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Abstract 

The gut microbiome plays a pivotal role in shaping both innate and adaptive immune responses, 
with growing evidence linking microbial composition to vaccine efficacy, particularly in respiratory 
infections. Probiotics, defined as live microorganisms that confer health benefits, have emerged as 
promising tools to modulate immunity through mucosal and systemic pathways. This review 
explores the mechanisms by which probiotics enhance host immunity, including activation of pattern 
recognition receptors, modulation of cytokine profiles, and promotion of regulatory T cells and IgA 
production. The gut-lung axis is highlighted as a key pathway in mucosal defense against respiratory 
pathogens. Beyond immunomodulation, probiotics are being explored as vaccine adjuvants and 
vectors. Clinical and preclinical studies suggest certain strains can improve vaccine responses and 
reduce respiratory infection severity. A growing number of trials are evaluating these approaches, 
although findings remain variable. Key challenges include strain specificity, dosing optimization, 
and inconsistent efficacy across populations. Continued research is needed to clarify their role and 
advance probiotic-based strategies as accessible tools for respiratory disease prevention. 

Keywords: respiratory vaccines and probiotics; gut-lung axis immune modulation; probiotics as 
vaccine adjuvants; microbiome-vaccine interactions; clinical trials; respiratory vaccines 
 

1. Introduction 

Respiratory infections remain a significant global health concern with high morbidity and 
mortality rates that disproportionately affect children, the elderly, and immunocompromised 
individuals [1,2]. Despite the availability of vaccines, limitations such as production cost, cold-chain 
dependency, and suboptimal mucosal immunity requiring multiple booster shots contribute to 
reduced efficacy [3]. In recent years, the gut microbiome has emerged as a key player in shaping host 
immunity and vaccine responsiveness, offering new avenues to enhance protective strategies against 
respiratory pathogens [1]. 

A healthy and diverse microbiome is especially crucial during early life, where it supports 
immune system maturation and long-term immunologic memory [1]. This relationship, initiated at 
birth, persists throughout life and is particularly relevant to respiratory health, given the importance 
of mucosal immune responses in protecting the airway [1]. The gut microbiota also contributes to 
immune tolerance through the interaction of pattern recognition receptors (PRRs) with pathogen-
associated molecular patterns (PAMPs), leading to the production of epigenetic modulators such as 
short-chain fatty acids (SCFAs), which are integral to mucosal immune homeostasis [4]. 

Disruptions to this microbial balance, known as dysbiosis, have been associated with impaired 
immunity [5]. Dysbiosis reduces protective T cell subsets like Th1, Th17, and inducible regulatory T 
cells (iTregs), while weakening systemic IgG responses, components essential for pathogen clearance 
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and vaccine efficacy [5]. Excessive antibiotic use, particularly in early childhood, can interfere with 
immune memory formation and diminish vaccine responsiveness [1,5]. For instance, studies have 
shown that antibiotic exposure can cause a 10,000-fold reduction in gut microbial diversity and 
impair humoral responses, including H1N1-specific IgG1 and IgA production in individuals with 
low pre-existing antibody titers [6]. Germ-free animal models further underscore the microbiome’s 
role in immune development, as these mice display underdeveloped lymphoid structures, reduced 
antibody production, and heightened vulnerability to infections [7]. 

In this context, probiotics have garnered attention for their ability to modulate host immunity. 
Defined as live microorganisms that confer health benefits when administered in adequate amounts, 
probiotics are commonly found in fermented foods and dairy products [8]. Certain strains have 
demonstrated the ability to enhance both innate and adaptive immune responses, suggesting their 
utility in vaccine support [1]. Building on this concept, probiotic-based vaccines have emerged as a 
novel strategy to boost immunogenicity [1]. As adjuvants, probiotics can enhance host responses to 
co-administered vaccines, while as vectors, they can be engineered to express and deliver antigens 
directly to the immune system [1,9]. 

