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ABSTRACT

The detrimental impact of air pollution as a result of frequent exposure to fine particles posed a global
public health risk mainly to the pulmonary disorders in pediatric and geriatric population. Here, we
reviewed the current literature regarding the role of ginseng and/or its components as antimicrobials,
especially against pathogens that cause respiratory infections in animal and in vitro models. Some of the
possible mechanisms for ginseng-mediated viral inhibition suggested are improvements in systemic and
mucosa-specific antibody responses, serum hemagglutinin inhibition, lymphocyte proliferation, cell
survival rate, and viral clearance in the lungs. In addition, ginseng reduces the expression levels of
proinflammatory cytokines (IFN-vy, TNF-a, IL-2, IL-4, IL-5, IL-6, IL-8) and chemokines produced by airway
epithelial cells and macrophages, thus preventing weight loss. In case of bacterial infections, ginseng acts
by alleviating inflammatory cytokine production, increasing survival rates, and activating phagocytes and
natural killer cells. In addition, ginseng inhibits biofilm formation and induces the dispersion and
dissolution of mature biofilms. Most clinical trials revealed that ginseng, at various dosages, is a safe and
effective method of seasonal prophylaxis, relieving the symptoms and reducing the risk and duration of
colds and flu. Taken together, these findings support the efficacy of ginseng as a therapeutic and pro-
phylactic agent for respiratory infections.

© 2020 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Environmental exposure to fine particles in polluted air is the
leading risk factor for pulmonary dysfunction that can alter the
development of both immune function and lung mechanics,
including substantial adverse impact on human health mainly in
growing children and immunocompromised patients [1,2]. Polluted
air contains a mixture of multiple substances, including gaseous
pollutants and particulate matter (PM) [3], both of which affect the
respiratory system and cause pulmonary disorders and adverse
health effects [4]. PM is primarily emitted from combustion engines
or formed by chemical transformation. It is classified based on
particle diameter; aerosolized particles with a diameter of 10 um or
less are denoted as PM1g and those with a diameter of 2.5 pm or less
as PMy5. The World Health Organization provides air quality
guidelines that reference the daily and annual concentrations of

PMy5 and PMyp (World Health Organization) [5]. Recent global
multicenter studies demonstrated that short-term exposure to
PM;5 and PMyg is associated with increased respiratory and car-
diovascular mortality rates [6]. Moreover, air pollution increases
the risk of respiratory infections in growing children and people
with immune deficiencies [2,7].

Respiratory tract infections (RTIs) are illnesses that spread
through either direct or indirect contact, such as sneezing or
coughing, and most RTIs are the result of viral or bacterial in-
fections, with bacterial infections being less common causes. These
microbial infections can interfere with and damage the normal
physiology of the respiratory tract, resulting in the deterioration of
the lungs and airways [8]. These infections occur most commonly in
the fall and winter include the common cold, influenza, chronic
obstructive pulmonary disease (COPD), asthma, and pneumonia.
Because of the atypical presentations of influenza infections, which
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make effective control difficult, a self-healing approach is taken for
the management of common cold [8]. However, seasonal prophy-
lactic treatment with antiviral drugs and adjunct vaccine therapies
still remain an attractive strategy for preventing and controlling
seasonal infections [9]. COPD is likely to become the third leading
cause of death worldwide by 2020 [10,11]. Currently, the prevalence
of COPD in the adult population (aged >40 years) is estimated to be
around 10 % [12]. Although it is a preventable infection, increasing
air pollution may result in an increase in COPD prevalence, making
it a priority for individuals and health-care providers [13]. People
with COPD commonly experience symptoms, including dyspnea,
wheezing, and coughing and have an increased susceptibility to
microbial infections and complications that damage lung function
[14]. COPD also increases vulnerability to adverse events, including
bruising, oropharyngeal candidiasis, and pneumonia. As there is no
cure for COPD, improving quality of life, reducing complications,
and managing symptoms are the primary objectives for novel COPD
treatment strategies [15]. Asthma is an inflammatory disease
leading to mucus hyperproduction, airway hyperresponsiveness,
and airway wall remodeling and affects more than 300 million
people worldwide. Asthma is a typical Th2 inflammatory disease
that causes increased IgE levels in the airway [16]. Similar to
asthma, pneumonia, commonly caused by Streptococcus pneumo-
niae, is an inflammatory disorder of the lungs primarily affecting
the air sacs and resulting in chest pain, dry or productive coughing,
fever, and difficulty in breathing. Pneumonia is most damaging in
infants and older people as a result of their reduced immune
function [17].

1.1. Pathogenicity of microbial infections

Infectious diseases are the leading cause of morbidity and
mortality worldwide. They are primarily caused by either bacterial
or viral infections [18] and often experience treatment failure
https://www.sciencedirect.com/science/article/pii/S016558760600
0358?via%3Dihub [18]. Viruses are the most common cause of
respiratory infections and facilitate secondary bacterial infections
by aiding bacterial adherence, colonization, and translocation
through the epithelial barrier of respiratory cells https://www.
sciencedirect.com/science/article/pii/S0165587606000358?via%3D
ihub [19]. Clinical features do not reliably distinguish bacterial from
viral infection; however, their management and treatment are
different [20]. Both management and treatment of bacterial and
viral infections can be complicated, if the patient is exposed to air
pollutants, which have recently emerged as one of the greatest
environmental health risks worldwide as a result of rapid industrial
development and urbanization [1,2,4]. Although, viral
infection areas more common in the pediatric and geriatric pop-
ulations than bacterial infections to cause respiratory symptoms,
yet viral infections may induce bacterial infection, and this condi-
tion complicates investigation of the role of each microorganism in
the pathogenesis and clinical outcomes [21,22]. Because majority of
viral infections is self-resolving; however, rapid molecular di-
agnostics tests have increased our understanding to identify bac-
terial and viral pathogens [23]. The diagnostic yield is influenced by
antibiotic therapy, specimen collection, transport, rapid processing,
and correct use of cytological criteria [24]. Regarding viral and
atypical pathogens, conventional culture of bacteria from normally
sterile sites remains the ‘gold standard’ for confirming bacterial
infection; however, it may take several days and are frequently
negative when infection resides in inaccessible sites or when an-
tibiotics have been previously administered [25]. In addition,
presence of viral epidemics in the community, patient's age, rapid
onset of disease, symptoms, radiographic changes, and response to
treatment can help differentiate viral from bacterial pneumonia

[26]; however, detection of a virus in the specimen does not rule
out bacterial infection and is of little help in decisions on whether
to administer antibiotics. Clarifying the differences and dynamics of
respiratory infections can elucidate pathogenesis of viral—bacterial
interactions and provide a basis for developing novel approaches
for the prevention, treatment, or management of acute respiratory
infection.

