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Abstract. The gut microbiota, a vast community of symbiotic microorganisms inhabiting our gut,
has been recognized as a key-lever for human health, shaping immune system resilience and being
essential for immunological homeostasis throughout the life course. Gut microbiota composition
may influence both initiation and/or perpetuation of intestinal inflammation, but recent research
has highlighted its contribution to both rising and progression of protean non-intestinal
inflammatory diseases: indeed, a perturbation of host-associated microbiota during critical
developmental stages like early childhood can directly condition many cellular dynamics and
impact long-term health. This narrative review explores the interactions among gut microbiota,
physiologic healthy equilibrium, dysbiosis, and immune-mediated non-intestinal inflammatory
diseases occurring in childhood, such as inflammasome-based disorders, juvenile idiopathic
arthritis, Kawasaki disease, and IgA vasculitis, focusing on how microbial changes may alter
disease outcomes and suggesting potentially novel therapeutic approaches. Additionally, this
review examines the evolution of immune recognition mechanisms and their role in maintaining
the gut microbiota-host mutualism as a result of millennia of human co-evolution with the
microbial counterpart.
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Introduction. The microbiota is increasingly recognized
as a unique partner in shaping human development,
innate immunity, nutrient absorption, metabolism, and
overall homeostasis.! Advances in high-throughput
sequencing have corroborated a comprehensive profiling
of intestinal microbe composition and defined its
functional capacity within a spectrum of clinical
disorders, while emerging insights underscore the gut

milieu as an innovative avenue that prompts researchers
to explore new territories and address different
inflammatory conditions or even their complications.?
Gut microbiome, the collective term for the genomes of
the intestinal microorganisms and their activities, is
affected by child’s early life events, like the mode of
delivery, breastfeeding, and administration of antibiotics,
which may have an indirect effect on the developing
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immune system as well as on the predisposition to
different ailments characterized by inflammation. A host
of reports suggests distinctive gut microbiota signatures
in many intestinal disorders and in many non-intestinal
disease models. However, crosstalk between gut
microbiota and innate immunity remains a topic of great
interest, intense study, and ongoing debate.

This narrative review analyzes the relationship
between gut microbiota and various immune-mediated
inflammatory disorders in children, highlighting how
microbial disruption may actively contribute to both
disease phenotypes and therapeutic choices. Our search
for pertinent studies in the principal biomedical
databases included the terms "inflammasome", "familial
Mediterranean fever”, "juvenile idiopathic arthritis",
"Kawasaki disease", and "IgA vasculitis”; studies
dedicated to the pediatric age were included in our
critical analysis. The results from our search highlighted
significant points of contact between gut microbiota and
pediatric immune-mediated inflammatory diseases, but -
owing to inherent variability of the existing body of
evidence - data results have been analyzed from a
narrative standpoint, and not as a meta-analysis, for a
constructive assessment of the role of intestinal
microbial diversity and therapeutic modifications useful
in different immune-mediated inflammatory disorders
occurring in children. Additionally, this review examines
the evolution of immune recognition mechanisms and
their role in interactions between the host and the
microbiota during childhood.

The Evolution of Immunologic Recognition Systems
from Invertebrates to Humans. The recognition
system that differentiates ‘self” from ‘non-self” has been
integral to animal physiology since the emergence of
multicellular organisms more than 600 million years
ago.® Mechanisms involved in innate immunity differ
from the adaptive immunity system that developed in the
vertebrate lineage, and fundamentally serve as the initial
basic line of defense against invaders to the human
body.* Various receptors, ligands, and signaling
molecules play a strategic role in the kick-off of many
immune responses, triggering effector agents like
interleukin (IL)-1, IL-6 and IL-12, which aim to the
neutralization of pathogens and repair of injured tissues.®
Interestingly, these primary defense tools have been
identified in invertebrates, suggesting that different
cellular products involved in immune reactions were
highly preserved across species.® Indeed, genes that
encode most innate immunity-related molecules share
similarities with genes found in higher vertebrates, also
indicating that elementary immune pathways may have
evolved long before vertebrates appeared on the
evolutionary timeline.” However, despite the presence of
genes that impact both immunity and inflammatory
response in invertebrates, the way they function may

