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Abstract
Background: Rheumatic diseases are a group of disorders characterised by a loss of immune
tolerance, which leads to chronic inflammation, degeneration or metabolic abnormalities in
various organs or tissues. Despite the lack of clarity surrounding the causes of these diseases,
both environmental and genetic factors play an important role. Recent research indicates that
alterations in the composition of the gut microbiota, known as gut dysbiosis, may contribute
to the development of a number of rheumatic diseases, including rheumatoid arthritis,
systemic lupus, ankylosing spondylitis, systemic scleroderma and Sjögren's syndrome. The
gut microbiota influences the balance between pro- and anti-inflammatory immune responses,
which may have important implications for the pathogenesis of these diseases.
Furthermore, studies have indicated that the composition of the gut microbiota may be
associated with the response to therapies used to treat rheumatic diseases, thus opening up
new avenues for the development of microbiota-targeted treatments for these conditions.

Aim of the study: The objective of this review is to investigate the impact of the gut
microbiota on the pathogenesis of rheumatic diseases and to evaluate potential therapies
targeting the manipulation of the gut microbiota.

Material and methods: The present study is based on literature available in scientific
databases from 2019-2024, such as PubMed, Corchane Library and Google Scholar, using the
following keywords: “rheumatic diseases”; “gut microbiota”; ,”rheumatoid arthritis”,
“immunity”, “spondylitis”

Results and conclusions: A growing body of evidence suggests a potential link between the
gut microbiota and rheumatic diseases. Patients often exhibit a reduced ratio of Firmicutes to
Bacteroidetes and abnormal numbers of Bacteroides. Molecular mimicry and a potential
association with short-chain fatty acids have also been observed. Further human studies are
needed to more fully understand the role of the gut microbiota and potential therapeutic
interventions.
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“systemic lupus erythematosus”; “ systemic scleroderma”; “Sjögren's syndrome”
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Introduction
The gastrointestinal tract is populated by a vast array of prokaryotic microorganisms,
including bacteria, archaea, fungi and viruses, collectively known as the gut microbiota. The
microbiota comprises between 1,000 and 5,000 different species of microorganisms, with a
tenfold excess of microbial cells over host cells [1], [2] . The majority of these
microorganisms belong to the Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria
groups. The composition of the microbiota is established during early childhood [3].
The gut microbiota is comprised of four distinct microbial groups: those that are beneficial to
the host, which maintain host homeostasis in a cooperative and non-pathogenic manner; those
that are sensitive to disease, which become dysregulated by disease; those that are pathogenic,
which can cause disease; and those that are therapeutic, which can help reverse changes [4] .
In addition to facilitating digestion and absorption of food, beneficial microbes exert a
protective function by preventing pathogenic microbes from adhering to the mucosal layer [5].
Furthermore, the host can provide a suitable habitat for the survival of beneficial microbes.
The composition of the gut microbiota can be modified by a number of factors, including diet,
probiotics, prebiotics, antibiotics, exogenous enzymes, faecal microbiota transplantation
(FMT) and other environmental factors [6] . Additionally, the distribution of the gut
microbiota is also shaped by local regional conditions in the gastrointestinal tract [7].
The gut microbiota is essential for host health, particularly for maintaining homeostasis and
immune function. Components of the gut microbiota play a profound role in the modulation
of the host's innate and adaptive immunity. The host immune system has the ability to induce
immune tolerance to the existence of beneficial microbes and prevent the uncontrolled growth
of pathogenic pathogens [2] . The development and differentiation of the local and systemic
immune system, as well as non-immune components, are dependent on the presence of
commensal microorganisms [8], [9]. The intestinal barrier plays a pivotal role in maintaining
immune homeostasis through these microorganisms [10].
The gut microbiota is involved in immune responses, presumably by modifying intestinal
barrier permeability, altering autoantigen integrity, mimicking epitopes and modulating
mechanisms of cell apoptosis [11], [12] . It is essential to maintain tolerance towards the gut
microbiota in order for the host to benefit from their coexistence. Conversely, colonisation
with specific pathogenic microbes can be detrimental to the host, leading to disease [13]. The
gut microbiota plays an important role in the pathogenesis of many intestinal and
extraintestinal diseases [14], [15] . Furthermore, dysbiosis of the gut microbiota, which is
closely related to the intestinal mucosal immune system, has been linked to autoimmune
diseases [2]. Intestinal dysbiosis, resulting from host-microbe interactions, has been shown to
disrupt the intestinal mucosal barrier and intestinal mucosal immunity, leading to increased
secretion of pro-inflammatory cytokines such as interleukin (IL)-1, IL-6, IL-17 and tumour
necrosis factor alpha (TNF-α). These cytokines can in turn lead to chronic inflammation [16],
[17].
Rheumatic diseases, which are defined as connective tissue disorders characterised by chronic
inflammation, degeneration or metabolic disorders, are caused by a complex interaction of
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environmental and genetic factors [18] . They can affect any organ or tissue without a clear
cause.
Indeed, a growing body of experimental and clinical evidence indicates that the chronic
inflammatory response triggered by intestinal dysbiosis is an important immunopathological
mechanism leading to the development of rheumatic diseases such as rheumatoid arthritis
(RA), systemic lupus erythematosus (SLE), systemic scleroderma (SSc), spondyloarthritis
(AS) and Sjögren's syndrome (SS).

