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ABSTRACT

Introduction: Vaccine protects the recipient against invading bio-organisms
via the Adaptive Immunity System. Vaccination works well if the organism
has a constant unchanging structure. However, if variants develop and keep
changing, vaccination becomes ineffective. The COVID-19 pandemic has
given us sufficient warnings that variant could be worrying. Additional
measures to prevent infection are very much desired.

“Trained Immunity” has been described as a unique non-specific innate
system of immunological defense outside the adaptive system. It could be
stimulated after various types of infection or via the influence of immune-
stimulating compounds like B glucan, which is a polysaccharide.

Use of Herbal Combinations in the Viral Epidemics: Reviewing China’s
multiple reports on the combined use of herbal treatment in the 2003 SARS
epidemic and the current COVID-19, together with standard managements,
we believe that herbs containing immuno-stimulants like B glucan could be
producing immuno-boosting effects. Since 2020 we organized series of
platform studies aiming to prove that the application of two medicinal herbs,
viz. Astragalus membranaceus and Coriolus versicolor (AM and CV), singly
or combined with COVID-19 vaccination, could produce trained immunity
effects.

First, we reviewed our experience gained in the 2003 SARS epidemic when
we completed immunological platform studies on a herbal formula,
followed by a clinical trial on hospital workers using the same herbal
formula to test their infection rate compared with non-users. Results yielded
very positive observations in both platform studies and clinical trial.
Subsequently, human peripheral blood mononuclear cells were used to
react with the Astragalus and Coriolus (AM & CV) extracts to study whether
the two herbs in the study formulation, which are rich in B glucan, were
supporting the establishment of innate immunological defense. Then, special
mice were orally fed with the extracts with or without vaccination to
establish further in-vivo evidence. Comprehensive studies of blood changes
and intestinal mucosal changes were recorded. Results of this study showed
significant increases on the immune-related cytokine productions after
simple consuming the herbal combinations. When vaccination was given
together with the oral herbal supplements, stronger antibody activities were
demonstrated.

Discussion: Our research efforts, starting from the 2003 SARS epidemic,
to the present COVID-19 pandemic, illustrated that in-vifro and animal
experiments, using extracts of Astragalus and Coriolus (AM & CV) as
adjuvant compounds, the innate immunological activities could be boosted
up. When vaccination was combined in the animal model, synergistic effects
were obvious. The favorable results encourage further studies on the clinical
applications on human volunteers.
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Introduction

Vaccines have solved a lot of problems related to
infections. Varicella vaccine has eliminated small
pox. Children from birth to two years all receive
vaccines for measles, tetanus, whooping cough and
pertussis which have freed them from those
infections ever since. The most remarkable
example is the orally taken, polio-vaccine which
eliminated polio from the earth! (1) All these
successful stories convince us that vaccine is the real
hope against infections. Nevertheless, there are the
sad examples. HIV infection experts have tried for
some forty years, no vaccine is yet available.
Influenza vaccine which is so familiar to us, has
changing efficacy ranging from 30-50% or lower.
Tuberculosis has enjoyed generations of vaccine
and yet after 70 years, has not reached the
efficacy expected. More desperate examples
include parasitic  infections  like  malaria,
schistosomiasis etc., which are “vaccine resistant”. (2)
Vaccine works well via the adaptive immunological
system only when the invading organism remains
stable. The COVID-19 pandemic has demonstrated
disappointments when the virus underwent rapid
variant conversions as was repeatedly reported
by the WHO office. B The effective vaccine is
meant for a specific target organism which would
be destroyed via the mechanism of “Adaptive
Immunity”. ) The vaccination should result in the
promotion of favorable cellular and serological
responses with specific sustained effects. The
emergence of frequent variants challenges the
effectiveness of the vaccine used. (%)

