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    IFN�       Interferon-gamma 
    ROR�t       Retinoic acid receptor-related orphan receptor 

gamma t 
    LP       Lamina propria 
    IEC       Intestinal epithelial cell 
    Th       T helper 
    Treg       Regulatory T cell 
    PSA       Polysaccharide A 
    SFB       Segmented � lamentous bacteria 
    ��       Gamma delta 
    Ig       Immunoglobulin 
    IBD       In� ammatory bowel disease 
    TRUC        T-bet�/�Rag�/�ulcerative colitis 
    NLRP       Nucleotide-binding oligomerization domain-

like receptor proteins 
    PPAR�       Peroxisome proliferator activated 

receptor-gamma 
    SCFA       Short-chain fatty acid 
    DSS       Dextran sulphate sodium 
    RA       Rheumatoid arthritis 
    CFA       Complete Freund�s adjuvant 
    T1D       Type-1 diabetes 
    EAE       Experimental autoimmune encephalomyelitis 
    MS       Multiple sclerosis 
    CNS       Central nervous system 
    APECED       Autoimmune polyendocrinopathy-candidiasis-

ectodermal dystrophy 
    AID       Activation-induced cytidine deaminase 
    C-section       Caesarean section     

      Introduction 

 Within the human body are enormous populations of 
microbes collectively called the microbiome. They inhabit 
the skin, stomach and other mucosal membranes of the 
body (Thursby and Juge  2017 ). Credits to the prompt 
development of culture-independent genomic tools, 
researchers have spent the last 20�years studying the com-
bined genomes of microbes like bacteria, fungi, parasites 
and viruses in surroundings (Drew et�al.  2021 ). Recent 
developments in the � eld of microbiome research have 
demonstrated that the gut microbiota actively in� uences 
a variety of host processes, including immunity, metabo-
lism, circadian rhythmicity, and nutrition (Zheng et�al. 
 2020 ). All tissues in mammals are home to a multifaceted 
organization of both innate and adaptive constituents that 
comprise the immune system (Nwosu et�al.  2022 ). The 
immune system is essential to the host’s defense against a 
range of potentially hazardous external agents and endog-
enous homeostasis perturbations. Mammalian organisms 
and their commensal microbes both progressed together 
toward a�  liation and equanimity, according to ecological 

