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Randomized double-blind
placebo-controlled
proof-of-concept trial of resveratrol
for outpatient treatment of mild
coronavirus disease (COVID-19)

Marvin R. McCreary*™, Patrick M. Schnell> & Dale A. Rhoda3

Resveratrol is a polyphenol that has been well studied and has demonstrated anti-viral and anti-
inflammatory properties that might mitigate the effects of COVID-19. Outpatients (N =105) were
recruited from central Ohio in late 2020. Participants were randomly assigned to receive placebo

or resveratrol. Both groups received a single dose of Vitamin D3 which was used as an adjunct. The
primary outcome measure was hospitalization within 21 days of symptom onset; secondary measures
were ER visits, incidence of pneumonia, and incidence of pulmonary embolism. Five patients chose
not to participate after randomization. Twenty-one-day outcome was determined of all one hundred
participants (mean [SD] age 55.6 [8.8] years; 61% female). There were no clinically significant adverse
events attributed to resveratrol. Outpatients in this phase 2 study treated with resveratrol had a lower
incidence compared to placebo of: hospitalization (2% vs. 6%, RR 0.33, 95% CI 0.04-3.10), COVID-

19 related ER visits (8% vs. 14%, RR 0.57, 95% CI 0.18-1.83), and pneumonia (8% vs. 16%, RR 0.5,
95% C1 0.16-1.55). One patient (2%) in each group developed pulmonary embolism (RR 1.00, 95% Cl:
0.06-15.55). This underpowered study was limited by small sample size and low incidence of primary
adverse events consequently the results are statistically similar between treatment arms. A larger trial
could determine efficacy.

Trial Registrations: ClinicalTrials.gov NCT04400890 26/05/2020; FDA IND #150033 05/05/2020.

Study rationale. Resveratrol (RV) is a polyphenolic phytoalexin produced by certain plants in response
to injury or infection. RV has been associated with a variety of positive health effects in areas of inflammation,
cardiovascular diseases, cognitive disease, cancer, diabetes, and infectious disease (including viral diseases)"2.
RV is readily available commercially as a dietary supplement produced from plant extracts or by genetically
engineered yeast’. COVID-19 is the disease caused by a novel coronavirus (SARS-CoV-2) that can result in life
threatening complications, including lung injury. Approved outpatient treatment options for COVID-19 were
limited to symptomatic treatment at the time this study. Vaccines were notably not yet available. Multiple lines of
preclinical data suggest that RV could be effective against coronavirus disease 2019 (Fig. 1).

Background. SARS-CoV-2 is characterized by surface spike proteins that bind to the Angiotensin-Convert-
ing Enzyme 2 (ACE2) of the respiratory tract. After entry into the cell, a variety of processes occur, including the
down regulation of ACE2, subsequent destruction of the pneumocyte, the release of inflammatory mediators,
and the subsequent release of cytokines (IL1, IL6, TNF-a) and reactive oxygen species**?*. A “cytokine storm”
results in further damage to the alveoli and the development of Acute Respiratory Distress Syndrome (ARDS)?.
Resveratrol’s multimodal antiviral, anti-inflammatory, and antioxidant properties as well as its ability to upregu-
late ACE2 receptors could be helpful in reducing the clinical effects of COVID-19.
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Figure 1. Summary of potential resveratrol effects on virus and host. 1. Inhibits Spike protein to ACE2
binding*®. 2. Inhibits transcription of viral proteases (Mpro and PLpro)®. 3. Inhibits RNA-dependent RNA
polymerase'’. 4. Inhibits proinflammatory cytokines''"*. 5. Inhibits platelet aggregation'*'>. 6. Activates
endothelial Nitric Oxide (antiviral and vasoprotective)!®'8. 7. Inhibits proinflammatory NF-kB'®. 8. Inhibits
proinflammatory Th-17 T-cells?. 9. Stimulates the production of glutathione in lung epithelium cells*'-%.

ACE2 upregulation. In addition to ACE2 being a binding site for coronavirus (CoV), it is also associated
with protective effects in SARS induced lung injury’®?’. ACE2 may attenuate vascular permeability, inflamma-
tory cell infiltration, pulmonary edema, hyaline membrane formation, and prevent acute lung injury?®. Resvera-
trol has been shown to upregulate ACE2%. A deficiency of ACE2 caused by SARS is associated with lung injury®.
The upregulation of ACE2 by resveratrol might provide protective effects in COVID-19280-32,

Anti-viral effects. RV has demonstrated antiviral effects in a variety of animal and human diseases’. Spe-
cific to CoV, in vitro studies demonstrate that RV inhibits MERS-CoV infection by decreasing nucleocapsid
protein expression resulting in reduced viral production and increased cell survival®>. Starting at the first steps
in the infection, in silico modeling suggests that RV would interfere with the binding of CoV spike protein to
the ACE2 receptor (Fig. 1)**. In silico analysis also suggests that RV would inhibit COVID-19 RNA Dependent
Polymerase and Papain-like Protease (PLpro) (Fig. 1) which could explain the inhibition of nucleocapsid protein
described by Lin et al.>!**, In silico analysis also demonstrates potential inhibition of the coronavirus main
proteinase (Mpro) which would be an additional mechanism of inhibiting viral replication’.

