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Phase Ill randomized clinical trial of BV-4051, an Ayurvedic
polyherbal formulation in moderate SARS-CoV-2 infections
and its impact on inflammatory biomarkers
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vaccination and preventive measures. We hypothesized an oral, safe polyherbal for-

mulation with antiinflammatory properties may improve the clinical outcome of this
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COVID-19 patients along with standard of care (SOC). Patients were randomly
assigned to receive BV-4051 or placebo tablets for 14 days, at four sites in India dur-
ing late 2020 to early 2021. Among 208 randomized subjects, 175 completed the
study. In BV-4051 group the mean reduction in duration of illness (p = 0.036), allevi-
ation and severity scores of several symptoms like fever, cough, smell, and taste dis-
orders were statistically significant (p < 0.05). A sub-set analysis of subjects treated
with or without Remdesivir as SOC showed mean reduction in duration of illness in
BV-4051 (p = 0.030), and severity scores (p < 0.05). Mean difference in Interleukin-6
was statistically significant (p = 0.042) on BV-4051 without Remdesivir. BV-4051
may reduce duration of illness, symptoms severity, Interleukin-6, and prevent the
incidence of COVID-19 complications. It may have an adjunctive effect with other

SOC. Larger extensive clinical testing may give a better understanding of its effect.

KEYWORDS
ARTOVID-20®, Ayurveda, Covid-19, herbal, interleukin-6, Remdesivir

1 | INTRODUCTION

certain populations in developed nations, the disease and its variants

continue to cause significant morbidity, mortality, and economic

Aggressive global vaccination efforts, widespread public healthcare
measures, and a better understanding of treatment modalities provide
a significant improvement in the management of the SARS-CoV2 pan-

demic. However, in many developing countries and also among

Clinical Trials Registry of India: CTRI/2020/09/027817.

impact (World Bank Report, 2022).

Immune hyperactivation in COVID-19 is precipitated by a surge
of critical immune mediators including Tumor Necrosis Factor (TNF),
Interferon-Gamma (IFN-y), and Interleukin-6 (IL-6) that leads to respi-
ratory failure, shock, and multi-organ dysfunction (Ablamunits &
Lepsy, 2022; Herold et al., 2020; Mandel et al., 2020). There have
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been recommendations for various therapies led by antivirals, such as
Remdesivir (Gottlieb et al., 2021). Tocilizumab, an IL-6 inhibitor has
been authorized for the treatment of hospitalized adults and pediatric
patients. It has shown mixed results, but it did not improve survival
(Salama et al., 2021). The scope of TNF inhibitors and Anti-Cytokine
antibody therapy for global use is limited due to availability, scalability,
and cost in developing countries (Batista & Foti, 2021; Izadi
et al., 2021). Several small molecules are under clinical trials (Zhao
et al., 2022). Two antiviral drugs, PAXLOVID™ and Molnupiravir have
received FDA authorization in moderate COVID-19 (Bernal
et al., 2022; Whitley, 2022).

Vaccination is one of the best options to prevent spread, reduce
risk of severe illness, hospitalization, and death. However, new vari-
ants remain a challenge and it is not fully known how effective or safe
the vaccinations are in larger populations, younger age groups, and
against new variants (Abdalhamid et al., 2022; Trunfio et al., 2021).
Vaccination of the masses in underdeveloped countries still poses a
challenge (Sheikh et al., 2021; United Nations News, 2022). Break-
through infections and re-infection are of concern especially with
immunocompromised people, and those who in their profession may
be more exposed to the virus (Accorsi et al, 2022; Trunfio
et al., 2021). Another challenge is those who do not wish to be vacci-
nated, and hence have a 13 times higher risk of being infected and a
68 times higher risk of dying from COVID-19 (Birhane et al., 2021;
Gao et al., 2022). Hence, we need safe and affordable products that
are best to treat COVID-19 infection, that can be used as prophylactic
for pre and post exposure, and ideally have immunomodulatory
actions.

Various plants and their derivatives have been studied in multiple
countries of the world as preventive and therapeutic agents in the
fight against coronavirus (Boozari & Hosseinzadeh, 2020; Kumar
et al., 2022). The Indian Systems of Medicine, Chinese herbal medi-
cines (CHM), and Traditional Chinese Medicine (TCM) are being advo-
cated as adjunctive treatments with standard of care, to improve
outcomes (Ahmad et al., 2021; Fan et al., 2020; Xiong et al., 2020).

