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Over the past few decades, probiotics have emerged as a viable medical tool for preventing 

and/or treating diseases. This narrative review provides recent findings on Probiotics and 

their benefits on the host immune system. It also highlights the specific mechanisms through 

which probiotics mediate those benefits. The study also explores the topical or systemic 

probiotic administration method. Authors screened databases like Google Scholar, Web of 

Science, PubMed, Scopus, and China National Knowledge Infrastructure database, using 

various keyword combinations such as: “probiotic” AND “Immunomodulation” OR “probiotic” 

AND “Immunoregulation” OR “probiotic” AND “Immunostimulation”, for relevant literature 

written in English only. The review shows that probiotics can regulate the host immune 

system, including regulating T cells, dendritic cells, intestinal epithelial cells, and several 

signal pathways, and confer health benefits. Although several clinical trials also revealed the 

prospects and efficacy of probiotics as immunomodulators and treatment of diseases, there 

is a need for thorough future investigations on the effectiveness of specific strains of 

probiotics involved in immunomodulation. 
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1. Introduction 

Probiotics are living microbes that, when taken in sufficient quantity as part of a food, exert 

health benefits on their host, for example, preventing and treating some diseases [1]. Strains of 

Lactobacillus, Bifidobacterium, Enterococcus, and Saccharomyces are the most extensively studied 

and commonly used probiotics in humans and animals. However, strains like Pediococcus, 

Lactococcus, Leuconostoc, and Streptococcus have also been documented for probiotic properties 

[2-4]. Probiotics are mostly consumed orally as dietary supplements and food (such as cheese and 

yogurt) or with pharmaceutical preparations [5]; hence, most of their actions are demonstrated in 

the gastrointestinal tract and play essential functions at various levels in maintaining health [6]. 

Amongst the various edges related to the consumption of probiotics by man, immune system 

regulation and modulation have attracted the foremost consideration. Specific bacterial strains of 

probiotics have been reported in human and animal studies to modulate some aspects of immune 

responses, both innate and acquired [7]. Reviews have shown that many species of Lactobacillus 

and Bifidobacterium play essential functions in the immune system by upregulating the 

cytotoxicity of natural killer cells, macrophages phagocytic action, and mediate adaptive immunity 

as they crosstalk with dendritic cells as well as enterocytes, Th1, Th2, and Treg cells [4, 8, 9]. Other 

bacteria species reported for their potential therapeutic benefits in immunomodulation help in 

maintaining balanced gut microbiota, support gut barrier function and metabolic health, 

production of beneficial metabolites and overall gut health. These include certain strains of 

Bacteroides such as Bacteroidetes uniformis FGDLZ48B1 and B. intestinalis FJSWX61K18. They 

were reported by Guo et al [10] to decrease systemic inflammation; accelerated the recuperation 

of tissue structures; enhanced Short-chain fatty acid (SCFA) production and restored beneficial gut 
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microbiota. The bacterium Akkermansia muciniphila is known for its ability to slow down the 

development and progression of diabetes, obesity, and IBD in mice [11], Propionibacterium 

freudenreichii which prevented intestinal inflammatory diseases by increasing the production of 

short chain fatty acids (SCFA), inhibited IFNγ secretion, reduced TNFα and induced high IL-10 

secretion [12], Bacillus coagulans reduced inflammation by way of adjusting the expression of 

inflammatory genes COX-2 and NF-kB through cytokines, thus triggering a cellular immune 

response [13], Pediococcus acidilactici led to increased transcription of genes related to immunity 

and antioxidants, and it brought about the suppression of Autoimmune Encephalomyelitis by 

prompting the production of IL-10-producing regulatory T cells [14], Clostridium butyricum exerted 

an inhibitory effect on gut succinate levels to hinder the growth of C. difficile and reduce the 

presence of TNF-α-producing macrophages in the colon's lumina propria (cLP), leading to a 

significant reduction in colon epithelial damage [15]. Escherichia coli Nissle 1917 ameliorates 

chronic inflammatory bowel diseases [16]. 

Despite the various reported breakthroughs on the efficacy of probiotics, there is limited 

research regarding the mechanism of action of probiotics, coupled with the strain-dependent 

activity observed in the many probiotics. The molecular bases for their therapeutic efficacy are 

mainly unknown. This review aims to explore the studies published from 1990 on 

immunomodulation using probiotics, with particular attention given to the host immune response 

regulated by probiotics and probiotics’ mechanism of action on the host organisms.  

2. Concept of Probiotics 

Probiotics are usually living microbes advantageous to the health of their host if taken in 

sufficient doses. Some bacteria that have died and their constituents have also been proven to 

have some probiotic properties [17]. The most common bacteria with probiotic properties are 

Bifidobacterium and Lactic acid bacterial strains (LABs) found in various functional foods and 

dietary supplements [17]. Unlike pathogenic bacteria, probiotics do not cause mononuclear cells 

to proliferate, nor do they trigger inflammatory action on immune cells [6].  

An ideal probiotic for human use should typically be of human or plant origin, non-pathogenic, 

and able to thrive in intestinal conditions (biliary salts, acidic pH, enzymes, etc.) [17]. Furthermore, 

a good probiotic should be able to exhibit antagonistic potential against pathogenic 

microorganisms and stimulate their host’s immune system with proven valuable effects on the 

host [18].  

Probiotics have been documented to exert immunomodulatory effects in vivo (Table 1), 

including the production of peripheral immunoglobin, provoking the secretion of IgA, and lowering 

the production of pro-inflammatory cytokines [4]. Homogenates from probiotics bacteria, such as 

Bifidobacterium lactis, Lactobacillus rhamnosus GG, Lactobacillus acidophilus, Lactobacillus 

delbrueckii, and Streptococcus thermophiles, can suppress mononuclear cells multiplication. It was 

reported in an in vivo study that mice fed with L. fermentum UCO-979C have substantially 

improved intestinal IFN-γ production, activated macrophages in the intestine and peritoneum, and 

enhanced the proliferation of CD4+ T cells in Peyer's patches [2]. Further research has also 

indicated that Bifidobacterium bifidum has a significant effect in improving antibody responses to 

ovalbumin. Likewise, Bifidobacterium breve demonstrated an increased humoral immune 

response after inducement with IgA [4, 19].  
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Table 1 In vivo evaluation of some probiotics capable of modulating immune response. 