significantly differ from their counterparts in vertebrates,
and it is likely that genes with a non-immunological role
in invertebrates may have been repurposed for clearer
immune functions in vertebrates, or vice versa,
contributing to the complexity of long-term evolution.®
These recognition systems have co-evolved with the
human gut microbiota, ensuring balance and preventing
pathologic dysbiosis.® Furthermore, the redefinition of
initially  non-immunologically — active genes in
invertebrates may have been a key-factor in the
regulation of immunologic responses in higher
vertebrates, shaping the dynamic interaction between
hosts and their microbiota: this precondition upholds the
role-playing game of immunity in maintaining health and
stability of multicellular organisms. 01!

Implications of Dysbiosis for the Progression of
Immune-Mediated Disorders. The priming by which
gut microbiota exerts its influence on innate immunity
derives from disruption of the intestinal barrier integrity,
directly involving the activity of immune cells and
metabolite-mediated immune response modulation. To
all intents and purposes, abnormalities in gut microbiota
can activate Toll-like receptors (TLRs) and nucleotid-
binding oligomerization domain proteins-like receptors
(NLRs) by either increasing harmful metabolites or
reducing beneficial products, such as short chain fatty
acids (SCFA), ultimately leading to the overproduction
of pro-inflammatory molecules like tumor necrosis
factor (TNF)-a, IL-1B, and interferon (IFN)-y.12
Microbial communities have a typical stability under
normal physiological conditions: however, they can
undergo perturbations in response to Western dietary
patterns, gastrointestinal infections, or administration of
antibiotics.®®* An impaired function of the intestinal
barrier triggers a pathophysiological cascade that affects
various gastrointestinal and extra-intestinal disorders
fueled by chronic inflammation through lymphatic and
blood circulation.*

Guittar and Shade observed consistent taxonomic and
trait-based shifts in infant gut microbiota during the first
3 years of life: specifically, with respect to taxonomic
composition, early succession was dominated by
Bacteroidaceae and Bifidobacteriaceae, whereas the late
succession was dominated by Lachnospiraceae,
Ruminococcaceae, and again Bacteroidaceae in 56
infants from Finland and Estonia for whom longitudinal
microbiome survey data were available.® Variations in
gut microbiota may contribute to the development of
peculiar autoimmune diseases: there are data related to
type 1 diabetes, proving how the immune system
mistakenly attacks insulin-producing beta cells of the
pancreas following gut microbiota variations in
genetically predisposed individuals, as a disrupted
microbiota-immune interaction that affects Thl/Th17
balance may lead to production of autoreactive T
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lymphocytes and ultimately prime disease occurrence.®
Specifically, intestinal dysbiosis in prediabetes may be
characterized by reduced butyrate-producing bacteria
such as Faecalibacterium prausnitzii and Roseburia,
along with an increase of potentially harmful taxa such
as Escherichia, Shigella, Shigella and Prevotella: this
imbalance is associated with systemic inflammation and
elevated levels of IL-6 and TNF-a. Moreover, an
increased intestinal permeability might facilitate the
translocation of bacterial components such as
lipopolysaccharides, linking gut microbiota
abnormalities to the development of insulin resistance
and persistent hyperglycemia, as seen in type 2
diabetes.!” Additional studies have also demonstrated
that gut microbiota affects a wide range of clinical
outcomes unrelated to intestinal disorders, and some
have suggested that intestinal flora may influence many
of severe neurological disorders through the brain-gut-
microbe signaling system.'® Moreover, early-life
exposure to antibiotics can clearly disrupt gut microbiota,
reduce microbial diversity, deplete key-commensal
species, delay microbiota maturation, improperly train
immune system development, weaken the intestinal
barrier with subsequent potential inflammation, leading
to adverse health effects in the long run.®

