 

any laboratory data, except for BUN (F(1,49) = 4.222, p = 0.045), which was significantly 

higher in the Placebo than the FoTv group (Table 2).  

 

Nevertheless, some participants had abnormal baseline markers of hepatic (Total 

Protein [four FoTv participants, one Placebo participant]; Albumin [one FoTv, two 

Placebo], ALP [three FoTv and one Placebo], AST [two FoTv, zero Placebo], and ALT 

[one FoTv, three Placebo]) or renal function (eGFR [two FoTv, 11 Placebo], Sodium 

[three FoTv, zero Placebo], Chloride [three FoTv, one Placebo], BUN [four FoTv, two 
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Placebo]). Additionally, some participants had abnormal markers for coagulation 

(Prothrombin Time [two FoTv and two Placebo] and APTT [four FoTv and four 

Placebo]).  

 

At baseline, mean viral load was 15.3 cycle threshold in the FoTv group and 14.9 cycle 

threshold in the Placebo group, demonstrating a high viral load in the population, as well 

as matched viral load across groups (F(1,41) = 0.056, p = 0.814) (Table 3). 

 

Feasibility 

 

Feasibility analyses examined 186 participants for eligibility, of whom 132 were 

excluded and 54 enrolled with 28 originally randomized to FoTv and 26 to Placebo 

(Figure 2). In the Placebo group, one participant was lost to follow-up (on Day 1). In the 

FoTv group, none were lost to follow-up. Analysis of SARS-CoV-2 viral levels indicated 

that three participants did not have, or had already recovered from, COVID-19 upon 

enrollment (2 FoTv; 1 Placebo), so these participants were excluded from analysis. 

From the 51 (26 FoTv, 25 Placebo) remaining participants, 98.8% completed Days 0-14 

(26 FoTv [100%], 24 Placebo [96%]). All participants who completed Day 14 also 

completed the Day 58 follow-up (Figure 1). Treatment Adherence was high (96.1% ± 

5.1%, CI: 94.7-97.6%); and similar for FoTv (96.9% ± 4.7%, CI: 95.0-98.8%) and 

Placebo (95.3% ± 5.6%, CI: 93.0-97.7%). 

 

Safety 
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Sentinel Study Required by FDA 

The FDA required close monitoring of the first six participants due to concern that 

polypore fungi (known to modify immune response) might inadvertently trigger cytokine 

storm, a sudden, inexplicable, severe, and potentially life-threatening immune response 

to infection that had been observed early in the course of the COVID-19 pandemic41. No 

indications of cytokine storm were observed in these participants.  

 

Adverse Events 

No hospitalizations were reported in either group during the 14-day study period or 

across the 28- and 58-day follow-ups.  

 

Out of the four participants with hypertension in the Placebo group, one reported 

abnormal blood pressure on Days 7 and 12. The one individual with hypertension in the 

FoTv group reported abnormal hypertension on Days 2 to 6 and 8 to 14. Four 

participants had hyperglycemia; the single participant in the FoTv group experienced no 

deviations outside of the normal range, whereas one of the three participants in the 

Placebo group had abnormal glucose at the baseline visit.  

 

Renal Function, Hepatic Function, and Coagulation  

There were no statistically significant differences between FoTv and Placebo groups 

from Day 0 to Day 14 for measures of hepatic or renal function or coagulation, except 

for adjusted eGFR (F(1,45) = 7.186, p = 0.010), which exhibited a significant Group by 
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Day interaction (Table 2). Follow-up tests revealed that eGFR significantly decreased 

across days in the FoTv group (F(1,22) = 5.327, p = 0.031), but not in the Placebo group 

(F(1,23) = 1.697, p = 0.206). Notably, there were no group differences in these eGFR 

levels at Day 0 or Day 14 (p values > 0.114). 

 

We also examined whether the groups differed in the proportion of participants that 

transitioned from normal to abnormal from Day 0 to Day 14 (versus those that remained 

normal on both days). Importantly, there were overlapping CIs for the percentage of 

participants in each group transitioning from normal to abnormal function across this 

timeframe for both hepatic and renal function, as well as for coagulation (Table 2).  

