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Abstract

Background: Respiratory diseases, including COPD, asthma, and allergic rhinitis, pose a
significant health and economic burden, prompting the search for new preventive and
therapeutic strategies. Increasing attention is paid to microbiome-based therapies and the gut-
lung axis as targets for immunomodulatory interventions. Postbiotics - defined as non-viable
microorganisms or their components that exert beneficial biological effects - have emerged as
a promising area of research.

Aim of the study: This study presented the current state of knowledge regarding postbiotics
and assessed their potential in the prevention and treatment of respiratory diseases, with
particular emphasis on their mechanisms of action.

Methodology: The review was conducted using PubMed and supplementary Google Scholar.
Studies from 2012 to 2026 were analyzed.

Results: Postbiotics demonstrate multiple mechanisms of action, including modulation of the
immune response, regulation of cytokine production, influence on the Th1/Th2 balance, and
enhancement of epithelial barrier integrity. Experimental and clinical evidence suggests that


mailto:andrzejzuzak1@gmail.com
https://orcid.org/0009-0008-6578-1457
mailto:krzysztofgrabowski444@gmail.com

postbiotics may reduce the frequency and severity of infections, decrease exacerbations of
chronic respiratory diseases, and support the treatment of atopic and neaplastic conditions. In
addition, they have a favorable safety profile, potentially better than probiotics, especially in
populations with compromised immunity.

Conclusion: Postbiotics represent a diverse and promising group of compounds with
significant potential for both preventive and therapeutic applications in respiratory diseases.
However, further well-designed, large-scale clinical trials are necessary to confirm their
efficacy and safety.

Keywords: bacterial lysate, asthma, COPD, gut-lung axis, allergic rhinitis, respiratory tract
infections

1. Introduction

Respiratory diseases place a massive burden on the healthcare system and are a
significant factor in the deterioration of patients’ health and quality of life. Data from 2021
show that COPD ranks sixth globally in terms of disability-adjusted life years lost (DALY) [1].
Furthermore, the disease is listed as the third leading cause of death [2]. Pulmonary diseases
associated with atopy, i.e., asthma and allergic rhinitis, are characterized, similarly to COPD,
by a chronic course and recurrent exacerbations over time. Given the widespread prevalence
of respiratory diseases, there is a clear need to seek new, effective therapeutic options.
Microbiome-based therapy appears promising. It involves modulating the immune system
through the use of probiotics, prebiotics, synbiotics, or postbiotics. A key concept explaining
how such oral therapies influence respiratory tract immunology is the gut-lung axis. Particular
attention is paid to postbiotics, defined as non-viable components of microorganisms or
metabolic products. They exert a beneficial biological effect on the host [3]. Unlike probiotics,
postbiotics do not contain live bacteria, which increases their stability and safety, especially in
immunocompromised individuals. Studies indicate that postbiotics can modulate the immune
response by influencing immune cells, cytokine production, and the integrity of the epithelial
barrier [4]. Recently, the impact of microbiota on the human body has garnered significant
interest among researchers. Nevertheless, many mechanisms and interactions occurring
between the microorganisms living in the human body and the body itself remain unclear. The
aim of this study is to present the current state of knowledge on postbiotics and to assess their

potential as innovative agents with vaccine-like effects in the prevention of respiratory tract



diseases. Particular attention was given to mechanisms of action, results of experimental and

clinical studies, and possible directions for further research.
2. Methodology

The literature search covered the years 2012-2026 and included PubMed and supplementary
Google Scholar queries using combinations of terms such as bacterial lysate, asthma, COPD,
allergic rhinitis, gut—lung axis and respiratory tract disorders. Studies were included if they
addressed immunomodulatory effects of bacterial lysates in respiratory diseases and were
peer-reviewed original articles, clinical trials, meta-analyses or reviews. Titles, abstracts, and
full texts were screened to ensure relevance and methodological quality. The extracted findings

were synthesized narratively to highlight mechanisms of action and clinical implications.
3. General characteristics of postbiotics

According to the 2019 ISAPP definition, postbiotics are substances containing non-viable
microorganisms and/or their components, the administration of which benefits the host [3]. It
is worth noting that in the human body (primarily the large intestine), postbiotics are
biologically produced through bacterial lysis and the release of specific components. The
components used in the laboratory production of postbiotics are mainly: short-chain fatty acids
(SCFAs, e.g., butyrate), bacterial enzymes, peptides and proteins with immunomodulatory
effects, cell wall fragments (e.g., lipopolysaccharides/LPS), and extracellular polysaccharides
[4]. It 1s worth noting that bacterial lysate is not synonymous with a postbiotic. The difference
compared to a postbiotic is that it does not need to have documented benefits for the host upon
administration [3]. It is a term that more technically describes the technological process of

processing bacterial cells.

