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Abstract

Objective: One possible treatment for post-COVID-19 conditions is a mushroom supple-
ment called Active Hexose Correlated Compound (AHCC). The purpose was to determine if
taking AHCC twice a day for 30 days decreases symptoms and improves physiological functions
in these patients.

Methods: Twelve patients with post-COVID-19 conditions completed three PROMIS® ques-
tionnaires (fatigue, dyspnea, cognitive function), pulmonary testing (exhaled nitric oxide and
pulmonary function testing), and a blood draw to evaluate natural killer cells and mitochondrial
membrane potential before and after 30 days of consuming the mushroom supplement. Differ-
ences between the pre- and post-variables were calculated using a Wilcoxon signed-rank test.

Results: Symptom measures improved significantly, with a reduction in fatigue from 46.5
[95% Cl, (39.66, 53.34)] to 32.08 [(24.2, 39.97); p=0.0024] and dyspnea from 17.5 [95% ClI,
(8.383, 26.62)] to 12.75 [(5.837, 19.66); p=0.0273]; and increase in cognitive function from
51.25 [95% Cl, (38.46, 64.04)] to 71.83 [(61.63, 82.03); p=0.0127]. Forced vital capacity sig-
nificantly improved from 3.794 L [95% Cl, (3.036, 4.552)] to 3.89 L [(3.151, 4.629); p=0.0425].
Consuming AHCC for 30 days resulted in a significant decrease in the number of natural killer
cells (CD14-/CD56+ and CD16+/CD56+; both at p=0.007) and improved mitochondrial mem-
brane function (19557.11 [95% Cl, (11606.39, 27507.84)] to 38990.67 [(28919.21, 46839.90);
p=0.0280]).

Conclusion: Our results suggest that AHCC reduces symptoms and improves physiologic
functions in patients suffering from post-COVID-19 conditions, however these findings should
be investigated in a larger clinical trial.

Keywords: Mitochondrial health; Natural killer cells; Patient-reported outcome; Post-COVID-19
conditions.
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Introduction

A multitude of long-lasting symptoms have been described
after the start of the coronavirus disease 2019 (COVID-19)
pandemic. Many terms and definitions have been utilized to
describe these persistent symptoms. These new, recurring,
or continuing health problems at least 4 weeks after the
initial COVID-19 infection have been termed post-COVID-19
conditions [1]. While the exact prevalence rate is unknown,
post-COVID-19 conditions have been estimated to impact 10%
[2] to 43% [3] of individuals infected with COVID-19 worldwide
and continue to impact quality of life. Many treatments for
post-COVID-19 conditions focus on symptom management,
and no broadly effective treatments have been identified.
Therefore, investigating a treatment based on the underlying
pathophysiologic mechanisms could help reduce or eliminate
the symptom burden of individuals suffering from post-
COVID-19 conditions.

The pathophysiologic mechanisms underlying post-
COVID-19 conditions are unclear, but many hypotheses and
studies suggest the mechanisms of action. Some of these
mechanisms include cellular alterations directly caused by
the virus [2-4], dysregulated immune function [5,6], and
impaired cellular bioenergetics [7,8]. The severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) virus uses
the Angiotensin-Converting Enzyme 2 (ACE2) receptor for cell
entry though activation of its spike protein [9]. These ACE2
receptors are found in many cell types and tissues including
the lungs, blood vessels, heart, liver, and gastrointestinal track.
These organs were identified as more impaired in individuals
with post-COVID-19 conditions than in healthy controls [10].
Chronic inflammation has also been proposed as a mechanism
resulting in organ dysfunction [11]. Singh, Chaubey, Chen and
Suravajhala [12] hypothesized that SARS-CoV-2 viral RNA can
invade the mitochondria resulting in mitochondrial dysfunction,
inflammation, and impaired immune response. Utilizing
antioxidants has been proposed as a treatment to improve
mitochondrial function, reduce oxidative stress, and help
replenish T cells [13].

