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ARTICLE INFO ABSTRACT

Keywords: Background: Systemic lupus erythematosus (SLE) is a heterogeneous autoimmune disease shaped by complex
Systemic lupus erythematosus interactions involving genetic and environmental factors. Among these, the gut microbiome is emerging as
Gut microbiome potentially modulating immune responses and influencing disease susceptibility, progression, and activity.
DySb'OSl,S . . Objectives: To synthesize current evidence on gut microbiome changes in adult SLE patients, framed along the
Fecal microbiota transplantation . . . . . . . .
Autoimmunity clinical pathway — from diagnosis to treatment — to help bridge bench and bedside for microbiome-informed SLE
care and research.
Methods: A systematic search identified primary research studies examining gut microbiota in adult SLE patients.
Studies were reviewed in a stepwise manner by independent investigators. Findings were synthesized narra-
tively, emphasizing human data.
Results: SLE patients exhibit gut microbiome dysbiosis, with reduced microbial richness and altered bacterial
taxa. A lower Firmicutes/Bacteroidetes ratio is frequently observed. Enrichment of specific taxa, such as Entero-
coccus, Lactobacillus, and Ruminococcus gnavus, is reported. Dysbiosis correlates with increased gut permeability,
immune activation, and autoreactivity. Clinical associations include disease activity, flares, nephritis, and other
manifestations. SLE treatments, such as hydroxychloroquine and corticosteroids, influence the microbiome.
Emerging interventions such as dietary modulation and fecal microbiota transplantation show promise in early
studies. However, considerable heterogeneity exists across studies in terms of patient characteristics, method-
ology, and taxa-level findings.
Conclusions: The gut microbiome has multifaceted associations with SLE pathogenesis, disease activity, and
therapeutic response. Translation will require standardized methods, functional validation, longitudinal follow-
up, and clinical integration. While uncertainties remain, the gut microbiome is increasingly relevant, and cli-
nicians caring for patients with SLE should be aware of its emerging implications.

1. Introduction predisposition and environmental factors [1]. Over recent decades, the
incidence of many autoimmune conditions has surged, with SLE inci-

Systemic lupus erythematosus (SLE) is a chronic, immune-mediated dence tripling over the past 50 years — a trend not fully explained by
disease with a complex pathogenesis shaped by both genetic improvements in diagnosis [2]. Environmental pressures, such as
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dietary shifts, antibiotic overuse, and diminished constitutive microbial
interactions, are thought to contribute to this increase by influencing the
immune system [3].

A major route through which these factors exert their effects is the
gut microbiome, a vast community of bacteria, viruses, fungi, protozoa,
and archaea that co-evolves with the host and profoundly affects im-
mune homeostasis [4,5]. Dysbiosis—alterations in the composition or
function of these communities—disrupts this delicate balance, and
growing evidence implicates such imbalances in the onset, progression,
and management of autoimmune diseases, including SLE [6,7].

It has now been ten years since the seminal study by Hevia and
colleagues (2014) [8] first reported gut microbiome dysbiosis in SLE
patients, sparking a growing body of research into this connection.
However, the clinical implications of these findings remain poorly
defined. In this review, we synthesize current evidence on gut micro-
biome changes of adult SLE patients and frame this discussion through a
clinical pathway lens — mirroring how a clinician encounters and man-
ages SLE, from diagnosis through treatment.

This narrative review thus aims to make emerging microbiome
research more accessible and actionable for SLE clinicians, while also
promoting translational insights. By aligning both perspectives, we seek
to inform both practice as well as future research toward microbiota-
informed biomarkers and therapeutic strategies.

2. Methods

A search was carried out of Medline via PubMed, Scopus, and Scielo
databases looking in the broadest terms for papers published until 31
December 2023 using relevant keywords and Medical Subject Headings
(MeSH) terms: ((“lupus erythematosus, systemic” [MeSH] OR “systemic
lupus erythematosus” OR “disseminated lupus erythematosus”) AND
(microbiota [MeSH] OR “microbial community” OR “microbial composi-
tion” OR “microbial structure” OR microbiome)).

Articles in languages other than Portuguese, English, French,
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Spanish, or Italian were excluded. Only observational or experimental
studies that included the gut microbiome in adult patients were
considered, with reviews kept for reference. Additional articles were
added when relevant from consulting references or from the authors’
own bibliographic catalog.

The search was performed independently by three of the researchers
(DGO, PCL, AM). Duplicate references were immediately excluded. Af-
terwards, papers were reviewed by DGO and PCL and included inde-
pendently, according to the above criteria in a stepwise approach of title,
abstract, and entire paper. Differences were discussed and resolved by a
senior investigator (CV). The overall study identification and selection
process is presented in Fig. 1, which follows the structure of a PRISMA
flow diagram to ensure transparency and reproducibility.

From each selected study, we recorded the author, year, publication,
country or region, study design, participant characteristics, and micro-
biota analysis methods. We then extracted key findings on the gut
microbiome in SLE, focusing on specific bacterial or taxonomic differ-
ences between patient and control groups. Where applicable, we also
noted any associations with disease activity or organ involvement.
Relevant data points are combined and presented in Tables 1-5. Find-
ings are summarized, qualified, and presented in narrative form. A list of
included studies, along with their characteristics and main findings is
provided in Supplemental Table 1.

3. Results

We identified 43 observational or experimental studies that directly
assessed the gut microbiome of adult SLE patients, and were included in
this review (Fig. 1).

Study sample sizes ranged from 8 to 117 participants, with an
average of 32 SLE patients per study. Most studies (n = 38) included a
healthy control group, while some (n = 6) also included patients with
other diseases, such as Rheumatoid Arthritis (RA) (n = 3) and Sjogren’s
Syndrome (SSj) (n = 3) (see Supplemental Table 1 for study-level
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Fig. 1. Flowchart depicting systematic search, screening, inclusion, exclusion and review process for scientific journal articles on SLE and microbiome performed on

Pubmed, Scopus and Scielo databases, up to 31 December 2023.
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details). As expected, most of the patients were female, although 18
studies also included male participants. The average age of patients was
40.5 years. A wide range of exclusion criteria were applied, such as
disease activity levels or specific drug use. Notably, only five studies
reported conducting longitudinal assessments.

3.1. Dysbiosis in SLE: evidence for altered microbial composition
and function

SLE is characterized by significant alterations in the gut microbiome,
evidenced by changes to microbial diversity and community structure,
compared with healthy controls (HC), as summarized in Tables 1 and 2.
Metrics such as alpha and beta diversity, frequently used to assess
microbiome health, underscore these alterations. Alpha diversity, which
reflects how many different species (richness) and how evenly distrib-
uted they are (evenness) within individual samples [8], was generally
reduced in SLE patients compared to healthy controls [9-12]. However,
indices such as Shannon and Simpson, sensitive to the relative distri-
bution of species, did not consistently show significant differences
[13-17].

Beta diversity offers additional insights by comparing microbial
community composition across groups [8]. Across the studies analysed,
patients mostly displayed beta diversity similar to or higher than that of
healthy controls, as indicated by Bray-Curtis or Unifrac distances
[18-20].