Probiotics 
Immunological 

benefits 
Site of action Signaling pathway References 

Lactobacillus 

rhamnosus 

GG 

Enhanced 

expression of IL-10 

R2 

Isolated C57 

BL/6J mice 

partially 

developed 

colon 

Phospho-STAT3, 

heightened exhibition of 

SOCS-3 

[20, 21] 

Lactobacillus 

fermentum 

UCO-979C 

Upregulation of 

intestinal IFN-γ 

production 

Intestinal 

mucosa of mice 

stimulates the NF-kB and 

MAPK pathways 

[2] 

Activates the 

macrophages in 

the intestine and 

peritoneal cavity Intestinal 

mucosa of mice 

Activated F4/80+CD86+ 

macrophages 

Causes 

proliferation of 

Peyer's patches 

CD4+ T cells 

Increased CD3+CD8+ T 

cells and CD3+CD4+ 

Lactobacillus 

rhamnosus 

GG 

Lowered 

stimulation of 

NFκB via ROS 

FHs74 Intestinal 

cells (human 

foetal) 

TLR, NF-B, MAPK (p38) [22] 

Lactobacillus 

plantarum 

(LP) WCFS1 

Lowered 

stimulation of 

NFκB via ROS 

Spleen 
Attenuates the Th2 

responsiveness 
[23] 

Lactobacillus 

reuteri DSM 

17938 

Generation of 

regulatory T cells 

Isolated rat 

model 
NFκB [24] 

Lactobacillus 

casei Shirota, 

B. lactis 

HN019 

Removal of 

Phosphate 

moiety/group 

from IκB 

Mononuclear 

cells 
TNFα secretion [23] 

Lactobacillus 

acidophilus, 

Duolac ATP 

The tumoricidal 

activity of blood 

mononuclear cells 

Mice 
Regulated IL-10 and TGF-

β expression 
[9, 25] 

VSL#3 IBS 

Probiotics 

Activation of IL-4 

producing T-cells 
Cellosaurus cell 

line HT-29 

ERK and p38 MAPKs are 

added phosphate 

moiety/group 

[26] Tight junction 

proteins are 

elevated 

Several kinds of research on the in vitro evaluation of probiotics (Table 2) have revealed that 

different probiotics exert immunological benefits on host organisms by regulating specific 
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signaling pathways, including various species of Lactobacilli which have demonstrated differential 

antagonistic effects against other fungi and bacteria pathogens including C. jejuni as reported by 

Taha-Abdelaziz et al. [20]. It is also noteworthy that the reported different probiotics trigger 

immune responses in different ways [20]. 

Table 2 In vitro evaluation of some probiotics capable of modulating immune response. 

Probiotics 
Immunological 

benefits 
Site of action Signaling pathway Reference 

Lactobacillus 

casei OLL2768 

Reduced levels of 

Interleukins-6, 8, 

& 1α and MCP-1 

Intestinal epithelial 

cells 
NFκB and p38 MAPK [7] 

Lactobacillus 

rhamnosus GG 

TLR2 becomes 

more sensitivity 

Epithelial Cell Line 

(IPEC)-J2 from pig 

intestine 

TLR signaling [27] 

Lactobacillus 

jenseniiTL2937 

Stimulate down 

regulators A20, 

Bcl-3 and MKP-1 

Porcine intestinal 

cells 

TLR4-dependent 

NFκB and MAPK 
[28] 

Lactobacillus 

plantarum (LP) 

WCFS1 

Elevated tight 

junctional 

adhesion protein 

molecules 

Caco-2 cells TLR2 signaling 

[24] 

Saccharomyces 

cerevisiae 

CNCM I-3856 

Reduced 

Interleukins-6 & 8 

exhibitions 

Intestinal Porcine 

Epithelial Cell Line 

(IPEC)-1 

Fewer ERK1/2 and 

p38 are added 

phosphate 

moiety/group 

Streptococcus 

salivarius K12 

Inhibit NFκB 

activity 

Cellosaurus cell line 

HT-29 

NFκB [29] 

VSL#3 IBS 

Probiotics  

Tight junction 

proteins are 

elevated 

ERK and p38 MAPKs 

are added 

phosphate 

moiety/group 

[7, 26] 

Bacillus subtilis 

CU1 

Increased levels of 

secretory IgA 
stools and saliva IFN-gamma [30] 

3. Mechanisms of Action of Probiotics 

The means through which probiotics interact with the host is multifactorial [6, 25]. The 

immunostimulatory properties of probiotics have been reported in humans and animals [24]. 

Figure 1 summarizes the main signaling pathways of probiotics, including the establishment of 

tighter epithelial barriers, improved intestinal mucosa adhesion, production of anti-microorganism 

substances, competitive pathogens elimination, affiliated inhibition of pathogen adhesion, and 

immune system modulation [6, 19, 31, 32]. 
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Figure 1 Mechanisms by which probiotics exert their actions (1) Enhancing the 

epithelial barriers; (2) Enhanced binding to the mucosa of the intestine; (3) Production 

of antimicrobial substances; (4) Pathogenic organisms are competitively excluded (5) 

Modulation of the immune system. 

3.1 Maintenance of Intestinal Barrier Integrity 

The intestinal epithelium is a primary defense mechanism in maintaining epithelial reliability 

and ensuring host protection from the external environment. The intestinal epithelial barrier 

defense involves the secretory IgA, mucous layer, the epithelial junction adhesion complex, and 

antimicrobial peptides. When this barrier function is weakened, pathogens can breach the sub-

mucosal layer and trigger inflammatory reactions. Consequently, this can lead to conditions in the 

intestines, such as inflammatory bowel disease [33]. Intake of these bacteria beneficial to health 

(probiotic bacteria) has been proven to aid in maintaining intestinal barrier function [34]. Recent 

findings have shown that probiotic microorganisms can repair damaged barrier function. In Caco-2 

cells and T84, for instance, Escherichia coli Nissle 1917 (EcN1917) has been associated with 

preventing the disruption of the mucosal barrier caused by enteropathogenic E. coli and restoring 

mucosal integrity. This is facilitated by increased PKC and zonula occludens (ZO-2) tight junction 

protein expression and distribution, which leads to tight junction complex rebuilding [35].  

Probiotics can potentially uphold the barrier function and integrity of the mucosal membrane 

and avert long-term inflammation, protecting the host from various infectious diseases [36]. 