theory (Onyibe et�al.  2021 ). The healthy operation of host 
immunity is necessary in such close relationships to keep 
commensals from overusing host resources and to pre-
serve immune tolerance to stimuli (Ahmad et�al.  2022 ). On 
the other hand, disruption of the gut microbiome due to 
immune system modi� cations, host-microbiome interface 
impairment, antibiotic use, or geographic relocation can 
lead to aberrant immune responses, organism susceptibil-
ity to invasion by pathogens and dissemination of com-
mensal microbes form the body (Edo et�al.  2022a ,  b ). Sev-
eral "non-communicable" disorders of the gastrointestinal 
tract like celiac and in� ammatory bowel disease (IBD)and 
even other disorders external to the intestines like meta-
bolic syndrome, rheumatoid arthritis, cancer and neuro-
degenerative diseases are allied to microbiome-immune 
interactions (Haneishi et�al.  2023 ). The immune system 
and gut microbiota all have complex, active, and context-
dependent interactions (Edo  2022a ). A summary and high-
light of vital and recent discoveries as well as fundamental 
ideas that connect the development and normal function-
ing of the immune system to the microbiome are provided 
by this paper. We draw attention to a few of the current 
mechanistic analyses of complex links existing between 
the immune system and the microbiome in both healthy 
and pathological conditions. We also go over the di�  cul-
ties and opportunities associated with using microbiome-
targeted approaches to research disease pathogenesis and 
create novel treatments (Hassan et�al.  2023 ). A single 
review is unable to adequately summarize the vast body 
of research on host immune-microbiome interactions, so 
in this one, we will refer to several other recent reviews 
that concentrate on di� erent facets of these developing 
interactions and o� er essential ideas and illustrations of 
these connections and any possible impact on disease risks 
and societal wellbeing. The gastrointestinal (GI) tract of 
mammals harbors a vast and intricate community of com-
mensal bacteria (Gouba et�al.  2019 ). Over millennia, this 
gut microbial community has coevolved with its host 
and pro� ts the host in numerous ways, such as digestion, 
nutrition production, detoxi� cation, defense against infec-
tions, and immune system regulation (Yoo et�al.  2020 ). 
By maintaining a delicate balance between the removal 
of invasive pathogens and the preservation of tolerance to 
healthy self-tissue, the immune system is essential to the 
body’s ability to remain healthy (Edo  2022b ). However, 
in individuals su� ering from autoimmune diseases, the 
self-tolerance mechanism malfunctions, and the immune 
system unintentionally targets and destroys its healthy tis-
sues (Sprouse et�al.  2019 ). But it hasn’t been until recently 
that the � eld of studying gut microbiota and autoimmun-
ity has become easier to navigate thanks to revolutionary 
developments in "next-generation" sequencing technol-
ogy (Li et�al.  2022 ). By utilizing autoimmune models of 
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which could have detrimental long-term e� ects on immu-
nity (MacGillivray and Kollmann  2014 ). An amplified 
vulnerability to di� erent pathogens highlights the under-
development of the infant and newborn immune system 
making transmittable ailments the primary causes of child 
deaths (Sedney and Harvill  2023 ). As the potentially fatal 
condition necrotizing enterocolitis illustrates, prematurely 
born infants also often have an increased susceptibility 
to excessive in� ammation (Sampah and Hackam  2021 ). 
Although there is con� icting evidence regarding whether 
or not the in utero microbial colonization of placenta in� u-
ences an individual�s microbiome before birth, It is gener-
ally acknowledged that there is a notable rise in microbial 
colonization right after birth and comes mostly from the 
mother�s microbiome (Ronan et�al.  2021 ). Several modula-
tors in� uence this � rst colonization, such as the delivery 
mode, which a� ects the � rst microbiota’s composition in 
various body habitats (Hasan and Yang  2019 ). It is well 
known that breast milk provides vital passive protection 
against infections in newborns by supplying maternal anti-
bodies (Edo and Nwosu  2022 ). It’s interesting to note that a 
recent study revealed that breastfeeding induces antibody-
mediated protective immunity in pregnant mice due to their 
commensal microbiota using germ-free (GF) animal models, 
gives valuable understanding of the mechanism underlying 
the connections between the immune system and commensal 
microbiota (Hou et�al.  2022 ). Early research covering genet-
ically modi� ed animals showed that signi� cant intestinal 
abnormalities in immune functioning and the architecture 
of the lymphoid tissue are linked to the absence of com-
mensal microbes (Edo et�al.  2023a ,  b ,  c ,  d ,  e ,  f ,  g ). When 
colonized from scratch, GF mice have much fewer �� and 
30 �� epithelial lymphocytes (IELs) than conventionally 
colonized animals (Chung et�al.  2012 ). A key component of 
humoral mucosal immunity that provides protection, IgA 
antibodies exhibit a signi� cant decrease in neonates and 
GF animals. However, these antibodies are quickly restored 
through microbial colonization (Semmes et�al.  2021 ). Mater-
nal colonization during pregnancy results in an increase in 
F4/80 + CD11c + mononuclear cells and intestinal group 3 
innate lymphoid cells (ILC3s) in the progeny (Tian et�al. 
 2023 ). A subset of highly e� ective immunomodulatory 
e� ector cells called IL-17 + CD4 + T (Th17) cells are copi-
ous in the connective tissues of the smaller colon (Owheruo 
et�al.  2023a ,  b ,  c ,  d ). Th17 cells can be induced when there 
is a microbial overrun, mainly by segmented � lamentous 
bacteria (SFB) although with other commensal bacteria as 
well. Th17 cells not present in the lamina propria of both 
the small intestine and colon of GF mice indicates failure 
of the development of intestinal Th 17 cells in the absence 
of microbiota in the gut (Ivanov et�al.  2008 ). SFB adher-
ence to epithelial cells of the small intestine stimulates the 
di� erentiation of Th17 cells, which is indicated by IL-17A, 