Exploring the Role of Gut Microbiota in
Inflammasome-related Disorders. Twenty years ago
the concept of autoinflammation was spread to define a
group of complex conditions characterized by disrupted
innate immunity and self-limited inflammatory bouts,
involving skin, serosal membranes, joints, gut and other
districts of the human body, which recur at a variable
rhythmicity, sometimes concealed behind episodes of
recurrent fevers in school-aged children.?® The
identification of causative genes directly involved in the
innate immunity and specifically of pathogenic
mutations within these genes coding for signaling
complexes, receptors and sensors that are activated in
response to pathogens and environmental factors led to a
better understanding of how defense equipment may be
regulated in normal conditions.?> A prototypical
hereditary autoinflammatory disorder is familial
Mediterranean fever (FMF), caused by gain-of-function
MEFV variants that affect pyrin function within the
pyrin-inflammasome, characterized by mutant cells
which become prone to uncontrolled pyroptotic death,
clinically manifested by recurrent self-limiting attacks of
fever and serositis.??2?® In particular, Ozen et al. analyzed
the gut microbiota of 28 FMF children from Turkey (plus
8 healthy controls) and 21 FMF patients from the United
States of America (plus 6 controls) in 2021 and found
neither significant differences between patients and
controls, nor any differences in disease severity within
each geographic area.?* On the other hand, Delplanque et
al observed a conceivable interplay between intestinal

microbiota perturbations and phenotypic expression of
FMF, analyzing a wider sample consisting of 119 FMF
patients and 61 healthy controls: in particular, they found
an over-representation of pro-inflammatory bacteria of
the Enterobacteriaceae family in association with the
most severe FMF phenotypes. In addition to direct
immune modulation, alterations in the gut microbiota
could trigger FMF attacks by impairing microbial
metabolism and leading to the eventual expansion of
pathogens. Moreover, it was speculated that FMF
patients displaying the most severe clinical pictures, as
well as colchicine resistance and/or homozygous MEFV
pathogenic mutations, might display specific gut
microbial signatures.?® Unfortunately, these results have
not been reproduced specifically for pediatric patients.
Importantly, Pepoyan et al reported positive effects on
C-reactive protein levels after administering the
probiotic Lactobacillus acidophilus INMIA 9602 Er-2
strain 317/402 in 9 FMF patients (aged 18-50 years)
living in Armenia; this was the first study to demonstrate
the efficacy of a probiotic on disease activity in FMF
patients.?® The same authors found that the probiotic
strain reduced the number of Candida albicans and
Enterobacteriaceae in the gut of FMF patients?” and
that future placebo-controlled trials should help defining
the usefulness of probiotic therapies, particularly
focusing on Faecalibacterium, Blautia, and Clostridium
species.®® However, no data specifically referring to
pediatric patients are currently available.

Many inflammasome-related abnormalities with an
aberrant pyroptosis pathway may have a bidirectional
relationship with the gastrointestinal microflora, and an
eventual dysbiosis could expose the host to pathogenic
microorganisms and/or their metabolites, triggering
inflammation. A specific group of rare hereditary
autoinflammatory disorders characterized by recurrent
inflammatory flares derives from the constitutive
activation of the nucleotide-binding oligomerization
domain protein-3 (NLRP3) inflammasome, driven by
gain-of-function NLRP3 gene mutations and resulting in
excessive IL-1B production.?* The interplay between
gut flora and host immune system may contribute to a
kaleidoscopic clinical expression of different conditions
in which the NLRP3 inflammasome is involved: for
instance, Mafra et al explored this relationship in patients
with chronic renal disease undergoing hemodialysis,
who were found to have abundant Fusobacteria phyla -
displaying a negative correlation with the mRNA of
NLRP3 and IL-1B.3* Identifying patients who may
benefit from NLRP3 inflammasome-targeted therapies
may be important in different clinical settings, though
pediatric patients have never been tested. A very recent
study by Deng et al. evaluated the effects of the
enzymatically hydrolyzed small-molecule pectin derived
from the leaves of Premna ligustroides Hemsl on the
NLRP3 inflammasome, which is crucial to the initiation
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and progression of gout arthritis, also indicating that it
could enhance uric acid metabolism.®2