Active hexose correlated compound (AHCC) is an over-the-
counter supplement derived from the mycelia of shiitake mush-
rooms (Lentinus edodes) [14]. AHCC is rich in alpha-1,4-glucan
oligosaccharides, which are believed to enhance its biologic
activities and promote white blood cell production [15-17].
Specifically, studies have found that AHCC has increased the
number and activity of dendritic cells, [18] enhanced cytokine
production, increased optimal Natural Killer (NK) cell activity,
promoted macrophage and T-cell activity [16-20], and reduced
fatigue [21]. The AHCC supplement has been shown to modu-
late the immune system in human papillomavirus [16,22] and
influenza [23]. In addition, AHCC has antioxidant properties and
attenuates oxidative stress [24]. Therefore, in this study our aim
was to determine if AHCC improves physiological (mitochon-
drial, immune, and pulmonary) functions and decreases symp-
toms in patients with post-COVID-19 conditions.

Materials and methods

This pilot study was designed to determine the effects of
AHCC on physiological functions and symptoms in patients with

post-COVID-19 conditions. The study population consisted of 12
COVID-19 patients who still had symptoms 30 days or more af-
ter they were first infected. All participants were asked to come
to a Clinical Translational Science Unit between 0700 and 1300
Monday thru Friday to collect all data so that the blood samples
could be processed in the afternoon.

Study settings and participants

Patients who participated in this study were recruited from
the Internal Medicine clinic of The University of Kansas Health
System between August 2022 and December 2022. Consecutive
sampling was used until the sample size was met. The inclusion
criteria for the study were: (1) adult patients >18 years of age;
(2) still having symptoms of COVID-19 such as dyspnea, fatigue,
or cognitive dysfunction more than 4 weeks after the diagnosis
of COVID-19; (3) current symptoms of fatigue, dyspnea, and/
or cognitive dysfunction that were a result of contracting
COVID-19. Patients were excluded from the study if they were:
(1) sensitive or allergic to mushrooms; (2) diagnosed with an
autoimmune disease such as multiple sclerosis, systemic lupus
erythematosus, or rheumatoid arthritis; (3) currently receiving
any cancer treatment; (4) currently taking cytochrome P450
2D6 (CYP2D6) medications. This study was approved by the
Institutional Review Board at the University of Kansas Medical
Center and exempted from registration. A written informed
consent was obtained from all subjects at the beginning of the
initial visit.

Intervention

In order to enroll 12 subjects in the study, we attempted to
contact 34 individuals being seen in the clinic for post-COVID-19
conditions. Of those 34 individuals, two individuals were no lon-
ger having symptoms, two individuals were unable to be con-
tacted after scheduling the appointment, and others did not
respond or declined participation. After the initial visit where
baseline measures were assessed, participants consumed two
mushroom supplements 1 hour before breakfast and at bed-
time for a total dose of 3 g/day for 30 days.

PROMIS measures

All participants completed three questionnaires before and
after taking AHCC: the National Institutes of Health (NIH) PRO-
MIS® (Patient-Reported Outcomes Measurement Information
System) [25] for fatigue (Short Form 13a FACIT-Fatigue v1.0)
[26,27], dyspnea characteristics (v1.0) [28], and cognitive func-
tion abilities subset (v2.0) [29]. These questionnaires were
selected through recommendations from the Epic PROMIS
Collaborative to utilize fatigue and dyspnea questions for mea-
suring symptoms of COVID-19 [30] and post-COVID-19 [31] and
through consensus among investigators regarding the top three
symptoms most often reported by patients with post-COVID-19
conditions.

Pulmonary measures

We completed two noninvasive pulmonary function tests
with each participant. For the first test, we used a Fleisch pneu-
motachograph instrument (Vitalograph®, Lenexa, Kansas, USA)
with a disposal filter to measure Forced Vital Capacity (FVC).
Next, we measured forced expiratory volume in 1 second (FEV,),
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and the FEV_ /FVC ratio was calculated. This test was completed
three times, and the values were averaged. The second mea-
surement was a test of Fractional exhaled Nitric Oxide (FeNO)
using an instrument called NIOX® (Circassia Inc., Morrisville,
North Carolina, USA). We used the FeNO as an objective mea-
sure of airway inflammation.

