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Highlights

What are the main findings?

• Four bacterial-derived immunomodulators (OM-85, PMBL, MV130, and CRL1505)
share convergent mechanisms involving epithelial barrier reinforcement, innate im-
mune activation, and adaptive immune modulation relevant to pediatric respiratory
infection prevention.

• Clinical evidence varies substantially across products, with OM-85 demonstrating
the most extensive support (showing 26–36% reduction in respiratory tract infections
across multiple RCTs and meta-analyses), while data for PMBL, MV130, and CRL1505
remain more limited.

What are the implications of the main findings?

• Bacterial-derived immunomodulators represent a promising complementary strat-
egy for reducing recurrent respiratory infections and associated wheezing in young
children, alongside standard preventive measures.

• Significant knowledge gaps persist regarding optimal treatment duration, patient
selection, and comparative efficacy, highlighting the need for well-designed head-to-
head trials with standardized outcomes.

Abstract

Background/Objectives: Respiratory tract infections (RTIs) are a leading cause of morbidity
in children under five, with over 75% experiencing recurrent episodes and an increased
risk of asthma by school age, particularly following respiratory syncytial virus (RSV)
and rhinovirus (RV) infections. While current therapies primarily address acute symp-
toms, effective preventive strategies remain limited. Bacterial-derived immunomodulators
have emerged as promising interventions, but their mechanisms and pediatric clinical
evidence remain incompletely characterized. This narrative review examines preclinical
mechanisms and clinical findings for four such agents, contextualizing current evidence
and identifying key gaps. Methods: A targeted narrative review of PubMed-indexed
literature (inception to September 2025) was conducted. Mechanistic studies, pediatric
(0–18 years) clinical trials, and meta-analyses evaluating OM-85, polyvalent mechanical bac-
terial lysates (PMBL/Ismigen), MV130, and Lactobacillus rhamnosus CRL1505 were included.
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Outcomes of interest comprised immunological mechanisms, RTI incidence, wheezing, and
asthma-related outcomes. Results: All four agents share convergent immunomodulatory
mechanisms involving epithelial barrier reinforcement, innate immune activation, and
adaptive immune modulation. OM-85 has the most extensive preclinical evidence. PMBL
enhances epithelial repair via the IL-23/IL-22 axis, MV130 induces trained immunity, and
CRL1505 acts through the gut–lung axis. Clinical evidence varies markedly, with OM-85
showing the most comprehensive data (18 RCTs and 7 meta-analyses), followed by PMBL
and MV130, while evidence for CRL1505 remains predominantly preclinical. Conclusions:
Despite variable evidence maturity, these agents share a coherent mechanistic rationale
and favorable safety profiles, with ongoing studies expected to clarify their clinical role in
early-life respiratory prevention.

Keywords: immunomodulators; respiratory tract infections; wheezing; pediatric asthma;
trained immunity; early-life prevention

1. Introduction
Respiratory tract infections (RTIs), particularly those of viral origin such as respira-

tory syncytial virus (RSV), rhinovirus (RV), influenza virus (IFV), human parainfluenza
virus (hPIV), and human metapneumovirus (hMPV), remain among the leading causes
of morbidity and mortality in early childhood [1–3]. Global estimates for 2019 indicate
that RSV alone accounted for 3.6 million acute lower respiratory infection (ALRI) hospital-
izations and 101,400 deaths among children under five [4], representing the predominant
viral pathogen. Additional substantial burdens are attributed to IFV (0.9 million hospi-
talizations, 34,800 deaths), hPIV (1 million hospitalizations, 53,000 deaths), and hMPV
(0.6 million hospitalizations, 16,100 deaths), with peak mortality concentrated among
infants 0–12 months of age [1]. RTI burden persists in resource-rich settings despite ad-
vanced medical care. United States surveillance data (2015–2019) demonstrate that RSV
causes 58,000–80,000 hospitalizations annually, with the highest incidence among infants
under two months (71.6 per 1000; 95% confidence interval (CI), 66.6–76.6) [5]. European
Union data (average 2006–2018) report 245,244 yearly RSV-associated hospitalizations in
children under five, predominantly (75%) occurring in the first year of life [6]. Between
birth and age five years, the immune system undergoes intense maturation while facing
continuous pathogen exposure. During this critical period, children exhibit reduced type
I interferon (IFN) production, suboptimal dendritic cell (DC) and natural killer (NK) cell
activation, restricted T cell repertoire diversity, and cytokine profiles skewed toward type
2 responses [7–9]. This immunological immaturity results in heightened susceptibility to
respiratory pathogens and exaggerated inflammatory responses that can persist after infec-
tion [10], contributing to both high RTI frequency and potential asthma development [11].

Despite the substantial RTI burden, therapeutic management remains limited to support-
ive care. Bronchodilators and corticosteroids may alleviate acute symptoms but fail to prevent
the immune dysregulation linking recurrent infections in young children to chronic respiratory
disease [12]. This therapeutic gap has profound long-term consequences: RSV infections in
the first year of life are associated with a 30% increase in asthma risk by age 5 years [13],
and RV wheezing illness in the first 3 years of life is associated with an increased risk of
wheezing/asthma in later life (relative risk (RR) = 2.00, 95% CI 1.62 to 2.49, p < 0.001) [14,15].
These epidemiological associations reflect underlying pathogenic mechanisms. Viral infec-
tions disrupt epithelial integrity, sustain type 2 inflammation, and attenuate IFN signaling,
perpetuating airway hyperreactivity [16]. Each infection compounds immune dysregula-
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tion, creating a vicious cycle from acute RTI to chronic airway disease. These limitations
underscore an urgent need for host-directed immunomodulatory strategies that enhance
mucosal immunity and innate defenses during the critical early-life window. Bacterial-derived
immunomodulators have emerged as promising approaches to address this gap. OM-85,
polyvalent mechanical bacterial lysate (PMBL), MV130, and Lactobacillus rhamnosus CRL1505
exemplify agents that train innate immunity, enhance mucosal defenses, and reduce infection
recurrence through diverse immunological mechanisms [17–22]. However, persistent uncer-
tainties surrounding bacterial-derived immunomodulators limit clinical integration. Their
specific mechanisms of action, pediatric efficacy, and optimal positioning within respiratory
care strategies remain poorly defined.

To address these uncertainties, this targeted narrative review aims to synthesize
preclinical and clinical evidence supporting the use of four bacterial-derived immunomod-
ulators, OM-85, PMBL, MV130, and Lactobacillus rhamnosus CRL1505, in the prevention of
pediatric RTI.

Specifically, it seeks to

• Outline the features of the immature immune response in pediatric populations and
the pathophysiological mechanisms involved in RTIs and asthma;

• Describe the immunological mechanisms by which bacterial products influence ep-
ithelial barrier function, innate and adaptive immunity, and inflammation regulation;

• Summarize their clinical efficacy and safety in reducing RTI incidence and preventing
wheezing or asthma outcomes in children;

• Identify remaining evidence limitations and future research priorities to optimize
host-directed immunomodulation in pediatric respiratory health.

2. Materials and Methods
2.1. Selection of Immunomodulators

Four bacterial-derived immunomodulators were selected for this targeted narrative
review to represent distinct manufacturing processes and mechanistic paradigms and to
meet the following criteria: (1) availability of mechanistic data from preclinical studies
investigating modulation of epithelial barrier function, innate immunity, adaptive immu-
nity and inflammation control; (2) documented clinical use or ongoing clinical evaluation
in pediatric populations (≤18 years); and (3) distinct production processes covering the
main categories of bacterial-derived products. The selected agents were OM-85 (chemical
lysis), PMBL/Ismigen (mechanical lysis), MV130/Bactek/Bacmune (heat inactivation),
and Lactobacillus rhamnosus CRL1505 (live probiotic strain). Other immunomodulatory
products were not included because they either lacked sufficient pediatric mechanistic
characterization, had limited pediatric respiratory data, or did not represent a distinct
biological platform beyond the categories already included in this review.