IL-17F, and IL-22 production. A polysaccharide produced 
by bacteria that comes from the common commensal Th1/
Th2 disproportion in lymphoid tissues and systemic T cell 
de� ciencies in mice are among the immune system matura-
tion processes that Bacteroides fragilis oversees (Phillips-
FarfÆn et�al.  2021 ). Extracellular cues from commensal 
microorganism a� ect gut immunoglobulin supply, which in 
turn control a premature B cell lineage in the mucosa of 
colon mucosa (Abokor et�al.  2021 ). Early-life colonization 
of the gut is a critical period for the establishment of an 
immune-regulatory network that guards against the induc-
tion of mucosal IgE, which is associated with a higher risk of 
allergies (Tokuhara et�al.  2019 ).Toll-like receptor 5 (TLR5), 
an innate immune receptor, recognizes bacteria � agellin and 
initiates the activation of adaptive immune response. While 
in mice TLR5-mediated counter-selection of overrunning 
� agellated bacteria is restricted to the newborn stage, this 
important progression a� ects immune homeostasis and adult 
health by modifying the composition of the gut microbiota 
(Kalbermatter et�al.  2021 ).  In summary, there is growing 
recognition that crucial associations between the microbiota 
and the immune system happen at some decisive periods at 
prior life stages (Iruoghene Edo  2022a ,  b ). The said relations 
may manifest long lasting e� ects on di� erent arms of the 
immune system that make contributions to its homeostasis 
and the susceptibility to infectious and in� ammatory ail-
ments later in life. 

    Innate immunity and�microbiota homeostasis 

 Intestinal antigen-presenting cells having co-evolved with 
gut microbiota have the ability to protect the body against 
infection while maintaining immunological tolerance to 
the typical gut microbiota (Shao et�al.  2023 ). For instance, 
when compared to splenic DCs activated under compa-
rable circumstances, the dendritic cells (DCs) of Peyer’s 
patches�lymphoid nodules embedded in the gut wall�pro-
duce higher amounts of interleukin-10 (IL-10) (Amersfoort 
et�al.  2022 ). Like DCs, intestinal macrophages live in near 
propinquity with the gut microbiota. When they come into 
contact with microbial stimuli in a homeostatic environment, 
they exhibit a particular phenotype known as "in� amma-
tion anergy," which describes their nonin� ammatory pro-
� le (Talwar et�al.  2022 ). For instance, in reaction to stimuli 
of microbial origin like Toll-like receptor (TLR) ligands, a 
collection of molecular patterns connected with microbes, 
macrophages of the colon fail to release pro-in� ammatory 
cytokines (Duan et�al.  2022 ). Numerous studies o� er con-
crete proof of the gut microbiota’s crucial function in con-
trolling the growth of APCs. The colonization of GF animals 
of with the bacterium  Escherichia coli onlywas enough to 
employ DCs to the intestines, and GF animals showed a 
reduction in the number of intestinal but not systemic DCs 
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within the body (Wu and Wu  2012 ). Furthermore, research 
has demonstrated that ATP of commensal bacteria origin 
activates CD 70 + DCs, a distinct subset of DCs in the intes-
tine, through P2X receptors which in turn triggers di� er-
entiation of Th17 cells in the lamina propria of intestine 
(Yamamoto et�al.  2021 ). The majority of the body’s tissue 
macrophage population consists of intestinal macrophages. 
GF pigs had fewer systemic macrophages than GF mice, 
although GF mice had either normal or fewer numbers of 
gut macrophages than GF pig (Patil et�al.  2020 ). Addition-
ally, it has been demonstrated that GF mouse peritoneal 
macrophages exhibit impaired chemotaxis, phagocytosis, 
and microbicidal activities. Major Histocompatibility Com-
plex class II and other macrophage activation markers were 
absent in GF mice (Patil et�al.  2020 ). 