1.2. Ginseng as an immune modulator

Although there are a number of ginseng species, Korean ginseng
(Panax ginseng C. A. Meyer), American ginseng (Panax quinquefolius
L.), and Chinese ginseng (Panax notoginseng) are the most popular
experimental models and have received significant attention for
their potential use to alleviate disease symptoms and improve
health conditions. These species of ginseng have also been included
in health-care products and food additives worldwide [27,28].
P. ginseng is abundant in North Asian countries, especially Korea,
the eastern regions of China, Japan, and Russia. P. notoginseng is
cultivated mainly in China [29,30]. P. quinquefolium is found in the
United States and Canada and has been used by Americans for
several years [31]. Ginseng is known to possess immunomodula-
tory activities with a wide array of therapeutic applications against
microbial infections. Contradictory data regarding the immuno-
modulatory properties of ginseng are most likely a result of dif-
ferences in the extraction method, origin and source of ginseng,
and laboratory practices [32]. This is because it contains numerous
pharmacologically active ingredients, including ginsenosides, sa-
ponins, carbohydrates, phytosterols, polyacetylenes, polyphenolic
compounds, sugars, acidic polysaccharides, organic acids, amino
acids, vitamins, nitrogenous substances, and minerals, each of
which can play a significant role in protection from and treatment
of many diseases [33—35]. In common practices, P. ginseng has been
shown to promote physical performance, improve vitality, increase
resistance to stress and aging [36]. Recently, approximately 200
active compounds, such as ginsenosides, polyacetylenes, poly-
saccharides, amino acids, and peptides have been validated from
Korean ginseng [37], whereas P. quinquefolium commonly known as
a popular nutritional supplement and herbal remedy [33,34] has
approximately more than 100 substances isolated from American
ginseng. Chemically, several differences exist among Korean
ginseng and American ginseng which make them different in terms
of their mechanism of action [38]. Ginsenosides, including Rb1, Rd,
Re, Rg1, Rg2, Rg3, Rh1, and Rh2, are the major active ingredients in
ginseng known to possess enhanced therapeutic activity and sta-
bility due to change in its chemical constituents [39,40]. An
important parameter used for differentiation is the presence of the
ginsenoside Rf in Korean ginseng and notoginseng, the pseudo-
ginsenoside F11 in American ginseng [38], and the notoginsenoside
R1 in Korean ginseng. In addition, the ratio of Rg1/Rb1 has been
widely used to differentiate between these ginsengs. Ratios less
than 0.4 are indicative of American ginseng, whereas a high value
ratio is characteristic of Korean ginseng [41]. Apart from ginseno-
side, saponins are a heterogeneous group of triterpene glycosides
and sterols [42] and increase cellular and humoral immune re-
sponses when used as adjuvants during vaccination [43].

2. Effect of ginseng on respiratory virus infections
2.1. Influenza virus

Belonging to the Orthomyxoviridae family is the most common
human respiratory pathogen and the main causative agent of sea-

sonal influenza [44], which is a serious respiratory disease esti-
mated to cause around three to five million cases of severe illness
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Table 1

Effect of ginseng on respiratory virus infections

Ginseng type Virus type model Dosage Results Ref
Polysaccharide, Influenza (HIN1 BALB/c mice Orally 250 pg/kg/d for Reduced TNF-a, iNOS-producing dendritic cells (tipDCs) in the lungs and body [50]
saponin, and total subtype) two weeks before virus weight loss after treatment with the polysaccharide fraction.
extract challenge
P. ginseng aqueous Inactivated influenza Female inbred BALB/c 200 mg/kg for 14 days Increased levels of IgA and cytokines (IFN-g, IL-2, IL-4, IL-5, IL-6). Elevated CD69 [51]
extract powdered virus A PR8 (25 mg) mice intranasally expressing leukocytes, inducing protective immunity.
capsules
Ginsenoside Inactivated influenza Female ICR mice 25, 50, or 100 pg Re for Co-administration amplified IgG isotype responses, HI titers, lymphocyte [53]
Re + inactivated virus (H3N2) 21 days subcutaneously proliferation, IL-5, and IFN-y secretion.
H3N2
RG extract or RG Influenza A/PR/8/34 Balb/c mice 0.25 mg/kg/d orally for Elevated serum IgG titers and survival rates. Increased cell-mediated immunity [56]
saponin 14 d prior to the associated with tissue repair and healing.
primary immunization
and 21 days until
secondary
immunization
P. ginseng H1NT1, and H3N2 (A/ BALB/c mice 10 to 100 mg/kg for 14 Lower levels of lung viral titers and IL-6, but higher levels of IFN-y [58]
Philippines/82) days by oral route

RGE HP H5N1 influenza Female mice 50 mg/kg body weight) Antiviral cytokines INF-o and -y were induced [59]

virus for up to 80 days

Polysaccharide H1N1 (A/PR8) and BALB/c mice 25 mg/kg or IV 10 g/kg Enhanced survival rate and lower levels of lung viral titers and IL-6. [60]

H3N2 viruses doses by i.n route

GSLS Inactivated ND and Al Hy-Line White layer 2.5, 5,10, and 20 mg/kg Enhanced the HI response against inactivated ND and Al vaccines in chickens [61]

vaccines chickens (male) of BW for 7 days

GSLS Newcastle disease Hy-Line White layer 2.5, 5,10, and 20 mg/kg GSLS increased serum HI titer, lymphocyte proliferation, intestinal mucosal [62]

chickens (male) by oral route 7 days IgA + cells and ilELs.

