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Abstract

This Protocol of Research Procedures is designed for the ur-
gent justification of a herbal supplement for the prevention of the
CoVID-19 infection among workers exposed to the virus. The study
includes a pilot clinical trial for the effects of the supplement on the
quality of life of consumers including clinical ‘Cold’ symptoms and
their immunological changes responding to the supplement. The
major investigation will be concentrated on the in-vitro and in-vivo
studies on the immune responses to the herbal extracts with special
emphasis on Macrophage reactions.

The herbal formula aimed at the boostering of one’s innate immu-
nological defense and had been clinically tested in the 2003 SARS
crisis when over 2,000 at risk hospital attendants took it as a pre-
ventive supplement for 2 weeks after which none was infected com-
pared with a 0.4% infection rate among over 10,000 other attendants
who served as ‘Controls’. Subsequent studies in the laboratory fur-
ther supported its immunological effects. It is expected this extension
study could further justify the herbal formula as an evidence-based
self-protective prevention agent against respiratory tract viral infec-
tion like Vitamin D which has undergone decades of investigation
eventually endorsed.
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Introduction

An outbreak of pneumonia caused by Novel Corona virus
(CoVID-19) in Wuhan, Hubei province in China, started in De-
cember 2019, and spread to more than 40 countries worldwide.
This outbreak brought back memories of the severe acute respirato-
ry syndrome (SARS) in China and Hong Kong in 2003, caused by a
SARS-CoV2-coronavirus [1-5]. SARS-CoV-2 rapidly spread from
southern China in 2003 and infected more than 3000 people, killing
774 by 2004. In 2012, the Middle East Respiratory Syndrome (MERS)
Corona-virus (MERS-CoV), a lethal zoonotic pathogen that was first
identified in humans in the Kingdom of Saudi Arabia. It continued to
emerge and re-emerge through intermittent sporadic cases, commu-
nity clusters and nosocomial outbreaks [6]. Severe pneumonia is as-
sociated with the coronavirus infections [7-10]. There was significant
correlation between the levels of interleukin (IL)-6, IL-10 and IL-15
and disease severity [2,11,12]. From clinical studies of patients who
died of SARS and other related animal studies, extensive lung damage
was s associated with high initial viral loads, increased inflammatory
monocyte-macrophages accumulation in the lungs, and elevated se-
rum proinflammatory cytokines [13,14]. Therefore, inflammation is
the most important pathological process in the airway of patients with
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viral pneumonia. Treatment of corona virus associated pneumonia up
to now, is mainly supportive due to the lack of specific anti-viral med-
ication and vaccination.

The present CoVID-19 virus greatly resembles the SARS virus in
structure, although its infectivicity greatly exceeds that of SARS while
the mortality appears lower. In spite of the differences, the principle
of treatment for both coronal viruses up to now, follows closely, while
vaccination is to be waited.

Pathological changes in the immunological system in re-
sponse to viral attack

Innate immune cells are the frontline cells in respond to viral in-
fections. Virus replication-induced production of cytokines from air-
way epithelium recruits innate immune cells to the site of infection.
These leukocytes, including neutrophils, monocytes, macrophages,
dendritic cells, eosinophils, natural killer cells, innate lymphoid cells
and Gamma delta (y8) T cells, become activated in response to virus,
to contain the virus and protect the airway epithelium while trigger-
ing the adaptive immunity. However, excessively activated immune
response can lead to the increasing influenza pneumonia severity
[15,16]. Anti-influenza virus activities of innate immune cells play the
central regulatory roles for the balance between immune protection
and immunopathology during virus infection [17].

Corona virus is an enveloped positive-sense RNA virus, which
is characterized by club-like spikes projecting from its surface [18].
Macrophages, the major effector cells in the innate immune system,
recognizes viral infection through Pattern Recognition Receptors
(PRRs) such as Toll like receptors (TLRs) and RIG-I-like receptor
(RLRs) which detect the conserved microbial components called
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pathogen-associated molecular patterns (PAMPs). During infection,
TLR and RLR are essential for the recognition of microbial pathogens
to activate intracellular signaling pathways for distinct pattern of gene
expression that result in innate immune response against microbial
infections and the development of antigen-specific acquired immu-
nity. Among various know PRRs,TLR3 responses to double stranded
RNA, a replication intermediate for many viruses [19]. TLR3 is there-
fore involved in antiviral responses by triggering the production of
antiviral cytokines such as interferon (IFN) and other Th1 cytokines.
RIG-1-like receptors (RLRs) constitute a family of cytoplasmic RNA
helicases which are important to initiate the host antiviral responses.
For example, RIG-I/retinoic-acid-inducible gene 1 has been shown to
sense viral RNA, leading to production of type I interferons/IFNs [20].
In our previous studies on adults hospitalized with viral infection, we
confirmed that TLRs played an important role for innate viral inhibi-
tion in naturally occurring influenza [21].