2.2. Literature Search Strategy

Targeted, product-specific searches were performed in PubMed/MEDLINE (incep-
tion to September 2025) to map mechanistic and clinical evidence for each product. For
mechanistic evidence, product names were combined with terms such as mechanism,
immunomodulation, immune response, epithelial barrier, innate immunity, adaptive im-
munity, in vitro, in vivo, respiratory infection, and asthma. For clinical evidence, searches
combined product names with clinical trial, randomized controlled trial (RCT), respira-
tory infection, asthma, pediatric, or children. Complete search strategies, including exact
queries and filters applied, are provided in Supplementary Materials S1. No formal dual
independent extraction was performed.
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2.3. Study Selection and Inclusion Criteria

To provide mechanistic evidence, we included original preclinical studies (in vitro and
in vivo) investigating immunological mechanisms relevant to the prevention of respira-
tory infections. In a heuristic mapping process, each immunomodulator was assigned a
preclinical evidence volume category (+++ extensive evidence, ≥20 studies, ++ moderate
evidence, 10–19 studies, or + limited evidence, <10 studies) based on the number of mecha-
nistic studies identified; this classification reflects the breadth of the literature rather than
certainty or study quality. Complete study characteristics are provided in Supplementary
Materials S2: Tables S1–S4.

For clinical evidence, we included (1) RCTs in pediatric populations (≤18 years); (2) sys-
tematic reviews and meta-analyses of RCTs; and (3) observational studies when RCT data
were limited. We excluded single case reports, studies in exclusively adult populations
(>18 years), non-peer-reviewed conference abstracts without full-text publications, studies
without respiratory outcomes, and studies indexed outside of PubMed. Complete RCT and
meta-analysis study characteristics are provided in Supplementary Materials S2: Tables S5–S7.

2.4. Data Synthesis

For preclinical evidence, mechanistic data were synthesized by immune targets, in-
cluding epithelial barrier function, innate immunity, adaptive immunity, and inflammation
regulation, to characterize each product’s immunomodulatory profile. For clinical evi-
dence, we extracted data from published meta-analyses and individual RCTs for each
immunomodulatory agent. Evidence was stratified by maturity: extensive (multiple con-
verging meta-analyses), preliminary (positive signals requiring replication), or limited
clinical data (mechanistic rationale only). Detailed preclinical evidence and clinical data
are provided in Supplementary Materials S2.

2.5. Study Design Considerations

This review was designed as a narrative synthesis rather than a formal preregistered
systematic review. We used targeted searches to provide an evidence map across mech-
anistically distinct interventions. This design enables a broad contextualization of both
emerging and established interventions while acknowledging the inherent methodological
limitations of narrative evidence synthesis.

Based on the targeted literature search and evidence synthesis described above, the
following sections summarize and analyze the current mechanistic and clinical evidence re-
garding bacterial-derived immunomodulators in pediatric respiratory infections, wheezing,
and asthma.

3. Immunopathophysiology of RTIs and Asthma
During infancy, RTIs are strongly linked to the later development of wheezing and

asthma [1,23,24]. The transition from transient viral infection to chronic airway disease
reflects complex interactions between immune immaturity, exaggerated inflammation, and
impaired epithelial repair [25,26]. During the critical 0–5-year developmental window, these
factors may imprint long-term pro-asthmatic immune patterns [27,28]. Understanding this
pathophysiological cascade provides the mechanistic rationale for immunomodulatory
interventions targeting early-life immune vulnerabilities.

3.1. Pediatric Immune Vulnerabilities

The pediatric immune system displays profound structural and functional immaturity
throughout the first five years of life [7,29]. Key vulnerabilities include reduced neutrophil
bactericidal activity, diminished NK cell cytotoxicity, persistent type 2 bias due to inefficient
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DC activation, and suboptimal regulatory T cell (Treg) function [7,29]. B lymphocytes
mainly produce low-affinity antibodies with delayed class switching, limiting viral neutral-
ization and adaptive memory formation [9,29]. Innate antiviral responses are weak, with
reduced type I/III IFN production and impaired epithelial barrier defenses [1,3,25]. This
immunological fragility gradually improves through antigen exposure, vaccination, and
microbiota maturation [18,30], but, during this vulnerable early-life window, recurrent and
severe respiratory infections can trigger long-term airway consequences.

3.2. Viral Infection and Dysregulated Host Response

Major respiratory viruses primarily target airway epithelial cells, the first line of de-
fense in the respiratory tract. RSV binds to nucleolin receptors on the epithelial surface [31],
RV attaches to intercellular adhesion molecule 1 (ICAM-1) [32], and IFV recognizes sialic
acid residues as entry receptors [33]. Viral infection triggers alarmin release (interleukin
(IL)-33, thymic stromal lymphopoietin (TSLP), IL-25), which activates DCs, group-2 innate
lymphoid cells (ILC2), mast cells, and eosinophils [34]. In parallel, viral nucleic acids engage
the pattern recognition receptor (PRR) (toll-like receptor (TLR), retinoic acid-inducible gene
I (RIG-I)) to initiate IFN and pro-inflammatory cytokine production (IL-6, tumor necrosis
factor alpha (TNF-α)) alongside immune cell recruitment [26]. In the immature pediatric
immune system, however, this response becomes pathologically skewed. The pre-existing
vulnerabilities described above—weak IFN responses, insufficient antibody maturation,
and T helper type 2 (Th2)/ILC2 dominance—converge to amplify viral pathogenesis [7].
Excessive neutrophil recruitment and type 2 cytokines (IL-4, IL-5, IL-13) promote epithe-
lial injury, mucus hypersecretion, and early airway remodeling [28,35]. Viral–bacterial
co-infections (Moraxella catarrhalis, Haemophilus influenzae, Streptococcus pneumoniae) further
amplify inflammation and worsen disease severity [25], impairing mucociliary clearance
and prolonging inflammatory responses that contribute to recurrent wheezing and early-
onset asthma [24].

3.3. Mechanisms of Chronic Inflammation and Asthma Development

RTIs occurring during the 0–5-year window can establish persistent inflammatory
programs promoting asthma [25,27]. In infants, immune immaturity combined with ex-
cessive antiviral activation during severe infections results in high viral loads, prolonged
epithelial injury, and sustained airway inflammation [26,36]. Epidemiological data are
consistent with this mechanistic framework. For example, cohort studies report that ap-
proximately 54% of infants experience RSV infection during the first year of life, which has
been associated with a 35% higher risk of asthma by age five, while avoidance of early RSV
infection has been linked to a 25% lower asthma risk. In addition, wheezing associated
with rhinovirus infection after the first year of life is among the strongest epidemiological
predictors of subsequent asthma development [13,15,37]. Risk is particularly elevated in
children with atopic backgrounds, where viruses act as inflammatory triggers of genetically
primed susceptibility [23,27]. Whether prevention of RSV infection or severe RSV disease
reduces long-term asthma risk remains an active area of investigation. Pediatric asthma
displays heterogeneous inflammatory patterns at the cellular level. Some children exhibit
persistent neutrophilic inflammation with elevated IL-8, chemokine CXCL10, granulocyte
colony-stimulating factor (G-CSF), and IL-17 even during infection-free periods [28], con-
tributing to epithelial damage and mucus retention. Others show mixed T helper type 1/T
helper type 2 (Th1/Th2) activation, perpetuating inflammatory cycles: Th2 cytokines drive
allergic sensitization and increase infection susceptibility, while repeated viral episodes
reinforce Th1 inflammation [26,35]. Sustained ILC2 activation maintains IL-13 produc-
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tion, promoting mucus hypersecretion, goblet cell metaplasia, and airway smooth muscle
contraction [34,35]. These cellular mechanisms converge to drive structural airway changes.

3.4. Airway Remodeling and Structural Changes

Building on these inflammatory mechanisms, repeated viral infections progressively
remodel airway structure through airway wall thickening, increased smooth muscle mass,
subepithelial fibrosis, and mucus gland hyperplasia, reducing airway caliber and increasing
obstruction [26,28,36]. These structural changes compromise elasticity, rendering children
prone to obstruction during subsequent infections or allergen exposures. Preschool children
with recurrent wheezing already display increased airway smooth muscle mass, strongly
associated with asthma persistence [38–40]. Recurrent RTIs and prolonged inflammation
during early lung development alter growth trajectories, leading to reduced maximal lung
capacity persisting into adulthood [14,36]. Individuals with childhood wheezing or asthma
history show accelerated lung function decline and markedly higher chronic obstructive
pulmonary disease (COPD) risk later in life, especially when childhood asthma is severe or
steroid-dependent [36].