   Neutrophils 

 Neutrophils, also known as polymorphonuclear (PMN) leu-
kocytes, are the most abundant cell type in human blood. 
They are produced in the bone marrow in large num-
bers, ~ 1011�cell per day. Under homeostatic conditions, 
neutrophils enter the circulation, migrate to tissues, where 
they complete their functions, and � nally are eliminated 
by macrophages, all in the lapse of a day. Neutrophils are 
important e� ector cells in the innate arm of the immune 
system (Mayadas et�al.  2014 ). The innate immune system’s 
neutrophils are an essential component, and research has 
shown that the microbiota regulates neutrophil production 
on a systemic level. The neutropenic phenotype of GF rats is 
one especially striking characteristic (Riaz and Sohn  2023 ). 
Additionally, peripheral blood neutrophils from GF rats 
showed reduced phagocytic function, as well as impaired 
generation of superoxide anion and nitric oxide (Herb and 
Schramm  2021 ). Remarkably, returning the GF rats either to 
the standard or the speci� c pathogen-free (SPF) setting was 
unable to bring back the typical superoxide anion phenotype. 
According to a recent mechanistic study, the cytosolic recep-
tor-nucleotide oligomerization domain 1 (NOD1) recognized 
peptidoglycan from the gut microbiota, which increased the 
bone marrow neutrophils’ ability to kill (Abubakar et�al. 
 2021 ). This data elegantly illustrated the possibility of intes-
tinal microbiota-mediated systemic immunomodulation. 

     Adaptive immune homeostasis and�microbiota 

 TLymphocytes, an essential part of the adaptive immune sys-
tem, include CD8 + T cells and CD4 + T cells. The LP of the 
intestine is home to the majority of intestinal CD4 + T cells. 
Naive CD4 + T cells can di� erentiate into Th1 (T-helper 1), 
Th2 (Th2), Th17 (Th17), or Treg (Regulatory T cells) upon 
stimulation  ( Fig.� 2  ).  The induction of a transcription factor 
speci� c to each lineage of naive CD4 + T cells (Th1, Th2, 

Tregs, and Th17) is necessary for their di� erentiation. The 
e� usion of distinct cytokines and transcription factors sets 
apart these subtypes of CD4 + T cells  ( Fig.� 3  ) . As seen in the 
� gure, every ancestry emits a unique set of cytokines after 
di� erentiating. While Th2 cells regulate parasitic infection, 
Th1 cells are crucial in eradicating intracellular pathogens. 
Th17 is primarily involved in infection control, whereas 
Tregs are involved in immune response regulation. The � g-
ure indicates the kind of bacterial microbes that can provoke 
a speci� c T cell separation pathway.                 

 An important aspect of determining one’s health state is 
the appropriate balance and modulation of T-cell subtypes 
(Sun et�al.  2023 ). For instance, Th2 cells are essential for the 
removal of parasite infections, while Th1 cells are vital for 
the host’s protection from any microbial infection of intra-
cellular origin. Since the Th2 response has been connected 
to allergic reactions and Th1 and Th17 reactions to autoim-
mune ailments, uncontrollably high Th cells responses can 
be pathological (Rocamora-Reverte et�al.  2021 ). Autoim-
mune disorders can result from Treg dysfunction, which is 
a crucial immune tolerance mediator (Rajendiran and Ten-
brock  2021 ). 

 In the gut as well as outside of it, the gut microbiota is 
crucial to the development of CD4 + T cells. GF mice exhibit 
a signi� cant reduction in LP CD4 + cells quantity (Maciel-
Fiuza et�al.  2023 ). Because these animals lack lymphocyte 
zones, the mesenteric lymph nodes and spleens of animals 

  Fig. 2       Commensal bacteria stimulate the di� erentiation of CD4 + T 
cells (Kitching and Holdsworth  2011 )  
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from GF animals also show abnormalities systemically (Wu 
and Wu  2012 ). Likewise it was found that GF mice exhibited 
a Th1/Th2 imbalance, meaning that the Th2 response pre-
dominates in their immune system. Recent research has even 
linked the emergence of certain T-cell subtypes to particular 
bacterial species (Shepherd and McLaren  2020 ). It has been 
demonstrated that the polysaccharide A (PSA) molecules 
produced by  Bacteroides fragilis  can trigger the develop-
ment of a systemic Th1 response. In contrast, it was discov-
ered that segmented � lamentous bacteria (SFB) were power-
ful LP Th17 cell inducers (Wang et�al.  2019 ). Should there 
be found more colon bacteria can that provoke Th17 cells, as 
IL-17 is an essential pro-in� ammatory cytokine, it will be a 
thing of interest (Guillaume et�al.  2023 ). Finding additional 
bacteria that induce Th17 cells in humans is crucial because, 
according to a recent report, only a small percentage of reads 
(about 0.31%) of mouse SFB genome, were found in the 
data set of human gut metagenome sequences, indicating 
that other bacteria may be the primary Th17 cell inducers 
in humans (Teng et�al.  2017 ). Alternatively, it’s possible 