Taxonomic markers such as the Firmicutes/Bacteroidetes (F/B) ratio
further emphasize microbial imbalances in SLE. Broadly, the F/B ratio
reflects the relative abundance of these two dominant gut phyla and has
been proposed as a marker of gut homeostasis, although its interpreta-
tion varies by clinical context [21]. Across diverse populations,
including Spain, Egypt, and China, a lower F/B ratio was consistently
reported in SLE patients compared to healthy controls [10,13,22-26]. In
untreated patients, this imbalance has shown diagnostic potential,
accurately distinguishing SLE patients from controls in some studies
[28]. However, this trend is not universal, with some studies reporting
no significant difference [9,27,28] potentially due to methodological or
population-level variability [29].

Shifts in the F/B ratio observed in SLE reflect uneven changes across
genera. Within the Bacteroidetes phylum, increased levels of Prevotella
have been reported in SLE [13]. Conversely, key genera within Firmi-
cutes, such as Faecalibacterium [11,19,30,31], and Roseburia [11,16]
were often depleted in SLE. Despite the general trend of reduced Fir-
micutes and increased Bacteroidetes, exceptions exist. For instance,
Lactobacillus [9,17,28] and Streptococcus [9,14,20] within the Firmicutes
phylum were enriched in SLE. Notably, Lactobacillus has even been
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proposed as a potential biomarker. This is supported by Ling et al.
(2023), who also identified Anaerococcus and Gardnerella as additional
predictive genera, with high diagnostic accuracy [17]. Table 2 presents
how specific taxa associate with SLE compared with HC.

Adding to the complexity of these patterns, individual species can
display varying effects depending on their context. This is particularly
evident with Bacteroides thetaiotaomicron, which acts as an anti-
inflammatory agent in innate immune cells [30], but emerges as a
likely pathobiont in SLE [2] — a commensal microbe capable of pro-
moting inflammation or disease under specific host or ecological/envi-
ronmental conditions [31].

Multiple factors can influence microbial composition and function in
SLE. One direct influence arises from the continuity of microbial eco-
systems, such as the oral-gut axis. Van der Meulen demonstrated that
oral microbiota could affect gut microbiota composition in SLE patients
[11]. Chen et al. (2021) extended this observation through strain-level
analysis, identifying Actinomyces massiliensis, and Shuttleworthia satel-
les—species linked to oral inflammation—enriched in the gut microbiota
of SLE patients compared to healthy controls [32]. Whether these dif-
ferences reflect inherent susceptibility to colonization or secondary ef-
fects of SLE remains unclear.

A key question remains: are microbiome changes in SLE patients
pathological contributors or byproducts of the disease and its manage-
ment? Rojo et al. (2015) proposed an intriguing perspective, showing
that while the microbial composition of fecal samples from SLE patients
and matched controls did not differ significantly, metabolomic analysis
revealed substantial functional differences [33]. This suggests that
conditions such as SLE alter not just host physiology but microbial
metabolism as well, in ways that could potentially influence bacterial
activity and signaling.

Thus, dysbiosis in SLE appears to be driven by genera-, species-, or even
strain-specific effects that influence, but are also influenced, by the host
[12].

3.2. Mechanisms of microbiome influence on SLE

If indeed these microorganisms contribute to disease pathogenesis,
there are several potential mechanisms through which they might do so.

3.2.1. Gut permeability and direct translocation

In healthy conditions, the intestinal barrier is a critical regulator of
the interaction between endoluminal contents of the gut and systemic
circulation. Damage to this barrier, resulting in increased permeability,
can allow bacteria, microbial peptides, or metabolites to translocate

Summary of alpha diversity and beta diversity findings in SLE (vs HC). Results present findings supported by more than one reference only.

[20] [22] [23] [25] [26] [28] [32] [40] [50] [73]

Table 1
Taxon/Reference [9] [14] [17] [18]

Phylum Bacteroidota (Bacteroidetes)
Firmicutes
Mycoplasmatota (Tenericutes) |
Pseudomonadota (Proteobacteria) 1

Order Eubacteriales (Clostridiales)

Family Enterobacteriaceae 1
Oscillospiraceae (Ruminococcaceae) |

Genus Dialister
Faecalibacterium | | 1
Lactobacillus 1 1
Prevotella
Roseburia | 1
Streptococcus 1 1

Species Bacteroides fragilis
Faecalibacterium prausnitzii |
Streptococcus anginosus 1 1

1 1 1 1
1 ! 1
1

1
1 1
1
1 1 !
1 1
1

T

"
1 1

1 Higher in SLE or Lower in HC vs SLE..
| Lower in SLE or Higher in HC vs SLE..
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[23] [24] [25] [27] [30] [35] [43] [60] [76]

T 1 T
1 1 1 1
1
1
1 1
1
1 1
1 T
1 1
1
1
1 T

Table 2
Summary of taxa associations with SLE (vs HC). Results present findings supported by more than one reference only.
Taxon/Reference [9] [14] [17]1 [20]

Phylum Bacteroidota (Bacteroidetes)
Firmicutes
Mycoplasmatota (Tenericutes) 1
Pseudomonadota (Proteobacteria) 1

Order Eubacteriales (Clostridiales)

Family Enterobacteriaceae t
Oscillospiraceae (Ruminococcaceae) 1

Genus Blautia
Dialister
Faecalibacterium 1
Lactobacillus 1 1
Prevotella
Roseburia 1 1
Streptococcus 1T 1 T

Species Bacteroides fragilis
Faecalibacterium prausnitzii |
Streptococcus anginosus T

1 Higher in SLE or Lower in HC vs SLE..
| Lower in SLE or Higher in HC vs SLE..

across the mucosa, triggering immune activation, inflammation and
disease [34].

Fecal albumin, calprotectin and zonulin are often used as markers of
gut barrier disruption [35] and all have been reported as increased in
fecal samples from SLE patients [11,35,36]. Elevated plasma zonulin has
also been observed [36]. Azzouz et al. (2019), showed not only
increased IgA, but also IgG and IgM in fecal samples from SLE patients,
an increase they associated with loss of barrier integrity [12]. These
results suggest that SLE is associated with increased gut permeability,
detectable in patients though multiple complementary markers.

An altered or imbalanced gut microbiota can promote this increased
barrier permeability and, in predisposed individuals, may act as a trigger
for autoimmune disease [34,37]. Recent experimental studies high-
lighted the role of specific microbes, such as Enterococcus gallinarum,
which, upon translocation and colonization of secondary lymphoid tis-
sues, can induce Th17 responses and systemic autoimmunity in mouse
models [38]. In patients, Balmant et al. (2023) [37] showed that plasma
levels of zonulin, an essential gut barrier protein, showed a tendency to
correlate with higher CRP levels, and were inversely associated with C3
complement, even in the inactive SLE patient population analysed,
further linking barrier dysfunction to immune dysregulation [39].