Molecular mechanism
The vast and diverse gut microbiota community forms a network essential for immune health
and maintaining homeostasis in the body. Despite this, the influence of the microbiome on the
development of autoimmune and inflammatory diseases remains unclear.
The composition of the gut microbiota is influenced by both internal and external factors.
Environmental factors, such as smoking, diet, stress and medication, and genetic factors,
including gender, age and susceptible genes, affect the composition of the human microbiota
in various ways. Among exogenous factors, foreign microorganisms play a particular role and
represent a rich source of antigenic variation [19], [20]. Certain species of gut microbes may
play a protective or pathogenic role in the development of rheumatic diseases [21].
Approximately 70-80% of the body's immune cells are located in the gastrointestinal tract
[22]. As a result of co-evolution, the gut microbiota and immune cells form an interdependent
relationship, which is crucial for the proper functioning of the immune system.
A number of autoimmune and inflammatory diseases, including RA, psoriatic arthritis (PsA),
AS, SS, SSc, polymyalgia rheumatica, giant cell vasculitis and dermatomyositis (DM), have
traditionally been regarded as conditions in which T lymphocytes play a pivotal role [23].
The gut microbiota and associated metabolic signals play a pivotal role in the activation,
polarization, and function of CD4+ T cells. This encompasses type 1 (Th1) T-bet+ helper T
cells, Th2 GATA3+ cells, Th17 retinoid-related orphan receptor (ROR)-γt+ cells, and
FOXP3+ regulatory T (Treg) cells [24] . Studies have demonstrated that segmented
filamentous bacteria (SFB) are capable of inducing the differentiation of Th17 cells in the
intestinal lamina propria of mice [25]. The loss of these cells from the small intestinal dermis
is a characteristic feature of systemic deficiency in germ-free (GF) animals. However, the
introduction of SFB into these animals resulted in the restoration of Th17 cell populations in
the lamina propria and the production of autoantibodies, which rapidly led to the development
of arthritis [26].
Despite the paucity of data on the prevalence of SFB in humans, they are particularly
abundant in weaning animals [27]. The majority of current knowledge on SFB is derived from
studies in animal models, which may not be fully translatable to humans due to differences in
the gastrointestinal microbiota and immune cell profiles between species [28] . Many current
studies aim to clarify these issues. Furthermore, the similarity between specific bacterial
peptides and host autoantigens has long been recognised, resulting in the production of cross-
reactive T cells that attack both types of antigens. This phenomenon, known as molecular
mimicry, may also be a potential mechanism for the microbiome's influence on rheumatic
diseases [29].
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The relationship between the immune system and the gut microbiota is not fully understood
due to its complexity. Short-chain fatty acids (SCFAs), including acetate, propionate and
butyrate, play an important role in this relationship. Metabolites produced by intestinal
bacteria, of which SCFA is the main product, have been found to regulate the differentiation
of T lymphocytes and B lymphocytes [30]. SCFAs can be divided into:
 acetic acid,
 propionic acid,
 butyric acid,
 isobutyric acid,
 valeric acid
 isovaleric acid [31].