Probiotic-based vaccines offer several advantages over conventional formulations, including 
improved mucosal stimulation, thermal stability, and a favorable safety profile with minimal risk of 
reversion to pathogenicity [5]. These features are particularly valuable in the context of respiratory 
diseases, where mucosal immunity is paramount. Randomized controlled trials have demonstrated 
that certain probiotic strains enhance the immunogenicity of influenza vaccines by strengthening 
humoral responses [10]. Moreover, emerging data suggest that specific gut microbial profiles may 
improve the response to COVID-19 vaccines [11,12]. Given their potential to serve both as 
immunomodulators and antigen delivery systems, probiotics represent a promising platform for 
respiratory disease prevention. This review aims to elucidate the mechanisms by which probiotics 
influence immune function and to assess the current landscape of clinical trials evaluating probiotic-
based vaccines in respiratory infections. 

2. Effects of Probiotics on Immune Response 

2.1. Enhancing Innate Immune Response 

Probiotics demonstrate the ability to stimulate both the innate and adaptive immune systems. 
They interact with pattern recognition receptors, such as toll-like receptors (TLRs), expressed on 
immune cells, to activate important signaling pathways like nuclear factor κB (NF-κB) and mitogen-
activated protein kinases [13]. This interaction leads to the modulation of innate immune responses, 
resulting in the production of both pro- and anti-inflammatory cytokines and chemokines [13]. In a 
preclinical study, four different probiotic strains, including Lactobacillus rhamnosus and 
Lacticaseibacillus casei were shown to enhance innate immunity by increasing phagocytosis in human 
monocyte-derived macrophages and elevating levels of reactive oxygen species [13]. Probiotics also 
stimulate antigen-presenting cells (APCs), including dendritic cells, macrophages, and natural killer 
cells, all of which contribute to immune surveillance by recognizing pathogens and presenting their 
antigens to naïve T cells to initiate adaptive immune responses. Upon activation, APCs release 
cytokines like TNF-α, IL-6, IL-12, and IFN-γ to enhance antigen presentation and trigger the 
downstream activation of effector T cells to elicit an immune response [5,14].   

Additionally, probiotics exert antiviral effects through multifaceted mechanisms involving 
chemical, physical, and immunological defences. Key probiotic genera such as Lactobacillus, 
Bifidobacterium, Enterococcus, and Bacillus produce antiviral metabolites such as bacteriocins, 
hydrogen peroxide, lactic acid, SCFAs, and extracellular vesicles that disrupt viral envelopes, block 
replication, or interfere with viral attachment to host cell [15]. These metabolites also enhance 
mucosal defense by promoting mucin secretion and maintaining acidic microenvironments hostile to 
viral entry [15]. Probiotics can also directly bind viruses or block host cell receptors, thereby 
outcompeting viral attachment and entry [15]. Probiotics reinforce the physical barrier by 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 July 2025 doi:10.20944/preprints202507.1815.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1815.v1
http://creativecommons.org/licenses/by/4.0/


 3 of 12 

 

upregulating tight junction proteins and stimulating epithelial renewal [15]. Immunologically, 
probiotics activate plasmacytoid dendritic cells (pDCs) which leads to increased production of type 
I interferons (IFN) [16,17]. IFN is a key driver of innate antiviral immunity leading to enhancement 
of NK cell activity, macrophage phagocytosis, production of antiviral cytokines (such as IFN-γ, IL-2, 
IL-6, IL-12, IL-18, TNF-α, IL-10), and expression of IFN stimulated genes that block various stages of 
viral infection [15,16].  

2.2. Enhancing Adaptive Immune Response 

In addition to activating T cells via APCs, probiotics also encourage the development of anti-
inflammatory regulatory T cells (Tregs) and plasma B cells to produce more IgA [14]. Clinical trials 
have further substantiated probiotics’ immune-boosting effects in adaptive immune response. 
Researchers administered seven probiotic strains to healthy adult volunteers before and after oral 
vaccination against cholera toxin and enterotoxigenic Escherichia coli [18]. Two strains, Bifidobacterium 
lactis and Lactobacillus acidophilus significantly increased serum IgG levels compared to controls, 
indicating the activation of the adaptive immunity and memory systemically [18]. The serum IgG 
elevation was evident in the early response period (days 0–21) and persisted into the late response 
period (days 21–28) [18].  IgG is produced primarily by memory B cells and long-lived plasma cells 
and the presence of serum IgG indicates that B cells have undergone class switching from IgM for 
long-term immune memory against a specific pathogen [18]. These findings suggest that specific 
probiotics could serve as adjuvants to enhance humoral immune responses, potentially leading to 
improved and sustained vaccine efficacy.  