GSLS Inactive ND and Al Specific pathogen—free 2.5, 5, and 10 mg/kg Improved splenocyte proliferation induced by ConA, LPS and IgA + cells and [63]

(SPF) chickens body weight by oral ilELs. Improved systemic and mucosal specific antibody responses
route for 7 days
RGE influenza A HIN1 (A/ BALB/c mice 25 mg/kg/day by oral RGE reduced influenza A virus-induced CPE formation and blocked the [72]
PR8) and A/WSN/1933 route for 30 days (500 induction of influenza A virus pro-inflammatory gene expression. Anti-
viruses pg/mL) oxidative and immunomodulatory effects
P. ginseng RSV A2 strain BALB/c, C57BL/6 mice 25 mg/kg/day for 80 or Increased IgG2a isotype antibody response. Increased IFN-y with modulation of [73]
(MHCII KO) HEp2 cells 130 days by oral route CD3 T-cell populations. Decreased IL-4 production and diminished weight loss.

RGE RSV HEp2 cells Direct mixing in Partially protected HEp2 cells from RSV-induced cell death and viral replication. [75]

medium Inhibited TNF-o in murine dendritic and macrophage-like cells.

RGE RSV Female BALB/c mice 500 pg/mL Partial inhibition of viral replication, preventing body weight loss, improving [75]
cell survival, viral clearance, and modulation of TNF-o, and producing IFN-y in
bronchoalveolar lavage cells. Increased CD8+ T and CD11c + populations in
dendritic cells.

P. ginseng RSV A2 strain Female BALB/c mice Oral administration of Modulation of host cellular phenotypes, producing cytokines and ROS and [76]

25 mg/kg/day for 60 improving cell survival. Suppressed IL-6 and IL-8.
days (250 and 500 pg/
ml)
P. ginseng RSV A2 strain Human lung epithelial KRGE-mediated inhibition of RSV replication, lowering lung viral loads, [76]
cells (A549 cell) enhancing level of IFN-y, reducing ROS and proinflammatory cytokine
production, and improving cellular survival.
Ginsenosides Re, Ref HRV3 Human cervix Direct mixing in PT-type ginsenosides (Rf and Rg2) increased cell viability and decreased [83]

and Rg2

epithelial cell line
(HeLa, CCL-2)

medium as 0.1, 1, 10,
and 100 mg/mL

susceptibility to viral infection.

961
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Abbreviations: Al, Avian Influenza; BW, Body weight; CPE, Cell Viability and Cytopathogenic Effect; Cy, cyclophosphamide; GSLS, Ginseng Stem-Leaf Saponins; HEp2, Human Epithelial; IFN-vy, Interferon-Gamma; IgA + cells,
Immunoglobulin A-secreting cells; ilELs, Intestinal Intraepithelial Lymphocytes; MHCII KO, Major Histocompatibility Class Il Knockout mice; ND, Newcastle Disease; ROS, Reactive Oxygen Species; RSV, Respiratory Syncytial
Virus; sIgA, Secretory Immunoglobulin A; TNF-a, Tumor Necrosis Factor-alpha; LPS, lipopolysaccharide; HRV3, human rhinovirus 3; RGE, Red Ginseng extract; BALB, Bagg Albino (inbred research mouse strain); ICR, Institute of
Cancer research.
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and half a million deaths per annum [45]. Influenza has three main
types, A, B, and C, with influenza A being the most virulent in
humans, other mammals, and birds, and, thus, the best understood
of the three. The H1N1 virus, commonly known as swine flu caused
a lethal pandemic in 2009, affecting more than 74 countries [46].
Several studies have demonstrated the antiviral activity of Red
Ginseng extract (RGE) and its purified components on influenza A
infection both in vivo and in vitro as shown in Table 1. In vitro studies
suggest that ginsenoside components, particularly Rb1, have the
ability to interact with viral hemagglutinin proteins, preventing the
attachment of the virus to o 2-3’ sialic acid receptors on the host
cell surface, and thereby minimizing pandemic H1N1 viral entry
into host cells [47]. Fermented RGEs containing ginsenosides
(protopanaxatriol [PT], protopanaxadiol [PD], compound K, and
Rh2) showed antiviral activity against several influenza subtypes
(H1N1, H3N2, H5N1, H7N9) in mouse models [48]. PT-type ginse-
noside Re protects human umbilical vein endothelial cells from
avian HIN2/G1-induced cell death by inhibiting virus-induced IFN-
inducible protein 10 production https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC5052424/ [49]. Yin et al, [50] showed that
treatment with ginseng polysaccharide followed by treatment with
RGE and saponin was effective in alleviating the symptoms of
influenza viral infection. Intranasal coadministration of Korean RGE
(200 mg/kg body weight) with inactivated influenza virus A (PR8)
increased the specific antibody levels in treated animals and
induced improved protective immunity when compared with im-
munization with PR8 alone (25 mg). Mice-fed ginseng poly-
saccharide fractions, total extracts, saponin fractions, or phosphate-
buffered saline for 14 d before influenza A challenge had a 78%, 67%,
56%, and 17% survival rate, respectively. In addition, RGE as a
mucosal adjuvant also played a protective role against influenza
virus A/PR8 viral infection https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5052424/ [51].