Acetic acid and propionic acid have been demonstrated to enhance the differentiation of T
cells into Th1 and Th17 lymphocytes under inflammatory conditions by regulating the
mammalian target of rapamycin (mTOR) protein kinase pathway [32]. Furthermore, Haghikia
et al. [33] corroborated the immunomodulatory properties of propionic acid, indicating that it
promotes the differentiation of regulatory cells (Tregs) and elevates IL-10 levels in the
propionic acid-treated group.
Valeric acid has been demonstrated to induce IL-10 in regulatory B lymphocytes through the
stimulation of glucose oxidation and increased mTOR activity [34].
Another type of SCFA, butyric acid, has been demonstrated to be responsible for Treg
polarisation, as well as the downregulation of pro-inflammatory cytokines and suppression of
Th cells (He et al., 2022). Additionally, butyric acid has been shown to inhibit the production
of autoantibodies, probably by inhibiting the differentiation of B cells in the embryonic centre
via follicular helper T cells (Tfh) [35].

Rheumatoid arthritis (RA)
Rheumatoid arthritis (RA) is a chronic systemic immune-mediated connective tissue disease
characterised by non-specific symmetrical arthritis, extra-articular lesions and systemic
symptoms, leading to disability and premature death. Depending on the presence or absence
of serum autoantibodies (rheumatoid factor IgM class and/or anti-citrullinated peptide
antibodies [ACPA]), a serologically positive or negative form of the disease can be
distinguished.
The characteristic symptoms of this disease are symmetrical pain and swelling in the joints of
the hands and feet, less frequently in the large joints (e.g. knee or shoulder); morning stiffness
of varying duration, usually >1 h.
Metabolites produced by the intestinal microflora, including SCFAs, tryptophan derivatives,
trimethylamine oxide (TMAO), bile acids, peptidoglycan and lipopolysaccharide (LPS),
exhibit immunomodulatory properties that can both exacerbate and alleviate inflammation in
RA. At the mechanistic level, these metabolites affect the differentiation of immune cells,
cytokine production and the integrity of the intestinal barrier, which collectively shape the
autoimmune environment [36].
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The main periodontitis pathogens (PD) Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomitans have been identified as potentially involved in the onset and
development of RA.
There is also a higher prevalence of PD among patients with RA, which may be due to similar
risk factors or a mutual correlation between the two conditions. Furthermore, it is pertinent to
note that patients with RA and PD exhibit a similar cytokine imbalance, characterised by
elevated gingival fluid levels of pro-inflammatory cytokines (IL-1β, IL-6, IL-4 and TNF-α)
and reduced levels of anti-inflammatory cytokines (e.g. IL-10) [37].
Airway abnormalities have been associated with the presence of rheumatoid arthritis-
associated autoantibodies in patients without arthritis, suggesting that the lungs may be a
potential site of RA initiation with similar autoimmunity [38]. In their study, Villis Van C. et
al. [39] detected RA-associated antibodies in the sputum of patients with early RA and in a
group predisposed to RA. This result indicates that the lungs may be the site of autoantibody
production in early RA. Furthermore, the fact that smoking significantly increases the risk of
developing RA supports the hypothesis that the lungs play a potential role in RA
pathogenesis [40].
Scher et al. [41] employed 16S sequencing to demonstrate that the lung microbiota of RA
patients exhibited significant divergence from that of healthy individuals, exhibiting greater
resemblance to the microbiota observed in sarcoidosis. In both conditions, a reduction or
absence of Actinomycetaceae, Spirochaetaceae and Burkholderiaceae, as well as the genera
Actinomyces, Treponema and Porphyromonas, was observed compared to healthy individuals.
These findings suggest that mucositis may be one of the factors contributing to pulmonary
dysbiosis in both cases. As this dysbiosis correlates with systemic and local autoimmune
changes, it may be involved in the pathogenesis of RA in some cases.