that the insigni� cant SFB detection in humans is due to the 
exclusion of samples from weaning children from the human 
metagenome data set. At the weaning age, SFB colonization 
in mice becomes widespread. In the event that mouse SFB 
colonizes humans concurrently, fecal test samples from chil-
dren who are been weaned will be essential in identifying 
SFB in humans (Caruso et�al.  2019 ). Clostridium especially 
those belonging to cluster IV and XIVa, have demonstrated 
the ability to stimulate the production of colonic Tregs (Jikah 
and Edo  2023b ). Another study found that by preventing 
Treg cell conversion in the intestinal locations, TLR9 sign-
aling triggered by DNA from the gut microbiota preserves 
immune homeostasis (Tan et�al.  2022 ). It’s interesting to 
note that B. fragilis PSA can signal on Tregs via TLR2 and 
then suppress a Th17 response. Colonic Tregs have a distinct 
TCR repertoire that primarily recognizes the bacteria pre-
sent in the colon, as have recently shown (Russler-Germain 
et�al.  2017 ). Additionally, the transcription factor Helios, 
a potential indicator of thymus-derived Treg, is expressed 
at low levels by colonic Treg (Cruz-Morales et�al.  2023 ). 

  Fig. 3       A condensed diagram showing the subsets of Th1, Th2, Th17, and Treg (Wu and Wu  2012 )  
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   In” ammation of�the�intestines 

 IBD (in� ammatory bowel disease) which include ulcerative 
colitis and Crohn’s disease (CD) is an increasingly common 
in� ammatory gastrointestinal tract ailment that is chronic 
and recurrent (Sajadinejad et�al.  2012 ). Many proofs suggest 
that disruptions to the gut microbiota play a major part in 
the etiology of IBD (Edo et�al.  2023 ). In addition to altered 
microbiome-associated metabolite pro� les, a decrease in 
bacterial diversity and notable shifts in the abundance of 
speci� c bacterial taxa, such as a decrease in  Bacteroides, 
Firmicutes, Clostridia, Lactobacillus , and  Ruminococcaceae  
and an increase in  Gammaproteobacteria  and  Enterobacte-
riaceae  have also be implicated in IBD (Santana et�al.  2022 ). 
A carefully controlled breaking down of the gut barrier can 
cause bacterial symbionts to move into the mucosal layer. 
Thus, enhancing tissue injury and unwarranted immune reac-
tions (Edo et�al.  2023 ). It is thought therefore that the patho-
physiology of IBD has links with abnormalities in the integ-
rity of the barrier gut, as well as the epithelial cell junctions, 
the AMP and the mucus layer (Landy et�al.  2016 ). Mice 
lacking Muc2resulting from Muc2 mutations, for instance, 
may get spontaneous colitisand mucus layer abnormalities as 
a result of early gut dysbiosis in mice that are prone to coli-
tis (Yao et�al.  2021 ). More than 200 susceptibility loci for 
IBD have been found thus far by genome-wide association 

studies; many of these loci encode proteins involved in 
innate and adaptive immune detecting and responding to 
bacterial signals (El Hadad et�al.  2024 ). The NOD2 gene 
mutation was the � rst of them to be shown to be substan-
tially linked to CD susceptibility (Horowitz et�al.  2021 ). The 
intracellular PRR NOD2 is able to identify motifs that are 
preserved by peptidoglycan in bacteria. Through regulating 
the expression and release of AMPs and inhibiting growth 
of speci� c pro-in� ammatory species of bacteria like  Bac-
teroidesvulgatus , NOD2 plays a vital part in the modula-
tion of the gut commensal microbiota (Qing et�al.  2022 ). 
It is believed that the dysregulated microbiome-immunity 
connection, when combined with the NOD2 mutation, is 
a major factor in the pathogenesis of CD. Similarly, muta-
tions in another CD-associated risk allele, autophagy-related 
16-like 1 (ATG16L1), enhance in� ammatory responses and 
intestinal epithelial cell necrosis by modulating IL-22 sign-
aling in addition to impairing exocytosis in Paneth cells. Pre-
clinical models of IBD also link in� ammasome signaling to 
the regulation of the interaction between the microbiota and 
immune. Disturbance of the NLRP6 in� ammasome pathway, 
for instance, causes gut in� ammation in IL10�/� mice by 
promoting an overrun with  Akkermansia muciniphila  and 
increases vulnerability to murine colitis via the prolifera-
tion of the members of the Prevotellaceae family in certain 
vivaria (Xu et�al.  2023 ). Other reviews have gone into great 