Ginseng modulates both T-helper type 1 and 2 (Th1) and (Th2)
immune responses via antibody production, inhibiting the invasion
and replication of influenza virus and aiding the detachment of the
virus from mucosa. Cellular immunity mediated by Th1 and Th2
responses is associated with tissue remodeling and healing and is
required to improve cell viability and viral clearance [52]. Coad-
ministration of ginsenoside Re (25, 50, or 100 pg) with inactivated
influenza virus (H3N2) antigen equivalent to 10 or 100 ng of
hemagglutinin in mice immunized subcutaneously produced
increased serum specific IgG, IgG isotype responses, hemagglutinin
inhibition, lymphocyte proliferation, as well as IFN-y and IL-5
secretion [53]. In addition, immunized mice presented with
higher levels of influenza virus—specific antibodies with amplified
neutralizing activities in mucosal secretions and blood. IgA anti-
bodies in the lung were particularly amenable to this effect, sug-
gesting that both Th1 and Th2 immune responses were activated in
splenocytes https://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C5052424/ [53]. Immune responses to respiratory illness are
typically characterized by a classical Th1 immune response in
healthy individuals [54], mediated by Th1 cells and enriched pro-
duction of antibodies, such as IgG2a, IgG2b, and IgG3. Moreover, a
Th1 immune response is mandatory for cytotoxic T lymphocyte
production https://www.sciencedirect.com/science/article/pii/
S0264410X06006797?via%3Dihub [55]. Dietary intake of both
RGE and RG saponin for 14 d before primary immunization showed
two times more anti-influenza A serum IgG titers with enhanced
survival rates after influenza A infection in mice. Mice receiving RG
saponin and RG extract had a total survival rate of 63% and 56%,
respectively, whereas animals who received only the vaccine had a
38% survival rate [56]. Mice treated with ginsenoside Re also
experienced increased hemagglutination inhibition and serum-

specific IgG1 and IgG2a levels, which was mirrored in the results
of in vitro activation of splenocytes, which produced elevated levels
of Th1 and Th2 cytokines. Moreover, dietary intake of Korean Red
Ginseng saponin, and RGE has also been implicated in increasing
H1NT1 vaccine efficacy by improving anti-influenza A—specific IgG
titers and thus, survival rates https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5052424/ [56]. The Th2 response induces IL-4, IL-5,
IL-10, and IL-13, which contribute to mucus production, goblet cell
formation, eosinophil recruitment in the lungs, and airway hyper-
responsiveness [57]. Contrarily, the Th1 response is effective
against intracellular infectious agents, providing protective im-
munity https://www.sciencedirect.com/science/article/pii/
S0264410X06006797?via%3Dihub [55]. Oral administration of
RGE (with a daily dose ranging from 10 to 100 mg/kg), with
vaccination before infection, provided enhanced cross-protection
against swine-origin influenza A viruses, including HIN1, anti-
genically distinct HIN1 subtype A/PR/8/34, and H3N2 subtype A/
Philippines/82 [58]. Naive mice infected with virus mixed with
Korean Red Ginseng extract (KRGE) showed higher levels of IFN-y
but lower levels of inflammatory cytokine IL-6 and lung viral titers
when compared with control mice infected with virus without RGE
[58]. The inhibitory effects of polysaccharides on viral replication
were also tested in Madin—Darby canine kidney cells using the
H1N1 virus https://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C5052424/ [58]. In addition, RGE, ginseng saponin, and
ginseng polysaccharides were evaluated for their antiviral effect
after oral administration in chickens or mice. These studies
measured antibody titer response, body weight, cytokine produc-
tion, histopathology, lung viral titers, and survival rate https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC5052424/ [58,59],
showing that the ginseng polysaccharide was able to prevent HIN1
and H3N2 infection https://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C5052424/ [58] and that saponin had an antiviral effect
against H1N1 https://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C5052424/ [50]. Moreover, P. ginseng polysaccharide adminis-
tration (25 mg/kg) intranasally (i.n.) to mice 6 h before influenza
infection exerted a protective effect in the lungs, as it increased
survival rates and diminished viral titers and IL-6 expression [60].

Ginseng stem—leaf saponins (GSLS) possess multiple biological
functions, mainly immunomodulatory activities [61,62]. Thus,
when the effect of orally administered GSLS (2.5, 5, 10, and 20 mg/
kg) on immune responses in chickens vaccinated with live New-
castle disease vaccines was evaluated, GSLS enhanced hemagglu-
tination inhibition and researchers determined its optimal dose at 5
mg/kg. In addition, administration of GSLS in drinking water at 5
mg/kg for 7 days before vaccination markedly improved intestinal
intraepithelial lymphocyte proliferation and mucosal IgA* cells in
chickens immunized with a live Newcastle disease vaccine [62].
Similarly, the effect of administering GSLS at concentrations of 2.5,
5, and 10 mg/kg for seven days on the immune response after
administration of a bivalent inactive vaccine of avian influenza in
chickens was examined. Data showed that the spleen lymphocyte
proliferation induced by Concanavalin A and lipopolysaccharides,
and the numbers of IgA-secreting (IgA™) cells and intraepithelial
lymphocytes in the duodenum were recovered in chickens treated
with GSLS before immunization. GSLS also proved to be a potential
vaccine candidate, as it enhanced serum antibody responses in
immunosuppressed chickens after cyclophosphamide treatment at
100 mg/kg for 3 days [63].