A rare but specific autoinflammatory disorder related
to the NLR family caspase recruitment domain-
containing protein 4 (NLRC4) inflammasome is caused
by gain-of-function NLRC4 variants, leading to the
constitutive activation of the NLRC4 inflammasome
followed by early-onset enterocolitis and IL-18
oversecretion-based recurrent fevers, having the features
of hemophagocytic lymphohistiocytosis.®*3* However,
experimental studies in NLRC4-mutated murine models
have revealed that systemic high levels of IL-18 are gut
microbiota-independent,*® though a child with an NLRC4
mutation who was refractory to high-dose corticosteroids,
cyclosporine, anakinra, and emapalumab required fecal
microbiota transplant from an adult donor to manage a
severely persistent diarrhea due to multidrug-resistant
Enterobacter cloacae and Enterococcus faecalis; this
treatment was associated with a definite control of
inflammation and allowed tapering of the other
concurrent immunosuppressive therapies.

Loss of Microbial Diversity in the Pathogenic Loop of
Juvenile Idiopathic Arthritis. Among trillions of
bacteria present in different parts of the body, gut
microbiota is the most studied in all rheumatologic
diseases, and the link between gastrointestinal tube and
immune system is further supported by the notion that
disrupted populations of human gut bacteria can lead to
immune-mediated processes involving both innate and
adaptive immunity, as in the juvenile idiopathic arthritis
(JIA) which is the most prevalent chronic arthritis
affecting children below 16 years of age.*” Indeed,
evidence is increasing about changes of gut flora
contributing to the development of JIA, making
dysbiosis an occult driver of this immune-mediated
condition. In particular, a dysregulated microbial
metabolome would create a pro-inflammatory milieu,
though no single intestinal organism has been identified
in all performed studies as an unequivocal trigger of
JIAS383  In  adults with rheumatoid arthritis,
Faecalibacterium prausnitzii is consistently depleted,
and that prevents its protective effect on the host, which
is related to SCFA release, histone deacetylase inhibition,
regulatory T (Treg) cells induction, secretion of
microbial anti-inflammatory molecules, enhancement of
epithelial barrier integrity, and modulation of pro- and
anti-inflammatory cytokine responses.*® Tejesvi et al.
evaluated the fecal microbiota of 30 treatment-naive
children with oligoarticular and polyarticular forms of
JIA, finding lower abundance of Firmicutes and higher
abundance of Bacteroidetes compared with controls;
they also identified increased frequency of
Actinobacteria and Fusobacteria and reduced frequency
of Lentisphaerae, suggesting a distinct microbial profile
for patients diagnosed with JIA.*! In addition, Aggarwal