  Fig. 4       Dysregulation of the immune system-microbiome relationship in disease  

  Table 1       Th- cells and their 
functions  

  Cells    Functions  

  Th1- cells    Generate TNT-beta, interleukin (IL)-2, and interferon-gamma Ross and Cantrell ( 2018 )  
  Th2-cells    Aid in the activation and maturation of other immune system cells, particularly the 

antigen-presenting cells (APCs), which include B cells, dendritic cells, and mac-
rophages Rastogi et�al. ( 2022 )  

  Th17-cells    IL-17 production is a characteristic McGeachy et�al. ( 2019 )  
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detail on the role that adaptive immune responsessuch as 
the abnormal functions humoral immunity mediated by 
antibodies, e� ector T cells and regulatory T cells have had 
in the growth of IBD-associated pathobionts (Samuel et�al. 
 2023a ,  b ). Despite all of this information, it is still unclear 
whether changes in the microbiome are the vicious cycle of 
gut in� ammation. As the transfer of disease-link microbiota 
causes CD-like in� ammation in genetically susceptible GF 
recipient mice, there is growing evidence that gut dysbiosis 
plays a causal role in IBD. Similarly, intestinal Th17 and 
RORgt + regulatory T cells become imbalanced when the 
microbiota of IBD patients is transferred to GF mice. More 
astonishingly, it was shown that mice that lacked equally 
CYBB and NOD2, a singular  pathobiont Mucispirillum 
schaedleri  was adequate to cause an intestinal in� amma-
tion driven by Th1 cells (Caruso et�al.  2019 ). Similar to this, 
uprooted overrun of oral  Klebsiella spieces  from patients 
presenting with IBD causes IL10�/� mice to develop Th1-
type intestinal in� ammation  ( Fig.� 5  ).  Moreover, GF mice 
raised in infant-harbored microbiomes from mothers with 
in� ammatory bowel disease (IBD) may acquire aberrant T 
and B cell adaptive immunity (Torres et�al.  2020 ). More 
understanding of the molecular e� ects of various microor-
ganisms and the small-molecule yields they produce on the 
medical characteristics of IBD can make the design of more 
focused therapies possible in the future.         

    The rheumatoid arthritis 

 A systemic autoimmune disease primarily a� ecting the 
joints, rheumatoid arthritis (RA) is characterized by 

destruction of bone cartilage and in� ammation of the syn-
ovium. There are microbiota, environmental and genetic 
(e.g., HLA-DRBI) factors associated with the pathophysi-
ology of RA (Deane et�al.  2017 ).  Prevotella copri  was found 
to be more prevalent in people at high risk of developing 
RA as well as in patients with newly diagnosed RA who 
have not yet received treatment (Nii et�al.  2023 ).An addi-
tional investigation revealed a robust connection between 
three uncommon genera ( Faecalibacterium, Collinsella and 
Eggerthella ) and RA, with  Collinsella  being linked to the 
production of pro-in� ammatory IL-17A (Al-Rashidi  2022 ). 
Among a Chinese legion, intestinal, dental, and saliva speci-
mens from RA patients showed decreased levels of  Haemo-
philus spp . and an excess of  Lactobacillus salivarius  (Liu 
et�al.  2016 ). Particularly SCFAs, metabolites derived from 
the microbiome interrelate with many immune pathways 
linked to RA. Microbial ligands must activate TLR4 and 
TLR2 for autoimmune arthritis mediated by the T cell to 
impulsively grow in IL1rn�/�mice (Mukherjee et�al.  2016 ). 
The intestinal lymphocytes of IL1rn�/� mice respond with 
IL17 when they encounter a dysbiotic microbiota. Further-
more, dysbiotic microbiota from RA patients colonizes 
genetically susceptible mice, which exhibit an enhanced 
Th17 type response, Similar to this, SFB in GF mice have 
been shown to increase Th17 cells and trigger autoimmune 
arthritis (Alexander et�al.  2022 ). Together with enteric bac-
teria,  Porphyromonas gingivalis , a periodontal pathobiont, 
can aggravate autoimmune arthritis by inducing an IL-1- and 
TLR2-mediated Th17 response. It will take more research 
to ascertain how treating RA a� ects the microbiota and how 
changes to the microbiome may a� ect human RA. 

