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Abstract: Irritable bowel syndrome (IBS) is a common digestive disorder with a significant impact
on both individuals and society in terms of quality of life and healthcare costs. A growing body of
research has identified various communication pathways between the microbiota and the brain in
relation to motility disorders, with the gut–brain axis being key to the pathogenesis of IBS. Multiple
factors contribute to the pathogenetic pathways in IBS, including immune mechanisms, psychosocial
factors, increased oxidative stress and pro-inflammatory cytokine release, as well as genetic and
hormonal factors. Increased permeability of the normal intestinal barrier allows bacterial prod-
ucts to access the lamina propria, providing a mechanism for perpetuating chronic inflammation
and characteristic symptoms. The microbiota influences inflammatory processes in IBS by altering
the balance between pro-inflammatory factors and host defence. Probiotics modulate the patho-
physiological mechanisms involved in IBS by influencing the composition of the microbiota and
improving intestinal motility disorders, visceral hypersensitivity, immune function of the intesti-
nal epithelium, metabolic processes in the intestinal lumen, dysfunction of the microbiota-GBA,
and are recognised as effective and safe in IBS therapy. Our study aimed to provide a compre-
hensive overview of the relationship between the gut–brain axis, microbiota, and IBS, based on
current information.

Keywords: irritable bowel syndrome; gut–brain axis; gut microbiota; inflammation; visceral
hypersensitivity; probiotics

1. Introduction

Irritable bowel syndrome (IBS) is a relatively common digestive disorder. It is esti-
mated that IBS has a prevalence of 10–15% in the general population in industrialized
countries and is a factor with a significant impact on both the individual and society in
terms of quality of life and health care costs [1].

Depending on symptomatology, comorbidities, quality of life and healthcare needs,
IBS can have a mild, moderate, or severe clinical course. Some studies have shown that the
severe form occurs in 15–40% of patients with IBS [2].

Gastrointest. Disord. 2023, 5, 517–535. https://doi.org/10.3390/gidisord5040043 https://www.mdpi.com/journal/gastrointestdisord

https://doi.org/10.3390/gidisord5040043
https://doi.org/10.3390/gidisord5040043
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/gastrointestdisord
https://www.mdpi.com
https://orcid.org/0009-0002-9956-4318
https://orcid.org/0000-0001-9623-7683
https://orcid.org/0009-0005-3968-255X
https://orcid.org/0009-0000-4783-7420
https://orcid.org/0000-0002-8162-5955
https://doi.org/10.3390/gidisord5040043
https://www.mdpi.com/journal/gastrointestdisord
https://www.mdpi.com/article/10.3390/gidisord5040043?type=check_update&version=1


Gastrointest. Disord. 2023, 5 518

IBS is defined as an intestinal disorder associated with abdominal pain and dyspepsia
in the absence of proven pathology by paraclinical investigations. The ROMA IV criteria,
presented at the Digestive Disease Week in May 2016, included significant changes in the
diagnostic criteria in terms of symptomatology and incidence [3], which appeared to be
necessary due to the progress made in recent years in both basic research and clinical
trials. Functional digestive disorders have been redefined as abnormalities of the gut–brain
interaction, a group of diseases characterised by gastrointestinal symptoms related to a
series of abnormalities: motility disorders; visceral hypersensitivity; disturbances of the
digestive mucosa and local immunity mechanisms; alteration of the microbiota; alteration
of CNS information [3].

In this study, we aimed to review current literature and summarize information about
the gut–brain axis and IBS that is both scientifically accurate and relevant for physicians.

2. Pathogenetic Hypotheses in IBS

Multiple mechanisms were proposed to explain in the pathogenesis of IBS (Figure 1).
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2.1. The Gut-Brain Axis

A growing body of research suggests that various communication pathways between
the microbiota and the brain are involved in functional disorders. Gut microbiota can mod-
ulate the gut–brain axis (GBA) through several pathways, including endocrine (cortisol),
immune (cytokines) and neural—vagus, enteric nervous system (ENS) and spinal nerves [4].
Certain gut microbes have the ability to produce neurotransmitters (γ-aminobutyric acid
(GABA), norepinephrine and dopamine) that affect target cells in the gut. Neuroactive mi-
crobial metabolites can modulate the brain and determine epithelial cell changes leading to
gut barrier dysfunction; enteroendocrine cells (EEC) release gastrointestinal hormones; den-
dritic cells (DC) modulate immune function. Specialised structures of the EEC (neuropod
cells) transmit sensory signals from the gut environment to the brain, forming synapse-like
connections with afferent nerves, including the vagus nerve. The ENS integrates these
signals and communicates with the brain via vagal and spinal pathways [5].

Large individual differences exist in the composition of the gut microbiome, its com-
position being influenced by diet, antibiotic use, and lifestyle (pet ownership, exercise,
sleep) [6]. The microbiota is a critical factor in the normal development of the gut. In
healthy individuals, the microbiota is responsible for important morphological changes
in the gut, including the depth of the crypts, the architecture of the villi, the prolifera-
tion of stem cells, and the density of the blood vessels [6]. Studies show that in sterile
mice, the distal small intestine has thinner and longer villi with underdeveloped vascular
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networks [7]. Microbiota and microbial metabolites have been implicated in a variety of
neurological and psychiatric disorders, including Parkinson’s disease, autism spectrum
disorders, Alzheimer’s disease, and depression [8]. One pathogenetical pathway involves
digestive epithelium, immune cells, and local nerve endings. For example, the presence of
lactobacilli generates the expression of opioid and cannabinoid receptors on the surface of
epithelial cells [9]. Microbiota also influences the physiology of the gut by local production
of gases: CO2, H2, methane, and hydrogen sulphide, recently classified as a gasotransmitter,
due to its effect in modulating inflammation in the gut [10].