Short-chain fatty acids (SCFA) in RA
SCFAs are a group of compound with immunomodulatory potential in RA [42] . Reduced
SCFA levels have been observed in patients with RA. Reduced SCFA levels were observed in
both RA patients and animal models. Furthermore, reduced disease severity was observed in
mouse models of RA, including CIA, antigen-induced arthritis and K/BxN serum-transmitted
arthritis after SCFA supplementation

Molecular mimicry of the gut microflora in RA
Collagen XI (CXI) is a component of articular cartilage and is involved in regulating its
formation. It can be used to induce arthritis in DBA/1 mice [43] . It may also exhibit
molecular mimicry in conjunction with HLA-DBR1, as bacteria present in the gut, such as
Citrobacter, Bacteroides, Eggerthella and Clostridium, possess epitopes that are suitable for it.
HLA-DRB1 is associated with an increased risk of developing RA through the presentation of
autoantigenic and self-antigenic peptides. Overall, molecular mimicry of the gut microbiome
with these RA-associated antigens may lead to a breakdown of immune tolerance and the
early destruction of articular cartilage [31].
Another collagen type that has been studied is collagen II (CII), the main building block of
articular cartilage. This collagen was used to create a mouse model of RA [44] . Peptides
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derived from Bacteroides fragilis 3_1_12, a bacterial strain in the Bacteroidaceae family, can
be used to mimic those of collagen II (CII) [45] . These peptides have been shown to induce
the production of autoantibodies against CII and to enhance the progression of rheumatoid
arthritis[46].
It has been demonstrated that cases of cross-reactivity between Roseburia intestinalis and
memory Th1 cells reactive to antibodies against β2 glycoprotein I (β2GPI) may result in the
production of autoantibodies in individuals with anti-phospholipid syndrome (APS).
Furthermore, the presence of β2GPI in the serum of rheumatoid arthritis patients may also be
induced by cross-reactivity with R. intestinalis, which may contribute to the pathogenesis of
RA [31].
In lymphocytes from the gut of mice in a preclinical model of RA, an increased interleukin-17
response to the 60s ribosomal protein L23a (RPL23A), T-cell reactive autoantigens and RA
autoantibodies has been observed [47].
Prevotella copri presents an epitope that mimics the structure of RPL23A and induces pro-
inflammatory Th17 cell responses [48] . Furthermore, P. copri has been demonstrated to
exhibit homology with the HLA-DR-presenting T-cell epitopes N-acetylglucosamine-6-
sulfatase (GNS) and filamin A (FLNA) [49] . Both GNS and FLNA are elevated in joint
inflammation in RA patients. The development of autoantibodies may be a symptom of
autoimmune activation and joint damage in RA patients [50].

