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Abstract: The immune system protects the body from infectious agents such as bacteria, viruses, or
fungi. Once encountered with pathogens or antigens, the innate and adaptive arms of the immune
system trigger a strong immune response to eliminate them from the system and protect the body.
Thus, well-balanced immunity is pivotal for maintaining human health, as an insufficient level of
immune defense leads to infections and tumors. In contrast, the excessive functioning of the immune
system causes the development of autoimmune diseases and allergies. Strong immunity requires
adequate nutrition, dietary interventions, and sufficient intake of certain vitamins (vitamin C, vitamin
D, and folic acid) and minerals (magnesium, zinc, and selenium). Therefore, nutritional and micronu-
trient deficiencies lead to compromised immunity. Several natural ingredients have shown potent
immunomodulatory properties. The immune-enhancing properties of many plants and fungi are
due to containing bioactive phytoconstituents such as polyphenols, terpenoids, β-glucans, vitamins,
etc. Probiotics and prebiotics can be used as innovative tools to reduce intestinal inflammation and
downregulate hypersensitivity reactions. Plant sources of melatonin, a multifunctional molecule
with proven anti-inflammatory and immunomodulatory properties, have been discovered relatively
recently. The bioactive compounds augment the immune response by directly increasing the cytotoxic
activity of natural killer cells, macrophages, and neutrophils. Many phytoconstituents prevent cell
damage due to their powerful antimicrobial, antioxidant, and anti-inflammatory properties. The
present review attempts to understand the molecular mechanisms underlying the immune-enhancing
properties of some bioactive compounds from plants, fungi, animals, microorganisms, and other
natural sources.

Keywords: natural bioactive compounds; medicinal plants; vitamins; minerals; melatonin; propolis;
probiotics; prebiotics; dosages; immunomodulators; antioxidants

1. Introduction

Humans are constantly exposed to various external influences, such as environmental
pollutants or harmful pathogens, that affect homeostasis [1]. In recent decades, the rapid
growth of the frequency of various infectious diseases, inflammatory conditions, allergies,
cancers, and autoimmune disorders has brought much suffering to human beings. At
the beginning of the 21st century, Parkin and Cohen [2] summarized that an insufficient
level of immune defense leads primarily to the occurrence of severe infections or/and
tumors, while the excessive functioning of the immune system causes the development
of allergic or/and autoimmune diseases. Thus, well-balanced immunity is pivotal for
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maintaining human health [3]. Therefore, the importance of using natural substances with
immunomodulating properties to prevent or augment the treatment of the abovementioned
conditions is becoming quite obvious [4].

The immune system comprises a wide range of immune cells, various cytokines, and
signaling pathways that protect the skin, intestinal tract, and respiratory tract from foreign
invaders such as bacteria, viruses, and fungi. The host immune system has two arms: the
innate immune system and the adaptive immune system [2]. While innate immunity lacks
immunological memory, it is a hallmark of adaptive immunity [5].

Medicinal plants, beekeeping products, probiotics and prebiotics, melatonin, and other
natural compounds with immunomodulating properties could explore new therapeutic
ways to enhance immunity against various diseases [6–9]. Many vitamins and minerals
are also very effective in supporting the proper functioning of immunity [7]. The high cost
of synthetic drugs, their anticipated toxicity, and various adverse effects are undesirable
for patients. In contrast, herbal substances as health promoters have gained increasing
attention in both scientific circles and among consumers [10]. Some medicinal plants
can exhibit immunomodulatory effects such as phagocytosis promotion and macrophage
activation, modulation of cytokine secretion, immunoglobulin production, and lymphocyte
proliferation [10]. In addition to the significant growth of interest in so-called superfoods
(berries, nuts, green tea, sea products, and honey, among many others) in the era of the
coronavirus pandemic [11], COVID-19 has prompted a search for new effective natural
remedies for immunomodulation to prevent this disease. Natural phytotherapeutics were
regarded as effective immune boosters in the case of COVID-19 disease [12]. Despite the
progressive successes in developing various vaccines against COVID-19, the importance of
natural substances as immune-enhancing agents cannot be underestimated [7]. Recently,
herbal medicines have been considered the drugs of choice to enhance immunity in pre-
and post-COVID-19 patients [13].

Plant-based natural ingredients promote health and help fight infections by boosting
host immunity. Some phytoconstituents increase the proportion of beneficial gut bacteria,
which are crucial for maintaining immunity. Recently, Rondanelli et al. described the pivotal
role of vitamins (C, D), zinc, and Echinacea preparations in self-care for the prevention or
treatment of common colds [14]. The natural ingredients of garlic (Allium sativum) boost
immunity by increasing the functions of innate immune system cells such as lymphocytes,
γδ-T cells, and natural killer (NK) cells, which kill invading pathogens [15]. β-Glucans
are a category of naturally derived ingredients (from some plants, fungi, and bacteria)
that modulate innate and adaptive immune responses. However, the immune response
generated by β-glucans varies based on the structure [16]. The appropriate intake of some
polyphenols, vitamins, and minerals helps boost immune functions and fight infections,
including COVID-19 [17]. The immune-boosting properties of flavonoids help fight cancer,
inflammation, and viral infections [18,19].

It should be noted that a balanced immune response also requires the suppression
of unnecessary and harmful immune reactions. As it is known, dendritic cells (DCs)
directly link the innate and adaptive immune systems, and their abnormal activation
leads to chronic inflammation, rejection of transplants, and autoimmunity. It was revealed
that quercetin, as a representative of flavonoids, can act as an immunosuppressant by
inhibiting the activation of DCs [20]. Nowadays, scientists have concluded that using
nanoformulations helps successfully solve the problem of poor aqueous solubility and
low bioavailability of some natural constituents such as curcumin, quercetin, gingerol,
etc. [21–23]. Nanodelivery of drugs makes it possible to provide targeted delivery of
bioactive components and helps significantly reduce their dosage.

Micronutrients, such as vitamin C, also improve immune functions by augmenting
chemotaxis and phagocytosis and generating free radicals by immune cells [24]. Similarly,
vitamin D increases the Th2 cell response and suppresses Th1 cell activation [25]. Overall,
deficiencies in certain vitamins and minerals can lead to the weakening of the immune
system [26]. It should be also mentioned that propolis, a famous beekeeping product, is
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widely used for managing upper respiratory tract infections, which occur when the level
of immunity decreases [8,27]. It is also worth adding that research in recent years has
revealed that appropriate administration of the hormone melatonin plays a significant role
in improving immunity [28,29].

This review attempts to describe the modern approaches to the immune-boosting
roles of a variety of natural ingredients from different sources and their use in managing
infections or other diseases related to the dysfunction of the immune system.

2. Medicinal Plants as Immunomodulators

Several botanical families comprise many plants with proven immunomodulating
properties, including Asteraceae, Rutaceae, Araliaceae, Zingiberaceae, Alliaceae, Lamiaceae,
etc. [30–33]. For example, the immune-stimulating properties of Echinacea, ginger, and
fresh citrus juice have been well-known worldwide for several decades [1,32,34,35]. In
recent years, an increasing number of herbs with immunostimulating properties have been
researched and discovered for official medicine based on the study of plant species from
different parts of the globe. Herbal preparations are regarded as effective and inexpensive
natural immunomodulators [1,36–38]. Williamson summarized that the molecular pharma-
cology of herbal drugs is a tremendous challenge, as phytoextracts are multicomponent
substances with multileveled modes of action compared to synthetic pharmaceuticals [39].

Thomford et al. [40] noted that modern approaches to medicine in the 21st century,
as a rule, require the isolation and purification of one or two active compounds from
medicinal plants. However, the isolation of an active compound could lead to the loss
of its pharmacological activity [40]. For instance, the effectiveness of multi-component
herbal prescriptions in traditional Chinese medicine is highly appreciated by modern
health care practitioners. It should be noted that individually, many of the ingredients in
these combinations do not possess therapeutic activities because of the simultaneous and
synergistic action of several bioactive compounds [40]. The modern technologies such as
metabolomics, genomics, proteomics, transcriptomics, and computational strategies open
the way for choosing better drug candidates with immunomodulatory effects extracted
from medicinal plants [41].

According to Boozari and Hosseinzadeh, the consumption of herbal substances pre-
pared from Echinacea spp., Zingiber officinale, Camellia sinensis, Hypericum perforatum, Allium
sativum, Glycyrrhiza glabra, and Nigella sativa can significantly improve the immune response
in the fight against the novel coronavirus COVID-19 [42]. It was found that phytocon-
stituents from such ayurvedic medicinal plants as Ashwagandha (Withania somnifera),
Tulsi (Ocimum sanctum), and Giloy (Tinospora cordifolia) were effective COVID-19 virus
proteases [30,43]. Coriander (Coriandrum sativum) was regarded as the most commonly
used ingredient in homemade remedies in Sri Lanka during the COVID-19 pandemic [44].
Herbal preparations are regarded as effective and inexpensive natural immunomodula-
tors [1]. Recent findings of Al Kury et al. [45] demonstrate that an extract from the aerial
part of Xanthium spinosum (Asteraceae family) has significant anticancer and immunomodu-
latory effects.

Many polyphenols, terpenoids, sulfur-containing compounds, polysaccharides, and
some alkaloids possess the ability to enhance immunity [33,46,47]. Venter et al. [48] con-
cluded that unsaturated omega-3 fatty acids from plants sources also play an important
role in the maintenance of immunity in the context of autoimmune and allergic diseases.

However, the lack of reliable standardization of bioactive ingredients and rigorous
tests for efficacy constitute a significant obstacle regarding the poor progress in research
studying the immunomodulatory effects of herbal remedies [1,36]. Recently, Sun et al. [49]
concluded that increased solubility, bioavailability, and efficacy of herbal formulations
with immunomodulatory effects can be achieved using nano-engineered delivery sys-
tems. Chaudhary et al. [21] found that the synthesis of new antimicrobial drugs using
‘green nanoparticles’ from plant extracts has attracted a lot of attention from scientists in
recent years.
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2.1. Coneflower (Echinacea ssp.)

Coneflower (Echinacea) is a genus of herbaceous plants (Asteraceae family) originating
from North America. Three species (E. purpurea, E. pallida, and E. angustifolia) have been
used by Native Americans for the treatment of respiratory infections and inflammatory
conditions, including bronchitis and inflammation of the mouth [1]. Phytopreparations
from the coneflower rhizome with roots or herbs are also widely used in the 21st century in
the pharmaceutical industry. They are the best-selling herbal drugs in the USA and Europe
as effective natural immunomodulators [50].

The quality of E. purpureae herba and radix may be determined by the content of
cichoric acid, which is regarded as their main bioactive compound, while dominating
echinacoside is characteristic of the E. angustifoliae and E. pallidae radices [1]. In addition to
these phytoconstituents, several other bioactive chemicals have been identified in Echinacea
species. Thus, their N-alkylamides also possess significant immunomopharmacological
effects [51]. Primary metabolites such as polysaccharide arabinogalactan from E. purpurea
could also enhance macrophage activation [52]. It was suggested that treatment with
standardized Echinacea extracts at 2.4 g/day over 120 days is beneficial for prophylactic use
and a dose of 4.0 g/day during acute stages of colds [14]. The extract from the fresh aerial
part of E. purpurea (10–250 µg/mL) could effectively modulate the human Jurkat T-cell
cytokine response through interleukin-2 and interferon-gamma cytokine secretions [53].