2.3. Modulating Inflammatory Cytokines and Overactive Immune Responses 

Probiotics play a crucial role in modulating inflammatory responses by influencing the balance 
between pro-inflammatory and anti-inflammatory cytokine production. A comprehensive meta-
analysis of 42 randomized clinical trials involving 2,258 participants revealed that probiotic 
supplementation significantly reduced serum concentrations of pro-inflammatory markers, 
including hs-CRP, TNF-α, IL-6, IL-12, and IL-4 [19]. Concurrently, the analysis showed a significant 
increase in IL-10, an anti-inflammatory cytokine following probiotic supplementation [19]. These 
findings align with another study that found probiotics can promote the development of Tregs. Tregs 
produce Il-10 which is crucial for controlling overactive immune cells and reducing inflammation 
[19,20]. For instance, Bifidobacterium infantis has been observed to increase the proportion of Foxp3+ 
Treg lymphocytes in peripheral blood, leading to decreased levels of pro-inflammatory cytokines in 
various inflammatory conditions [13]. Kwon et al. found that another probiotic mixture (L. acidophilus, 
L. casei, L. reuteri, B. bifidum, and S. thermophilus) also increased numbers of CD4+ Foxp3+ r Tregs and 
decreased numbers of T helper (Th) 1, Th2, and Th17 cytokines in animal models [21]. These studies 
strongly suggest that certain probiotic strains can reduce overactive immune cells and promote anti-
inflammatory and tissue-healing T cells. Altogether, these findings underscore the potential of 
probiotics to manage inflammatory conditions and control overactive immune responses. 

2.4. Mucosal Immunity Modulation 

A key mechanism by which probiotics exert their effects on respiratory immunity is mediated 
by the gut-lung axis. Probiotics administered orally not only alter gut microbiota composition but 
also impact distal mucosal sites, including the respiratory tract, through immune crosstalk mediated 
by dendritic cells (DCs) [22,23]. DCs play a crucial role in lung immunity by modulating both innate 
and adaptive responses. Probiotics can stimulate DCs and lung stromal cells to produce type I and II 
interferons (IFNs), activating natural killer (NK) cells and priming antigen-presenting cells such as 
DCs, macrophages, and B cells [24]. This leads to the activation of CD4+ and CD8+ T cells, which 
release cytokines that promote B cell production of secretory IgA in mucosal immunity but also 
secretory IgG and IgM to neutralize viral infectivity [23,24]. Additionally, the production of SCFAs 
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has been found to prime hematopoiesis of DC precursors in the bone marrow and boost CD8+ T cell 
activity for antiviral functions while simultaneously promoting Treg cell differentiation and IL-10 to 
mitigate inflammation-induced lung damage [23,25]. Probiotics’ ability to reduce inflammatory 
responses may be very useful in reducing lung damage and progression to severe symptoms caused 
by respiratory infections such as COVID-19, seeing that overzealous inflammation and cytokine 
storm marked by increased levels of proinflammatory cytokines is what causes extensive systemic 
and tissue damage [23]. 

In experimental settings, the administration of probiotics has shown various protective effects 
against respiratory infections. First, various clinical and preclinical studies have elucidated that 
probiotics help maintain epithelial barrier integrity, reduce pathogen adhesion, and increase both 
IgA and IgG levels in serum and the respiratory tract while simultaneously decreasing systemic 
inflammation  [24]. Probiotics have also demonstrated the ability to reduce viral loads in lung tissue 
[24]. Furthermore, feeding mice milk containing Lactobacillus rhamnosus prior to lethal influenza 
challenges increased IFN-γ and IL-12 levels in the lungs showed a shift toward antiviral Th1 
response, and the increased levels of sIgA further support humoral involvement against viral 
invasion [26]. In clinical studies, various probiotic supplementations in senior and vulnerable 
populations have been shown to decrease the incidence, duration and severity of upper respiratory 
tract infections [26]. Altogether, these results demonstrate that specific probiotic strains serve as an 
effective strategy for controlling respiratory virus infections. The key actions and benefits of 
probiotics have been outlined in Figure 1.