The microorganisms most commonly used to produce postbiotics are Streptococcus
pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, Streptococcus pyogenes,
Streptococcus viridans, Staphylococcus aureus, Klebsiella pneumoniae, and Klebsiella
ozaenae [5]. Suitable bacterial strains must be selected and cultured under specific standardized
conditions. The bacteria are then inactivated using various techniques, such as heat treatment,
ultrasound, or high pressure [6]. Controlled cell lysis is often used to release immunogenic
molecules. The final stage involves purifying the sample, determining the dose, and

formulating the preparation. Postbiotics can be divided into monovalent and polyvalent



preparations. The former contains the lysate of a single microorganism, while the latter contains

several in various quantitative ratios [7].

For example, in a study assessing the effect of postbiotics on the course of recurrent
pharyngotonsillitis, Rebolledo et al. used a preparation containing S. pneumoniae, H.
influenzae, S. pyogenes, and M. catarrhalis in a ratio of 20/20/40/20%, respectively. In the case
of recurrent acute otitis media (AOM), this ratio was 40/30/15/15% [8]. Differences in
postbiotic production also include the process of obtaining bacterial lysate itself. Mechanical
or chemical methods are most used. Ferrare et al. compared the efficacy of a polyvalent
mechanical bacterial lysate (PMBL) in stimulating an immune response with that of a
polyvalent alkaline bacterial lysate (PABL) as a chemical method. The study results showed
no significant differences [9] Another form of postbiotic proposed by researchers is bacterial
extracellular vesicles (EVs). These are structures produced by bacteria, surrounded by a cell
membrane, which contain, among other things, proteins, lipids, LPS, and nucleic acids. They
can activate pattern recognition receptors, potentially leading to immunomodulation [10], [11],

[12].

The oral route is considered the primary, most common, and best-understood route of postbiotic
administration [6], [13]. Sublingual administration, like intranasal administration, acts directly

on the mucosa, which is rich in immune cells, and may be associated with a stronger immune

response [9], [11], [14].

4. The immunomodulatory mechanism of individual postbiotics

The effect of postbiotics on the immune system is multifaceted and requires a thorough
examination of how they regulate it. The remainder of this article will describe the most well-

established immunomodulatory interactions of specific postbiotics.
Heat-killed Caulobacter crescentus (HKCC)

In the study by Werellagama et al., a bacterial strain of Caulobacter crescentus that had been
killed at a temperature of 80°C was analyzed. The activation of innate lymphoid cells (ILCs)
was identified as the central mechanism of action of HKCC. These cells play a key role in

regulating the body’s early inflammatory response. It is worth noting that HKCC activates ILCs



in a balanced manner—one that does not lead to a pathological immune cell reaction. HKCC
limits excessive infiltration of neutrophils and CDI11b+, Ly6G+ myeloid cells, whose
accumulation is associated with increased bacterial load in the lungs. The postbiotic’s effect on
the immune system’s humoral response has also been shown. HKCC causes an increase in
systemic IgG and mucosal IgA concentrations without anti-HKCC antibody levels.
Additionally, it is emphasized that more than 21 days of HKCC administration induces the
development of long-term trained immunity, covering both bacterial and viral infections,

thanks to an action based on pathogen-associated molecular patterns (PAMPs) [15].
Polivalent mechanical bacterial lysate (PMBL)

At the cellular level, PMBL exerts an immunomodulatory effect on the innate and adaptive
immune systems, including NK cells, leading to their functional activation. This activation is
associated with an increase in the number of NK cells and enhanced secretion of interferon
gamma (IFN-y), a key effector cytokine and surrogate marker of NK cell activity. Clinical
evidence indicates that administration of PMBL significantly increases IFN-y levels in the
body, reflecting enhanced NK cell function. In summary, these results indicate that PMBL
enhances the innate immune response by strengthening IFN-y-dependent, NK-cell-mediated

mechanisms, thereby improving the host’s defense against recurrent infections [16].