Probiotics reduce paracellular permeability, provide innate immunity against pathogenic 

organisms, and improve the physical blockage of the mucous layer [37]. Probiotics can also repair 

intestinal membrane barriers that gut pathogens have damaged. 
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3.2 Modulation of Intestinal Epithelial Cells by Probiotic 

Intestinal epithelial cells (IECs) are a primary physical barrier separating digested material, 

intestinal microbes, and the mucosal immune system. The integrity of the intestinal mucosal 

barrier depends on the strength of tight junctions which are made up of transmembrane proteins 

[7], whose assembly is dependent on the activation of signaling pathways involving mitogen-

activated protein kinase (MAPK). Tight junctions are specialized protein complexes (including 

claudin, occludin, and Zonulin) that form a barrier between cells lining the intestinal tract, helping 

to control the movement of molecules and ions across the gut lining. Probiotics have the potential 

to contribute to maintaining the integrity of tight junctions and the gut barrier through several 

mechanisms, such as controlling the expression of genes and proteins related to fast junction 

signaling in intestinal epithelial cells (IECs) [38]. 

Lactobacillus plantarum, a probiotic strain, was found to induce TLR2 signaling-mediated 

translocation of Zonula occludens-1 (ZO-1) to the TJ region between epithelial cells in Caco-2 

intestinal cells [7]. According to [39], the probiotics' ability to induce intestinal epithelial cell 

apoptosis can be an excellent way to improve membrane integrity when enteric infections or 

inflammatory diseases have harmed it. 

3.3 Short Chain Fatty Acid Production 

Some probiotics, like certain strains of Bifidobacterium and Lactobacillus, can ferment dietary 

fibers to produce Short-chain fatty acids (SCFAs) like acetate, butyrate, and propionate. SCFAs, 

particularly butyrate, have been implicated in supporting the integrity of tight junctions, which are 

critical structures that regulate the permeability of the intestinal barrier. Peng et al. [40] 

demonstrated the effect of butyrate treatment on the enhancement of AMP-activated protein 

kinase (AMPK) activity in a Caco-2 cell monolayer model leading to the accelerated assembly of 

tight junctions promoting the development of the intestinal barrier.  

By supporting the function of tight junctions, SCFAs like butyrate help prevent "leaky gut" or 

increased gut permeability. When tight corners are strong, they limit the passage of potentially 

harmful molecules from the gut into the bloodstream.  

Butyrate has anti-inflammatory effects and can inhibit specific inflammatory pathways. Chronic 

inflammation can disrupt tight junctions, leading to increased barrier permeability, so reducing 

inflammation indirectly helps maintain their integrity. SCFAs inhibit the production and expression 

of pro-inflammatory mediators, including TNF-α, IL-6, and nitric oxide (NO) [41], and enhance the 

production and activity of the anti-inflammatory cytokine IL-10 [42, 43]. Recent in vitro and clinical 

trials indicated an inverse relationship between the levels of these short-chain fatty acids (SCFAs) 

within the intestines and the occurrence of medical conditions like colorectal cancer, 

inflammatory bowel disease (IBD), and diabetes. [44-46]. SCFAs can also modulate the production 

of prostaglandin E2 (PGE2), an anti-inflammatory prostanoid that can weaken the output of IL-1β 

and TNF-α by macrophages [47]. Some strains of probiotics, including Akkermansia muciniphilia, 

[48] Bacteroides spp. [49], Faecalibacterium prausnitzii, and Clostridium symbiosum [50, 51] have 

been reported to produce SCFAs that are beneficial in sustaining intestinal balance, which is 

crucial for upholding the host's overall well-being and preventing numerous ailments. 
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3.4 Improved Intestinal Mucosa Adhesion 

Some probiotics can influence the production and composition of the mucus layer that covers 

the gut lining. A healthy mucus layer contributes to proper interaction between gut microbes and 

the intestinal epithelium, affecting tight junction function. The ability of probiotics to attach to the 

mucosal surface of the intestine is a significant requirement for colonizing the host cell and 

subsequent interaction with the host [52, 53]. It is also essential to regulate the immune system 

and counter pathogens [52].  

Lactic acid bacteria, among other probiotics, have shown various surface features necessary to 

communicate with intestinal epithelial cells (IECs), which release mucin (The main component of 

the intestinal mucosa, a complex glycoprotein mixture). The intestinal mucosa thus prevents the 

adhesion of harmful bacteria to the animal or human cell [52, 54]. Lactobacillus reuteri produces 

Mucus-binding protein (MUB), which plays a vital role in the attachment of microorganisms to 

their hosts via a lipid moiety or the cell wall [23, 55]. Probiotics have also been reported to result 

in qualitative modifications in intestinal mucins, thereby preventing pathogen binding [54]. 

Antimicrobial proteins (AMPS) such as defensins, released by epithelial cells, can also be 

stimulated by probiotics. Defensins are effective against fungi, viruses, and bacteria and help 

stabilize the gut barrier function [7]. 

3.5 Maintenance of Gut Microbial Balance 

An imbalance in the gut microbiota (dysbiosis) has been linked to compromised intestinal 

barrier function. Probiotics can contribute to a balanced microbial ecosystem, which supports gut 

lining health and tight junctions. The inability to achieve gut homeostasis results in adverse shifts 

in host metabolism, which are associated with chronic conditions like cancer, cardiometabolic 

disorders, and Inflammatory Bowel Disease (IBD) [56].  

According to Blaabjerg et al. [57], the protective effects of probiotics by maintaining gut 

homeostasis have been demonstrated in different diseases associated with disruption of the 

intestinal microbiota. A meta-analysis by [57] reported that combined administration of 

Lactobacillus rhamnosus and Saccharomyces boulardii probiotics in clinical trials significantly 

reduced antibiotics-associated diarrhea by 51% in patients with AAD with no increase in side 

effects. Krebs [58] investigated the effect of Lactobacillus probiotics in colorectal cancer patients 

and documented a significant change in intestinal microbiota leading to improved mucosal 

structure due to increased intake of Lactobacillus. Despite various ongoing research to establish 

the specific roles and mechanism of actions by which probiotics maintain gut homeostasis, these 

and other studies have demonstrated that probiotics have potential in the prevention or 

treatment of human gut microbiome-related diseases. 

3.6 Competitive Expulsion of Pathogens 

Although the ability of probiotics to outcompete pathogenic bacteria is an active area of 

investigation, available evidence from recent studies that have explored the effects of probiotics 

against pathogenic bacteria indicates the potential of probiotics to competitively interact with 

pathogenic bacteria and contribute to maintaining a balanced gut microbiota, which is essential 

for maintaining overall health. Probiotic bacteria compete with harmful pathogens for resources 
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such as nutrients and adhesion sites within the host's body, suppressing pathogen growth and 

colonization, ultimately promoting a healthier microbial balance and reducing the risk of infections. 