Anti-inflammatory effects. COVID-19 is associated with the potential for excessive inflammation. Coro-
navirus has been shown to activate Toll-Like Receptor 4, increase pro-inflammatory cytokines IL-1, IL-6, CCL5
(RANTES) and TNF-a leading to an unbalanced inflammatory response and damaging inflammation*". In
contrast, RV has been shown to reduce inflammation via a variety of mechanisms (Fig. 1)!!-13*. RV has been
demonstrated to inhibit TLR4 activation, decreasing the release of inflammatory cytokines in the macrophages
of patients with COPD, and inhibit the proinflammatory transcription factor NF-kB'*!**, RV has also demon-
strated inhibition of pro-inflammatory Th17 helper T-cells (Fig. 1)*. Inhibition of NF-kB has been shown to
increase survival in a mouse model of SARS-COV 1.
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The anti-inflammatory effects of RV might be beneficial in mitigating the cytokine storm that is associated
with ARDS and the high mortality of COVID-19%. A mouse model of cytokine storm showed a 100% mortal-
ity reduced to 0% in RV treated mice with minimal lung injury in the treated group*'. RV has demonstrated
protective effects in lipopolysaccharide induced lung injury, a mouse model of ARDS****. The proposed mecha-
nism is RV’s inhibition of NLRP3 inflammasomes*?. Inhibition of NLRP3 inflammasomes in another proposed
therapeutic target in COVID-19*.

Antioxidant effects. Depletion of the endogenous antioxidant glutathione has been attributed to poor
outcomes and death in patient with COVID-19 (Fig. 1)*!. The use of antioxidants has been proposed in the
treatment of COVID-19*. RV’s antioxidant properties as well as its ability to induce glutathione synthesis might
provide additional outcome benefits*.

Animal models of viral infections.  As the above discussion regarding RV’s effects are largely based on
in vitro models of disease, there is always a concern regarding whether in vitro models will translate into in vivo
efficacy. Multiple animal studies have shown that RV does improve outcomes in animal models of viral infec-
tions. A porcine model of pseudorabies virus, a respiratory illness, shows that piglets inoculated with the virus
had no mortality compared to a 40% mortality in the untreated group. Specifically, that study showed alveolar
destruction in the untreated group vs mild lung injury in the RV treated group. The proposed mechanism is
inhibition of IkB kinase by RV*. It is notable that a drug prediction analysis of SARS-CoV-2 suggests that IkB
kinase inhibition is a potential target for COVID-19*. Similarly, a murine model of HIN1 influenza showed a
60% survival rate in RV treated mice compared to 20% in placebo treated mice*. In Respiratory Syncytial Virus
(RSV) infected mice, RV treated mice showed significantly less lung damage compared to untreated mice®.

Vitamin D3. Vitamin D3 was included in the treatment protocol as an adjunct to RV based upon prior
research showing that it has synergistic anti-inflammatory effects, inhibiting IL-6 and TNF-a'. Both treatment
arms received a single 100,000 IU dose of D3 to quickly assure adequate serum concentrations of D3, as well as
to potentially remove vitamin D deficiency as a confounding variable, noting that multiple publications raised
concerns that vitamin D deficiency might be associated with worse outcomes in COVID-19°°-"2. The empiric use
of vitamin D3 could lower the overall incidence of adverse outcomes in both groups in this study.

Materials and methods

Study design. Overview. This study was a phase 2, double-blind, randomized, placebo-controlled trial
to evaluate the safety and explore the efficacy of RV plus vitamin D3 based on the hypothesis that RV with
the adjunct vitamin D3 can reduce hospitalization and morbidity in patients with COVID-19. The study was
approved by the U.S. Food and Drug Administration as an investigational new drug trial (FDA IND #150033
05/05/2020; ClinicalTrials.gov NCT04400890 26/05/2020), and the institutional review board of Mount Carmel
Health Systems in Columbus, Ohio, USA. All patients were provided informed consent and screening remotely
via phone interview, educated via online animated presentation, and e-consented via REDCap electronic data
capture tools hosted at the Ohio State University Medical Center that incorporated questions from the REDCap
Shared Library>>**.