et al. observed higher levels of Enterococcaceae species
in the stools of children with enthesis-related JIA,
whereas Prevotella was less abundant, apart from
patients’ body mass indices and their HLA-B27 status.*
In another study, van Dijkhuizen et al evaluated fecal
samples from 78 treatment-naive Italian and 21
treatment-naive Dutch patients with non-systemic JIA,
having less than 6 months of disease duration, comparing
this double cohort to 107 geographically matched
healthy  children: importantly,  they  found
Faecalibacterium prausnitzii increased in Italian patients
at baseline, a species that could result in changes in
SCFA production, while Allobaculum, Gemellaceae,
Propionibacterium acnes, and Turicibacter were reduced
compared to controls. Moreover, taxa such as
Eggerthella, Rikenellaceae, Mogibacteriaceae, and
Coprobacillus showed higher relative abundance in
Dutch patients, though without reaching a statistical
significance compared to controls.** Dong et al evaluated
patients with systemic variant of JIA, nowadays named
Still’s disease also in children, a condition primarily
driven by IL-1, IL-6, and IL-18, characterized by
systemic symptoms like fever and rash, which may
progressively worsen until the development of
macrophage activation syndrome and chronic
arthritides:*%® The authors reported 17 patients with
active disease, 15 with inactive disease, and 32 healthy
controls, finding that Firmicutes and Bacteroidetes were
the most abundant phyla in all patients’ samples and that
the abundance of Bacteroidaceae was highest in the
active Still group, followed by the inactive one.*’
Moreover, Gao et al investigated the hypothetical
relationship between gut microbiota and JIA quantifying
the potential role of plasma metabolites as disease
mediators through the use of gut microbial genome-wide
datasets encompassing 18,340 individuals from 24
cohorts, predominantly of European ancestry: two
genera were positively associated with the risk of JIA:
Rikenellaceaec (OR=1.199, 95% CI [1.034-1.190],
p=0.015) and Ruminococcus (OR=1.401, 95% CI
[1.024-1.916], p=0.034), while Dorea showed a
negative correlation with JIA; more specifically,
metabolites associated with a decreased risk of JIA
included cysteine-glutathione disulfide and
dihydroxybenzoic acid, differently from furaneol sulfate
which was associated to increased risk of JIA.* Little is
known about the reciprocal influence between
microbiota composition and immunosuppressive or
biologic drugs used in JIA, and how this drug-microbiota
interaction may have an impact on the clinical outcome.
For instance, the effect of the most common anti-TNF-o
drug used in children with JIA, etanercept, on the gut
microbiota has not been extensively studied. However,
Picchianti-Diamanti et al. found that etanercept could
beneficially affect the microbiota and intestinal
production of SCFAs in adults with rheumatoid arthritis,
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leading to increased distribution of Cyanobacteria,
Nostocophycideae, and Nostocales, while
Deltaproteobacteria and Clostridiaceae decreased.*® This
advantage may also be observed in patients with
autoinflammatory disorders treated with etanercept, who
may recover and partially restore their gut microbiota.>"
52 The plethora of environmental research undertaken in
juvenile arthritides over the last decades, along with the
challenges posed by using data from various patient
cohorts, may enable microbiota-modifying strategies to
restore a lost immune balance and improve the clinical
response to canonical therapies.

The Partnership of Gut Microbiota as a Driving
Process in Vasculitic Syndromes. The gut microbiota is
widely believed to be associated with immune-mediated
vasculitides in childhood. An aberrant immune response
involving genetic and environmental factors seems to
play a seminal role in triggering Kawasaki disease (KD),
a still  mysterious vasculitis with a strong
autoinflammatory component, which predominantly
affects toddlers and specifically their medium-to-small
size arteries: many attempts to develop universal scoring
systems and detect KD children at higher risk of
resistance to treatment have been unsuccessful %5 and
KD may present a different evolution according to yet
unraveled  demographic,  genetic/epigenetic, or
environmental factors like peculiar changes in the gut
microbiota,5¢-%

Differences in microbiota composition have been
found in children with KD, in both acute and non-acute
phases, with abnormal colonization of the intestinal tract
by Streptococcus species and a wider presence of Gram-
positive cocci in jejunal biopsies. In particular, a higher
rate of Gram-positive cocci (of the genera Streptococcus
and Staphylococcus), Eubacterium, Peptostreptococcus,
and HSP60-producing Gram-negative microbes have
been found in the feces of children with KD.>® Yang et al
found gut microbiota dysbiosis in children with KD
during the acute phase, particularly a downregulation of
SCFA-producing microbiota and over-proliferation of
opportunistic pathogens.® Teramoto et al analyzed fecal
DNA from 26 children with KD and 57 age-matched
healthy controls, focusing on the microbial composition
one year post-diagnosis. Even after clinical recovery, the
KD group showed significant differences in microbial
diversity, suggesting that the disease may have long-
lasting effects on gut microbial balance. One of the main
findings was a decrease in the abundance of Blautia, a
genus known to produce butyrate, a SCFA with anti-
inflammatory effects. Indeed, butyrate plays a role in
maintaining intestinal epithelial integrity and promoting
the development of Treg cells. This reduction of
butyrate-producing bacteria suggests a loss of protective
anti-inflammatory mechanisms in the gut, which may
contribute to prime systemic inflammation. Conversely,