It has been reported that Lactobacillus GG and Lactobacillus plantarum 299V competitively block 

the sticking of E. coli [59]. Some strains of Lactobacilli can block receptor sites obstructing the 

entrance of pathogens, and specific probiotic metabolites are proposed to be responsible for the 

modulation of various cell signaling and metabolic pathways [60].  

Probiotics compete for attachment, preventing pathogenic bacteria from colonizing sites like 

colonic crypts, goblet cells, and intestinal villi. Adherence to the surfaces of intestinal epithelial 

cells represents a significant pathological condition for enteric pathogens. Likewise, resistance to 

colonization plays a substantial role in the microbiota. Probiotics can bind to intestinal cells via 

electrostatic interactions or specific surface proteins, allowing them to tie in large quantities and 

physically block adherence sites, preventing pathogens from binding and subsequently causing 

infection [37, 60]. Probiotics have been documented to possess more remarkable adherence 

ability to the epithelial cells than pathogens [61]. Lactobacillus reuteri and Bifidobacterium bifidum, 

for example, have been shown to bind to host cell surface glycolipids, preventing pathogens from 

attaching to the same surface glycolipids [37]. The competitive exclusion of pathogenic organisms 

by probiotics results from a bacterium-to-bacterium communication in which the pathogenic 

bacteria and beneficial ones contend for mucosal adhesion sites and the available nutrients [17]. 

3.7 Production of Antimicrobial Substances 

Probiotics inhibit pathogenic bacteria growth by secreting antimicrobial substances such as 

acetic acid, lactic acid, formic acid, and short-chain fatty acids, which lower the intracellular pH 

and inhibit pathogen growth [62]. Several probiotics release antimicrobial peptides, such as 

antimicrobial peptides and bacteriocins. The most frequent method of bacteriocin-mediated 

destruction of pathogenic organisms, such as the obliteration of target cells, is mediated by the 

production of pores and/or cell wall inhibition [62, 63]. For instance, nisin forms a complex with 

Lipid II (a molecule used in synthesizing bacteria's cell walls), thereby preventing cell wall 

biogenesis of bacilli capable of forming spores. Consequently, the complex clumps together and 

assimilates peptides, creating pores in the bacterial membrane [64, 65]. Various reports have 

implicated Lactobacilli as being able to produce substances involved in viral particles inactivation, 

such as the inactivation of vesicular stomatitis virus and adenovirus by Lactobacillus rhamnosus 

GR-1 and L. fermentum RC-14 within a short duration [62].  

Several in vitro studies have demonstrated the ability of probiotics, such as Streptococcus 

salivarius, Lactococcus sp. HY 499 and Enterococcus faecalis, to inhibit the growth of pathogens 

including S. epidermidis, Propionibacterium acnes, and S. aureus, by producing antibacterial 

proteins (bacteriocins) [65-67]. Muizzuddin et al [68] also reported the activity of Lactobacillus 

plantarum extract in reducing mild acne lesions in vivo, improving erythema and skin barrier 

reconstruction. Examples of bacteriocins synthesized by certain probiotic strains include bifidocin 

B produced by Bifidobacterium bifidum NCFB, lactacin B originating from L. acidophilus, plantaricin 

from L. plantarum, and nisin from Lactococcus lactis [58]. 
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3.8 Modulation of The Immune System by Probiotics 

Probiotics can help fight pathogens by boosting the host immune system. According to 

evidence, probiotics decimate pathogens in the gastrointestinal tract by stimulating both specific 

and non-specific immunity, thereby preventing bacteria from causing intestinal diseases [10, 69].  

Probiotics can confer immunomodulatory benefits on the host cell by establishing immune 

interactions with innate immune cells such as epithelial cells, natural killer cells, macrophages, 

neutrophils, and dendritic cells, as well as with humoral immune cells, including B and T-

lymphocytes [70, 71]. Immunomodulatory effects of probiotics include: 

• Delivery of anti-inflammatory molecules to the intestines [72]. 

• Immune response modulation to attenuate allergy [73]. 

• Stimulation of humoral responses against infection [74]. 

• Down-regulation of inflammatory substances production [75]. 

This article mainly discusses The immunomodulatory mechanism in detail as it emphasizes the 

significance of understanding how probiotics interact with the immune system and their potential 

impact on health and disease. Understanding how probiotics can influence the immune response 

can have direct health implications, as it may lead to the development of probiotic-based 

interventions for various health conditions. 

4. Immunomodulatory Functions of Probiotics 

Probiotics modulate the immune system by releasing substances with immunomodulatory and 

anti-inflammatory potentials that can trigger an immune response [75]. Immunomodulation using 

probiotics is related to the release of cytokines from immune cells. These cytokines (interleukins 

(ILs), interferons (IFNs), chemokines, tumor necrosis factors (TNFs), and transforming growth 

factor (TGF) are responsible for the regulation of innate and adaptive immunity [4, 71]. It has also 

been documented that the immunomodulatory effects of probiotics are related to the probiotic’s 

interactions with various immune cells, such as intestinal epithelial cells (IECs) and dendritic cells 

with lymphocytes and monocytes/macrophages, among others [76]. The immunomodulatory 

effects of probiotics on the immune system can be classified as immunostimulatory or 

immunoregulatory based on the impact of the probiotics on the immune system. While some 

probiotics have been documented as possessing immunostimulatory potentials by enhancing 

immune responses, immunoregulatory activities of probiotics help to maintain a balanced and 

controlled immune system [77]. Some of the specific probiotic strains involved in 

immunomodulation and immune cell activation are represented in Figure 2. 
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Figure 2 Probiotics Immunomodulation: Probiotics distinctly regulate epithelial cell 

responses via the stimulation or repression of discrete signaling routes depending on 

the microbial strain. (1) Activation of tight junction by Lactobacillus plantarium; (2) 

Stimulation of the release of “regulatory cytokines/anti-inflammatory, IL-10 and TGFβ 

by Bifidobacteria; (3) Stimulation of secretory IgA (sIgA) serum concentration by B. 

bifidum and L. acidophilus La1 (4) Reduction of NF-κB stimulation via ROS by 

Lactobacillus rhamnosus GG; (5) Lactobacillus rhamnosus GG induces development 

and the production of Th1-type cytokines and chemokines in human monocyte-

derived dendritic cells; (6) Activation of TLR signaling pathway leading to stimulation of 

nuclear factor kappa B (NF-κB) and mitogen-activated protein kinase (MAPK) by 

Lactobacillus casei. 