 

Efficacy 

 

Inflammatory Markers 

Considering the primary inflammatory markers, CRP, but not ESR, exhibited a 

significant difference between FoTv and Placebo groups across Days (Table 3). Follow-

up tests revealed that CRP levels significantly decreased across days for the FoTv 

group (F(1,25) = 11.735, p = 0.002), but not the Placebo group (F(1,23) = 3.831, p = 0.063). 

The levels were similar across the groups at both Day 0 and Day 14 (p values > 0.115). 

Among inflammatory markers associated with COVID-19 risk, both Troponin-T and 

Ferritin exhibited a significant difference between FoTv and Placebo groups across 

Days (Table 3). Troponin-T levels significantly increased across days for the FoTv 

group (F(1,28) = 7.216, p = 0.012), but not the Placebo group (F(1,31) = 0.508, p = 0.482). 
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Ferritin levels significantly decreased across days for the Placebo group (F(1,23) = 8.750, 

p = 0.007), but not the FoTv group (F(1,27) = 0.000, p = 0.993). The levels were similar 

across the groups at both Day 0 and Day 14 (p values > 0.080).   

 

SARS-CoV-2 Viral Load  

There were no statistically significant differences between FoTv and Placebo groups 

across days for SARS-CoV-2 viral load (Days 0, 7, and 14) (see Group by Day Effect in 

Table 3). SARS-CoV-2 viral loads consistently declined across the study period (Day 

Effect: F(1,89) = 270.303, p < 0.001) and there were no significant differences between 

the groups (Group main effect, F(1,116) = 0.468, p=0.495; Table 3, Figure 3B). There 

were also no significant differences between the groups at Day 0, 7, or 14 (all p values 

> 0.088; Figure 3B).  

 

COVID-19 Symptom Scores 

There were significant Group by Day (Days 0-14) interactions for Symptom Severity and 

Symptom Count (Table 3, Supplemental Table 2). In both cases, lower symptom 

severities (F(1,697)=16.560, p < 0.001), and counts (F(1,697)=7.835, p = 0.005), were 

observed in the FoTv relative to the Placebo group (see Figure 3A for Symptom Count). 

Among the 12 COVID-19 symptoms, the severity of the following symptoms exhibited 

reductions evidenced by significant effects of Group or Group by Day interactions: sore 

throat, cough, muscle aches, headache, stuffy nose, and runny nose (Table 3 and 

Supplemental Table 2). Among these, particularly strong effects were observed for sore 
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throat (F(1,697)=46.928, p < 0.001), cough (F(1,697)=18.931, p < 0.001), and muscle aches 

(F(1,697)=10.826, p = 0.001).  

 

Exploratory analyses examining the Group (FoTv/Placebo) by Vaccination Status 

(vaccinated/unvaccinated) by Day (Days 0-14) interaction revealed a strong trend for 

both Symptom Count (F(2,695) = 2.917, p = 0.055) and Symptom Severity (F(2,695) = 

2.829, p = 0.060)(Supplemental Figure 1). These findings should be interpreted with 

caution because of the small sample size of the unvaccinated group (5 FoTv, 7 

Placebo). Thus, instead of mixed-model follow-up analyses, we carried out descriptive 

follow-up analyses. For Symptom Count, the vaccinated FoTv group exhibited 0.79 

fewer symptoms than Placebo, and the unvaccinated FoTv group exhibited 0.92 fewer 

symptoms than Placebo. The findings were similar for Symptom Severity (0.84 and 

0.93, respectively). For Symptom Count, the vaccinated FoTv group reached ≥50% 

reduction 0.9 days earlier than Placebo, whereas the unvaccinated FoTv group reached 

≥50% reduction 5.1 days earlier than Placebo. The findings were similar for Symptom 

Severity (0.7 and 3.1 days, respectively).   