Early in the pandemic, it was realized that a cytokine storm leads
to severity of disease (Feldman et al., 2020). We hypothesized that a
multitargeted inflammation inhibitor may be the key to improve the
outcome for these patients. Thus, we designed a double-blind
placebo-controlled clinical study with BV-4051, an oral and safe Ayur-
vedic polyherbal tablet, for the treatment of COVID-19 subjects. The
formulation has previously shown inhibition of IL-6, Rheumatoid fac-
tor, and C-Reactive protein (CRP) in rheumatoid arthritis patients and
TNF in other inflammatory conditions (Chopra et al, 2000; Dey
et al., 2014). BV-4051 was known as RA-1, RA-11, and BV-9238 in
different research codes during different stages of development. It
contains specialized extracts of four medicinal plants namely Ashwa-
gandha (Withania somnifera, Family Solanaceae), Shallaki (Boswellia ser-
rata, Family Burseraceae), Ginger (Zingiber officinale, Family
Zingiberaceae), and Turmeric (Curcuma longa, Family Zingiberaceae).

All four herbs have shown either immunomodulatory, antiinflam-
matory, and/or antiviral properties. The plants have been studied indi-
vidually for their potential in the SARS-CoV-2 infections. Withania

somnifera has been proposed as an opportunity for repurposing in
Covid-19 (Saggam et al., 2021). Another study showed that witha-
none from Withania somnifera may reduce the glycosylation of SARS-
CoV-2 and inhibit viral replication (Patil et al., 2021). Withania somni-
fera has also been shown to improve cardiorespiratory endurance and
recovery, which may help in COVID-19 (Tiwari et al., 2021). Turmeric
has antiviral potential against dengue virus (Ichsyani et al., 2017) and
against H5N1 viral infections (Sornpet et al., 2017). Ginger counter-
acts H9N2 virus in a dose-dependent manner (Rasool et al., 2017),
and has antiviral activity against human respiratory syncytial virus in
human respiratory tract cell lines (Chang et al., 2013). Boswellia was
seen useful in the enhancing adaptive immune response in mild to
moderate symptoms of COVID-19 (Gomaa et al., 2021).

The proprietary combination in this study has shown efficacy in
randomized clinical trials in rheumatoid arthritis and osteoarthritis
(Chopra et al., 2000; Chopra et al., 2004; Chopra et al., 2018). Further-
more, it has proven to be very safe in extensive pre-clinical, clinical,
genotoxicity, acute and chronic toxicity studies, hERG Channel block-
ade and Cytochrome P450 enzyme studies (Dey et al., 2014; Dey
et al, 2015). The plant materials under study have been identified,
authenticated, and deposited in a Government of India Herbarium,
namely Central Council for Research in Ayurvedic Sciences (CCRAS)
based in Pune, India. The voucher numbers are W. somnifera (4390),
B. serrata (4391), C. longa (4392), and Z. officinale (4393). The use of
resources and work has been approved by the National Biodiversity
Authority of India. We hypothesized that BV-4051 can potentially
inhibit the cytokine storm in COVID-19, and hence may prevent the
morbidity and mortality.

2 | MATERIALS AND METHODS

The four cultivated plants in BV-4051 were extracted by a proprietary
process to yield the maximum bio-actives keeping in natural form
(Chitre & Dey, 2014). The extracts used in this study were obtained
from qualified suppliers that conform to the authenticity and proprie-
tary method. Each extract was standardized using High-Performance
Liquid Chromatography (HPLC), High-Performance Thin-Layer Chroma-
tography (HPTLC) and Spectrophotometry to yield the exact percent-
age of bio-active compounds. Each extract was tested for absence of
pesticides, residual solvent levels and heavy metals. The extracts were
formulated in exact ratio and manufactured into tablet form by a pro-
prietary method following Current Good Manufacturing Practices
(cGMP). The placebo tablets consisted of inert ingredients namely
microcrystalline cellulose, dicalcium phosphate and magnesium stea-
rate; combined and formulated in same shape, size and color to match

the active tablets, and also manufactured following cGMP standards.

21 | Study design

A multi-center, randomized, double-blind, placebo-controlled Phase Il

clinical study was conducted to assess the safety and efficacy of BV-
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4051 tablets combined with the current standard of care (SOC) and its
impact on inflammatory biomarkers in subjects with uncomplicated
moderate SARS-CoV-2 infections. The study was conducted from
September 2020 to April 2021 during the first and second waves of
the Covid-19 pandemic in India. The second wave largely consisted of
the Delta or B.1.617 variant (Sarkar et al., 2021; Udani, 2021). This vari-
ant was highly transmissible, and led to more than 400,000 new
reported cases per day and record number of deaths. Majority of the
subjects in this study were recruited during the second wave. A further
sub-set analysis was conducted on subjects who were treated with
Remdesivir as SOC, using the same primary and secondary end points.

