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Postbiotics include any substance released by or produced through the metabolic activity of the microorganism, which

exerts a beneficial effect on the host, directly or indirectly. As postbiotics do not contain live microorganisms, the risks

associated with their intake are minimized. Postbiotics play a vital role in the maturation of the immune system, affect

barrier tightness and the intestinal ecosystem, and indirectly shape the structure of the microbiota. Postbiotics display

pleiotropic effects, including their immunomodulatory, anti-inflammatory, antioxidant, and anti-cancer properties. As such,

postbiotics may be useful in treating or preventing many disease entities, including those for which effective causal

therapy has not yet been found.
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1. Introduction

The assemblage of microorganisms that inhabit the human body, their genomes and metabolites, as well as the

environment in which they live, is called the microbiota. Microorganisms that are part of the microbiome can be isolated

from all areas in constant contact with the external environment (e.g., the skin, upper respiratory tract, or urogenital tract).

However, they are most abundant in the gastrointestinal tract. Our interdependent relationship with the intestinal

microbiota is established during the first three years of life . The human body provides a stable, nutrient-rich

environment for the inhabiting microorganisms, and in return, receives a number of benefits. These benefits include

stimulation of the immune system, improved digestion and absorption of food, reduced growth of pathogenic flora, and

maintenance of intestinal barrier integrity. These beneficial effects of the interaction between the microbiota and the

gastrointestinal tract can be observed not only locally, but also in distant organs, due to systemic distribution of

substances and cells produced in the intestine. This phenomenon is called the gut-organ axis, according to which we can

distinguish the gut-brain, gut-skin, gut-lung axis, and so on.

Several factors can affect the composition of the microbiota starting from the perinatal period, including the composition of

the maternal gut microbiota, the mode of delivery and type of food the mother consumes, antibiotic therapy, and stress .

Moreover, many studies have shown that an imbalance in the intestinal microbiota—dysbiosis—can lead to the

development of allergic or autoimmune diseases (e.g., inflammatory bowel disease, type 1 diabetes, among others),

cancer, and psychiatric disorders . As such, therapeutic strategies and preparations that affect the composition of the

microbiota, and thus, the patient’s well-being, have become increasingly popular.

As summarized in Figure 1, there are currently three main ways in which the microbiota can be modulated, i.e., through

the use of prebiotics, probiotics, synbiotics, or postbiotics. Prebiotics are used by microorganisms as food, and, at the

same time, can exert a beneficial effect on the health of the host. Currently available prebiotics include human milk

oligosaccharides (HMO), lactulose, and inulin derivatives. In contrast, probiotics directly impact the gut microbiome

through the selective delivery of beneficial microorganisms to the gastrointestinal tract. According to the 2002 World

Health Organization (WHO) definition, probiotics are live microorganisms administered in the appropriate amounts, which

have a positive effect on host health. In clinical practice, the most commonly used probiotics are bacteria of the

genera Lactobacillus, Bifidobacterium, and Streptococcus, as well as yeast Saccharomyces. Despite several meta-

analyses confirming the clinical effectiveness of probiotics in various diseases (including acute gastrointestinal infection

and inflammatory bowel diseases ), individual reports are increasingly undermining their effectiveness and safety,

especially in high-risk patients . Therefore, there is increasing interest in a surrogate group of preparations: Postbiotics.
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Figure 1. Optimal microbiome composition as a token of human wellbeing. Microbiome composition and structure is one

of the factors determining proper human development and health. The roof that represents microbiome may be

impermeable and reliable, only provided structures below are solid. A suitable diet and physical activity form the basis for

the construction. Metaphorical foundation, which is represented by diet and exercise, underlines principal role of healthy

lifestyle in sustaining human health and wellbeing. It is a lifestyle modification one should implement first when

commencing the process of building human welfare. The connectors (pillars) between “roof” and “foundation” that cement

the construction are pre-, pro-, and postbiotics. A lot of research is currently focused on determining the ideal proportion

and shape of each pillar, so all of the construction’s elements depicted in this figure would be in the state of harmony. It is

important to note that the composition of the microbiome is also affected by other factors that are not found in this figure,

e.g., route of labor, use of medicines, or having siblings.