2.2. Respiratory syncytial virus

Respiratory syncytial virus (RSV) is a negative nonsegmented
single-stranded RNA virus [64], belonging to the Paramyxoviridae
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family. It is the primary cause of lower RTIs [65,66], generally
exhibiting acute and indistinct symptoms, including bronchiolitis,
common cold, and pneumonia, in infants and immunocompro-
mised patients https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5052424/ [67]. During primary RSV infection, alveolar macro-
phages and lung epithelia in the respiratory tract are likely to be
infected [68], ultimately leading to higher expression of cytokines,
including IL-6, IL-8, IL-10, and tumor necrosis factor-alpha (TNF-a.);
chemokines, including CCL5, CXCL10, IL-8, and IFN-inducible pro-
tein 10; growth-regulated proteins; and reactive oxygen species in
different in vitro models [69—71], resulting in type 1 and 2 cytokine
imbalance [72]. KRGE orally administered to mice (25 mg/kg/day)
in conjunction with formalin-inactivated RSV showed beneficial
effects and improved outcomes, including a 2-fold increase in
IgG2a antibodies as well as IFN-y production accompanied by lower
levels of IL-4 mitigating weight loss, after RSV infection https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC5052424/ [73]. In addi-
tion, ginseng-treated groups also lowered pulmonary inflamma-
tory responses and CD3 T-cell infiltration into the bronchoalveolar
lavage (BAL) cell populations [73]. RGE has been shown to mitigate
Th2 responses by improving the Th1 response in formalin-inacti-
vated respiratory syncytial virus immunized mice, which have an
intrinsic Th2-dominant immune response https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC5052424/ [73]. It has been suggested
that excess type 2 and/or deficient type 1 immune responses play a
critical role in the pathogenesis of RSV infection [74]. RGE, at a
concentration of 500 pg/mlL, suppressed the production of RSV-
induced TNF-o. in murine dendritic and macrophage-like cell
lines, thereby protecting human epithelial cells from RSV-induced
apoptosis and viral replication. In addition, RGE treatment
increased the population of CD8™ T cells and CD11c¢* dendritic cells
in BAL fluids after RSV infection in mice [75]. Oral administration of
KRGE in mice significantly inhibited the expression of RSV-induced
genes (IL-6 and IL-8) and, subsequently, lowered viral titers and
reduced reactive oxygen species production, thereby improving the
survival of human lung epithelial A549 cells upon RSV infection
[76]. The antioxidant activity of RGE might be linked to the inhi-
bition of RSV-induced apoptosis [77].

Ginsenosides suppress the induction of the proinflammatory
cytokines IL-6, IL-8, and TNF-a. and proteases, such as MMP-9, and
inhibit oxidative stress (superoxide, NO and iNOS) [27]. A recent
study showed that ginsenosides isolated from P. ginseng signifi-
cantly increased proinflammatory IFN-y levels in an ovalbumin-
induced murine asthmatic model but lowered IL-4 production [78].

2.3. Rhinoviruses

Rhinoviruses (RVs) are positive-sense, single-stranded RNA vi-
ruses belonging to the Picornaviridae family and Enterovirus genus.
Although generally mild and self-limiting, RVs have been impli-
cated in the induction of upper RTIs, including asthma, bronchio-
litis, and common colds, in infants and the deterioration of airways
in elderly people and immunocompromised patients [79,80]. In
many RV strains, antigenic diversity and phenotype characteristics
can affect disease severity and are significant obstacles to vaccine
development [81]. Human rhinovirus (HRV) represents one of the
most significant etiological agents of upper respiratory illnesses,
particularly common cold. Although mild to indistinguishable, HRV
infection can lead to severe health complications and severe
exacerbation of asthma [82]. When the antiviral activities of PT-
type ginsenosides (Re, Rf, and Rg2) and PD-type ginsenosides (Rb1,
Rb2, Rc, and Rd) on RV infection were examined, PT-type ginse-
nosides protected Hela cells from HRV3-induced apoptosis.

However, PD-type ginsenosides activated HRV3-induced apoptosis
and did not show any preventive effect, suggesting a structure-
dependent effect of ginsenosides on HRV3 https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC5052424/ [83]. Furthermore, PT-type
ginsenosides showed noticeable antiviral effects against coxsack-
ievirus B3 and HRV3 when administered at 100 mg/mL for 48 h.
Among the PT-type ginsenosides, Rg2 exhibited significant anti-
enterovirus 71 effects, with no cytotoxic activity at 100 mg/mL.
However, PD-type ginsenosides did not display any antiviral effect
against coxsackievirus B3, enterovirus 71, and HRV3, and showed
cytotoxic activity in virus-infected cells [83].

Intranasal coadministration of 25 mg of inactivated influenza A
PR8 and ginseng aqueous extract (200 mg/kg) in mice twice a day
(day 0 and 14) significantly increased IgA titers in the intestines and
lungs when compared with those in the intestines and lungs of
mice that received only the inactivated virus. Although the levels of
all cytokines (IFN-v, IL-2, IL-4, IL-5) increased after ginseng treat-
ment, IL-4 and IL-5 were more significantly upregulated, indicating
a Th2 type response [51].

Altogether, these studies suggest that ginseng possesses anti-
viral activities and exerts immunomodulatory effects against viral
infections through multiple mechanisms as shown in Table 1 and
Fig. 1. Moreover, antiviral effects of ginseng, including blockade of
viral attachment, membrane penetration, and inhibition of repli-
cation inside the cell, are associated with the host immune
response (Fig. 1).

Infection

Ginseng-treated model

Fig. 1. Effect of ginseng on respiratory tract infection. (A) Environmental and seasonal
fluctuations influenced by rapid urbanization and drastic increase in air pollution in-
crease the incidence rate and severity of respiratory tract infections causing respiratory
outbreaks by microbial pathogens in host models. (B) Upon entry, contagious patho-
gens cause a decline in the immune status and triggers cytokines production and
produce stress in the microenvironment, leading to increasing viral load and oxidative
stress levels. (C) Thereby assisting bacterial and viral infections to break down the
tissue defence barriers causing epithelial and cellular changes residing inside host cell
known to contribute to eosinophil recruitment to the lung, mucosal damage, mucus
production, and airway hyperresponsiveness. (D) Ginseng is believed to interrupt
through multiple mechanism. (E) Activation of B cell causes production of antibody by
triggering Th2 response to enhance systemic and mucosal specific antibody titer
response serum hemagglutinin inhibition titer response, lymphocyte proliferative
response. (F) In addition to possess anti-inflammatory and antioxidative properties,
ginseng also improved cell-mediated immunity associated with tissue repair and
healing and thus used to alleviate the symptoms and reduce the incidence rate and
frequency of respiratory tract infections.
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3. Effects of ginseng on bacterial infections
3.1. Pseudomonas aeruginosa

Pseudomonas aeruginosa is a complex gram-negative opportu-
nistic facultative anaerobe that causes nosocomial infections and
pneumonias, leading to COPD, thermal injury, and urinary tract
infections in infants and immunocompromised patients [84]. P.
aeruginosa disrupts airway homeostasis in the lung by damaging
the epithelium and evading innate and adaptive immune responses
[84,85]. Biofilm-associated chronic P. aeruginosa lung infections in
patients with cystic fibrosis are difficult to manage with antibiotics
due to the high tolerance of biofilm-associated bacteria to medical
intervention and host defense mechanisms [86]. An aqueous
extract of P. ginseng administered at a concentration of 25 mg/kg/
day for 14 d in a rat model of chronic P. aeruginosa pneumonia
mimicking cystic fibrosis significantly increased poly-
morphonuclear leukocyte chemiluminescence and serum IgG2a
levels while decreasing IgG1 levels when compared with the con-
trol [87]. This suggests that P. ginseng could be a useful adjunct
therapy in cystic fibrosis able to alleviate bacterial infections and
reduce biofilm formation.