Based on comparative trials in population at that time, we esti-
mated for determination of sample size, a one-sided log rank test with
an overall sample size of 170 subjects (85 in the treatment group and
85 in the placebo group) would achieve 80% power at a 0.025 signifi-
cance level to detect a hazard ratio of 1.67. Considering 6% dropouts
in the study, total 180 subjects (90 in the treatment group and 90 in
the placebo group) were to be enrolled in the study.

The study was conducted in compliance with the principles of the
Declaration of Helsinki, International Council for Harmonization -
Good Clinical Practice guidelines, and regulatory guidelines of Indian
Council of Medical Research (ICMR) and Department of AYUSH. All
required study documentation has been archived as required by regu-
latory authorities. The study was managed by a global Clinical
Research Organization (CRO) based in San Jose, California, USA. The
protocol was also filed with the Drug Control General of India,
ICMR and AYUSH. The study is registered in Clinical Trials Registry of
India with details as follows: CTRI/2020/09/027817. http://ctri.nic.
in/Clinicaltrials/showallp.php?mid1=46041&EncHid=&userName=BV-
4051

Approval of the Institutional Review Boards/Independent Ethics
Committees (EC) of the protocol, any protocol amendments, and
informed consent forms were mandatory. The EC approvals are avail-
able in the Supplement section of this manuscript. Subject participa-
tion was voluntary. The Flow Chart of Study Design is per Figure 1.
This study was conducted at four tertiary care, in-patient hospital
study centers in a competitive enrollment method. Full details are pro-
vided in the Protocol and Statistical Analysis Plan available with a full

text of this article.

2.2 | Inclusion and Exclusion criteria

Male and female subjects, aged 18-65 years with moderate COVID-
19 infections who were already hospitalized, with temperature = 38°C
(100.4 °F); plus at least one respiratory symptom (nasal congestion,
sore throat, cough, breathing difficulty); and at least one constitutional
symptom (aches/pains, fatigue, headache, chills, or sweats) were
screened. Only those subjects with confirmed SARS-CoV-2 infection
by Reverse Transcription - Polymerase Chain Reaction (RT-PCR) prior
to Visit 1 were included. All female subjects of child-bearing potential
and male subjects and their spouse/partner had to agree to use a

medically acceptable method of contraception throughout the entire

study period, and for 30 days for females and 90 days for males after
study discontinuation.

Subjects with severe COVID-19 infection requiring intensive
inpatient treatment were excluded. Subjects requiring systemic anti-
viral therapy prior to screening or those on immunomodulators, inter-
feron inducers, homeopathic, or hormonal (other than hormone
replacement) therapy were also excluded. Use of corticosteroids as
part of the SOC was permitted. Subjects who had uncontrolled hyper-
tension (systolic blood pressure > 140 mmHg or diastolic blood pres-
sure > 90 mmHg), diabetes, asthma (any current or recent, not
childhood if resolved), COPD, cardiac, hepatic, renal (eGFR<60) and
hematopoietic disorders, neurological disease, compromised immune
system (including patients on immunosuppressant therapy, or those
with cancer within the past 5 years or human immunodeficiency virus
[HIV] infection), endocrine disorders (including thyroid disorders), ana-
tomical nasal obstruction (including polyps and septal deviation) were
also excluded. Other exclusion criteria were clinically obese subjects
with BMI 240, recent history (within 6 months) of alcoholism or sub-
stance abuse, participation in other clinical trial within 1 month or dur-
ing the study, pregnant or breast-feeding female subjects, known
allergy to components of study medication, previous history of diffi-
culty swallowing capsules or tablets; and any other associated disease
or condition which, in the opinion of the investigator, may have
restricted or impeded participation in the study or affect the study
results.