Our immunological system is responsible to combat
invading  organisms, and under normal
circumstances, short of unusual virulent invasions,
the system works well, without the need of any
vaccine. It is this general immunological strength of
infection resistance that keeps us away from being
infected. The whole family could succumb to the
COVID-19 infection when all the members have
deficient immunological strength. On the other
hand, it is not uncommon to find one or a few of the
family members staying healthy in spite of other
members contracting the infection. The healthy
members must have more efficient immunological
strength. This strong defense strength is innate with
the healthy individual, not related to vaccination.
The primary immunological response is taken care
of by the Innate Cells which rapidly recognize the
invading pathogens and start eliminating them
through phagocytosis and initiating chain reactions
in the process of activating the adaptive immuno
system. It has been found that innate immuno
responses could be enhanced and sustained
following earlier exposure to infectious pathogens,
resulting in immunological memory which helps to
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protect against re-infection. (6} Experimental
evidences were collected in animal platforms of
candida  albicans infection.  7)  Clinically,
observations related to general resistance to
infections after early life vaccinations against TB,
measles, Polio and others have been made and
studied, and sustained immunological defense was
observed. Netea’s research group in the
Netherlands suggested the term “Trained Immunity”
to signify this phenomenon. (& 9 Can this innate
immunological defense viz. “Trained Immunity” be
stimulated and  strengthened  with  simple
therapeutic means? (10.11.12) Can “Trained Immunity”
offer protection against infection beyond
vaccination?

Our aim of research is to verify, through a review
of our 2003 SARS experience, extending to the
present need of further studies during the
Pandemic, whether medicinal herbs are capable of
supporting “Trained Immunity”.

REVIEW OF PAST EXPERIENCE AND CURRENT
ATTEMPTS DURING THE PANDEMIC

. Studies Completed in the 2003 Viral

Epidermic

Twenty years ago, there was the “Severe Acute
Respiratory Distress Syndrome (SARS)” crisis in
Hong Kong. While hospitals in China commonly
used a large variety of herbal formulae together
with  modern drugs for the ftreatment of
hospitalized patients, we believed that using
herbal combinations for the protection of people
at risk of disease contraction would be as
important. Those are the hospital workers, relatives,
and friends of the infected, who need preventive
measures. During the climax of the SARS epidemic,
hospital workers were under extreme stress
because of the high risk of infection. We organized
a clinical trial using an innovative herbal formula
for two weeks with the aim of protecting them
against the viral infection. Over 2,000 volunteers
participated. Subsequent analysis showed O
infection rate in the treated, compared with a 0.4%
infection among those not taking the herbal
formula. (13)

The zero-infection rate led us to believe that the
herbal combination we used could have boosted
up the innate immunity of the treated group.
Subsequent experiments done in our laboratory
using cellular and animal platforms did showed
evidences of immuno-supportive effects. (14

The pleasant experiences prompted us to follow
the logic of “Trained Immunity” in an attempt of
creating a preventive agent in the present COVID-
19 pandemic.
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The herbal formula we used could be a reasonable
choice of investigation as a follow-up of the past
experience. However, the complexity of the
formula consisting of nearly twenty herbs was not
favorable for intensive studies related to quality
control and pharmacological investigations. We
need to simplify the herbal combination to the least
number, yet maintaining its effectiveness. Two
herbs in the formula, namely Astragalus
membranaceus and Coriolus versicolor (AM and CV),
have well reported evidences of immuno-
supportive effects which prompted us to accept
them as priorities.

Research studies have shown that certain
compounds, like complex polysaccharides present
in some fungi and medicinal plants, can augment
immunological activities, particularly via the
macrophage system. (15) The two herbs we
selected, viz Radix Astragalus and Coriolus
versicolor, had been found containing rich
collections of B glucan which is well known to be
supportive to immunological defense. Our prior
engagement with the Sloan-Kettering Cancer
Institute in New York, also supported us to select
AM and CV as the major components. (16.17) On the
other hand, some harmless human intestinal
bacteria, e.g. Bacillus subtilis has been used in
vaccine development, using as an adjuvant. The
Bacillis bacterium produces spores also rich in
glucan. (1819