Figure 1. Immunomodulatory Effects of Probiotics on Innate, Adaptive, and Mucosal Immunity [13,14,18–24]. 
Overview of the diverse immunological effects of probiotics on immune function across innate, adaptive, and 
mucosal pathways. Innate Immunity: Probiotics activate dendritic cells (DCs), macrophages, and NK cells to 
produce TNF-α, IL-6, IL-12, and IFN-γ, enhancing antigen presentation and effector T cell activation. Adaptive 
Immunity: Probiotics promote regulatory T cell (Treg) development and stimulate plasma B cells to produce 
IgA and IgG, supporting immune memory and long-term protection. Immune Modulation: Probiotics reduce 
pro-inflammatory markers (e.g., TNF-α, IL-6, IL-12), increase CD4⁺Foxp3⁺ Tregs, and suppress Th1, Th2, and 
Th17 responses to limit inflammation. Mucosal Immunity: Probiotics stimulate IFN production via DCs, activate 
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NK cells and APCs, and enhance T and B cell responses. SCFAs promote hematopoiesis and CD8⁺ T cell and 
Treg differentiation. Figure created with BioRender. 

3. Probiotic Use in Vaccine Research 

3.1. Probiotics as Vaccine Adjuvants 

Due to their natural protective effects against respiratory infections via mucosal immunity, 
probiotics have been evaluated as adjuvants in mucosal vaccine strategies for respiratory pathogens. 
Their ability to deliver immunogenic molecules via mucosal routes has been associated with an 
enhanced humoral and cellular immune response at both the primary (gut) and secondary 
(respiratory) mucosal sites [25]. The integration of probiotic supplementation with vaccination 
strategies has been shown to enhance immunogenicity, particularly against respiratory viruses such 
as influenza and SARS-CoV-2 [25]. The mechanisms underlying these effects involve stimulation of 
mucosal immunity and regulation of cytokine profiles [25]. 

Evidence from human studies supports these mechanistic insights. A randomized controlled 
trial conducted by Fonollá et al. demonstrated that supplementation with Lactobacillus coryniformis 
K8 enhanced the immunogenicity of influenza vaccination in elderly subjects, a population known 
for diminished vaccine responsiveness [27]. Participants in the trial exhibited higher post-vaccination 
antibody titers and fewer respiratory symptoms, suggesting probiotics can serve as effective 
adjuvants in vulnerable populations [27]. Several additional clinical trials have reported that 
probiotics reduce respiratory symptoms, improve vaccine efficacy, and modulate gut microbiota by 
increasing beneficial microbes following flu vaccinations in elderly individuals [28]. Similarly, a 
meta-analysis confirmed that individuals receiving probiotics exhibited a notable increase in vaccine-
induced antibody titers and a reduction in the incidence and severity of respiratory tract infections, 
supporting the translational potential of probiotic adjuvants in clinical settings [29]. 

Recent studies also suggest that probiotics may enhance vaccine responses in the context of 
emerging respiratory pathogens, such as SARS-CoV-2 [30]. Clinical trials employing 
Limosilactobacillus reuteri have suggested that probiotic supplementation elicited a significant 
humoral immune response against COVID-19 antigens [30]. The treatment group that consumed L. 
reuteri had significantly higher serum anti-Spike IgG as well as anti-receptor binding domain IgG and 
IgA levels post vaccination, indicating a specific humoral response to SARS-CoV-2 [30]. Furthermore, 
a retrospective cohort study found that a probiotic mixture, when combined with best available 
treatment, reduced mortality in adults with severe COVID-19 pneumonia compared to those 
receiving standard treatment alone [31]. While the authors acknowledged limitations such as the 
retrospective design and lack of prospective data, these findings highlight the need for more rigorous 
clinical trials given the ongoing challenges in optimizing vaccine efficacy amid rapidly evolving 
respiratory pathogens. 

3.2. Probiotics as Vaccine Vectors and Potential Candidates 

Beyond their adjuvant capabilities, probiotics have gained attention as promising antigen 
delivery vehicles due to their ability to modulate mucosal innate and adaptive immune responses. 
Probiotic-based vaccine vectors have emerged as a promising strategy for respiratory diseases by 
combining the intrinsic immunomodulatory properties of probiotics with the ability to deliver 
heterologous antigens at mucosal surfaces [32].  This strategy typically involves engineering 
probiotic microorganisms, most commonly lactic acid bacteria, to express conserved antigens from 
respiratory pathogens [32]. When modified to express components such as influenza virus or SARS-
CoV-2 proteins, probiotics can activate antigen-presenting cells (APCs) in the mucosal-associated 
lymphoid tissue (MALT), thereby inducing secretory IgA at the site of pathogen entry and systemic 
IgG for long-lasting immunity [17]. 