2.3 | Efficacy endpoints

The primary endpoint was improvement in reducing the duration and
severity of illness compared to placebo. Investigational product (BV-
4051 or placebo) was started within 48 h and no more than 96 h after
onset of symptoms. A standard severity score of 0-3 scale was used
to determine the overall score (Treanor et al., 2000). Subjects partici-
pating in the trials were required to self-assess the Covid-19 associ-
ated symptoms as “none or 0,” “mild or 1,” “moderate or 2,” and
“severe or 3.” (Figure S1 Symptom Assessment Card [SAC] in Supple-
ment section). The duration of illness and time to improvement was
calculated from the time of treatment initiation to the time when all
symptoms including fever, nasal congestion, sore throat, cough,
breathing difficulty, aches and pains, fatigue, headaches, chills/sweat,
diarrhea, vomiting, smell and taste disorders were assessed as “none”
or “mild” (score 1 or 0), and stable for at least 24 h. Alleviation of
fever was defined as oral temperature lower than 37.3°C (99.1 °F)
and stable for at least 24 h (Cairns et al., 2022; Srivastava et al., 2021;
Tamiflu® Prescribing Data, 2012).

Secondary endpoints were the severity scores, and reduction in
duration of alleviation of individual symptoms from time O to the time at
which the symptom was less than or equal to mild and stable for at least
24 h. The percentage of subjects experiencing alleviation of COVID-19
symptoms at every 24 h post first dose to the end of Day 14 and the
average of severity scores every 24 h post first dose to the end of Day

14 were studied. Also included were an author-developed questionnaire
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for self-assessment of Quality of Life (QOL) (Figure S2 QOL card in Sup-
plement section), hospitalization rate of subjects with severe COVID-19
symptoms requiring intensive inpatient treatment, and the percentage of
subjects that experienced complications. Both the SAC and QOL cards
were filled by study subjects, verified by the Study Coordinator at each
site, and data were entered in the electronic Case Report Forms (e-CRF).
This was further reviewed by the Clinical Research Associates at each
site from the Clinical Research Organization (CRO), and the source data
was verified for accuracy and proper entry into the e-CRF.

Exploratory endpoints were improvement in biomarkers namely
IL-6, TNF, CRP, Erythrocyte Sedimentation Rate (ESR) and Lactate

Dehydrogenase (LDH) (Emadi et al., 2020). Safety was assessed by
monitoring and recording all adverse events (AEs), regular physical
examinations, hematology, chemistry, and 12-lead-electrocardio-
grams. Any other medications for COVID-19 other than allowed by
SOC were not permitted.

2.4 | Statistical analysis

All statistical analyses were performed using SAS® Version 9.4 or
higher (SAS Institute Inc., USA,). The mean duration of illness and of
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alleviation of individual symptoms was compared using Mann-
Whitney U-test between test and placebo groups. For the change
from baseline summaries, the baseline value was the value/
measurement recorded/taken at the baseline visit. Mean reduction in
duration of alleviation of individual symptoms, including fever, from
time O (first administration of study medication) to the time at which
the symptom is less than or equal to mild and stable for at least 24 h
was compared between treatment and placebo using non-parametric
Mann-Whitney U-test. Proportion of subjects experiencing alleviation
of COVID-19 symptoms at every 24 h post first dose to the end of
Day 14 was compared between treatment and placebo groups using
chi-square test. The average of severity scores every 24 h post first
dose to the end of Day 14 was compared between treatment and pla-
cebo groups using repeated measures ANOVA. Scores of Quality-of-
Life assessment based on the self-assessment questionnaire was com-
pared between treatment and placebo groups using repeated mea-
sures ANOVA. Proportion of subjects experiencing complications or
worsening of symptoms was compared between treatment and pla-
cebo groups using chi-square test. A summary of Adverse Events
(AEs) including the number and percentage of subjects with any AEs,
treatment emergent adverse events (TEAEs), serious adverse events
(SAEs), drug-related AEs, drug-related SAEs, discontinuations and inci-
dence was analyzed.

A p value <0.05 was considered to be statistically significant. All
analyses were performed according to ITT (Intent-to-Treat), PP (Per
Protocol), and Safety Analysis population. For this manuscript, only
the PP analyses has been reported for all efficacy endpoints. The

Adverse Events results are based on Safety set of analysis.

TABLE 1 Demographic and clinical characteristics at baseline®

3 | RESULTS
3.1 | Subjects

A total of 215 subjects were screened, 208 were randomized, 3 sub-
jects withdrew consent, and 205 subjects took 1,776 mg of BV-
4051 or placebo twice a day after meals for 14 days. 103 subjects
received BV-4051, and 102 subjects received placebo. 196 subjects
were analyzed under Intent to Treat (ITT) set, 175 (86.1%) subjects
were analyzed under Per Protocol (PP) set and 205 (98.6%) subjects
were analyzed under Safety set. 175 subjects completed the study
of which 89 subjects received BV-4051 with SOC, and 86 subjects
received Placebo with SOC. Total 30 subjects did not complete the
14 days of treatment and were not included in final PP analysis. Of
these two subjects withdrew consent after randomization, two sub-
jects withdrew due to adverse events, one subject was unable to
come for Visit 3 due to personal reasons, 17 subjects withdrew con-
sent at various times during the study, and eight subjects were lost
to follow up.