In vitro studies of the ethanolic extract prepared from E. purpurea showed its significant
effect on inhibiting highly pathogenic SARS-CoV-2 [54]. Vimalanathan et al. [55] showed
the broad antiviral actions of E. purpurea against SARS-CoV-2. Recently, Kolev et al. [56]
demonstrated in randomized clinical studies the ability of E. purpurea hydroethanolic
extract to prevent respiratory tract viral infections during the COVID-19 pandemic in the
long term.

2.2. Artemisia afra/annua

Artemisia (Asteraceae family) is a widely known genus of immense medicinal value.
It comprises almost 500 species of plants. The famous antimalarial drug artemisinin was
isolated from the Chinese species sweet wormwood (A. annua). The significant interest in
this compound has increased in the past three years, due to the COVID-19 pandemic, as it
also possesses antiviral effect [57].

Several volatile secondary phytoconstituents from Artemisia species are part of tradi-
tional medicinal systems worldwide. In the South African region, A. afra is one of the most
common and widely used herbs to manage diabetes, malaria, and cough [58]. A. afra also
possesses powerful antimicrobial properties due to the presence of bioactive terpenoids.
The essential oils of A. afra showed antimicrobial properties against 41 bacterial strains,
indicating broad antimicrobial activity, which favors its use as a preservative in the food
and cosmetic industries [59]. Three compounds of A. afra, scopoletin, betulinic acid, and
acacetin, have shown potent antimicrobial activity against a wide range of gram-negative
and gram-positive bacterial species and Candida albicans [60]. Appalasamy et al. reported
the antimicrobial properties of A. annua. However, the compounds in A. annua were not
found to be effective against Candida albicans [61]. The extract of A. annua also showed
dose-dependent inhibition of tumor necrosis factor-alfa (TNF-α) in activated neutrophils.
At 25, 10, and 5 µg/mL concentrations, A. annua inhibited TNF-α secretion by 89%, 54%,
and 38%, respectively. It also inhibited the secretion of prostaglandin E2 by activated neu-
trophils [62]. It is pertinent to mention that some studies have reported hepatotoxic effects
of A. annua, where consumption of A. annua herbal tea was associated with acute cholestatic
hepatitis. Therefore, the authors recommend its discontinuation for use in malaria due to
its ineffectiveness and toxic effects on the liver [63]. A 2012 report by the European Food
Safety Authority classified several Artemisia species in a category that “contain naturally
occurring substances of possible concern for human health when used in food and food supplements.”
Moreover, the Medicine Control Council of South Africa has also banned the use of A. afra
for the treatment of malaria due to its lack of efficacy [64].
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2.3. Ginseng (Panax ginseng)

Numerous studies have demonstrated that ginseng (Panax ginseng) as well as several
other species from the Araliaceae family can modulate the immune system, thereby pre-
venting many health disorders and treating immunity-related diseases [48]. Many isolated
ginsenosides (including Re, Rf, and Rg2) possess noticeable positive effects on innate and
adaptive immunity [65].

Interestingly, the immune-stimulating properties of ginseng are modulated by the
fermentation process. For instance, the fermentation of an ethanol extract of red ginseng
by Lactobacillus plantarum M-2 enhanced the immunological benefits of red ginseng. In the
mouse model, intraperitoneal injection of 500 µg fermented red ginseng (FRG-E) was more
effective in reducing lung metastasis than nonfermented red ginseng (NFRG-E) (81.1% v/s
66.9%). Moreover, FRG-E improved immunity in healthy subjects by increasing the levels of
IgA and IgG. Surprisingly, NRFG-E reduced IgA and IgG levels in subjects compared with
the baseline values (5.14 mg/mL v/s −14.5 mg/mL at one week), indicating improved
immunological activity of FRG-E compared with NFRG-E [66].

A study conducted in patients with non-small cell lung cancer demonstrated that
ginseng polysaccharides (GPS) alter the immune response of T helper cells (Th1 and Th2)
compared to DCs alone. Both the GPS + DC and DC groups showed higher levels of Th1
cytokines (INF-γ and IL-2) and reduced levels of Th2 cytokines (IL-4 and IL-5), leading
to a higher ratio of Th1/Th2 cytokines. Importantly, patients in the GPS + DC group
showed higher immune functions than those in the DC alone group, indicating the potent
immunomodulatory effects of GPS [67].

A randomized, placebo-controlled, parallel, double-blind study on 72 healthy subjects
demonstrated that ginseng polysaccharide Y-75 (6 g/day) significantly increased immune
functions compared to the control group. Intake of Y-75 enhanced NK cell activity by 35.2%
and 40.2% from baseline values after 8 and 14 weeks of treatment, respectively. Similarly,
the phagocytic activity of peripheral blood cells increased significantly by 25.2% and 39.4%.
Moreover, serum TNF-α levels showed 38.2% and 44.5% increases at 8- and 14-weeks
posttreatment, respectively. Importantly, Y-75 was found to be safe and efficacious in
improving immune functions [68]. Sun et al. demonstrated that oral administration of
200 and 400 mg/day ginseng polysaccharides in cyclophosphamide-induced immunocom-
promised mice significantly improved immunity by increasing NK cell cytotoxic activity
and increasing the secretion of perforin and granzyme [69].

2.4. Spices

A lot of different spices are widely used in cooking. As it turned out, some of them
have a significant effect on the functioning of the immune system. Many spices that are
commonly known as medicinal plants possess immune-enhancing properties. Thus, the rhi-
zome of ginger (Zingiber officinale) contains dozens of compounds with antioxidant activities
that could be used to treat various inflammations as well as modulate metabolic biomarkers.
Karimi et al. [70] demonstrated that four capsules of ginger extract (750 mg) were used daily
for six weeks by obese women with breast neoplasms to reduce systemic inflammation
and metabolic syndrome. Yücel et al. [23] described gingerols’ anti-inflammatory and
immunomodulatory potential and their nanoformulations. The presence of a significant
amount of eugenol in the essential oil as well as polyphenols (including apigenin, quercetin,
and ferulic acid) in the aerial parts of ‘Holy basil’ or ‘Tulsi’ (Ocimum sanctum) from the
Lamiaceae family could be the substantial reason for its excellent anti-inflammatory and im-
munostimulating activity [71]. The main biocompounds of garlic (Allium sativum) belong to
γ-glutamyl cysteine derivatives, allyl methyl cysteine, and diallyl thiosulfinate compound
families [72]. Allicin orally applied at doses of 3–9 mg/kg/day reduced parasitemia in
mice infected with Plasmodium malaria and prolonged their survival by improving host
immune responses [73]. The cumin (Nigella ssp.) seeds contain thymoquinone, β-elemen,
dihydrofarnesol, and other bioactive terpenoids [74] that exhibit significant antioxidant
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and anti-inflammatory effects. Clinical trials revealed that Nigella seed oil has substantial
potential to alleviate inflammation in the case of rheumatoid arthritis [74].

Figure 1 presents the most important medicinal plants and spices with immunomodu-
latory effects.

Pharmaceuticals 2023, 16, 528 6 of 28 
 

 

inflammatory and immunomodulatory potential and their nanoformulations. The pres-
ence of a significant amount of eugenol in the essential oil as well as polyphenols (includ-
ing apigenin, quercetin, and ferulic acid) in the aerial parts of ‘Holy basil’ or ‘Tulsi’ (Oci-
mum sanctum) from the Lamiaceae family could be the substantial reason for its excellent 
anti-inflammatory and immunostimulating activity [71]. The main biocompounds of gar-
lic (Allium sativum) belong to γ-glutamyl cysteine derivatives, allyl methyl cysteine, and 
diallyl thiosulfinate compound families [72]. Allicin orally applied at doses of 3–
9 mg/kg/day reduced parasitemia in mice infected with Plasmodium malaria and prolonged 
their survival by improving host immune responses [73]. The cumin (Nigella ssp.) seeds 
contain thymoquinone, β-elemen, dihydrofarnesol, and other bioactive terpenoids [74] 
that exhibit significant antioxidant and anti-inflammatory effects. Clinical trials revealed 
that Nigella seed oil has substantial potential to alleviate inflammation in the case of rheu-
matoid arthritis [74].  

Figure 1 presents the most important medicinal plants and spices with immunomod-
ulatory effects. 

 
Figure 1. The most important medicinal plants and spices with immunomodulatory activity. 

Thus, a lot of herbs are quite effective and inexpensive natural sources of phytocon-
stituents with immune-enhancing properties. Some polyphenols, terpenoids, sulfur-

Figure 1. The most important medicinal plants and spices with immunomodulatory activity.

Thus, a lot of herbs are quite effective and inexpensive natural sources of phyto-
constituents with immune-enhancing properties. Some polyphenols, terpenoids, sulfur-
containing compounds, polysaccharides, etc., from medicinal plants and spices possess
significant potential to improve immunity.
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3. Selected Natural Compounds with Immunomodulating Properties

Quercetin, curcumin, luteolin, and other polyphenols demonstrate prominent im-
munostimulatory actions on macrophages as well as the ability to increase the prolif-
eration of T cells and B cells [75]. Polyphenols can also reduce inflammation by sup-
pressing proinflammatory cytokines and causing immunomodulatory effects against au-
toimmune diseases and allergic reactions [76]. According to Mollazadeh et al. [77], the
positive effects of curcumin on human immunity could be related to its ability to increase
IL-10-mediated effects.

Among other well-known components with an immunomodulatory effect, it should
be mentioned propolis as a beekeeping product, melatonin as a representative of the class
of neurohormones, or some polysaccharides of plants and mushrooms. Xylitol, as a non-
digestible carbohydrate of natural origin, beyond its significant role in maintaining dental
health, also modulates the immune response of the body [78,79]. It contributes to a reduced
respiratory tract infection risk [79].

Below are the results of scientific research on the immunomodulatory potential of
some biologically active components that have different resource origins.

3.1. Quercetin

Quercetin is a flavonoid with the chemical name 3,3′,4′,5,7-pentahydroxyflavone.
Quercetin is not synthesized in the human body, and it is found in several plant species. Its
anti-inflammatory, antioxidant, antiviral, and antibacterial properties are well reported in
the literature [75,80].

In a randomized, double-blind, placebo-controlled clinical trial conducted in 50 women
with rheumatoid arthritis, the intervention of quercetin (500 mg/day) for eight weeks
significantly improved disease symptoms by reducing pain, disease activity, and plasma
levels of hs-TNFα compared with the placebo group. Although quercetin supplementation
affected the erythrocyte sedimentation rate, the difference was insignificant [81]. In a meta-
analysis, quercetin supplementation significantly reduced CRP levels, total cholesterol, and
low-density lipoprotein in patients suffering from metabolic disorders. However, no effect
on IL-6, TNF-α, or high-density lipoprotein was observed [82]. However, a randomized,
crossover study in 20 athletes showed that intake of four quercetin-based chews 15 min
before a 2 h run did not reduce post-exercise inflammation or immune changes caused by
increased levels of various cytokines, such as GM-CSF, IL-2, IL-6, IL-8, CRP, TNF-α, and
IL-1β. The four quercetin-based chews provided to runners were made using 1000 mg
quercetin, 1000 mg vitamin C, 400 mg each of isoquercetin, eicosapentaenoic acid, and
docosahexaenoic acid, 120 mg epigallocatechin 3-gallate, and 40 mg niacinamide. Although
quercetin levels significantly increased in the quercetin-based chews group, no statistically
significant difference was observed in the postexercise inflammation levels compared to
the placebo group [83].