Aqueous extracts of P. quinquefolius exert an antibacterial ac-
tivity in vitro against all P. aeruginosa strains, including the O1
strain, as they attenuate pyocyanin, pyoverdine, swarming and
swimming motility, lipase concentrations, and stimulated twitch-
ing. In addition, P. quinquefolius extracts also successfully elimi-
nated 6-day-old mature biofilms (5% w/v), and fluorescence
microscopy indicated a reduction of live cells and biofilm com-
plexes in treated biofilms compared with nontreated biofilms [88].

P. ginseng extracts did not inhibit the growth of P. aeruginosa
PAO1 and its isogenic mucoid variant (PAOmucA22 or PDO300), but
it did enhance extracellular protein production and stimulated the
production of alginate. In addition, ginseng repressed the produc-
tion of LasA and LasB and downregulated the synthesis of the N-
acylated homoserine lactone factors [89].

P. ginseng aqueous extract used for treatment at a concentration
of 0.5% for 24 h destroyed most 7-day-old mature biofilms formed
by both mucoid and nonmucoid P. aeruginosa strains. Ginseng
increased bacterial motility in biofilm-like alginate beads, resulting
in the release of bacteria from the biofilm and loss of the protective
effects of the polymeric matrix, suggesting that ginseng treatment
might help to eradicate biofilm-associated chronic infections
caused by P. aeruginosa. In addition, P. ginseng significantly inhibi-
ted bacterial biofilm formation in both mucoid and nonmucoid
P. aeruginosa strains in vitro [90]. In a study wherein P. ginseng (250
mg/kg/day) was subcutaneously injected into a mouse model
challenged with alginate beads containing mucoid P. aeruginosa
(PAO 579), ginseng treatment resulted in higher levels of IFN-y and
TNF-a but lower levels of IL-4 in lung cells and splenocytes after 6
and/or 24 h of incubation compared with the control [91]. All these
data suggest that ginseng facilitates bacterial clearance from the
lungs through multiple mechanisms and has a negative effect on
the quorum-sensing system of P. aeruginosa, resulting in a milder
lung pathology. In addition, these findings suggest that the
immunomodulatory functions of ginseng are most likely associated
with the activation of a Th1 type cellular immune response and
downregulation of the humoral immune response, reducing the
formation of immune complexes [87].

3.2. Streptococcus pneumoniae
Streptococcus pneumoniae is a gram-positive facultative anaer-

obic bacterium causing pneumococcal diseases, particularly pneu-
monia, meningitis, and sepsis, with a high mortality rate in children

Table 2

Effect of ginseng on bacterial infections of the respiratory tract

Ref
[87]

Anti-microbial effect with suggested mechanism

Animal model

Dosage

Pathogen

P. aeruginosa PAO 579

Extract

Increased PMN and chemiluminescence, activated endotoxin-

Female Lewis rats

25 mg/kg of body weight sc/day for 14 days

P. ginseng

primed neutrophils. Faster bacterial clearance induced Th1

response and better phagocytosis.

[88]

Inhibited bacterial growth and biofilm complexes and

1.25 g, 2.5 g and 5%

Nonmucoid P. aeruginosa strain (PAO1)

P. quinquefolius

modulated the motility, adherence, and production of virulence

factors.

[89]

Upregulated extracellular protein and alginate production.

1.25, 2.5, and 5%

P. aeruginosa, planktonic

P. ginseng

Suppressed production of LasA and LasB and downregulated

synthesis of AHL molecules. Bacterial clearance in vivo is linked

to negative effects on the QS system

[90]

Female Balb/c mice Increased bacterial motility and phagocytosis rates, inhibited

0.25 g and 0.5% oral

P. aeruginosa PAO1 strain

P. ginseng

biofilm formation, induced dispersion and dissolution of mature

biofilms, recovered polymeric matrices

[91]

Increased IFN-y and TNF-a, but decreased IL-4. Activated

Female CBA/J mice

250 mg/kg for 7 days SC

P. aeruginosa

P. ginseng

phagocytes and NK cells to clear the bacterial infection and

downregulate the antibody response

[93]

Serotype-independent attenuation of high morbidity, alleviated

bacterial burden in the blood, lungs, and spleen. Increased
survival rates and diminished inflammatory cytokine

production.

Male ICR mice

25, 50, or 100 mg/kg for 15 days

S. pneumoniae

P. ginseng

AHL, acylated homoserine lactone; NK, natural killer; PMN, polymorphonuclear neutrophil; QS, quorum sensing; SC, subcutaneous; BAL, bronchoalveolar lavage; Th1, T-helper type 1
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Table 3