It is worth noting that through the regulation of IFN-y, the ratio of Thl to Th2 lymphocytes
shifts in favor of Thl. This is important in the context of atopic diseases, where Th2 cells
predominate [9]. Studies have shown that IFN-a levels in patients receiving PMBL with
recurrent respiratory tract infections (RRTI) increase more significantly than in the control

group. This results in an increase in the number of NK cells [16]

PMBL also inhibits the excessive activation of ILCs with y3T and iNKT receptors, which have
been shown to be associated with a more severe course of allergic rhinitis [17]. Bartkowiak-
Emeryk et al. demonstrated that, among other things, significantly increased levels of Treg
lymphocytes in the study group, compared with a decrease in the control group[18]
Additionally, PMBL strengthens the immunity of the respiratory tract mucosa by increasing
local IgA production and modulating cytokine expression, which improves barrier function and

limits allergen penetration [18]



Interestingly, it has been shown that the immune protection against pneumococcal pneumonia
induced by bacterial lysate does not require neutrophil recruitment, IL-17A, or activation of

the Caspase-1 pathway [9].
Bacterial extracellular vesicles (BEVs)

BEVs are actively internalized by pulmonary macrophages. Following TLR4 receptor
activation, there is sustained phosphorylation of MAP kinases, followed by the transcription
factor NF-kB. This leads to increased synthesis of nitric oxide (NO). At the tissue level, EVs
stimulate airway epithelial cells to express proteins associated with oxidative stress and
inflammation (including the production of chemokine CXCLS). This, in turn, drives the
recruitment of immune cells to the lungs, including neutrophils, CD11b+ dendritic cells, Y0 T
cells, and NK cells. Razim et al. emphasize that BEVs exhibit adjuvant activity and may be

incorporated into intranasal vaccines [11].

5. Comparison of postbiotics and probiotics

The scientific literature emphasizes that postbiotics and probiotics differ not only in their
mechanism of action, but above all in their safety profile and stability. This is important for
their clinical applications. Postbiotics, as metabolically inactive products or fragments of
bacterial cells, carry no risk of causing severe infection, which—though rare—has been
reported with probiotics in immunocompromised patients [19], [20]. The absence of live
microorganisms also eliminates the possibility of horizontal transfer of antibiotic resistance
genes, which is one of the key safety limitations of probiotics [19], [21]. Studies on the stability
of preparations have shown that postbiotics are highly resistant to changes in temperature, pH,
and storage conditions, which facilitates their standardization and ensures the reproducibility
of their biological effect [19]. Probiotics, as live cultures, require controlled transport and
storage conditions, and their mechanism of action depends on competition with pathogens and
their ability to colonize [19], [22] These differences also translate into the frequency of adverse
effects: postbiotics exhibit a very low side-effect profile, while probiotics may cause temporary
intestinal discomfort and, in specific cases, more serious complications [20], [23] A summary
of these characteristics suggests that postbiotics represent a promising, more predictable, and

safer alternative to probiotics, particularly in high-risk populations, while maintaining a



beneficial effect on the immune response and host homeostasis. This information is presented

in Table 1

Kryterium Postbiotyki (nieaktywne | Probiotyki (zywe
produkty lub fragmenty | mikroorganizmy)

bakterii)
Ryzyko ciezkiej | Brak ryzyka infekcji, poniewaz | Niewielkie, ale istniejace ryzyko
infekcji preparat nie zawiera zywych | bakteriemii lub fungemii u 0sob z
bakterii[19]. immunosupresja [20].
Transfer gendw | Niemozliwy — brak zywych | Mozliwy w warunkach
opornosci na | komorek zdolnych do wymiany | sprzyjajacych  horyzontalnemu
antybiotyki materialu genetycznego [19]. transferowi genow [21]