Heinz et al. conducted a double-blinded, placebo-controlled, randomized trial to
evaluate the impact of long-term supplementation of quercetin on the innate immune
system. Supplementation of quercetin (500 mg/day and 1000 mg/day) to adult female
subjects for 12 weeks had no significant impact on plasma IL-6 and TNF-α levels, and
no significant impact on NK-cell activity and granulocyte phagocytosis was observed
compared to the placebo group, indicating no direct impact on innate immunity and
inflammation [84]. Figure 2 presents an overview of the immunomodulatory properties of
quercetin and preparations from ginseng.
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3.2. Propolis

Propolis is a highly viscous and resinous natural product produced by honeybees
and possesses substantial pharmacological and biological properties [8]. Propolis is recom-
mended for managing upper respiratory tract infections, flu, colds, wound healing, fighting
bacterial, viral, and fungal infections, and treating acne or burns [27]. The antioxidant
properties of propolis primarily contribute to its medicinal properties. A meta-analysis and
systemic review of six studies with 406 participants concluded that propolis use signifi-
cantly lowered serum TNF-α and CRP levels in study participants [85]. A double-blind,
placebo-controlled clinical trial in 50 type 2 diabetes mellitus patients showed that the
treated group receiving Iranian propolis (1000 mg/day) for 90 days showed a significant
reduction in serum levels of CRP, TNF-α, glycosylated hemoglobin, and insulin [86]. A
randomized, double-blind trial conducted in 60 elderly subjects (average age: 72.8 years)
living at higher latitudes (2260 m above sea level) demonstrated that propolis intake (0.8 g;
24 months) significantly reduced serum IL-1β and IL-6 levels, but serum TNF-α levels
were not statistically significant. However, the propolis-treated group showed significantly
higher levels of TGF-β1 [87].

Similarly, in an 18-week randomized controlled study involving 33 type 2 diabetes
mellitus patients, supplementation with 900 mg/day of Brazilian green propolis signif-
icantly reduced serum TNF-α levels but significantly increased serum IL-1β and IL-6
levels. Moreover, serum antioxidant capacity and total polyphenol concentrations were
significantly higher in the propolis-treated group, while serum carbonyls and lactate dehy-
drogenase activity were significantly lower [88]. Diabetic foot is a major diabetes-associated
complication. The use of propolis has been proposed to heal diabetic foot ulcers due to
its anti-inflammatory, antioxidant, and wound-healing properties. A randomized trial
conducted on 31 diabetic foot ulcer patients showed that propolis spray (3%) applied to
wounds for eight weeks reduced the wound area by 4 cm2 and facilitated wound healing
via increased tissue deposition at the wound site.

Moreover, propolis reduced TNF-α but increased IL-10 and the glutathione/glutathione
disulfide ratio. Therefore, propolis may be used as an adjuvant therapy in managing dia-
betic foot due to its anti-inflammatory and antioxidant potential [89]. A meta-analysis of six
studies comprising 406 participants demonstrated that propolis intake significantly reduced
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serum levels of CRP and TNF-α [85]. In a double-blind, randomized, placebo-controlled
clinical trial conducted on 31 dengue hemorrhagic fever patients in Indonesia, patients
were given two capsules of 200 mg of PropoelixTM three times a day for seven days. The
PropoelixTM-treated group showed faster recovery, as evidenced by increased platelets
compared to the placebo group. Moreover, the treated group had a significantly lower
TNF-α level on day seven than the placebo group. Overall, the treated group had lower
hospitalization stays and better recovery [90].

3.3. Glucans

β-Glucan is a dietary fiber and a long-chain polymer of D-glucose, where D-glucose
moieties are joined through glycosidic linkages. β-Glucans are a common constituent
of the cell walls of several bacteria, algae, and fungi (Saccharomyces cerevisiae, Aspergillus,
Ganoderma applanatum, and Inonotus obliquus), as well as cereals and grains (barley, wheat,
oats, and rye) [29,60]. It was found that β-glucan contains various types of glycosidic
linkages, β-(1,3)/β-(1,4)/β-(1,6), which vary depending on the source [91]. β-Glucans are
a dietary source of soluble fermentable prebiotic fibers that provide a substrate for host
microbiota within the large intestine, producing short-chain fatty acids and increasing
fecal bulk.

It has been reported that β-glucan improves host immunity by activating the comple-
ment system and increasing the cytotoxic activity of macrophages and NK cells. Moreover,
the interactions of β-glucan with several cell surface receptors, such as complement recep-
tor 3, dectin-1, and lactosylceramide selected scavenger receptors, also trigger immune
functions [92].

In animal models, beta 1,3/1,6 glucan from the mushroom reishi (Ganoderma lucidum)
improved immunity by inducing the expression of IgA or IgG in serum and small intestinal
fluid. Moreover, it also increased the expression of the poly-Ig receptor in the small intestine
and promoted NK cell activity [93]. Water-insoluble β-(1→3)-D-glucan extracted from G.
lucidum displayed potent anti-inflammatory properties in lipopolysaccharide (LPS)-induced
Raw 264.7 cells by downregulating iNOS and TNF-α mRNA expression and inhibiting
IκBα and JNK1/2 phosphorylation. At the molecular level, the anti-inflammatory activity
of β-(1→3)-D-glucan was due to the inhibition of the NF-κB and JNK MAPK pathways,
with TLR2 receptors playing a central role [94].

It has been demonstrated that the chemical structure of glucans (α or β) alters the
bioactivity of glucans. For instance, β-(1→6), β-(1→3), (1→6), and α-(1→3) glucans were
purified from a polysaccharide-enriched extract from Lentinula edodes (shiitake mushrooms).
However, only the β-(1→6) and β-(1→3), (1→6) fractions displayed antioxidant properties
against DPPH free radicals and lowered IL-1β and IL-6 secretion in LPS-stimulated THP-
1/M cells, indicating the crucial role played by chemical structure in the biological activity of
glucans [95]. In a similar observation, Murphy et al. reported that the extraction process of
β-glucans from the same source also creates a difference in immunomodulatory properties.
In this study, the “in-house” extract of the edible mushroom (IHL) Lentinula edodes was
compared with commercially available (Carbosynth-Lentinan, CL) lentinan extract. The
CL extract is rich in α-glucans and contains lower concentrations of β-glucans. In human
alveolar epithelial A549 cells, both IHL and CL extracts reduced NF-κB activation at lower
doses, but the IHL extract was more effective in lowering NF-κB activation. However, the
CL extract was more potent in inhibiting the release of proinflammatory cytokines, such as
IL-2, TNF-α, IL-22, IL-8, and IL-6, than the IHL extract. These findings demonstrate that
β-glucans from the same source can have different immunomodulatory and pulmonary
protective properties, which may have implications for treating disorders caused by a
cytokine storm in COVID-19 [96].

Gaullier et al. conducted a double-blind, crossover, placebo-controlled study in healthy
Caucasian adults to understand the bioactivity of (1–6,1–3)-beta-glucan (lentinan) from
Lentinula edodes. In this study, adults were either given lentinex (2.5 mg/day) or a placebo for
six weeks. After a four-week washout period, alternate supplementation was given for an
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additional six weeks. The results demonstrated that both groups showed a higher number
of NK cells and circulating B cells. However, no difference in the levels of antibodies,
cytokines, and complement proteins was observed. Lentinex supplementation was safe
and well tolerated by the study participants [97]. Gordon et al. reported that a combination
of lentinan and didanosine increased the number of CD4 cells and neutrophil activity in
some HIV patients [98].

Cordyceps is a well-known Chinese fungus and possesses powerful immune-boosting
properties. An extract from Cordyceps mycelium at a dose of 1.68 g/day for eight weeks
significantly enhanced the cytotoxic activity of NK-cell activity (38.8 ± 17.6% increase) in
healthy human subjects (n = 40) compared to the control group (n = 39) [99]. In another
study, the aqueous and alkaline extracts of Cordyceps militaris mushrooms containing β-D-
Glcp (1→3)-linked polysaccharides were studied for their immunomodulatory properties.
The aqueous extracts stimulated the expression of various cytokines (TNF-α, IL-1β, COX-2)
in THP-1 macrophages, while the alkaline extract did not elicit any immune response.
However, alkaline did show potent anti-inflammatory activity in LPS-stimulated cells by
inhibiting proinflammatory genes. Furthermore, the purified β-(1→3)-D-glucan from C.
militaris was the most potent anti-inflammatory agent under in vivo conditions and reduced
the migration of total leucocytes but did not affect neutrophil migration [100]. A clinical
study conducted in healthy male adults (n = 39) demonstrated that capsules of C. militaris
(dose: 1.5 g/day, 4 weeks) significantly enhanced cell-mediated immunity. The treated
group displayed higher NK cell activity and lymphocyte proliferation index and induced
the secretion of IFN-Υ GREEK by Th1 cells compared to the placebo group. Therefore,
C. militaris effectively enhanced cell-mediated immunity in adults without causing side
effects [101].

Lehne et al. reported that oral supplementation with 400 mg/day soluble branched
yeast β-1,3-D-glucan derived from the S. cerevisiae cell wall for four days significantly
increased the salivary concentrations of IgA (65·8 ± 29·4 v/s 105·4 ± 73·9 ug/mL). The
400 mg/day dose was well tolerated, and no adverse events were reported [102]. In a
double-blind placebo-controlled trial, oyster mushrooms (Pleurotus cornucopiae) containing
a β-glucan concentration of 24 mg/meal for eight weeks increased the serum levels of
IFN-Υ and IL-12, whereas IL-10 and IL-13 did not change considerably. Moreover, the
treated group showed increased activity of NK cells. It may help fight infection and
cancer due to its immune-boosting properties [103]. Figure 3 presents an overview of the
immunomodulatory properties of propolis and β-glucans.

3.4. Melatonin

Melatonin is a multifunctional molecule known as an anti-inflammatory agent, im-
munoregulator, and antioxidant that might be beneficial and broadly applicable to treat a
variety of proinflammatory diseases by inhibiting the immune response and reducing the
production of proinflammatory cytokines [104]. It is a hormone that is an indole derivative
of serotonin [28,105].

For a long time, melatonin was considered an animal neurohormone, and only at the
end of the 20th century were discovered various plant sources of phytomelatonin [106].
The richest sources of melatonin are the seeds of Coffea arabica (6800 ng/g) and black pepper
(1093 ng/g) [106]. It has been found also in cherries, grapes, pistachio, olives, walnuts,
tomatoes, maize, rice, and some medicinal plants (Curcuma longa, Tanacetum parthenium,
Hypericum perforatum, etc.).