It is important to note that the gut microbiome is likely not the only
contributor to this bacterial-induced activation. James et al. (2022) [40]
found little correlation between paired gut and plasma microbial pro-
files of SLE patients and healthy controls. This points to the need for
further exploration of other potential sources of microbial translocation,
such as the oropharynx, skin, and genitourinary tract, to clarify their
contributions to SLE phenotypes and outcomes, if any [40].

3.2.2. Molecular mimicry

Studies of normal human gut microbiome show abundant production
of commensal-reactive antibodies and immune cells [41]. One mecha-
nism by which this may become pathogenic is molecular mimicry, where
microbial antigens resembling host proteins trigger cross-reactive im-
mune responses in genetically predisposed hosts [2,41,42].

An example involves anti-Ro60 autoantibodies, common in SLE.
Greiling et al. (2018) demonstrated the presence of Ro60 ortho-
log—containing commensal bacteria not only in the gut microbiome, but
also in those of the mouth and skin [2]. In SLE patients positive for anti-
Ro60 antibodies, T cells recognized these bacterial orthologs in vitro. In
that same study, mice colonized with common human Ro60 ortholog-
producing commensals mounted both T- and B-cell responses to Ro60,
highlighting how mimicry might develop [2]. A targeted, antigen-driven
response was also illustrated by Azzouz et al. (2019), who showed anti-
dsDNA antibodies from SLE patients cross-reacted with lipoglycans from

specific strains of Ruminococcus gnavus [11].

Similarly, Odoribacter splanchnicus and Akkermansia muciniphila
produce peptides that mimic SLE autoantigens, stimulating IFNy, IL-17
and IgG responses in patients, but not in controls [30]. Given that IL-
17 can induce IgG3 class-switching and production, it is interesting to
note that very recently, Gronke et al. (2025) [38] demonstrated a sig-
nificant correlation of anti-E.gallinarum antibodies and anti-human RNA
autoantibodies in SLE patients. Again, this response seems specific, and
did not extend to E. coli, for instance. The isotype response against
E. gallinarum in these patients was particularly strong to IgG3, particu-
larly in those with higher disease activity.

3.2.3. Microbiome-driven immune dysregulation in SLE

As discussed above, one pathway of influence involves the produc-
tion of antibodies targeting highly immunogenic bacterial components.
These antibodies form immune complexes that are deposited, for
instance, in the kidneys, contributing to the development of lupus
nephritis (LN) [43].

Another mechanism is the microbiome’s ability to enhance
lymphocyte activation and promote differentiation of specific pro-
inflammatory subsets. Zhang et al. (2021) analysed T, B, and NK cell
counts and proportions, revealing a significant positive association be-
tween Ruminococcus abundance and regulatory T cell (Treg) levels [44].
In vitro studies have shown that microbiota from SLE patients stimulate
lymphocyte activation and T-helper 17 (Th17) cell differentiation more
effectively than microbiota from healthy controls [45] and increased
Th1/Th2 and Th17/Treg ratios are seen in SLE patients, aligning with
existing theories regarding SLE pathogenesis [44].

Human studies further support the role of specific microbial taxa in
modulating cytokine production. For instance, Bacteroides, Succinivibrio,
Bilophila, and Parabacteroides have been associated with elevated levels
of pro-inflammatory cytokines such as IL-17 and IFN-y [29]. Lactoba-
cillus reuteri, in turn, has been linked to increased production of type I
interferon in a TLR7-dependent way in SLE mouse models [46]. The
same study also reported increased Lactobacillus spp in SLE patients
compared to healthy controls, although no direct measurement of IFN or
TLR7 signaling was performed in human samples [46]. On the other
hand, Faecalibacterium prausnitzii, known to be reduced in SLE compared
with controls [11,42] and to be negatively associated with disease ac-
tivity, is thought to decrease IL-12 and IFN-y and increase IL-10 pro-
duction [43]. To complete the picture, changes in cytokine levels in
steroid-treated patients were proposed by Guo and colleagues to be
associated with differential changes in the microbiome of treated and
untreated SLE patients [29]. These findings underscore how immune
responses to commensal bacteria may contribute to lupus pathogenesis
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by amplifying systemic inflammation and immune activation and how
treatment might impact these pathways also due to its effects on the
microbiome.

3.2.4. Metabolic changes

The influence of the gut microbiome extends beyond direct immune
modulation. Changes in metabolism might be one such avenue. A large
population-based study in Sweden found that gut microbiota accounted
for nearly half of the variance in individual plasma metabolites, inde-
pendent of lifestyle and health factors, highlighting its metabolic impact
[471.

In SLE, Guo et al. (2020) identified distinct microbial genera in the
gut microbiome of glucocorticoid-treated and untreated patients.
Genera such as Bacteroides, Parabacteroides, Alistipes, Fusobacterium, and
Adlercreutzia, over-represented in untreated patients, correlated with
glycan, protein, and adipocytokine pathways [29], all potential con-
tributors to SLE pathogenesis [48,49].

Bile acids, crucial for lipid digestion, also act as signaling molecules
that influence various metabolic processes. Disruptions in their meta-
bolism, potentially driven by gut microbiome alterations, could
contribute to the observed lipid metabolism disturbances in SLE [50].
Additionally, He et al. (2020) showed bile acids measured in fecal
samples from SLE patients were a good predictor (R = 0,6) of activity
(Systemic Lupus Erythematosus Disease Activity Score, SLEDAI) scores,
highlighting one possible mechanism through which dysbiosis can
produce change [50].

Similarly, Chen and colleagues (2021) identified significant alter-
ations in untreated SLE patients through gut microbiome metagenomic
analysis [30]. Enriched pathways were primarily related to amino acid,
lipid, and vitamin K2 metabolism, while pathways involved in pepti-
doglycan and branched-chain amino acid biosynthesis were reduced.
These findings align with mechanistic insights from lupus mouse
models, which suggest that altered microbial metabolism may
contribute to disease pathogenesis. For instance, disrupted tryptophan
metabolism has been implicated in gut barrier dysfunction and immune

Table 3
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activation [51] while changes in fatty acid biosynthesis have been
shown to be associated with clinical characteristics and immune re-
sponses in RA [52], though their role remains controversial [24,32].
Collectively, these findings underscore the role of gut microbial meta-
bolism in shaping immune responses and contributing to SLE development.

3.3. Disease activity and specific organ involvement

All studies that assessed SLE activity used the SLE Disease Activity
Index (SLEDAI), reflecting widespread clinical practice, though their
cutoffs for defining “active” disease varied [9,24,53]. Despite the
somewhat arbitrary nature of these cut-offs, a consistent finding is that
microbiome changes correlated with SLE disease activity. For example,
lower microbial richness was linked to higher SLEDAI scores, and dif-
ferences in composition became especially pronounced in moderate-to-
high activity groups [9,11,28,43]. As discussed in section 3.1, a lower
Firmicutes/Bacteroidetes ratio characterizes SLE dysbiosis. Here we note
it has also been associated with higher disease activity, with Bacter-
oidetes usually being more prevalent in more active patients [54].
Crucially, this activity-associated microbiome signature can be different
from the signature that distinguishes SLE patients from healthy controls
[26].