What can we do against getting infected?

We all yearn for the vaccine which directly challenges the CoVID-19
virus. Before the vaccine becomes a reality, we could only concen-
trate on Self-Protection.

Apart from physically guarding against the coronal virus like
avoiding personal contacts and safety apparels, face masks etc. sus-
ceptible people in the epidemic areas could be enlightened on how to
protect themselves via normal physiological channels. Immunological
defense has been mentioned in the last paragraph. A state of immuno-
logical harmony exists in the normal individual when his/her nutri-
tional state is perfect and physical activities well balanced. In addition,
specific immunological boostering supplements could be considered
under special circumstances. Good choices of immunological boost-
ering supplements are available. They do not target against the patho-
gen; neither do they claim specific respiratory relieves. They help the
individual to improve his/her immunological defense against infec-
tion.

Traditional Chinese Medicine has long been used for flu-like syn-
drome prevention with reported good results. In the SARS outbreak
in 2003, we have developed an innovative herbal formula Kwan Du Bu
Fei Dang ($15##fii%) [KDBFD] with the aim of helping frontline
healthcare workers to prevent contracting the disease. It was based
on two classical, popularly used herbal formulae for treating influen-
za-like syndrome known as Wan Bin (;&#%) [8,22]. The formula was
a combination of Sang Ju Yin (52%58R) and Yu Ping Feng San (E/#
B EK) plus two other herbs with well-known antiviral properties. The
front-line workers were spread in 11 hospitals which were accommo-
dating over 900 infected patients under special care. Serving atten-
dants were obviously under high risks although they were physically
well protected. The aim of the supplement was to initiate better innate
immunological function among them.

Details of the components of the formula KDBFD and the dosages
are given in the table 1 as below.

2061 Frontline workers took the formula for 2 weeks, none of them
was infected, in contrast to a 0.4% infection rate among those not tak-
ing KDBFD. Laboratory studies done subsequently, provided more
evidence of the immuno-boostering effects of the innovative formula
[8,22].

Folium Mori (&) 3.75 gm
Flos Chrysanthemi (F1E) 1.5gm
Semen Armeniacae Amarum (1) 3gm
Fructus Forsythiae (E#8) 2.5gm
Herba Menthae GET) 1.25gm
Radix Platycodonis (¥#8) 3gm
Radix Glycyrrhizae (H &) 1.25gm
Rhizoma Phragmitis (FE4R) 3gm
Radix Scutellariae (ES) 6gm
Folium Isatidis (K &%) 8gm
Radix Astragali (FHEK) 7.5 gm
Radix Saposhnikovia (Ff/&.) 5gm
Table 1: KDBFD Formula.

Protocol for the Development of a Preventive Agent against
CoVID-19 infection for personal protection

Aims and Hypotheses

To cope with the current life threatening coronavirus outbreak, we
herein hypotheses that KDBFD could be a specific preventive agent
for the personal protection against the CoVID-19 infection.

Historically, KDBFD has been used to prevent flu-like syndrome.
During the SARS crisis 17 years ago, it has helped at risk front-line
hospital workers successfully resisting the infection. Since there are
similarities between SARS and the present CoVID-19 pandemic,
there is good chance that KDBFD could work equally well. Apart from
investigating the underlying mechanisms of action which will provide
more evidence for its use in the prevention of viral infections, a proper
clinical study would give additional evidence of its preventive value.

A. Clinical Study

Since the crisis of CoVID-19 epidemic in Hong Kong is not yet
over, a clinical trial on the preventive value of KDBFD could be done
on volunteers facing extra risks of infection like certain hospital work-
ers, people under quarantine and perhaps discharged patients, many
of whom were reported to get ‘re-infected’ The design of the study
follows the standard requirements of a single arm, self-control, shift
over pilot study arrangements. A total of 30 volunteers would be the
target inclusion.

(As a matter of fact, a single arm, self-control, cross-over pilot study
focusing on prevention using only KDBFD already started in March
2020).

