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Abstract

robiotics are live microorganisms that, when given in sufficient quantities, benefit the host's health,

especially by supporting the equilibrium of the gut microbiota. These good bacteria are essential for

boosting immunity, reducing inflammation, and strengthening the integrity of the gut barrier. Recent
studies reveal the gut microbiome’s role in systemic inflammation. Probiotics, beneficial microorganisms,
enhance immune health by strengthening gut barriers, modulating cytokine activity, and supporting immune
responses. This review assesses probiotic efficacy in inflammatory diseases, highlighting mechanisms, strain-
specific effects, and research gaps. This study highlighted the benefits of probiotics across various diseases.
In respiratory infections, probiotics like Bifidobacterium lactis enhanced immune responses and shortened
recovery times. For gastrointestinal issues, Bacillus strains alleviated symptoms in dyspepsia and ulcerative
colitis, with improved remission and immune profiles. Dermatological benefits included reduced
inflammation and improved skin in atopic dermatitis. Metabolic disorders saw improved glycemic control and
reduced oxidative stress, particularly in diabetes and NASH. Probiotics also positively influenced mental
health in cardiovascular disease and inflammatory markers in kidney disease. Neurologically, probiotics
reduced migraine symptoms, while in infectious diseases, Lactobacillus fermentum enhanced healing in
lactational abscesses. Cancer treatments benefitted from reduced inflammation and oral mucositis severity.
Probiotics show promise in managing various diseases by enhancing immune function, reducing
inflammation, and supporting microbiome balance, offering complementary therapeutic benefits for
respiratory, gastrointestinal, metabolic, dermatological, and neurological conditions.
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Introduction

Inflammatory diseases characterized by chronic immune
dysregulation and tissue damage and represent a
significant burden on global health, [1]. Probiotics, defined
as live microorganisms that confer health benefits when
administered in adequate amounts, have emerged as a
promising  therapeutic approach for modulating
inflammatory responses [2]. In recent years, the intricate
relationship between probiotics, gut microbiome and
systemic inflammation has been observed and getting
substantial attention within the scientific community.

Our gut is a complex environment and home of diverse
microbial communities also referred to as gut microbiome
that has a huge impact on our overall health. This
microbial community and probiotics have a strong impact
on immune system, boost immunity, reduce infections and
maintain gut health [3]. Mechanistically, these probiotics
increase the mucus secretion, increase production of IgA
in gut and activate tight junctions, strengthen the
intestinal barrier, and stop invading pathogens from
intestine to blood circulation [4]. The probiotics increase
the synthesis of cytokine by interacting with various
immune cells like B cells, dendritic cells and macrophages
and create balance between anti-inflammatory cytokines
and pro-inflammatory cytokines which helps regulate
immune responses [5]. Studies suggested that probiotics
improve various disease conditions like gastrointestinal
disorders (e.g. ulcerative colitis, irritable bowel syndrome,
gastroenteritis, traveler’s diarrhea) and several metabolic
diseases (e.g. obesity, diabetes, respiratory infections)
allergy and urinary tract and vaginal infections [6]. It has
been suggested that a healthy gut flora may the future of
healthcare and help us discover new avenues for
preventative medicine and improving overall health [7].
This systematic review evaluates the efficacy of probiotics
in inflammatory conditions, synthesizing evidence from
randomized controlled trials and their effects on various
diseases.

Methods

Literature Search and Selection Criteria

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. A comprehensive
literature search was performed using the electronic
database PubMed/MEDLINE. The search strategy
incorporated a combination of free-text keywords related
to probiotics and inflammatory diseases, using Boolean
operators.

First, records were identified from the NCBI PubMed
databases, resulting in 6088 entries. Of these, 243 records
are removed before screening because they lack full-text
availability. Next, 5845 records are screened, and 5808 are
excluded due to lack of associated data or not being
randomized controlled trials conducted within the last five

years. From the remaining records, 37 reports are sought
for retrieval, with 5 reports not retrieved, leaving 32
reports assessed for eligibility. During eligibility
assessment, 7 reports were excluded because they either
did not focus on probiotics, lacked a defined probiotic
dose, investigated non-specific diseases or non-probiotic
interventions, or incorporated an anti-inflammatory diet
instead of probiotics. Ultimately, 25 studies are included in
the final review after this systematic selection process.
(table 1, figure 1).

Discussion

In this review, we found that the various probiotics and
synbiotics significantly improve the health by reducing
inflammation, increasing immune response and
modulating gut microbiota which ultimately beneficial
effects in various diseases like cancer and diabetes. The
effect of probiotics is also given as follows

Respiratory Disease

Respiratory tract infections (RTI), have a huge burden
on healthcare systems worldwide. it is caused by various
bacterial (Haemophilus influenzae, Streptococcus
pneumoniae and Moraxella catarrhalis) and
viral (rhinovirus, coronavirus) infections [8].

Studies suggested that various probiotics decrease RTI
by improving mucosal barriers and immune system. They
regulate both adaptive and innate immunity, accelerate
synthesis of IgA production, and decrease inflammation.
Some Clinical evidence shows probiotics lower infection
incidence, duration, and antibiotic use, making them a safe
adjunct for respiratory health [9]. The administration of
probiotic Bifidobacterium lactis (Probio-M8) adjunctively
with Symbicort Turbuhaler with a dose of 2
sachets of 3x10'° colony forming units (CFU) per
sachets daily in asthma patients for 13 weeks activates
gut-lung axis and improves of various anti-inflammatory
pathways alleviates symptoms of asthma [10]. In
influenza-induced ARTIs pediatric patients,
administration of nasal-spraying probiotic “LiveSpo
Navax” significantly reduced recovery time by 2 days and
increased treatment effectiveness by 58%, while
decreasing viral load, bacterial concentration, and pro-
inflammatory cytokines [11].