Immunologic measures

Human NK cells were assessed quantitatively using flow cy-
tometry. Seven milliliters of whole blood were collected from
participants via venipuncture in a purple top BD Vacutainer®
blood collection tube with Ethylenediaminetetraacetic Acid
(EDTA) before and after consuming the mushroom supplement
for 30 days.

A five-color panel of antibodies was used to differentiate
clusters: CD3, CD56, CD16, CD14, and CD20, with the corre-
sponding fluorescent dyes FITC, PE, and PE-Cy7 (BD Bioscienc-
es, USA). During sample preparation, cells were washed with
Phosphate Buffer (PBS) followed by addition of the monoclonal
antibodies. Staining was run at 25°C in the dark for 15 minutes.
After staining, cells were washed twice with PBS. Specimens
were analyzed using a flow cytometer (5 laser Aurora, Cytek
Biosciences, Fremont, CA, USA) with FlowJo (BD Biosciences,
San Jose, CA, USA) software gated for human NK cells. These NK
cells were defined using CD3, CD56, CD16, CD14 and CD20. The
B cells and macrophages were excluded using CD14 and CD20.

Mitochondrial measure

Another 7 milliliters of whole blood were collected from par-
ticipants via venipuncture in a yellow top BD Vacutainer® blood
collection tube with citrate dextrose before and after consum-
ing the mushroom supplement for 30 days. Lymphocytes were
isolated using Accuspin tubes, histopaque 1077, and differen-
tial centrifugation. Approximately 2 million lymphocytes were
stained with Tetramethylrhodamine Ethyl Ester (TMRE) for mi-
tochondrial membrane potential [32,33]. TMRE is a red-orange
color that is cell permeable and positively charged. After iso-
lation of lymphocytes, they were incubated with 10 ng TMRE
for 30 minutes at 37°C/5% CO, in Hanks Balanced Salt Solution
(HBSS with Ca?*/Mg?*). TMRE stained cells were washed with
HBSS and diluted for flow cytometry analysis. Fluorescent cells
were identified and quantified using flow cytometry. Figure 1
illustrates how damaged or depolarized mitochondria from the
SARS-CoV?2 are unable to retain the TMRE dye due to decreased
membrane potential resulting in low fluorescence signals.

Data analysis

Data analyses were conducted with the statistical packages
Stata (StataCorp LLC, College Station, TX) and SAS (SAS Institute
Inc., Cary, NC). Descriptive statistics were used to characterize
the study sample (age, sex, race/ethnicity, and symptoms) and
report clinical outcomes (PROMIS questionnaires, mitochondri-
al membrane, NK, and pulmonary function). Changes in all the
physiologic measures from baseline to 30 days were computed
for each patient. A nonparametric Wilcoxon signed-rank test
was used for all measures to decide whether or not there were
significant changes at a 0.05 significance level (Table 1).

Results

A total of 12 participants were enrolled, and the participants
completed the pre-post PROMIS questionnaires, pulmonary
function tests, blood sampling for NK, and mitochondrial
analysis. The age of the patients ranged from 31 to 64 years,

and the median age was 52.5. Of the study sample, 10 (83.3%)
self-identified as female and 2 (16.7%) as males. All participants
self-identified as White and 10 (83.3%) were vaccinated for
COVID-19. Each participant consumed at least 80% of the
mushroom supplement as evidenced by the remaining number
of pills left in the bottle and verbal confirmation.

As shown in Table 1, all symptom measures significantly
improved after consuming the mushroom supplement for
30 days. The mean PROMIS fatigue measure was significantly
reduced from 46.5 [95% Cl, (39.66, 53.34)] to 32.08 [(24.2,
39.97); p=0.0024]. The mean PROMIS dyspnea measure was
significantly reduced from 17.5 [95% Cl, (8.383, 26.62)] to 12.75
[(5.837, 19.66); p=0.0273]. The mean PROMISE cognition mea-
sure increased significantly from 51.25 [95% Cl, (38.46, 64.04)]
to 71.83 [(61.63, 82.03); p=0.0127], demonstrating reduced
brain fog.