Although clinical evidence for probiotic-based vaccine vectors is still emerging, preclinical 
studies suggest their potential to induce mucosal and systemic immune responses. For instance, a 
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live oral probiotic vaccine expressing H1N1 influenza antigens induced HA- and M2e-specific IgG 
antibodies in mice [33].  M2e-based vaccines in particular hold great potential as the M2e epitope is 
a conserved region across all influenza A viruses [33]. Another study using Lactococcus lactis 
expressing a cell wall-anchored version of the rotavirus VP6 vaccine demonstrated a 79.5% reduction 
in rotavirus shedding in mice [34]. An E. coli membrane vesicle vaccine outperformed two licensed 
vaccines against Streptococcus pneumoniae, with the CPS14+ vaccine eliciting significantly stronger IgG 
responses that persisted for a year in both systemic circulation and the lungs [35]. In the context of 
COVID-19, L. plantarum and L. lactis engineered to express the receptor-binding domain of the SARS-
CoV-2 spike protein on their surfaces induced mucosal and systemic humoral responses in mice, 
evidenced by elevated serum IgG and fecal IgA [36,37]. Additionally, oral immunization with an L. 
lactis-based DNA mucosal vaccine encoding Mycobacterium tuberculosis antigens increased IFN-γ, 
TNF-α, IL-17 levels, and antigen-specific IgA, reflecting enhanced cellular and mucosal immunity 
[38].

Overall, probiotic vaccine vectors leverage natural mucosal targeting, safety, and adjuvanticity 
to deliver heterologous respiratory antigens. This dual function not only stimulates balanced immune 
responses at both mucosal and systemic levels but also presents a scalable, cost-effective platform for 
vaccine development. Key distinctions between probiotic use as adjuvants versus live vaccine vectors 
are illustrated in Figure 2. While clinical studies have demonstrated probiotic adjuvants can enhance 
the efficacy of influenza and COVID-19 vaccines, more preclinical and clinical research is needed to 
establish the proof-of-concept for live probiotic vaccines. Moving forward, efforts should focus on 
validating efficacy, optimizing dosing regimens, and ensuring long-term protection in diverse and 
at-risk populations.

Figure 2. Summary of Probiotic-Based Vaccine Strategies: Adjuvants vs. Vectors [17,25–38]. Comparison of the 
two primary approaches to probiotic vaccine development: (A) probiotic-based adjuvants, which enhance 
immune responses to conventional vaccines, and (B) genetically engineered probiotic vectors that deliver 
heterologous respiratory pathogen antigens directly at mucosal sites. Both strategies are non-invasive and 
promote robust mucosal and systemic immunity, though they differ in mechanism, development stage, and 
translational maturity. Vaccine Adjuvant (Top Panel):
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Enhances immune response via cytokine modulation, mucosal antigen presentation, and activation of humoral 
and cellular immunity. Benefits include oral delivery, improved vaccine efficacy, and reduced incidence/severity 
of infections. Vaccine Vector (Bottom Panel): Uses engineered bacteria to deliver antigens, triggering secretory 
and systemic immunity. Offers dual-functionality, stability, and adaptability to emerging pathogens or immune-
compromised individuals. Figure created with BioRender. 

4. Current Status of Human Clinical Trials 

A search of ongoing and completed clinical trials investigating the use of probiotic vaccines to 
elicit protection against respiratory infections was conducted to provide insight into the current 
landscape of clinical research. The search identified 26 studies with start dates ranging from 2015 to 
2025, as shown in Table 1. Of these, 8 were excluded because they did not involve the use of probiotics 
as vaccine adjuvants or as live probiotic vaccines targeting respiratory diseases.  