Patients were recruited primarily from the Mount Carmel Health System testing centers by way of “cold calls”
to patients 45 and older who tested positive for COVID-19. A few patients were recruited in response to research
advertisements in the central Ohio area (social media, radio, and yard sign advertising), as well as physician
referrals. Due to pandemic related safety concerns, the patients remained in quarantine within their home with
all trial contact via phone, email, and web (REDCap), with contactless delivery of study packets via courier/
mail. Packets were delivered within 7 days from the onset of symptoms, typically < 24-h after consent was signed.

Due to reports of patients self-medicating with investigational drugs (e.g., hydroxychloroquine) in the setting
of COVID-19, the specific nature of the trial substance was concealed from subjects until after the study was
complete. Patients were informed that they were receiving a “commercially available dietary supplement’, but
the use of RV was not disclosed. The use of Vitamin D3 was open-label for both groups.

Patients were provided with a study packet containing identically prepared capsules containing a 15-day
supply of either resveratrol or placebo, a one-time dose of vitamin D3, a thermometer, a pulse oximeter, and an
instruction booklet with dosing log.

Data was collected via REDCap surveys on days 1-15, 21, 30, and day 60 with adverse symptoms assessed
using selected PRO-CTCAE questions™. All patients were given daily online reminders of when to seek medical
care based upon CDC recommendations. Primary and secondary outcome measures (including hospitaliza-
tion, ER visits, history of chest imaging, and pneumonia) were assessed by phone interviews after 21 days from
randomization. All radiology reports were reviewed by the principal investigator.

Sample size determination. The maximum total number of randomized subjects was capped at 200 by FDA
request. Power analyses were conducted for the primary outcome measure (hospitalization) assuming multiple
placebo arm hospitalization rates and effect sizes, as well as for secondary outcome measures.

At the time the protocol was developed, the rate of hospitalization among confirmed cases of COVID-19
ranged between 21% in the 45-54 age bracket, up to 31% for patient’s > 85. (We now know hospitalization
rates are much lower than initially described). A planned sample size of 190 subjects with complete observa-
tions yielded 80% power at the 5% two-sided significance level to detect a difference in the primary endpoint
(hospitalization) rate of 10% in the resveratrol arm versus 25% in the placebo arm.
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An interim analysis was completed by an independent data and safety monitoring board. The analysis used
the Hwang-Shih-De Cani alpha spending function with parameter gamma = -4 (O’Brien-Fleming-like) for the
upper (superiority) bound under the null hypothesis with total one-sided Type I error 2.5%, and for the lower
(safety or futility) bound under the alternative hypothesis with total Type II error 20% (80% power). Under the
assumption of a binding futility bound and a placebo arm hospitalization rate of 25%, the probability of declaring
futility at the interim analysis is 3% if the resveratrol arm hospitalization rate is 10% (alternative hypothesis), 55%
if the resveratrol arm hospitalization rate is 25% (null hypothesis), and 75% if the resveratrol arm hospitalization
rate is 30%. The R package gsDesign was used to determine stopping boundaries.

Participants. Due to low risk of hospitalization (the primary outcome measure), patients younger than 45
were excluded®. Patients were eligible for enrollment if they tested positive for SARS-CoV-2 and would have
symptoms for less than 7 days by the expected delivery date of study packet. Exclusion criteria included cogni-
tive impairment that would prevent the patient from cooperating with study procedures; asymptomatic patients;
known history of cirrhosis, hepatic impairment, or Hepatitis C; known of history of renal impairment as meas-
ured by an eGFR of <60 mL/min; patients receiving chemotherapy or who are on chronic immunosuppres-
sants; allergy to grapes or rice; co-morbidities with a high likelihood of hospitalization within 30 days; currently
pregnant; hospitalization; patients taking immunosuppressants and drug interactions in medications with a
narrow therapeutic index. Patients on “statins” and PDE-5 inhibitors were instructed to withhold while on the
study treatment. Potential confounding medication use (or intent to use) such as hydroxychloroquine and later
bamlanivimab were exclusionary. No patients reported taking ivermectin. One patient had been prescribed an
antibiotic (azithromycin) at the time of their initial testing. Patients were asked not to take other dietary supple-
ments. The use of over-the-counter symptom treatment was permitted. Vaccines were not yet available during
the enrollment period. Enrollment occurred prior to the detection of alpha, delta, and subsequent variants in
the United States.