there was a notable increase in Ruminococcus gnavus, a
species associated with inflammatory bowel disease and
rheumatoid arthritis: Ruminococcus gnavus is known to
produce pro-inflammatory polysaccharides that can
stimulate the innate immune system, particularly through
TLR signaling pathways. Its abundance in KD patients
supports the theory that a microbial trigger may amplify
innate immune responses, thereby promoting vascular
inflammation in the acute phase of KD. These findings
confirm that gut dysbiosis may not only reflect the
inflammatory milieu of KD, but actively participate in
initiating or sustaining KD immune dysregulation,
especially through the loss of anti-inflammatory taxa and
rise of pro-inflammatory bacteria, highlighting the idea
that targeting gut microbiota - through probiotics and
prebiotics - may represent an adjunctive strategy in the
management of children with KD.5!

Further studies have confirmed that an imbalance in
gut microbiota might indirectly interfere with a regular
function of innate and adaptive immunity, and that
variable microbiota interactions with environmental
factors, mainly infectious agents, can selectively steer
the development of Behget’s disease (BD), another
systemic vasculitis of unknown etiology characterized
by mucocutaneous manifestations, including recurrent
oral and genital ulcerations, ocular manifestations,
especially chronic relapsing uveitis, and systemic
involvement of arteries and veins of all sizes, which
might have a pediatric onset: BD has several
autoinflammatory features, including recurrent self-
limited clinical manifestations overlapping with
monogenic  autoinflammatory  disorders due to
abnormally increased inflammatory responses with a
robust innate component.5? The gut microbiota of BD
patients lacks butyrate-producing bacteria and
methanogenic bacteria: Consolandi et al first reported the
microbiota characteristics in BD, showing a significant
depletion of the genera Roseburia and Subdoligranulum
and also significantly reduced levels of butyrate
production.®® Unfortunately, there are no studies
conducted specifically in children with BD.

Immunoglobulin A vasculitis (IgAV) is the most
common primary vasculitis occurring in children,
triggered by a series of abnormal immune responses
primed by infections, drugs, vaccines, parasites or even
tumors in genetically predisposed individuals: the
disease typically follows a self-limiting course, with
symptoms resolving within a few weeks to months, but
one third of pediatric patients with IgAV may have a
recurrence of the vasculitis picture.% There is increasing
evidence suggesting that bacterial dysbiosis with
dominant Bacteroidaceae and decreased
Coriobacteriaceae may influence the progression and the
recurrence rates of IgAV.% Wang et al studied the
composition of gut microbiota by 16S rRNA gene-based
sequencing in 85 children with IgAV, finding abundant
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Table 1: List of pediatric (primarily non-intestinal) immune-mediated inflammatory disorders influenced by gut microbiota changes.

Primary Disease

Gut Microbiota Changes

Immuunologic Effects

Consequences At A
Clinical Level

Potential Interventions

Type 2 diabetes
(#17)

| SCFA-producing bacteria
(Faecalibacterium
rausnitzii and Roseburia) and 1
harmful taxa (Escherichia,
Shigella and Prevotella)

Systemic inflammation
with 17 IL-6 and TNF-a.