We did not find evidence that consuming AHCC for 30 days
improved nitric oxide (FeNO), FEV,, or the FEVI/FVC ratio.
Forced vital capacity significantly improved from 3.794 L [95%
Cl,(3.036,4.552)]t03.89 L[ (3.151, 4.629); p=0.0425]. The FEV /
FVC ratio decreased significantly from 0.7537 [95% Cl, (0.6933,
0.8141)] to 0.7248 [(0.6583, 0.7911); p=0.0425], although this
was likely due to no change in FEV, and increase in FVC.

Levels of NK cells, as measured by CD56+ and CD14- cells, de-
creased significantly from 47.68 [95% Cl, (36.4, 58.96)] to 33.41
[(25.18, 41.64); p=0.0488] after taking the mushroom supple-
ment for 30 days. Figure 2 displays the gating strategy used on
the samples. Mitochondrial membrane significantly improved,
with TMRE increasing from 19,557.11 [95% Cl, (11606.39,
27507.84)] to 38,990.67 [(28919.21, 46839.90); p=0.0280]. No
adverse events were reported by participants.

Healthy Mitochondrion Damaged Mitochondrion

Normal red fluorescent staining with TMRE retention.

Low TMRE staining.

Membrane depolarization

SARS-CoV-2

Figure 1: Mitochondrial membrane and TMRE.
SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2;
TMRE: Tetramethylrhodamine Ethyl Ester.
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Figure 2: Flow cytometry gating strategy for natural killer
cells. (A): Side Scatter (SSC-A) versus forward scatter (FSC-A). (B):
Identifying lymphocytes. (C): Gating out doublets. (D): Gated on
CD20-/CD3-. (E): Gated on CD14-/CD56+. (F): Gated on CD16+/
CD56+. SSC: Side Scatter; FSC: Forward Scatter; A: Area; H: Height.
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Table 1: Differences in PROMIS questionnaires and physiological variables before and after consuming a mushroom

supplement for 30 days in 12 patients with post-COVID-19 conditions.

Variable Mean before 95% Cl before Mean after 95% Cl after P-value®
PROMIS Fatigue 46.5 (39.66, 53.34) 32.08 (24.2,39.97) 0.0024
PROMIS Dyspnea 17.5 (8.383, 26.62) 12.75 (5.837, 19.66) 0.0273
PROMIS Cognition 51.25 (38.46, 64.04) 71.83 (61.63, 82.03) 0.0127
Nitric oxide (FeNO) 21.94 (18.17, 25.71) 20.97 (16.65, 25.29) 0.5693
FEV, (L) 2.869 (2.252, 3.486) 2.814 (2.191, 3.438) 0.2036
FVC (L) 3.794 (3.036, 4.552) 3.89 (3.151, 4.629) 0.0425
FEVl/FVC ratio 0.7537 (0.6933, 0.8141) 0.7247 (0.6583, 0.7911) 0.0132
CD14-/CD56+ (cells/mL) 187297.18 (26708.86, 347885.50) 48985.07 (11178.98, 86791.16) 0.0070°
CD16+/CD56+ (cells/mL) 174311.63 (22439.21, 326184.05) 31163.94 (5438.32, 56889.56) 0.0070°
TMRE (mV) 19557.11 (11606.39, 27507.84) 38990.67 (28919.21, 46839.90) 0.0280¢

*Two-tailed p-value from a paired-sample Wilcoxon exact test testing change. "Subjects 5, 7 were not included in the NK measures; subject 5
did not provide the after-treatment measure. Subjects 7 was excluded as the cell count datum was an extreme outlier. ‘Subjects 6, 7, 11 were not
included in the TMRE test as there was no staining on subject 11 premeasurement and subject 6 post measurement. Subject 7 was excluded as

the datum was an extreme outlier.

FEV,: Forced Expiratory Volume in 1 second; FVC: Forced Vital Capacity; L: Liter; mL: Milliliter; mV: Millivolts; TMRE: Tetramethylrhodamine

ethyl ester.