4.1 Immunostimulatory Effects of Probiotics 

Several strains of probiotics have been reported to activate and boost the host immune system 

in recognizing and attacking pathogens, leading to increased production of immune cells, 

cytokines, and antibodies. These probiotics are often used in immunotherapy to treat certain 

diseases, including cancer [78]. 

Several probiotics have also been documented for their ability to modulate innate and adaptive 

immunity, enhance their activity, and promote a balanced immune response [77]. 
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4.1.1 Macrophage Activation 

Macrophages are immune cells that are crucial to the body's defense against infections and 

other foreign invaders. They are known for engulfing and destroying pathogens such as bacteria, 

viruses, and fungi. Probiotics can stimulate macrophage activity, enhancing their ability to 

recognize and eradicate pathogens. This can lead to improved pathogen clearance and immune 

response. Probiotics can influence the polarization of macrophages. Certain strains of probiotics 

are documented to trigger macrophages into adopting the M1 phenotype to eliminate 

intracellular pathogens. Conversely, other probiotic types can prompt M2 macrophages, eliciting 

an anti-inflammatory response depending on the microenvironment [79, 80] 

Ji et al [81] reported the impact of the probiotic Bacillus amyloliquefaciens (Ba) on the 

polarization of bone marrow-derived macrophages (BMDMs) toward both M1 and M2 phenotypes. 

They said that Bacillus amyloliquefaciens (Ba) modulated the polarization of M1 macrophages and 

bolstered their phagocytic activity as manifested by the increased ability of the macrophages to 

capture soluble antigens through the upregulation of IL-6, TNF-α, iNOS, and IL-1β mRNA genes, 

along with an elevation in nitric oxide (NO) production [82]. 

Other studies have documented the in vitro ability of various probiotic strains to stimulate 

nitric oxide production and improve the phagocytic activity of macrophages [82-84]. 

4.1.2 Natural Killer (NK) Cell Activation 

Natural Killer (NK) cells serve a crucial role in the immune response against tumors and viral 

inversion. Natural killer cells can differentiate between healthy and abnormal cells with changed 

or missing primary histocompatibility complex class I molecules [85]. Once the abnormal cells are 

recognized, NKs induce the production of immune mediators such as TNFα and IFNγ or by cytolysis 

of infected or altered cells directly [17]. DC regulation caused by LAB might influence the activity 

of natural killer cells and, subsequently anti-viral and/or anti-tumor immune responses. Likewise, 

the use of Lactobacillus casei Shirota (LcS) by patients who already had their colonic polyps 

surgically removed substantially lowered the relapse of colorectal cancer [17]. It was reported that 

LcS induced TNFα and IL-12 production, which correlates with Natural Killer activity [17]. Human 

DCs exposed to LAB can cause stimulation, rapid multiplication, and cell-killing effects in NK cells 

and resultant NK-derived Interferon-γ production [17]. 

The specific action of Lactobacillus bacteria on Natural Killer cells is boosting their anti-tumor 

responses. This agrees with other studies that indicated that supplementing with LcS increased NK 

cell activity in vivo due to IL-12 production [86]. 

4.1.3 Modulation of Neutrophils 

Neutrophils are phagocytic natural immune cells capable of engulfing pathogens. Probiotics 

specifically modify neutrophil effector responses by stimulating a wide range of pathogen-sensing 

signaling pathways that depend on the kind of microbial strain [87]. The central mechanism of 

probiotics on neutrophils includes hydrolytic enzyme activity, reactive oxygen species production 

during phagocytosis, chemokine-mediated recruitment, formation of Neutrophil extracellular trap, 

and inflammatory cytokine secretion. 
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L. rhamnosus GG was reported to prevent Neutrophil extracellular trap formation and 

consequently lowered reactive oxygen species (ROS) production, leading to delayed tissue damage 

due to chronic inflammatory reaction [88]; the ability of L. rhamnosus GG to reduce the 

generation of reactive oxygen species (ROS) is accountable for the inhibitory effect of NFκB. Again, 

L. gasseri ATC33323 cell-wall extract increased the release of MIP-1α, MCP-1, TNFα, and IL-1β in a 

Sprague-Dawley rat model of sepsis [89]. However, neutrophil signaling modulation by probiotics 

is in its early stage, and it can be summarized that its effect on various cells and pathways is 

determined by the strain involved and the reactions being investigated [90]. 

4.1.4 Modulation of Inflammasomes 

Inflammasomes are large intracellular multiprotein complexes involved in innate immunity by 

coordinating the maturation of Interleukins-1β and -18 when there are threat signals [91]. They 

are essential in maintaining intestinal homeostasis and are implicated in chronic inflammation of 

the human intestine. Inflammasomes recognize and respond to pathogen-associated molecular 

patterns (PAMPs), such as bacterial flagellin, and damage-associated molecular patterns (DAMPs), 

such as uric acid crystals. Inflammasomes are also involved in immunological responses against 

viruses by stimulating type I interferon release and pyroptosis [92, 93]. Because of their capacity 

to control the production and out of the pro-inflammatory cytokine, Interleukin-1β, probiotics aid 

in the control of the assembly, release, and inflammasome's activity necessary for the interleukin-

1β and-18 processing via the caspase-1 pathway. Therefore, probiotic organisms can modulate 

inflammations and defense against viruses by modifying selectively interleukin-1β and -18 and 

type-I interferons via the signaling aggregation and effects of different inflammasomes [94]. 

4.1.5 Secretory IgA Modulation (sIgA) 

Probiotics can influence the production and modulation of secretory immunoglobulin A (sIgA), 

a vital component of the immune system that is pivotal in protecting mucosal surfaces, including 

those in the gut, respiratory tract, and other mucosal tissues. Immunoglobulin A helps neutralize 

pathogens and toxins at mucosal surfaces, preventing them from entering the body. Probiotics 

promote the production of IgA, thereby enhancing the integrity of mucosal barriers [95-98]. 

Mucosal B cells in the lamina propria adjacent to mucosal surfaces secrete sIgA, an antibody 

that plays a crucial role in mucous membrane immunity. sIgA helps translocate IgA dimers to the 

interior surfaces of epithelial cells [99]. The secretory component in the intestinal lumen enables 

the binding of sIgA to the mucus layer site, where the IgA results in the immune exclusion of 

antigens present in the mucosa [100]. Probiotics stimulate sIgA production, thereby improving 

barrier function [101]. A much older research report confirmed that ingesting fermented milk 

containing L. acidophilus La1 and B. bifidum after immunization against Salmonella enterica 

serovar Typhimurium Ty21 caused a spike in IgA serum concentration [102].  