Notably, the registered clinical trials to date have only examined probiotics as vaccine adjuvants 
in combination with influenza or COVID-19 vaccines. Two studies did not appear in the initial search 
but meet the criteria as live probiotic vaccine candidates are the bacTRL-Spike vaccine (Table 1, #18) 
and the Recombinant B. subtilis vaccine (Table 1, #19) [39,40]. The bacTRL-Spike vaccine is a 
completed phase I randomized, observer-blind, placebo-controlled trial that evaluated the use of live 
Bifidobacterium longum engineered to express SARS-CoV-2 spike protein DNA in healthy adults. 
Results from this study are not yet been known to be published [39]. To date, the Recombinant B. 
subtilis vaccine is the only other known live probiotic vector vaccine tested in human subjects 
however, its clinical results were retracted due to a lack of ethical approval for the research [41]. This 
study demonstrated a significant increase in neutralizing antibody against sRBD recombinantly 
expressed on B. subtilis spores following oral administration with no adverse health events in human 
subjects  [41].  

Table 1. Ongoing and Completed Clinical Trials of Probiotic-Based Vaccines for Respiratory Infections. 
Summary of registered clinical trials investigating probiotics used as vaccine adjuvants or live vectors against 
respiratory infectious diseases, including influenza and COVID-19. Search terms included “respiratory disease” 
OR “respiratory infection” AND “probiotic vaccine”. Most trials were categorized under the "Not Applicable" 
trial phase designation, which refers to studies without FDA-defined phases including those involving medical 
devices or behavioral interventions [42]. As many of these studies are conducted under different regulatory 
authorities worldwide, the lack of standardized phase reporting may account for this designation. All trials are 
referenced from ClinicalTrials.gov on July 11, 2022 [43]. See the Supplemental Table S1 for more comprehensive 
results. 

# Respiratory 
Disease  

Probiotic Use 
(vaccine adjuvant/ 

live vaccine) 
Bacterial Strain Phase NCT # 

1 Influenza vaccine adjuvant 
Multistrain Probiotic 

(unspecified) N/A NCT06103994 

2 Influenza vaccine adjuvant Probiotic supplement 
(unspecified) 

N/A NCT05690373 

3 COVID-19 vaccine adjuvant 2-strain probiotic 
blend (unspecified) 

N/A NCT05195151 

4 Influenza vaccine adjuvant 
Lactiplantibacillus 

plantarum + P. 
acidilactici 

N/A NCT05157425 

5 COVID-19 vaccine adjuvant Bifidobacteria blend 3 
strains (unpecified) 

N/A NCT04884776 

6 COVID-19 vaccine adjuvant Lactobacillus  N/A NCT04756466 
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7 Influenza vaccine adjuvant 
Lactobacillus acidophilus 

+ Lactobacillus 
rhamnosus 

Phase 4 NCT03695432 

8 Influenza vaccine adjuvant 
Lactobacillus 
coryniformis 

 
Phase 2 NCT03167593 

9 Influenza vaccine adjuvant Lactobacillus paracasei N/A NCT02909842 

10 Influenza vaccine adjuvant 

Lactobacillus Gasseri + 
Bifidobacterium Longum 

+ Bifidobacterium 
Bifidum 

N/A NCT01652066 

11 Influenza vaccine adjuvant Lactobacillus rhamnosus 
GG Phase 1 NCT01545349 

12 Influenza vaccine adjuvant 
Lactobacillus rhamnosus 

GG Phase 1 NCT01368029 

13 Influenza vaccine adjuvant Enterococcus faecium + 
Saccharomyces cerevisiae  

Phase 1 NCT01304771 

14 Influenza vaccine adjuvant Bifidobacterium longum N/A NCT01066377 

15 Influenza vaccine adjuvant Lactobacillus casei 
Shirota Phase 4 NCT00849277 

16 Influenza vaccine adjuvant Lactobacillus rhamnosus Phase 1 NCT00620412 

17 
Influenza 

and 
COVID-19 

vaccine adjuvant Saccharomyces cerevisiae 
blend N/A NCT04798677 

18 COVID-19 Live vector 
vaccine 

Bifidobacterium longum Phase I NCT04334980 

19* COVID-19 
Live vector 

vaccine Bacillus subtilis N/A NCT05057923 

*Results retracted [41]. 

5. Discussion 

As global vaccine needs continues to expand, novel immunization strategies are urgently 
needed to overcome persistent immunologic barriers and improve efficacy among vulnerable 
populations. Probiotic-based vaccines offer a biologically grounded and potentially scalable solution. 
Their compatibility with oral delivery, interaction with the mucosal immune system, and role in 
microbiome modulation position them as innovative tools for the next generation of vaccinology, 
especially in the context of respiratory diseases where the gut-lung axis plays a central immunologic 
role. 