Discussion

The AHCC mushroom supplement has been shown to be ef-
fective and safe in reducing viral load and symptoms in influen-
za, human papilloma virus, and other opportunistic infections
[22,23,34,35]. AHCC has also improved the prognosis and che-
motherapy-associated adverse effects in patients with cancers
[36-38]. Findings from the present study demonstrate a reduc-
tion in symptoms and significant changes in NK cell activity and
mitochondrial membrane after patients with post-COVID-19
conditions consumed two AHCC supplements twice a day for
a total dose of 3 g/day for 30 days. As with other reports [21],
patients from this study stated the supplement was easy to take
and denied any adverse effects.

A significant reduction in the symptoms of fatigue, dyspnea,
and brain fog were seen in the PROMIS measures. These three
symptoms were selected based on the literature of the top
symptoms seen in post-COVID-19 conditions [39,40]. However,
over 200 symptoms that affect nearly every organ system have
been reported with post-COVID-19 conditions [41] and research
identifying how AHCC impacts other symptoms of post-
COVID-19 conditions is needed. There is also some evidence
that different variants of COVID-19 cause different symptoms
[42]. Therefore, further understanding the pathophysiologic
mechanisms of post-COVID-19 conditions and AHCC will be
beneficial for targeted treatment.

While patients had a decrease in the PROMIS dyspnea score,
patients did not report dyspnea as a primary symptom. Thus,
the physiologic pulmonary measures may respond to AHCC in
a cohort with worse baseline pulmonary function. For example,
the AHCC could modulate the Type 2 inflammation that may be
present in the airways of patients with post-COVID-19 condi-
tions. In Type 2 inflammation, Interleukins (IL) such as IL-4 and
IL-13 upregulate the activity of the iNOS (inducible nitric oxide
synthase) enzyme, which produces NO in the airway. Therefore,
AHCC should be tested in patients with post-COVID-19 condi-
tions with severe dyspnea to determine if AHCC has different
effects in this specific phenotype of patients.

Natural killer cells are critical for targeting and killing tumor,
virus-infected, and stressed cells as a member of the innate im-
mune system. Individuals with post-COVID-19 conditions had
an activation of NK cells [43], and the consumption of AHCC
may help modulate the immune system, reducing the viral load,
and leading to decreased circulating NK cell counts. In healthy
human subjects, AHCC improved T-cell immune responses
[15,44,45] and increased dendritic cell numbers and function
[15,18]. Additional immunologic measures should be evaluated
in patients with post-COVID-19 conditions treated with AHCC to
better understand the pathophysiologic mechanism of disease
and treatment.

Patients with COVID-19 exhibit mitochondrial dysfunction in
peripheral blood mononuclear cells [46], which could lead to the
inhibition of mitochondrial antiviral signaling proteins reducing
the antiviral interferon response [47] and the continued symp-
toms of post-COVID-19 conditions. Dysfunctional mitochondria
can also activate an inflammatory response as mitochondrial
content is released into the cytosol [48]. While AHCC has previ-
ously been shown to have antioxidant properties and to attenu-
ate oxidative stress [24], we specifically identified that the mito-
chondrial membrane potential increased after consuming AHCC
for 30 days. This mitochondrial membrane potential functions
as energy storage that is later used for Adenosine Triphosphate
(ATP) synthesis [49,50]. Therefore, AHCC supplementation may
decrease symptoms in post-COVID-19 conditions by supporting
mitochondrial function and immune response.

Limitations

The small sample size was a limitation; however, the results
demonstrate a strong area of interest for planning a larger-
scale investigation. Second, participants had to schedule their
appointments between 0700 and 1300 Monday thru Friday in
order to complete the NK cell and mitochondria analysis in the
afternoon. Measurements that require same-day analysis limit
the number of subjects; those who have jobs may not be able to
participate during those specific hours. Thus, expanding testing
hours for more early morning or lunch hour time periods might
be a useful strategy to reduce this limitation.
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Conclusion

In this pilot study we examined the effects of AHCC® on
physiological functions in patients with post-COVID-19 condi-
tions that could lead to a larger clinical trial to investigate this
supplement as a potential intervention to reduce patients’
symptom burden. The improved patient reported outcomes af-
ter consuming this mushroom supplement provide a platform
for a better understanding of the clinical implications of using
an over-the-counter supplement to improve the quality of life
of patients who suffer from post-COVID-19 conditions.
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