 

In Vitro Experiment 

We observed that Vero-TMPRSS2 cells bathed in media containing FoTv in DMSO 

(N=3, 91002±7451 relative light units; RLU) exhibited significantly reduced relative 

luminescence units (F(1,4) = 22.395, p = 0.009), compared to cells bathed in media 

containing the same concentration of DMSO, as a negative control (N=3,161933±24868 

RLU), suggesting that FoTv reduced viral entry into the cells (see Figure 3C).  
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DISCUSSION 

 

This study addressed whether FoTv, a natural fungal product composed of polypore 

mushroom mycelia on a fermented brown rice substrate, could serve as a safe and 

effective therapeutic as an adjunct to standard COVID-19 care. Use of FoTv during 

active COVID-19 infection was safe and feasible. Aside from modest between-group 

mean differences in serum levels of adjusted eGFR (renal function), FoTv and Placebo 

serum levels of hepatic function, renal function, and coagulation were equally likely to 

transition from normal to abnormal levels across the treatment period (Table 2). Viral 

loads were similar for the FoTv and Placebo groups across the treatment period, 

although analyses could not distinguish between active and inactive viral genetic 

material (Table 3, Figure 3B). Notably, several inflammatory markers significantly 

changed across this period for the FoTv group, but not the Placebo group (Table 3). 

Finally, symptom severity and burden were significantly lower in the FoTv group than in 

the Placebo group (Table 3, Figure 3A), with exploratory analyses suggesting that FoTv 

reduced symptom count and severity for both vaccinated and unvaccinated participants. 

In parallel, we found that FoTv inhibited pseudotyped SARS-CoV-2 entry into cells, 

suggesting that direct antiviral activity may have contributed to the observed clinical 

benefits.  

 

Although adjusted eGFR significantly decreased in the FoTv group from Day 0 to Day 

14, mean values for both groups at both time points were well within the normal range 
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for renal function (> 60 mL/min; Supplemental Table 1), with Day 14 mean adjusted 

eGFRs of 104.28 and 103.87 for FoTv and Placebo groups, respectively (Table 2). 

Across the treatment period, participants in the FoTv group were no more likely to 

transition from normal to abnormal eGFR than were participants in the Placebo group 

(see overlapping confidence intervals in Table 2). Finally, concordant findings of FoTv’s 

safety were reported in a study of healthy individuals who took FoTv over a 4-day 

treatment period as an adjunct to COVID-19 vaccination5. Nevertheless, for participants 

with an active infection, caution should be employed when using FoTv at this dosage for 

a timeframe longer than 14 days. Future studies with longer treatment periods (and 

possibly lower dosage regimens) and in other patient populations and disease settings 

may be warranted.  

 

In the early days of the COVID-19 pandemic, it was observed that SARS-CoV-2 

infection could suddenly and inexplicably trigger cytokine storm (signal event). Cytokine 

storm is a severe and potentially life-threatening immune overreaction to infection. 

While intended to clear the virus, it may cause a hyper-inflammatory state, marked by a 

failure to switch from innate to adaptive immunity, resulting in damage to tissue, 

hampered viral clearance, and higher and more persistent viral loads42. Given that the 

risk for cytokine storm may be higher in those with a seemingly more robust (but 

arguably hyperactive or dysregulated) immune response, the known immune-enhancing 

effects of fungal polysaccharides raised the concern that the possible therapeutic use of 

fungi might inadvertently trigger this event41. For this reason, the FDA requested that a 

sentinel study of the first six participants be conducted to rule out this possibility before 
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continuing enrollment. No indication of cytokine storm was observed in these six 

individuals nor in any subsequently enrolled individuals. We also did not find any 

significant group differences in viral levels across the treatment period, and viral levels 

significantly and continuously declined for both groups. Moreover, a clinical trial of 

COVID-19 patients found a fungal-derived treatment could actually decrease 

inflammatory markers IL-6 and D-dimer43. This idea is reinforced by the fact that 

polypore fungi contain various bioactive peptides44 which can regulate cytokine 

responses, enhancing the shift from innate to adaptive immunity, thereby optimizing the 

overall immune response45. In further contrast to this earlier speculative concern about 

fungal treatments inducing an inflammatory cytokine storm, the FoTv group exhibited a 

significant reduction in CRP, a general inflammatory marker, as well as a numerical 

decrease in ESR. Because the Placebo group did not exhibit a significant decrease in 

CRP, it appears that FoTv may in fact have decreased inflammation (a hallmark of 

immune dysregulation) rather than triggered it.  