3.5. Microbiome and Susceptibility to RTIs and Asthma Development

The gut–lung axis bidirectionally influences immune maturation and respiratory
health [22,41]. During early life, disturbances in microbial composition, such as reduced di-
versity, depletion of protective commensals (Bifidobacterium, Lactobacillus), and overgrowth
of pro-inflammatory taxa, impair the host’s capacity to maintain immune balance [30].
These microbial imbalances alter respiratory immunity through three main mechanisms:
(1) disruption of microbial metabolite production, especially short-chain fatty acids (SCFA)
that regulate epithelial and Treg function; (2) impaired DC maturation; and (3) dysregulated
systemic cytokine signaling [22]. Gut dysbiosis during the 0–5 years immune maturation
window increases asthma risk by interfering with immune education [18,30]. High-risk
infants often exhibit reduced Lachnospira and Faecalibacterium alongside elevated Strepto-
coccus and Bacteroides, fostering pro-inflammatory environments [22,41]. Such dysbiosis
predisposes children to severe viral infection symptoms and facilitates transition from
recurrent wheezing to chronic asthma by sustaining mucosal inflammation.

3.6. Genetic and Environmental Factors

Genetic variants in immune response genes (STAT4, MX1) increase vulnerability to se-
vere viral infections and asthma by disrupting IFN signaling and antiviral defenses [42,43].
Environmental exposures compound this genetic susceptibility: tobacco smoke and air
pollution impair mucociliary clearance, induce oxidative stress, and sustain low-grade
inflammation, collectively enhancing infection severity and asthma risk [3,43,44]. This
gene environment interaction creates self-perpetuating cycles. Genetically predisposed chil-
dren experience severe viral infections that damage airway epithelium, increase pollutant
sensitivity, and further compromise immune defenses and epithelial repair. Each infection–
exposure cycle deepens remodeling and chronic inflammation, shifting disease trajectory
from episodic wheezing to persistent asthma [42,44]. It is important to note that future trials
should consider stratification by family history of asthma or atopy, atopic sensitization, to-
bacco smoke exposure, air pollution exposure, and other environmental modifiers, as these
factors may influence both baseline risk and response to immunomodulatory interventions.

3.7. Implications for Immunomodulatory Strategies

The pathophysiological cascade described above reveals a critical therapeutic window
during immune system maturation (0–5 years). Successful immunomodulation must simul-
taneously: (1) compensate for weak antiviral responses; (2) correct Th1/Th2 imbalances;
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(3) enhance regulatory mechanisms; and (4) prevent transition from acute inflammation to
chronic remodeling. The following section explores how bacterial-derived immunomodu-
lators act to mitigate these immune vulnerabilities.

4. Immunomodulation Agents and Mechanisms of Action
Immunomodulators are promising strategies to prevent recurrent RTIs in early

life [20,39,45]. Among them, bacterial-derived immunomodulators have been extensively
studied. Their composition and immunological imprint vary according to the manufactur-
ing process, as shown in Figure 1:

• Chemical lysis through alkaline treatment generates bacterial lysate enriched in
bioavailable protein, peptide, lipoteichoic acids, and detoxified lipopolysaccharides,
compounds approaching metabolic end-products [46].

• Mechanical lysis through high-pressure disruption or sonication generates bacterial
lysate containing structural fragments and soluble components, bacteria protein, and
antigen structures, while ensuring the absence of viable bacteria [47].

• Heat inactivation of whole-cell bacteria through heat or formalin treatment maintains
overall bacterial structural integrity while ensuring non-viability [21,48].

• Live strain formulations maintain viability and colonization capacity [49].

Figure 1. Schematic representation of bacterial strain manufacturing pathways leading to different
formulations. Bacterial strains serve as the common starting point for all manufacturing pathways of
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immunomodulatory preparations. Four main processes can be applied: chemical lysis (e.g., OM-
85 [46]), mechanical lysis (e.g., PMBL/Ismigen [47]), heat inactivation (e.g., MV130 [21,48]), and live
strain formulation (e.g., CRL1505 [49]). Other processing methods may exist but are less commonly
employed for respiratory immunomodulators. This is a conceptual diagram; actual manufacturing
processes may include additional quality control and purification steps. Abbreviations: PMBL,
polyvalent mechanical bacterial lysate; MV130, mucosal vaccine 130; CRL1505, Lactobacillus rhamno-
sus CRL1505.

The following section summarizes the effects of each product on the immune system
(epithelial barrier, innate immunity, adaptive immunity, inflammation control) that were
reported in the literature, as summarized in Figure 2. Complete study characteristics are
provided in Supplementary Materials S2: Tables S1–S4.

Figure 2. Overview of immunomodulatory mechanisms of OM-85, PMBL, MV130, and CRL1505. The
figure summarizes the main immunomodulatory mechanisms that were published in the literature of
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four bacterial-derived preparations, highlighting their ability to strengthen epithelial barriers, activate
innate defenses, modulate adaptive immunity and control inflammation. (A) OM-85 demonstrates ex-
tensive preclinical evidence across epithelial [50–55], innate, adaptive [56–59], and anti-inflammatory
pathways [53,54,56,60–63]. (B) PMBL modulates epithelial barrier [64] function notably via the
IL-23/IL-22 axis and activates both innate and adaptive immune responses [47,65–68]. (C) MV130
induces trained immunity through epigenetic and metabolic reprogramming of innate immune
cells [48,69–72]. (D) CRL1505 acts primarily through the gut–lung axis, enhancing mucosal im-
munity and modulating inflammatory responses [73–79]. Each immunomodulator was assigned
a preclinical evidence level based on the number of mechanistic studies identified: +++ (extensive
evidence, ≥20 studies), ++ (moderate evidence, 10–19 studies), or + (limited evidence, <10 studies).
Asterisk (*) denotes data obtained through experimental models employing administration routes
that differ from the clinical route of administration (e.g., intranasal administration). Abbreviations:
ACE2, angiotensin-converting enzyme 2; CCL, chemokine (C-C motif) ligand; CD, cluster of dif-
ferentiation; CXCL, chemokine (C-X-C motif) ligand; DCs, dendritic cells; ICAM-1, intercellular
adhesion molecule 1; IFN, interferon; IgA, immunoglobulin A; IgG, immunoglobulin G; IL, inter-
leukin; IL-2R, interleukin-2 receptor; ILC2, group-2 innate lymphoid cells; LCN2, lipocalin 2; M2, M2
macrophage phenotype; MHC-II, major histocompatibility complex class II; NO, nitric oxide; S100A9,
S100 calcium-binding protein A9; TEER, transepithelial electrical resistance; Th1/Th2/Th17, T helper
type 1/2/17; TMPRSS2, transmembrane serine protease 2; TNF-α, tumor necrosis factor alpha; Treg,
regulatory T cells. Up arrow means increase and Down arrow means decrease.

4.1. Polyvalent Chemical Lysate: OM-85

OM-85 is a lyophilized bacterial extract derived from eight respiratory pathogens:
Haemophilus influenzae, Streptococcus pneumoniae, Streptococcus pyogenes, Streptococcus viri-
dans/sanguinis, Staphylococcus aureus, Klebsiella pneumoniae (ssp. pneumoniae and ssp. ozaena),
and Moraxella catarrhalis. OM-85 contains readily bioavailable proteins, peptides, lipotei-
choic acids, and detoxified lipopolysaccharides, components close to end-stage metabolic
products that undergo minimal or no further metabolization [56,60,80]. OM-85 is adminis-
tered orally for the prevention of recurrent RTIs in children, starting from 6 to 12 months of
age depending on national regulations [80].

• Epithelial barrier modulation: In human bronchial epithelial cells, OM-85 enhances
mucosal defense through multiple pathways. First, it strengthens antiviral immu-
nity by increasing production of IFN-β and IFN-γ while reducing viral-induced cell
death [50,51]. Second, OM-85 interferes with viral entry mechanisms. It prevents the
increase in ICAM-1 expression [50,51] and reduces angiotensin-converting enzyme 2
(ACE2) and transmembrane serine protease 2 (TMPRSS2) expression [81,82], thereby
limiting viral adhesion while increasing β-defensin, enhancing mucosal protection
against pathogens [50,51]. Additionally, in human sinonasal epithelial cells, OM-85
increases nitric oxide production (NO) [52] and ciliary beat frequency [52], support-
ing mucociliary clearance, and enhances transepithelial resistance (TEER) in human
bronchial epithelial cells [53], collectively strengthening epithelial barrier integrity. In
murine asthma models, oral OM-85 also prevents airway remodeling by reducing gob-
let cell hyperplasia and mucus hypersecretion, key indicators of epithelial dysfunction,
thereby restoring normal mucosal architecture [54,55].