Gastrointestinal Disorders

The digestive system (gastrointestinal) is not only a single
passage from the mouth to the anus, but also a link
between the body and the external environment. Gut-
associated lymphoid tissue (GALT), which is present in the
intestinal mucosa, is the largest immune organ in the
human body. By stimulating the interaction between the
immune system and the local microorganisms, GALT
maintains the balance between beneficial microorganisms
and resistance to pathogenic microorganisms [12]. The
pilot trial of Wauters, L. 2021 demonstrated that the spore-
forming probiotics Bacillus coagulans MY01 and Bacillus
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subtilis MY02 significantly improved symptoms in patients
with functional dyspepsia compared to placebo, with a
higher clinical response rate and comparable safety
profiles. Beneficial immune and microbial changes suggest
potential mechanisms for treatment efficacy [13]. The
supplementation of probiotic capsules containing nine
Lactobacillus and five Bifidobacterium species (3x10%°
CFU) significantly lower Partial Mayo scores and C-
reactive protein and increased hemoglobin and IL-10 levels
and ultimately decreased remission rates of mild-to-
moderately active ulcerative colitis patients [14]. Similarly
in ulcerative colitis patients’ administration of probiotic
Lactobacillus and Bifidobacterium species (3x10'° CFU),
thrice daily for 6 weeks significantly enhanced SIBDQ
(short inflammatory bowel disease questionnaire) scores
and improve quality of life [15]. Consumption of
Escherichia coli Nissle 1917 (EcN) (2.5x10° CFU) daily for 8
weeks decrease Inflammatory Bowel Disease Questionnaire
(IBDQ) scores and enhanced clinical response and
endoscopic remission ulcerative colitis patients [16].
Liquid-form of Bacillus clausii spores (LiveSpo CLAUSY; 2
billion CFU/5 mL ampoule) at high doses (4-6
ampoules/day) significantly shortened recovery time by 3
days and improved treatment efficacy in children with
persistent diarrhea patients [17]. Administration of
Saccharomyces boulardii CNCM 1-745 (600 mg/day
contains1x10° CFU per capsule) 3 capsules of 200 mg each
significantly improved symptoms of viral acute diarrhea,
with 70% of patients showed improvement after 4 days
[18]. The consumption of multi-strain probiotic in COVID-
19 associated diarrhea patients reduces duration of
diarrhea up to 4 days and lower incidence of hospital-
acquired diarrhea [19].

Dermatological Disease

The skin is a home to a vast community of bacteria known
as the surface skin microbiome, which together create an
intricate system inside a complex ecosystem. This intricate
web of microbes is essential for preventing serious
illnesses and preserving the health of the skin. Probiotics
are living microorganisms with health advantages; their
use has made them a viable option for people who seek
beautiful, healthy skin [20] Through microenvironment
modulation, these beneficial bacteria can significantly
improve the skin's microbiota. Probiotics increase the
development of beneficial microbes and prevent the
growth of dangerous ones, creating an environment that is
less prone to infections. Moreover, they strengthen the
skin's protective layer, making it better able to hold onto
moisture and defend against invaders. Administration of
Lactobacillus rhamnosus GG (1x10'° CFU daily) for 12
weeks in children with atopic dermatitis (AD) reduce
scoring atopic dermatitis (SCORAD) index and improved
quality of life scores [21]. Similarly, the consumption of
probiotic mixture L. plantarum PBS067, L. reuteri PBS072
and L. rhamnosus LRH020 (1x10° CFU) daily for 56 days in
adults with mild-to-severe atopic dermatitis improved skin

smoothness, moisturization, and reduced inflammatory
markers and SCORAD score [22].

Metabolic and Endocrine Disorders

Recent literature suggested that various metabolic and
endocrine disorders are also improved by using probiotics
which enhance immune responses, modulate gut
microbiota, and reduce systemic inflammation. In a pilot
study, Bacillus subtilis strain DE111 (1 x 10° CFU and 15
mg capsule per day) for 4-week increases anti-
inflammatory immune cell populations in healthy adult
individuals [23]. In a 24-week study, obese patients with
type 2 diabetes received synbiotics consisting of
Lactobacillus paracasei strain Shirota and Bifidobacterium
breve strain Yakult, along with galactooligosaccharides, at
a dosage of 5 billion CFU per day improve gut microbiota
composition, increasing Bifidobacterium and total
lactobacilli, along with higher fecal acetic and butyric acid
levels, suggesting beneficial effects on the gut
environment despite unchanged inflammatory markers
[24].

In an 8-week randomized, placebo-controlled trial,
women with type 2 diabetes mellitus (T2DM) were given
Lactobacillus rhamnosus GG (ATCC 53103) at a dose of 10
x 10° CFU/day increases the expression of mucin 2 and 3A
genes, indicating improved intestinal barrier function.
Additionally, daily fat consumption, body weight, and body
fat were considerably reduced in the probiotic group [25].
In gestational diabetes mellitus, the supplementation of
probiotics mixture (Lactobacillus acidophilus,
Lactobacillus  casei, Bifidobacterium bifidum and
Lactobacillus fermentum) 2x10° CFU/g per day for 6 weeks
leading to better glycemic control, lipid profiles,
inflammation, and oxidative stress markers [26]. In
patients with nonalcoholic steatohepatitis (NASH),
supplementation of probiotics Lactobacillus acidophilus
and Bifidobacterium lactis (1x10° CFU each) for 6
months, leading to better (AST to Platelet Ratio Index)
APRI scores [27]. In patients with metabolic-associated
fatty liver disease (MAFLD), multi-strain probiotics
(Lactobacillus fermentum, Lactobacillus reuteri,
Lactobacillus plantarum, daily for 60 days) significantly
improved liver function and lowered uric acid levels [28].
In women with polycystic ovary syndrome, 2 g of Bacillus
coagulans synbiotic daily for 12 weeks improved
inflammatory markers (C-reactive protein) but did not
significantly affect lipid profiles or atherogenic indexes
[29].

Cardiovascular Diseases

In patients with coronary artery disease, co-
supplementation with Lactobacillus rhamnosus GG (1.9 x
10° CFU) and inulin (15 g) for 8 weeks significantly
decreased depression (Beck's Depression Inventory score),
anxiety (The State-Trait Anxiety Inventory score), and
inflammatory markers (hs-CRP, TNF-a), improving overall
mental health of these patients [30].
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Kidney and Urological Disorders

In end-stage renal disease patients on haemodialysis,
high-dose probiotic supplementation (1x10!'! CFU/day) for
6 months significantly reduced indoxyl sulfate (breakdown
of dietary tryptophan) levels [31]. In haemodialysis
patients, synbiotic supplementation (15 g prebiotics, 5 g
probiotics) for 12 weeks significantly decreased hs-CRP,
interleukin-6, endotoxin, and anti-HSP70 [32].