Previous studies have shown that melatonin, a potent scavenger of reactive oxygen
species and a potent inhibitor of myeloperoxidases, inhibits nuclear factor kappa B (NF-κB)
signaling pathways, which play an important role in reducing the expression of inflamma-
tory genes, including the signal transducer and activator of transcription expressed in T
cells and GATA-binding protein 3, an apoptosis-associated speck-like protein containing
the recruitment domain of caspase and caspase-1 [107]. Reviews highlight the important
role of melatonin as a potential adjuvant in the treatment of COVID-19 due to its ability
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to influence mechanisms that alter immune regulation; melatonin has been included as
a preventive and therapeutic option against COVID-19 along with vitamin D, vitamin C,
zinc, and selenium [108]. These nutrients show synergistic effects and play a central role in
maintaining the function and integrity of the immune system, so even a minor deficiency
can impair metabolism and immune responses [105,109].
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Melatonin has a regulatory effect on the immune system and directly enhances the
immune response by increasing the proliferation and maturation of cells (T and B lym-
phocytes, granulocytes, and monocytes), enhancing antigen presentation in macrophages.
The additional use of melatonin is associated with a significant decrease in the levels of
the proinflammatory cytokines TNF-α, IL-1β, and IL-6 [110]. Considering the high ef-
fectiveness of oral melatonin as an adjuvant therapy added to standard treatment, the
safety, and availability of the drug, it is suggested to conduct additional studies with larger
sample sizes and longer observation periods on the use of melatonin for the prevention of
complications and the treatment of COVID-19 patients of varying degrees of severity.

Therefore, a lot of in vitro, in vivo, and clinical studies convincingly demonstrate the
significant immunomodulatory activities of quercetin and other polyphenols, as well as
melatonin, β-glucans, and propolis, which have different resource origins and various
mechanisms of immunomodulatory effects.

4. Micronutrients: Vitamins and Minerals

Many micronutrients play a crucial role in augmenting immune function and acting
as immune boosters [111]. Some dietary micronutrients have been recognized as key
components of the world-famous Mediterranean diet [112]. Each stage of an adequate
immune response requires many specific elements, including zinc, selenium, magnesium,
and vitamins, which play vital, often synergistic roles. As is known, many vitamins can
be obtained from natural sources. For instance, a lot of fresh fruits and vegetables contain
high amounts of vitamin C. However, some vitamins have a synthetic origin nowadays.
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The daily demand for the consumption of micronutrients for proper functioning may
be higher than the recommended dietary allowances [113]. As it was revealed recently,
micronutrients are important immunomodulatory tools for COVID-19 management [75].

4.1. Vitamin C

Vitamin C, or ascorbic acid, is well known for its anti-inflammatory properties. It can
increase the synthesis of cortisol and vasopressors and absorb free radicals affecting the
functioning of leukocytes through the extracellular traps of neutrophils, thus strengthening
the arsenal against various pathogens, including viruses and bacteria. However, there
is still considerable controversy regarding vitamin C supplementation in various meta-
analyses and multiple reviews due to the varied methodologies of the studies and the
evaluation of the clinical efficacy of vitamin C use [114]. For example, vitamin C from
fresh fruits and vegetables reduces cellular oxidative stress, improves immune functions
by enhancing innate and adaptive immune responses, and acts as a cofactor for several
enzymatic reactions. Moreover, the accumulation of vitamin C in neutrophils enhances
chemotaxis and phagocytosis activity, leading to the killing of bacterial cells. It also
promotes the clearance of spent neutrophils from the infection site and prevents tissue
damage [24]. The preventive role of vitamin C in the common cold is well documented.
Studies have shown that vitamin C supplements (1–2 g/day) reduce the severity of the
common cold in children and adults.

Vitamin C concentrations are depleted during viral infections, and vitamin C deficiency
is associated with postherpetic neuralgia. In 67 participants suffering from shingles, the
intravenous administration of vitamin C (Pascorbin® 7.5 g/50 mL) for two weeks in combi-
nation with standard therapy reduced herpes zoster-associated pain and other complaints,
indicating the beneficial effects of vitamin C during viral infections [115]. In a randomized
clinical trial conducted in 200 patients, supplementation with vitamin C and vitamin E in
combination with triple therapy of antibiotics (lansoprazole + amoxicillin + clarithromycin)
for 14 days increased the clearance rate of Helicobacter pylori by increasing antibiotic effec-
tiveness and augmenting immune functions [116].

Network meta-analysis compared different doses of vitamin C (<6 g/day), high doses
of vitamin C (<12, ≥6 g/day), very high doses of vitamin C (≥12 g/day), glucocorticoids
(<400 mg/day of hydrocortisone), vitamin B1, and combinations of these drugs with
placebo or usual treatment, and discovered that there were no significant differences in
early mortality in adults with sepsis or septic shock between treatment and placebo/usual
treatment or between treatments and found no evidence that vitamin C affects organ
dysfunction or duration of stay in the intensive care unit [117].

4.2. Vitamin D

As it is known, vitamin D can be synthesized in the human skin in the sun and also
enter the body thorugh the process of nutrition. The main natural sources of vitamin D
are fish oil, cod fish liver, egg yolk, butter, and some fungi [118]. 1,25-Dihydroxyvitamin
D, the active form of vitamin D, exerts anti-inflammatory effects through the presence of
immune cells, including B and T cells, DCs, and macrophages expressing the vitamin D
receptor and 1α-hydroxylase. It was found a significant association between vitamin D
deficiency and increased incidence or exacerbation of infectious diseases and inflammatory
autoimmune diseases. However, the impact of vitamin D on the treatment and prevention
of infectious diseases and the relationship between inflammatory diseases and vitamin D
are still controversial [119].

There is increasing evidence that vitamin D is physiologically important for the human
host’s defense against bacterial and viral infections through vitamin D innate immune
signaling mechanisms, including the production of cytokines, antimicrobial proteins, and
pattern recognition receptors, and that vitamin D supplementation can combat viral infec-
tions, including those caused by SARS-CoV-2, which is supported by increasing clinical
evidence of the beneficial effects of vitamin D supplementation in cases of vitamin D defi-
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ciency, which is common in most countries in North America and Europe and is particularly
common in nursing homes, which are severely affected by the COVID-19 pandemic [120].

Based on recent studies, it is reasonable to avoid vitamin D deficiency in the population
to maximize innate and adaptive immunity and prevent adverse cardiovascular outcomes
during the COVID-19 pandemic by supplementing with vitamin D at doses recommended
by the Endocrine Society to maintain 25-hydroxyvitamin D concentrations in blood serum
at a level of at least 30 ng/mL, which can help reduce the risk of SARS-CoV-2 infection and
its severe consequences, including mortality [121]. In a study involving 100 participants
(50 with COVID-19 and 50 healthy subjects), it was noted that patients with COVID-19 had
significantly lower serum 25-hydroxyvitamin D levels than healthy controls [23.10 ± 10.89
vs. 32.06 ± 17.22, p = 0.0024]. Additionally, the total numbers of lymphocytes, TCD4+,
TCD8+, and NK cells were significantly decreased in patients with COVID-19 (p < 0.0001),
and IL-12, IFN-γ, and TNF-α were significantly increased in patients with COVID-19
compared to controls. In contrast, IFN-α was reduced in the COVID-19 group; these data
suggest a possible relationship between vitamin D concentration, immune system function,
and risk of infection with COVID-19 [122].

During the recent COVID-19 outbreak, individuals suffering from vitamin D and
selenium deficiency developed acute respiratory tract infections. Vitamin D enhances
immunity by stimulating the production of antimicrobial peptides. Furthermore, vitamin
D also prevents cytokine storms by reducing the secretion of inflammatory cytokines
by immune cells. Selenium, on the other hand, boosts the cytotoxic effects of immune
cells [111]. Interestingly, vitamin D receptors and other related enzymes are expressed by
both innate and adaptive systems, probably explaining the immunomodulatory properties
of vitamin D. Therefore, vitamin D deficiency is often linked with allergies, infections, and
autoimmune disorders [123].

A randomized, active-control, double-blind study in HIV patients showed that high-
dose vitamin D supplementation (120,000 IU/month) reduced T-cell activation/exhaustion
and monocyte activation, preventing abnormal immune activation and immune response
in HIV patients, a leading cause of comorbidities in HIV patients [104]. In a clinical trial,
sarcopenia patients aged ≥65 were given 20 g of whey protein, 3 g of leucine, and 800 IU of
vitamin D twice daily for 13 weeks. After the intervention period, IL-6 and IL-1Ra levels
increased, but IL-8 levels were reduced. The study concluded that vitamin D and whey
protein supplementation may reduce the immune response in sarcopenia patients [124].

Interestingly, vitamin D prevents autoimmunity by preventing the activation of T-
regulatory cells. A double-blind, placebo-controlled study in 60 subjects showed that
high-dose vitamin D for 12 weeks (140,000 IU/month) significantly increased the numbers
of Treg cells without changing the numbers of other immune cells such as monocytes, T
and B cells, NK cells, and dendritic cells. The high dose of vitamin D was found to be safe
and did not cause any side effects [125].

4.3. Folic Acid

Folic acid is also known as vitamin B9. The important natural sources of this vitamin
are peanuts (246 µg/100 g), sunflower seeds (238 µg/100 g), asparagus (149 µg/100 g),
lettuce (136 µg/100 g), etc. The nutritional recommendations of the National Institutes
of Health (USA) describe that the tolerable upper intake of folic acid levels for adults are
regarded as 1000 µg/day [126].

A cellular experiment was designed to evaluate the role of folic acid in the proinflam-
matory and antiviral molecular pathways of B-lymphocytes infected with a modified live
vaccine. It was established that folic acid could modulate the response of B-lymphocytes to
improve the molecular pathways of their antiviral and innate immune proinflammatory
responses [127]. A study that identified key genes and effective compounds through the
analysis of effective compounds and drug targets against COVID-19 showed that folic
acid acts on SARS-CoV-2 N through molecular docking and antagonizes the inhibitory
effect of the protein on the RNA interference pathway, which is the perspective of the
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therapeutic use of FC supplements [128]. Importantly, these results were confirmed by the
more severe clinical course of COVID-19 and the worse outcomes associated with micronu-
trient deficiencies, especially low levels of folic acid [129]. However, isolated clinical folic
acid deficiency cases are extremely rare; most of the symptoms coincide with cobalamin
deficiency; the proliferative effects of folic acid may increase the risk of cancer [130]; it is
suggested to follow practical advice on micronutrient provision and monitoring during nu-
tritional support [131]. To conclude, knowledge of the main mechanisms of the interaction
between the virus and the host has expanded the use of folic acid supplementation and the
opportunities for developing new medications.

4.4. Magnesium

Magnesium is an essential micronutrient required for various physiological processes,
and there is increasing evidence that it is needed to support the normal functioning of
the body’s immune system. The main natural dietary sources of magnesium are bananas,
nuts, black beans, whole grains, flaxseed, green vegetables, and pumpkin seeds [132].
Hypomagnesemia can lead to various chronic inflammatory diseases [76].

Several studies have shown that magnesium may have a protective role against
COVID-19 by reducing lung inflammation [133]. According to the results of this study,
magnesium levels were lower in patients with more severe symptoms of COVID-19, and the
median magnesium level in patients with severe symptoms of COVID-19 was 38.33 mg/L.
In contrast, the median magnesium level in the group with mild symptoms was 39.46 mg/L,
giving a p value of 0.002 between the two groups. This study shows that higher magnesium
levels may protect against severe symptoms of COVID-19 [134]. Mechanisms include its
calcium channel-blocking effects, which lead to inhibition of interleukin-6, CRP, nuclear
factor Kβ, and other potentially disruptive factors. In addition, magnesium deficiency
is associated with increased IL-6, a proinflammatory cytokine and a likely target for the
treatment of COVID-19 [135].

Magnesium contributes to the regulation of the immune response by affecting the
cells of the innate and adaptive immune systems. The low magnesium content increases
the reactivity to various immune reactions and participates in the pathophysiology of
many common chronic diseases; it increases the level of cytokines and the oxidation
of granulocytes, stimulates phagocytes, activates endothelial cells, and thus, promotes
inflammation [136].