The need for accessible and immunologically innovative vaccines is pressing, especially as 
global vaccine equity remains elusive. Unlike traditional injectable vaccines, probiotic vectors and 
adjuvants are orally administered, thermally stable, and cost-effective to produce [9]. These attributes 
make them exceptionally well-suited for developing countries, where cold chain infrastructure and 
healthcare access can be limited [9]. Additionally, the concept of consuming beneficial microbes is 
already culturally embedded in many global diets through fermented foods, facilitating greater 
public acceptance [8]. Oral delivery also offers a practical advantage of allowing self-administration, 
which reduces the need for clinical oversight and expands accessibility during pandemics  [9]. 
Beyond logistical benefits, the bidirectional communication between gut microbiota and respiratory 
immunity via the gut lung axis also positions probiotics uniquely to modulate mucosal responses 
and enhance defenses against respiratory pathogens  [22,23]. 

Conventional vaccines also often show reduced efficacy in vulnerable populations such as 
children, older adults, and those with compromised immunity due to immunosenescence, 
microbiome dysbiosis, or comorbid disease states [44,45]. In developing countries, compounding 
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factors such as malnutrition, poor sanitation, endemic parasitic infections, and high HIV/AIDS 
burdens further hinder vaccine performance [46]. For instance, oral rotavirus vaccine efficacy drops 
from over 80% in high-income nations to roughly 50% in resource-limited settings where the 
disparity is partially attributed to enteric pathogen load and environmental enteropathy [47,48].  A 
sanitation-focused intervention trial in Zimbabwe demonstrated improved rotavirus vaccine 
responses following enhanced water, sanitation, and hygiene conditions, underlining the critical 
interplay between microbiota health and vaccine outcomes [46]. Because probiotics can potentially 
restore gut microbial balance and improve mucosal immunity, they are promising adjuncts or 
platforms for vaccine delivery in such contexts. 

Emerging clinical evidence strongly supports the role of probiotics in enhancing vaccine efficacy, 
preventing respiratory symptoms, and reducing the incidence of acute upper respiratory tract 
infections [28,29]. Studies involving Lactobacillus coryniformis K8 and Limosilactobacillus reuteri have 
demonstrated significant improvements in vaccine-induced immune responses in older adults, a 
vulnerable population often overlooked despite poor vaccine responsiveness [27,30]. These trials 
reported elevated post-vaccination antibody titers, reduced respiratory symptoms, and enhanced 
mucosal and systemic immunity, including increased SARS-CoV-2-specific IgG and IgA levels 
[27,30]. Meta-analyses reinforce these findings across various respiratory pathogens, highlighting 
probiotics’ consistent ability to modulate immune responses and reduce infection severity [29]. Early-
stage clinical efforts are also beginning to explore probiotics as live vaccine vectors. For example, the 
bacTRL-Spike platform uses genetically engineered Bifidobacterium longum to deliver SARS-CoV-2 
spike DNA to the gut [39]. Though results are pending, it marks a pivotal step in translating probiotic 
vector vaccines into human use and provides a foundation for future innovation in probiotic vaccine 
development. 

To fully realize the potential of probiotic vaccines, future research must: 

• Identify and characterize immunologically active strains, with a focus on their antigen-
presenting and immune-modulatory mechanisms. 

• Optimize delivery platforms and dosing strategies across different age groups and health 
conditions. 

• Evaluate long-term immune memory and durability, including booster responses and cross-
protection. 

• Establish standardized global safety benchmarks, accounting for geographic and ethnic 
variations in microbiota composition. 

• Integrate probiotic-based vaccine approaches into existing immunization programs, 
particularly in resource-limited settings and for diseases with mucosal entry routes. 

If successful, probiotic vaccines could fill critical gaps in current immunization systems, 
particularly in settings where injectable vaccines face logistical and immunological hurdles. They 
hold promise not only in bolstering pandemic preparedness but also as scalable tools for vaccine 
equity globally. As a low-cost, orally delivered, culturally accepted, and biologically rational 
platform, probiotic vaccines may soon redefine what global vaccine accessibility and innovation look 
like. 
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