All demographic characteristics like gender, mean age, race, body
weight, height, and BMI were well-balanced between the groups
(Table 1). The SOC treatment was per Investigator's discretion follow-
ing the applicable Indian Council of Medical Research (ICMR) guide-
lines at that time, and consisted mainly of analgesics, antibiotics,
cough syrups, and corticosteroids. Since these were subjects with
moderate Covid-19, almost all received steroids. The average dose of
steroids was 4 mg once or twice per day. More than 50% subjects
took Remdesivir as part of SOC.

Characteristic (Unit) Statistics
Gender
Male n (%)
Female n (%)
Age (Years) N
Race
Asian n (%)
Caucasian n (%)
Height (cms) n (%)
Weight (kg) n (%)
BMI (kg/m?) n (%)
Subjects with at least one medical history n (%)
Central Nervous System n (%)
Ear Nose and Throat n (%)
Respiratory n (%)
Gastro-intestinal n (%)
Musculoskeletal n (%)
Skin conditions n (%)

BV-4051 (N = 102)

Placebo (N = 103)

Total (N = 205)

72 (70.6) 71 (68.9) 143 (69.8)
30(29.4) 32(31.1) 62 (30.2)
43.0 (12.34) 41.7 (11.74) 42.4(12.03)
99 (97.1) 99 (96.1) 198 (96.6)
3(2.9) 4(3.9) 7 (3.4)
165.9 (9.21) 166.4 (9.95) 166.2 (9.57)
69.2 (10.95) 67.7 (10.39) 68.5(10.67)
25.2 (3.57) 24.5 (3.26) 24.8 (3.43)
9(8.8) 12 (11.7) 21(10.2)
1(1.0) 1(1.0) 2(1.0)
1(1.0) 0 1(0.5)
1(1.0) 3(2.9) 4(2.0)

0 1(1.0) 1(0.5)
2(2.0) 3(2.9) 5(24)

0 1(1.0) 1(0.5)

Note: N = number of subjects in specified treatment group; n = number of subjects in specified category. Percentages are based on the number of subjects

in the specified treatment group.

*The values shown are based on available data.
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3.2 | Primary and secondary efficacy endpoints

The mean difference of reduction in duration of illness between the
two groups was statistically significant (p = 0.036) (Table 2). Subjects
experienced significant alleviation of fever on Day 4 (p = 0.034)
(Table 2). The mean Severity Scores of nasal congestion, sore throat,
cough, fatigue, headache, diarrhea, smell, and taste disorder decreased
greater in BV-4051 group than in placebo group and were statistically
significant (Table 2). In several parameters, on several days, patients in
BV-4051 group had improvement; but did not achieve statistically sig-
nificant levels. The mean Quality-of-Life score was improved gradually
in both groups by Day 14, but was not statistically significant
(Figure S3). The biomarkers showed improvement but did not reach
statistical significance. There were no complications or significant pro-

tocol deviations during the entire conduct of the study.

3.3 | Safety and adverse events

There were total 13 AEs reported in five (2.4%) subjects (two in BV-
4051, three in Placebo group). Of the total AEs, four were in BV-

4051 and nine were in Placebo group. All the AEs were moderate in
severity, resolved during study and were noted to be unrelated to
the study product. Most common AEs were increase in LDH (1.5%),
CRP (1.5%) and TNF (1.0%). Other reported AEs were inflammation
in limbs, increase in glucose, increase in IL-6, hypertension, and
vomiting (0.5%). While the biomarkers were exploratory endpoints in
the study, extremely high values were considered as AEs by the Prin-
cipal Investigators and recorded as such. Hematology, biochemistry,
urinalysis, and 12-lead-electrocardiograms did not show any note-

worthy changes.