Importantly, altered magnesium homeostasis may contribute to long-term COVID
syndrome and exacerbate it after the acute phase; increasing reports describe persistent
and long-lasting effects after acute COVID-19 affecting the lungs, heart, brain, and gastroin-
testinal system, as well as neurological manifestations of magnesium deficiency such as
insomnia, anxiety, depression, dizziness, and headache. Hence, assessing and correcting
magnesium levels is essential for facilitating recovery [137].

There are many formulations of magnesium, including inorganic (oxide, sulfate, and
chloride) and organic (citrate, malate, and taurate) compounds. The doses of administered
Mg2+ varied widely among studies (from 100 to 1000 mg/day) [138]. As it was observed by
Fiorentini et al. [138], toxic hypermagnesemia occurred if oral magnesium doses were higher
than 2500 mg/day. Generally, magnesium was regarded as a safe and cost-effective mineral
that could help restore the damaged homeostatic equilibrium of the human body [137].

4.5. Zinc

The irreplaceable trace element zinc is of crucial importance for many physiological
processes; it plays a significant role in maintaining immune homeostasis by affecting the
functional capacity of the cells of the innate and adaptive immune systems and has a
regulatory effect on the production of cytokines and antibodies and the activity of the com-
plement system, so the deficiency of this element can contribute to the violation of immune
function and thus have a significant impact on health [139]. The richest source of zinc is
found in foods obtained from animals, such as seafood, meat, and milk products [140].
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Some cereal-based products and vegetables were also regarded as appropriate natural
sources of zinc. A meta-analysis and systematic review conducted by Jafari et al. aimed to
investigate the effect of zinc supplementation on immune factors in a total of 35 randomized
controlled trials with 1995 participants. It was observed a significant decrease in circulating
serum CRP (weighted mean difference (WMD): −32.4; 95% confidence interval (CI): from
−44.45 to −19.62, p < 0.001), high sensitivity C reactive protein concentrations (WMD:
−0.95; 95% CI: from −1.01 to −0.89, p < 0.001), neutrophil levels (standard mean difference
(SMD): −0.46; 95% CI: −0.90 to −0.01, p = 0.043), and CD4 levels (WMD: 1.79; 95% CI:
0.57 to 3, p = 0.004) after zinc supplementation [141].

A previous study showed that the expression of angiotensin-converting enzyme
2 (ACE2) regulates the signaling of reactive oxygen species and NF-κB in a human lung
cell line; zinc supplementation enhances the inhibitory effect and not only destroys the
balance of the immune response but also affects the expression of ACE2 receptors, which
are necessary for penetration into target cells for ACE2-associated diseases such as COVID-
19 and should be considered for treatment. Moreover, zinc has the potential to restore
depleted immune cell function or improve normal immune cell function and may also act
synergistically when used concurrently with standard antiviral therapy [142].

A meta-analysis of trace element zinc levels in COVID-19 patients and controls, ac-
cording to severity and nonseverity, as well as nonsurvivors and survivors, using a random-
effects model from 11 studies, showed that the overall SMD in zinc levels between patients
with COVID-19 and controls was −0.83 (−1.19 to 0.46, p < 0.05), indicating that patients
with COVID-19 had significantly lower zinc levels. In addition, the difference in zinc levels
between severe and nonsevere patients, or survivors and nonsurvivors, was assessed, and
severe COVID-19 patients had significantly lower zinc levels than nonsevere COVID-19 pa-
tients (SMD: −0.47, 95% CI: −0.75 to −0.18, p < 0.05). However, zinc levels in nonsurvivors
were not significantly different from those in survivors with COVID-19 (SMD: −1.46, 95%
CI: −3.98 to 1.06, p < 0.05) [143].

A randomized clinical trial showed that zinc supplementation during severe pneu-
monia did not improve recovery from respiratory disorders and only showed marginal
improvement in the severity of symptoms. The study outcomes do not support using
zinc as an adjunct therapy for treating severe pneumonia in zinc-replete children [144]. A
randomized controlled trial in children (n = 512) aged 6–23 months demonstrated that zinc
supplementation (7 mg/day) combined with a multiple micronutrient powder for nine
months did not affect cytokine secretion or the number of T cells. However, zinc supple-
mentation altered the numbers of lymphocytes and eosinophils [145]. Daily ingestion of
zinc supplements (40 mg/day in adults) was generally considered safe [146].

It was considered zinc as a preventive and adjunctive therapy against COVID-19
for groups at risk of zinc deficiency. In addition, existing zinc deficiency exacerbates
inflammatory disease, whereas prophylactic zinc supplementation reduces the severity of
the disease or even prevents its development. Research evidence highlights the important
role of zinc in immune function, but there are also conflicting results showing that high
doses of zinc cause immune dysfunction and related health problems. Regular assessment
of zinc status should be performed, and such knowledge should help link existing zinc
deficiency to the development and severity of certain diseases [147].

4.6. Selenium

Selenium is a trace element that is found in the body in minimal concentrations but
can play an important role in the functioning of the immune system, protecting the body
from infections, especially those of viral origin. It takes part in the enzymatic functions
of catalyzing glutathione peroxidase, deiodinase, and thioredoxin reductase, serves as an
antioxidant, and protects cell membranes and organelles from peroxide destruction [148].
Selenium may be a potential agent for preventing viral infections, including coronavirus,
according to the mechanism of enhancing the proliferation of NK cells. T-lymphocytes
also have a positive effect in combination with vitamins D and E [149]. Considering that
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increased oxidative stress and excessive production of inflammatory cytokines are critical
components of coronavirus disease, selenium reduces the level of viral infection, reduces
oxidative stress and inflammation, strengthens the immune system, and is necessary for
critically ill patients. Moreover, selenium deficiency is often associated with the severity
and mortality of the disease, providing new insight into the relationship between selenium
deficiency and the severity of COVID-19 [150].

The study has shown that selenium deficiency reduced the expression of some antioxi-
dant selenoproteins, thereby additionally inducing the accumulation of reactive oxygen
species and oxidative stress, reducing the activity of glutathione peroxidase (p < 0.05),
thioredoxin reductase, and catalase, as well as the inhibitory capacity for hydroxyl radicals,
and increasing (p < 0.05) the content of malondialdehyde and nitrogen oxide. Its deficiency
increased (p < 0.05) NF-κB transcription factor expression and regulated inflammatory
cytokines. Se deficiency increased (p < 0.05) the expression of IL-6, IL-8, IL-12, IL-17, and
cyclooxygenase-2 and decreased (p < 0.05) the expression of IL-10, IL-13, and TGF-β, which
indicates the regulation of selenoproteins of oxidative stress and inflammation [151].

Research by Fath et al. focused on selenium supplementation, which reduces the
ability of SARS-CoV-2 to infect human cells by increasing T cells, especially CD4+ T cells,
the percentage of NK cells, and subsequently NK cell cytotoxicity [152]. The main sources
of organic selenium are beef/sheep liver, red meats, poultry, eggs, seafood, dairy prod-
ucts, some fungi, brazil nuts, broccoli, and whole grain foods [111]. WHO recommends
that the daily intake of selenium by adults should be 40–70 µg/day, depending on body
condition and gender (weight, pregnancy in women, etc.) [111]. It should be noted that
selenium in doses above 400 µg/day demonstrates harmful actions [149]. Recently, Vahidi
et al. [153], during a study of the anticancer properties of selenium, concluded that its
nano-formulations could be developed for targeted delivery to tumors and that they would
significantly decrease the dosage of selenium to minimize the possible adverse effects.

Considering the research results, selenium supplementation seems promising, so
blood levels should be carefully monitored. While taking selenium supplements, it is
important to follow the appropriate dosage to minimize potential toxic side effects.

It could be concluded that certain vitamins and minerals play a pivotal role in boosting
immune function. A very important aspect of their applications in the last 3 years is that
micronutrients are important immunomodulators for COVID-19 management.

5. Probiotics, Prebiotics, Synbiotics, and Immunity

Probiotics are described as live bacteria that, when consumed adequately, confer a
health benefit on the host [154]. The first records of ingestion of live bacteria by humans
were over 2000 years old. Prebiotics have been defined as nondigestible food ingredients
that beneficially affect the host by selectively stimulating the growth and/or activity of one
or a limited number of bacterial species already resident in the colon and thus attempt to
improve host health [155]. Various molecules can be prebiotics, but most are dietary fibers.
They serve as substrates for probiotic commensal bacteria that release short-chain fatty
acids in the intestinal tract along with some other metabolites. A synbiotic contains both
prebiotics and probiotics, which can stimulate and increase the survival of autochthonous
microbiota and probiotic bacteria, particularly lactobacilli and bifidobacteria.

The best-studied and best-characterized probiotics belong to the lactic acid bacteria
group, which mainly includes the genera Lactobacillus, Bifidobacterium, Leuconostoc, Lacto-
coccus, Pediococcus, and Streptococcus [156]. Lactobacillus strains can enhance the humoral
immune response to infections [157] and vaccination [158].

Probiotics impact intestinal microbiota balance, making it benign and promoting the
absorption of active substances, improving human physiological functions. Thus, severe
dysbiosis due to reducing the concentration of Lactobacillus spp., Bacteroides spp., etc., in pa-
tients with rheumatoid arthritis led to an overgrowth of pathogenic microorganisms [159].
Probiotics promote the digestion and absorption of nutrients and maintain gut microbiota
homeostasis. As beneficial natural inhabitants of the human microbiome, probiotics play
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an important role in producing various nutrients, preventing infectious diseases caused by
intestinal pathogens, and modulating the immune response [160]. Probiotics are chosen
as alternatives because they act as natural immune enhancers [161]. The mechanisms by
which probiotic strains modulate the immune response are not completely known. Pro-
biotics affect innate immunity by preventing bacterial adherence and translocation and
improving the mechanisms of pathogen destruction. Prevention of the initial step of tissue
colonization by pathogens may improve the treatment of some infectious diseases. For
example, Saccharomyces boulardii significantly reduces some adverse effects of Helicobac-
ter pylori eradication therapy by preventing adherence of this pathogen to the mucous
membrane of the stomach [162].

Probiotic strains can produce bacteriocins, contributing to the antimicrobial activity of
the gut microbiome [163]. Species from the genus Lactobacillus release various bacteriocins
that inhibit taxonomically related gram-positive bacteria. Some are active against a much
wider range of gram-positive and gram-negative bacteria, yeasts, and molds. Adhesion
and invasion of an intestinal epithelial cell line (Intestine 407) by adherent invasive E. coli
isolated from patients with Crohn’s disease (CD) were substantially diminished by co- or
pre-incubation with the probiotic strain E. coli Nissle 1917 [164]. E. coli Nissle is known
to secrete microcins to antagonize its competitors [165]. These findings have shown that
probiotics avert epithelial injury induced by pathogenic bacteria, contribute to an improved
mucosal barrier, and limit enteric pathogen access.