Systemic Lupus Erythematosus (SLE)
Systemic lupus erythematosus (SLE) is an autoimmune disease that develops as a result of a
complex dysfunction of the immune system, leading to a chronic inflammatory process in
many tissues and organs.
It develops as a result of autoimmune disorders leading to chronic inflammation and
dysfunction of many systems and organs: kidneys, central nervous system (CNS),
haematopoietic system, joints, skin. It is characterised by a diverse clinical picture and
variable disease course (exacerbations and remissions), as well as the presence of specific
serum autoantibodies.
With regard to SLE, there has been a growing number of studies in mice in which significant
differences in the composition of the bacterial microflora before and after the onset of lupus
have been identified. Furthermore, the same study found that an increased abundance of
Lactobacilli was associated with more severe clinical symptoms in NZB/WF1 mice [51].
In their study, Kim et al. [52] demonstrated that a reduced amount of the Lactobacillaceae
group was present in MRL/Ipr mice. Mu et al. [53] also observed that an increase in
Lactobacillales was associated with improved lupus symptoms in MRL/Ipr mice.
He et al. [54] observed an increase in Bacteroidetes abundance and a decrease in Firmicutes
in the gut microbiota of MRL/lpr mice. Wang et al. [55] demonstrated that the lower
Firmicutes/Bacteroidetes (F/B) ratio observed in 6-week-old MRL/lpr mice may have
contributed to the early onset of disease. Abdelhamid et al. [56] investigated the relationship
between Bacteroidetes and pathological glomerular outcomes and found a positive correlation
between the two.
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Furthermore, the investigation sought to ascertain whether the microflora of lupus patients
and mice could induce the production of autoantibodies and increase the expression of lupus-
related genes in germ-free mice. In a study by Choi et al. [57] , the transfer of dysbiotic gut
microbiota from mice with three lupus-prone congenic mutations to germ-free C57BL/6
congenic mice was observed. This resulted in the activation of immune cells and the induction
of autoantibody production in recipient mice.
Furthermore, in a study by Ma et al. [58] , the transplantation of gut microbiota from mice
with SLE into germ-free mice was conducted, resulting in the induction of anti-dsDNA
antibody production and an increase in SLE susceptibility gene expression in germ-free mice.
Upon transplantation of faecal microbiota from SLE patients, the expression of SLE-related
genes was found to be elevated, accompanied by the manifestation of lupus-like phenotypic
features. These included elevated serum levels of autoantibodies, altered distribution of
immune cells in mucosal and peripheral immune responses, and impaired cytokine balance
[59].
A number of studies have demonstrated that the gut microbiota of patients with systemic
lupus erythematosus differs significantly from that of healthy individuals. Wang et al. [60]
compared lupus patients to their healthy family members, controlling for living conditions
and dietary factors, and found that the gut microbiota of lupus patients still differed from that
of healthy individuals.
Guo et al. [61] demonstrated that individuals with systemic lupus erythematosus exhibit
intestinal dysbiosis, including a significantly lower F/B ratio, in comparison to healthy
individuals. This finding corroborates a previous study conducted a year earlier [62]. It is also
pertinent to note that bacteria from the Bacteroidetes and Firmicutes groups constitute the
majority of the gut microbiota [63] . He et al. [64] demonstrated that Firmicutes is inversely
correlated with the SLE activity index (SLEDAI). Moreover, similar findings were reported
by Gerges and colleagues [65] , who observed that the F/B ratio exhibited a negative
correlation with the SLEDAI-2K disease activity index.
A further significant gut dysbiosis was identified in individuals with lupus, namely a
reduction in bacterial diversity [66] . Azzouz et al. [67] demonstrated that patients with
elevated lupus activity indices exhibited a particularly pronounced decline in the species
diversity of the gut microbiota.
In a study by Bagavant et al. [68] , it was found that higher levels of IgG antibodies against
Enterococcus gallinarum in patients were significantly associated with the presence of anti-
Sm, anti-ribosomal P and anti-double-stranded DNA (anti-dsDNA) antibodies.
Azzouz et al. [67] demonstrated that Ruminococcus gnavus (RG) was present at an average
of 5-fold higher levels in patients with lupus nephritis compared to healthy controls. Patients
with high disease activity, particularly those with lupus nephritis, exhibited the greatest
expansion of this population. Furthermore, anti-RG antibodies demonstrated a direct
correlation with anti-DNA antibody levels and SLEDAI results, while exhibiting a negative
correlation with C3 and C4 complement protein levels. Patients with active nephritis,
particularly those with class III and IV, exhibited the highest serum levels of antibodies
directed against RG.
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Liu et al. [69] demonstrated that the amount of Acholeplasma, Capnocytophaga and
Leptotrichia exhibited a negative correlation with SLEDAI score, while the amount of
Bacteroides, Ruminococcus and Akkermansia was inversely correlated with serum C3
complement levels.
A meta-analysis published in 2022 [70] provided further evidence of intestinal dysbiosis in
SLE patients. This study found an increased abundance of Enterobacteriaceae and
Enterococcaceae and a reduced abundance of Ruminococcaceae in the gut microbiome of
lupus patients.
Systematic sclerosis (SSc)
Systemic scleroderma (SSc) is a systemic connective tissue disease characterised by
progressive fibrosis of the skin and internal organs (leading to organ failure), abnormalities of
blood vessel morphology and function, and abnormalities of the immune system. The disease
is characterised by a highly variable clinical picture due to the different rates of progression
and types of organ complications.
Recent studies, including those on rheumatoid arthritis (RA) and systemic lupus
erythematosus (SLE), have confirmed the uniqueness of the bacterial microbiome in SSc
patients. This is characterised by specific changes at the level of the Bacteroidetes group and
genera such as Bacteroides, Faecalibacterium, Clostridium, Fusobacterium, Prevotella and
Lactobacillus [71] . Another study [72] demonstrated that SSc patients exhibited a higher
proportion of Lactobacillus and Streptococcus and a lower proportion of Sutterella in the
formation of the bacterial microflora compared to healthy subjects.
A study by Volkmann et al. [73] evealed that patients with SSc exhibited significantly lower
levels of commensal bacterial genera that have been identified as protective against
inflammation, including Bacteroides, Faecalibacterium, and Clostridium, in comparison to
controls. Conversely, they exhibited significantly higher levels of pathogenic bacterial genera,
such as Fusobacterium. Furthermore, the study demonstrated that an elevated prevalence of
the genus Clostridium was linked to a reduced severity of gastrointestinal symptoms in both
cohorts.
Plichta et al. [74] observed an increased prevalence of Clostridium and Streptococcus species,
accompanied by a reduction in the volume of Alistipes, Bacteroides and butyric acid-
producing species, in patients with scleroderma.
In their study, Patrone et al. [75] demonstrated that elevated levels of Lactobacillus, Blautia
and Coprococcus, and reduced levels of Roseburia and Faecalibacterium, were associated
with an increase in gastrointestinal symptoms in scleroderma patients. These findings were
compared to those of a control group.
A study by Natalello et al. [72] demonstrated that disease duration was also a significant
factor in the composition of the gut microbiota. Those with long-term disease exhibited a
reduction in microbial richness. Similar observations were made in patients with diffuse SSc
(dsSSc) compared to those with limited SSc (lcSSc) and in patients

