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Introduction: It is well established that moderate physical activity can improve the immune status, rather excess or high-intensity 
physical exercise can cause damage to the immune system. In addition, muscle injuries resulting from increased frequency and 
intensity of exercises compromise innate immune activity and may decrease tissue regeneration. Thus, β-glucans, a natural compound, 
may represent an important substance with strong immunomodulatory properties acting as an immunostimulant therapy known as 
“trained immunity”. This immune stimulating therapeutic is an immunological memory phenomenon linked to the innate immune 
system, triggering cellular changes at epigenetic, transcriptional, and functional levels, to regulate the immune system and recover its 
homeostasis with clinical benefits.
Conclusion: This narrative review works with the current evidence regarding β-glucans as a possible alternative therapy for wound healing 
and its safety and efficacy in the treatment of muscle injuries and physical recovery including other chronic conditions and diseases.
Keywords: innate immunity, metabolic-inflammation, trained immunity, beta-glucans, muscle recovery, wound healing, tissue 
regeneration

Introduction
Sedentary behavior may be an important determinant of health and inactive individuals are more likely to suffer from 
viral infections, an increase in lung inflammation, an imbalance in body weight, and abdominal fat, which relates to 
sarcopenia and reduces muscular function.1,2 On the other hand, individuals who practice physical activity develop better 
immune system responses, increasing T-cells responses, inhibiting lung inflammation, and mitigating the progress of viral 
infection.3,4 A sedentary lifestyle is associated with an increased incidence of infections when compared to regular and 
moderate exercise.1–4

However, several immunological aspects can be temporarily weakened, such as antigen presentation to monocytes 
and a neutrophilic respiratory response in the case of strenuous physical exercise.4,5 Excessive exercise for more than 1.5 
h, of high or moderate intensity (O2 maximum uptake between 55–75%) and in a non-fed state can favor the onset of 
postexercise immune dysfunction. Although, we know that moderate activities have a positive immunological effect 
compared to sedentary individuals. Exercise can have both favorable and unfavorable effects on immune function and 
predisposition to minor illnesses.2–4

The practice of continuous and moderate physical exercise is associated with neuroendocrine and metabolic adapta
tions that lead to an improvement in the immune system.5 However, the practice of high-intensity physical exercises or 
high-volume training could lead to transient negative immunological adaptations. Negative changes could last from 3 to 
72 hours, which may represent a major risk of infections.5,6
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A systematic review looked at the effects of interval training on the immune system.7 It has been shown that after a single 
session of interval physical exercise, there is a slight reduction in immune function due to greater production of inflammatory 
cytokines, such as interleukin 6, and greater intestinal permeability leading to greater absorption of intestinal endotoxins.6–8

Rather, regular practice of training leads to positive adaptations in immune function, which improves the immune 
system in ways that do not require an increase in immune cell counts.7,8 Additionally, this benefit is observed in strength 
and resistance physical exercise where the effects of this type of training were beneficial for the cellular immune action 
leading to a decrease in inflammatory markers both in the elderly and in young individuals.8,9

Thus, exercise overload should bring better attention to immunosurveillance as it has been linked to the down
regulation of the immune system.5,6,8 In this review we describe the advantages of an immune-stimulating therapeutic 
referred to as “trained immunity” using β-glucans (beta-glucans) to up-regulate the immune system and recover its 
homeostasis with clinical benefits, especially, in the recovery of muscle injuries and regeneration of tissue injuries.

Recently, studies have shown that β-glucans can induce trained immunity, through epigenetic changes in monocytes, 
promoting modifications that can protect against infections by different microorganisms.10 The long-term effects of trained 
immunity on circulating monocytes are still under investigation, as these cells have a relatively short lifespan in circulation.

We will also present up-to-date literature on this strategy on recurrent infections, fitness recovery, and general well- 
being. Also, discuss the key successful data on tissue injuries management that indicates promising potential therapeutic 
on tissue injuries derived from exercise injury and overtraining.9

β-Glucans
Natural substances that can treat pathological conditions have been isolated and identified, such as β-glucans. 
Chemically, they are heterogeneous non-starch polysaccharides that form cell walls and other items of microorganisms 
such as algae, mushrooms, and grains.11 β-glucans can be soluble or insoluble. Soluble β-glucan fibers consist of β-(1,3/ 
1,6)-d-linked glucose, while insoluble β-glucan consists of β-(1,3/1,4)-d-linked glucose units.11,12

Several studies, initially published 45 years ago, undoubtedly show that β-glucans are effective substances that help 
the body in the important defense mechanisms of immunomodulation.11,12 This effect occurs through numerous 
mechanisms, including the stimulation of cellular and humoral immunity,12 control of metabolic diseases, such as 
diabetes,13,14 stimulation of regenerative systems, such as wound healing,15 attenuation of chronic fatigue and stress,16 

cancer inhibitory stimuli, and lowering cholesterol (Table 1).17,18

Table 1 Biomedical Applications of β-Glucans

Ref.