3.4 | Efficacy subset analysis with remdesivir

53 subjects received BV-4051 with Remdesivir, and 47 subjects
received placebo with Remdesivir. In subjects with BV-4051 and
Remdesivir, the mean duration required for reduction of illness was
less [7.8 (+3.23) days] compared to placebo and Remdesivir [8.9
(£2.95) days]. The median duration of illness was 8.0 days for BV-
4051 with Remdesivir and 10.0 days for placebo with Remdesivir,
and was statistically significant (p = 0.030) (Table 3). The mean

TABLE 2 Primary and secondary efficacy analysis with severity scores of symptoms
Primary efficacy end point BV-4051 n = 89 Placebo n = 86 p value*
Reduction in duration of illness (in Days) Mean 7.1(3.31) 8.0(3.47) 0.036*
Median 8.0 9.0
Alleviation of Fever (Day 4) n (%) 19.0 (34.5) 10.0 (16.9) 0.034*
Secondary efficacy end points: Severity scores of symptoms
Day 1 Day 7 Day 8 Day 13
BV-4051 Placebo BV-4051 Placebo BV-4051 Placebo BV-4051 Placebo
Mean Mean Mean Mean Mean Mean Mean Mean
Symptoms (SD) (SD) p value* (SD) (SD) p value* (SD) (SD) p value* (SD) (SD) p value*
Nasal 20(1.21) 22(1.18) 0356 1.2(0.96) 1.5(0.90) 0.050* 1.1(0.88) 1.4(0.88) 0.052 0.1(0.30) 0.2(0.35) 0.123
Congestion
Sore Throat 211.08) 23(1.05 0292 1.2(0.89) 15(0.89 0091 1.1(0.84) 1.3(0.85 0.078 0.1(0.25) 0.2(0.37) 0.011*
Cough 2.2(0.97) 2.3(0.98) 0.706 1.2(0.86) 1.4(0.82) 0.140 1.0(0.78) 1.2(0.77) 0.090 0.1(0.21) 0.2(0.35) 0.014*
Breathing 20(1.13) 22(1.15) 0415 1.1(0.88) 1.3(0.91) 0.151 0.9(0.77) 1.1(0.78 0.167 0.1(0.23) 0.1(0.30) 0.176
Difficulty
Aches and 2.2(1.01) 23(095) 0345 1.1(0.79) 1.2(0.79) 0411 0.9(0.68) 1.0(0.72) 0.089 0.1(0.26) 0.1(0.33) 0.735
pains
Fatigue 2.1(1.05 22(1.03) 0.620 1.0(0.80) 1.2(0.78) 0.130 0.8(0.69) 1.1(0.68) 0.021* 0.1(0.43) 0.2(0.38) 0.438
Headache 21(1.09) 21(1.08) 0.711 1.0(0.73) 1.2(0.79) 0.117 0.8(0.69) 1.0(0.73) 0.082 0.1(0.20) 0.1(0.28) 0.335
Chills or 20(1.13) 22(1.03) 0.285 09(0.77) 1.1(0.82) 0088 0.8(0.69) 1.0(0.76) 0.144 0.0(0.19) 0.1(0.25) 0.365
Sweats
Diarrhea 1.8(1.35) 2.0(1.24) 0253 0.9(0.83) 1.2(0.89) 0.081 0.8(0.74) 1.0(0.79) 0.043* 0.0(0.14) 0.1(0.19) 0.346
Vomiting 1.8(1.38) 2.0(1.27) 0200 0.9(0.80) 1.1(0.88) 0.066 0.8(0.75) 1.0(0.81) 0.062 0.0(0.14) 0.1(0.22) 0.197
Smell 1.9(1.22) 2.1(1.17) 0362 1.0(0.83) 1.2(0.82) 0.062 09(0.74) 1.1(0.73) 0.108 0.0(0.18) 0.2(0.36) 0.004*
Disorders
Taste 20(1.18) 21(1.15) 0.587 1.0(0.82) 1.2(0.83) 0.143 0.8(0.75) 1.0(0.73) 0.096 0.0(0.18) 0.2(0.39) 0.004*
Disorders

Note: n = number of subjects in specified category. Note 1: p value* is calculated for between group data using repeated measures ANOVA. Note 2:
*Median difference, 95% Cl and p value is calculated for non-parametric Mann-Whitney U-test. Note 3: Duration of illness = the length of time to
alleviation of all symptoms including fever and other symptoms including breathing difficulty, nasal congestion, sore throat, cough, headache, body ache,
fatigue, diarrhea, vomiting, chills or sweats, taste and smell disorders. p values of < 0.05 are statistically significant and bold.
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Severity Scores of nasal congestion, sore throat, cough, fatigue,
headache, diarrhea, smell and taste disorder decreased considerably
in BV-4051 with Remdesivir group than in placebo with Remdesivir
group and were statistically significant (Table 3). Higher number of
subjects on BV-4051 with Remdesivir had alleviation of taste disor-
der on Day 5 (p = 0.026); for fever (p = 0.011), nasal congestion
(b = 0.027), headache (p = 0.025) on Day 7; and sore throat on Day
10 (p = 0.032) (Table 4). The mean (SD) Quality-of-Life score
improved gradually in both groups by Day 14 but was not statisti-
cally significant.