 

The FoTv group exhibited significantly fewer (and less severe) COVID-19 symptoms 

across the study period versus Placebo. The symptoms most significantly reduced in 

severity were cough, sore throat, runny nose, stuffy nose, muscle aches, and headache 

(which all have an inflammatory component). Among symptoms of COVID-19, FoTv’s 

effect on cough was one of the most statistically significant. This is notable because 

cough is the primary driver of person-to-person viral transmission, due to its unique 

ability to forcefully expel viral particles in high concentrations, with particles travelling 

further and remaining in the air longer (vs. breathing or talking)46,47.  
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Although the study was not designed to examine symptom effects according to 

vaccination status, we observed that both vaccinated and unvaccinated participants 

who received FoTv (vs. Placebo) exhibited a reduction in symptoms, with a strong trend 

suggesting a more robust effect of FoTv in the unvaccinated group. Moreover, the 

unvaccinated FoTv group (vs. Placebo) exhibited a faster, though not statistically 

significant, reduction in symptoms compared with the vaccinated FoTv group, although 

the small subsample sizes prevented formal statistical analysis of these effects. These 

findings may have public health significance as they suggest FoTv might serve both as 

a suitable treatment for viral infection and method for reducing person-to-person 

transmission, at a time when vaccines may not yet be broadly available or may not be 

accepted by some individuals.  

 

Given that FoTv also appears to reduce vaccine-related side effects when used as an 

adjunct to COVID-19 vaccines (Pfizer, Moderna, Johnson & Johnson5, FoTv appears to 

have the ability to reduce symptoms of immune response to active viral infection as well 

as induced viral challenge. If these effects are not specific to SARS-CoV-2 and COVID-

19 vaccination and were to be applied generally to other infectious diseases and 

vaccinations, FoTv might potentially have even broader public health impact. Given the 

increased concerns about the H5N1 bird flu contagion, more research is warranted to 

explore these possible benefits.  
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In contrast with the significant differences in symptoms between the FoTv and Placebo 

groups, these groups did not exhibit any differences over time in SARS-CoV-2 viral 

RNA levels according to nasal swab PCR. However, because PCR only measures total 

viral RNA, it cannot distinguish infectious from noninfectious viral material, making it 

difficult to determine whether FoTv may have reduced viral infectivity without 

substantially altering RNA levels. This distinction is particularly relevant because the 

FoTv group showed reduced clinical burden (Figure 3A) despite no apparent difference 

in nasal swab viral RNA levels (Figure 3B). It is also consistent with prior reports that 

both Fo and Tv exhibit antiviral activity against other live viruses, including influenza A 

subtypes H5N1 and H3N28,15,16,21,22. We therefore tested FoTv in an in vitro assay, 

where it significantly reduced infection by SARS-CoV-2 pseudovirus in cells (Figure 3C). 

In contrast to the similar viral RNA measurements observed in nasal swabs for FoTv 

and Placebo groups, the in vitro results support antiviral activity of FoTv and raise the 

possibility that some of its clinical effects may have involved reduction of infectious virus 

not detected by PCR testing alone. Future clinical trials incorporating plaque assays or 

other infectivity-based methods will likely be needed to determine whether FoTv 

reduces infectious SARS-CoV-2 or other viruses in humans. 