Insulin resistance

Microbiota-targeted
interventions, especially
dietary changes,
probiotics, and fecal
microbiota
transplantation

Familial
Mediterranean
fever

(#25)

1 pro-inflammatory bacteria as
Enterobacter, Klebsiella, and
Ruminococcus gnavus;
Enterobacteriaceae family was
associated with the disease and the
most severe phenotype

Expression of pathogen-
associated molecular
patterns or specific
unmethylated
immunostimulatory
motifs recognized by
TLR4and TLR9

Differences reflected
on disease
severity, colchicine
response and specific
homozygous
mutations

Gut microbiota-targeted
therapies in combination
with the specific
available drugs
(colchicine, I1L-1
blockers)

Juvenile idiopathic
arthritis
(#41, #42, #43,

1 Bacteroidetes, Actinobacteria,
Fusobacteria and | Firmicutes,
Lentisphaerae in non-systemic
JIA; 1 Enterococcaceae species
and | Prevotella in enthesis-
related JIA; 1

Challenge at the
intestinal mucosal
immune system of

genetically susceptible
subjects with facilitation

Potential disease
induction as shown
for type 1 diabetes,
Crohn’s disease and

Lactobacillus spp. has
been demonstrated to
reinforce gut barrier
function and induction of
intestinal anti-

Kawasaki disease

producing bacteria (Blautia) even

polysaccharides that

occurring in medium

#44) Faecalibacterium prausnitzii in of the pro-inflammatory ankylosing - .
- . - . L inflammatory cytokine
naive ltalian patients with non- cascade spondylitis roduction
systemic JIA; 1 Bacteroidaceae in P
the active phase of systemic JIA
Abnormal colonization e Prg:?c;cs):;icgium
by Streptococcus species with 1 9. .
. . butyricum) and their
Streptococcus, | butyrate (with anti- :
. . - . metabolite supplements
Staphylococcus, Eubacterium, inflammatory properties) Systemic (SCFA) may regulate the
Peptostreptococcus, | SCFA- and 1 pro-inflammatory inflammation yTeg

gut microbiota,

producing bacteria (Lachnospira,
Ruminococcus, Roseburia and
Streptococcus)

differentiation of Tregs

(#59, #61) one year-post-diagnosis and 1 activate TLR signaling and small-sized mc;e;\sm%_ thel alt)burt\dgn.ce
Ruminococcus gnavus, which is pathways, contrast to vessels ° r:l;]ieotlicg iher?: ieer;a,
known to produce pro- Treg development (frl?cto-oli osaccr?ari des
inflammatory polysaccharides and galacto-
oligosaccharides)
1 Bacteroidaceae and |
Coriobacteriaceae, 1 Reduction in the
" Fusobacteria and | Firmicutes, concentration of butyrate . .
Eg&\/;z%u!;gg correlation of Blautia wexlerae to and propionate in the T?}é;r}zhigd therggliggott())l?rlr_]t;?z'\a/% the
#68), ' ' serum IL-10 levels, | SCFA- stool and decreased imbalances clinical outcome

Legend: IL: interleukin; JIA: juvenile idiopathic arthritis; SCFA: short-chain fatty acid; TLR: Toll-like receptor; TNF: tumor necrosis factor;

Tregs: T regulatory cells

Fusobacteria and also a decrease of Firmicutes.®® Further
studies have demonstrated Thl/Th2 and Treg/Thl7
imbalances in IgAV, as evidenced by the suppression of
Thl and Treg cells and upregulated Th2 and Thl7
differentiation: in particular, Liang M et al studied blood
and stool specimens of 27 children with IgAV, showing
higher serum levels of IFN-y, IL-4, IL-10, and IL-17.
The authors correlated the prevalence of Blautia and
specifically of Blautia wexlerae to serum IL-10 levels.®
Additionally, Liang W et al examined gut microbiota
composition of 127 children with 1gAV, finding the
reduction of four genera, namely Lachnospira,
Ruminococcus, Roseburia, and  Streptococcus,
potentially implicated in the production of the anti-