• Innate immunity activation: In human blood immune cells, OM-85 activates DCs and
macrophages through PRR, predominantly TLR4 and TLR2, with contributions from
TLR7 and TLR9 [57,58]. This stimulation triggers a MyD88-dependent activation of key
innate signaling pathways, including nuclear factor kappa B (NF-κB), TANK-binding
kinase 1 (TBK1), mitogen-activated protein kinases (MAPKs), and mammalian target
of rapamycin complex 1 (mTORC1), leading to the secretion of major pro-inflammatory
and antiviral cytokines such as TNF-α, IL-6, IL-12p70, and IFN-β [57,58]. OM-85 also
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induces the production of chemokines such as CXCL8, CCL2, and CCL20, facilitat-
ing the recruitment and activation of innate immune cells [57,58]. In murine bone
marrow-derived macrophages, OM-85 also induces NO production together with
NF-κB nuclear translocation, confirming macrophage activation and antimicrobial
effector induction [56]. In parallel, DCs exposed to OM-85 also increase the expres-
sion of major histocompatibility complex class II (MHC-II), cluster of differentiation
80 (CD80), CD86, and CD83, enhancing antigen presentation capacity and subsequent
T cell activation [57,59,60].

• Adaptive immunity modulation: OM-85 promotes a Th1-oriented immune re-
sponse [56], increasing IFN-γ-producing cluster of differentiation 4 (CD4)+ T cells
and virus-specific CD8+ T cells [60–63]. Simultaneously, it prevents the secretion
of Th2 cytokines (IL-4, IL-5, IL-13) [54,56]. OM-85 also enhances polyclonal B cell
activation, boosting the production of immunoglobulin A (IgA) and immunoglobu-
lin G (IgG) antibodies [56,60], which provide enhanced humoral immunity against
respiratory pathogens.

• Inflammation control: OM-85 activates protective immune pathways while prevent-
ing excessive inflammasome activation [17]. Following oral administration, OM-85
induces tolerogenic dendritic cells and promotes Treg accumulation in the lungs [54,55],
contributing to IL-10-mediated immune homeostasis and decreased eosinophilic inflam-
mation [54,55]. In intranasal administration models, OM-85 specifically modulates the
epithelial IL-33/ILC2 axis, further contributing to reduced type 2 inflammation [53].

Through these immunomodulatory mechanisms, OM-85 trains the immune system.
Immune training refers to the process of enhancing immune responses to establish an
antiviral and antibacterial state leading to a decreased susceptibility to infections, while,
in the case of infection, maintaining a balance between robust defenses against pathogens
and minimizing damage to healthy tissues by controlling inflammation [17,50–63,81–83].

4.2. Polyvalent Mechanical Lysate (PMBL)

Among PMBL, Ismigen® is the most widely known formulation. It is a sublingual
tablet containing bacterial components derived from Haemophilus influenzae, Streptococcus
pneumoniae, Streptococcus pyogenes, Klebsiella pneumoniae, Klebsiella ozaena, Staphylococcus
aureus, Streptococcus viridans, and Moraxella catarrhalis [67,84]. PMBLs are produced by high-
pressure mechanical disruption or sonication, processes that preserve bacterial protein and
antigen structures while ensuring the absence of viable bacteria [67]. PMBL is administered
as sublingual tablets for the prevention of recurrent RTIs in children.

• Epithelial barrier modulation: PMBL directly targets airway epithelial cells, enhanc-
ing mucosal barrier integrity. In primary human bronchial epithelial cells, PMBL
markedly increases E-cadherin, a tight junction protein critical for maintaining epithe-
lial integrity, amphiregulin, an autocrine growth factor supporting epithelial repair,
and β-defensin-2, an antimicrobial peptide conferring direct bacteriostatic activity
against pathogens [64]. PMBL also increases ICAM-1 expression [64], which acts as
an adhesion molecule mediating leukocyte recruitment and strengthening epithelial–
immune crosstalk [64]. Additionally, PMBL stimulates epithelial secretion of IL-23,
which in turn triggers type 3 innate lymphoid cell (ILC3)-dependent IL-22 production,
a pathway responsible for epithelial repair and antimicrobial peptide release [64],
supporting mucosal barrier maturation.

• Innate immunity activation: PMBL activates innate immunity through engagement of
PRR on DCs and macrophages, triggering NF-κB signaling in myeloid differentiation
primary response 88 (MyD88)-dependent manner [65]. This initiates a transient pro-
inflammatory transcriptional program involving cytokines, chemokines and alarmins
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(CXCL1, CCL20, IL6, TNFA, S100A9, LCN2) that recruit innate effectors to mucosal
sites [65]. At the cellular level, PMBL drives maturation of monocyte-derived DCs,
increasing the expression of CD80, CD86, CD83, and MHC-II [47]. DCs stimulated
with PMBL markedly enhance the secretion of IL-12p70, activate NK cells, and amplify
their IFN-γ production and early antimicrobial cytotoxicity [47,66].

• Adaptive immunity modulation: PMBL treatment induces robust IL-12p70 secretion
driving Th1 polarization [47], enhancing IFN-γ and IL-2 secretion. In parallel, PMBL
upregulates CD25 expression on B cells, CD4+ and CD8+ T cells, amplifying IL-2/IL-2R
signaling pathways essential for lymphocyte proliferation and effector differentia-
tion [67]. This synergistically supports B cell activation, class switching, and plasma
cell differentiation [67], culminating in enhanced mucosal IgA secretion [47], which
serves as a critical first-line barrier against respiratory pathogens.

• Inflammation control: PMBL balances immune activation with regulation, prevent-
ing pathological hyperinflammation. In vitro, PMBL-primed CD4+ T cells exhibit a
predominantly Th2 profile with markedly elevated IL-4 and IL-10 production, and
CD8+ T cells adopt a cytotoxic Th1 phenotype (IL-2, IFN-γ), indicating balanced
Th1/Th2 activation [67,68]. The protective effect of PMBL occurs independently of
neutrophils, IL-17A, or caspase-1, suggesting engagement of multiple parallel ef-
fector pathways that prevent over-reliance on single inflammatory axes prone to
immunopathology [65].

4.3. Heat-Inactivated Whole Bacteria: MV130

MV130 is a sublingual spray containing a suspension of heat-inactivated whole-cell
bacteria, including Haemophilus influenzae, Streptococcus pneumoniae, Klebsiella pneumoniae,
Staphylococcus aureus, Staphylococcus epidermidis, and Moraxella catarrhalis [70]. MV130
preserves intact bacterial cell structures including cell walls, membranes, and surface
proteins, potentially providing broad antigenic stimulation [70]. Most mechanistic data
derive from intranasal administration in animal models, but the immunological pathways
identified are consistent with the effects observed after clinical sublingual use.

• Epithelial barrier modulation: MV130 reduced barrier disruption markers in bron-
choalveolar lavage, increased the expression of tight-junction proteins such as oc-
cluding and zonula occludens-1 (ZO-1), and prevented mucus hypersecretion. These
effects were associated with decreased airway resistance and smooth muscle thicken-
ing, indicating protection of the epithelial barrier [69].

• Innate immunity activation: MV130 triggers dual PRR signaling in myeloid cells,
including macrophages and dendritic cells, through TLR/MyD88 and NLR/RIPK2
(receptor-interacting protein kinase 2) pathways, leading to NF-κB activation and the
subsequent release of IL-12p70, TNF-α, IL-6, IL-1β, and IL-23 [70]. MV130 has been
characterized as a trained-immunity-based vaccine [48], capable of inducing long-term
functional reprogramming of myeloid progenitors in the bone marrow. This training is
associated with epigenetic remodeling that increases chromatin accessibility at inflam-
matory genes and metabolic rewiring toward enhanced oxidative phosphorylation
(OXPHOS) and glycolysis in an mTOR-dependent manner [48]. These adaptations
heighten responsiveness to secondary stimuli, resulting in broad, nonspecific pro-
tection. In vivo, trained innate responses induced by MV130 enhance resistance to
respiratory viral infections and improve the immunogenicity of unrelated vaccines [71].
Epigenetic characterization of MV130-induced trained immunity is based predomi-
nantly on adult and murine models; dedicated pediatric immunophenotyping data on
the durability of these changes are currently lacking.
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• Adaptive immunity modulation: MV130-activated DCs drive CD4+ T cell differen-
tiation toward Th1 (IFN-γ-mediated antiviral) and T helper type 17 (Th17) (IL-17-
mediated antibacterial) phenotypes, together with the induction of IL-10-secreting
Treg, supporting a balanced and protective adaptive profile [70]. Following intranasal
administration, MV130 enhanced mucosal adaptive responses, characterized by in-
creased airway secretory IgA and a Th1-associated antibody profile, reflected by an
elevated IgG2c/IgG1 ratio [71]. These effects are consistent with an innate immune
reprogramming environment in which trained macrophages and dendritic cells dis-
play enhanced responsiveness to secondary challenges, thereby promoting durable
mucosal protection [48].