Inclusion: a) All ages who fulfil the “high-risk” criteria.

b) All subjects undergoing quarantine.

¢) Patients recovered from the infection.

Exclusion: a) Acute infections, chronic diseases experiencing exac-
erbations.

b) Children below 12 Sensitivity to Herbal Medicine.

Medication: One standard dose of KDBFT daily for 2 weeks.
Outcome measures: a) Quality of Life.

b) Symptoms of influenza

¢) Immunological Studies.

Subjects will be required to take one sachet of KDBFD (4 g) or pla-
cebo once per day for 14 days, then the two groups would shift over.
Blood samples will be collected from them, and checked for the ex
vivo production of cytokines, and the percentage and absolute num-
bers of CD4+ and CD8+ T-lymphocytes, the CD4/CD8 ratio, CD56+
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NK cells, and CD19+ B-lymphocytes will be evaluated. The plasma
concentrations of inflammatory cytokines/chemokines (e.g. IL-1p, IL-
6, TNF-a, CXCL8, CCL2 and IL-17) of participants will be measured
by enzyme-linked immunosorbent assay (ELISA) kits following the
manufacturer’s instructions.

B. Statistical Analysis

Statistical analysis will be performed using SPSS ver. 22 (IBM SPSS
Inc., Chicago IL.).

For the sample size consideration, we think 30 volunteers is sufficient
for the self-control pilot study.

Continuous variables will be compared by Student’s T test or
Mann-Whitney U-test.

Paired t-test will be utilized to evaluate the difference between pre-
treatment mean and post-treatment mean.

Categorical variables will be compared by Chi-square test or Fisher’s
Exact Test.

The percentage changes from baseline to 2 weeks of treatment with
KDBFD and Vitamin D will be analyzed by using Chi-Square test.

A two-tailed P value of less than 0.05 is considered statistically signifi-
cant.

C. Immunological Studies
1. Macrophage Studies

a. To investigate the direct in vitro effects of KDBFD extract on coro-
navirus-related CoVID-19 spike protein, TLR3 ligand polyinosin-
ic-polycytidylic acid (polyIC) and RIG-like receptor ligand polyIC/
LyoVec complexes-activated the co-culture of human peripheral mac-
rophages and alveolar basal epithelial cells A549 cells in term of (i)
production of essential inflammatory cytokine IL-1p and IL-6, and
chemokine CXCLS8 for neutrophils, CCL2 for monocytes and Th17
cytokine IL-17 (ii) cell surface expression of adhesion molecule
CD11b/Mac-1 on macrophages and alveolar basal epithelial cells and
(iii) adhesion of macrophages onto alveolar basal epithelial cells.

b. To focus on the relationship between the KDBFD extract-medi-
ated activation of crucial intracellular signaling molecules, including
ERK, c-Jun amino-terminal kinase (JNK), p38 MAPK, and inflam-
matory transcription factor NF-kB, and the expression of cytokines,
chemokines and adhesion molecules, as well as macrophage adhe-
sion.

c. Using viral derivative dsRNA PolyIC-mediated pneumonia BAL-
B/c mice to evaluate the in vivo immunoregulatory and anti-in-
flammatory activity of the intraperitoneal administration of murine
KDBFDextract on the concentration of pneumonia-related cytokines/
chemokines, the accumulation of neutrophils, macrophages and reg-
ulatory T cells (Treg), Th17 and Th1/2 cells in circulation and bron-
choalveolar lavage (BAL) fluid, and histopathological changes of lung.

d. Human Monocyte-derived Macrophage from fresh human buffy
coat will be obtained from healthy volunteers of the Hong Kong Red
Cross Blood Transfusion Service for the purification of primary hu-
man macrophages. Peripheral blood mononuclear cells (PBMC) will
be isolated by Ficoll density (1.082 g/ml) centrifugation for 25 min
at 1800 rpm. After RBC lysis, CD14 specific MACS beads (Miltenyi
Biotec) will be used for the enrichment of CD14+ Monocytes. For the
induction of macrophage differentiation, CD14+ monocytes will be
cultured in tissue-culture plates for 6-7 days in RPMI 1640 medium

with L-glutamine, 10% FCS, 1% Penicillin-Streptomycin, 1% Sodium
pyruvate and 1% Glutamax (GIBCO) and GM-CSF (25 ng/mL) at a
density of 1.5 x 105/cm2 [28].

e. Assay of cytokines and chemokines.