Non-specific immunity is essential for digestive tract function, being responsible for
the balance between immune tolerance to commensal microflora and defence response to
the pathogenic microbes [11]. In addition, immunity also plays an essential role in mediat-
ing communication between gut microbiota, ENS and the brain. Toll-like receptors (TLRs)
and peptidoglycans (PGNs) interfere with the immune response to microbes behaving as
sensors of microbial constituents [12]. Pathogenic agents are detected by a non-specific
membrane and cytosolic receptors of enterocytes, mainly from the TLRs, Nod-like receptors
(NLR) and retinoic acid inducible gene-I-like receptors (RIG). These receptors belong to
pattern recognition receptors (PRRs), which recognise common microbial structures for
many pathogenic microorganisms—pathogen-associated molecular patterns (PAMPs) [13].
Stimulation of PRRs triggers local cytokine synthesis [14,15], inducing the epithelial pro-
liferation, and the activation of non-specific (inflammation, synthesis of antimicrobial
peptides) and specific (IgA synthesis) immunity. The microbiota stimulates PRRs, modulat-
ing the expression of genes involved in inflammation, the release of antimicrobial peptides,
and pain intensity. Dysbiosis has been shown to alter the expression of TLR4 and TLR7,
leading to sensitisation and motility disorders, while the expression of PRRs can alter
the microbiota [16]. It has been shown in animal models that reduced expression of the
NOD2 gene and TLR5 leads to dysbiosis [17,18]. Therefore, normal gut barrier function
also prevents inappropriate activation of immune cells and the development of systemic
immune activation (Figure 2).
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IgA class immunoglobulins predominate in mucosal fluids and play a significant
role in the formation of the gut microbiota by controlling its proliferation, motility, and
colonization. As a result, a lack of IgA synthesis leads to an increase in Firmicutes phylum
(segmented filamentous bacteria) in the ileal segment and a “skewed intestinal microbiota
composition” with a rise in anti-inflammatory cytokines and CD 4+ T cells [19]. Aside from
their role in regulating the intestinal microbiome, IgA also participates in the process of
pathogen neutralisation thus maintaining a balance between pathological and physiological
microbiota [20].

The process of bacterial fermentation in the colon produces metabolites such as acetic
acid, propionic acid, and butyric acid (short-chain fatty acids). These by-products have been
shown to be involved in the normal functioning of the intestinal barrier by maintaining its
integrity, stimulating mucus production, and protecting against inflammation [21].

There is experimental evidence highlighting the relationship between microbiota and
gastrointestinal motility. An alteration of intestinal motility by certain bacterial products
that stimulate epithelial cell receptors (TLR, NOD) involved in non-specific immunity has
been described [22]. In vitro studies in the colon model have shown that some soluble
factors produced by the probiotic strain E. coli Nissle 1917 directly stimulate colonic muscle
cells, whereas lipopolysaccharides (LPS) from pathogenic strains of E. coli inhibit their
contractility [23].

2.2. The Role of Genetic and Perinatal Factors in IBS Pathogenesis

Positive family history and genetic variations in a number of potential genes have
been linked to IBS [24,25]. Genes related to IBS in various studies include single nucleotide
polymorphisms (SNPs) in genes associated with signalling pathways involved in the regu-
lation of intestinal motility in IBS, such as serotonin system, tryptophan hydroxylase (TPH),
cholecystokinin (CCK), catechol-O-methyltransferase (COMT), voltage-gated sodium chan-
nels (Nav), serotonin transporter (SERT) reuptake, cannabinoids, and ion channels. SNPs
related to immune pathogenesis have been studied in IBS based on growing research
showing immune activation [26]. However, findings were variable among studies and the
association of genes such as tumour necrosis factor (TNFα) and IL-10 was not clear [14,27].
A recent meta-analysis, which included 12 published case-control studies, found no signifi-
cant association of polymorphisms in genes such as IL-4/IL-6/IL-8/IL-10 or TNFα with
IBS [28].

Perinatal factors such as gestational age of birth, delivery mode and dietary fac-
tors/alimentation/nutrition have a major impact on intestinal microbiota in early life. A
study performed in 2019 has shown that depending on differences in perinatal factors,
children develop different microbial profiles in the first four years of life [29]. A large
cohort study was conducted by Waehrens et al. [30] in order to find a correlation between
several perinatal and familial factors and the risk of developing IBS later on in life. A highly
significant association was observed in caesarean delivery, maternal marital status and
education and familial history of IBS [30].

2.3. Psychosocial Factors

Numerous studies have proven that abuse history and stressful life events are factors
involved in the development of functional gastrointestinal disturbances. Psychosocial
factors can interact with communication between the CNS and ENS, being involved in the
onset of IBS, in treatment response and outcome.