While the impacts of probiotics vary based on the specific strains, recent research findings 

suggest that the application of specific probiotic strains, like Lactobacillus and Pediococcus, could 

have a positive impact on IgA secretion and function by directing dendritic cells to enhance IL-6 

and IL-10 secretion [77]. The increased production of IgA may contribute to the protection of 

barrier functions in the body's mucosal surfaces, such as the gut and respiratory tract. Research 

has indicated that providing infants with formula supplemented with specific strains of 
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Lactobacillus and Bifidobacteria can increase the number of IgA-producing cells specific to cow 

milk antigens in their blood [74]. 

4.2 Immunoregulatory Effects 

4.2.1 Modulation of Cytokine Activities 

Cytokines are signaling molecules that regulate immune responses, inflammation, and various 

physiological processes. Probiotics can influence the balance of cytokines produced by immune 

cells, helping to promote a balanced immune response. Probiotics regulate mucosal immune 

responses in strain-dependent ways by prompting the production of different B-cell growth 

factors including cytokines IL-4, IL-5, and IL-13 [71, 72]. Probiotics can trigger acquired immune 

responses via cytokine production and create a network of signals amongst the immune cells [73]. 

Some probiotics also activate cytokine production via immune-modulatory pathways [4]. Other 

probiotics, especially strains of Bifidobacteria and Lactobacillus, can trigger the activation of anti-

inflammatory/regulatory cytokines like IL-10 and TGFβ, which are linked to the suppressive 

function and tolerance of regulatory T cells (Tregs) [7]. 

Activation of Anti-Inflammatory Cytokines. Many probiotics have been shown to stimulate the 

generation of anti-inflammatory cytokines like interleukin-10 (IL-10) and transforming growth 

factor-beta (TGF-β). These cytokines play a role in controlling the immune response and curbing 

excessive inflammation [103]. IL-10 is the most essential anti-inflammatory cytokine and a 

pluripotent cytokine in the human immune system [104]. It acts on APCs and/or directly on Treg 

cells to trigger the differentiation of IL-10-producing T cells. IL-10 is a broad effector molecule 

capable of eliciting a significant effect on human immune responses and affecting the physiology 

of varied subpopulations of immune cells in several ways [104, 105]. Interleukin-10 ensures that 

human B cells rapidly multiply, differentiate, and thrive and induces IgG and IgA generation by B 

cells.  

In a clinical trial among ulcerative colitis, patients who were administered a probiotic 

combination containing Enterococcus faecalis, Lactobacillus acidophilus, and Bifidobacterium 

reported a reduced recurrence level of ulcerative colitis flare-ups [106]. The mixture enhanced the 

expression of IL-10 and decreased TNF-α and IL-1β expression. L. casei CRL 431 nasal therapy 

improved immunological response to Streptococcus pneumoniae infection as shown in the 

proliferation of IL-10, IL-4, IgA, and TNF-α in the respiratory tract [107]. 

Inhibition of Pro-Inflammatory Cytokines and NF-κB Activation. Probiotics can decrease 

inflammation and support immune balance by attenuating the activity of nuclear factor-kappa B 

(NF-κB) [108]. Nuclear Factor-kappa B (NF-κB) constitutes a protein complex that holds a crucial 

function in governing the expression of genes implicated in immune responses, inflammation, cell 

survival, and diverse physiological processes. NF-κB regulates the expression of genes that encode 

pro-inflammatory cytokines (such as TNF-α, IL-6), chemokines, and adhesion molecules. This 

contributes to the initiation and amplification of the immune response. Some probiotics have 

been shown to downregulate NF-κB activation, leading to reduced expression of pro-inflammatory 

cytokines and a dampened inflammatory response [109]. 
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The immunoregulatory effects of probiotics on suppressing the NF-κB pathway have been 

documented in individuals diagnosed with ulcerative colitis (UC), a significant type of 

inflammatory bowel disease. Hegazy et al. [110] administered Lactobacillus delbruekii and 

Lactobacillus fermentum probiotics to patients suffering from moderate UC initially confirmed 

with evidence of colonic mucosal injury and inflammation and led to increased colonic MPO 

activity, elevated fecal calprotectin levels, and heightened expression of TNF-α and NF-κB p65 

proteins within the colon. At the end of the 8-week intervention, the probiotics significantly 

ameliorated the inflammation by decreasing the colonic concentration of IL-6, expression of TNF-α 

and NF-κB p65 [110]. 

L. casei and L. paracasei probiotics were reported to inhibit the generation of pro-inflammatory 

cytokines by preventing the phosphorylation of IκBα, hindering the nuclear movement of p65, and 

reinstating the degradation of IκBα [111, 112]. L. plantarum and L. brevis have also demonstrated 

similar inhibitory impacts on the NF-κB pathway. L. plantarum achieves this by reducing the 

binding activity of NF-κB. [113], meanwhile, L. brevis hinders the phosphorylation of interleukin 1 

receptor-associated kinase 1 (IRAK1) and AKT [114]. Bifidobacterium infantis and Streptococcus 

salivarius likewise decrease the activation of NF-κB [109]. These are clear evidence of probiotics' 

ability to inactivate pro-inflammatory cytokines and maintain a stable immune system. 

4.2.2 Toll-like Receptor Modulation (TLRs) 

Probiotics can modulate Toll-like receptors (TLRs) as part of their interactions with the immune 

system and the gut microbiota [115]. TLRs are a category of pattern recognition receptors (PRRs) 

essential for detecting pathogen-associated molecular patterns (PAMPs) present in various 

microorganisms. Activation of TLRs triggers immune responses and contributes to the defense 

against infections [116]. The TLR signaling pathway leads to the aggregation of myeloid 

differentiation primary response 88 (MyD88) that stimulates the mitogen-activated protein kinase 

(MAPK) and nuclear factor kappa B (NF–κB) signaling routes [7, 114]. A study showed that L. casei 

CRL 431 successfully activated TLR4 in healthy mice and can be applied as a surveillance apparatus 

for disease-causing bacteria [90]. TLR4 stimulation induces pro-inflammatory mediators, regulates 

TLR2 expression, and results in the mobilization of inflammatory cells and the induction of the 

proper spleen responses. TLRs' functions ultimately result in the regulation of bacterial replication 

[117]. 