It is notable that the renal disfunction exclusion was an FDA requirement. Prior research has explored pos-
sible benefits of RV for patients with chronic kidney disease”’. Furthermore, increased plasma levels of RV that
might be attained in the setting of kidney disease might be beneficial.

Randomization. The random allocation list was blocked and stratified by a third-party group. Randomization
used balanced blocks of size 2 or 4, selected randomly for each block. Randomization schedules were gener-
ated and rejected until the randomization schedule was balanced at 100, 200, and 210 subjects to align with the
planned interim and final analyses, and in case of a 10-subject overrun. During the trial, only the third-party
group and Data Safety Monitoring Board (DSMB) had access to the randomization list. The study personnel
created identical-looking packets with identical-appearing study agents containing a 15-day dosing regimen
according to the random allocation list. Study personnel were blinded to the contents of the distributed packets,
with bottles only differentiated by a tamper-resistant serial number label applied by the third-party group which
corresponded to the randomization list.

Blinding. A disinterested third party (Capital University, Department of Mathematics, Columbus, Ohio) was
hired to assign tamper resistant serial number stickers as either RV or placebo based upon the output of rand-
omization script from the R statistical software®. The third party, using a two-person team to provided valida-
tion, assigned serial numbers to appropriate manufacturer sealed RV or placebo bottles. The prepared bottles
were returned to the research team such that the bottle could only be differentiated by the serial numbers. The
randomization table of the serial number labels was kept only by the third party and the Data Safety Monitoring
Board until the completion of the study.

Intervention. Patients received identically appearing bottles containing 60 identically appearing capsules of
either >98% pure trans-resveratrol (from Japanese Knotweed Root, Polygonum cuspidatum extract) (500 mg
per capsule) or placebo (brown rice flour) (both prepared and bottled by Vita-Age, Vancouver, BC) with instruc-
tions to take 2 capsules 4 times per day for at least 7 days, and up to 15 days if COVID-19 symptoms persisted.
Dosing was determined based upon published IC50 of resveratrol against MERS-COV and previously published
pharmacokinetic literature of resveratrol plus its metabolites. (See the study protocol PDF at www.clinicaltrials.
gov/ct2/show/NCT04400890 for detailed dose justification and products certificates of analysis.)

Participant monitoring and follow-up. ~ Starting on day 1, and continuing daily for 15 days, subjects were con-
tacted via automated e-mail. Messages included a reminder to take their study medication as scheduled and
complete the daily surveys. Subjects were asked to complete a short questionnaire covering: (1) symptoms that
could be related to COVID-19 (e.g., fever, cough, dyspnea), their frequency and severity; (2) report any other
related or non-related medical events; (3) any medications they have taken to relieve symptoms, or other new
medications they have not previously reported to study personnel; and (4) any visits they have made to health-
care providers, outpatient centers or hospitals, and details regarding those visits. Subjects received reminders
when to seek care if they experience symptoms that are worsening or that are concerning to them.

Participants were sent a PRO-CTCAE questions on days 1, 8, 15, 21, 30, and 60 to monitor adverse events.

All subjects provided a surrogate/secondary contact (spouse/family member/friend) in order to determine
the subject’s status if the subject could not be reached. All patients or their secondary contact were interviewed
for follow up after 21 days from randomization (no participants were lost to follow up for their post-21 day fol-
low up brief interview).
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Endpoints. Hospitalizations were determined based on query of subject or the subject’s secondary contact, and
the patient’s medical records. Additional outcomes include assessing number of days with fever, and to assess
symptoms, including dyspnea and fatigue. Questionnaires to assess symptoms and adverse events were based on
the PRO-CTCAE (Supplemental Tables S-2b, and S-3b)®.

Statistical analysis. Data management. Anonymized data were extracted from REDCap and processed
into a dataset with one row per participant. Self-reported symptom and adverse event data were retained for
every patient contact over the 21 days following randomization. Data were analyzed using Stata version 17%.

Primary analysis (including missing data). 'The primary analysis is a comparison of the proportion of persons
in the two groups who were hospitalized within 21 days of symptom onset. The comparison was evaluated using
Fisher’s exact test, considering the difference to be statistically significant if the two-sided p-value is smaller than
0.05. The analysis uses the intent-to-treat method where all participants are analyzed as part of their randomiza-
tion group, regardless of whether and when they withdrew from the study and regardless of whether or how well
they complied with the study protocol. Missing outcome data were subject to tipping point sensitivity analysis to
understand what distribution of missingness, if any, would change the conclusion reached using complete case
analysis®.