The concentrations of pneumonia-related cytokines/chemokines (IL-
1B, IL-6, TNF- a, CXCL8, CCL2 and IL-17) in culture supernatant
or mouse serum will be quantitated by Bio-plex human cytokine/
chemokines multiplex assay by using the Bio-plex 200 System (Bio-
Rad) [24,29-31].

f. Assessment of adhesion.

Alveolar basal epithelial A549 cells will be cultured to confluence in
a 24-well culture plate, and then rinsed with PBS at 37°C to prevent
cell detachment. Macrophage suspensions (5 x 10°/ml) with different
treatment will then be applied onto A549 cells in the culture plate.
The epithelial cells-macrophages co-cultures will be incubated, with
or without KDBFD extract, for a further 2 hours and 18 hours. After
incubation, the plate will be rinsed twice with warm PBS, dried and
stained with Giemsa staining solutions. The numbers of macrophages
attached onto the A549 cells will be counted in three randomized
low-power fields (100X) per well under an inverted microscope, in
accordance with our established method [32].

g. Luciferase reporter assay for NF-«B activity.

Macrophages will be cultured in 96-well plate (4 x 10* cells/well)
with RPMI 1640 medium supplemented with 10% heat inactivated
FBS for 4 hours, and transfected with 200 ng of NF-«xB reporter plas-
mid (Promega) using FUGENE® HD transfection reagent together
with a DNA-transfection reagent (ratio of 1:3). After 36-hours incu-
bation, the cells will be treated with KDBFD extract with or without
other stimulators and Luciferase activity will be measured using es-
tablished Luciferase Assay System [24].

h. Flow cytometry of adhesion molecules on the cell surface

Direct immunofluorescent staining will be used to determine the cell
surface expression of CD11b/Mac-1 on macrophages and epithelial
A549 cells [24-27]. The cells will be washed and blocked with human
pooled serum and incubated either with FITC-conjugated primary
mouse anti-human IgG antibody against the specific cell surface anti-
gens, or with mouse IgG isotype antibody. After washing, the cells will
be resuspended in PBS with 0.1% BSA. Surface adhesion molecules
will be analyzed by flow cytometry (BD FACSVia flow cytometer). The
expression of the adhesion molecules on these two cell types will be
analyzed separately by flow cytometry gated by their distinct pattern
of forward and side light scatter [25,27-30].

i. Intracellular staining of activated (phosphorylated) signalling
molecules

Established quantitative flow cytometry will be used to investigate the
activation of signalling molecules in macrophages and epithelial A549
cells. Macrophages or epithelial A549 cells with different treatments
will be fixed with 4% formaldehyde for 10 minutes at 37°C. The cells
will be washed once and permeabilized in ice-cold absolute methanol
for 30 minutes, then stained with FITC-conjugated mouse anti-hu-
man monoclonal antibodies against phosphorylated ERK1,2, JNK,
p38 MAPK and inhibitor kappaB (IKB) or isotypic control mouse
IgG1 for 30 minutes at 4°C in the dark. The cells will then be washed,
re-suspended and subjected to analysis. Expression as mean fluores-
cence intensity (MFI) of intracellular signaling molecules of 10,000
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macrophages or epithelial A549 cells, will be separately analyzed by
flow cytometry gated by their distinct pattern of forward and side light
scatter by using flow cytometer [25,28,31].

Note: All in-vitro studies would need two times repetitions
Animal Study

Mice with CoVID-19 spike protein, Poly(IC) and polyIC/Ly-
oVec-induced pneumonia [32]

Inbred female BALB/c mice (6-8 weeks old) will be bred under
specific pathogen-free conditions and maintained at our Laboratory
Animal Services Centre, CUHK. Mice will be anesthetized by inhaled
diethyl ether, and 50 mg of CoVID-19 spike protein with poly (IC) or
polyIC/LyoVec (Inivivogen) will be administered intranasally (i.n.).
Optimized dose of KDBFD extract will be given by intraperitoneal
(i.p.) injection just before the sensitization and challenge. Mice will be
given CoVID-19 spike protein and poly (I:C), polyIC/LyoVec or PBS
on day 0 and day 3 and will be sacrificed at day 1, 4 and 7. Broncho-
alveolar lavage fluid (BALF) will be collected for the flow cytometric
analysis of immune cell infiltration. Lung tissue will be fixed and sec-
tions will be stained with hematoxylin and eosin (H&E) and toluidine
blue/Giemsa staining solutions for examining morphological changes,
and pulmonary infiltration of neutrophils, macrophages and T cells.
Serum will be obtained for the assay of pneumonia-related inflamma-
tory cytokines/chemokines (e.g. IL-1p, IL-6, TNF-a, CXCL8, CCL2
and IL-17). Splenic CD4+CD25+Foxp3+ Treg and Th17 cells will
be analysed by flow cytometric analysis [29,33]. Results will then be
compared among Poly(IC)/polyIC/LyoVec-induced pneumonia mice
with or without Kwan Du Bu Fei Dang extract and normal mice. Two
groups of mice with 6 in each group would be the rule of study.