Neurological Conditions

The gut-brain axis, a complex communication network
between the gut microbiota and the CNS, is being studied
extensively. These probiotics can positively influence brain
function by inhibiting harmful bacteria, regulating
neurotransmitters, and reducing inflammation [33]. Study
suggested that the supplementation of synbiotics (12
probiotics and fructooligosaccharides) for 12 weeks in
migraines patients significantly reduce in migraine
frequency, painkiller use, gastrointestinal issues, serum
zonulin, and Hs-CRP levels and concluded that this
Synbiotics may serve as a complementary treatment to
alleviate  migraine  characteristics and improve
inflammatory and gut permeability markers [34].

Infectious Diseases and Related Complications

The administration of Lactobacillus fermentum CECT5716
in patients with lactational breast abscesses (3-6 cm)
during needle aspiration. significantly increase cure rate
and may accelerate healing in lactational breast abscesses
[35].

Cancer

Dysbiosis, an imbalance in gut microbiota, may contribute
to cancer development. Probiotics, live microorganisms,
offer potential benefits in cancer prevention and treatment
by modifying the immune system, reducing inflammation,
and directly fighting malignancies [36]. The
supplementation of probiotic cocktail for 8 weeks on oral
mucositis in nasopharyngeal cancer patients, significantly
reducing OM severity [37]. The synbiotic supplement
containing 10° CFU/day for 8 weeks on breast cancer
patients significantly increases in adiponectin levels and
reductions in TNF-a and hs-CRP, indicating improved
inflammatory markers related to recurrence [38].

In this review we found that probiotics have shown a
promising role in managing a range of health conditions
through mechanisms such as reducing inflammation,
enhancing immune responses, and modulating gut
microbiota. In asthmatic patients, probiotics have been
associated with reducing lung inflammation, potentially
improving respiratory health. Similarly, in cases of
functional dyspepsia, they may lead to beneficial immune
and microbial changes, indicating a broader impact on gut
health. Specific populations, including those with oral
mucositis (OM) due to nasopharyngeal cancer, have
experienced reduced severity of symptoms linked to
improved immune response and altered gut microbiota

structure. Atopic dermatitis has also demonstrated
beneficial effects through modulation of both gut and skin
microbiomes, thereby improving disease severity and
quality of life. In obese patients with Type 2 diabetes
mellitus, while inflammatory markers showed little
change, there was an improvement in gut environmental
conditions. These findings suggest that probiotics may
offer a multifaceted approach to enhancing health and
managing disease, particularly in chronic conditions with
inflammatory components.

There are several pathways given below by which the
probiotics can affect our metabolism (table 2). These
pathways are given below

The Gut-Immune Axis: An Intentional Partnership

The gastrointestinal system (GI tract) is not only
passageway of digestive system that extends from mouth
to anus but also a system by which the body is connected
with the external environment. The gut-associated
lymphoid tissue (GALT) is largest immune organ of the
human body and located in intestinal mucosa. By
stimulating the interaction between the immune system
and the local microbiota, GALT maintains equilibrium
between good microorganisms and resistance against
pathogenic microbes [12]. Research indicated that the body
could improve gut health and boost immunity when it
receives enough probiotics. There are several theories on
the mechanism of action of probiotics and their impact on
immune system regulation (figure 2).

Probiotics compete with harmful microorganisms for
adhesion sites on the intestinal epithelium, which inhibit
colony formation and subsequent infections. The use of
probiotics can improve mucus production and strengthen
intestinal tight junctions, forming a physical barrier that
keeps toxins and infections out. Probiotics modify the
immune response due to the interaction with immune cells
in the stomach, such as dendritic and macrophage cells.
This mutual action controls the generation of pro- and
anti-inflammatory responses, resulting in tolerance to
good bacteria and prevention of hazardous infections.
Metabolites formed by probiotics have the capacity to
modulate the immune system. The short-chain fatty acids
(SCFAs) such as Acetate, butyrate, and propionate, that
can be produced during the breakdown of dietary fibers.
These SCFAs can interact with immune cells and control
their behaviour. [39].

Pathogen competition for adhesion sites:

Probiotics inhibit the growth of harmful bacteria and
prevent their multiplication in gastrointestinal tract. The
probiotic strains such as Lactobacillus (Lactobacillus casei
Shirota) strain and Bifidobacterium species (such as
Bifidobacterium breve and Jongum) are the most
commonly used [40]. By employing two strategies, these
probiotic microbes gain a competitive edge: first strategy
is by raising the acidity level of the intestine in which the
bacteria require neutral or slightly alkaline environment to
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flourish. Lactobacillus and Bifidobacterium species break
down the carbohydrates and produce lactic acid during the
digestion. Due to acidic environment in the intestines, pH
is lowered, and harmful bacteria are prevented from
proliferating and settling in specific regions [41].

In the second strategy, probiotic strains secrete
bacteriocin (ribosomally synthesize peptide with
antibacterial properties) which prevent the multiplication
of pathogenic bacteria by disarraying their essential
biological processes or disrupting their cell membranes,
both of which lead to microbial death [42]. Several
probiotic strains can also create organic acids including
propionic acid, acetic acid, and hydrogen peroxide, these
compounds also have antimicrobial activity [43].

Probiotics and Gut Barrier Function: Mechanisms of
Protection and Integrity by increased synthesis of mucin.
The gut mucosa is the main and a very complex defence
mechanism of the body. The gut mucosal barrier is a
complex and dynamic entity that helps in the defence of
the body against infections. The mucus barrier, mainly
composed of mucin glycoproteins, traps and neutralizes
harmful bacteria before they reach the epithelial lining
[44]. Strains like Lactobacillus and Bifidobacterium
increase mucin production, enhancing the viscosity of
mucus and augmenting the barrier to pathogens, toxins,
and viruses. They also compete with pathogens for
nutrients and produce antimicrobial compounds that
contribute to the defense of the protective mucus barrier
[45]. Goblet cells control the secretion of mucus in the
intestine, and their interaction with probiotics modulates
immune functions, reducing unwanted inflammation and
maintaining gut and systemic health [46].