 

There are numerous reasons why fungal mycelial products like FoTv may be practical 

for widespread, standardized use as adjuncts to standard care COVID-19 and other 

viral diseases fungi: [1] are chemically complex and biosynthesize numerous 

compounds and may work synergistically to address several elements of viral infection 

through both innate and adaptive immune responses; [2] may constitute a safe, natural, 
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sustainable, scalable, low-cost, and feasible treatment to mitigate symptoms; and [3] 

allow for rapid and high-volume production because the technology employs existing 

infrastructure for aseptic cultivation using solid-state fermentation. Population-scale 

medical use of mushroom fruit bodies is likely infeasible due to impracticality of 

controlled cultivation, potential for contamination with insects and microorganisms48, 

and concerns about overharvesting, particularly of agarikon, which has been listed as 

Endangered by the International Union for Conservation of Nature49. In contrast, 

industrial production of mycelia from fungi, such as Fo and Tv, is a realizable, 

standardizable, and scalable strategy for population-level treatment of viral diseases 

with pandemic potential.   

 

This study had several limitations warranting discussion. First, while we selected a 

particular dosage and duration, alternate regimens might have resulted in different 

effects on symptoms and other outcomes. Second, the rapidly changing nature of the 

COVID-19 pandemic and administrative delays that followed delayed the start of the 

study to a time that was less advantageous for identifying FoTv’s effect on morbidity 

from COVID-19. Specifically, the protocol was designed in March 2020, when COVID-

19 hospitalization rates up to 26% were reported50; however, recruitment only began 

after the winter 2020/2021 COVID-19 peak and initial vaccine deployment, preventing 

in-depth examination of the effects of FoTv on COVID-19 illness itself, including 

important outcomes such as hospitalization rate and ER visits. Had the study been 

launched earlier, more unvaccinated patients infected with the higher-morbidity SARS-

CoV-2 Alpha variant may have been recruited, and thus FoTv treatment might have 
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demonstrated even greater reductions in symptom count and severity, as well as ER 

visits and hospitalizations. Finally, even though we employed in vitro methods that are 

standard in the field, we tested FoTv on cells infected with a SARS-CoV-2/vesicular 

stomatitis virus (VSV) pseudotyped virus (rather than SARS-CoV-2 itself) and this test 

was conducted on non-human mammalian cells. And, as is the case with all cell culture 

research, our in vitro findings may not generalize to humans.  

 

Conclusions 

 

In this FDA-approved double-blind, placebo-controlled, randomized clinical trial, 

treatment with polypore mushroom mycelia significantly reduced the number and 

severity of symptoms of acute COVID-19. FoTv, a combination of agarikon and turkey 

tail mycelia, was shown to be a safe, well-tolerated, feasible, and practical means of 

mitigating symptoms associated with SARS-CoV-2 viral infection. The same degree of 

symptom reduction was observed regardless of vaccination status (perhaps with a 

greater and more rapid reduction in unvaccinated participants), possibly reducing the 

need for ER/hospital visits, and specifically in symptoms that typically contribute to the 

spread of virus (cough, sore throat, and runny nose). These findings suggest that, in the 

event of a future viral pandemic, FoTv might both provide an effective therapeutic in the 

absence of any proven pharmaceutical or other treatments and help break the chain of 

transmission by reducing the spread of viral particles through coughing. Moreover, 

polypore or polypore-like fungi also appear to be effective adjuncts to COVID-19 

vaccination in humans5 and influenza A/H5N1 vaccination in mice30. Therefore, FoTv’s 
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potential as a therapeutic for active COVID-19 infection adds to these prior vaccination 

findings and raises the intriguing possibility that FoTv or other polypore (or polypore-

like) fungi could also serve as adjuncts to vaccines for viruses beyond SARS-CoV-2. 

These could potentially include influenza A viruses such as human H3N2 and avian 

H5N1. Future studies of FoTv may explore different dosing regimens and durations in 

the treatment of COVID-19 or other viral diseases with pandemic potential where 

vaccinations may not be available or acceptable by significant portions of the 

population. 
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Table 1. Patient Demographics and Baseline Clinical Characteristics 

Characteristic  FoTv  Placebo     
  Mean/Count (SD/%)  Statistic df p value 
Number of Participants  26  24     