The connection between psychosocial factors and gastrointestinal tract function is done
by the brain–gut axis. This involves a bidirectional system between the gastrointestinal
tract and the brain, by both nervous, neuroimmune and neuroendocrine mechanisms [31].
The neuroimmune signalling systems ensure the complex interactions between the auto-
nomic nervous system, the HPA, the ENS, and the digestive mucosa. Effector cells are
mainly digestive epithelial cells, smooth muscle fibres and entero-chromaffin cells. Their
activation influences the microbiota indirectly, by modulating local processes (motility,
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secretion, intestinal permeability, local immune response), but also directly by signalling
molecules [32,33]. Influences occur bidirectionally, with microbiota influencing the neu-
roendocrine centres by direct stimulation of the ENS and also by various metabolites [22].

Psychological evaluation of patients with IBS, compared with normal individuals or
with other medical conditions, reveals abnormal personality traits, a high incidence of
stressful events, and even psychiatric afflictions [34]. Effects of psychosocial factors are
relevant to gut physiology, on modulation of symptoms, influence on disease behaviour
and outcome, as well as on therapeutic options. Psychological factors, such as personality
type, and history of previous physical or sexual abuse, may have a major contribution to
determining health-seeking behaviour [34].

Assessment of the psychosocial history of patients with IBS suggested that some
clinical features of IBS may be characteristics of the patient’s adaptive behaviour. The
psychiatrist can help by treating IBS as a biological vulnerability, providing appropriate
diagnosis and treatment of coexisting psychiatric conditions, and developing a multimodal
therapeutic approach, including psychotherapeutic and pharmacological management [34].

The link between stress and IBS is very complex. Acute stress represents a well-known
symptom trigger, and chronic stress causes IBS due to an altered microbiota. The stress
hormones are cortisol, corticotropin-releasing hormone (CRH), and adrenocorticotropic
hormone (ACTH). Cortisol is increased in women with IBS, compared to healthy subjects.
Cortisol activates the hypothalamic–pituitary–adrenal axis (HPA) and induces a Th2 re-
sponse from the mucosa and an increasing number of mast cells, that will consequently
release abundant histamine, serotonin, and proteases and cause an increased excitation of
primary afferent neurons in patients with IBS compared to control groups [35].

Although it has been hypothesised that digestive tract motility issues are a significant
factor in IBS, studies utilising intestinal manometry in patients with IBS have not yielded
conclusive outcomes that could define a diagnostic or therapeutic profile [36,37]. It was
found that intense psychological stress changes the duodenojejunal motility both in patients
with IBS and in healthy subjects, and, on the other hand, over 50% of patients with IBS
presented no changes in motility during manometry on 24 h [36].

Activation of the HPA axis alters gut microbiota composition and increase gut per-
meability, favouring the development of IBS. Alterations in gut microbiota and gut per-
meability have been correlated with the occurrence of anxiety and depression, due to
altered communication across the HPA axis [38]. There is overwhelming evidence that
dysbiosis can affect the activity of the microbiota–GBA, thus anxiety and depression are
common comorbidities in patients with IBS; the increased ratio of Firmicutes:Bacteroides
encountered in some patients with IBS, correlates with anxiety and depression [39]. A
meta-analysis published in 2019 by Zamani et al. [40] estimates that 39.1% and 28.8% of
adult patients with IBS reported anxiety and depressive symptoms respectively, while
23% were diagnosed with anxiety disorders and 23.3% were diagnosed with depressive
disorders [40]. Overlap of disorders of gut–brain axis is a common occurrence, with the
highest prevalence recorded in tertiary care settings (47.3%). These patients report more
severe symptoms and associate psychological comorbidities more frequently [41].

Besides the relevance of hormones along the HPA axis to IBS, other modulators
were extensively studied, including brain-derived neurotrophic factor (BDNF), leptin, and
transforming growth factor beta 1 (TGF-β1) [38].

It was reported that patients with IBS secrete more CRH than healthy controls, with
increased ACTH and cortisol production in response to CRH [42]. CRH causes an increased
stress-related intestinal muscle activity, notable in patients with IBS.

A study conducted by Giuseppe Marano et al. [42] reported no difference in cortisol
response in patients with and without IBS, but higher CRH and ACTH responses in patients
with IBS compared to the control group.

Previous studies highlighted increased numbers of inflammatory cells and serotonin-
containing enterochromaffin cells in the mucosa of the small intestine in IBS after acute
gastroenteritis due to Campylobacter jejuni. Patients with post-infectious IBS have elevated
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postprandial serotonin levels in contrast to healthy subjects and patients with constipation-
predominant IBS (IBS-C) [43]. A low turnover of serotonin was observed in the rectal
mucosa of patients with IBS-C, proven by a low ratio between 5-hydroxy indole acetic
acid and 5-hydroxytryptamine. Paradoxically, in patients with post-infectious IBS, a low
ratio was also found. An explanation for this contradiction is the serotonin recycling
deficiency [44].

2.4. The Role of Visceral Hypersensitivity in IBS

Cortical and subcortical hubs gathering sensorial information from the gut can modu-
late bowel motility and sensitivity by nervous and humoral pathways. It is considered that
visceral hypersensitivity (VH) represents a significant element in IBS etiopathogenesis. VH
was highlighted by a lowering of the pain threshold during rectal distension [45].