• Inflammation control: MV130 establishes balanced immune responses by activating
pro-inflammatory pathways while simultaneously inducing IL-10-dependent regula-
tory mechanisms [48,70]. This dual action leads to a controlled inflammatory response
that resolves once the pathogen threat subsides, while imprinting long-term func-
tional reprogramming of innate immune cells that enhances responsiveness to future
challenges. In experimental asthma models, MV130 administered intranasally re-
duced allergen-specific immunoglobulin E (IgE), attenuated Th2-associated cytokines
and eosinophilic infiltration, and prevented airway remodeling, consistent with a
protective modulation of allergic inflammation [69]. Additionally, human mesenchy-
mal stromal cells exposed to MV130 promoted macrophage polarization toward an
anti-inflammatory M2 phenotype and the generation of regulatory dendritic cells,
supporting tissue repair and immune homeostasis [72].

4.4. Probiotic: Lactobacillus rhamnosus CRL1505

CRL1505 is a Gram-positive lactic acid bacterium originally isolated from goat’s milk in
Argentina and subsequently characterized as an “immunobiotic” strain due to its capacity
to modulate systemic and mucosal immune responses beyond the intestinal tract [73,85,86].
Clinically, CRL1505 is administered orally as a fermented dairy product at a typical dose of
108–109 colony-forming units (CFUs) daily and is indicated from infancy for immune sup-
port and the prevention of recurrent respiratory infections [86]. The mechanistic rationale
rests on the gut–lung axis, where immune signaling from gut-associated lymphoid tissue
influences distant mucosa, including the respiratory epithelium [74,75,86].

• Epithelial barrier modulation: CRL1505 strengthens epithelial integrity at both intesti-
nal and respiratory levels through coordinated mucosal crosstalk. Oral administration
enhances the intestinal barrier and stimulates immune mediators that influence distant
mucosal sites, illustrating a functional gut–lung axis [73,74,76]. This bidirectional
communication promotes the production of cytokines such as IL-10 and IFN-β, sup-
porting epithelial repair and IgA secretion in both tissues [73,76]. In the respiratory
tract, CRL1505 or its purified peptidoglycan (PG) reduces bronchoalveolar barrier
permeability, as shown by lower protein leakage and preserved epithelial morphology
in viral-like inflammation models [77].

• Innate immunity activation: Oral CRL1505 enhances respiratory innate antiviral
defenses through the activation of intestinal and pulmonary dendritic cells (DCs) and
macrophages. In the gut, CRL1505 stimulates DCs to upregulate MHC-II, CD86, and
IL-12p70, promoting Th1-oriented responses that extend to the respiratory mucosa via
gut–lung immune communication [73,74,76]. In the lungs, macrophages primed by
CRL1505 increase the production of type I interferons (IFN-α/β) and IFN-γ, creating
an interferon-centered antiviral program that accelerates viral clearance while limiting
excessive inflammation [78,79,86].
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• Adaptive immunity modulation: CRL1505 strengthens adaptive immune responses in
the respiratory tract by promoting Th1 polarization and enhancing mucosal antibody
production. Oral administration increases intestinal and pulmonary CD3+CD4+IFN-
γ+ T cells through IL-12p70-producing dendritic cells, leading to a Th1-oriented
environment that supports antiviral protection [73,74,76]. In parallel, the purified
PG derived from CRL1505 enhances B cell recovery and mucosal IgA production,
amplifying the humoral arm of adaptive immunity [77,79]. Together, these effects
demonstrate that CRL1505 reinforces both cellular and humoral responses essential
for long-term protection of the respiratory mucosa.

• Inflammation control: Although CRL1505 activates strong mucosal immune responses, it
simultaneously maintains inflammatory balance through the induction of IL-10 in both
the lung and systemic compartments [73,74]. This regulatory cytokine counteracts exces-
sive production of pro-inflammatory mediators such as TNF-α, IL-6, and CCL2, thereby
limiting tissue injury while preserving efficient pathogen clearance [76,78]. In models
of viral and pneumococcal infection, the concurrent upregulation of IFN-γ and IL-10 is
associated with reduced lung inflammation and improved survival [73,79]. These find-
ings indicate that CRL1505 promotes a well-orchestrated immune response, combining
antiviral efficacy with controlled inflammation to sustain mucosal homeostasis.

5. Pediatric Clinical Evidence
Bacterial-derived immunomodulators have been evaluated across a spectrum of clin-

ical development stages, from extensive multicenter trials to retrospective studies. The
number of RCTs and meta-analyses identified for each product is summarized in Table 1,
revealing substantial heterogeneity in evidence maturity (see Supplementary Materials S1
for search strategies and Supplementary Materials S2: Tables S5–S7 for complete study
characteristics). These studies collectively support the inclusion of bacterial products as a
key component of preventive strategies for pediatric respiratory health.

Table 1. Clinical evidence for pediatric bacterial-derived immunomodulators from randomized
controlled trials and meta-analyses.

Products Numbers of RCT Total Number of
Patients in RCT

Numbers of
Meta-Analyses Refs

Polyvalent chemical lysate
(OM-85) 18 2116 7 [87–109]

PMBL (Ismigen) 5 420 1 [19,110–114]

Heat-inactivated whole bacteria
(MV130) 1 120 0 [102]

Probiotic (CRL1505) 0 0 0
For each product, the number of RCTs and meta-analyses identified through structured PubMed search (September
2025) is presented. RCT columns indicate the number of RCTs for each product, along with the total number
of patients enrolled. Meta-analysis columns indicate the number of meta-analyses identified for each product.
Complete study characteristics are provided in Supplementary Materials S2: Tables S5–S7. Abbreviations: RCT,
randomized controlled trial; PMBL, polyvalent mechanical bacterial lysate; Refs, references.

5.1. Evidence from Clinical Studies

We present clinical evidence stratified by evidence maturity to facilitate transparent
interpretation and appropriate clinical application.
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5.1.1. Extensive Evidence Supporting Clinical Integration: Polyvalent Chemical
Lysate (OM-85)

OM-85 has been evaluated in seven meta-analyses in pediatric populations [87–93].
Two recent meta-analyses using complementary methodological approaches have evaluated
OM-85 efficacy. A conventional meta-analysis (2021) reported a mean difference of 1.16 RTIs
(95% CI, −1.66 to −0.65), in favor of OM-85, with significant reductions in antibiotic use and
a favorable safety profile [89]. A model-based meta-analysis (2022) employed simulation
analysis to estimate absolute infection rates, reporting 5.28 RTIs annually (95% CI: 4.86–5.71)
in treated children versus 7.90 (95% CI: 6.83–8.98) in placebo groups. No significant increase
in drug-related adverse events was observed (RR: 1.31; 95% CI: 0.54–3.19) [93]. In addition,
De Boer et al. reported a significant reduction in both wheezing episodes and asthma
exacerbations in pediatric populations, with pooled mean differences of -1.31 (95% CI −2.00
to −0.62; p = 0.0002), suggesting additional benefits in inflammatory airway disorder [88].
In line with these studies, the meta-analyses of Yin et al., which included a larger number of
studies—53 RCTs involving 4851 children, most of them in the Chinese language—reported
a positive effect of OM-85 in terms of frequency of RTIs and decrease in infection and
wheezing duration. Beyond RTI frequency, OM-85 improved related clinical outcomes,
including antibiotic use and symptoms such as fever, cough, and wheezing. Adverse events
were predominantly mild and comparable to a placebo [90].

These results reinforce the conclusions of the Cochrane review [92], which evaluated
various immunostimulants and showed that OM-85 reduced the incidence of acute respi-
ratory infections in at-risk children by nearly 40%, without increasing treatment-related
adverse events. Together, this progressive accumulation of evidence highlights the robust-
ness, reproducibility, and clinical relevance of OM-85’s preventive efficacy in pediatric
respiratory health.