In subjects on BV-4051 without Remdesivir, the mean differ-
ence in IL-6 values on Day 14 between the two groups was statis-
tically significant (p = 0.042). The mean change in IL-6 from
baseline in BV-4051 without Remdesivir group was also statisti-
cally significant (p = 0.044). In subjects with Remdesivir, this dif-
ference was not statistically significant. Although reduction in
other biomarkers were noted, these were not statistically signifi-
cant (Table S1).

4 | DISCUSSION
The present study was conducted with a natural Ayurvedic polyherbal
formulation BV-4051, containing a proprietary combination of Ashwa-
gandha, Boswellia, Ginger, and Turmeric. It was evaluated in a ran-
domized clinical trial in hospitalized moderate Covid-19 patients for
the first time in this study. BV-4051 significantly reduced the duration
of Covid-19 illness and severity scores of individual symptoms. In the
subset analyses, the BV-4051 with Remdesivir group had statistically
significant reduction in duration of illness and of severity scores of
various symptoms, versus those on Remdesivir and placebo. This may
also point to an adjunctive or additive effect of BV-4051 to current
standard of care.

Various biomarkers are associated with COVID-19 progression.
Of these, IL-6 appears to be the most important driver of immune
dysregulation and acute respiratory distress (Magro, 2020), and pre-
dictor of mortality (Han et al., 2020). The WHO has recommended
IL-6 receptor blockers, with corticosteroids in critically ill patients

TABLE 3 Primary and secondary efficacy analysis with remdesivir group
Primary efficacy end point BV-4051 with Remdesivir n = 53 Placebo with Remdesivir n = 47 p value*
Reduction in duration of iliness (in Days)" Mean (SD) 7.8(3.23) 8.9 (2.95) 0.030*
Median" 8.0 10.0
Secondary efficacy end points: Severity scores of symptoms
Day 1 Day 7 Day 8 Day 11
BV-4051 Placebo BV-4051 Placebo BV-4051 Placebo BV-4051 Placebo
Mean Mean Mean Mean Mean Mean Mean Mean
Symptoms (SD) (SD) p value* (SD) (SD) p value* (SD) (SD) p value* (SD) (SD) p value*
Nasal 2.5(0.97) 2.6(1.01) 0.540 14(0.88) 1.8(0.72) 0.014* 1.3(0.81) 1.7(0.75) 0.022* 0.7(0.62) 0.8(0.55) 0.285
Congestion
Sore Throat 24(0.93) 2.6(0.99) 0.500 1.5(0.78) 1.8(0.73) 0.033* 1.2(0.77) 1.6(0.70) 0.012* 0.6(0.64) 0.8(0.53) 0.036*
Cough 2.5(0.81) 2.6(0.79) 0.505 1.4(0.77) 1.6(0.67) 0.135 1.2(0.68) 1.5(0.63) 0.016* 0.6 (0.54) 0.8(0.51) 0.075
Breathing 2.3(1.01) 2.6(0.75) 0.099 1.3(0.81) 1.6(0.77) 0.086 1.1(0.72) 1.3(0.70) 0.116 0.5(0.52) 0.6(0.48) 0.125
Difficulty
Aches and 24(0.97) 2.5(0.96) 0.434 1.3(0.75) 1.3(0.73) 0554 0.9(0.66) 1.2(0.66) 0.024* 0.4(0.51) 0.6(047) 0.185
pains
Fatigue 24(0.94) 25(0.87) 0.493 1.2(0.77) 14(0.63) 0.121 0.9(0.67) 1.3(0.56) 0.002* 0.5(0.61) 0.6(0.52) 0.156
Headache 24(0.95) 2.5(0.96) 0.644 1.2(0.64) 1.4(0.66) 0.066 0.9(0.65 1.2(0.69) 0.031* 0.4(047) 0.6(0.54) 0.025*
Chills or 2.3(1.03) 2.5(0.93) 0.405 1.1(0.69) 14(0.72) 0.071 1.0(0.63) 1.2(0.74) 0.179 0.4(0.52) 0.6(0.52) 0.106
Sweats
Diarrhea 2.1(1.24) 24(1.08) 0.198 1.1(0.77) 14(0.78) 0.103 0.9(0.71) 1.2(0.75) 0.056 0.3(0.47) 0.5(0.48) 0.044*
Vomiting 2.1(1.25) 2.5(1.03) 0.160 1.1(0.75) 1.4(0.76) 0.043* 0.9(0.71) 1.2(0.77) 0.044* 0.3(0.48) 0.5(0.49) 0.081*
Smell 2.3(1.05) 2.5(0.95) 0.341 1.2(0.77) 1.5(0.74) 0.048* 1.0(0.69) 1.3(0.66) 0.037* 0.4(0.50) 0.6(0.48) 0.041*
Disorders
Taste 2.3(0.99) 2.5(0.94) 0.492 1.2(0.77) 15(0.75) 0.101 1.0(0.71) 1.2(0.67) 0.056 0.4(0.48) 0.6(0.48) 0.043*
Disorders