However, overexpression of TLRs can lead to inflammation and potentially contribute to 

various immune-related disorders. Some probiotics have been reported to downregulate the 

expression of certain TLRs, which can help prevent excessive immune activation and maintain 

immune homeostasis, such as Clostridium butyricum TO-A, which was reported to downregulate 

TLR4 mRNA and protein levels when combined with butyrate in HT-29 cells [118]. Other strains of 

probiotics can also interfere with TLR signaling pathways, leading to reduced activation of 

downstream inflammatory responses. This can help modulate the immune response and prevent 

exaggerated inflammation. According to Finamore et al [119], through an in vitro experiment 

involving human intestinal Caco-2/TC7 cells and intestinal explants from 5-week-old crossbreed 

piglets treated with enterotoxigenic Escherichia coli (ETEC) K88, Lactobacillus amylovorus has 

demonstrated its capacity to inhibit TLR4 inflammatory signaling pathway. The observation 

revealed that Escherichia coli (ETEC) K88 suppressed the activation of various stages within the 
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TLR4 signaling pathway by inhibiting the phosphorylation of key activators of NF-κB signaling, 

including the IKKα, IKKβ, IκBα [119]. 

4.2.3 Nucleotide-Binding Oligomerization Domain-Like Receptor Modulation 

Nucleotide-binding oligomerization-domain-like receptors or NOD-like receptors (NLRs) are 

another set of membrane-bound receptors found in the cytoplasm and are essential in tissues 

with low levels of TLR expression [117]. There are more than 20 different NLRs, but NOD1 and 

NOD2 are the most characterized [117, 120]. Some probiotics, such as L. delbrueckii subsp, can 

enhance NLR expression. L. bulgaricus NIAI B6 and L. gasseri JCM1131 T were reported to enhance 

NLRP3 expression in adult and newborn swine gut-associated lymphoid tissue (GALT), indicating 

that immunobiotic Lactobacillus strains upregulate NLRP3 expression using the signaling pathway 

mediated via TLR and NOD, causing NLRP3 stimulation in porcine Gut-associated lymphoid tissue 

(GALT) [121]. It has also been predicted that NLRP3 plays a significant function in the modulation 

of inflammation in the human intestine, as seen in Crohn's disease, and that the expression of 

dysregulated NLRP3 disrupts immune homeostasis linked to human auto-inflammatory disorders 

[105]. 

4.2.4 Modulation of Dendritic Cells 

Probiotics can influence the maturation and function of dendritic cells. Dendritic cells are 

known for their characteristic branched projections and are responsible for sending antigen 

material and presenting it to the surface of immune system B or T cells. T cells develop in response 

to cytokine, distinct regulatory T cells, and TH1, TH2, and TH17 subpopulations Raphael et al. [12]. 

DCs are fundamental in producing immune responses and are found in several gastrointestinal 

tract locations. DCs regulate the differentiation of Th1 and Th2 responses, either by their cytokines 

or by providing co-stimulation for T cells, which can then multiply and develop cytokines and 

chemokines [4, 122, 123]. 

DCs can direct naive CD4+ T cell differentiation into Th1, Th2, or Th3. In the presence of L. 

rhamnosus, DCs reduced the rapid multiplication of T cells (immature and memory) and the 

release of Interleukins -2, 4, and 10 upon anti-CD3/anti-CD28 activation [7]. Also, oral 

consumption of L. rhamnosus induced the differentiation of CD4+ to Th1 and Th2 cells in vivo 

[124].  

Probiotics modulate DC responses by stimulating different pathogen-sensing signaling 

pathways, including TLR9, TLR2, and NOD2, in a strain-specific manner [7]. 

4.2.5 Regulatory T Cells (Tregs) 

Tregs are a specialized subset of CD4+ T lymphocytes that play a crucial role in immune 

regulation and maintaining self-tolerance [125]. They are essential for preventing excessive 

immune responses against self-antigens and maintaining immune balance. Tregs exert their 

regulatory effects through multiple mechanisms. They secrete anti-inflammatory cytokines, 

including interleukin-10 (IL-10) and transforming growth factor-beta (TGF-β), which dampen 

immune responses [126,127]. Tregs also interact directly with other immune cells to suppress 
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their activation. Probiotics have demonstrated the ability to enhance the formation and function 

of Tregs, which are immune cells specialized in suppressing excessive immune responses. 
Zhao et al  [128] used combined probiotics comprising of Bifidobacterium, Lactobacillus， and 

Enterococcus to upregulate the abundance of CD4 + CD25 + Foxp3 + T cells in mesenteric lymph 

nodes in addition to the reported upregulation of interleukin (IL)-2, IL-4 and IL-10 expression in 

colonic tissues from colitis mice. In the same study, it was reported that the combined Bifico 

probiotics were able to downregulate interferon-γ and TNF-α. 

5. Concerns About the Safety of Probiotics 

Probiotics are typically considered to be safe for a healthy population. The safe use of 

probiotics has been evaluated in various reviews and clinical trials to establish the possible side 

effects on the host cells. No harmful effects have been observed in controlled clinical trials, 

according to the available data with the most used strains of Lactobacilli and Bifidobacteria [129].  

Since humans began to consume fermented milk as a food, LAB, which includes various 

Enterococcus, Streptococcus, and Lactobacillus species, has been consumed regularly and is 

considered safe to use even though they are opportunistic pathogens [130]. Lactobacillus 

acidophilus, for example, has been utilized as a probiotic to boost the immune system and treat 

several diseases such as Canker sores, Hives, Fever blisters, Cancer, and General digestion 

problems [131]. However, caution should be taken in administering probiotics in 

immunocompromised individuals such as infants, patients with catheters inserted into large veins, 

patients who recently had surgery, or patients with severe medical conditions. When administered 

in adequate proportion to the right individuals, probiotics can be a handy therapeutic tool. 

However, if taken without indications and administered unregulated, probiotics may result in a 

harmful effect on the host [132]. 

Probiotic use has been linked to the production of toxic substances, infections, hyper-

regulation of the immune system, and antibiotic resistance genes transfer from probiotic 

microorganisms to other microorganisms in the digestive tract [133-136]. 

5.1 Immune System Deviation or Hyperactivation in Immuno-Suppressed Individuals 

Probiotics can trigger allergic reactions in the host cell and cause mild gut problems such as 

bloating, diarrhea, stomach upset, or gas, particularly when newly consumed. However, these 

symptoms do not usually last long once the body gets used to the probiotics [137]. 

The microbiota in the intestine is essential for optimal immunological function, particularly in 

providing innate immunity, establishing germinal centers within lymphoid follicles, and forming 

and maintaining oral tolerance to dietary antigens. Introducing probiotic strains may alter the 

existing intestinal microbiota's initial configuration and result in significant adverse 

immunomodulatory effects.  