The meta-analyses presented above are based on the body of RCTs (see Supplementary
Materials S2). Among these, a single-blind RCT involving 68 children aged 36–59 months
with recurrent RTIs is worth highlighting because it provides detailed and clinically relevant
information on both the efficacy and safety of OM-85 in the context of co-vaccination with
an inactivated influenza vaccine (IIV). In this study, IIV plus OM-85 administered for
3 months significantly reduced the proportion of children experiencing at least one upper
RTI or one lower RTI during follow-up compared with IIV only (20% vs. 31%; p < 0.05 and
5% vs. 15%; p < 0.05, respectively). Additional benefits included reduced school-absence
days and antibiotics courses [101].

Real word evidence confirms that OM-85 reduces infection-related morbidity, health-
care visits, and antibiotic use in children with a history of recurrent RTIs [115,116].

Based on the convergence of multiple meta-analyses, individual large-scale RCTs, and
real-world data, OM-85 has the most mature clinical evidence base among the products
reviewed and may be considered in selected children suffering from recurrent RTIs and
wheezing. Five ongoing trials spanning phase II–IV (n = 2308) will further validate these
findings across different age groups (infants to preschoolers), clinical contexts (prevention
of recurrent RTI and/or wheezing), and follow-up durations (6 months to 5 years) (see
detailed in “Section 5.2. Ongoing Research and Future Directions”).

5.1.2. Preliminary Evidence Requiring Expansion: PMBL (Ismigen) and MV130
(Bactek/Bacmune)

The efficacy of PMBL (Ismigen) in reducing the frequency and severity of recurrent
RTIs in children has been evaluated in a meta-analysis of 15 RCTs, including three RCTs on
pediatric populations, and demonstrated significant RTI reduction in children compared
with a placebo (MD of −2.20 episodes, p < 0.0001) [19], confirming its protective effect across
multiple studies. Clinical trials also support benefits, as shown in five RCTs [110–114].
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In a double-blind, placebo-controlled, multicenter trial of 152 children (6–16 years) with
recurrent RTIs and partially controlled or uncontrolled allergic asthma, PMBL did not
significantly improve the primary endpoint of asthma control but demonstrated significant
benefits for the secondary endpoint of asthma exacerbations [111]. At Week 12, the mean
number of exacerbations was lower in the PMBL group compared with a placebo (0.3 ± 0.6
vs. 0.8 ± 1.1; p = 0.009) [111]. Over the total study period, the PMBL group also had fewer
exacerbations (1.1 ± 1.3 vs. 1.9 ± 2.0; p = 0.01), fewer days with exacerbation (13.3 ± 11.2
vs. 19.8 ± 15.7; p = 0.009), and prolonged time to subsequent exacerbations (hazard ratio
(HR) = 0.45 for the second; HR = 0.26 for the third; both p < 0.01). Importantly, no serious
adverse events related to PMBL were reported [111]. The five individual pediatric RCTs
identified (n = 420 total) provide preliminary validation, but larger multicenter trials with
longer follow-up are needed to establish definitive efficacy across diverse populations and
clinical phenotypes.

MV130 (Bactek/Bacmune) shows a similar evidence profile, characterized by a clear
efficacy signal but limited replication. In a phase III randomized, double-blind, placebo-
controlled trial including 120 children under 3 years of age with recurrent wheezing,
MV130 significantly reduced the frequency of wheezing episodes over a 12-month follow-
up. The median annual number of wheezing episodes decreased from 5.0 at baseline
to 3.0 following MV130 treatment, corresponding to a 40% reduction compared with a
placebo (p < 0.001) [102]. Secondary outcomes included shorter wheezing episodes, re-
duced symptom severity and lower medication use, with no treatment-related adverse
events reported [20]. Consistent results were observed in a retrospective cohort of 186 chil-
dren aged 5 months to 18 years, in whom MV130 prophylaxis for 3–6 months was associated
with a 75% reduction in infectious episodes compared with the preceding year. The median
number of annual infectious episodes decreased from 5.0 before treatment to 1.0 after
treatment (p < 0.001), with lower respiratory tract infections declining from a median of
5.0 to 2.0 episodes [21]. These real-world data, while valuable, are limited by the absence
of standardized follow-up and potential co-interventions that may confound treatment ef-
fects [21]. However, the evidence base currently rests on a single multicenter RCT (n = 120)
and retrospective data. Replication in independent cohorts, evaluation across broader
age ranges, and head-to-head comparative trials are necessary to establish MV130’s posi-
tion within evidence-based respiratory care algorithms. Future trials should standardize
definitions of recurrent RTI and include head-to-head comparisons to clarify positioning
among available bacterial-derived products. PMBL (Ismigen) and MV130 have shown
preliminary clinical benefits, yet their validation still depends on larger and more robust
multicenter trials.

5.1.3. Strong Mechanistic Rationale, Limited Clinical Data: Lactobacillus rhamnosus CRL1505

Unlike the bacterial-derived immunomodulator, CRL1505 currently lacks dedicated
pediatric RTI trials despite substantial mechanistic evidence supporting its immunomodu-
latory potential. This gap reflects the earlier developmental stage of this agent rather than
an absence of biological plausibility. General evidence for probiotics in RTI prevention
comes from broader pediatric studies involving multiple strains. A systematic review
of 14 pediatric RCTs [49] reported that most high-quality studies found reductions in
RTI incidence, antibiotic prescriptions, and school absenteeism, with no serious adverse
events. Specific strains, such as Lactobacillus rhamnosus GG and Lactobacillus casei DN-114001,
showed significant benefits, including fewer URTIs and acute otitis media episodes [117].
By contrast, an earlier systematic review of 14 RCTs highlighted substantial heterogeneity
in study design and outcomes, concluding that probiotics did not consistently reduce RTI
incidence [118]. These mixed findings emphasize that probiotic efficacy is highly strain-
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specific, and evidence from other Lactobacillus strains cannot be directly extrapolated
to CRL1505. Although mechanistic evidence and the designation of live probiotics as a
distinct product category provide compelling rationale for clinical trials, strong pediatric
data on respiratory tract infections remain scarce. The ongoing NCT07154992 trial (detailed
below) is expected to address this critical evidence gap.

5.2. Ongoing Research and Future Directions

The 2024 European Respiratory Society (ERS) statement on preschool wheezing em-
phasizes phenotyping/treatable traits and identifies immunomodulators as an area of
focus. It highlights promising immunomodulatory interventions, particularly for children
suffering from recurrent RTIs and wheezing episodes. However, the task force emphasizes
the need for further research to address critical clinical gaps, including evaluation in diverse
populations (patients with a wheezing history, high-risk groups), long-term studies, and
the identification of biomarkers for implementation in general practice. To address these
needs, bacterial products are currently under investigation in large, multicenter random-
ized controlled trials with distinct aims, which will significantly expand and refine the
clinical evidence base. The ongoing studies are presented in Table 2.

Table 2. Ongoing pediatric trials of OM-85, PMBL, MV130, and CRL1505.

Products Trial ID Phase N Population Primary Endpoint Duration Status Refs

OM-85 NCT05677763 IV 525
Children aged
6 months to 5 years
with multiple RTIs

Rate of RTIs
12 months, and
6 months of
observation

Active, not
recruiting [119]

OM-85 NCT05063149 III 500 Preterm children aged
6 to 10 weeks

Total LRTIs and
wheezing episodes in
first years of life

12 months
after birth Recruiting [120]

OM-85 NCT05064631
(BLIPA) IIb 173

Children aged 3 to
12 months with severe
bronchiolitis

Presence of wheezing 19 and 24 months Active, not
recruiting [121]

OM-85 NCT05857930 II 288

Children aged
6 months to 5 years
with
recurrent wheezing

Rate of
wheezing/asthma-like
episodes

6 months Active, not
recruiting [122]

OM-85 NCT02148796
(ORBEX) II 822

Children aged 6 to
18 months at risk of
wheezing and asthma

Time to the first WLRI
episode in the
observation period after
two consecutive years
of therapy

5 years Completed [123]

CRCL1505 NCT07154992 NA 268 Healthy children aged
3 to 12 years

Reduction or
prevention URTIs

12 weeks and
4 additional weeks
post-treatment

Recruiting [124]

PBML

No
registered
pediatric
trials
identified

MV130

No
registered
pediatric
trials
identified

Trials include ongoing pediatric studies (recruiting, active, not recruiting) identified on ClinicalTrials.gov. Columns
report product, registry identifier, phase, population, primary endpoint, the duration and the completion of the
studies, and status. Pediatric eligibility was verified from registry age fields and clinical context. NA denotes
“not applicable”; trial phase designation does not apply to probiotic products CRL1505. No registered pediatric
trials identified for PMBL (Ismigen) or MV130 on ClinicalTrials.gov at the time of the search. Data were extracted
on 15 September 2025; registry records are dynamic and may be updated after this date. Abbreviations: Refs,
references; LRTI, lower respiratory tract infection; PMBL, polyvalent mechanical bacterial lysate; RTI, respiratory
tract infection; URTI, upper respiratory tract infection; WLRI, wheeze-like respiratory illness; NA, not applicable.

https://doi.org/10.3390/children13060737

https://doi.org/10.3390/children13060737


Children 2026, 13, 737 17 of 27

OM-85: Efficacy in recurrent RTIs and Asthma Prevention: Five ongoing phase II–IV
trials are evaluating OM-85 in pediatric populations [119–123]. We summarize below
three representative studies that exemplify the key research questions being addressed,
specifically focusing on diverse patient populations and long-term outcomes.