The two major components of VH are hyperalgesia and allodynia. Hyperalgesia is
defined as an increased pain sensation in response to stimuli that usually cause pain, while
allodynia refers to an increased nociceptive sensation in response to normal stimuli. VH
can be simply defined as a low pain threshold for gastrointestinal stimuli [46]. Previous
studies have shown that VH is generated by peripheral sensitive pathways and/or CNS
disorders. Epidemiological studies have shown the different prevalence of VH in patients
with IBS, from 33% to 90%, VH being more common in diarrhoea-predominant IBS (IBS-D)
patients, who have an increased intestinal permeability [47].

The hypothesis that abnormal cerebral processing of intestinal stimuli contributes to
VH is supported by imaging studies, that showed changes in the irrigation of some areas
(anterior cingulate cortical area, amygdala, frontal cortex areas), as a response to bowel
distention in patients with IBS. The cerebral processing of visceral stimuli can be influenced
by emotions or stress, with an increased perception of painful stimuli [48].

Inflammation has an essential role in VH, a condition associated with pain and dis-
comfort in patients with IBS [49]. Previous studies have shown that patients with irritable
bowel syndrome have higher levels of pro-inflammatory cytokines than healthy control
groups [50]. Patients with IBS have significantly more immune cells in the lamina propria
of the colonic mucosa than healthy subjects, indicating low-grade inflammation [51]. Inter-
leukin (IL) 8 is an important modulator of the inflammatory process. Its biological activity
is inhibited by IL-1. The balance between these two cytokines determine the bioavailability
of IL-8 and its contribution to inflammation [52]. Gwee et al. [53] conducted a study that
compared biopsies obtained from the mucous membranes of patients with acute gastroen-
teritis. Biopsies were obtained during and three months after infection and interleukin
8 mRNA was measured. IL-8 expression was greatly increased during acute infection.
In patients who developed post-infectious irritable bowel, IL-8 expression continued to
increase 3 months after the infection was cured, while IL-8 expression decreased in patients
that did not develop this condition [53].

If low-grade inflammation plays a role in sensory-motor dysfunction in IBS, the distri-
bution of increased inflammatory cells may explain regional differences in colonic motor
dysfunction [53] or VH [47]. In addition, inflammation and oxidative stress are linked,
since leukocytes activated by endothelial and smooth muscle cells produce reactive oxygen
species (ROS) [54], including superoxide anion, hydroxyl radical, hydrogen peroxide, dioxy-
gen, and nitric oxide. ROS can react with all macromolecules such as carbohydrates, lipids,
proteins, nucleic acids, and especially polyunsaturated fatty acids of the cell membrane.
Oxidative stress initiated by ROS can be regulated by the antioxidant defence mechanisms,
which include enzymatic (superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase) and non-enzymatic (vitamin C, vitamin E and flavonoids) antioxidants [55].
Previous research highlighted the alteration of the oxidant–antioxidant balance in patients
with IBS compared to healthy subjects, showing increased serum levels of pro-oxidants
and decreased serum levels of antioxidants [55].

According to Johnson et al. [56], there is currently no complete animal model for IBS
exists, but there are several highly validity models with translational relevance that can be
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used to further our understanding of the physiopathological mechanisms involved in IBS
and to develop new and reliable therapeutic strategies. Several experimental data have
shown that the microbiota can modulate some mechanisms of VH. Antibiotic-induced
dysbiosis altered intestinal sensitivity and motility in mice, by increasing TLR4 and TLR7
expression and by decreasing antinociceptive cannabinoid-1 and µ-opioid receptors’ ex-
pression [57]. Microbiota alteration by subjecting the mice to stress increased the local
expression of cannabinoid-2 receptors and isoform 1 of the tryptophan-hydroxylase enzyme,
with an increased VH [58].

In patients with IBS, bacterial overpopulation, chronic constipation, and associated
dysbiosis induced VH [59]. Bacteria used as probiotics can modify intestinal sensitiv-
ity: administration of L. reuteri to mice inhibited the nociceptive response to colorectal
distension [60].

2.5. The Role of Hormonal Factors in IBS Pathogenesis

Hormonal factors, such as oestrogen, contribute to the physiology and pathology of
the gastrointestinal tract, being involved in the regulation of motor and sensory function.
Sex hormones interfere with the gut–brain axis (GBA) pathways, promoting changes in
motility, VH, permeability and immune activation of the gut mucosa. IBS affects more
females than males with a 3:1 ratio, highlighting the potential role of female sex hormones
in the development of IBS [61]. Therefore, females with IBS, compared to males with IBS,
are more susceptible to reporting symptoms of constipation, bloating or pain. Studies also
support this idea describing slow transit for females with IBS compared to males with
IBS [62].

Alternation in ovarian hormones (oestrogen and progesterone) during the menstrual
cycle can influence GI contractility (muscle function), transit time, VH (pain), and immune
function along the gastrointestinal tract and brain [63].

Strogen hormones interfere with serotonin and corticotropin-releasing factor (CRF)
signalling pathways, with a significant role in symptoms related to oestrogen levels.
The different distribution of oestrogen receptors throughout GBA further explains these
interactions [64].

