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ABSTRACT

Immune homeostasis depends on gut microbes and the immune system. Using non-pharmacological methods, probiotics and prebiotics
strengthen immunity and lower the incidence of infectious diseases. Prebiotics mainly use microbial fermentation to promote the
development and activity of advantageous microorganisms. Short-chain fatty acids (SCAFs) synthesized by prebiotics, support innate
and adaptive immunity, modulate inflammatory pathways, and fortify epithelial barriers. By strengthening mucosal defenses, encouraging
IgA secretion, competing with pathogens, and reestablishing microbial balance, they provide health benefits. Both prebiotics and
probiotics are useful in treating respiratory, urogenital, parasitic, and helminths infections as well as gastrointestinal infections, antibiotic-
associated diarrhea, and recurrent Clostridium difficile. Additionally, they are involved in parasite infections, antiviral immunity, and
vaccine response. Personalized microbiome-based therapies, next-generation probiotic development, and growing interest in synbiotics
and postbiotics are some of the future directions. Prebiotics and probiotics can be used to modify the gut microbiota, which is a promising

and practical way to improve host immunity and reduce the risk of infectious diseases.
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Introduction

Nearly 70% of immune cells are found in the gut, which is the body's largest
immune site [1]. Immune balance is largely dependent on the on-going
communication between immune cells and gut microbes. This microbial
ecosystem, which is composed of bacteria, viruses, fungi, and archaea,
affects the host's digestion, metabolism, neurodevelopment, and immunity
[2]. Sequencing technology have significance in gut microbiota that affects
immune function and susceptibility to infectious diseases. Probiotics and
prebiotics have shown potential as non-pharmacological treatments that can
lower the burden of disease and strengthen the immune system [3].

1. The Gut Microbiota as an Immune Organ

At birth, development of gut microbiota starts and continues throughout life,
influenced by host genetics, environment, antibiotic exposure, and diet.
Tens of trillions of microorganisms in the gut by adulthood collectively
encode millions of genes, far more than the human genome [4]. The
metabolic and biochemical processes necessary for maintaining
homeostasis are made possible by this genetic reservoir, which is frequently
referred to as the microbiome [5]. Following are the mechanism:

1.1. Regulation of innate and adaptive immunity

Microbial interactions boost mucus production, epithelial barriers, and
antimicrobial peptides. Pattern recognition receptors like Toll-like receptors
detect microbial signals and trigger controlled immune responses that
maintain vigilance without inflammation [6]. Commensal microbes
differentiate Tregs, Thl7s, and B cells, affecting tolerance and pathogen
defense [7].

1.2. Colonization resistance

A healthy microbiota fights pathogens through nutrient competition, pH
modulation, bacteria production, and mucosal barrier strengthening.
Microbial imbalance from dysbiosis compromises these functions [8]. It
increases the risk of infections, inflammatory disease, neuropsychiatric
disorders, and metabolic disorders. Thus, modern therapeutics must restore
microbiota balance [9].

2. Prebiotics and host immunity

In general, prebiotics are food ingredients made of oligosaccharides that are
beneficial to the health of the host but are not digested by the host. Only
inulin and galacto-oligosaccharides, which are found in some plants as
storage carbohydrates and natural food ingredients, currently meet all the
requirements for prebiotic classification [10]. Prebiotics are therefore
applicable not only to selectively fermented food components but also to
the majority of dietary fibers that are fermentable carbohydrates. Although,
prebiotic could be any kind of food that encourages the growth of good
bacteria, which support gut homeostasis and overall health [11].

The host lacks the enzymatic capacity to break down fiber carbohydrates,
such as beta-glucan, cellulose, lignin, and pectin. However, residential
bacteria can ferment these constituents into SCFAs. Prebiotics are
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selectively fermented substrates and support gut microorganisms. Inulin,
fructo-& galacto-oligosaccharides, resistant starch, and plant fibers are
prebiotics [12].