Ankylosing Spondylitis (AS)
Ankylosing spondylitis (AS) is a chronic, usually progressive, inflammatory process of
unknown aetiology that primarily affects the sacroiliac joints, vertebral joints, fibrous rings
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and ligaments of the spine, leading to their progressive stiffening. Peripheral joint
involvement and extra-articular symptoms may occur.
Zhou et al. [76] demonstrated that Bacteroides coprophilus, Parabacteroides distasonis,
Eubacterium siraeum, Acidaminococcus fermentans and Prevotella copri were increased in
AS, while Enterococcus faecium E980 and TX0133a01 were decreased. Furthermore, they
demonstrated increased oxidative phosphorylation, lipopolysaccharide biosynthesis, and
glycosaminoglycan degradation in the AS gut microbiota.
Liu et al. [77] conducted 16S rRNA gene sequencing on stool samples from patients with
ankylosing spondylitis (AS) and healthy controls.
Their findings indicated that the relative abundance of Bacteroidetes was diminished in AS
patients, while that of Firmicutes and Verrucobacterium was augmented. Furthermore,
specific gut bacteria were associated with disease activity in AS patients.
In a study published in 2019, Li and colleagues [78] demonstrated a correlation between the
F/B ratio and the maintenance of intestinal homeostasis. They also found that an increase in
the number of specific Firmicutes species is associated with AS.
Berland et al. [79] demonstrated a reduction in the abundance of several bacterial species in
patients with SpA, with a particular focus on those belonging to the order Clostridiales.
Among the bacterial species exhibiting increased abundance, Ruminococcus gnavus was
identified. Additionally, significant differences in microbiota composition were observed
between HLA-B27-positive and HLA-B27-negative siblings of patients with AS in control
subjects.