Pregnancy is characterised by high levels of ovarian hormones as well as an accen-
tuated opioid-mediated antinociception. Pregnancy can relieve some symptoms but is
commonly associated with constipation and reflux due to increased progesterone levels [64].

IBS symptoms can be accentuated during the decline in ovarian hormone secre-
tion. Postmenopausal IBS women have more severe symptoms than premenopausal IBS
women [65].

The involvement of intestinal hormones such as cholecystokinin (CCK), motilin and
vasoactive intestinal peptide (VIP) in IBS pathogenesis is less relevant rather than sex
hormones’ role [66]. CCK and motilin are involved in postprandial symptoms. VIP can
be abnormally concentrated in IBS, causing abdominal pain and watery diarrhoea. A
study published by Osadchuk and Burdina in 2015 highlighted an increased level of VIP
and motilin expression in the colonic mucosa of patients with IBS compared to healthy
subjects [67].

2.6. The Role of Mast Cells in IBS Pathogenesis

It has been observed that the number of mast cells in the mucosa of the terminal ileum
is increased both in patients with post-infectious IBS and in those with non-infectious IBS.
Wang et al. [68] demonstrated that in patients with both infectious and non-infectious
IBS there is a greater density of nerves around mast cells, with an increased release of
histamine and tryptase from the mucosa. Mast cells also play a role in increasing intestinal
permeability, which has been reported in post-infectious IBS. The increase in permeabil-
ity implies a disruption of the normal gut barrier, which allows the access of bacterial
products to the lamina propria, representing a mechanism for the perpetuation of chronic
inflammation [69].
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While some dietary factors can alter the intestinal permeability other dietary compo-
nents can increase the barrier integrity. A study by Khoshbin and Camilleri [70] performed
in 2020 examines in both healthy and ill individuals the effect diet components have on the
intestinal barrier. Patients with food intolerance and food allergies present similar symp-
toms such as bloating, diarrhoea, abdominal pain, and nausea. Therefore, the difference
in pathogenesis can only be made by performing a radioallergosorbent test, total serum
IgE test or skin prick test. However, the majority of patients with IBS report worsening of
symptoms after food ingestion without any proof of food hypersensitivity [71].

3. Postinfectious IBS

Evidence suggests that an episode of acute gastroenteritis may lead to the development
of IBS symptoms only if other factors favour activation of mast cells and other gastrointesti-
nal inflammatory cells via psychological, neural, and endocrine mechanisms. [72].

Postinfectious IBS (PI-IBS) has been reported after acute infections with Campylobacter,
Salmonella and Shigella. A recent study conducted by Liang et al. [73] in 2020 on 2669 indi-
viduals diagnosed with Helicobacter pylori infection revealed an increased risk of developing
IBS in these patients and suggested that a strength eradication therapy can reduce the risk
of IBS.

This hypothesis is sustained by the evidence of Helicobacter pylori involvement in
other related complications, such as atrophic gastritis, intestinal metaplasia, and gastric
cancer [74].

Recent studies focused on the impact of the COVID-19 pandemic on the development
of gastrointestinal symptoms, including IBS, COVID-19 gastroenteritis being an established
risk factor for the development of disorders of the gut–brain axis (DGBI), particularly PI-IBS,
showing that over 39% of the studied patients met ROME IV criteria for IBS diagnosis [75].
Additionally, COVID-19 infection was associated with worsening severity of symptoms in
patients previously diagnosed with IBS [76].

Dysbiosis in patients with COVID-19 persists after acute disease, with an alteration of
microbiota and a decrease in, short-chain fatty acid–forming bacteria [77]. Several review
articles showed the beneficial effects of probiotics as adjuvant treatment in patients with
COVID-19 for alleviating the gastrointestinal effects determined by dysbiosis [78,79].

Patients who develop IBS present increased numbers of enterochromaffin (EC) cells
and lymphocytes at 3 months after acute infection compared to patients without IBS.
An increased intestinal permeability associated with higher interleukin-1β (IL-1β) levels
is described in the mucosa of patients with PI-IBS. Recent studies suggest an increased
cytokine production from mononuclear cells, that can be ameliorated by probiotic treatment.
Complete recovery from PI IBS can be difficult, with approximately 50% of patients showing
symptoms at 5 years [42].

The development of PI-IBS is correlated with changes in the gut microbiota, immunity,
and neuronal function. An increased Firmicutes:Bacteroides ratio and a decreased diversity
are described in PI-IBS. These changes can alter the luminal environment by changing the
composition of bile acids, bile salts and proteases [80]. Increased density of enteroendocrine
cells, and increased release of serotonin may alter intestinal motility. An accentuated gut
permeability function may contribute to immune dysregulation and nerve hypersensitivity.
Moreover, immunophenotypic changes such as proinflammatory cytokine expression,
correlated with an increased mast cell density and increased Th1/Th2 cell ratio, may
mediate chronic intestinal dysfunction and neuronal excitability. Finally, nerve damage
and nerve remodelling can affect motility and secretion [81].

4. Role of Probiotics in IBS Pathogenesis and Management

Experimental and clinical studies carried out in the last decades have suggested several
mechanisms by which probiotics favourably modulate the pathophysiological mechanisms
involved in IBS. Table 1 presents the bacterial strains commonly used in probiotics.
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Table 1. The most important organisms used as probiotics in clinical practice.