Il. Recent Attempts to Create a Herbal Agent for

the Prevention of Respiratory Infection
In our early study using a murine subcutaneous
immunization model with Globo H and GD3
carbohydrates conjugated to keyhole limpet
hemocyanin as an antigen, mixed with a panel of
B-glucan—enriched natural products as
immunological adjuvants, we found that AM and
CV were the most active immune-stimulants with
adjuvant activity(13.14 We further found that the
water-soluble  B-glucans isolated from AM
exhibited significant immunomodulating activities
by stimulating the proliferation of human
peripheral blood mononuclear cells and enhancing
the innate immunity-related interleukin (IL)-14, IL-
12, IL-10, granulocyte macrophage colony-
stimulating factor (GM-CSF), and tumor necrosis
factor (TNF)-a production from monocytes in a
dose-dependent manner-(20)

We believe that priming the innate immuno system
with the AM and CV for nonspecific protection
against infections together with the SARS-CoV-2—
specific antibodies generated by vaccine may
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allow preactivation of preferable trajectory
immuno responses that increases the protection
against SARS-CoV-2 infection in the individuals,
and mitigates the disease severity.

Our research on immunological studies were
accomplished with standard in-vitro and in-vivo
platforms in the Institute of Chinese Medicine at The
Chinese University of Hong Kong. Exploration
started  with  human  derived peripheral
immunological cells when they were tested against
water extracts of the two herbs. Following this
were mice experiments vaccinated with a COVID-
19 vaccine, in an attempt of studying their
serological states of immunological defense after
vaccinations. Subsequent oral administrations of
the herbal extracts should give further indications
of their additional immuno-boosting effects.

(i) In-vitro Study: Induction of Innate Immunity
Related Provocations in Human Monocytes
Human peripheral blood mononuclear cells
were isolated from fresh buffy coasts obtained
from healthy volunteers of the Hong Kong Red
Cross Blood Transfusion Service. They were
cultured in a suitable medium (RPMI 1640) with
different combinations of AM and CV for 48
hours. Monocytes were further stimulated with
SARS-COV-2 spike protein for 48 hours. The
supernatant fluids were collected for multiplex
bead-based immuno assays for cytokine studies.
The levels of IL-1B, IL-12, IL10, TNFa were
measured with Eliza kits. The cells were labelled
with fluorochrome-conjugated anti bodies and
analysed with flow cytometer.

When the immune-stimulating natural products
AM and CV were incubated with spike protein
in human monocytes, the production of TNF-a,
IL-6, and IL-10 was significantly increased. For
IL-1B, increased productions were observed in
cells incubated with a combination of AM and
CV, and productions of neutrophil chemokine
CXCL8 were decreased. Proinflammatory CC
chemokine CCL5 was also significantly
upregulated. IL-12 was one of the predominant
cytokines secreted from activated DCs, and a
significant increase of inflammatory IL-12, IL-18,
IL-10, and TNF-a was observed. AM and CV
promoted the immuno response with an immuno-
adjuvant effect on DCs, which was the principal
antigen presenting cells interacting with B cells
for antibody productions. When AM or CV was
combined and incubated with DCs, significant
synergy on the cytokine productions was not
observed.
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(ii) Animal Study — Immunological responses to
vaccination before and  after Herbal

consumption
Pathogen-free BALB/c mice were taken from

the University Animal Services Centre and
handled according to strict regulations.

BNT 162b2 mRNA vaccine was administered on
the hind limb intramuscularly on day1, 15, 50
and 85. Effects of AM and CV were observed
in a separate groups, to be compared with
other groups combining with the vaccine, or
vaccine alone.

When mice were fed with the water extracts of
AM and CV, stronger antibody neutralizing
activities against ancestral SARS-CoV-2 were
observed when compared with mice vaccinated
with BNT162b2 alone. Moreover, serum from
both BNT162b2 vaccinated mice with or without
AM/CV treatment at 1:100 could effectively
inhibit the luciferase-mediated bioluminescence
signal of the pseudo virus neutralization assay
using HEK293 /Human ACE?2 stable cell line.