Probiotics and Gut Barrier Function: Mechanisms of
Protection and Integrity by upregulated expression of tight
junction proteins:

As a transitional barrier, the intestinal epithelium senses
environmental elements essential to survival while
preserving a fine balance between immune tolerance and
protection. To maintain this equilibrium, tight junctions
(TJs) are crucial protein complexes that control cellular
and chemical mobility [47]. Probiotics are essential
because they strengthen the intestinal barrier by
upregulating TJ] proteins such as zonula occludens (ZO)
and occludin [48]. Occludin supports the adhesion of
ductal epithelial cells by forming the structural backbone
of tight junctions [49]. Probiotics also reduce intestinal
permeability and increase adhesive forces. Tight junctions
are further stabilized by ZO proteins, which are connected
to the actin cytoskeleton [50]. By strengthening epithelial
connections and reducing paracellular gaps, increased
expression of ZO-1 and ZO-2 proteins inhibits pathogen
invasion [51]. Furthermore, probiotics indirectly enhance
the gut barrier by supporting the organization and activity
of the actin cytoskeleton, which is a complex network of

protein filaments that serves as the foundation for
epithelial cells [52].

Immune system modulation by chemokines and cytokines
synthesis

These probiotics suppress pro-inflammatory cytokines
such as interleukin-6 (IL-6) and Tumour necrosis factor-
alpha (TNF-a), increases the production of IL-10 (anti-
inflammatory cytokine). Immunological homeostasis, or
the immune system's ability to respond to threats without
going into overdrive and damaging other organs, depends
on the delicate equilibrium. [53]. Probiotics, an integral
part of the gut microbiome, collaborate with immune cells
which line the gut. This contact causes the production of
cytokines and chemokines, which operate as chemical
messengers and help to coordinate immune responses by
recruiting immunologically relevant cells to specific
regions [23]. Probiotics can influence the total immune
response, which affects the generation of signalling
molecules required for a balanced and effective defence
against infections. Several probiotics have been
demonstrated to be efficient at modulating the production
of specific cytokines, demonstrating their complex
character. Probiotics play an important function in cellular
health by intelligently managing the immune system,
stressing the complexities of controlling the body.

Immune system modulation by augmented antigen
presentation through antigen-presenting cells (APCs):
Dendritic cells serve as immune system sentinels,
constantly removing antigens, or foreign molecules, from
the intestinal lumen to enhance antigen presentation.
Probiotic stimulation increases dendritic cell transfer
efficiency of antigens. These activated dendritic cells enter
the gut mucosa and move on to the immune -cell
population known as gut-associated lymphoid tissue
(GALT). Dendritic cells in gut-associated lymphoid tissue
(GALT) transfer the collected antigens to T and B cells,
enabling the adaptive immune system to create a more
potent response against putative gut-associated pathogens
[54].

Immune system modulation by activity of regulatory T
cells (Tregs):

Probiotics have the capability to regulate the function of T
cells, a crucial part of the adaptive immune system.
Research has indicated that specific probiotic strains may
lend a helping hand to control the role of T lymphocytes.
As a primary and anti-inflammatory mediator of
inflammation, the immunosuppressive regulator T-
regulatory cells (Tregs) improve immunological tolerance
to commensal gut microorganisms. Maintaining immune
system homeostasis is critical to halting the advancement
of chronic inflammatory bowel disorders [55].

Immune system modulation by immunomodulatory
metabolites production:
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Immunomodulatory metabolites which help in immune
system control can potentially be produced by probiotics.
Our gut microbiota is largely influenced by our diet.
Prebiotics are a kind of fiber that promotes the growth of
good bacteria but which the body is unable to digest. They
are required for the right consumption of nutrients.
Probiotic bacteria in our colons can rapidly break down
complex carbohydrates like fructooligosaccharides (FOS)
and inulin [56].

Probiotics act as immunomodulators by generating short-
chain fatty acids (SCFAs):

Probiotics facilitate anaerobic fermentation by converting
dietary fibers beneficial compounds, particularly short-
chain fatty acids (SCFAs) [57]. In blood circulation these
SCFAs have a significant impact on gut and immune
function. They act as important signalling molecule that
regulate immune system by promoting T regulatory cells
(Tregs) populations and increase immune tolerance [58].
The three examples of SCFAs are acetate, propionate, and
butyrate and each having a distinct function. The elevated
level of butyrate and propionate are strong anti-
inflammatory and immune-boosting properties [59], the
propionate support colonocyte nutrition and help to
reduce inflammation [60], additionally Butyrate plays
important role in maintenance and integrity of intestinal
barrier. Studies suggested that various probiotic strain like
Bifidobacterium longum, Faecalibacterium prausnitzii and
Lactobacillus plantarum and produce butyrate, propionate
respectively which helps to reduce inflammation, allergy
responses and promotes gut health [5,61-62].

Probiotics enhance the integrity of the Gut Barrier:

In addition to being a passive pathway, the digestive
system exhibits a fascinating and dynamic interaction
between the internal and exterior environments. The
primary defence system against numerous potential
threats to the body is the intricate and diverse gut barrier.
The complicated barrier serves a variety of critical
functions, some of which are more intriguing than others.
The digestive tract's intestinal barrier serves as a very
sensitive intermediary, tightly monitoring the absorption
of nutrients from digested food to ensure their distribution
to the body's cells and tissues [63]. Furthermore, it works
as a powerful defence mechanism, blocking the discharge
of harmful bacteria and their toxins from within the gut
into the bloodstream, so reducing systemic inflammation
and infection [64]. Further, the intestinal barrier plays a
key function in maintaining immunological homeostasis
by developing tolerance to helpful bacteria such as
Lactobacillus and Bifidobacterium, as well as keeping the
body safe from harmful agents of pathogenesis [65]. Such
careful balance is critical for avoiding secondary infections
and autoimmune responses. Probiotics are vitally
important for gut health since they can increase the
potency of the intestinal barrier. Probiotics support a

healthy intestinal environment by fortifying the gut
barrier. As it has been shown in figure 2.