Secondary analyses (including missing data).  Secondary outcomes were analyzed using Fisher’s exact test, also,
with no adjustment for multiple comparisons. Those outcomes were also subject to tipping point analysis of
missing outcome data.

Sub-group analyses. The primary and secondary endpoints were analyzed among planned sizable sub-groups
using Fisher’s exact test with no adjustment for multiple comparisons.

Adverse events. PRO-CTCAE questions vary in format to either recording the presence or absence of
symptoms, or to grading the frequency, severity, and interference in activities of daily living of symptoms.
Severity is graded as 0=None, 1=Mild, 2=Moderate, 3 =Severe, 4=Very Severe. Frequency is graded as
0=Never, 1=Rarely, 2=0Occasionally, 3 =Frequently, 4= Almost constantly. Interference is graded as 1=Not at
all, 2= A little bit, 3 =Somewhat, 4 = Quite a bit, 5= Very much. Presence is graded as 0=No, 1 = Yes*.

Participants were asked about symptoms a) at enrollment (current symptoms), b) in a daily diary during
15 days of treatment (symptoms today), and c) on days 1, 8, 15, and 21 of the study (over the past 7 days). For
questions about presence of a symptom, prevalence was compared using Fisher’s exact test. For questions about
severity, frequency, or interference with activities of daily living (ADL), the proportion who answered 1+ and
the proportion who answered 3+ were compared using Fisher’s exact test. Responses at enrollment or on day
1 of the study were used to characterize differences between study groups at baseline. Responses on days 2-21
were used to characterize differences in effects of placebo vs. resveratrol.

Institutional review board statement. The study was conducted in accordance with the Declaration of
Helsinki. The protocol was approved by the US Food & Drug Administration (Investigation New Drug applica-
tion #150033) on June 29, 2020 and subsequently by the Mount Carmel Health Systems IRB (Study # 200412-4)
on August 10, 2020.

Informed consent statement. Informed consent was obtained from all subjects involved in the study.

Results
Study participants. Between September 13, 2020 and December 11, 2020, 1,694 patients were telephoned
within 24-h of testing positive for COVID-19 to be recruited into the clinical trial (Fig. 2). One-hundred-five
were enrolled and randomized (Table 1). Five withdrew after receiving treatment packets (four withdrew before
starting treatment and one withdrew after one treatment day citing “too many pills” as reason for withdrawal).
There was no indication of systematic biases in randomization: 4/122 = 3% of hypothesis tests comparing
baseline symptoms between randomized groups were statistically significant at the 5% level without adjustment
for multiplicity, and none were statistically significant following a Bonferroni correction. (Supplemental Tables
S-1, S-2a, and S-3a).

Compliance. Most participants completed the course of treatment. At the exit interview, 43 of 50 (86.0%)
persons in the placebo group and 41 of 50 (82.0%) in the resveratrol group reported having completed at least
7 days of their respective treatments (Fisher’s exact test p-value =0.786).

Primary endpoint—hospitalization within 21 days. One patient (2%) in the RV group and 3 (6%)
in the placebo group (Table 2) were hospitalized within 21 days of symptom onset (risk ratio (RR)=0.33; 95%
confidence interval (CI)=0.04-3.10; Risk difference=-4.0%; 95% CI (- 11.6%-3.6%); Fisher’s exact test p
value=0.617; see Table 3). Tipping point analysis of missing outcome data indicate that no possible combina-
tion of outcomes among the five patients whose data are missing would have yielded a p value below 0.05. Sup-
plemental Table S-4 shows outcomes stratified by patient characteristics. The differences in rates between study
groups are not significant in any subgroup.
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Discontinued resveratrol <7 days (n=9) Discontinued placebo <7 days (n=7)
(ANALYSIS ]
A 4 A 4
Completed follow-up (n=50) Completed follow-up (n=50)

Figure 2. CONSORT Diagram.

Secondary endpoints. Among secondary endpoints, there were fewer events in the RV group than the
placebo group for incidence of pneumonia and for emergency room visits due to COVID-19 (Table 3). Neither
difference was statistically significant. There was one pulmonary embolism in each group, so those incidence
rates were equal across study groups. There were no events and therefore no differences between study groups,
for death, invasive ventilation, or ICU admission. If outcomes had been observed for the five patients who with-
drew from the study, no secondary endpoint could have had a statistically significant difference between study
groups, even if the five outcomes had been as favorable as possible for RV.

Notable events. One patient in the placebo group was diagnosed with pancreatitis that was attributed to
COVID-19 by the patient’s emergency department physician.