Genus Lactobacillus Bifidobacterium Other
Lactobacillus acidophilus Bifidobacterium animalis spp. Lactis Bacillus coagulans

Lactobacillus casei Bifidobacterium breve Enterococcus faecalis
Lactobacillus helveticus Bifidobacterium infantis spp. Lactis Saccharomyces boulardii
Lactobacillus johnsonii Bifidobacterium longum Streptococcus thermophilus
Lactobacillus paracasei

Lactobacillus plantarum
Lactobacillus reuteri

Sp
ec

ie
s

Lactobacillus rhamnosus

Probiotics serve a key role in improving IBS symptoms, including flatulence, abdomi-
nal pain, and bloating [82]. Probiotics mainly influence the composition of the microbiota,
improving intestinal motility, VH, immune function, and metabolic processes, with a bene-
ficial effect on dysfunctions of the microbiota-GBA and psychiatric conditions. The main
benefits discussed in the literature are presented in Table 2.

Table 2. Benefits observed with the use of probiotics in irritable bowel syndrome.

Benefit Probiotics References
Pathogenic microbiota development

inhibition Bifidobacterium spp., Lactobacillus spp. [83,84]

Intestinal motility improvement

Bifidobacterium lactis, Bifidobacterium breve, Bifidobacterium
longum, Bacillus subtilis, Streptococcus faecium, Streptococcus

thermophilus, Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus rhamnosus

[85–89]

Antinociception Bifidobacterium lactis, Streptococcus thermophiles, Lactobacillus
bulgaricus, Lactococcus lactis [90,91]

Decrease in inflammatory and immune
response

Bifidobacterium infantis, Lactobacillus lactis, Lactobacillus
acidophilus, E. coli Nissle [92,93]

Stress response improvement

Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium
infantis, Streptococcus casei, Lactobacillus rhamnosus,

Lactobacillus helveticus, Lactobacillus casei, Lactobacillus
acidophilus, Lactobacillus plantarum, Lactobacillus bulgaricus

[94,95]

4.1. Role of Probiotics in the Restoration of Microbiota Composition

By increasing in Lactobacilli and Bifidobacteria, probiotics participate in restoring and
stabilizing an unfavourable intestinal ecosystem for pathogenic bacteria, both by metabo-
lites (lactic acid, short-chain fatty acids, hydrogen peroxide) and by bacteriocins (lactocin,
acidophilin, bifidin, bifidocin) [83].

The competition for nutrients inhibits the development of pathogen microbes, partic-
ularly certain species of Clostridium, Escherichia coli, Salmonella, Shigella, and Pseudomonas.
There are studies that have shown that probiotics stimulate the local production of mucins,
thus decreasing adhesion of pathogenic bacteria [84].

A relationship between probiotic administration and the production of short chain
fatty acids has been reported in animal models in a study published by Nagpal et al. [96] in
2018. The results show that probiotics administration led to an increase in short chain fatty
acids production, improving the intestinal microbiota function.

4.2. Role of Probiotics in Improving Intestinal Motility

Numerous studies have demonstrated improved transit in patients with constipation.
Administration of Bifidobacterium lactis HN019 and Bifidobacterium lactis DN-173 010 de-
creased transit time in adult subjects with chronic constipation [85]. Both in vitro and in
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human studies, B. lactis HN019™ reduced intestinal transit time in functional constipation
by modulating the gut–brain–microbiota axis, mainly by the serotonin signalling pathway,
via short-chain fatty acids produced by bacterial fermentation. B. lactis HN019™ is thus a
probiotic that can improve the intestinal dysmotility-related disorders [85,86].

Fermented dairy products containing Bifidobacterium lactis DN-173 010 both decreased
abdominal distension and transit time in a cohort of IBS-C patients [87].

Daily administration of Bifidobacterium lactis decreased the incidence of functional
disorders in patients with abnormal transit and flatulence.

The combination of Bacillus subtilis and Streptococcus faecium probiotics improved
the symptoms of patients with IBS without diarrhoea [88]. A combination of probiotics
containing Lactobacillus acidophilus, L. plantarum, L. rhamnosus, Bifidobacterium breve, B. lactis,
B. longum, and Streptococcus thermophilus improved symptoms in patients with IBS-D, with
superior results and no notable adverse reactions [89].

A meta-analysis investigating randomized controlled trials concluded that administration
of Bifidobacterium lactis decreased transit time in patients with chronic constipation [83,97–100].

A meta-analysis published in 2022 by Zhang et al. [101] suggests that B. coagulans
is highly effective as a therapeutical agent for IBS-D patients, improving symptoms and
quality of life. In this study, B. coagulans ranked as the most effective probiotic in improv-
ing abdominal pain and straining scores. Moreover, it retained its substantial efficacy
even compared to multiple types of probiotics combinations. The authors emphasize the
need of future research regarding this species, suggesting that obtaining specimens with
higher biological function by means of genetic engineering and development of probiotic
combinations containing B. coagulans may represent future research targets [101].

4.3. Role of Probiotics in Visceral Hypersensitivity

Several studies on animal models have shown that probiotics exert a direct antinoci-
ceptive effect on gut sensitive nerve endings, through bacterial metabolites acting as
neurotransmitters [102,103].