Differences are also apparent at a more granular level of analysis
(Table 3). At the genus level, some taxa (e.g., Capnocytophaga, Bacter-
oides uniformis, Bifidobacterium) [11,28] were reduced in active disease,
while others (Lactobacillus salivarius, Streptococcus anginosus, Rumino-
coccus gnavus) [9,11,32] increased with higher disease activity.
R. gnavus has yielded conflicting results, being reported as both
increased [11] and decreased [9] in active SLE patients compared to
those in remission. Notably, Azzouz et al. pointed out only one R. gnavus
strain significantly correlated with lupus nephritis, highlighting how
specific bacterial strains may drive pathogenesis [12]. Some findings are
more consistent; for example, Bifidobacterium appeared to be enriched
only in patients with low or inactive disease [9].

Gut microbiome signatures may also potentially outperform

Summary of taxa associated with disease activity. Results present findings supported by more than one reference only.

Taxon/Reference [9] [11]

[26] [28] [32] [37] [50] [54]

Bacteroidota (Bacteroidetes)
Firmicutes
Verrucomicrobia
Class Bacilli
Order Eubacteriales (Clostridales)
Family Eubacteriaceae
Lactobacillaceae
Oscillospiraceae (Ruminococcaceae)
Genus Acholeplasma
Bifidobacterium l
Campylobacter 1
Capnocytophaga
Fusicatenibacter

Phylum

Lactobacillus

Leptotrichia

Megamonas

Romboutsia

Streptococcus 1

Turicibacter

Bacteroides thetaiotaomicron

Bacteroides uniformis l
Clostridium sp AtCC BAA-442

Desulfovibrio piger

Eubacterium cellulosolvens

Faecalibacterium prausnitzii

Fusicatenibacter saccharivorans

Lactobacillus salivarius

Ruminococcus gnavus 1 1
Streptococcus anginosus T

Species

R i e

- - >

1 Higher in SLE ACTIVE patients or vs SLE INACTIVE or lower in Inactive (absolute or relative abundance).
| Higher in SLE INACTIVE or lower in SLE ACTIVE (absolute or relative abundance).
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traditional biomarkers of activity, such as anti-dsDNA antibodies and
complement levels, in distinguishing active from remission states [9]. In
a French cohort, unsupervised clustering of SLE patients based on gut
microbiome composition identified a subgroup strongly correlated with
disease activity as measured by SLEDAIL This group exhibited pro-
nounced dysbiosis, including a reduced F/B ratio. Notably, supervised
clustering of active and inactive patient groups mostly reproduced this
particular microbial composition signature [26]. The relevance of these
findings is increased by the fact that most patients were receiving
standard treatments, such as hydroxychloroquine, reflecting real-world
clinical scenarios.

Certain strains appear to “bloom” during flares, suggesting that host
genetics and strain-level bacterial features could interact to affect dis-
ease course [43]. These relationships do not have to be directly between
a microbe and the host, as ecological network effects also have to be
taken into account. Zegarra-Ruiz et al. (2019) reported Lactobacillus spp.
enrichment in fecal samples from a subset of patients who presented
simultaneously reduced levels of bacteria from the order Clostridiales
[46].

Together, these findings support the idea that the gut microbiome may
both reflect and influence SLE disease activity.

In addition to broad systemic effects, some studies suggest that
microbiome alterations in SLE may be associated with specific organ
manifestations. Although findings remain preliminary, highlighting
these reported associations (Table 4) may be helpful to clinicians
seeking to contextualize emerging microbiome data in relation to dis-
ease heterogeneity.

3.3.1. Lupus nephritis

Lupus nephritis (LN) affects up to 60 % of SLE patients and is a major
contributor to long-term morbidity and mortality [55]. In a recent large
survey of European patients, at least 30 % reported some kidney
involvement, reinforcing both its prevalence and impact from the pa-
tient perspective [56]. Of all the organ systems affected in SLE, LN has
received particular attention and has provided the most evidence for the
role of the gut microbiome in this disease.

Ruminococcus gnavus has been positively associated with SLE in
multiple studies involving human patients, particularly with nephritis
[11,26,32,54]. However, the increase in R. gnavus was not universally
observed or significant across all studies on LN [18,54]. Some associa-
tions may depend on specific species or even strain-level characteristics,
as discussed above regarding Azzouz et al.(2019) [11]. Some of this
variability may also reflect the taxonomic ambiguity present in the
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literature due to reclassification over time. R. gnavus is a pertinent
example of this, having been reassigned to the Lachnospiraceae family
and now referred to as Blautia (Ruminococcus) gnavus [57] (referred to as
R. gnavus throughout this review for consistency).

3.3.2. Neuropsychiatric lupus

Neuropsychiatric symptoms are common in SLE, encompassing a
broad spectrum of manifestations including depression and anxiety,
cognitive dysfunction, seizures and psychosis [58]. The biggest survey of
SLE patients in Europe showed almost half of them reported depression
or anxiety as current symptoms, and around 15 % selected these mani-
festations as what worried them the most and identified them as the
main barrier to living life to the fullest [59].

Yao et al. (2022) investigated the gut microbiome composition in 38
SLE patients, comparing those with depression to those without, as
assessed by the Self-Rating Depression Scale [19]. All patients were
classified as inactive or mildly active based on the SLEDAI-2 K score and
were on low doses of corticosteroids (less than 10 mg) and/or
hydroxychloroquine.

The study found a distinct gut microbiome composition between SLE
patients with and without depression, with reduced alpha-diversity in
the depression group, as well as altered abundance of specific genera,
including Faecalibacterium, Roseburia, and Bacteroides. These differences
were accompanied by altered fecal metabolites and correlated with
higher IL-2 and IL-6 levels, along with lower brain-derived neurotrophic
factor in the depressed group compared to the non-depressed group
[19].

3.3.3. Immunologic manifestations

Immunologic abnormalities — including autoantibodies such as ANA
and anti-dsDNA and low complement levels — are integral to SLE
classification, associated with disease activity and organ involvement
and used routinely in clinical monitoring [60].

Microbial alterations may reflect or contribute to the underlying
immunologic manifestations in SLE. For instance, Lopez et al. (2016)
reported a reduced frequency of Synergistetes in SLE patients with high
levels of anti-dsDNA autoantibodies [45].

Similarly, Azzouz et al. (2019) found that antibodies against specific
strains of Ruminococcus gnavus were directly correlated with anti-dsDNA
autoantibody levels and inversely correlated with complement levels in
patients exhibiting increased expression of this species in their gut [11].