For instance, it was reported that Probiotic Lactobacillus species increased the Th1 cytokine 

interferon γ production in some human clinical trials and was shown to inhibit Th2 cytokine 

activity in vitro [138]. The overproduction of Th1 interferon γ may harm the fetus's survival during 

pregnancy. 
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5.2 Mutagenesis/ Microbial Resistance 

After administration, Probiotics can develop in the host gut and become less effective and 

perhaps even harmful by introducing drug-resistant strains. The response of probiotic organisms 

to different stressors was analyzed using laboratory mice and showed that probiotics can cause 

the host system to develop antibiotic resistance [139]. 

Likewise, there are concerns regarding the possibility of probiotic strains from pathogenic 

origin transferring antibiotic-resistance genes to the host intestinal microbiota. This poses a 

significant threat since a majority of Lactobacillus strains are particularly resistant to common 

antibiotics such as vancomycin, tetracycline, chloramphenicol, and erythromycin, raising severe 

concerns about the spread of resistance to more dangerous organisms like Staphylococcus aureus 

and enterococci [140]. 

5.3 Undesirable Metabolic Events 

The gut microbiota plays a crucial role in the host's metabolic functions, such as glucose 

homeostasis, complex carbohydrate digestion, and lipid metabolism. Introducing probiotic 

microorganisms can disrupt the normal metabolic activities in the intestinal mucosal and have 

consequential effects on the entire organism. However, such undesirable effects seem temporary 

until the internal environment reaches a homeostatic balance [141]. 

5.4 Intestinal Side Effects 

While it has been reported that probiotics positively impact human health, it is essential to be 

cautious about taking probiotic supplements. This is especially important for individuals with 

underlying medical issues, including those with immune-compromised systems, pregnant women, 

sick infants, and those recovering from previous surgery. Evidence suggests that taking probiotics 

can lead to harsh side effects, including dangerous infections, in the individuals mentioned above. 

Minor gastrointestinal problems such as taste disturbance, flatulence, soft stools, nausea, and 

abdominal cramping have also been reported in people using probiotics. Using probiotics to 

prevent Clostridioides difficile-related diarrhea revealed that patients who were given probiotics 

were 18%-20% less likely than controls to have these side effects [142]. 

5.5 Virulent Trait Expression 

Probiotic strains tend to return to a virulence state, particularly those of pathogenic origin, 

when under favorable conditions. One of the main concerns about probiotics' safety is their 

capacity to attach to the intestine's mucosal surfaces, which is crucial for their function. On the 

other hand, attachment to the intestinal mucosa may enhance the risk of bacterial virulence and 

translocation. The potency of probiotics may, therefore, also increase their pathogenicity. A study 

conducted by Apostolou et al [143] supports the link between mucosal adherence and 

pathogenicity in Lactobacillus spp. Lactobacillus spp. According to the researchers, blood culture 

isolates attach to the intestine's mucosal surface in larger numbers than isolates of human feces 

or dairy foods. Probiotics have also been shown to cause sepsis in murine experiments. For 

example, Wagner et al [144] investigated and colonized athymic mice with various human isolates 

of Bifidobacterium animalis, L. reuteri, L. acidophilus, and LGG. While the probiotics did not cause 
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any harmful effects in the mice, colonization with LGG and L. reuteri strains resulted in the 

mortality of specific athymic neonatal mice. This research indicates that neonates lacking proper 

immune defenses might face an elevated likelihood of experiencing probiotic-related sepsis. 

5.6 Excessive Immune System Stimulation in Vulnerable Hosts 

Some research has found that probiotics can cause severe infections and other side effects. 

Probiotics have been associated with an increased risk of autoimmune inflammation and other 

autoimmune illnesses in some people because of excessive stimulation of immunological 

responses. This is more prevalent in people with immune system disorders, those who have 

previously undergone surgery, and those who are incredibly sick [145]. 

Probiotics can collaborate with commensal bacteria to cause an immune problem and can 

directly impact the host. One of the significant challenges for future study is to understand these 

connections. Other significant challenges include understanding their mechanisms of action, 

knowing more specifically the probiotic strains capable of conferring which health benefits, and 

determining the concentration needed to achieve those effects [146]. 

6. Conclusion 

The immunomodulatory benefits of probiotics have been demonstrated in several pieces of 

research, as reported in this review, which has recently gained much attention in maintaining 

intestinal homeostasis and inducing the mucosal immune system. Available research findings 

indicate that probiotics have multidimensional Immunomodulatory beneficial effects on human 

health.  

The activities of these probiotics are experienced within the intestinal epithelial cells, dendritic 

cells, neutrophils, and macrophages. Nonetheless, it's crucial to highlight that the therapeutic 

advantages of probiotics are unique to specific strains. Hence, the outcome of one strain cannot 

be extended to another. Most currently available probiotic strains have varying limitations ranging 

from non-specificity of probiotics for various pathogens, poor activities, low-stress tolerance, and 

difficulty in establishing the appropriate dosage. Despite the promising potential, this, in addition 

to some of the reported safety concerns, has hampered the wide use of probiotics in clinical 

settings. 

Therefore, there is a need for more research to fully establish the safety concerns regarding the 

wide use of probiotics in treating diseases. This further necessitates the need for future research 

to aggressively focus on producing cheap, bioengineered probiotics that are both safe and 

effective and continuous research on new biotherapies for the prevention and treatment of 

diseases. Furthermore, we can explore how various strains influence host immune responses, 

shedding light on the presently ambiguous mechanisms through which probiotics modify signaling 

processes within host cells. This involves identifying distinct probiotic reactions, significant 

effector molecules, and the altered signaling events within host cells that play a role. 

7. Limitations of the Review 

This is a narrative review on the immunomodulatory effects of probiotics as documented by 

various authors and comprised of several claims and reports that have not been independently 
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proven by clinical trials and, therefore, may not truly serve as scientific evidence for the reported 

effects. It was also observed that there were claims and counterclaims on the impact of certain 

strains of probiotics. For instance, some authors reported upregulation, while others documented 

downregulation of similar signaling pathways by the same bacteria species. It is vital to state that 

the probiotic strains employed for various therapeutic purposes should undergo several animal 

studies and human clinical trials to validate their safety and suitability claims. However, the 

findings documented in this review have opened opportunities for future research exploring 

probiotics' various reported mechanisms and beneficial effects for best clinical decisions. 
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