The relationship between chronic inflammation, the gut
microbiome, and the impact of probiotics:

Inflammatory bowel disease (IBD) and other chronic
illnesses can be caused by low-grade chronic infections
and dysbiosis, or an imbalance in the gut microbiota. By
promoting immune and digestive health, maintaining a
healthy gut microbiome may help prevent these illnesses
[66]. Probiotics have anti-inflammatory effects by
regulating cytokine production and collaborating with
immune cells to regulate inflammation [67]. They also
promote the production of short-chain fatty acids (SCFAs),
which strengthen the body's defenses against infections by
enhancing regulatory T cells and suppressing pro-
inflammatory cytokines [68].

The Impact of Probiotics Beyond Digestive Health:

In addition to promoting gut health, probiotics boost
immunity in several organs, reducing the risk of diseases
like  respiratory infections. Understanding their
mechanisms and strain specificity are essential for their
therapeutic effects. Some effect of probiotics as given
follows.

Probiotics in Respiratory Tract Infections:

Probiotics have been shown to significantly lower the
incidence and length of respiratory tract infections (RTIs).
Authors suggested that probiotics may be able to lower the
frequency of upper respiratory tract infections (RTIs) that
necessitate antibiotic treatment and prevent one or more
RTI episodes. Additionally, they were able to reduce the
duration of upper respiratory tract infection (URTI)
symptoms by approximately 1.22 days [69]. Probiotics'
effectiveness in treating respiratory tract infections (RTIs)
varies, and their effects may differ based on the type of
infection. Studies show that adult rhinovirus infection is
less common when Lactobacillus rhamnosus GG is present.
Additionally, it has been demonstrated that using a variety
of Lactobacillus strains helps shield kids from respiratory
infections [70]. Probiotics potential for reducing
respiratory conditions like COVID-19. Oral probiotics
containing Lactobacillus, reduce the incidence of
respiratory failure in COVID-19 cases. Age, health, and
personal risk factors can all affect the optimal probiotic
strain and dosage for preventing respiratory tract
infections [9].

Probiotics in Skin Infections:

By generating substances like lactic acid and bacteriocins
that target pathogenic microorganisms, probiotics show
their antibacterial properties. They additionally minimize
inflammation, encourage wound healing, and control the
skin's immune response. According to research, probiotics
can help produce new blood cells, strengthen the skin's
protective layer, and prevent inflammatory skin infections.
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Probiotics also have the potential to improve wound
healing by promoting beneficial bacteria and lowering
infection rates, and they may help treat acne vulgaris by
enhancing communication between the gut, skin, and body
microbiomes [71].

Probiotics in genital infections:

The vaginal cavity's bacterial balance is essential for
preventing illness. By outcompeting dangerous bacteria
like Gardnerella vaginalis and Candida albicans,
probiotics—especially Lactobacillus strains—help restore
this equilibrium. Lactobacillus creates lactic acid to keep
the environment slightly acidic, which suppresses bad
bacteria and encourages good ones. Probiotics also boost
the vaginal immune system's defenses against infections.
Probiotics aid in the fight against infections and fortify the
vaginal immune system. When administered orally or
intravenously, Lactobacillus rhamnosus has proven to be
an effective treatment for bacterial vaginosis (BV).
Additionally, Lactobacillus acidophilus and Lactobacillus
rhamnosus lessen vulvovaginal candidiasis (VVC) [72]. Use
of probiotics to treat UTIs than for BV and VVC, they may
help prevent UTIs by preventing harmful bacteria from
adhering to the urethra. The strain, dosage, and mode of
administration all affect how effective probiotics are; oral
treatments are more effective for BV than vaginal
suppositories are for VVC [73].

Probiotics in nervous system disorders:

A complex network of communication between the central
nervous system (CNS) and the gut microbiota, known as
the gut-brain axis, is essential to good health. Probiotics
have the potential to indirectly affect brain function by
suppressing harmful bacteria and lowering inflammation.
Their advantages go beyond improving digestion; they also
influence immunological responses and lessen long-term
inflammation associated with neurological conditions.
Additionally, probiotics have an impact on the synthesis of
neurotransmitters that are essential for mood regulation,
such as serotonin and GABA [74]. Probiotics may improve
the stress response and reduce the symptoms of anxiety
and depression by influencing the vagus nerve, a crucial
connection between the gut and the brain. probiotics may
help treat severe neurological disorders like Alzheimer's
disease (AD) and autism spectrum disorder (ASD) by
improving cognitive function and reducing inflammation.
To prove clear therapeutic benefits, more research is
required as probiotic efficacy varies by strain, dosage, and
individual condition [75].

The Role of probiotics in cancer:

Recent studies have demonstrated the connection between
human health and the gut microbiota, demonstrating how
dysbiosis can lead to the development of cancer by causing
immunological dysfunction, metabolic problems, and
chronic inflammation. Researchers are looking into using
probiotics, which are healthy live microorganisms, to
p nt and treat cancer. By encouraging Thl cells and

inhibiting regulatory T cells (Tregs), they can improve
immune responses [76]. Short-chain fatty acids (SCFAs),
which are also produced by probiotics, have anti-
inflammatory, anti-cancer, and anti-new blood vessel
effects. Furthermore, some probiotic strains have
demonstrated the capacity to eradicate cancer cells
directly, indicating a possible use for them in upcoming
cancer treatments [77]. Investigating the effects of
probiotics on cancer types is a developing area of study.
Probiotic therapy, which helps to strengthen the intestinal
barrier, reduce inflammation, and restore microbial
balance, has demonstrated positive responses to colorectal
cancer, which is frequently linked to an imbalance in gut
flora [78]. According to research, probiotics may also affect
breast cancer by altering immune response and estrogen
metabolism. Despite encouraging outcomes from
preclinical and clinical research, there are still significant
obstacles to overcome. Clinical application is hampered by
variations in probiotic strains, disparities in research
methodologies, and a lack of knowledge about their
mechanisms. Future advancements depend on the
identification of strong anti-cancer probiotic strains.
Furthermore, it is necessary to create widely recognized
probiotic formulations and carry out extensive randomized
controlled trials to verify their efficacy and safety [79].
Overall, the gut microbiota offers a useful target for cancer
treatment. By altering the gut flora, probiotics can improve
immunological response and possibly prevent the growth
of tumors. To ensure successful clinical use in the future,
more research is required to fully realize the therapeutic
potential of probiotics in cancer prevention and treatment
[80].