Effect of ginseng on respiratory infections in human clinical trials

Study site Disease state Parameters Ginseng (type) Dosage Results Ref
Republic of Korea Influenza-like illness (ILI) (30-70 years years) KRGE 9 capsules/day for 3 Reduced ILI incidence [96]
NCT01478009 N =100 months
Alberta, Canada Acute Respiratory infection (>65 years) COLD-fX, Freeze-dried extract for Reduced risk and duration of colds and flu. [97]
N =43 4 months using 2
capsules/day (200 mg/
capsule)
Edmonton, Alberta, Upper respiratory infections (>65) COLD-fX Oral extract for 6 Safe, well tolerated, and effective as seasonal [98]
Canada N =783 months prophylaxis in duration of Jackson-confirmed URIs
in healthy adults
Edmonton, Alberta, Common colds (>18 years) N = 747 (P. quinquefolius or Reduced the total number and shortened the [99]
Canada P. ginseng) root extract duration of ARIs by 25% and 6.2 days respectively.
Edmonton, Alberta, Laboratory-confirmed ARI (>60) COLD-fX 200 mg capsule Oral LCII and RSV illness was more severe in placebo [100]
Canada. N =198 extract twice-daily for ~ than COLD-fX-treated patients.
12 weeks
Edmonton, Alberta, Cold prevention (18 - 65 years) American ginseng 2 capsules/day (200 Effective in reducing the absolute risk of recurrent [101]
Canada N =323 mg/capsule) as freeze-  colds and the mean number of colds per person.
dried extract capsules
for 4 months
University of Alberta/ Upper respiratory tract Infection (URTI) (3 -12 Years) COLD-fX, Oral aqueous solution ~ Well tolerated and appropriate for short-term use [102]
Capital Health, N=75 for 6 months, adjusted  in children for URTI treatment
Canada to child weight
NCT00255307
China (ACTRN: COPD (57-73 years) Panax ginseng (Ren 200 mg twice daily for COPD exacerbations or adverse events [104]
12613000382774). N=14 shen) four weeks
Edmonton, Alberta, Upper Respiratory Tract Infection (3-11 Years) COLD-fX 3 day, once daily, No results
Canada N =293 dosing by oral route for
NCT00965822 14 days
Edmonton, Alberta, Seasonal Allergic Rhinitis (hay fever) (12 - 75 years) COLD-fX 200 mg twice daily for4 No results
Canada N = 200 weeks
NCT00726401
China, Hong Kong, Two Acute Upper Respiratory Tract Infection (>18 Years), N = 327 CHM 1. Wind-cold Sachets granules, Oral  Jing Fang Bai Du san relieved and effectively cleared
General Outpatient syndrome received route at day 7 up the pathogenic cold. Ying Qiao san effectively
Clinics treatment of Jing Fang cleared up the pathogenic heat.
Bai Du san
2. Wind-heat syndrome
received treatment of
Ying Qiao san
Wake Forest University, ARI + chronic lymphocytic leukemia (CLL) (>18 years) N = 293 COLD-fX Oral extract for 3 Profound reduction in rates of moderate-severe ARl [109]
USA months twice a day and sore throat, suggesting increased rates of
NCT00752895 seroconversion. Enhanced antibody responses
Italy Influenza 48 years, Mean 58% males, N = 227 Standardized extract of ~Oral daily capsule NK increased two fold in the G115 group and is able [110]
ginseng root Ginsana G contains 100 mg for 12  to protect against common cold and influenza.
115 (114) weeks
Republic of Korea Acute Respiratory Illness (ARI) (30-70 years) Korean Red Ginseng 3 times/day, 9 capsules/ Effective in reducing duration and scores of ARI [111]
NCT01478009 N =100 Extract day, (3g/day) for 12 symptoms.
weeks
Republic of Korea Acute Respiratory infection (39-65 years) 1. GS-3K8 (ultra- 6 cap/day, 500 mg/cap  Reduced the symptoms and duration of ARIL [112]

NCT03028077

N =45

filtered red ginseng
extract)

2. GINst15 (hydrolyzed
ginseng extract)

for 8 weeks

AR, acute respiratory illness; CHM, Chinese herbal medicine; COPD, chronic obstructive pulmonary disease; LCCUs, laboratory-confirmed clinical upper respiratory infections; LCII, laboratory-confirmed influenza illness; NCT,

clinical trial number; URTI, upper respiratory tract infection; KRGE, Korean Red Ginseng extract; RSV, respiratory syncytial virus
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(<5 years) [92]. Mice pretreated with Korean Red Ginseng (KRG) at
a dose of 100 mg/kg showed significantly increased survival rates
and alleviated bacterial burden in the blood, lungs, and spleen at 24
and 48 h after infection and, thus, diminished inflammatory
response in the lungs, compared with the control group. Moreover,
KRG administration (100 mg/kg) prevented pneumococcal sepsis
by inhibiting the production of cytokines, including IL-13 and TNF-
a, neutrophil infiltration, and nitric oxide production 48 h after
infection in vivo. Furthermore, aqueous extracts of KRG significantly
reduced S. pneumoniae—induced TLR2, TLR4, and NF-kB expression
in RAW264.7 macrophages [93].

4. Human trials evaluating the effect of ginseng on
respiratory pathogens

COLD-fX (CVT-E002), a poly-furanosyl-pyranosyl-saccharide
isolated from the root of American ginseng, is believed to be safe,
effective, and widely accepted as a therapeutic regimen against
respiratory pathogens, reducing viral and bacterial load in patients
of all ages, especially in patients who are more vulnerable to sea-
sonal influenza-like illness [83]. COLD-fX has been investigated as
an immunomodulatory compound, acting through toll-like re-
ceptors. This activation leads to an increased number and function
of cells within both the adaptive and innate immune systems
[94,95].

Ginseng efficacy in the treatment of common cold, flu, and up-
per and lower RTIs has been investigated in several randomized
controlled clinical trials with varying inclusion and exclusion
criteria. These trials have shown ginseng effects on severity, dura-
tion, and frequency of overall symptoms with a positive trend for
preventing the development of respiratory infections, as shown in
Table 3. KRGE at a dose of 9 capsules per day for a period of 3
months in 100 patients effectively suppressed the incidence of
influenza-like illness against placebo-treated group [96]. The effi-
cacy of COLD-fX in preventing acute respiratory illness (ARI) was
evaluated in a randomized, double-blinded trial comprising 43
adults (>65 years) taking 2 capsules/day (200 mg/capsule) of either
COLD-fX or placebo for a period of 4 months after one month of
influenza vaccine. Evidence indicates that COLD-fX significantly
increased lymphocyte proliferation and cytokine production (IL-1,
IL-6, TNF-a, and nitric oxide) from peritoneal macrophages in vitro.
IL-2 and IFN-vy are the major T cell and NK cytokines associated with
virus-elicited adaptive immunity [97]. In addition, when COLD-fX
as a prophylactic treatment reduced the duration of respiratory
symptoms and relative risk by 55% and 48%, respectively in
immunocompromised aged patients during the influenza season
[97]. COLD-fX, as a seasonal prophylactic was evaluated in 783
seniors (>65 years) at a daily dose of 400 or 800 mg/day for 6
months. This study showed that COLD-fX was safe, with a tendency
to reduce the incidence and severity of upper RTIs [98].