• The phase III study NCT05063149 includes 500 moderate–late preterm infants aged 6
to 10 weeks who will receive OM-85 until 12 months after birth. This study evaluates
the efficacy of OM-85 in the reduction in RTIs and wheezing in the first years of life.
This study will also contribute to determining the correlation of biological markers
with respiratory symptoms, immune protection and treatment effect [120].

• The multicenter phase II study NCT05857930 assesses the efficacy and safety of
daily OM-85 treatment as an adjunct to standard care versus placebo in reduc-
ing wheezing/asthma-like episodes (WEs) over a 6-month period in children aged
6 months to 5 years with a history of recurrent WEs [122].

• The ORBEX trial (NCT02148796) evaluates whether OM-85 can increase time to first
wheezing lower respiratory tract illness (WLRI) episode in high-risk infants. The study
enrolled 822 children aged 6–18 months who received treatment for 2 consecutive
years, followed by a 3-year observational phase off therapy. This large-cohort study
will provide valuable long-term efficacy data in a high-risk population [123].

Lactobacillus rhamnosus CRL1505: First Dedicated Pediatric RTI Trial: The NCT07154992
trial is a randomized, double-blind, placebo-controlled study in 268 healthy children aged
3–12 years, assessing whether daily intake of CRL1505 for 12 weeks, with a 4-week follow-
up, can reduce the incidence, severity, and duration of URTIs [124]. This trial is expected
to provide the first large-scale validation of CRL1505 as a preventive immunobiotic in
pediatrics and will determine whether the substantial mechanistic data translate into
clinical efficacy.

Research Priorities for PMBL and MV130: By contrast, no ongoing pediatric RCTs
were identified for MV130 (Bactek/Bacmune) or PMBL (Ismigen) as of September 2025 on
ClinicalTrials.gov. This represents a critical research gap, particularly for MV130, which
has shown substantial efficacy in its single RCT but requires replication and expansion
across broader populations and clinical phenotypes. The absence of ongoing trials for
PMBL similarly limits the ability to establish definitive efficacy beyond the preliminary
meta-analytic evidence.

6. Discussion
This narrative review reveals substantial heterogeneity in clinical evidence maturity

across four bacterial-derived immunomodulators for pediatric RTI prevention, with direct
implications for evidence-based practice.

Across the agents reviewed, OM-85 has the most consistent clinical evidence and may
be considered in selected pediatric patients (e.g., recurrent RTIs), while recognizing variabil-
ity in effect estimates, endpoints, and methodological quality across trials. In 18 pediatric
RCTs and seven meta-analyses, it has shown consistent 26–36% RTI reductions and benefits
for wheezing/asthma exacerbations [87–93]. PMBL and MV130 demonstrated preliminary
efficacy, reducing infectious episodes by a mean of 2.20 (p < 0.0001) [19] and 40% [20],
respectively, but require larger trials for definitive recommendations. While CRL1505
lacks dedicated pediatric RTI trials, ongoing studies will determine whether its preclinical
promise translates into clinical efficacy [76,86]. Despite this evidence of heterogeneity, all
four agents share core mechanisms (epithelial strengthening, innate and adaptive immunity
activation and inflammation control), with specific research focus for each product. While
MV130’s trained immunity induction [108] and CRL1505’s gut–lung axis modulation [73,86]
have been documented, these findings warrant further comparative investigation. From

https://doi.org/10.3390/children13060737

https://doi.org/10.3390/children13060737


Children 2026, 13, 737 18 of 27

a clinical standpoint, these findings are most directly relevant to practicing pediatricians
managing children with recurrent respiratory infections—particularly those experiencing
three or more RTI episodes per year, those with recurrent virus-induced wheezing, or
those in high-exposure settings such as daycare [87,90]. It is important to emphasize that
none of the products reviewed here can replace standard preventive measures, including
vaccination, breastfeeding promotion, and reduction in environmental risk factors; rather,
bacterial-derived immunomodulators may be considered as a complementary strategy in
selected clinical scenarios.

A critical challenge limiting clinical adoption is the substantial heterogeneity in study
designs and outcomes across trials. As Castro-Rodriguez et al. have highlighted, clinical tri-
als of bacterial-derived immunomodulators exhibit wide variability in populations, dosing
schedules, comparators, and outcome definitions [125], reflected in meta-analyses demon-
strating considerable inter-study variability and suboptimal methodological quality [87,92].
The standardization of trial protocols (including harmonized core endpoints, age-stratified
analyses, and prospective registration with transparent reporting) is crucial to improve
evidence quality and enable meaningful cross-study comparisons [125].

Additionally, most clinical trials have focused on short-term outcomes, such as re-
ductions in RTIs or wheezing over 3–12 months [90,95,111], leaving important gaps in
understanding long-term effects on immune maturation and respiratory health trajectories.
As a result, the certainty of evidence regarding long-term preventive effects remains limited,
precluding high-certainty or strong recommendations for routine use in asthma prevention.
Addressing this gap, the ORBEX trial (NCT02148796), with its 5-year follow-up, will be
pivotal in determining whether early immunomodulation can delay or prevent the first
episode of wheezing lower respiratory tract illness [123].

Incomplete mechanistic characterization currently limits optimization and personal-
ization of bacterial-derived immunomodulator therapy. Although these agents share con-
vergent pathways, the molecular determinants of their clinical effects remain only partially
defined. Large-scale immunophenotyping studies have shown that innate and adaptive
immune traits are differentially shaped by genetic and environmental factors [126,127],
likely contributing to inter-individual variability in immunomodulator efficacy. To address
such mechanistic uncertainties, future research should integrate systems-immunology
approaches to identify predictive biomarkers (baseline IFN signatures, microbiome profiles)
and define responder phenotypes, enabling precision immunomodulation.

Safety is paramount in pediatric populations. OM-85 has generally shown favorable
safety profiles in pediatric RCTs, with no increase in serious adverse events, and good
tolerability even when co-administered with the influenza vaccination [89,95,101]. Never-
theless, children with primary immunodeficiencies, severe atopic predisposition, or chronic
comorbidities may respond unpredictably [128]. Emerging data from ongoing OM-85 trials
in high-risk populations represent initial steps toward addressing these gaps [121,123].
However, substantial additional research is needed to generate comparable evidence for
other products. Safety monitoring in ongoing and future pediatric trials remains essential
to ensure benefit–risk consistency across broader populations.

Implementation barriers include inconsistent regulatory pathways across regions and
product classifications [30,128,129], complex dosing schedules, and cost/accessibility con-
siderations [130–132], all of which may affect adherence and access. Strategies to address
these barriers include simplified dosing schedules, reimbursement frameworks, and educa-
tional programs for healthcare providers and families. Overcoming these barriers will be
key to translating the immunobiotic concept into real-world pediatric prevention strategies.

This review provides the first comprehensive synthesis of preclinical mechanisms
and clinical evidence across four distinct bacterial-derived immunomodulators, spanning
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the full spectrum of evidence maturity: from extensively preclinical and clinical data
(OM-85) [87,90,93,133] to extensive preclinical evidence with limited clinical validation
(PMBL, MV130) [19,20,66,134] to robust preclinical data with ongoing first-in-human eval-
uation in pediatric populations (CRL1505) [76,78,79,124]. The parallel presentation of
mechanistic data and clinical outcomes enables an assessment of biological plausibility
alongside evidence robustness.