Stimulation of cellular, humoral and trained immunity [11,12,23–25,46]

Enhance immune cells for a more efficient inflammatory and antimicrobial response [27]

Wound healing; tissue regeneration [27,45,47,48]

Adjuvant agents in solid cancers and hematological malignancies; cancer inhibitory stimuli [16,18,20]

Modulate the intestinal microbiome [18,31]

Alter lipid and glucose metabolism; reduce cholesterol [12–14,17]

Control of metabolic diseases such as obesity, diabetes; diet regulation [13,14]

Reduction of cardiovascular risk and gastrointestinal conditions such as irritable bowel syndrome [30,31]

Immune-mediated conditions such as allergic rhinitis and respiratory tract infections; reduction in symptomatic days of 

cold/flu

[27–29]

Attenuation of chronic fatigue and stress [16]

General physical health and emotional well-being [11,30–32]
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Oral supplementation with β-glucan is the most used and widely studied, being safe in doses of 35 to 500 mg a day 
for both children and adults.19 Vetvika et al examine several commercially available β-glucans and report that the 
injectable application of β-glucans, used as a single dose, showed greater effects than oral supplementation.20 In addition, 
authors observed that some β-glucans exhibited either longer effects or were effective only after subcutaneous 
injection.20,21

Regarding its effects on CD4-positive lymphocytes, a single application of β-glucans injection already increases the 
influx of these cells, a fact that led to their greater expression.20,21 Thus, CD8 cells were also approached and investigated 
and it was seen the same effect for a period of 48 hours. Additional data showed that the duration of these effects depends 
on the moment and intensity of the β-glucans treatment since doses when replicated, resulting in a more lasting and 
potent stimulus. Therefore, therapy with injected β-glucans has clinical and laboratory evidence compared to oral 
supplementation, to represent a possible current strategy in the development of immune modulation.21

Training Immunity and β-Glucans
Innate immunity is characterized by a rapid response to aggression independent of previous stimulus, non-specific, which 
does not generate immunological memory. Adaptive immunity is characterized by an antigen-specific immune response, 
which generates immunological memory. It is known that both act together, however, it was observed that some 
organisms do not have adaptive immunity, although they have immunological memory.10

“Trained immunity” is an immunological memory phenomenon linked to the innate immune system, given by the first 
encounter between a pathogen and classical innate immune cells, triggering cellular changes at epigenetic, transcrip
tional, and functional levels that accelerate future defense against the same pathogen or an unrelated pathogen 
(Figure 1).10,22 In the innate system, this recognition of pathogens can be done through pattern recognition receptors 
(PRRs) expressed in these cell types. Through this process, trained immunity can lead to greater protection, increasing 
the effectiveness of the non-specific response of innate immune cells against pathogens, especially monocytes and 
macrophages. Thus, taking advantage of the activation state of dendritic cells to increase T cell adaptive responses to 
specific and unrelated pathogens including the regulating of the gut microbiota.22,23 Several immunostimulants and 
adjuvants can already fall under the concept of trained immunity, including due to their ability to promote responses 
beyond their specific antigens.23

Trained immunity concerns epigenetic changes resulting from the reprogramming of chromatin marks within the 
progenitors of innate immune cells,24,25 the mechanism by which β-glucan can enhance these cells, whereas there is 
evidence of a more robust innate response of monocytes and macrophages against various pathogens after exposure to 
this substance, with enhanced antimicrobial and inflammatory properties, derived from activation of the dectin-1/toll-like 
receptor (TLR).25 However, compared to the classical acquired immunity offered by antigen receptors as part of the 
adaptive immune response, PRRs show less specificity and duration of memory.26

β-glucans are highly conserved structural components constituting most yeast and fungal cell walls and are not 
produced by mammalian cells. They act as “biological response modifiers” and can improve the immune system of 
humans, as they are recognized as microbe-associated molecular patterns (MAMPs) by PRRs present on the surface of 

Figure 1 Immune mechanism of trained immunity. 
Abbreviations: DC, dentritic cell; Treg, Regulatory T cells.
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innate immune cells,26,27 being phagocytosed and processed by monocytes, macrophages and dendritic cells found in the 
lymphatic tissue of the upper intestine, to later be transported to different immune organs (such as the spleen), where 
soluble fragments of β-1,3-glucans are released and enhance immune cells for a more efficient inflammatory and 
antimicrobial response.27

Several clinical studies point to a reduction in the symptomatology of upper respiratory tract infections and 
symptomatic days of cold/flu after intense exercise, decreased fatigue, and increased vigor after its use.27,28 In addition, 
β-glucans have important metabolic and gastrointestinal effects, being able to modulate the intestinal microbiome, alter 
lipid and glucose metabolism, and reduce cholesterol.12,13,17 Thus, they have probable therapeutic potential for the 
treatment of metabolic syndrome, obesity, diabetes, diet regulation, reduction of cardiovascular risk, and gastrointestinal 
conditions such as irritable bowel syndrome.29,30 Due to their immunomodulatory effect, they can act as adjuvant agents 
in solid cancers and hematological malignancies, in immune-mediated conditions such as allergic rhinitis and respiratory 
tract infections, and also improve wound healing.31 At least 13 randomized controlled trials have reported improvement 
in allergy symptoms, general physical health, and emotional well-being with the use of β-glucans compared with 
placebo.30–32