Other experiments support the hypothesis that probiotics also act by modulating the
balance between nociceptive and antinociceptive stimuli at CNS level.

Administration of dairy products containing Bifidobacterium animalis subsp. Lactis, Lac-
tobacillus bulgaricus, Lactococcus lactis, and Streptococcus thermophiles in healthy individuals,
was correlated with significant changes in affective, viscerosensitive and somatosensitive
cortical processes, on MRI studies. Therefore, a link between probiotics and the activity of
the emotional processing centre was suggested [90,91].

4.4. Probiotics and the Modulation of Inflammatory and Immune Processes

The connection between IBS and the inflammatory and immune response of the
intestinal mucosa is indirectly suggested by the appearance of IBS symptoms after a
bacterial or viral intestinal infection.

A series of studies have shown that IBS is accompanied by an alteration of the non-
specific and specific immune response both local and systemic [104,105]. Increased perme-
ability of the intestinal mucosa is considered a marker of local inflammation [33].

Non-specific immune local reaction is highlighted by the subepithelial accumulation
of mast cells, macrophages, and dendritic cells (acting as antigen-presenting cells).

Non-specific systemic immune response translates into increased levels of certain
cytokines: IL-1b, IL-6, IL-8, IL-12, and TNFα [106,107].

A decrease of anti-inflammatory cytokine IL-10, a regulatory cytokine that inhibits
both the release of pro-inflammatory cytokines and antigen presentation, was also observed;
thus IL-10 is proposed as a strong anti-inflammatory biological therapy for IBS [108].

Numerous laboratory findings and clinical study findings demonstrate that probiotics
reduce the inflammatory and immunological response in IBS through a number of different
pathways. The normal permeability of the epithelial barrier is maintained by probiotics,
which also correct the imbalance between pro-inflammatory and anti-inflammatory cy-
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tokines (measured by the IL-10/IL-12 ratio) and reduce the local and systemic levels of
several pro-inflammatory cytokines (TNF-a, IFN-g) [92,93].

4.5. Role of Probiotics in Stress Response

Numerous experimental and clinical data show that there are bidirectional influences
between the microbiota and the CNS. Dysbiosis can induce alteration of the microbiota-
GBA, while probiotics can contribute to the normalisation of this interaction [109].

Several studies have highlighted the protective effect of probiotics against anxiety-
depression status induced by mental stress. Some probiotics (Lactobacillus rhamnosus and
Lactobacillus helveticus strains) normalised the exaggerated response of the HPA in IBS [110].

Lactobacillus rhamnosus decreased the stress-induced corticosterone release by mod-
ulating GABA receptors involved in anxiety, decreasing the incidence and severity of
abdominal pain episodes in patients with IBS [111–114].

A strain of Bifidobacterium longum had positive effects in a recent study conducted by
Sabate et al. [93], who concluded that thirty days of B. longum 35624 treatments reduced
the severity of the disease and improved the quality of life of patients with IBS, especially
those with severe forms. Stress-reduction induced by Bifidobacterium is most-likely related
to tryptophan metabolism, as increased levels of tryptophan were observed after probiotic
administration [115].

A mixture of strains from eight probiotic species (Bifidobacterium longum, B. breve,
B. infantis, Lactobacillus casei, L. acidophilus, L. plantarum, L. delbrueckii subsp. Bulgaricus
and Streptococcus salivarius) led to an increase in brain-derived neurotrophic factor (BDNF)
level [94]. Dysfunctions in the epigenetic control, transport or signalling cascades of
BDNF have been discussed regarding various neurological and psychiatric diseases [116].
There is also growing evidence of an important role played by BDNF in visceral pain and
VH [117–119].

5. Role of Prebiotics in IBS Pathogenesis and Management

Prebiotics are “substrates that are selectively used by host microorganisms that confer
a health benefit on the host”. Prebiotics are usually dietary carbohydrates. Inulin fructans
(ITFs) (fructose polymers) and galactooligosaccharides (GOS) (galactose polymers) are the
most widely studied [120]. Extensive studies have demonstrated that prebiotics have the
ability to specifically increase Bifidobacteria in healthy subjects [121]. In addition, prebiotics
increase faecal short-chain fatty acids and decrease inflammatory markers [122], thus
providing their role in symptom management in IBS.

One of the most exhaustive meta-analyses on the role of prebiotics in IBS therapy,
published in 2019 by Bridgette Wilson et al. [123], concluded that prebiotics did not improve
gastrointestinal symptoms, outcome, or quality of life in patients with IBS, but increased
faecal Bifidobacteria. However, the administration of a galactooligosaccharide prebiotic
for four weeks in patients with IBS and anxiety led to a decrease in symptoms and an
improvement in quality of life [124]. Also, the dose and duration of administration did
not improve the general symptoms, with individual differences between type and dose
being observed. Non-ITF prebiotics improved flatulence while ITF prebiotics worsened
flatulence; doses ≤ 6 g/day reduced flatulence, whereas higher doses had no effect [123].

Short-chain fructooligosaccharides (scFOS) were also studied by Azpiroz et al. [125],
who described the influence of prebiotics on anxiety in IBS individuals.