Adverse events. There were no serious adverse events reported. There were no significant differences in the
proportion of patients from each study group reporting symptoms in a daily diary (Supplemental Table S-2b).
When asked to think back over the previous seven days, the placebo group reported more severe dry mouth and
more frequent general pain than the RV group, and the latter reported more frequent diarrhea (87.2% vs. 61.3%;
p=0.040) and more frequent nausea (23.1% vs. 5.7%; p=0.050) than patients in the control group (Supplemen-
tal Table S-3b). No adjustments were made for multiple comparisons and only four p-values were statistically
significant out of 110 symptom comparisons for study days 2-21.

Discussion

Resveratrol is an extensively studied plant phytoalexin that has demonstrated potential beneficial biologic
effects in multiple human clinical trials. With respect to COVID-19, multiple publications have suggested its
use in humans as a potential treatment. This has been supported by prior research describing resveratrol’s
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Placebo (N=52) | Resveratrol (N=53) | Overall (N=105) | p value

Age t test p=0.7139
Mean (SD) 55.7 (8.55) 56.3 (9.46) 56.0 (8.98)

Median [Min, Max] 54.0 [45.0,75.0] | 55.0 [45.0, 84.0] 55.0 [45.0, 84.0]

Sex chi-square p=0.3623
Male 19 (36.5%) 24 (45.3%) 43 (41.0%)

Female 33 (63.5%) 29 (54.7%) 62 (59.0%)

Race

White 46 (88.5%) 47 (88.7%) 93 (88.6%) chi-square p=0.9720
Black 2 (3.8%) 2 (3.8%) 4(3.8%) p=09516
Multiple 3 (5.8%) 1(1.9%) 4(3.8%) p=0.2988
Asian 0 (0%) 1(1.9%) 1 (1.0%) p=0.3293
Other 0(0%) 1(1.9%) 1 (1.0%) p=0.3293

Did not answer 1 (1.9%) 1(1.9%) 2 (1.9%) p=0.9891
Ethnicity

Hispanic/Latino 1 (1.9%) 1(1.9%) 2 (1.9%) p=0.9891

Not Hispanic/Latino 45 (86.5%) 43 (81.1%) 88 (83.8%) p=04521

Not specified 6(11.5%) 9 (17.0%) 15 (14.3%) p=0.9808

BMI t test p=0.0668
Mean (SD) 31.4(7.32) 29.1 (4.68) 30.2 (6.20)

Median [Min, Max] 30.0 [21.6,58.9] | 28.5[19.8,42.7] 29.3[19.8, 58.9]

Missing 1(1.9%) 1(1.9%) 2 (1.9%)

High-risk comorbidity chi-square p=0.6251
Yes 17 (32.7%) 15 (28.3%) 32 (30.5%)

No 35 (67.3%) 38 (71.7%) 73 (69.5%)

Chronic Lung Disease 9 (17.3%) 10 (18.9%) 19 (18.1%) p=0.7647
Diabetes Mellitus 5(9.6%) 5(9.4%) 10 (9.5%) p=1.0000
Cardiovascular Disease 3(5.7%) 3(5.7%) 6(5.7%) p=0.9808
Renal Disease 0 0 0

Liver Disease 0 0 0

Immunocompromised 0 0 0

Smoking

Current Smoker 2 (3.8%) 1(1.8) 3(2.8%) p=0.5122
Former Smoker 12 (23.1%) 8 (15.1%) 20 (19.1%) p=0.0981
Medications of Interest

ACE inhibitor / ACE receptor blocker use 10 (19.2%) 5(9.4%) 15 (14.3%) p=0.1515
Vitamin D use 2 (3.8%) 6 (11.3%) 8(7.6%) p=0.1489

Oral Steroid use 2(3.8%) 2 (3.8%) 4(3.8%) p=0.9845
Inhaled Steroid use 4 (7.6%) 0 (0%) 4 (4.8%) p=0.0395

Table 1. Baseline characteristics of participants. SD = standard deviation; ACE = Angiotensin-converting
enzyme. p-values not adjusted for multiple comparisons.

poly-mechanistic properties; computerized molecular docking analysis demonstrating resveratrol potential to
interfere with coronavirus; as well as multiple in vitro studies demonstrating efficacy against MERS-CoV and
SARS-CoV-2.

It should be noted that the much of the resveratrol literature is concerned about poor bioavailability and
discounts possible effects of resveratrol metabolites such as the more intravascularly abundant resveratrol-glu-
curonides®®2. This dismissal of resveratrol’s metabolites is despite the fact that other drugs have demonstrated
increased potency in their metabolized forms (i.e., morphine-6-glucuronide is known to be more potent than
morphine)®. Molecular docking analysis suggest that resveratrol-glucuronide may be more potent against coro-
navirus since there is a higher binding affinity between resveratrol-glucuronides and coronavirus structures®.