Age 
 43.3 

(11.1) 
 47.7 

(17.3) 
 1.188 1,48 0.281 

Body Mass Index  25.8 (5.1)  25.7 (5.3)  0.002 1,45 0.964 

Sex (female) 
 16 

(61.5%) 
 16 

(66.7%) 
 0.142 1 0.706 

Race      2.352 3 0.503 
  Asian  3 (11.5%)  1 (4.2%)    

  
  
  

  Caucasian  20 
(76.9%) 

 22 
(91.7%) 

 

  African  1 (3.8%)  0 (0.0%)  
  Other  2 (7.7%)  1 (4.2%)  
Ethnicity         
  Hispanic  7 (28.0%)  6 (25.0%)  0.057 1 0.812 
Past Medical History 
  Cardiovascular Illness  1 (4.0%)  1 (5.0%)  0.026 1 1.000 
  Diabetes Mellitus  0 (0%)  3 (15.0%)  4.018 1 0.080 
  Hypertension  1 (4.0%)  4 (20.0%)  2.880 1 0.155* 
COVID-19 status       

  Vaccinated  23 
(88.5%) 

 17 
(70.8%) 

 
2.424 1 

0.164* 

  Use of MAT  2 (7.7%)   1 (4.2%)  0.297 1 0.862* 
Days to enrollment  5.5 (1.7)  5.8 (1.8)  0.428 1,48 0.516 
Note. Statistic refers to �2 for categorical variables and F value (ANOVA) for 
continuous variables. *Due to the small sample size for cells in these analyses, 
probability values for Fischer’s exact tests are reported in lieu of chi-squared tests. 
MAT, monoclonal antibody treatment. 
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Table 3. Serum, Viral Load, and Symptom Efficacy Findings at Day 0 (baseline) and at Day 14 
Comparison of Groups across Day 0 and Day 14  

 Day 0  Day 14  Group by 
Day Effect   FoTv Placebo FoTv Placebo 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) p value
Inflammatory Markers 
troponin-T1 5.88 (1.92) 8.13 (6.11) 7.32 (3.77) 7.48 (5.77) 0.029
Ferritin2 0.09 (0.99) 0.05 (0.98) 0.08 (1.18) -0.23 (0.80) 0.035
C-reactive protein 0.94 (1.16) 0.55 (0.38) 0.33 (0.48) 0.37 (0.44) 0.044
D-dimer2 0.24 (1.78) 0.03 (0.46) -0.20 (0.20) -0.10 (0.52) 0.283
ESR 12.54 (9.29) 14.89 (13.78) 11.13 (13.77) 12.68 (10.41) 0.765
LDH 186.08 (29.02) 195.38 (41.48) 195.77 (33.45) 207.70 (37.92) 0.884

SARS-CoV-2 Viral Load 15.29 (4.93) 14.94 (4.66) 37.72 (5.15) 37.41 (4.78) 0.994

COVID-19 Symptoms 

Summary Measures 
Symptom Count 7.23 (2.30) 6.88 (1.99) 1.11 (1.66) 2.17 (2.24) 0.005
Symptom Severity 13.65 (6.62) 11.08 (4.26) 1.61 (2.78) 2.92 (3.54) <0.001