Conclusion

Probiotics are an effective and adaptable way to support
human health in a variety of systems. They are useful in
treating skin infections, promoting vaginal health,
modulating  gut-brain communication, and even
preventing and treating cancer due to their capacity to
alter the immune response, restore microbial balance, and
inhibit harmful pathogens. Probiotics have an impact on
vital biological functions like immune regulation,
neurotransmitter synthesis, and inflammation control.
They may also have therapeutic benefits for diseases like
bacterial vaginosis, acne, urinary tract infections,
neurological disorders, and colorectal and breast cancers.
However, despite promising preclinical and clinical results,
challenges such as dosage optimization, strain variability,
and insufficient understanding of underlying mechanisms
hinder their widespread clinical use. To confirm the safety
and effectiveness of probiotic strains, future studies must
concentrate on identifying particular strains with specific
therapeutic effects and carrying out extensive randomized
trials. Realizing probiotics' full potential could greatly
improve therapeutic and preventative approaches in a
variety of medical specialties.
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S.No. Year Study Type Setting Study Disease Sample Intervention Dose Effect Reference
Duration Size
1 2021 Randomized, Municipal 3 Month Asthmatic 55 Bifidobacterium Lactis 3x10' CFU/Sachet/Day Reducing lung 10
double blind, Hospital patients Probio-M8 Powder and inflammation
and placebo China Symbicort Turbuhaler
controlled
human trial
2 2021 Single-Centre, University 8 Weeks Functional 68 Bacillus Coagulans My01 2-5x10° CFU Per Capsule Potentially 13
Randomised, Hospitals Dyspepsia and Bacillus Subtilis beneficial
Double-Blind, Leuven, My02, Immune and
Placebo- Belgium microbial
Controlled changes
Pilot Trial
3 2021 Randomized, Wuyuan, 7 Weeks Oral 85 L. Plantarum Mh-301, One Capsule of (probiotic Increase immune 37
Double-Blind, Jiangxi, Mucositis In Lactis Lpl-Rh, L. cocktail (containing response and
Placebo- China Nasopharyng Rhamnosus Lgg-18, L. B. animalis subsp. Lactis LPL- modifying the
Controlled eal Cancer Acidophilus RH 10° CFU, L. plantarum MH- structure of gut
Trial 301 strain 10°CFU, L. microbiota.
acidophilus strain 10° CFU, L.
rhamnosus LGG-18 strain 10’
CFU) 2 Times A Day
4 2022 Randomized, Italy 12 Atopic 100 Lactobacillus Rhamnosus 1 x10' CFU/Daily Modulation of 21
Double-Blind, Weeks Dermatitis Gg (Lgg) gut and skin
Controlled microbiome
Trial
5 2021 Randomized Juntendo 24-Week Obese 88 Lactobacillus 3.0GDry Improved the gut 24
Controlled University Patients Paracasei Strain Shirota Powder Containing 3x10° CFU environment
Trial Hospital And With Type 2 (Previously Lactobacillus Living Lactobacillus Paracasei
International Diabetes Casei Strain Shirota) And Yit 9029 (Strain Shirota:Lcs)
Good Will Mellitus Bifidobacterium Breve organisms,
Hospital Strain Yakult, And 3x10° Living Bifidobacterium
Japan Galactooligosaccharides Breve Yit 12272 (Bbry)
organisms, and 7.5 gm galacto-
oligosaccharide per day
6 2023 Double-Blind, Vietnam 70 Acute 43 Nasal-Spraying Probiotic 2.5x 10° Bacillus Spores Per Reduce influenza 11
Randomized, National Weeks Respiratory Livespo Navax Having 5 Each Nasal Cavity/ Timex3 viral infections
And Controlled Children’s Tract billion Of Bacillus Times/ Day Directly into nasal
Clinical Trial Hospital Infections Subtilisand B. Clausii cavity
Spores In 5 MI
7 2023 Double-Blind, Universidade 26 Non- 48 Lactobacillus Lactobacillus Acidophilus Improve Ast to 27
Placebo- Federal De Weeks alcoholic Acidophilus, 1x10° CFU and Bifidobacterium platelet Ratio
Controlled Ci*Encias Da Fatty Liver Bifidobacterium Lactis Lactis 1x10° CFU 1 Capsule/D and improve Gut
Clinical Trial Satide De Disease and ‘With 1 Glass Of Microbiota.
Porto Alegre Non- ‘Water
(Ufespa) And alcoholic
Hospital Steatohepati
Santa Casa tis (Nash)
De Porto
Alegre,
Brazil
8 2022 Double-Blind, Imam Ali 8 Weeks Coronary 96 Lactobacillus A Capsule/Day, Contained Beneficial Effects 30
Four-Arm Cardiovascul Artery Rhamnosus G (Lgg) 1.9x10° CFU Of Lactobacillus on Depression,
Parallel ar Hospital Diseases Rhamnosus G], Inulin (15 Anxiety, And
Randomized in G/Day), Co-Supplemented (Lgg Inflammatory
Controlled Kermanshah and Inulin Biomarkers
Trial University of
Medical
Sciences,
Kermanshah,
Iran
9 2022 Double- Jordan 113 Ulcerative 24 Lactobacillus, 3 x 10'°CFU of probiotic Induce remission 14
Blinded University Weeks Colitis Bifidobacterium Species capsules (Nine Lactobacillus and improve
Randomized Hospital, and Five Bifidobacterium clinical
Controlled Amman, Species parameters
Trial Jordan
10 2020 Randomized, Dialysis 12 Haemodialys 75 Lactobacillus 2.7 x 10" CFU/Gm Each Improving 32
Double-Blind, Center of Weeks is Patients Acidophilus T16, inflammatory
Placebo- Emam Bifidobacterium Bifidum markers,
Controlled Khomeini Bia-6, Bifidobacterium endotoxin, and
Trial Hospital, Lactis Bia-6, And anti-hsp70 levels
Ahvaz, Iran Bifidobacterium Longum
Laf-5
11 2021 Single-Centre, Complife 8 Weeks Atopic 80 L. Plantarum, L. Reuteri, 1x10° CFU L. Plantarum Improve Skin 22
Randomized, Italia SRL Dermatitis L. Rhamnosus Pbs067, 1x10° CFU L. Reuteri Conditions and
Double-Blind, Pbs072 and 1x10° CFU L. Reduce
Placebo Rhamnosus Lrh020, Inflammation
controlled, Excipients such as corn starch
Parallel Group (26 Mg) and vegetable
magnesium stearate (1 Mg)
12 2024 Randomized, Gastroentero 113 Persistent 100 Bacillus Clausii Spore 2 billion CFU /5 ml Ampoule at Reducing 17
Double-Blind, logy Weeks Diarrhea Probiotics (Livespo high dosages of 4-6 Ampoules diarrhea
Controlled Department Clausy aday symptoms,
Clinical Trial At inflammatory
The Vietnam cytokines, and
National igalevels.
Children’s
Hospital,
Vietnam
13 2021 Randomized Isfahan 30 Migraine 69 Lactobacillus Caser, Each500 mg capsule have 10° Reduce migraine 34
Double-Blind University of Weeks Lactobacillus CFU of each (Zactobacillus frequency, pain,
Controlled Medical Acidophilus, Casei, Lactobacillus and
Trial Sciences, Lactobacillus Acidophilus, Lactobacillus inflammation
Isfahan, Iran, Rhamnosus, Rhamnosus, Lactobacillus
Lactobacillus Helveticus, Helveticus, Lactobacillus
Lactobacillus Bulgaricus, Bulgaricus,
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S.No. Year Study Type Setting Study Disease Sample Intervention Dose Effect Reference
Duration Size