Table 4
Summary of taxa associated with specific organ involvement in SLE. Results present findings supported by more than one reference only.
Taxon/Reference [11] [19] [20] [28] [32] [54]
Epsilonbacteraeota |Depression
Patescibacteria |Depression
Phylum . .
Synergistetes |Depression
Verrucomicrobiota |Depression
Family Lactobacillaceae tDepression
Bifidobacterium |Articular
Blautia 1Depression
Campylobacter tKidney
Genus Lactobacillus tDepression
Streptococcus 1 Kidney
Turicibacter |Kidney
Actinomyces johnsonii 1Kidney
Clostridium nexile 1Kidney
Enterococcus avium 1Kidney
Species Olsenella uli 1Kidney
Ruminococcus gnavus 1Kidney 1Kidney
Staphylococcus aureus 1Kidney
Veillonella dispar tKidney
Veillonella parvula 1Kidney

lLower in patients with organ affected (absolute or relative abundance).
1 Higher in patients with organ affected (absolute or relative abundance).



D. Guimaraes de Oliveira et al.

3.4. Treatment and microbiome

The relationship between the gut microbiome and treatments has
been explored in a bidirectional way. Standard of care treatments in SLE,
primarily oral chemical compounds that are absorbed in the gastroin-
testinal tract, can influence the microbiome. Conversely, the dysbiosis
observed in SLE patients and other inflammatory diseases offers po-
tential for disease modulation through targeted interventions in the gut
microbiome. An overview of key findings from human studies is pro-
vided in Table 5.

3.4.1. Microbiome modulation from treatment

Many of the studies done on SLE patients reported here either
excluded some drugs or established some limits to their dose (e.g. PDN
> 10 mg/day). Interestingly, a recent longitudinal study found
hydroxychloroquine and low dose prednisolone to have no correlation
with differences in microbiome diversity or variation [43].

3.4.1.1. Corticosteroids. By dampening the immune response, steroids
might affect the host’s ability to control microbial populations. Addi-
tional influences, such as changing pH levels in the gastrointestinal tract,
can also affect bacteria [61].

Guo et al. (2020) specifically compared steroid-treated and un-
treated SLE patients, finding that glucocorticoid-treated patients
exhibited microbial bacterial diversity and a F/B ratio similar to that
healthy controls, regardless of their disease activity (SLEDAI-2 K <6 or
> 6) [29]. However, patients on glucocorticoids still displayed differ-
ences compared to healthy controls, suggesting that further research is
needed to determine whether these differences are consistent, influ-
enced by steroid dosage, or affected by individual susceptibility and
environmental factors. Notably, the study did not include pre-treatment
assessments, limiting the ability to make paired comparisons.

The authors also highlighted that corticosteroid treatment in SLE
patients is linked to an enrichment of short-chain fatty acid (SCFA)-
producing bacteria, raising the possibility that glucocorticoids may exert
additional mechanisms of action in SLE beyond their immunosuppres-
sive effects [29].

3.4.1.2. Antimalarials. Hydroxychloroquine (HCQ) is a cornerstone
treatment for SLE. It is also used in other immune-mediated diseases, in
which its influence on the gut microbiome has been recognized. In RA,
for instance, HCQ use is associated with increased microbial diversity

Table 5
Summary of taxa associated with treatments.
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and a rise in anti-inflammatory species [62].

In SLE mouse models, HCQ has been shown to induce specific
changes in bacterial taxa, such as a reduction in the abundance of
Oscillospira and an increase in Bifidobacterium [63]. Notably, in that
same study, Dialister was decreased by HCQ in mice [63]. This contrasts
with findings in SLE patients where decreases in the genus distinguished
SLE from healthy controls [13] and increased Dialister was associated
with remission as well as negatively associated with IL-17, IL-2R and IL-
35 [29].

In human studies, Guo et al. (2020) assessed patients based on
treatment status, comparing glucocorticoid-free patients (only on HCQ)
with glucocorticoid-treated patients and healthy controls. The HCQ-only
group exhibited higher gut microbial diversity than healthy controls,
although they showed reduced evenness (as measured by Pielou’s index)
without differences in the Shannon index [29].

There is very limited data, so far, regarding the specific effects of
other disease modifying drugs (DMARDs) on the gut microbiome of
patients with SLE, but some other commonly prescribed drugs have been
studied.

3.4.1.3. Proton pump inhibitors. Proton pump inhibitors (PPIs) are
commonly co-prescribed with corticosteroids to mitigate the risk of
gastrointestinal ulceration and bleeding, as well as to alleviate heart-
burn symptoms associated with gastroesophageal reflux disease, which
is a prevalent finding in the general population and particularly in
steroid-treated patients.

PPIs are believed to significantly impact the gut microbiome by
reducing gastric acidity, potentially compromising the immunological
barrier to infection and allowing for increased colonization by envi-
ronmental microorganisms, starting with the oral microbiome [64].

Li et al. (2022) specifically examined the influence of PPIs on the gut
microbiome composition in SLE patients [15]. Their findings indicated
that PPI use brought the microbiome composition of SLE patients closer
to that of healthy controls compared to SLE patients not using PPIs.
Although the study included two comparison groups—SLE patients
without PPIs and healthy controls—the SLE group without PPIs had
notable differences compared to the group using PPIs, such as longer
disease duration, higher HCQ use, and less immunosuppressant treat-
ment. Nonetheless, redundancy analysis revealed that PPI use was the
only significant explanatory variable in this small sample.

The authors proposed a tentative pathogenic explanation, suggesting
that PPIs may influence metabolic pathways by affecting the abundance

Taxon/Reference [15]

[29] [46] [54] [63] [69] [70]

Phylum Bacteroidota (Bacteroidetes)

Firmicutes

Order Enterobacterales

Alipipes 1PPIs
Bifidobacterium

Dialister

Escherichia 1PPIs
Lactobacillus

Morganella 1PPIs
Oscillospira

Roseburia 1PPIs
Stenotrophomonas 1PPIs
Streptococcus

Bifidobacterium bifidum, B. breve, and B. longum

Lactobacillus reuteri

Ruminococcus gnavus

Genus

Species

tProbiotics tFMT
IFMT

| Corticosteroids

|Corticosteroids JHCQ |Diet"

THCQ
|Diet*

THCQ

| Corticosteroids

IFMT
1Diet”
tProbiotics

1 Treatment results in increased absolute or relative abundance.
| Treatment results in decreased absolute or relative.

FMT - Fecal Microbiota Transplantation; HCQ — Hydroxychloroquine; PPIs - Proton Pump Inhibitors.

* Flavanones (from oranges).
¥ Dihydrochalcones (from apples).
® Fiber
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of specific genera, including Escherichia, Roseburia, Stenotrophomonas,
Morganella, and Alipipes in SLE patients [15].

3.4.2. Microbiome modulation as treatment

The impact of dietary changes on the microbiome and disease ac-
tivity in SLE has been studied for some time. However, interventional
studies in patients have only recently emerged. Additionally, micro-
biome modulation may offer benefits beyond direct treatment goals. In
mouse models, changes to the microbiota have been shown to enhance
the effectiveness of corticosteroid treatment [65].

3.4.2.1. Diet. Intuitively, it is expected that diet can affect the micro-
biome. Recent studies have demonstrated just how responsive to
changes in alimentary habits the microbiome is [66]. Along with
modulating the microbiome, diet can also influence host immune re-
sponses [4].