To assess the safety and efficacy margins in relation to pre-
venting common colds, a randomized controlled clinical trial
comparing American and Korean ginseng root extracts in healthy
adults was conducted. This study conducted by Seida JK et al [99] in
747 patients showed that preventative ingestion of ginseng extracts
for 8—16 weeks, significantly reduced the incidence and duration of
common colds by 6.2 days when compared with the placebo con-
trol. McElhaney JE et al, [100] proposed that oral administration (2
times/day) of COLD-fX, 200 mg as a prophylactic treatment could
reduce the incidence rate of acute respiratory illness (ARI) during
the influenza season. Data obtained for laboratory-confirmed
influenza and RSV infections showed that COLD-fX was safe and
effective in preventing ARI symptoms. Ingestion of 2 capsules/day
of COLD-fX—rich extract for 4 months in 323 patients between 18—

65 years of age reduced the relative risk, duration, and the mean
number of colds per person [101].

To document the safety and tolerance of American ginseng root
extract, a randomized, phase II clinical trial in 3- to 12-year-old
children was conducted. No serious adverse events for the oral
consumption of ginsenosides were reported in either animal or
in vitro studies when using the Canadian Acute Respiratory Infec-
tion Flu Scale [102]. A double-blinded clinical trial with 168 par-
ticipants was conducted in Melbourne (Australia), wherein they
administered P. ginseng capsules (100 mg) twice a day for 24 weeks
[Clinical Trials Register (ANZCTR): ACTRN12610000768099]; it
suggested that this treatment was safe and of therapeutic value,
resulting in symptomatic relief in patients with COPD [103]. In a
double-blind, pilot trial involving nine participants with COPD and
14 control participants (57—73 years old), researchers compared
P. ginseng (200 mg twice daily for four weeks) with a placebo in
Guangdong Province, China, ANZCTR (ACTRN: 12613000382774),
and they found that the ginseng was well tolerated with no adverse
events [104].

Gross et al. [105] showed that taking P. ginseng (G115, 100 mg)
twice daily for 12 weeks enhanced respiratory endurance and
improved pulmonary function in 92 moderate patients with COPD.
In a study of 40 chronic bronchitis patients, P. ginseng (100 mg)
taken twice daily for 8 weeks significantly decreased the number of
alveolar macrophages in BAL fluid when compared with the pla-
cebo control [106]. When researchers evaluated P. ginseng (G115,
100 mg for 9 days) in combination with antibiotics in 75 patients
with chronic bronchitis, they were able to show a reduced bacterial
count compared with antibiotics alone [107]. In addition, P. ginseng
treatment did not show any adverse effects [108]. Although well
tolerated, these studies did not evaluate and measure appropriate
COPD outcomes to evaluate ginseng's effect on the maintenance of
health-related quality of life indicators [103].

A randomized, double-blind, trial comprising 293 participants
showed that COLD-fX, although well-tolerated, yet did not effec-
tively reduce the length of ARI or antibiotic use in patients with
ARI infected with chronic lymphocytic leukemia [109]. Antibody
titers and natural killer cell activities in 227 volunteers were
significantly elevated in individuals who received P. ginseng stan-
dardized extract (G115, 100 mg) once a day via the oral route for 12
weeks when compared with the placebo group [110]. KRG effec-
tively suppressed the duration and severity of ARl symptoms in 100
participants [111]. A placebo-controlled, pilot study divided 45
participants randomly and administered a capsule (500 mg/cap and
3000 mg/day) of GS-3K8, GINST, or placebo. GS-3K8 and GINST
prevented the development of ARI with no adverse drug reactions
during the intervention and reduced symptom duration, with no
drug intolerance [112].

Taken together, in vivo and in vitro studies summarized in
Tables 1-3 and Fig. 1 reveal that ginseng and/or its related com-
ponents exert immunomodulatory effects that reduce the level of
proinflammatory cytokines and oxidative stress and, thus, alleviate
the symptoms and reduce the incidence rate and frequency of
RTlIss.

5. Concluding remarks

Although a plethora of articles demonstrate that ginseng is
devoid of adverse events and is well tolerated and effective as a
seasonal prophylaxis for preventing respiratory infections and
reducing their duration irrespective of age, it is still necessary to
evaluate and understand its molecular mechanisms. Studies should
focus on the application of various molecular biology techniques,
including pathway analysis and proteomics techniques, to identify
the primary cellular targets that trigger the anti-inflammatory and
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antioxidative stress effects characteristic of ginseng that are
responsible for the alleviation of the symptoms of RTIs. This would
definitely help in determining factors that may result in adverse
events due to frequent or prolonged ingestion of standardized
ginseng extracts.

6. Future perspectives

Air pollution continues to be a leading risk factor and a major
public health concern with a worldwide mortality rate each year,
affecting nine of ten individuals living in urban areas. The majority
of epidemiological studies linked to detrimental effect of air
pollution rely on hospital-acquired data and mortality rates as
health outcomes presenting serious morbidity are the ultimate
consequence of severe air pollution. Respiratory diseases require
significant medical intervention in the primary health-care setting,
irrespective of gender and age. In addition to the reported immu-
nomodulatory behavior, adverse events related to ginseng and drug
interactions should also be taken into consideration when applying
it as an adjunct to therapy. Future studies should include detailed
investigations of ginseng and its related components in terms of
pharmacokinetics and toxicity, mechanisms of action, specificity,
and therapeutic efficacy in in vitro, animal, and human models to
establish the critical parameters for their application in a clinical
setting.
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