The concept of postbiotics is based on the observation that the beneficial effects of the microbiota are mediated by the

secretion of various metabolites. However, its precise definition remains under discussion. According to Tsilingiri et al.,

postbiotics include any substance released by or produced through the metabolic activity of the microorganism, which

exerts a beneficial effect on the host, directly or indirectly . For the purposes of this article, we assume that postbiotics

include all substances of bacterial or fungal origin that confer beneficial effect to the host and do not meet the definition of

a probiotic and are not exclusively of a prebiotic nature (Figure 2).

Figure 2. Methods of acquisition of postbiotics. The concept of postbiotics conceals either metabolites or fragments of

microorganisms which confer a beneficial effect to the host. The structural heterogeneity of postbiotics implies the

abundance of possible techniques used to postbiotics’ acquisition. Lysis of bacterial cells may be achieved by chemical

and mechanical techniques. These methods include enzymatic extraction, solvent extraction, sonication, and heat.

Extraction, dialysis, and chromatography are used to isolate and identify desired molecules. SCFA, short-chain fatty acids.

According to the current literature, postbiotics are not considered as synbiotics. Synbiotics are a combination of prebiotics

and probiotics that are claimed to have a beneficial impact on gut microbiome. However, it is believed that postbiotics may

also strengthen the intestinal microbiome , so we believe that term “synbiotics” should be reviewed and postbiotics

should be incorporated in its definition.
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Although postbiotics do not contain live microorganisms, they show a beneficial health effect through similar mechanisms

that are characteristic of probiotics while minimizing the risks associated with their intake. Therefore, like prebiotics,

postbiotics appear to lack serious side effects while maintaining similar effectiveness to probiotics (although currently

there are no studies directly comparing substances belonging to both groups).

Here, we provided a critical review of the postbiotic drugs described in the literature, including their mechanisms of action,

clinical characteristics, and potential therapeutic applications.

2. Future Clinical Applications

Postbiotics play a vital role in the maturation of the immune system, affect barrier tightness and the intestinal ecosystem,

and indirectly shape the structure of the microbiota. As such, postbiotics may be useful in treating or preventing many

disease entities, including those for which effective causal therapy has not yet been found (e.g., Alzheimer’s disease,

inflammatory bowel disease, or multiple sclerosis). Indeed, clinical trials aimed at modifying the microbiota of patients

suffering from the abovementioned diseases are currently underway, and the first results are promising .

Postbiotics may be particularly useful in infants, as the first months of life are critical for developing the proper structure of

the microbiota. As the microbiota “matures” up to about three years of age , any abnormalities can be associated with

short- and long-term consequences (e.g., necrotizing enterocolitis and asthma, respectively) . Creating the appropriate

environment for the formation of the correct microbiota appears crucial for the proper development and preservation of the

child’s future well-being, and postbiotics can provide such conditions.

Postbiotics may also be useful in the prevention and treatment of SARS-CoV-2 infection, as the structure and metabolic

activity of the intestinal microbiome may be related to the occurrence of biomarkers predicting the severe coronavirus

disease 2019 (COVID-19) course .

The potential value of postbiotics is not limited to therapeutic applications. Indeed, the emergence of biological doping

(and its detection) is an area of interest. A recent study in mice showed that the presence of bacteria of the

genus Veillonella in the gut, which can metabolize lactic acid to propionate, significantly increased the animals’ physical

performance . A similar result was obtained by the enteral administration of propionic acid, indicating the possibility of

using postbiotics to modify physical fitness and the independence of the observed effect from the presence of bacteria .

3. Summary

The use of metabolites or fragments derived from microorganisms (i.e., “postbiotics”) is an attractive therapeutic and

preventive strategy in modern medicine. According to current data, such postbiotics have pleiotropic effects, including

immunomodulatory, anti-inflammatory, antioxidant, and anti-cancer properties. Some of these properties are even in

clinical use. The boundary between probiotics and postbiotics is blurred in some trials, as their impact on the results is

often not evaluated separately. We expect further research into the biological activities of these metabolites will unveil

novel uses for postbiotics in medicine and beyond.
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