The direct effect of diet has also been studied on SLE, both from the
point of view of pathogenesis and immunomodulation [67,68]. In
women with inactive SLE, higher sodium intake was associated with
lower complement levels, indicating a potential link between dietary
salt and immune regulation [37]. Experimental studies further support
this, with high-salt diets shown to alter immune responses in lupus-
prone mice and promote T follicular helper (Tfh) cell differentiation in
vitro [61]. As Tfh cells enhance B cell activation, their expansion may
amplify autoantibody production, contributing to lupus pathogenesis.

Interestingly, intake of fiber-rich foods, particularly those containing
resistant starch, which is fermented to SCFA by the gut microbiome,
helped restore the abundance of bacteria reduced in the lupus-prone
mouse model [46]. This modulation resulted in lower levels of the
pathogenic Lactobacillus reuteri, which, in turn, was associated with
improved clinical outcomes [46].

In turn, Cuervo et al. (2015), analysed the relationship between
polyphenols and the gut microbiome in 20 SLE patients and 20 age-
matched controls [69]. They found flavanones from oranges were
positively associated with the proportions of Lactobacillus, while dihy-
drochalcones from apples were linked to Bifidobacterium levels in SLE
patients. As discussed above, despite some specific cases, both these
bacteria are frequently reported as beneficial in SLE [69].

3.4.2.2. Probiotics. Widhani et al. (2022) conducted a randomized,
double-blind, placebo-controlled trial to assess the effects of a 60-day
supplementation with capsules containing a combination of probiotics
(live beneficial bacteria) and prebiotics (non-digestible substances that
promote gut bacteria growth) in active SLE patients. Specifically, the
active supplementation group received capsules containing Lactobacillus
helveticus, Bifidobacterium infantis, Bifidobacterium bifidum, and fructo-
oligosacharides, whereas the placebo group received similar-looking
capsules with Saccharum lactis [54].

The supplementation led to a statistically significant reduction in
Bacteroidetes after 60 days and an increase in the F/B ratio, although the
latter change was not statistically significant. As stated above, both of
these changes were generally associated with lower activity in SLE pa-
tients. Notably, the SLEDAI score decreased by 6 points in the supple-
mentation group, while it remained stable in the placebo group.
However, the pre-treatment SLEDAI scores differed significantly be-
tween the two groups, with the supplementation group starting at an
SLEDAI-2 K of 14 compared to 9 in the placebo group. This baseline
imbalance may have influenced the observed effects, as a higher initial
SLEDAI score could have allowed for a greater potential reduction, in-
dependent of the intervention.

The mechanisms behind the observed effects may involve various
processes. In the same study [54], probiotic supplementation reduced
Ruminococcus gnavus abundance, a taxon previously linked to SLE and
disease activity, which could explain the impact of supplementation.

It is important to note that all patients received standard of care
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treatment, which may confound the results, and they were recruited
based on unspecified gastrointestinal symptoms, raising the question of
latent gastrointestinal problems that might bias the results.

Nonetheless, in vitro studies showed that adding Bifidobacterium
bifidum, a commonly used probiotic, to fecal microbiota samples from
SLE patients have prevented the overactivation of CD4+ T cells observed
in control samples [45].

3.4.2.3. Fecal microbiota transplantation. Given the dysbiosis observed
in SLE patients, it is logical to explore whether fecal microbiota trans-
plantation (FMT) could improve gut microbiome composition and
function, potentially alleviating SLE symptoms. In the first multicentric,
single-arm, open-label trial, Huang et al. (2022) administered weekly
oral capsules of fecal microbiota from healthy donors (without antibiotic
“pre-clearing™) to 20 patients with active SLE (SLEDAI >6), alongside
standard care [70]. Eighteen completed the 12-week follow-up (one
received antibiotics and was excluded; one withdrew due to an un-
specified adverse event). SLEDAI scores dropped from 9.45 to 6.61, and
42 % met an SRI-4 response threshold. FMT restored some aspects of
microbial richness and diversity, shifting the gut microbiota closer to
that of healthy controls [70].

Notably, a 14-species microbial “signature” predicted treatment
response with high accuracy (AUC of 0.89). Responders showed
enrichment of short-chain fatty acid (SCFA)-producing taxa, higher
SCFA levels, alongside reduced IL-6, and fewer circulating CD4+
memory T cells. Bifidobacterium correlated with expansion of CD4+
naive T cells, while butyric and isovaleric acids paralleled rises in IL-10
[70]. The authors suggest these changes may promote a more tolero-
genic immune state via downregulation of co-stimulatory molecules on
antigen-presenting cells (APCs) [70].

Follow-up work in the same cohort revealed higher DNA methylation
in immune-regulatory regions among responders, implicating
SCFAs—particularly butyrate—in driving altered gene expression
[71,72]. Single-cell analyses further indicated that responders had
reduced interferon-driven pathways in T, B, and NK cells, whereas non-
responders maintained elevated immune activation [60].

Overall, these findings highlight FMT’s potential not only to rebalance the
microbiota but also to modulate immune mechanisms through metabolic
and epigenetic pathways. While larger trials are needed to confirm effi-
cacy and safety, such data underscore the transformative possibilities of
microbiome-based interventions in SLE.

4. Discussion

This narrative review organizes evidence along a clinical pathway —
from diagnosis to monitoring and treatment — to highlight the impor-
tance and relevance of gut microbiome findings for clinicians and better
support translational insights. Through this lens, we show how dysbiosis
in SLE encompasses reduced microbial richness, shifts in community
structure, and enrichment of specific taxa that may correlate with dis-
ease activity. This growing body of evidence supports an active role of
the gut microbiome in SLE, with potential implications for clinical
practice. However, the significant heterogeneity in microbial profiles
across cohorts, further complicated by the disease’s variable clinical
presentation and treatment regimens, underscores the need for cautious
interpretation and further validation. While there are potential oppor-
tunities for innovative, personalized biomarker and therapeutic strate-
gies, such approaches remain exploratory and are likely to be medium-
to long-term developments.

Investigating the gut microbiome’s role in SLE is most informative
when focusing on human studies. While mouse models offer mechanistic
insights and indirect parallels (e.g., histopathology), they do not capture
the entire complexity of human SLE—particularly regarding clinical
manifestations like neuropsychiatric symptoms. Additionally, different
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hosts might result in substantially different impacts on the microbiome.
For instance, lupus-prone murine models often exhibit greater micro-
biome diversity during disease progression, diverging from the re-
ductions typically reported in active SLE patients [73]. These
discrepancies highlight the need for cautious interpretation of mouse
studies, at the same time reinforcing the importance of human-focused
research, which is a particular strength of this review.

Across human studies, one commonly observed alteration in SLE is a
decreased F/B ratio, a pattern shared with other autoimmune diseases
such as diabetes and Crohn’s disease [74], and even suggested as a
diagnostic and activity biomarker [54]. This reduced ratio, however,
was not universally reported, with some studies not finding significant
changes, perhaps attributable to differences in the population, or the
disease manifestations. Interestingly, variations in the F/B ratio can vary
across autoimmune diseases — falling in SLE, multiple sclerosis and
Sjogren’s syndrome and rising in RA, for instance [75-77]. Such dif-
ferences emphasize how immune-microbiome crosstalk may be disease-
specific, shaped by local immune contexts and host genetics and
requiring tailoring of microbiome research to individual diseases.