Probiotic bacteria can stimulate enterocytes to produce cytoprotective substances,
such as heat shock proteins and antimicrobial peptides, e.g., defensin and mucin. The
induction of defensins by probiotics might be an interesting new therapeutic strategy to
strengthen innate defense mechanisms. E. coli Nissle 1917, L. fermentum, L. acidophilus
PZ 1138, Pediococcus pentosaceus, and other probiotics activate the human-beta defensin
2 promoter, inducing the intestinal barrier defense system without provoking inflammation
in patients, while the induction of human-beta defensin 2 expression by the pathogenic
strains Salmonella ssp. and H. pylori provokes inflammation [166]. It was investigated and
found that flagellin is the major stimulatory factor of E. coli Nissle 1917 [164].

Probiotics can downregulate the expression of proinflammatory cytokines and ame-
liorate intestinal inflammatory diseases. They can suppress the nuclear NF-κB signaling
pathway [167], possibly related to alterations in mitogen-activated protein kinases and
pattern recognition receptor pathways. Probiotics can also inhibit the binding of LPS to
the CD14 receptor, reducing the overall activation of NF-κβ and produce proinflammatory
cytokines [168]. Kim et al. showed that conjugated linoleic acids produced by probiotics
interact with IkB kinase and heat shock protein 90 to activate the NF-kB signaling path-
way in human gastric epithelial cells infected with H. pylori [169]. Lv et al. have shown
that probiotics generally cannot eliminate H. pylori, although they decrease the density of
colonization, thereby maintaining lower levels of H. pylori in the stomach [170].

Regarding the adaptive immune response, numerous studies have shown that pro-
biotic impacts seem to be variable. Many probiotic strains seem capable of stimulating
IgA production by B cells. In children with viral gastroenteritis caused by rotavirus, probi-
otics such as L. rhamnosus have been shown to stimulate rotavirus-specific IgA antibody
responses. A stronger significant inverse correlation was observed between small intesti-
nal HRV IgA titres and mean fecal scores in Vac + Pro piglets compared with vaccinated
probiotic-colonized piglets [171]. Thus, reinfections can be partly prevented by probiotic
intestinal cell-mediated responses. Pediococcus acidilactici K15, as well as LAB, was found to
be the most effective in inducing IgAs, which are mainly induced via IL-10, as well as IL-6,
secreted by K15-stimulated dendritic cells. In a clinical trial, an increase in salivary sIgA
concentration by K15 ingestion was confirmed [172]. The health benefits ascribed to one
strain of probiotic may not be obligatory when applied to another strain [173]. Díaz-Ropero
et al. showed that the consumption of L. fermentum CECT5716 enhanced the production
of Th1 cytokines by spleen cells and increased the IgA concentration in feces. Therefore,
this probiotic has an immunostimulatory effect. However, the consumption of L. salivarius
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CECT 5713 induced IL-10 production by spleen cells, demonstrating the anti-inflammatory
effect [174].

The potential of probiotics to boost health benefits has been reported, as they can
regulate allergic reactions, alleviate inflammatory bowel disease, reduce tumor growth
in some cancer models, prevent colon cancer, control the levels of blood cholesterol, and
protect hosts from bacterial and viral infections [175]. The prominent probiotic Escherichia
coli NISSLE 1917 is used in the treatment of intestinal diseases such as diarrhea and
inflammatory bowel disease because it has high adhesive properties and demonstrates
immunomodulation and anti-inflammation abilities [176]. The effects of Bifidobacterium
infantis supplementation in an inflammatory bowel disease mouse model demonstrated
relief of intestinal epithelial injury and increased production of cytokines, such as transform-
ing TGF-β1, IL-10, and IL-35, which play an immunosuppressive role in maintaining the
body’s immune tolerance [177]. The research of Xiao Joe et al. using principal component
analysis and cluster analysis heatmaps showed that the novel candidate probiotic mixture
is effective against the nervous necrosis virus as a consequence of stimulation of innate and
adaptive immunity [178]. Probiotics from the Bifidobacterium and Lactobacillus genera have
exhibited feasible antiviral activities against rotavirus [179] and enterovirus [180]. Random-
ized controlled trials found that supplementation with probiotics or prebiotics as adjuvant
therapy for COVID-19 might positively affect the outcome of COVID-19, and improve-
ments in fatigue, anosmia, breathlessness, nausea, vomiting, and other gastrointestinal
symptoms were reported [181,182]. The administration of probiotics in the diet of patients
with gastrointestinal symptoms related to COVID-19 and those with mild-to-moderate
systemic symptoms can be an alternative for preventing cytokine storms [182].

Prebiotics can induce a microbiota-independent effect by directly acting on gut-
associated epithelial and innate immune cells through Toll-like receptors. Studies in the
animal model showed that the prebiotics inulin/oligofructose primarily activated immune
cells in Peyer’s patches, including IL-10 production and NK cell cytotoxicity. They modu-
lated the concentration of secretory IgA in the ileum and caecum [183]. Intestinal DCs are
located within gut-associated lymphoid tissue and express pattern recognition receptors
such as TLR-2 and TLR-4. Prebiotics or their fermentation byproducts can bind to these
receptors and trigger the maturation process involving upregulation or downregulation
of membrane CD83, CD86, HLA-DR, and DC-SIGN molecules and induce the secretion
of cytokines. The activation of DCs through particular pattern recognition and immunity
receptors defines the polarization of effector T cells to either the T-helper 1 (Th1), Th2,
Th17, or Treg phenotype [184]. Some authors showed that butyrate, acetate, and soybean
oligosaccharides could enhance the activity of NK cells in comparison with the control
group [185,186]. The symbiotic combination of enriched inulin with probiotics such as
Lactobacillus rhamnosus GG and Bifidobacterium lactis Bb12 enhanced NK cell activity in the
blood [185]. Studies in poultry flocks indicated that the probiotic strain Enterococcus faecium
combined with prebiotics inulin and fructooligosaccharides might inhibit pathogen prolif-
eration, insomuch as significantly extending the lag time for pathogenic E. coli O1/O18 and
Salmonella enterica serotype Enteritidis strains [187].

The global nutraceutical market, including the probiotics market, is one of the fastest-
growing segments of the food industry. Widespread use of probiotic products due to
growing reports about the health demands to estimate their bioavailability, safety, and side
effects. The European Food Safety Authority has developed guidelines for the safety assess-
ment of probiotics as a food additive (FEEDAP, 2014). Currently, probiotic products have
been commercially regulated in three forms: functional foods (fermented foods), dietary
supplements, and drugs (pharmaceuticals) [188]. Probiotics are a priori nonpathogenic;
therefore, they are never supposed to cause or potentiate any disease in humans. The safety
of medicinal probiotics is still being discussed. The safety of probiotics was confirmed as
apparent due to the absence of toxicity by randomized trials in different target populations,
conditions, and age groups in a specific clinical scenario [189–193].
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Probiotics are categorized in accordance with the site of action (the oral, upper res-
piratory, or gastrointestinal tract). As it is known, the dosage form must be in adequate
amounts to confer a health benefit. The dose of a drug is indirectly proportional to its
bioavailability. The viability of probiotic bacteria is a requirement to meet the definition of
a probiotic. It is questionable when probiotics are exposed to harsh environments during
processing (i.e., dehydration), storage, and delivery to their site of action. Their efficacy
is dependent upon delivering an adequate dose throughout the product’s shelf life. The
World Health Organization (WHO) and the Food and Agriculture Organization (FAO)
reported that the viability of probiotics in food products should be counted at least at 106
colony-forming units /g alive microbial cells [194–197]. According to the majority of human
clinical studies, probiotic dosages typically range between 107 and 1011 colony-forming
units /day. The appropriate dose, duration, and composition of a synbiotic needed to
confer a health benefit are likely to be specific to outcome and baseline host target site
microbiota, as well as coexisting environmental factors such as medication, habitual diet,
and host genetic factors [198].

Despite the tremendously beneficial effects of probiotics and prebiotics on health, the
WHO and FAO reported [199] that they might have some side effects, and safety issues
may arise due to the use of living microbial cells [200]. The topic of probiotic safety is still
being discussed [201,202]. Evidence from clinical trials is mixed and controversial [194].
The long-term colonizing probiotics have potential risks, such as that the probiotic could
displace a microbe performing an important function; negatively impact the structure
and function of the surrounding microbiota; and if the normal gut barrier is breached,
the probiotic could access the systemic circulation, resulting in invasive infection [203].
Suez J. and colleagues [204] found that resident gut bacteria in a subset of individuals
resist the mucosal presence of probiotic strains, limiting their modulatory effect on the
microbiome. Evidence of probiotic gut mucosal colonization efficacy remains sparse.
The elicited cytokine production via probiotic supplementation might cause inordinate
immunological effects. Theoretically, probiotic administration might lead to auto-immune
disease development or certain inflammations [205]. Building a strong safety profile
for probiotic strains will solidify their use in individuals that can benefit the most from
microbial modulation.

As could be seen from the results of the experimental and clinical studies described
above, a lot of probiotics, prebiotics, and synbiotics are very useful for improving immune
function. When probiotics are mainly alive, useful bacteria, prebiotics are regarded as
dietary polysaccharides or oligosaccharides of plants. A symbiotic relationship contains
both of these groups and can increase the survival of autochthonous microbiota and
probiotic bacteria (mainly lactobacilli and bifidobacteria).

6. Conclusions

The body’s immune system fights against a huge number of pathogens and antigens
and plays a central role in our survival. Therefore, enhancing the immune system’s ability is
highly beneficial in preventing many health disorders. Some medicinal plants and different
natural ingredients have been effectively used to augment immunity and prevent infections
since ancient times. In today’s era, there have been a lot of experimental and clinical studies
demonstrating that some natural ingredients from plants, fungi, animals, and microorgan-
isms can directly modulate multiple signaling pathways, alter gene expression, and change
the secretion of pro- and anti-inflammatory cytokines. Moreover, these bioactive natural in-
gredients increase the activity of numerous immune cells, including neutrophils, basophils,
mast cells, macrophages, NK cells, and lymphocytes, thereby increasing immune functions.

The present review is an attempt to explore the health-promoting effects of certain
natural ingredients from medicinal plants and different dietary sources. Some of these
natural ingredients have been used by humankind since time immemorial. Nowadays, a
lot of preclinical and clinical studies have also found that many of these traditional sources
as well as some comparatively recently discovered health-promoting agents (vitamins,
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minerals, polyphenols, terpenoids, polysaccharides, melatonin, pre- and probiotics) are
efficacious in boosting immunity and safe to consume. However, there is a lack of clinical
trials for some of the natural ingredients covered in the present review. Hence, future
research must be directed toward finding their efficacy, an appropriate dose range, and
dosage forms, as well as mechanisms of action, for further promoting their use as immunity-
enhancing agents.
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et al. Truths and myths about superfoods in the era of the COVID-19 pandemic. Crit. Rev. Food Sci. Nutr. 2022, 1–18. [CrossRef]
[PubMed]

12. Khanna, K.; Kohli, S.K.; Kaur, R.; Bhardwaj, A.; Bhardwaj, V.; Ohri, P.; Sharma, A.; Ahmad, A.; Bhardwaj, R.; Ahmad, P. Herbal
immune-boosters: Substantial warriors of pandemic COVID-19 battle. Phytomedicine 2021, 85, 153361. [CrossRef] [PubMed]

13. Prajapati, S.K.; Malaiya, A.; Mishra, G.; Jain, D.; Kesharwani, P.; Mody, N.; Ahmadi, A.; Paliwal, R.; Jain, A. An exhaustive
comprehension of the role of herbal medicines in Pre- and Post-COVID manifestations. J. Ethnopharmacol. 2022, 296, 115420.
[CrossRef]

14. Rondanelli, M.; Miccono, A.; Lamburghini, S.; Avanzato, I.; Riva, A.; Allegrini, P.; Faliva, M.; Peroni, G.; Nichetti, M.; Perna, S.
Self-Care for Common Colds: The Pivotal Role of Vitamin D, Vitamin C, Zinc, and Echinacea in Three Main Immune Interactive
Clusters (Physical Barriers, Innate and Adaptive Immunity) Involved during an Episode of Common Colds—Practical Advice on
Dosages and on the Time to Take These Nutrients/Botanicals in order to Prevent or Treat Common Colds. Evid.-Based Complement.
Altern. Med. 2018, 2018, 5813095.