Lactobacillus Plantarum, Lactobacillus Plantarum,
Lactobacillus Gasseri, Lactobacillus Gassert,
Bifidobacterium Breve, Bifidobacterium Breve,
Bifidobacterium Bifidobacterium Longum,
Longum, Bifidobacterium Lactis,
Bifidobacterium Lactis, Bifidobacterium Bifidum, And
Bifidobacterium Bifidum, Streptococcus Thermophilus)
And
Streptococcus
Thermophilus, And
Fructooligosaccharides
(Fos)

14 2023 Interventional Jordan 52 Ulcerative 40 Lactobacillus Rhamnosus Oral viable capsules of Improved social, 15
Double-Blind University Weeks Colitis , Lactobacillus probiotic contain (1x10'° CFU bowel,
Randomized Hospital, Acidophilus, /g) Of Lactobacillus emotional, and
Clinical Trial Amman, Lactobacillus Reuteri, (Lactobacillus Rhamnosus , overall quality of

Jordan Lactobacillus Paracasei, Lactobacillus Acidophilus, life
Lactobacillus Caser, Lactobacillus Reuteri,
Lactobacillus Gasseri, Lactobacillus Paracasei,
Lactobacillus Plantarum) Lactobacillus Casei,

And Bifidobacteria Lactobacillus Gasseri,
(Bifidobacterium Lactis, Lactobacillus Plantarum) And
Bifidobacterium Breve, Bifidobacteria (Bifidobacterium
Bifidobacterium Bifidum, Lactis, Bifidobacterium Breve,
Bifidobacterium Bifidobacterium Bifidum,
Longum, Bifidobacterium Longum,
Bifidobacterium Infantis Bifidobacterium Infantis)
species three times a per day

15 2023 A Randomized, Puerta De 52 Acute 46 Saccharomyces Boulardii 3 Capsules (1x10°%/100 ml CFU Improve 18
Placebo- Hierro Weeks Inflammator Of Floratil 200mg/Day) diarrhoea.
Controlled Hospitals, y Viral
Double-Blind Tlajomulco Diarrhea
Study De Zuniga,

Mexico

16 2022 A Multicentre, Kangbuk 8 Weeks Ulcerative 133 E. Coli Strain Nissle 1917 One Capsule Containing Effective 16
Double-Blind, Samsung Colitis 2.5x10° CFU and One exacerbation and
Randomised, Hospital, Capsule/Day from Day 1 To endoscopic
Placebo- Sungkyunkw Day 4 And Two Capsules/ Day remission
Controlled an University From Day 5
Study School Of

Medicine,

Seoul, Korea

17 2021 Parallel-Arm, Food And 4 Weeks Obese And 44 Bacillus Subtilis Strain A Capsule contain 1x10° CFU Increasing anti- 23
Randomized, Nutrition Healthy Delll Taken Once Daily inflammatory
Double-Blind, Clinical Control immune cell
Placebocontrol Research
led Laboratory

(Fncrl) At
Colorado
State

University,

18 2023 Randomized, Department 18 Covid-19- 200 Lactobacillus Rhamnosus Florasan-D Containing 10°CFU Decrease 19
Controlled, Of Internal Weeks Associated Gg (Lgg), Of Lactobacillus Rhamnosus COVID-19
Single Center, Medicine, Diarrheal Bifdobacterium Bifdum, Pdv 1705, 10°CFU Of associated
Open label Gastroentero Bifdobacterium Longum Bifdobacterium Bifdum diarrhoea and
Trial logy Subsp. Pdv 0903, 10°CFU Of antibiotic related

And Longum Pdv 2301 Bifdobacterium Longum Subsp. complication

Hepatology, Pdv 0903 Infantis Pdv 1911, And 10°,

Sechenov Bifdobacterium Longum Subsp.

University, Infantis Pdv 1911, 10° CFU of

Moscow, Bifdobacterium Longum

Russian Subsp.Longum Pdv 2301

Federation

19 2021 A Randomized, Division Of 26 Haemodialys 56 Lactococcus Lactis 100 billion (1 x 10" CFU/Day) Decrease in 31
Double Blind, Renal Weeks is Patients Subsp. Lactis LI358, serum levels of
Placebo Medicine Lactobaccillus Salivarius indoxyl sulfate
Controlled Tungs Ls159, And level
Trial Taichung Lactobaccillus Pentosus

Metroharbor Lpe588

Hospital

Taichung

Taiwan,

Republic Of

China

20 2022 Multicentre, Xiyuan 4 Weeks Lactational 110 L. Fermentum Cect5716 One Sachet of L. Fermentum Shorten healing 35
Randomized, Hospital Of Breast Cect5716 once a Day time
Double-Blind, The China Abscess
Controlled Academy Of
Clinical Trial Chinese

Medical

Sciences,

China
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S.No. Year Study Type Setting Study Disease Sample Intervention Dose Effect Reference
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21 2024 Placebo- Aging And 14 Individual 120 Lactobacillus Fermentum 6.7x10° CFU Of Either L. Improved liver 28
Controlled, Disease Weeks with Tsf331 Fermentum function and
Double- Prevention abnormal Lactobacillus Reuteri Tsf331, L. Reuteri Tsr332, Or L. reduced uric acid
Blinded, Research liver Tsr332 Plantarum Tsp05. The 3 Mix levels
Randomized Center At function test Lactobacillus Plantarum Capsule Contained A Total
Clinical Trial Fooyin and uric acid Tsp05 6.7x10° CFU, Combining L.