The full complexity of the microbiome and its interactions will likely
only be revealed by multiple research avenues. For instance, microbial
metabolism studies contrast with the F/B ratio discussed above, showing
dietary patterns rich in processed foods correlate with increased Firmi-
cutes abundance and inflammatory endotoxin synthesis pathways in
inflammatory bowel disease patients [78,79].

Dysbiosis could potentially be detrimental, through immune acti-
vation, barrier disruption, or pathogenic expansions. Alternatively, it
may be at least partially adaptive, for instance, through competitive loss
of species that might otherwise aggravate inflammation in different
contexts. Germ-free mice show attenuated autoimmunity. In contrast
microbiome transplants from SLE patients induce lupus-like phenotypes
in healthy mice, including autoantibodies, cellular proliferation and
cytokine production, suggesting a pathogenic capacity in certain SLE-
associated consortia [22,80].

Two different studies have tried to disentangle the cause-or-
consequence dilemma of dysbiosis in SLE - both as a potential driver
of disease and a reflection of its systemic effects. Using Mendelian
randomization (MR) methods to minimize the confounding and reverse
causation in traditional observational studies, both found supporting
causal links between specific bacterial classes (e.g., Bacilli, Lactoba-
cillales) or genera (e.g., Bifidobacterium, Eggerthella, Ruminococcus) and
SLE, as well as some that worked to reduce the risk of SLE (e.g., Bacil-
lales, Coprobacter and Lachnospira) [81,82], though some species also
play contrasting roles across distinct autoimmune conditions [82].

The need to study the disease-specific interaction with the host is
exemplified by Enterococcus gallinarum, a Gram-positive gut commensal,
detected in liver biopsies of SLE patients with autoimmune hepatitis, but
not in those of healthy controls. Using mouse models, Manfredo Vieira
et al. (2018) went further in establishing that E. gallinarum acts to alter
gut permeability, down-regulating molecules involved in barrier adhe-
sion, mucus formation and antimicrobial defense [83]. Very recent work
from the same group has shown E. gallinarum to promote expansion of
Th17 cells and an increase in IgG3 autoantibodies against RNA-protein
complexes, linking barrier dysfunction, T-cell polarization and autoan-
tibody production centered around this pathobiont [38].

Unsurprisingly, it is not only the gut microbiome that seems capable
of eliciting immune responses, increasing the scope for interactions.
When comparing the vaginal and gut microbiota of SLE patients and
healthy controls, the vaginal microbiome in SLE patients displayed
higher richness and diversity than their gut microbiome, which, in turn,
was less rich than that of healthy controls [17]. Vaginal microbial
changes correlated significantly with immunological markers, suggest-
ing that the vaginal microbiome may be affected earlier than the gut, or
simply be more sensitive to SLE’s pathogenesis or treatment effects. This
finding is significant because it highlights the potential for different
microbiome sites to play distinct roles in immune interactions, opening
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new avenues for clinically actionable strategies.

Additionally, distinct compartments within each local microbiome
might influence and interact with one another, further shaping immune
responses. For example, Tomofuji et al. (2021) found that SLE patients
had fewer viral phages, including crAss-like phages, a recently identified
group of bacteriophages that are abundant in the healthy gut virome,
primarily infecting Bacteroidetes, but also some Firmicutes such as
Ruminococcus. This reduction could thus allow the proliferation of
Ruminococcus. The researchers also noted a symbiotic link between
Podoviridae phages and Faecalibacterium; in SLE, Podoviridae levels were
substantially lower, mirroring a drop in Faecalibacterium and indicating
a disrupted phage-bacterium network in the disease [84].

Perhaps not surprising in a disease with a female-to-male imbalance
such as SLE, host characteristics, such as gender and age, also appear to
play an active role in shaping the gut microbiome. Albeit in mouse
models, Silverman et al. (2022) showed colonization of females with
Ruminococcus resulted in significantly higher gut permeability compared
to males [85]. Parallels between microbiome alterations in SLE patients
and those seen in aging populations are also particularly noteworthy.
Both groups of individuals experience reduced microbial diversity,
increased gut permeability, and inflammatory shifts involving taxa like
Enterococcus and Ruminococcus gnavus [86].

Recent findings, beyond the December 2023 cut-off date used for this
review, further support and expand on the conclusions drawn. In
particular, Zhou et al. (2025) [87] conducted a large-scale, multidisease
cohort, metagenomic analysis of the gut microbiome of several immune-
mediated diseases and colorectal cancer. They identified SLE and in-
flammatory bowel disease as sharing microbial and functional signa-
tures. Importantly, the authors focused on how these microbial changes
might interact with the immune system of the host to produce disease,
for example, by binding proteins involved in inflammation such as
specific glucocorticoid receptors.

We found only a minority of studies assessed the association between
specific taxa and peripheral immune features such as cytokines, immune
cell subsets, or autoantibody levels. Where explored, these relationships
suggest that certain microbes may not merely mark disease presence, but
may actively modulate immune function. Integrating microbiome and
immune profiling in future studies could uncover mechanistically rele-
vant taxa and guide targeted validation studies.

Overall, these findings emphasize the reciprocal interplay between
host and microbiome, where host-specific traits drive microbial
composition and functionality, potentially amplifying or mitigating
disease processes like SLE. Indeed, Bagavant et al. (2021) identified anti-
Enterococcus gallinarum antibodies in both SLE patients and healthy
controls. However, not only were these higher in SLE, but those patients
with anti-dsDNA, anti-Sm and anti-RibosomalP autoantibodies had
higher titers [88]. This may suggest pathobiont potential requires sus-
ceptibility by the host’s immune system.

Several studies correlating microbiome signatures with disease ac-
tivity were conducted in patients already receiving treatment. This
suggests that microbiota-based models may retain discriminatory value
even in treated populations. While promising, their use in disease
monitoring remains exploratory. The various treatments that SLE pa-
tients receive in the management of the disease might not only influence
study variables but also provide additional insights into the interplay
between the gut microbiome and treatment outcomes. As shown above,
corticosteroids, for example, partially restore the F/B ratio, while HCQ
influences microbial diversity and promotes species with anti-
inflammatory properties. It is also clear that these treatments received
more attention than newer therapeutic options currently in use for SLE
such as biologics (e.g. rituximab, belimumab, and anifrolumab). As
bigger SLE patient populations are included in microbiome studies, it
will be interesting to focus on treatment-specific microbiome signatures
or whether these associate with response or toxicity.