15. Nantz, M.; Rowe, C.; Muller, C.; Creasy, R.; Stanilka, J.; Percival, S. Supplementation with aged garlic extract improves both
NK and γδ-T cell function and reduces the severity of cold and flu symptoms: A randomized, double-blind, placebo-controlled
nutrition intervention. Clin. Nutr. 2012, 31, 337–344. [CrossRef]

http://doi.org/10.3390/molecules23112778
http://www.ncbi.nlm.nih.gov/pubmed/30373170
http://doi.org/10.1016/S0140-6736(00)04904-7
http://www.ncbi.nlm.nih.gov/pubmed/11403834
http://doi.org/10.3390/pharmaceutics13050666
http://doi.org/10.3390/nu14194075
http://www.ncbi.nlm.nih.gov/pubmed/36235727
http://doi.org/10.1186/s13223-018-0278-1
http://doi.org/10.1080/10408398.2011.633249
http://doi.org/10.1016/j.lwt.2022.113154
http://doi.org/10.3390/molecules27051600
http://doi.org/10.3390/plants8120541
http://doi.org/10.1080/10408398.2022.2106939
http://www.ncbi.nlm.nih.gov/pubmed/35930325
http://doi.org/10.1016/j.phymed.2020.153361
http://www.ncbi.nlm.nih.gov/pubmed/33485605
http://doi.org/10.1016/j.jep.2022.115420
http://doi.org/10.1016/j.clnu.2011.11.019


Pharmaceuticals 2023, 16, 528 21 of 28

16. de Oliveira, C.A.F.; Vetvicka, V.; Zanuzzo, F.S. Beta-Glucan successfully stimulated the immune system in different jawed
vertebrate species. Comp. Immunol. Microbiol. Infect. Dis. 2019, 62, 1–6. [CrossRef] [PubMed]

17. Arshad, M.S.; Khan, U.; Sadiq, A.; Khalid, W.; Hussain, M.; Yasmeen, A.; Asghar, Z.; Rehana, H. Coronavirus disease (COVID-19)
and immunity booster green foods: A mini review. Food Sci. Nutr. 2020, 8, 3971–3976. [CrossRef] [PubMed]

18. Burkard, M.; Leischner, C.; Lauer, U.M.; Busch, C.; Venturelli, S.; Frank, J. Dietary flavonoids and modulation of natural killer
cells: Implications in malignant and viral diseases. J. Nutr. Biochem. 2017, 46, 1–12. [CrossRef]

19. Gasmi, A.; Mujawdiya, P.K.; Noor, S.; Lysiuk, R.; Darmohray, R.; Piscopo, S.; Lenchyk, L.; Antonyak, H.; Dehtiarova, K.; Shanaida,
M.; et al. Polyphenols in Metabolic Diseases. Molecules 2022, 27, 6280. [CrossRef]

20. Huang, R.Y.; Yu, Y.L.; Cheng, W.C.; OuYang, C.N.; Fu, E.; Chu, C.L. Immunosuppressive effect of quercetin on dendritic cell
activation and function. J. Immunol. 2010, 184, 6815–6821. [CrossRef]

21. Chaudhary, P.; Sharma, R.; Rawat, S.; Janmeda, P. Antipyretic Medicinal Plants, Phytocompounds, and Green Nanoparticles: An
Updated Review. Curr. Pharm. Biotechnol. 2023, 24, 23–49. [PubMed]

22. Quispe, C.; Cruz-Martins, N.; Manca, M.L.; Manconi, M.; Sytar, O.; Hudz, N.; Shanaida, M.; Kumar, M.; Taheri, Y.; Martorell, M.;
et al. Nano-Derived Therapeutic Formulations with Curcumin in Inflammation-Related Diseases. Oxid Med. Cell Longev. 2021,
2021, 3149223. [CrossRef] [PubMed]
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160. Yeşilyurt, N.; Yılmaz, B.; Ağagündüz, D.; Capasso, R. Involvement of Probiotics and Postbiotics in the Immune System Modulation.

Biologics 2021, 1, 89–110. [CrossRef]
161. Lakshmi, B.; Viswanath, B.; Sai Gopal, D.V.R. Probiotics as Antiviral Agents in Shrimp Aquaculture. J. Pathog. 2013, 2013, 424123.

[CrossRef]
162. Naghibzadeh, N.; Salmani, F.; Nomiri, S.; Tavakoli, T. Investigating the effect of quadruple therapy with Saccharomyces boulardii

or Lactobacillus reuteri strain (DSMZ 17648) supplements on eradication of Helicobacter pylori and treatments adverse effects: A
double-blind placebo-controlled randomized clinical trial. BMC Gastroenterol. 2022, 22, 107.

163. Kanmani, P.; Satish Kumar, R.; Yuvaraj, N.; Paari, K.A.; Pattukumar, V.; Arul, V. Probiotics and its functionally valuable products-a
review. Crit. Rev. Food Sci. Nutr. 2013, 53, 641–658. [CrossRef] [PubMed]

164. Schlee, M.; Wehkamp, J.; Altenhoefer, A.; Oelschlaeger, T.; Stange, E.; Fellermann, K. Induction of Human -Defensin 2 by the
Probiotic Escherichia coli Nissle 1917 Is Mediated through Flagellin. Infect. Immun. 2007, 75, 2399–2407. [CrossRef] [PubMed]

165. Hare, P.; Englander, H.; Mok, W. Probiotic Escherichia coli Nissle 1917 Inhibits Bacterial Persisters that Survive Fluoroquinolone
Treatment. J. Appl. Microbiol. 2022, 132, 4020–4032. [CrossRef] [PubMed]

166. Schlee, M.; Harder, J.; Koten, B.; Stange, E.F.; Wehkamp, J.; Fellermann, K. Probiotic lactobacilli and VSL#3 induce enterocyte
beta-defensin 2. Clin. Exp. Immunol. 2008, 151, 528–535.

167. Gupta, T.; Kaur, H.; Kapila, S.; Kapila, R. Lactobacillus fermentum (MTCC-5898) alleviates Escherichia coli-induced inflammatory
responses in intestinal epithelial cells by modulating immune genes and NF-kappaB signalling. J. Appl. Microbiol. 2021, 131,
3008–3017. [CrossRef]

168. Yousefi, B.; Eslami, M.; Ghasemian, A.; Kokhaei, P.; Salek Farrokhi, A.; Darabi, N. Probiotics importance and their immunomodu-
latory properties. J. Cell. Physiol. 2018, 234, 8008–8018. [CrossRef]

169. Kim, J.M.; Kim, J.S.; Kim, Y.J.; Oh, Y.K.; Kim, I.Y.; Chee, Y.J.; Han, J.S.; Jung, H.C. Conjugated linoleic acids produced by
Lactobacillus dissociates IKK-gamma and Hsp90 complex in Helicobacter pylori-infected gastric epithelial cells. Lab. Investig.
2008, 88, 541–552. [CrossRef]

http://doi.org/10.7189/jogh.08.010418
http://www.ncbi.nlm.nih.gov/pubmed/29713463
http://doi.org/10.1093/jn/nxaa037
http://www.ncbi.nlm.nih.gov/pubmed/32119742
http://doi.org/10.1146/annurev-nutr-122019-120635
http://doi.org/10.1016/j.ejca.2021.07.013
http://doi.org/10.1016/j.mehy.2020.109878
http://doi.org/10.1007/s13668-021-00354-4
http://doi.org/10.1039/d0mt00165a
http://doi.org/10.1016/j.jtemb.2022.127044
http://www.ncbi.nlm.nih.gov/pubmed/35901669
http://doi.org/10.1007/s10876-019-01671-z
http://doi.org/10.1016/S0168-1605(97)00136-0
http://www.ncbi.nlm.nih.gov/pubmed/9553803
http://doi.org/10.1093/ajcn/73.2.361s
http://doi.org/10.3389/fmicb.2020.544490
http://doi.org/10.3390/nu12123783
http://doi.org/10.3389/fmed.2022.940454
http://doi.org/10.3390/biologics1020006
http://doi.org/10.1155/2013/424123
http://doi.org/10.1080/10408398.2011.553752
http://www.ncbi.nlm.nih.gov/pubmed/23627505
http://doi.org/10.1128/IAI.01563-06
http://www.ncbi.nlm.nih.gov/pubmed/17283097
http://doi.org/10.1111/jam.15541
http://www.ncbi.nlm.nih.gov/pubmed/35332984
http://doi.org/10.1111/jam.15153
http://doi.org/10.1002/jcp.27559
http://doi.org/10.1038/labinvest.2008.16


Pharmaceuticals 2023, 16, 528 27 of 28

170. Lv, Z.; Wang, B.; Zhou, X.; Wang, F.; Xie, Y.; Zheng, H.; Lv, N. Efficacy and safety of probiotics as adjuvant agents for Helicobacter
pylori infection: A meta-analysis. Exp. Ther. Med. 2015, 9, 707–716. [CrossRef]

171. Kandasamy, S.; Chattha, K.S.; Vlasova, A.N.; Rajashekara, G.; Saif, L.J. Lactobacilli and Bifidobacteria enhance mucosal B cell
responses and differentially modulate systemic antibody responses to an oral human rotavirus vaccine in a neonatal gnotobiotic
pig disease model. Gut Microbes 2014, 5, 639–651. [CrossRef]

172. Kawashima, T.; Ikari, N.; Kouchi, T.; Kowatari, Y.; Kubota, Y.; Shimojo, N.; Tsuji, N.M. The molecular mechanism for activating
IgA production by Pediococcus acidilactici K15 and the clinical impact in a randomized trial. Sci. Rep. 2018, 8, 5065. [CrossRef]
[PubMed]

173. Chapman, C.; Gibson, G.R.; Rowland, I. In vitro evaluation of single- and multi-strain probiotics: Inter-species inhibition between
probiotic strains, and inhibition of pathogens. Anaerobe 2012, 18, 405–413. [CrossRef] [PubMed]

174. Diaz-Ropero, M.P.; Martin, R.; Sierra, S.; Lara-Villoslada, F.; Rodriguez, J.M.; Xaus, J.; Olivares, M. Two Lactobacillus strains,
isolated from breast milk, differently modulate the immune response. J. Appl. Microbiol. 2007, 102, 337–343. [CrossRef]

175. You, S.; Ma, Y.; Yan, B.; Pei, W.; Wu, Q.; Ding, C.; Huang, C. The promotion mechanism of prebiotics for probiotics: A review.
Front. Nutr. 2022, 9, 1000517. [CrossRef] [PubMed]

176. Zhao, Z.; Xu, S.; Zhang, W.; Wu, D.; Yang, G. Probiotic Escherichia coli NISSLE 1917 for inflammatory bowel disease applications.
Food Funct. 2022, 13, 5914–5924. [CrossRef]