Sjögren's syndrome
Sjögren's syndrome (pSS) is a chronic inflammatory disease of the connective tissue with an
autoimmune basis, resulting in lymphocyte infiltration of the exocrine glands (salivary glands,
lacrimal glands, pancreas) with subsequent dysfunction and inflammatory changes in other
systems and organs.
A study by van der Meulen et al. [80] demonstrated that the composition of the intestinal
microflora in patients with Sjogren's syndrome and lupus was significantly different from that
of the population control group. However, no significant difference was observed between
pSS and SLE. The patients exhibited a lower bacterial richness, a lower
Firmicutes/Bacteroidetes ratio and a higher relative abundance of Bacteroides species in
faecal samples compared with the controls. Furthermore, the composition of the oral
microflora differed significantly between patients with pSS and patients with SLE. This can
be partly attributed to the dryness of the mouth in patients with pSS. Moon et al. [81]
additionally verified that patients with pSS exhibit a diminished F/B ratio and an
augmentation in Bacteroidetes species. Moreover, they demonstrated a decline in
Actinobacteria, Blautia, Dorea, and Agathobacter.
Jia et al. [82] demonstrated that patients with Sjogren's syndrome exhibited a higher
abundance of Lactobacillus salivarius, Bacteroides fragilis, Ruminococcus gnavus,
Clostridium bartlettii, Clostridium bolteae, Veillonella parvula and Streptococcus
parasanguinis species. Furthermore, among the differential microbial pathways, the l-
phenylalanine biosynthesis superpathway was also more enriched in patients with pSS



11

complicated interstitial lung disease (ILD). The gut microbiota of pSS patients contained
more virulence genes, the majority of which encoded peritrichal cilia, fimbriae or curli
fimbriae, three types of bacterial surface organelles involved in bacterial colonisation and
invasion. Furthermore, five microbial peptides with the potential to mimic pSS-associated
autoepitopes were also more prevalent in the gut of pSS patients.

Conclusion
A review of studies on the association of gut microbiota with rheumatic diseases, including
rheumatoid arthritis, systemic lupus erythematosus, systemic scleroderma, ankylosing
spondylitis and Sjögren's syndrome, indicates a significant correlation between these diseases
and the status of the gut microbiota. The results of numerous studies indicate a reduced ratio
of Firmicutes to Bacteroidetes in the gut microbiota of patients with the aforementioned
diseases compared to controls. Furthermore, abnormalities in the abundance of bacteria of the
genus Bacteroides are often reported in patients with these diseases compared to healthy
individuals.
In particular, studies indicate the presence of molecular mimicry and a link to the production
of short-chain fatty acids (SCFAs) in rheumatoid arthritis (RA). These phenomena may play
an important role in the pathogenesis of the disease. Although numerous studies have now
been carried out in mouse models, there is still a lack of sufficient studies in human
populations, making it difficult to clearly identify the aetiological mechanisms and potential
therapeutic interventions.
Further research, particularly on humans, is required to gain a fuller understanding of the role
of the gut microbiota in the development and progression of rheumatic diseases and to
develop possible therapeutic strategies based on modulation of the microbiota.
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