Czestos¢  dzialan | Zwykle bardzo niska; dziatania | Zwykle niska, ale mozliwe

niepozadanych uboczne ograniczaja si¢ do | wzdgcia, dyskomfort jelitowy,
fagodnych reakcji [19]. rzadko powazniejsze reakcje [20],
[23].
Stabilnos¢ Bardzo wysoka — odporno$¢ na | Nizsza — zywe kultury wymagaja
preparatu temperature, pH 1 warunki | odpowiednich warunkow
przechowywania [19]. transportu i przechowywania [19].
Mechanizm Oparty na metabolitach, | Oparty na kolonizacji,
dzialania fragmentach komoérkowych 1 | konkurencji  z patogenami i
modulacji immunologicznej | modulacji mikrobiomu[22].
[19].
Mozliwosé Bezpieczne u noworodkow, | Wymaga ostroznosci u pacjentow
stosowania u | wczesniakow, 0s0b z | z obnizong odpornoscig [20], [23].
pacjentow immunosupresjg [19].

wysokiego ryzyka




Powtarzalno$¢ Wysoka — brak zmiennosci | Zmienna — zalezy od zywotnosci

efektu wynikajacej z przezywalnos$ci | szczepu, dawki 1 warunkow
biologicznego bakterii [19]. srodowiskowych [22]

Regulacje i | Latwiejsza standaryzacja sktadu | Trudniejsza — zywe szczepy moga
standaryzacja 1 dziatania [19]. rozni¢  sie¢  miedzy  seriami

preparatu. [23]

Table 1. Comparison of the characteristics of postbiotics and probiotics.

6. The Use of Postbiotics in Specific Diseases
Asthma

Asthma is a chronic inflammatory disease of the respiratory system classified as an atopic
disease. It most commonly presents with wheezing, shortness of breath, and coughing, and is
characterized by fluctuations in the severity of these symptoms over time [24] Asthma is one
of the most common respiratory diseases, with 3,340 cases per 100,000 people reported in 2021
[25]. It is worth noting that despite the availability of many effective drug classes for the
treatment of asthma, the disease remains a significant clinical problem, especially in regions
with increasing exposure to environmental factors [26] Postbiotics appear to be a promising

therapeutic option with increasingly strong scientific evidence [27].

In a study by Bartkowiak-Emeryk et al., the efficacy of postbiotic therapy with PMBL was
investigated. The study group consisted of 21 children diagnosed with asthma. It was
demonstrated that using PMBL for 10 days a month over a 3-month period leads to significant
changes in the lymphocyte profile, which may provide evidence of the immunomodulatory
effect of the postbiotic during asthma. [18] Chinese researchers conducted a cohort study using
PBL on 795 patients. A significant reduction in the incidence of asthma exacerbations was
observed, and consequently, a reduced need for beta-2-adrenergic agonists or
glucocorticosteroids [28]. A meta-analysis of 36 clinical trials (involving a total of 1,551
patients in the study group) demonstrated that treatment with the bacterial lysate OM-85

resulted in a 24% improvement in asthma control and lung function compared to the control



group. It is worth noting that better results were observed in the pediatric group [29].
Christopoulou et al. conducted a retrospective study of 137 patients with moderate to severe
asthma. Patients were administered OM-85 for 12 months. The study results showed that
patients using OM-85 experienced a marked reduction in the number of symptomatic asthma
episodes, as well as a significant decrease in the frequency of asthma exacerbations (by 71%).
It is worth noting that OM-85 therapy led to a reduction in the number of glucocorticosteroid

courses and the need for antibiotics [30].
Allergic rhinitis

Allergic rhinitis (AR) is a common inflammatory condition of the nasal mucosa classified as
an atopic disease. AR is characterized primarily by sneezing, watery discharge, itching, and a
sensation of nasal congestion. Etiologically, it is an IgE-mediated reaction to environmental
allergens such as plant pollen, house dust mites, or animal dander. Consequently, a common
seasonal pattern of symptoms is a distinguishing feature [31]. It is estimated that the condition

affects 10 to 20% of the population in the U.S. and Europe [32]