177. Zhou, L.; Liu, D.; Xie, Y.; Yao, X.; Li, Y. Bifidobacterium infantis Induces Protective Colonic PD-L1 and Foxp3 Regulatory T Cells
in an Acute Murine Experimental Model of Inflammatory Bowel Disease. Gut Liver 2019, 13, 430–439. [CrossRef]

178. Xiao Joe, J.T.; Shi Sung, H.T.; Wu, J.L.; Lai, Y.S.; Lu, M.W. Dietary Administration of Novel Multistrain Probiotics from Healthy
Grouper Intestines Promotes the Intestinal Immune Response against NNV Infection. Life 2021, 11, 1053. [CrossRef]

179. Olaya, G.N.; Rubiano, J.; Velez, F.; Duarte, K.; Salas Cárdenas, S.; Fernandez, M. In vitro antiviral activity of Lactobacillus casei
and Bifidobacterium adolescentis against rotavirus infection monitored by NSP4 protein production. J. Appl. Microbiol. 2016, 120,
1041–1051. [CrossRef]

180. Ang, L.Y.; Too, H.K.; Tan, E.L.; Chow, T.V.; Shek, L.P.; Tham, E.H.; Alonso, S. Erratum to: Antiviral activity of Lactobacillus reuteri
Protectis against Coxsackievirus A and Enterovirus 71 infection in human skeletal muscle and colon cell lines. Virol. J. 2016, 13,
186. [CrossRef]

181. Loniewski, I.; Skonieczna-Zydecka, K.; Solek-Pastuszka, J.; Marlicz, W. Probiotics in the Management of Mental and Gastrointesti-
nal Post-COVID Symptomes. J. Clin. Med. 2022, 11, 5155. [CrossRef]

182. Xavier-Santos, D.; Padilha, M.; Fabiano, G.; Vinderola, G.; Cruz, A.; Sivieri, K.; Antunes, A. Evidences and perspectives of the
use of probiotics, prebiotics, synbiotics, and postbiotics as adjuvants for prevention and treatment of COVID-19: A bibliometric
analysis and systematic review. Trends Food Sci. Technol. 2022, 120, 174–192. [CrossRef] [PubMed]

183. Watzl, B.; Girrbach, S.; Roller, M. Inulin, oligofructose and immunomodulation. Br. J. Nutr. 2005, 93 (Suppl. S1), S49–S55.
[CrossRef]

184. Pujari, R.; Banerjee, G. Impact of prebiotics on immune response: From the bench to the clinic. Immunol. Cell Biol. 2021, 99,
255–273. [CrossRef] [PubMed]

185. Seifert, S.; Watzl, B. Inulin and oligofructose: Review of experimental data on immune modulation. J. Nutr. 2007, 137 (Suppl. S11),
2563S–2567S. [CrossRef] [PubMed]

186. Poggi, A.; Benelli, R.; Vene, R.; Costa, D.; Ferrari, N.; Tosetti, F.; Zocchi, M.R. Human Gut-Associated Natural Killer Cells in
Health and Disease. Front. Immunol. 2019, 10, 961. [CrossRef]

187. Fuhrmann, L.; Vahjen, W.; Zentek, J.; Gunther, R.; Saliu, E.M. The Impact of Pre- and Probiotic Product Combinations on Ex vivo
Growth of Avian Pathogenic Escherichia coli and Salmonella Enteritidis. Microorganisms 2022, 10, 121. [CrossRef]

188. Zuntar, I.; Petric, Z.; Bursac Kovacevic, D.; Putnik, P. Safety of Probiotics: Functional Fruit Beverages and Nutraceuticals. Foods
2020, 9, 947. [CrossRef]

189. Dronkers, T.M.G.; Ouwehand, A.C.; Rijkers, G.T. Data on global analysis of clinical trials with probiotics. Data Brief 2020, 32,
106269. [CrossRef]

190. Dudek-Wicher, R.; Junka, A.; Paleczny, J.; Bartoszewicz, M. Clinical Trials of Probiotic Strains in Selected Disease Entities. Int. J.
Microbiol. 2020, 2020, 8854119. [CrossRef]

191. Mirashrafi, S.; Hejazi Taghanaki, S.Z.; Sarlak, F.; Moravejolahkami, A.R.; Hojjati Kermani, M.A.; Haratian, M. Effect of Probiotics
Supplementation on Disease Progression, Depression, General Health and Anthropometric Measurements in Relapsing-Remitting
Multiple Sclerosis Patients: A Systematic Review and Meta-analysis of Clinical Trials. Int. J. Clin. Pract. 2021, 75, e14724.
[CrossRef]

192. Boggio Marzet, C.; Burgos, F.; Del Compare, M.; Gerold, I.; Tabacco, O.; Vinderola, G. Approach to probiotics in pediatrics: The
role of Lactobacillus rhamnosus GG. Arch. Argent. Pediatr. 2022, 120, e1–e7.

193. Ceccherini, C.; Daniotti, S.; Bearzi, C.; Re, I. Evaluating the Efficacy of Probiotics in IBS Treatment Using a Systematic Review of
Clinical Trials and Multi-Criteria Decision Analysis. Nutrients 2022, 14, 2689. [CrossRef]

194. Zmora, N.; Zilberman-Schapira, G.; Suez, J.; Mor, U.; Dori-Bachash, M.; Bashiardes, S.; Kotler, E.; Zur, M.; Regev-Lehavi, D.; Ben
Zeev, R.; et al. Personalized Gut Mucosal Colonization Resistance to Empiric Probiotics Is Associated with Unique Host and
Microbiome Features. Cell 2018, 174, 1388–1405.e21. [CrossRef]

http://doi.org/10.3892/etm.2015.2174
http://doi.org/10.4161/19490976.2014.969972
http://doi.org/10.1038/s41598-018-23404-4
http://www.ncbi.nlm.nih.gov/pubmed/29567956
http://doi.org/10.1016/j.anaerobe.2012.05.004
http://www.ncbi.nlm.nih.gov/pubmed/22677262
http://doi.org/10.1111/j.1365-2672.2006.03102.x
http://doi.org/10.3389/fnut.2022.1000517
http://www.ncbi.nlm.nih.gov/pubmed/36276830
http://doi.org/10.1039/D2FO00226D
http://doi.org/10.5009/gnl18316
http://doi.org/10.3390/life11101053
http://doi.org/10.1111/jam.13069
http://doi.org/10.1186/s12985-016-0633-0
http://doi.org/10.3390/jcm11175155
http://doi.org/10.1016/j.tifs.2021.12.033
http://www.ncbi.nlm.nih.gov/pubmed/35002079
http://doi.org/10.1079/BJN20041357
http://doi.org/10.1111/imcb.12409
http://www.ncbi.nlm.nih.gov/pubmed/32996638
http://doi.org/10.1093/jn/137.11.2563S
http://www.ncbi.nlm.nih.gov/pubmed/17951503
http://doi.org/10.3389/fimmu.2019.00961
http://doi.org/10.3390/microorganisms10010121
http://doi.org/10.3390/foods9070947
http://doi.org/10.1016/j.dib.2020.106269
http://doi.org/10.1155/2020/8854119
http://doi.org/10.1111/ijcp.14724
http://doi.org/10.3390/nu14132689
http://doi.org/10.1016/j.cell.2018.08.041


Pharmaceuticals 2023, 16, 528 28 of 28

195. Mikawlrawng, K.; Kumar, S.; Bhatnagar, K. Drug Interactions, Safety and Efficacy of Probiotics. Asian J. Med. Health 2016, 1, 1–8.
[CrossRef]

196. Shah, N.P. Probiotic bacteria: Selective enumeration and survival in dairy foods. J. Dairy Sci. 2000, 83, 894–907. [CrossRef]
197. Bansal, S.; Mangal, M.; Sharma, S.K.; Gupta, R.K. Non-dairy Based Probiotics: A Healthy Treat for Intestine. Crit. Rev. Food Sci.

Nutr. 2016, 56, 1856–1867. [CrossRef]
198. Swanson, K.; Gibson, G.; Hutkins, R.; Reimer, R.; Reid, G.; Verbeke, K.; Scott, K.; Holscher, H.; Azad, M.; Delzenne, N.; et al. The

International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus statement on the definition and scope of
synbiotics. Nat. Rev. Gastroenterol. Hepatol. 2020, 17, 687–701. [CrossRef]

199. FAO; WHO. Report of a Joint FAO/WHO Working Group on Drafting Guidelines for the Evaluation of Probiotics in Food: London,
Ontario, Canada, April 30–May 1, 2002; World Health Organization: Roma, Italy, 2006; pp. 34–50. Available online: http:
//www.who.int/foodsafety/publications/fs_management/probiotics2/en/ (accessed on 28 March 2023).

200. Markowiak, P.; Slizewska, K. Effects of Probiotics, Prebiotics, and Synbiotics on Human Health. Nutrients 2017, 9, 1021. [CrossRef]
201. van den Nieuwboer, M.; Claassen, E. Dealing with the remaining controversies of probiotic safety. Benef. Microbes 2019, 10,

605–616. [CrossRef]
202. Yoha, K.S.; Nida, S.; Dutta, S.; Moses, J.A.; Anandharamakrishnan, C. Targeted Delivery of Probiotics: Perspectives on Research

and Commercialization. Probiotics Antimicrob Proteins 2022, 14, 15–48. [CrossRef]
203. Merenstein, D.; Pot, B.; Leyer, G.; Ouwehand, A.C.; Preidis, G.A.; Elkins, C.A.; Hill, C.; Lewis, Z.T.; Shane, A.L.; Zmora, N.; et al.

Emerging issues in probiotic safety: 2023 perspectives. Gut Microbes 2023, 15, 2185034. [CrossRef]
204. Suez, J.; Zmora, N.; Elinav, E. Probiotics in the next-generation sequencing era. Gut Microbes 2019, 11, 77–93. [CrossRef]
205. Kothari, D.; Patel, S.; Kim, S.-K. Probiotic supplements might not be universally-effective and safe: A review. Biomed. Pharmacother.

2019, 111, 537–547. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.9734/AJMAH/2016/29244
http://doi.org/10.3168/jds.S0022-0302(00)74953-8
http://doi.org/10.1080/10408398.2013.790780
http://doi.org/10.1038/s41575-020-0344-2
http://www.who.int/foodsafety/publications/fs_management/probiotics2/en/
http://www.who.int/foodsafety/publications/fs_management/probiotics2/en/
http://doi.org/10.3390/nu9091021
http://doi.org/10.3920/BM2018.0159
http://doi.org/10.1007/s12602-021-09791-7
http://doi.org/10.1080/19490976.2023.2185034
http://doi.org/10.1080/19490976.2019.1586039
http://doi.org/10.1016/j.biopha.2018.12.104

	Introduction 
	Medicinal Plants as Immunomodulators 
	Coneflower (Echinacea ssp.) 
	Artemisia afra/annua 
	Ginseng (Panax ginseng) 
	Spices 

	Selected Natural Compounds with Immunomodulating Properties 
	Quercetin 
	Propolis 
	Glucans 
	Melatonin 

	Micronutrients: Vitamins and Minerals 
	Vitamin C 
	Vitamin D 
	Folic Acid 
	Magnesium 
	Zinc 
	Selenium 

	Probiotics, Prebiotics, Synbiotics, and Immunity 
	Conclusions 
	References