Moving forward, targeted modulation of the gut microbiome could
constitute a potential therapeutic avenue [89]. Dietary interventions,
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such as polyphenol-rich or high-fiber diets, show promise in modulating
microbiome composition, including reducing pro-inflammatory taxa
like Lactobacillus reuteri [46,69]. Conceivably, they could be part of a
strategy to maintain compositionally and functionally balanced micro-
biotas, contributing to disease prevention or remission maintenance. A
fascinating option raised by Manfredo Vieira et al. (2018) is using the
immune response to control the microbiome, thus stopping the patho-
genesis of an autoimmune disease. The group showed an intramuscular
vaccine against E. gallinarum had the potential to prevent disease
pathogenesis in mouse models [33].

During periods of disease activity, antibiotic treatment, possibly
combined with pro and prebiotics, could be used [89]. In mouse models,
this approach prevented mortality and mitigated pathologic changes
associated with SLE, through suppression of E. gallinarum [83]. While
these approaches hold promise, further research is needed to determine
their translational potential and applicability in human patients.

Already used for treating refractory Clostridioides infection, FMT is
emerging as a promising approach for modulating the gut microbiome in
various conditions, including SLE [89]. As highlighted earlier, pre-
liminary evidence has demonstrated benefits of FMT in a small sample of
human SLE patients, including improvements in microbiome diversity
and clinical outcomes. Although larger trials are needed to confirm ef-
ficacy and safety, and to dissect mechanisms, these interventions high-
light the translational potential of microbiome therapeutics.

Despite these promising developments, the heterogeneity in study
design, sample size, methodology (e.g., sequencing platforms, taxo-
nomic resolution), and clinical outcome definitions among the included
studies poses a challenge for direct comparison and generalization of
findings. Although we did not conduct a formal risk-of-bias assessment,
the possibility of publication bias—particularly favouring studies
reporting positive associations—should be acknowledged. We note a
geographic concentration of studies hailing from China, potentially
introducing regional bias in the findings, as specific local environmental
exposures may influence the results, for instance. Most research relies on
relative, rather than absolute, microbial assessments, potentially over-
looking critical species. Taxonomic revisions can affect classification
and may account for discrepancies in microbiome studies, depending on
the bioinformatic pipeline used. For example, Ruminococcus gnavus has
been reclassified under Blautia, which may influence how it is inter-
preted across datasets [57]. These limitations highlight the comple-
mentary importance of strain-level and function-based analyses [57].
Moreover, limited focus on other components of the microbiome re-
stricts our understanding of the broader microbial ecosystem in SLE,
with only a handful of studies examining the fungal gut microbiome
[90,91] or the gut virome [16,84,92]. More robust, longitudinal and
multinational human studies are needed to identify consistent microbial
signatures and track changes over the disease course. Additional efforts
should examine how the wider environment, including social de-
terminants of health (e.g., ethnicity and socioeconomic status) shape the
microbiome and disease expression.

Looking ahead, the microbiome’s value as a biomarker hinges on
pinpointing which shifts most accurately reflect disease activity or
predict flares, across diverse populations and disease states. Advancing
cost-effective, standardized sequencing and analysis methods will
facilitate generalization. This would be helped by a minimum reporting
standard in future gut microbiome studies, for instance for diversity
metrics, to facilitate a common language. Additionally, most of the
research is still focused on taxonomic composition. There is a need for
studies to move beyond and assess microbial functionality to support
discovery of disease mechanisms and biomarkers. Multidimensional
datasets, combining not only microbiome composition and function-
ality, but also immune phenotyping, metabolomic profiling, and clinical
endpoints such as manifestations, activity, and treatment response
should help assess and optimize the best path forward in potential
clinical implementations. These insights will be particularly valuable
when paired with tailored interventions.
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In summary, the gut microbiome emerges as a dynamic, multifaceted
player in SLE pathogenesis. A key strength of this review, integrating
human-focused findings with the mechanistic depth offered by animal
models, reveals both promising therapeutic prospects and pressing
knowledge gaps, particularly as analytical tools continue to evolve and
are brought ever closer to clinical practice. These insights, coupled with
the growing evidence for dietary and microbial interventions—including
targeted antibiotic use and FMT—offer exciting prospects for personalized
approaches to SLE management.

5. Conclusion

The current literature provides compelling evidence for a role of the
gut microbiome in SLE, influencing disease pathogenesis, activity, and
treatment outcomes. Over the past decade, the field has progressed from
animal studies to human-centered research, exposing intersections be-
tween dysbiosis and clinical manifestations and redefining the micro-
biome into a potentially actionable target rather than an incidental
factor.

This narrative review organizes findings along the clinical pathway,
from diagnosis to therapy, to help clinicians contextualize microbiome
research in relation to real-world care. Our findings emphasize how
microbiota-informed signatures may eventually complement conven-
tional biomarkers for disease stratification, activity assessment, or
therapeutic responsiveness. However, methodological variability,
limited cohort diversity, and insufficient mechanistic clarity constrain
translation into practice. Achieving clinical integration will require
harmonizing research approaches, accounting for environmental fac-
tors, and conducting longitudinal studies with diverse populations.

Emerging interventions, such as dietary modulation, probiotics, and
fecal microbiota transplantation, offer promising pathways to thera-
peutic options. Bridging these insights into practice will require both
scientific advancements and clinical collaboration. As these initiatives
mature, the gut microbiome may emerge as a much needed and valuable
tool for more individualized, biologically-informed, and effective care in
SLE.
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Glossary

Alpha Diversity: A measure of microbial richness and evenness within an individual’s gut
microbiome, often reduced in disease states.

Beta Diversity: A measure comparing microbial composition between individuals or groups,
highlighting differences in community structure.

Dysbiosis: An imbalance in the composition and function of the gut microbiota, often linked
to disease states.

Fecal Microbiota Transplantation (FMT): The transfer of stool from a healthy donor to a
patient to restore gut microbiota balance.

Firmicutes/Bacteroidetes Ratio (F/B ratio): A commonly used marker of gut microbial
composition, taking into account the relative abundance of two of the most prevalent
phyla, with alterations associated with dysbiosis and various diseases, including SLE.
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Glycan: A molecule composed of polysaccharides found in bacterial cell walls, involved in
immune system interactions and inflammation.

Gut Microbiome: The collection of microorganisms, including bacteria, fungi, and viruses,
that inhabit the gastrointestinal tract.

Intestinal Permeability: The ability of the gut lining to regulate the passage of substances;
increased permeability (“leaky gut”) may contribute to immune activation.

Mendelian Randomization: A method that uses genetic variants associated with a risk factor
as tools to determine whether the risk factor has a causal effect on a disease, helping to
reduce confounding and reverse causation.
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Microbiome-Based Therapeutics: Treatments that target the gut microbiota, such as pro-
biotics, prebiotics, dietary interventions, and FMT.

Molecular Mimicry: A process where bacterial antigens resemble host proteins, potentially
triggering autoimmune responses.

Pathobiont: A normally harmless microorganism in the gut microbiome that can become
pathogenic under certain conditions, such as immune dysregulation or microbiota
imbalance.

Short-Chain Fatty Acids (SCFAs): Metabolites produced by gut bacteria from dietary fibers,
playing a key role in immune regulation and gut health.
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