The pandemic has had a significant impact on biomedical research including the development of this protocol.
In the spring and summer of 2020, when this protocol was developed, many healthcare facilities were limiting
access®. Elective procedures were cancelled, and many medical practices were transitioning to online appoint-
ments, partly due to limited availability of personal protective equipment (PPE). This project was limited to
remote access to participants, in part, to reduce the risk to healthcare providers and eliminate the use of PPE,
at a time when vaccines were not available. There was no physical contact with the participants which resulted
in some missed opportunities to collect additional supporting data such as laboratory specimens or provide
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Placebo Patient 1 Placebo Patient 2 Placebo Patient 3 Resveratrol Patient
Reasons for hospitalization E{;;li:::;ii? Pulmonary Embolism, Pneumonia, Hypoxemia, Not eating Eiriiesumonia, Hypoxemia, Transami- Pneumonia, hypoxemia
Length of hospitalization (days) 3 2 4 1
Days after symptom onset when 3 4 5 3
treatment started
ansysitaﬁiezresdymptom onset when 12 1 14 10
Days after treatment started when 9 7 9 7
hospitalized
Baseline characteristics
Age 66 46 51 63
Sex Female Female Male Male
Race White White undisclosed White
Hispanic/Latino No No No No
Not specified
BMI 30 37 35 43
High-risk comorbidity
Chronic Lung Disease No No No Yes
Diabetes Mellitus No No No No
Cardiovascular Disease No No No No
Current Smoker No No No No
Former Smoker No Yes No No
Medications of Interest
ﬁs(éE inhibitor/ACE receptor blocker No Yes Yes Yes
Vitamin D No No No No
Oral Steroid Use No No No No
Inhaled Steroid Use No No No No

Table 2. Characteristics of individual hospitalized participants. This trial was conducted prior to the
availability of COVID-19 vaccines.

Placebo | Resveratrol Risk Ratio
N (%) N (%) Risk Difference | 95% CI p value
Primary outcome
T 0.33 0.04-3.10
Hospitalization 3(6.0) 1(2.0) 0% T 1.6-3.6% 0.617
Secondary outcomes
Death 0 (0) 0 (0) NA NA 1
Invasive ventilation 0(0) 0(0) NA NA 1
ICU admission 0(0) 0(0) NA NA 1
L 0.57 0.18-1.83
ER visits for COVID | 7 (14.0) |4 (8.0) 0% 182 ga0 | 0525
. 0.50 0.16-1.55
Pneumonia 8(16.0) |4(8.0) Z8.0% Z20.6-4.6% 0.357
. 1.00 0.06-15.55
Pulmonary embolism 1(2.0) 1(2.0) 0% Z5.5-5.5% 1

Table 3. Primary and secondary outcomes, as observed, by study group. All outcomes evaluated over the

21 days that followed patient randomization to study group. Outcomes observed for N =50 patients per group.
NA =not applicable; CI =confidence interval; ICU =intensive care unit; ER =emergency room. p-value from
Fisher’s exact test. p-values not adjusted for multiple comparisons.

direct supervision. Data was collected solely by patient input dosing logs and online surveys which did result in
inconsistent compliance with data collection.

The resveratrol treatment group (n=>50) was observed to have 1 hospitalization, 4 ER visits, and 4 pneumonias
compared to the placebo group (n=>50) that had 3 hospitalization, 7 ER visits, and 8 pneumonias. The two-
sided 95% confidence intervals for risk ratio are (0.04-3.10) for hospitalization, (0.18-1.83) for ER visits, and
(0.16-1.55) for pneumonias indicating a wide range of plausible true treatment effects. The degree of evidence
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Placebo (N=52) | Resveratrol (N=53) | Overall (N=105)
Average 4.4 4.9 4.6
Median 4 5 5
75th percentile | 5.5 6 6

Table 4. Time (days) from symptom onset to delivery of treatment packets (start of treatment).

against the null hypothesis that the treatments are interchangeable is p=0.617, p=0.525, and p =0.357 respec-
tively (Table 3). The favorable risk ratios could be due to chance, but there are biological reasons to believe that
RV would be effective and so the protective effect may be quite real, but not significant due to small sample size
and low incidence of adverse outcomes. This study was limited to participants 45 and older based upon the early
morbidity and mortality data published by the CDC in March of 2020 describing a hospitalization rate of > 25%.
However, we now know that the risk of admission is much lower than had been anticipated in the very early days
of the pandemic®. Analysis of data for patients>40 years old who tested positive for SARS-CoV-2 published by
the state of Ohio for our local county between September 1, 2020 and December 31, 2020 resulted in a hospi-
talization rate of about 4%, which is consistent with our overall sample. Recent data also suggests that vitamin
D deficiency might be independent risk factor for hospitalization®”. Our empiric use of early vitamin D in both
groups might have played a role in our low rate of adverse events.