As a narrative review, our synthesis was not based on formal systematic review
methodology with prospectively registered protocols. We restricted searches to PubMed,
potentially missing studies indexed exclusively in other databases, though PubMed pro-
vides comprehensive coverage of the pediatric and immunology literature. Our focus on
four specific products, while enabling depth of analysis, excluded other bacterial lysates and
probiotics that may have relevant evidence. Given the rapid evolution of this field, ongoing
and future studies may substantially reshape the evidence hierarchy after the publication of
this review. In addition, it is important to highlight that children with recurrent respiratory
symptoms, persistent wheeze, atypical clinical features, or poor response to preventive
strategies should undergo careful clinical reassessment and appropriate evaluation for
alternative or coexisting conditions, including structural or anatomical airway abnormali-
ties, aspiration syndrome, cystic fibrosis, primary ciliary dyskinesia, immunodeficiencies,
bronchiectasis, and others when clinically indicated.

7. Conclusions
The strength of clinical evidence varies across products. OM-85’s clinical benefit is sup-

ported by 18 pediatric randomized controlled trials and seven meta-analyses, consistently
demonstrating reductions in RTI frequency and wheezing or asthma exacerbations. PMBL
and MV130 present encouraging preliminary data requiring validation in large multicen-
ter trials, while Lactobacillus rhamnosus CRL1505 presents strong mechanistic plausibility
awaiting clinical confirmation.

The early-childhood immune window represents a crucial opportunity for preventive
interventions to interrupt the RTI–asthma continuum. Through the restoration of immune
homeostasis, bacterial-derived immunomodulators could help reshape respiratory health
trajectories in children. Although the maturity of evidence differs among products, the
convergence of mechanistic insight, clinical efficacy, and favorable safety profiles supports
their consideration as emerging components of evidence-based preventive strategies.

Ongoing large-scale studies will be instrumental in closing evidence gaps and deter-
mining their place in future pediatric respiratory care guidelines.
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ACE2 Angiotensin-converting enzyme 2
ALRI Acute lower respiratory infection
CCL Chemokine (C-C motif) ligand
CD4 Cluster of differentiation 4
CD8 Cluster of differentiation 8
CFU Colony-forming units
COPD Chronic obstructive pulmonary disease
CRL1505 Lactobacillus rhamnosus CRL1505
CXCL Chemokine (C-X-C motif) ligand
DC Dendritic cell
G-CSF Granulocyte colony-stimulating factor
hMPV Human metapneumovirus
hPIV Human parainfluenza virus
HR Hazard ratio
ICAM-1 Intercellular adhesion molecule 1
IFN-β Interferon beta
IFN-γ Interferon gamma
IFV Influenza virus
IgA Immunoglobulin A
IgE Immunoglobulin E
IgG Immunoglobulin G
IL Interleukin
ILC2 Group-2 innate lymphoid cells
ILC3 Type 3 innate lymphoid cells
IQR Interquartile range
LRTI Lower respiratory tract infection
MAPK Mitogen-activated protein kinases
MD Mean difference
MHC-II Major histocompatibility complex class II
mTORC1 Mammalian target of rapamycin complex 1
MV130 Mucosal vaccine 130
MyD88 Myeloid differentiation primary response 88
NF-κB Nuclear factor kappa B
NK Natural killer
NO Nitric oxide
OXPHOS Oxidative phosphorylation
PG Peptidoglycan
PMBL Polyvalent mechanical bacterial lysate
PRR Pattern recognition receptor
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RIPK2 Receptor-interacting protein kinase 2
RR Relative risk
RSV Respiratory syncytial virus
RTI Respiratory tract infection
RV Rhinovirus
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
SCFA Short-chain fatty acids
TBK1 TANK-binding kinase 1
TEER Transepithelial resistance
Th1 T helper type 1
Th2 T helper type 2
Th17 T helper type 17
TLR Toll-like receptor
TMPRSS2 Transmembrane serine protease 2
TNF-α Tumor necrosis factor alpha
Treg Regulatory T cell
TSLP Thymic stromal lymphopoietin
URTI Upper respiratory tract infections
WLRI Wheezing lower respiratory tract illness
ZO-1I Zonula occludens-1
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the Use of Probiotics in Clinical Practice in Children with Selected Clinical Conditions and in Specific Vulnerable Groups. Acta
Paediatr. 2018, 107, 927–937. [CrossRef]

129. Szajewska, H.; Vinderola, G. Current Regulatory Issues for the Use of Probiotics. In Probiotics and Child Gastrointestinal Health:
Advances in Microbiology, Infectious Diseases and Public Health Volume 19; Guandalini, S., Indrio, F., Eds.; Springer International
Publishing: Cham, Switzerland, 2024; pp. 187–193.

130. Merenstein, D.J.; Tancredi, D.J.; Karl, J.P.; Krist, A.H.; Lenoir-Wijnkoop, I.; Reid, G.; Roos, S.; Szajewska, H.; Sanders, M.E. Is There
Evidence to Support Probiotic Use for Healthy People? Adv. Nutr. 2024, 15, 100265. [CrossRef]

131. Berber, A.; Del-Rio-Navarro, B.E. Cost-Effectiveness Analysis of OM-85 vs Placebo in the Prevention of Acute Respiratory Tract
Infections (ARTIs) in Children That Attend Day-Care Centers. Health Econ. Rev. 2019, 9, 12. [CrossRef]

132. Cunningham, M.; Azcarate-Peril, M.A.; Barnard, A.; Benoit, V.; Grimaldi, R.; Guyonnet, D.; Holscher, H.D.; Hunter, K.; Manurung,
S.; Obis, D.; et al. Shaping the Future of Probiotics and Prebiotics. Trends Microbiol. 2021, 29, 667–685. [CrossRef]

133. Huang, X.; Zhang, X.; Zhang, Z.; Liu, M.; Bai, D.; Yang, R.; Yang, C. Bacterial Lysates in Allergic Rhinitis and Chronic
Rhinosinusitis: Mechanisms and Clinical Evidence. Sci. Prog. 2025, 108, 00368504251355373. [CrossRef]

134. Minute, L.; Montalbán-Hernández, K.; Bravo-Robles, L.; Conejero, L.; Iborra, S.; Del Fresno, C. Trained Immunity-Based Mucosal
Immunotherapies for the Prevention of Respiratory Infections. Trends Immunol. 2025, 46, 270–283. [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.

https://doi.org/10.3390/children13060737

https://clinicaltrials.gov/study/NCT07154992?cond=Prevention%20Upper%20Respiratory%20Tract%20Infections&intr=Lacticaseibacillus%20Rhamnosus%20CRL1505&viewType=Card&rank=1
https://clinicaltrials.gov/study/NCT07154992?cond=Prevention%20Upper%20Respiratory%20Tract%20Infections&intr=Lacticaseibacillus%20Rhamnosus%20CRL1505&viewType=Card&rank=1
https://doi.org/10.1111/pai.14186
https://doi.org/10.1038/ncomms13850
https://doi.org/10.1111/pai.13780
https://doi.org/10.1111/apa.14270
https://doi.org/10.1016/j.advnut.2024.100265
https://doi.org/10.1186/s13561-019-0230-1
https://doi.org/10.1016/j.tim.2021.01.003
https://doi.org/10.1177/00368504251355373
https://doi.org/10.1016/j.it.2025.02.012
https://doi.org/10.3390/children13060737

	Introduction 
	Materials and Methods 
	Selection of Immunomodulators 
	Literature Search Strategy 
	Study Selection and Inclusion Criteria 
	Data Synthesis 
	Study Design Considerations 

	Immunopathophysiology of RTIs and Asthma 
	Pediatric Immune Vulnerabilities 
	Viral Infection and Dysregulated Host Response 
	Mechanisms of Chronic Inflammation and Asthma Development 
	Airway Remodeling and Structural Changes 
	Microbiome and Susceptibility to RTIs and Asthma Development 
	Genetic and Environmental Factors 
	Implications for Immunomodulatory Strategies 

	Immunomodulation Agents and Mechanisms of Action 
	Polyvalent Chemical Lysate: OM-85 
	Polyvalent Mechanical Lysate (PMBL) 
	Heat-Inactivated Whole Bacteria: MV130 
	Probiotic: Lactobacillus rhamnosus CRL1505 

	Pediatric Clinical Evidence 
	Evidence from Clinical Studies 
	Extensive Evidence Supporting Clinical Integration: Polyvalent Chemical Lysate (OM-85) 
	Preliminary Evidence Requiring Expansion: PMBL (Ismigen) and MV130 (Bactek/Bacmune) 
	Strong Mechanistic Rationale, Limited Clinical Data: Lactobacillus rhamnosus CRL1505 

	Ongoing Research and Future Directions 

	Discussion 
	Conclusions 
	References