Niv et al. [126] proved the efficacy of partially hydrolysed guar gum (PHGG) for
patients with IBS accusing mainly bloating, without any side effects. However, it showed
no effect on the rest of the possible IBS symptoms.

However, prebiotic therapy must be further investigated, as the results of the studies
carried out so far are unconcluded [127].
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6. Clinical Microbiota-Altering Treatment

In IBS, a major role in induction of symptoms is played by diet. Current evidence
suggests that FODMAPs (fermentable oligosaccharides, disaccharides, monosaccharides,
and polyols) exclusion is the most effective dietary intervention, as their osmotic effect
leads to increased water volume in the small intestine and introduce undigested dietary
components to the gut microbiota [71]. At this point the food is fermented, producing
gas, and causing the distension of colon, triggering abdominal pain in the context of
VH [71]. In 2017, McIntosh et al. [128] published evidence that low-FODMAP diet reduces
the levels of urinary histamines, thus speculating that patients with a specific microbiota
profile producing high levels of histamine may benefit from a low-FODMAP diet. Other
studies support the claim that low-FODMAP diet represents an effective therapeutic tool,
improving symptoms and inducing changes in inflammatory cytokines and microbiota
profile after 3 weeks of dieting [129].

Usage of faecal microbiota transplantation (FMT) in patients with IBS showed contra-
dictory results in the past. It seems that for a successful FMT, a donor with favourable specific
microbial signature and a normal dysbiosis index is required [71]. In 2021, Cui et al. [130]
published a retrospective analysis of the long-term effects of FMT for IBS, suggesting that
repetitive transplantations may be necessary to maintain a long-lasting effect.

7. Discussion

The human microbiota is a complex ecosystem, composed mainly of bacteria, but also
viruses (e.g., bacteriophages), archaea (e.g., Methanobrevibacter), and eukaryotes (fungi).
Gut microbiota is considered a virtual organ, which actively influences and modulates a
multitude of physiological processes, mainly related to gut development, nutrient process-
ing, specific local and systemic immune response, resistance to pathogenic bacteria, and
CNS activity. There are about 100 trillion bacteria in an adult’s body, 80% of which exist in
the gut, about ten times more than the cells in the human body [131].

The microbiota contains over 1000 bacterial species, including 17 families, which
mainly belong to four phyla (Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria).
Actinobacteria and Proteobacteria decrease with age, thus Firmicutes and Bacteroidetes become
predominant in adults [132].

The exact composition of the microbiota is specific to each individual and changes
throughout life, being influenced by environmental factors: diet, lifestyle, stress, medication
(especially oral antibiotics), and some invasive procedures (e.g., colonoscopy) [10].

Numerous studies have highlighted links between dysbiosis and a series of patholo-
gies: diabetes, metabolic syndrome, cancer, inflammatory diseases, and psychiatric disor-
ders. This can be explained by several mechanisms.

The multitude of bacterial metabolites absorbed into the blood may influence GBA [80],
stimulating the neuromodulators (noradrenaline, dopamine, acetylcholine, serotonin,
gamma-aminobutyric acid—GABA) synthesis [133]. By influencing bidirectional com-
munication between the CNS and the ENS, microbiota modulates a series of local pro-
cesses: bowel motility, intestinal secretion, nonspecific and specific immune defence, and
sensitivity [80].

Previous studies have described an increase in the number of bacteria attached to the
intestinal lining, a rise in the number of aerobes compared to anaerobes, a decrease in micro-
bial diversity, a reduction in the variability of microbiota composition, and an accentuated
temporal instability in the microbiota of patients with IBS. [134]. There is evidence for an
immune response in the gut, characterized by an increased intraepithelial lymphocyte, mast
cells and serotonin-secreting enterochromaffin cells [135,136]. Microbiota influences the
inflammation processes in IBS, by altering the balance between pro-inflammatory factors
and host defence. Therefore, microbial antigens may act similarly, causing subclinical
inflammation in patients with IBS [15].

We acknowledge that our study had some limitations. Therefore, there is insufficient
prior research regarding a few topics we discussed in our study: relationship between food
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allergies and IBS, role of microbiota on the development of the human gut, and PI-IBS
among other. Further research is needed to help achieve a better understanding of these
subjects. Other limitations are represented by the broadness of addressed topic and lack
of systematic reviewing. However, we consider these necessary trade-offs for providing a
comprehensive, yet accessible resource for physicians.

8. Conclusions

The global incidence of IBS is increasing in industrialized countries. The pathogen-
esis of IBS is multifactorial, and microbiota plays a central role in the development of
this condition.

Genetic and environmental factors influence the composition of the microbiota, with
an essential role in modulating the immune response.

The interrelation between microbiota, immunity and IBS is complex, because the same
commensal bacteria can induce either a protecting or a pathogenic/inflammatory response,
depending on individual susceptibility.

The characterisation of the human microbiota profile will allow the development of a
new type of “biological fingerprint”, which will be useful in assessing the drug therapy
response or a specific diet, ultimately leading to the development of personalised therapies.

The use of probiotics and prebiotics obtains acceptable results, being recognised as
effective and safe in IBS therapy.

A comprehensive approach by a multidisciplinary team of healthcare professionals,
including gastroenterologist physicians, clinical microbiologists, and molecular genomics
experts, is necessary for an accurate diagnosis and appropriate management of IBS.
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