It is notable that in influenza, shorter time between the onset of symptoms and the start of antiviral treatment
results in improved outcomes such that the CDC primarily recommends starting treatments within 48-h*®. The
median time from symptom onset to delivery of treatment packet was 5 days (Table 4). The magnitude of effect
of resveratrol in COVID-19 might be greater if treatment could be started sooner, but due to delays in presenta-
tion, test results, and delivery, a 48-h treatment window was not feasible for this study.

It is also notable that all the hospitalized patients had a BMI consistent with obesity (Table 2). Obese patients
may require a larger dose than provided in this study given the increased volume of distribution.

There were no serious adverse events attributed to resveratrol in this study, and given resveratrol’s long safety
history, the data presented here would support a larger clinical trial to determine efficacy, ideally starting treat-
ment shortly after the onset of symptoms.

Dry mouth (p=0.046), nausea (p=0.05), and diarrhea (p =0.04) was reported in higher frequency in the RV
group. This is certainly consistent with known gastrointestinal side effects of resveratrol. However, these p-values
for secondary measures are not adjusted for multiple comparisons.

Resveratrol treated patients had a lower incidence of overall pain (p=0.04). This is consistent with prior
preclinical literature demonstrating RV to have analgesic properties as a cyclooxygenase inhibitor (COX I &
COX II)®. This would also support that orally administered resveratrol is able to achieve systemic effects despite
concerns for limited bioavailability.

This study was a proof-of-concept to primarily determine the safety of using resveratrol in the setting of
COVID-19. FDA guidance was to limit this study to no more than 200 participants with a planned interim
safety analysis after the first 100 patients were enrolled. Enrollment in the study was slow initially but did rapidly
increase in December as Ohio was starting its third COVID-19 wave. Enrollment was paused after the 100th
patient so that an interim analysis could be performed. After completion of data collection and an interim analysis
by an independent Data Safety Monitoring Board, Ohio’s third COVID-19 wave was ending. While the DSMB
did approve continuation of the study, a feasibility analysis of daily case rate in the Mount Carmel Health System,
and considering the prior rate of enrollment, it was estimated that it would take at least another 6-8 months to
enroll another 100 patients (not knowing there were more COVID-19 waves yet to come). The enrollment rate
would further be impacted by the availability of vaccinations and competing/exclusionary treatments (such a
monoclonal antibodies). Furthermore, a statistical futility analysis also suggested that 100 more patients would
be inadequate to determine efficacy, therefore the study was discontinued after the first 100 patients.

Additional limitations include limited geographic area, limited racial diversity, and a disproportionate number
of heath care providers as subjects in the trial.

While 100 percent of the participants were contacted to determine their primary outcome measures, compli-
ance with PRO-CTCAE was limited, resulting an incomplete picture of adverse events. A better funded clinical
trial with larger research staff might be more effective at achieving patient compliance through more active
patient contact (such as routine phone calls throughout the study).

Conclusions
This proof-of-concept study, along with the wealth of other resveratrol pre-clinical research, supports further
investigation resveratrol as a potential treatment of COVID-19 and possibly other viral respiratory infections
(including influenza, Respiratory Syncytial Virus, and Human Rhinovirus)”. If the magnitude of the effect of this
small study was representative of a larger trial, the number needed to treat to prevent ER visits or hospitalization
would compare favorably against currently available (i.e., monoclonal antibody therapy) outpatient treatments.
Given the scale of the health and economic impacts of COVID-19, any treatment that can reduce hospitaliza-
tions could have a significant impact in this pandemic. RV is generally recognized as safe and has been shown
to have positive health benefits in human trials. Prior research in human trials related to lung disease, in vitro
studies of RV of coronavirus, and animal studies of RV in other viral infections support investigating RV as a
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treatment for coronavirus disease. Given that RV is readily available and could be cheaply scaled up through the
fermentation of yeast, it is potentially a scalable solution to treat COVID-19.

Data availability

Deidentified individual data that supports the results will be shared by written request to the communicating
author; provided the requesting investigator has approval from an Institutional Review Board (IRB), Independ-
ent Ethics Committee (IEC), or Research Ethics Board (REB), as applicable, and executes a data use/sharing
agreement with Mount Carmel Health System.
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