inflammatory SCFAs butyrate and propionate.® Table 1
shows a list of some pediatric non-intestinal immune-
mediated inflammatory disorders influenced by
microbiota changes and subsequent immunological
effects or clinical implications. Figure 1 shows the
mechanisms involved in the symbiotic relationship
between gut microbiota and the immunologic axis,
which helps maintaining homeostasis in the host: an
eventual dysbiosis (starting in the pediatric age) with
barrier disruption, decreased production of SCFA, and
increased release of pro-inflammatory cytokines may
induce specific disease patterns, as found in FMF, JIA,
KD, and IgAV.
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Figure 1. Mechanisms illustrating the symbiotic relationship between the gut microbiota and host’s immune axis, in which dysbiosis, reduced
production of beneficial short-chain fatty acids, and increased release of pro-inflammatory cytokines lead to the development of specific disease
patterns, such as inflammasomepathies (familial Mediterranean fever), juvenile idiopathic arthritis, Kawasaki disease, and IgA vasculitis.

Early-life
gut dysbiosis

Gut barrier
disruption

Impaired metabolite-mediated modulation of
innate/adaptive immunity and Th1/Th17 imbalance

]

£ Activation of TLRs/NLRs, AT N
(.}"\\ overproduction of IL-1, IL-6, | (€ )
N7 ’ IL-12, TNF-0,, and IFN-y \;‘N:‘)
-2 =
Inflammasomopathies |, ' Kawasaki
L v disease

Juvenile idiopathic arthritis W

Probiotics as Training Tools to Prime the Progress of
Innate Immunity of Children. An early administration
of Gram-positive bacteria, including species from the
Lactobacillus and Bifidobacterium genera, as well as
Enterococci or yeast species such as Saccharomyces
boulardii, collectively called ‘probiotics,” helps restoring
physiologic microbial balance, supports innate immunity
in young patients, and promotes immunological
tolerance to prevent undesirable immune responses
against commensal bacteria whose cellular components
may share certain features with pathogenic ones.®® A
recent randomized controlled trial strongly supported
this therapeutic approach, demonstrating that a probiotic
mixture containing Bifidobacterium breve,

IgA vasculitis

Bifidobacterium lactis, and Lactobacillus rhamnosus can
give benefits to children with history of upper respiratory
tract infections.”® The study also confirmed previous
results, highlighting the importance of probiotic
competitive adherence to the intestinal mucosa to confer
an advantage to the host.”* Similarly, a Cochrane
systematic review showed that probiotics can lower the
incidence and overall duration of upper respiratory tract
infections, reduce antibiotic use, and decrease the
number of school absence days, though further trials are
needed to consolidate these promising findings.
Additional mechanisms by which probiotics exert their
benefits include modulation of innate immunity
pathways, stimulating the release of antimicrobial
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proteins via interaction with pathogen sensors, such as
TLRs and NLRs, and through a complex network of
cytokines produced by innate immune cells, including
IL-17 and IL-22, which are emerging as crucial
regulators of antimicrobial-peptide production in the
gut.”? Future large trials should focus on identifying the
optimal probiotic strains, dosing regimens, and durations
of administration to maximize preventive or therapeutic
outcomes across different pediatric scenarios.

Conclusion and Future Directions. All living
organisms can be regarded as complex entities colonized
by diverse microbial ecosystems across nearly all body

tissues (with the exception of the central nervous system).

The gut is the most densely populated, with an estimated
100 trillion resident microorganisms in humans.
However, the interdependence of different microbial
communities in the gut flora remains unclear, and
various approaches are being investigated, including the
use of probiotics to supplement beneficial commensals,
dietary modifications, and fecal microbial transplants.
Indeed, a wealth of data supports the notion that
disruptions in the diversity of human gut bacteria can
have enduring effects on protean immunologic functions,
particularly in the early developmental phase.
Limitations of our present study include the paucity of
pediatric cohorts reported in the published literature,
small sample sizes, age differences among patients, and
heterogeneity in microbiota assessment technigues. As
investigations continue to reveal the intricate processes
underlying microbiota-immunity interactions, targeted
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