Individual COVID Symptoms 
  Sore throat 1.57 (1.20) 0.59 (0.67) 0.00 (0.00) 0.00 (0.00) <0.001
  Cough 1.77 (0.99) 1.37 (0.76) 0.23 (0.51) 0.42 (0.65) <0.001
  Muscle aches  1.39 (0.99) 0.86 (0.90) 0.13 (0.34) 0.40 (1.00) 0.001
  Headache 10.9 (1.00) 1.05 (0.84) 0.00 (0.00) 0.35 (0.67) 0.003
  Runny nose 1.35 (1.03) 1.09 (0.97) 0.09 (0.29) 0.15 (0.37) 0.022
  Stuffy nose 1.87 (1.10) 1.36 (1.14) 0.22 (0.42) 0.20 (0.41) 0.038
  Fatigue 1.70 (0.97) 1.14 (0.80) 0.30 (0.77) 0.50 (0.95) 0.084
  Loss of taste 0.74 (1.29) 0.73 (1.20) 0.17 (0.49) 0.45 (0.90) 0.155
  Fever 0.73 (0.96) 0.58 (0.83) 0.00 (0.00) 0.00 (0.00) 0.168
  Loss of smell 0.70 (1.26) 0.73 (1.20) 0.48 (1.12) 0.25 (0.72) 0.189
  Shortness of breath    
           upon exertion 0.70 (1.06) 0.73 (0.94) 0.13 (0.46) 0.20 (0.41) 0.591
  Shortness of breath 0.30 (0.64) 0.23 (0.43) 0.00 (0.00) 0.15 (0.49) 0.919
Note. Linear Mixed Effects models were used to test the Group by Day interactions for Inflammatory 
Markers (FoTv/Placebo X Days 0,14) and Symptoms (FoTv/Placebo X Days 0-14). Data for individual 
COVID-19 symptoms reflect severity ratings on a scale of 0 (none or absent) to 4 (very severe).  1Data 
available only from UCSD site. 2Recruitment site laboratories used different standards, therefore z scores 
were used.  3Viral load is reported as cycle threshold values, which are inversely proportional to viral load. 
Full statistical reporting for symptoms appears in Supplemental Table 2. ESR, Erythrocyte Sedimentation 
Rate; LDH, lactate dehydrogenase. 
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Figure Captions 

Figure 1. Design of Clinical Trial. Participants with COVID-19 were randomized to 

receive either a 14-day regimen of FoTv or Placebo on Day 0 (baseline). COVID-19 

symptoms were assessed daily across Days 0-14. Laboratory results (serum) were 

examined for safety on Days 0 and 14 and adverse events were assessed at follow-up 

visits on Days 14, 28, and 58. Feasibility analyses examined treatment adherence 

(Days 1-14) and completion rate at Day 14. Efficacy analyses examined laboratory 

results (serum) on Days 0 and 14 and SARS-CoV-2 viral load on Days 0, 7, and 14. 

 

Figure 2. CONSORT Diagram. 

 

Figure 3. Efficacy Results for Symptoms, Viral Load in Humans, and In Vitro Viral 

Infection. a. Mean Symptom Count for the 12 COVID-19 symptoms assessed for FoTv 

(red, n=26) and Placebo (black, n=24) groups from Day 0 through Day 14. The FoTv 

group exhibited significantly fewer symptoms than the Placebo group across days (F-

test, p = 0.005). Error bars show SEM. b. Mean nasal swab viral load at days 0 and 14 

via PCR. Viral load (i.e., detectable SARS-CoV-2 genetic material) significantly 

decreased across days (F-test, p < 0.001) and did so similarly for both groups (F-test, p 

= 0.994). Error bars show SEM. c. Mean viral infection of TMPRSS2 cells with FoTv or 

control (DMSO) after 1-hour of incubation showed significant inhibition (F-test, *p = 

0.009) of pseudotyped SARS-CoV-2 entry into TMPRSS2 cells (black circles show the 

three independent biological samples for each condition). Relative Light Units are non-
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standardized units that measure Renilla luciferase luminescence values as a 

quantification of relative pseudovirus entry into cells. Error bars show SD.  

 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 9, 2026. ; https://doi.org/10.64898/2026.06.01.26354267doi: medRxiv preprint 

https://doi.org/10.64898/2026.06.01.26354267
http://creativecommons.org/licenses/by-nd/4.0/


 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 9, 2026. ; https://doi.org/10.64898/2026.06.01.26354267doi: medRxiv preprint 

https://doi.org/10.64898/2026.06.01.26354267
http://creativecommons.org/licenses/by-nd/4.0/


 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 9, 2026. ; https://doi.org/10.64898/2026.06.01.26354267doi: medRxiv preprint 

https://doi.org/10.64898/2026.06.01.26354267
http://creativecommons.org/licenses/by-nd/4.0/


 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 9, 2026. ; https://doi.org/10.64898/2026.06.01.26354267doi: medRxiv preprint 

https://doi.org/10.64898/2026.06.01.26354267
http://creativecommons.org/licenses/by-nd/4.0/