University Fermentum Tsf331, L. Reuteri
Hospital, Tsr332, And L. Plantarum
Taiwan Tsp05.
The 3 Mix and Pe0401 Capsule
‘Was Composed Of A Total
6.7x10° CFU, Including L.
Fermentum
Tsf331, L. Reuteri Tsr332, L.
Plantarum Tsp05, and 200 Mg
Totiprol Pe0401 Postbiotic
Powder.
L. Fermentum Tsf331 (Bere
910815 = Cgmcec 15527) and L.
Reuteri Tsr332 (Bere
910816 = Cgmcc 15528) Were
Isolated From The Gut Of
Healthy Humans, Whereas L.
Plantarum
Tsp05 (Bere 910855 = Cgmcc
16710) Was Isolated From
Kimchi. Totiprol Pe0401 Was
A
Fermentation Product Derived
From Probiotics

22 2021 Randomized, Private 2 Weeks Breast 76 Lactobacillus 10° CFU/G each (Lactobacillus Improve reduce 38
Triple-Blind, Oncology Cancer Casel, Lactobacillus Casel, Lactobacillus inflammation
Placebo- Clinic Acidophilus, Acidophilus, Lactobacillus
Controlled Tehran, Iran Lactobacillus Rhamnosus,

Clinical Trial Rhamnosus, Lactobacillus Bulgaricus,
Lactobacillus Bulgaricus, Bifidobacterium Breve,
Bifidobacterium Breve, Bifidobacterium Longum, And
Bifidobacterium Streptococcus Thermophiles)
Longum, And
Streptococcus
Th il

23 2023 Triple-Blinded, Shahid 12-Week Polycystic 72 Bacillus Coagulans 2 G Of Bacillus Coagulans Improve 29
Randomized, Beheshti Ovary inflammatory
Placebo- University Of Syndrome
Controlled Medical
Clinical Trial Sciences

Tehran,
Tehran, Iran.

24 2019 Randomized, Department 6 Weeks Gestational 48 Lactobacillus Lactobacillus Acidophilus, Improve 26
Double-Blind, of Diabetes Acidophilus, Lactobacillus Casei, glycemic control,
Placebo- Microbiology Mellitus Lactobacillus Caselr, Bifidobacterium Bifidum, lipid profile, and
Controlled and Bifidobacterium Bifidum, Lactobacillus Fermentum (2 x inflammatory
Clinical Trial Immunology, Lactobacillus Fermentum 10° CFU/G Each) markers

School Of
Medicine,
Kashan
University Of
Medical
Sciences,
Kashan, Iran.

25 2023 Randomized, Istanbul 8 Weeks T2dm 34 Lactobacillus Rhamnosus 10 x 10° CFU/Day Lactobacillus Improve mucin 25
Placebo- Faculty Of rhamnosus GG (ATCC 53103) gene expression
Controlled Medicine,

Trial Istanbul
University,
Istanbul,
Turkey

Table 1: An overview of 25 chosen studies assessing how probiotics affect inflammatory diseases in people that were found using a
systematic review that adhered to PRISMA guidelines and particular inclusion and exclusion criteria
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S.N. Strain of Bacteria Function References
1 Lactobacillus acidophilus Aids digestion and may prevent diarrhea. 26

2 Lactobacillus rhamnosus Supports gut health and prevents antibiotic-associated diarrhea. 21

3 Lactobacillus casei Aids immune function and may alleviate lactose intolerance. 26

4 Lactobacillus plantarum Improves intestinal health and reduces IBS symptoms. 28

5 Lactobacillus reuteri May alleviate newborn colic and promote intestinal health. 28

6 Bifidobacterium bifidum Boosts digestive health and may reduce IBS symptoms. 26

7 Bifidobacterium longum Supports intestinal health and immunity 61

8 Bifidobacterium lactis Promotes digestive and immunological health 10

9 Bifidobacterium breve Improves newborn gut flora and reduces constipation. 40

10 Streptococcus thermophilus Aids in lactose digestion 34

11 Saccharomyces boulardii Prevents and treats diarrhea, especially antibiotic-associated diarrhea. 18

12 Lactococcus lactis Enhances intestinal health and immunity 31

13 Escherichia coli Nissle 1917 Helps manage ulcerative colitis 16

14 Bacillus coagulans Supports digestive issues and gut health 13

15 Bacillus subtilis Supports gut health and immune function 23

16 Lactobacillus gasseri May improve intestinal health and weight management. 15

17 Bifidobacterium infantis Promotes digestion and immunity, particularly in newborns. 15

18 Lactobacillus helveticus May enhance mood and cognition. 34

Table 2. Different strains of probiotics which beneficial for human health and its treatment with these probiotics can significantly

improves the symptoms of disease and reduces risk factors.
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Figure 1: PRISMA diagram of selected studies: Systematic review on PubMed/MEDLINE database based on PRISMA guidelines,
6,088 articles were found; 5,808 were eliminated after applying filters ("Full Text," "Associated Data," "RCT," and "Last 5 Years"

total 25 study enrolled.
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Figure 2: Several probiotic-influenced pathways, such as immune modulation, inflammation reduction, gut microbiota regulation,
and barrier integrity enhancement, improve health outcomes for a variety of physiological systems and diseases.

Additional data may be available on request (681-701).

@ Advancements in Life Sciences | www.als-journal.com | November 2025 | Volume 12 | Issue 4 680


Shafique Ahmed Awan
Typewritten text
Additional data may be available on request (681-701).