Note: n = number of subjects in specified category. Note 1: p value* is calculated for between group data using repeated measures ANOVA. Note 2:
AMedian difference, 95% Cl and p value is calculated for non-parametric Mann-Whitney U-test. Note 3: Duration of illness = the length of time to
alleviation of all symptoms including fever and other symptoms including breathing difficulty, nasal congestion, sore throat, cough, headache, body ache,
fatigue, diarrhea, vomiting, chills or sweats, taste and smell disorders. p values of < 0.05 are statistically significant and bold.
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TABLE 4 Subjects experiencing alleviation by remdesivir group
Symptoms BV-4051 n = 53 Placebo n = 47 p value*
Fever Subjects with Moderate or Severe symptoms n 12 10
Day 7 Subjects without Alleviation n 4 9
Subjects with Alleviation n 8 1 0.011*
Nasal Congestion Subjects with Moderate or Severe symptoms n 38 40
Day 7 Subjects without Alleviation n 31 39
Subjects with Alleviation n 7 1 0.027*
Headache Subjects with Moderate or Severe symptoms n 30 32
Day 7 Subjects without Alleviation+ n 17 27
Subjects with Alleviation n 13 5 0.025*
Sore Throat Subjects with Moderate or Severe symptom n 16 17
Day 10 Subjects without Alleviation n 7 14
Subjects with Alleviation n 9 3 0.032*
Taste Disorder Subjects with Moderate or Severe symptoms n 39 40
Day 5 Subjects without Alleviation n 34 40
Subjects with Alleviation n 5 0 0.026*

Note: n = Number of Subjects in specified category on specified day. Alleviation symptoms: Symptom is less than or equal to mild (score is 1 or 0) and
stable for at least 24 h. Note 1: *p value is calculated between group data using Fisher's Exact test. p values of < 0.05 are statistically significant and bold.

(Chen et al., 2021). In the present study, in the subset analysis, there
was decrease in IL-6 in subjects on BV-4051 who did not receive
Remdesivir. At the same time there was a significant rise in IL-6 in the
placebo group. This may suggest a strong immuno-modulatory effect
of BV-4051.

The study would have benefited if quantitative PCR was available
widely, as it is now. It would be good to study BV-4051 (Tradename
ARTOVID-20®) in a larger population that is multi-ethnic, over multi-
ple continents, and against other viruses. It may be interesting to see
a comparative study of BV-4051 against other natural therapies such
as TCM. In this study, we had to give SOC for ethical reasons along
with investigational product or placebo. It would be useful to explore
how BV-4051 will work independent of SOC in Covid-19 and its

complications.

5 | CONCLUSION

The study formulation BV-4051 (ARTOVID-20®) can reduce the
duration of illness, severity of symptoms, and ultimately prevent the
incidence of COVID-19 complications and boost immunity. BV-4051
helps in reduction of inflammatory biomarker like Interleukin-6. It
shows benefits when administered along with Remdesivir; and may
have an adjunctive effect with other standard of care. As an afford-
able oral, natural plant-based product, BV-4051 may have a place as
a pre-COVID exposure prophylactic strategy and a post-exposure
therapeutic modality, especially in high-risk populations and in
essential services. Additional studies may be warranted to further
demonstrate the efficacy, and for use as a long-term broad-spectrum
immuno-modulator against variants of COVID-19 and other viral

infections.
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