β-Glucan in Tissue Repair
Topical applications of β-glucans are increasing, especially due to their pluripotent properties. The most promising area 
for the application of β-glucans is tissue repair, for example, in wound healing, where macrophages, keratinocytes, and 
fibroblasts are considered the main target cells, since they can improve wound repair, increasing macrophage infiltration, 
stimulating tissue granulation, collagen deposition and re-epithelialization.32,33 The wound healing process is a four-step 
process that includes hemostasis, inflammation, proliferation (or granulation), and remodeling (or maturation). Cells such 
as neutrophils, macrophages, and fibroblasts are involved in orchestrating the healing process and the inflammatory 
response causes these cells to secrete various cytokines that work together to induce cell migration and remodeling.34

Neutrophils and monocytes/macrophages are the main immune cells in skin wound repair, especially in the 
inflammatory phase, where clot formation occurs and neutrophils are recruited to the wound area to phagocytose 
invading pathogens and necrotic tissue.35 Monocytes enter the injury site a few days later and ingest cellular debris, 
including neutrophils and remaining pathogens.36 Although resident macrophages contribute to the inflammatory 
response to some extent, most macrophages found at the site of injury are derived from blood monocytes and recruited 
by the release of chemokines.37

Other immune cells with a role in tissue repair are mast cells, T cells, type 1 T helper cells (TH1), and type 2 T helper 
cells (TH2), the last two mentioned being mainly involved in the proliferation and remodeling phase.22,38 During the 
proliferation phase, re-epithelialization occurs, and the formation of new vessels (angiogenesis) and granulation tissue, 
responsible for covering and filling the affected area, restoring tissue integrity. Finally, the remodeling phase can last up 
to a year after injury and involves the reorganization of connective tissue and wound contraction with scar formation.38– 

41 In addition to contributing to the inflammatory response, macrophages also produce growth factors that stimulate the 
proliferation of non-immune cells (especially keratinocytes and fibroblasts) and extracellular matrix synthesis.41,42

Until recently, neutrophils were thought to have only pro-inflammatory functions, however, they are also capable of 
acquiring different phenotypes linked to their functions (pro-inflammatory, pro-healing, pro-fibrotic, anti-inflammatory, 
anti-fibrotic), generating successful phases in tissue repair.42 Neutrophils also release growth factors and promote 
angiogenesis, contributing to the resolution of inflammation.43,44

The healing of skin and skeletal muscle is influenced by local and systemic factors that can increase the likelihood of 
complications, causing impaired healing. The recurrence of physical trauma and tissue injuries caused by physical 
exercise and overtraining compromise the innate immunity and healing capacity of the patient7,9,10,35 while changes in 
coagulation, tissue perfusion, immune functioning, metabolism, nutrition, and drug therapies promote modification of 
biological responses to tissue rupture, influencing healing.35,36

Pathogen-associated molecular patterns can trigger these responses when recognized by PRRs, such as C-lectin 
receptors (CLRs) associated with dendritic cells (Dectin-1).43,44 Recent studies demonstrate that the activation of the 
Dectin-1 signal accelerated the wound healing response, inducing the accumulation of neutrophils in the initial phase.45 It 
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is well documented that the immunomodulatory properties of β-Glucan can contribute to the upregulation of the 
inflammatory response and its effects on primary human dermal fibroblasts accelerate the wound healing process.46–48

Many advances have been made in the use and supplementation of β-glucan in humans either orally, transdermally, or 
by injection. Its use appears to be safe and efficient in a range of conditions that include tissue and muscle recovery after 
injury. Additionally, we can also suggest a post-exercise recovery benefit of β-glucan for athletes due to its modulating 
effect on the immune system. However, more studies are needed to assess the real impact of supplementation with β- 
glucan and improvement in sports performance.

Conclusion
Trained immunity can result in a better response of innate immune cells to infection, with effective and rapid elimination 
of pathogens, avoiding excessive inflammation and facilitating the succession to the proliferative phase of healing. In 
summary, this review presents current knowledge and progress made in characterizing the wound healing properties 
promoted by the use of β-glucans and their safety and effectiveness in managing non-healing injuries or other chronic 
conditions and diseases.

Tissue repair is the most promising area for the application of β-glucans because of the wound healing contribution by 
stimulating tissue regeneration, collagen biosynthesis, and deposition, increasing wound tensile strength and maintaining 
skin’s moisture and elasticity. β-glucans induce the production of growth factors essential for skin, re-epithelialization, 
and regeneration of damaged skin. In short, β-glucans benefits includes their ability to regulate the immune system, 
reduction of inflammatory expression in skeletal muscle, a decrease in oxidative stress and optimization of tissue 
regeneration, and faster healing.

Abbreviations
β-glucans, Betaglucans; CLRs, C-type lectin receptors; Dectin-1, Dendritic cell-associated C-type lectin; MAMPs, 
Microbial-associated molecular patterns; PRRs, pattern recognition receptors; TH1 cells, Type 1 T helper; TH2 cells, 
Type 2 T helper; TLR, dectin-1/toll-like receptor.
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