Support beneficial microbes

Increase SCFA production

Improve gut barrier function and immunity

3. Probiotics and host immunity

Gut bacteria could regulate health and illness. Metchnikoff postulated that
toxins generated by a putrefactive microbe in the colon could prevent other
bacteria from growing. Live microorganisms when administrated in suitable
amount and provide benefits to human health are probiotics [13]. Numerous
studies have demonstrated the critical roles that Nod-like receptors, Toll-
like receptors, and pattern recognition receptors (PRRs) play in preserving
a stable and healthy relationship between microbiota and host.
Inflammatory responses are controlled by NLRs, pro-inflammatory
mediators are regulated by the activation of TLRs, and commensal
microbiota activation of PRRs has evolved to support gut homeostasis [14].
Probiotic strains must:

Resist bile and stomach acidity

Colonize the gut, even temporarily, in order to be deemed effective

Show measurable health advantages

Safe for ingestion by humans

4. Mechanisms by Which Prebiotics and Probiotics Enhance Immunity
4.1. Strengthening the Gut Barrier

Probiotics and prebiotics both maintain epithelial integrity, which is
essential for stopping the spread of pathogens. SCFAs from prebiotics
support tight junction proteins and probiotic bacteria alter host gene
expression, boost mucin synthesis, and prevent pathogens from adhering to
the epithelium [15].

4.2. Enhancing Innate Inmune Responses

Probiotic strains stimulate dendritic cell maturation, encourage the release
of IgA, an antibody necessary for neutralizing pathogens in the gut lumen,
and stimulate the phagocytic activity of macrophages [16].

4.3. Modulating Inflammatory Pathways

Immune defenses are weakened by persistent inflammation. SCFAs from
prebiotic fermentation reduce inappropriate inflammation that can harm
mucosal tissues and increase susceptibility to infection by inhibiting NF-xB
signaling and promoting Treg development [17].

4.4. Balancing Gut Dysbiosis after Antibiotic use

Antibiotics change the composition of microbiota, which lowers the
diversity of microbes and lets opportunistic pathogens like Clostridioides
difficile grow. Probiotics and prebiotics can speed up the process of getting
back to healthy microbial communities [18].
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5. Applications in Infectious Disease Management

5.1. Gastrointestinal Infections

Probiotics have demonstrated significant benefit in lessening the intensity
and duration of bacterial and viral diarrhea. Their mechanisms include
stronger immune responses and better barrier function. When combined
with antibiotics, probiotics may lower the recurrence of Clostridioides
difficile infection (CDI). They help restore colonization resistance, but they
are not a stand-alone treatment [19]. After using broad-spectrum antibiotics,
Antibiotic-associated diarrhea (AAD) is frequently observed. Probiotics
reduce the risk of AAD and preserve microbial balance, especially in young
people and the elderly [20].

5.2. Respiratory Tract Infections

The gut microbes can influence respiratory immunity. By improving the
composition of gut microbes, some prebiotics also strengthen the immune
system in the lungs. SCFAs influence immune responses in the respiratory
system and circulate throughout the body [21].

5.3. Urogenital Infections

The acidic vaginal environment, which inhibits harmful bacteria and yeast,
is maintained by probiotics, particularly Lactobacillus species. Probiotics
taken orally and intravaginally have been shown to help prevent bacterial
vaginosis and recurrent UTIs [22].

5.4. Viral Infections and Immune Defense

The impact of microbiota modulation on antiviral immunity has been
studied in light of the increased interest in immune resilience following the
COVID-19 pandemic. By promoting a healthy gut ecology, prebiotics can
increase the effectiveness of vaccines. Gut microbiota contribute to antiviral
defense, and modifying it with help of prebiotics and probiotics [23].

6. Current Research and Future Directions

Personalized approaches are becoming more popular as it is becoming more
widely acknowledge that, soon be possible to customize probiotic
interventions based on a person's microbial profile. Research is expanding
beyond traditional Lactobacillus and Bifidobacterium species to include,
Akkermansia muciniphila, Faecalibacterium prausnitzii and engineered
microbial strains. These organisms could enhance metabolic health and
immune regulation [24].

Synbiotics, combinations of probiotics and prebiotics, may have
complementary advantages. Non-viable microbial products from
postbiotics, like peptides, SCFAs, and cell wall components, are attracting
interest because they boost immunity without difficulties of maintaining
microbial viability in supplements [25].

7. Conclusion
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Prebiotics and probiotics provide evidence-based methods for managing
and preventing infectious diseases. Ongoing research continues to reveal
the enormous therapeutic potential of microbiota-based strategies, despite
ongoing challenges in formulation optimization, safety assurance, and
customizing interventions to individual microbiomes. Prebiotics and
probiotics stand out as important, readily available tools for boosting host
immunity and fostering long-term health as antibiotic resistance increases
and the worldwide burden of infectious diseases continues.
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