Discussion

While we ae still actively living and working within the present
most insidious environment of the CoVID-19 epidemic, the fear and
uncertainties have reached an ever-incomparable altitude. Since no ef-
fective vaccine is yet available, people living either in the seriously af-
fected zone or vicinities are all longing for some preventive agent with
sufficient reliability, to protect themselves against getting infected.

We come across the Harvard Gazette of February, 2017 [34] which
quoted two most informative publications concerned with the use of
Vitamin D to protect against Colds and Flu. Scientific evaluations are
concentrated on immunological defence while clinical reports are
concerned with epidemiological efficacy data. The authors gave good
evidences of Vitamin D providing anti-inflammatory effects via in-
nate and adaptive immune responses [35]. On the clinical side, con-
troversial reports did not allow definite conclusions on the preventive
efficacy [36]. In spite of the failure to get an unequivocal one-word
answer of “yes” or “no” to the question of whether Vitamin D should
be endorsed as a preventive, or adjuvant agent for prevention, in view
of the lack of effective preventive agent, authors still advise that Vita-
min D should be considered together with other essential nutritives as
favorable in the overall support and fight against the infection [34].

Cold and Flu affections most probably have been common for all
human beings ever since the pre-historical era. Traditional Chinese
Medicine which served the Chinese people since over 3,000 years ago,
has valuable records on the use of herbs for the treatment and pre-
vention of Cold and Flu. In the past decades, many of these herbs and
herbal formulae have been put on bioactivity platforms and shown to

be anti-inflammatory and immunologically boostering [37,38]. Clin-
ical trials with different levels of reliability have also been done, re-
sulting in an over-all conclusion of unconfirmed efficacy, yet showing
positive complex immunological responses favouring prevention in
situations of viral attacks [39]. The conclusion looks similar to that of
Vitamin D research [40].

During an epidemic, clinical trial arrangement is difficult if at
all possible. In the 2003 SARS outbreak in Hong Kong, over 900 in-
fected patients were hospitalized in eleven hospitals. A total of over
12,000 workers were involved in the services involved. We managed
to arrange within a short time of 10 days a clinical trial of self-control
nature for the at-risk workers using the herbal formula KDBFD as a
self-protection measure. 3,160 workers volunteered to take the pre-
scription for two weeks, followed by a quality of life assessment and
infection rate check. The result gave a zero infection for the herbal
group compared with a 0.4% infection rate of other hospital workers
serving as controls. 37 donated blood samples before and after herb-
al consumption for immunological assessments which demonstrated
boostering effects on the innate protective ability [23]. We have con-
fidence therefore choosing KDBFD as a potential preventive agent
against the CoVID-19 coronal viral infection this present time.

The research protocol being presented has a major emphasis on the
herbal medication’s immunological effects in the laboratory while the
clinical trial could only serve as a preliminary investigation on its real
preventive effects. However, the changes in the immunological state of
the volunteers would be helpful as further evidence on the preventive
value of KDBFD.

Many medicinal herbs have been described as preventive and
treatment choices to combat against Cold and Flu. KDBFD contains
herbs that are most frequently used for the same purpose of anti Cold
and Flu. None of the constituents is phytochemically toxic and report-
ed adverse effects have all been mild. KDBFD could be considered
an up-date representation of the classical wisdom of ancient healers
who were ignorant about causes of diseases and pathological changes
involved.

Once the complex events which affect the immune responses
during the consumption of the herbal formula could be clearly worked
out, its endorsement of application as a personal protection agent, like
Vitamin D is expected. The platform studies will give evidence-based
support to the said formula’s immunological boostering effects, thus
giving it solid support for subsequent development into a Preventive
Agent against viral respiratory infection at large.

Before the target orientated vaccine is ready, the self-protective im-
munologically boostering supplement could be advocated as a good
personal choice.
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