Clinical studies indicate that bacterial lysates may play a significant role as an adjunct therapy
for AR. They reduce the severity of symptoms and, consequently, the need for antiallergic
medications [5], [33]. Janeczek et al. conducted a study on a group of 50 pediatric patients with
seasonal allergic rhinitis (SAR). A significant improvement in symptoms was demonstrated on
the TNSS (Total Nasal Symptom Score) and VAS (Visual Analog Scale) [17] Interestingly, in
a study of a pediatric group, S. aureus colonization was identified in the nasopharynx in as
many as 42% of children with S. aureus-associated rhinitis, suggesting nasopharyngeal
dysbiosis as a potential pathogenic factor of the disease. However, it is worth noting that no

effect of postbiotics (PMBL) on S. aureus carriage rates was demonstrated. [34]
Chronic obstructive pulmonary disease (COPD)

As mentioned, COPD poses a significant problem for patients and a challenge for healthcare
systems. Its etiology is multifactorial but smoking and exposure to air pollution—including
particulate matter—play a key role, accounting for over 40% of the global disease burden [1].
It is estimated that the prevalence of COPD in the population over 40 years of age is
approximately 10—12%, although these figures vary regionally and depend on the diagnostic
criteria used [35]. The disease leads to chronic airflow limitation in the airways due to persistent

inflammation involving the lung parenchyma and peripheral airways, resulting in irreversible



and progressive obstruction. These changes are associated with an increased number of
macrophages, neutrophils, and T lymphocytes, as well as heightened oxidative stress, which
further exacerbates damage to lung structures[36]. Excessive mucus production is also a
significant component of the clinical picture; it increases the risk of exacerbations and impairs
lung function, and its presence is one of the main factors affecting patients’ quality of life [37].
Treatment includes both pharmacological therapies aimed at reducing inflammation and
improving airway patency, as well as non-pharmacological interventions, including respiratory
rehabilitation and strategies to limit exposure to harmful factors, which can slow disease
progression and reduce the burden of the disease [36]. It is worth noting, however, that the

availability of medications used in COPD treatment is insufficient in some regions [38].

A meta-analysis was conducted including 13 scientific studies and a total of 1,366 patients in
the group receiving OM-85. The study group showed a significantly lower number of
exacerbations and days requiring antibiotic therapy. A negative cost-effectiveness ratio was
also demonstrated, indicating that postbiotics may yield savings for the healthcare system [39].
Choi et al. conducted a study on a group of 238 adult patients with COPD. The study group
was also administered the bacterial lysate OM-85. The study results indicate that the use of
OM-85 led to a reduction in the risk of moderate and moderate-to-severe exacerbations. The
therapy also resulted in an overall reduction in the frequency of these episodes, suggesting
stabilization of the disease course in treated patients. Furthermore, a prolongation of the time
to the first moderate exacerbation was observed [40]. It should be emphasized that many studies
exhibit methodological variability, and their results should be interpreted with some caution.
Nevertheless, they show a consistent trend supporting the efficacy of PBL in the treatment of
COPD [41].

Infectious lung diseases (pneumococcal, tuberculosis, RSV, coronavirus)

For recurrent respiratory tract infections (RRTI), there is fairly convincing evidence supporting
postbiotic therapy's efficacy. It has been demonstrated that postbiotics reduce the frequency,
duration, and severity of these infections in both children and adults [42] However, it is worth
highlighting several recent studies examining the effects of postbiotics in specific microbial-

etiology diseases.

Ferrara et al. demonstrated that PBL stimulates different immunomodulatory mechanisms than

conjugate pneumococcal vaccination. Therefore, their administration during the vaccination



period could be considered to enhance protective effects [9] Additionally, it has been shown
that some postbiotics may act similarly to vaccine adjuvants and enhance their effects [42],

[43].

Werrellagama et al. observed in an animal model study that administration of HKCC strongly
activates innate immune mechanisms. Furthermore, the group of mice receiving HKCC
demonstrated a lower bacterial load of Mycobacterium avium and lower viral loads of influenza
and SARS-CoV-2. Importantly, HKCC administration alone limited the proliferation of M.
tuberculosis bacilli, and the addition of an antituberculosis drug (isoniazid) resulted in an even

stronger therapeutic effect [15].

In another animal model study, the efficacy of OM-85 administration in respiratory syncytial
virus (RSV) infection was evaluated. Antunes et al. demonstrated significant inhibition of viral
replication and a reduction in perivascular and peribronchial inflammation in the lungs of mice
treated with OM-85. The full effect was achieved after four doses of bacterial lysate. The
authors highlight the potential role of PBL in viral diseases for which effective drugs or

vaccines are lacking [44].