  Fig. 5       Th1-like Th17 cells may 
play a part in the etiology of 
autoimmune and in� amma-
tory diseases as shown in the 
diagram above (Kamali et�al. 
 2019 )  
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in� ammation, autoimmune disorders, and allergic diseases 
are, in fact, the consequence of overactive Th1 or Th2 acti-
vation (León  2023 ). Dynamic changes in early life can have 
an impact on the organization of the intestinal microbiota, 
which can start at the embryonic stage. Some factors, includ-
ing the mode of delivery, the way that milk is fed, when solid 
foods are introduced, and the foods that are regularly con-
sumed during childhood, in� uence the gut microbiota estab-
lishment process (Fig.� 7 ). The gut microbiota stimulates the 
development of the immune system and the immune system 
forms the development of the intestinal microbiota, allow-
ing the immune system to mature simultaneously through 
bidirectional interactions (Belkaid and Hand  2014 ). As one 
ages, the variability of the gut microbiota rises up to the time 
it reaches stability in adulthood Alternations within the gut 
microbiota at infancy can negatively impact immune func-
tion and allergy development in a number of ways. Numer-
ous researches are beginning to enable us identify the vis-
cous cycle illustrated within the hygiene hypothesis of the 
intestinal microbiota despite the fact that our understanding 
of the events is still incomplete. These realizations could aid 
in creating a society free from allergy illnesses.         

    Conclusion and future perspectives 

 The impact of commensals on immune function regula-
tion and consequently on health and disease has become a 
signi� cant area of research and clinical practice. Progress 
in "next-generation" sequencing has revolutionized the 
development of a comprehensive and culture-independ-
ent approach to characterize gut microbial populations. 
We now � nd it becoming clearer that the gut microbiota 
in� uences autoimmune-allied diseases both within and 
without the gut, and as well has considerable e� ect on an 
individual�s immune system. Environmental in� uences are 
just as signi� cant in in� uencing the microbiota as genetic 
ones. The microbiota-mediated immunomodulation of 
these factors may raise the risk of autoimmune disease, so 
it is important to handle them carefully. One such practice 
is the overuse of antibiotics. 

 Determining whether the gut microbiota is the cause 
of the disease or a consequence of the disease state is the 
next big challenge. Utilizing animal models that allow 
for the manipulation of intestinal � ora, like GF animals, 

  Fig. 7       The gut microbiota colonization process from fetal development to childhood and the key variables in� uencing it (Tanaka and Nakayama 
 2017 )  
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offers a valuable resource for conducting mechanistic 
studies. Because the makeup of the intestinal microbiota 
varies amongst animals, it is also a di�  cult task to take 
into account how the microbiota may a� ect the outcomes 
of each animal experiment: We now understand that host 
immunity and pathology can be signi� cantly impacted by 
even a small alteration in the species of a singular bacte-
ria habiting within the intestines. Correct comparison of 
published studies and interpretation of results will require 
more focus. Making a comparison between the frequency 
of disease of NOD mice from GF and NOD mice from 
other SPF amenities has already shown how important this 
practice is. Comprehending the relationship between the 
host immune system and intestinal microorganisms hap-
pens to be pertinent and signi� cant to wellbeing, given 
the startling increase in the incidence of various diseases, 
including immune disorders, which may stem from com-
mensal dysbiosis. 

 The advances in gut microbiota modeling and analysis 
will enhance our knowledge of how they in� uence health 
and disease, allowing us to adapt current and forthcoming 
therapeutic and preventive strategies. Understanding the 
speci� c roles played by the gut microbiome in our growth 
and development, as well as how it functions in health 
and disease, holds the potential to improve many parts of 
our daily lives, from improving the formula for infants to 
o� ering new approaches in � ghting obesity and cancer, 
among others. As gut microbiota is a complex topic, future 
research should focus on multidisciplinary approaches, 
taking into consideration recent innovations in various 
scienti� c � elds. 
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