The antibody activities against the spike protein
after the third and fourth BNT162b2
vaccination were similar, suggesting that an
additional fourth vaccination has no additional
beneficial effects in terms of antibody activities
against spike protein. When mice were
vaccinated with BNT162b2 4 times and fed
with the water extracts of AM and CV,
significantly stronger activities were observed
in the serum diluted from 1:64,000 to
1:1,024,000 when compared with the mice
vaccinated only with BNT162b2 (P< 0.05).

AM and CV could not significantly enhance the IgG
binding activities of BNT162b2 vaccination against
various Omicron subvariant spike proteins. (20)

Discussion

Documented reports in the field of specific immuno
memory have demonstrated that B and T cell-
mediated adaptive immunity following infections
can be enhanced by a process called trained
immunity. (21)  Functional reprograming of
monocytes has been described as the phenomenon
of “Trained Immunity”. (22) Using T and B cells
depleted mice infected with C. albicans, it was
found that they could be protected against
reinfection in a monocyte-dependent manner. It is
suggested that this protective effect is mediated
by C. albicans through its fungal cell wall which in
B-glucan which induced increases in the function of
innate immuno cells with distinct features, notably
higher pro-inflammatory cytokine responses to
secondary unrelated pathogens. (23)
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Monocytes can develop immunological memory, a
widely recognized functional characteristic of
innate immuno training, different from the memory
expressed in adaptive immuno T and B cells. Upon
a secondary immuno challenge, either homologous
or heterologous, trained monocytes/macrophages
exhibit a more robust production of
proinflammatory cytokines, such as IL-1f, IL-6, and
TNF-a, than untrained monocytes. (24)

We have shown that AM and CV could stimulate
monocytes and DCs to produce IL-1f, IL-6, and
TNF-a and some other proinflammatory cytokines,
which may facilitate the immuno responses of
BNT162b2 in antibody production, thus enhancing
the innate immunological defense against
respiratory infections. In addition to B-glucan,
astragal side IV and several flavonoids from AM
have also been shown to possess significant
adjuvant activities when combined with conjugate
vaccines. (25)

In additional, we found the oral intake of AM and
CV extracts could enhance the immuno responses
of BNT162b2 vaccination in mice after the third
vaccination against the ancestral COVID-19 and
Delta variants spike proteins by 5.8- and 4.3-fold,
respectively. Oral intake of AM and CV could
improve the breadth of antigen binding capacity
against SARS-CoV-2 ancestral and variant SARS-
CoV-2 spike proteins. With the increase in
antibody production in BNT162b2 vaccination
against both ancestral and variant COVID-19
spike proteins, this additional enhancement activity
of AM and CV may provide more robust immuno
protective responses against the infection.

Since the COVID-19 pandemic, reports from China
strongly recommended the use of complicated
classical herbal formulae for hospital treatment.
The overwhelming importance of hospital
treatment has again diluted the importance of
prevention. The role of prevention is totally given
to the hopeful vaccines. This might be a suitable
time, for the special aspects of immunological
innate defense be seriously studied and be
included into the immediate future planning, not
only for COVID-19 prevention but also for other
respiratory infections. Now that effective
vaccinations have become routine
recommendations, those at risk of infection before

or after the vaccination could still benefit.
(26,27,28,29,30)

Since the common aim is to boost up the defensive
ability, with the subsidence of the pandemic
research efforts could be focus a more on the
general boosting of innate immunity.
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Conclusion

We have selected two widely used, edible
medicinal herbs AM and CV as the main
components of a preventive agent against
respiratory infection, basing on their historical
record and current popularity, as well as their rich
source of B glucan. Their ability to boost up the
innate immunological defense of the body,
enhanced much more so with oral Bacillus subtilis as
an adjuvant, has given us much encouragement to
further pursue on the development of the highly
desirable innate immunological booster against
respiratory infection. (29

Our research efforts, starting from the 2003
epidemic to the current pandemic have offered us
sufficient confidence, that using the immune-
stimulating natural products AM and CV as an oral
adjuvant, together with the mRNA vaccine
BNT162b2 to improve the antigen binding
activities against SARS-CoV-2 infection in mice,
could achieve favorable results in building up
“Trained Immunity”. (10.11) Fyrther studies are being
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planned on the clinical applications for human
volunteers.
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