Many researchers suggest that PBL enhances the antiviral immune response, including, among
others, against COVID-19 [15], [45]. However, the potential supportive role of PBL in long-
COVID-19 is also significant. This is a syndrome of symptoms persisting for at least 3 months
after the acute phase of SARS-CoV-2 infection, which can affect multiple body systems.
Intestinal dysbiosis has been frequently observed during COVID-19[46]. The occurrence of
neurological symptoms during long-COVID may be caused by abnormalities in the
composition and quantity of the gut microbiota, in accordance with the “gut-brain” axis
mechanism [47] Given the beneficial effects of postbiotics on the gut microbiota and their
immunomodulatory action, their administration may alleviate chronic long-COVID symptoms

such as fatigue, cognitive impairments, or gastrointestinal problems [48].
Oncological diseases

Cancer is a major issue facing modern medicine. Recent epidemiological analyses indicate that
10.4 million deaths from cancer were recorded in 2023 [49]. Research suggests that postbiotics
may be effective in preventing the progression of cancer and in its treatment. It is worth
mentioning the first “anti-cancer vaccine,” consisting of bacterial lysates, namely the Coley

vaccine. It was used in the treatment of sarcomas, cancers, lymphomas, melanomas, and



myelomas. Bacterial lysates such as BCG (M. bovis), heat-killed Mycobacterium indicus
pranii, and M. obuense have shown promising results in the treatment of bladder cancer, non-

small cell lung cancer (NSCLC), and melanoma [42].

Sun et al. conducted a retrospective study involving 72 patients with chronic bronchitis in the
study group, in whom a total of 93 high-risk pulmonary nodules were diagnosed. Patients were
administered OM-85, and the nodules were monitored via chest CT scans. In the study group,
only 30.1% of nodules showed an increase in clinical malignancy (according to RECIST
criteria), whereas in the control group, the percentage was 45.0%. It is worth noting that the
study utilized three assessment methods: Al-risk (assessment of lesion progression using an

artificial intelligence model), nodule volume, and RECIST criteria [50].
Otolaryngological disorders

Ear, nose, and throat (ENT) infections in children are one of the most common reasons for
doctor visits and hospitalizations. This is due to the immaturity of both the immune system and
the anatomy of the throat, Eustachian tube, and paranasal sinuses [51]. It is estimated that up

to 18% of children aged 1 to 4 years will experience ENT infections [52].

In their study of 57 pediatric patients with recurrent ENT, Rebolledo et al. examined the
efficacy of administering a polyvalent bacterial lysate for the prevention and/or treatment of
acute episodes of otitis media (AOM) and pharyngotonsillitis (PT). After 6 months of using
PBL with a specific percentage composition, it was shown that the average number of episodes
was reduced by 74.7%, and school absenteeism was reduced by 99.5%. Additionally, it was
observed that when an episode of the disease did occur, its course was significantly milder, and

no adverse reactions were reported [8].

7. Conclusion

Postbiotics have been shown to broadly regulate both innate and adaptive immune
mechanisms. Among other effects, they lead to the activation of NK cells, increased local IgA
production, and a shift in the Th1/Th2 lymphocyte ratio in favor of Thl cells, which is
particularly important in alleviating the course of atopic diseases. Additionally, they promote

long-term immune training. Due to the absence of live microorganisms, postbiotics have a



much better safety profile than probiotics. They eliminate the risk of severe systemic infections
(e.g., sepsis) and the transfer of antibiotic resistance genes, allowing for their safe use in

immunocompromised patients.

In summary, the use of postbiotics translates into significant clinical benefits, including a
reduction in the frequency and severity of asthma and COPD exacerbations. This results in a
reduced need for glucocorticosteroids, bronchodilators, or antibiotics. Their efficacy in
alleviating the symptoms of allergic rhinitis has also been demonstrated. Postbiotics effectively
reduce the frequency, duration, and severity of recurrent respiratory tract infections (RRTI) and
otolaryngological infections (e.g., acute otitis media), particularly in the pediatric population.
Many scientific findings report on the potential use of probiotics as vaccine adjuvants to
enhance their efficacy. However, it is necessary to conduct more research, especially to prove

the effectiveness of postbiotics in the prevention and treatment of cancer.
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