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I. Abstract

This dissertation investigates the intricate relationship between gut microbiome composition and the
pathogenesis and progression of autoimmune diseases, addressing the critical issue of how
microbiome dysbiosis contributes to autoimmunity. By employing a comprehensive approach that
combines microbiome sequencing data with autoimmune disease biomarkers and clinical patient data,
this research elucidates the mechanisms underlying this relationship. Key findings reveal distinct
microbial profiles associated with specific autoimmune conditions, highlighting the potential role of
particular bacterial taxa in either exacerbating or mitigating disease symptoms. Additionally, the
study demonstrates that variations in microbial diversity correlate with clinical outcomes, suggesting
that a balanced microbiome may be pivotal in maintaining immune homeostasis. The significance of
these findings lies in their potential to inform new therapeutic strategies focused on microbiome
modulation, which could enhance the management of autoimmune diseases and improve patient
outcomes. Furthermore, the broader implications of this research extend to the field of healthcare by
emphasizing the necessity for personalized medicine approaches that consider microbiomic factors,
thus paving the way for innovative interventions that target microbial health as a means of disease
prevention and treatment. Overall, this work contributes to the growing body of evidence linking the
microbiome to autoimmune pathology and underscores the importance of microbiome research in
advancing our understanding of complex disease mechanisms.

Introduction

The intricate relationship between the human microbiome and the immune system has gained
significant attention in recent years, particularly concerning autoimmune diseases. As research
continues to unveil the complexities of microbiota-host interactions, it has become clear that
microbial communities can profoundly influence the hosts immune responses, potentially leading to
the development of autoimmune conditions when dysbiosis occurs. Dysbiosis is characterized by a
shift in microbial diversity, which can trigger inflammatory processes through mechanisms that
include molecular mimicry and increased intestinal permeability, ultimately disrupting immune
tolerance (Baran K et al.), (Song Y et al.), (I Isali et al., p. 292-298). In light of these findings, the
central research problem of this dissertation revolves around understanding how specific alterations
in microbiome composition may contribute to the pathogenesis of autoimmune diseases, such as
rheumatoid arthritis, multiple sclerosis, and type 1 diabetes (Koralewicz M et al.), (K Kvit et al.). The
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main objectives of this dissertation are to investigate the specific microbial taxa associated with
various autoimmune conditions, elucidate the underlying mechanisms linking dysbiosis to disease
onset and progression, and explore potential therapeutic implications of microbiome modulation. One
area of focus will be identifying the bacterial species that can either exacerbate inflammatory
responses or promote immune tolerance, highlighting their roles in autoimmune pathology (Islam A),
(I Rahou et al.), (Adawi M). The significance of this research is twofold; academically, it paves the
way for a better understanding of the microbiomes role in immune-mediated diseases, fostering
interdisciplinary dialogue among microbiology, immunology, and clinical medicine (Kim JW et al.,
p- 300-307), (Adapa V et al.). Practically, an enhanced understanding of gut microbiota’s impact on
autoimmune diseases could inform the development of novel therapeutic strategies based on
microbiome modulation, such as dietary interventions or fecal microbiota transplantation, eventually
leading to improved patient outcomes and quality of life (Pires L et al.), (S Vatn et al., p. 103-119).
Overall, this dissertation aims to contribute to the growing body of literature on the microbiomes role
in autoimmune diseases, providing a multifaceted approach that integrates microbial ecology and
immunological principles to address this critical public health issue. Exploring the information
presented in visual representations, such as Image7 and Image6, that depict the interactions and
impacts of oral and gut microbiota on immune responses, further supports the foundational premise
of the research .
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Image2. Balancing Oral Microbiota and Its Dysbiosis

Disease Prevalence Mortality Rate

Multiple Sclerosis (MS) 2.8 million people worldwide | Standardized Mortality Ratio (SMR) of
2.89, indicating a 189% higher risk of death
than the general population

Systemic Lupus Erythematosus | Not specified SMR of 2.66, indicating a 166% higher risk
(SLE) of death than the general population
Rheumatoid Arthritis (RA) Not specified SMR of 1.54, indicating a 54% higher risk

of death than the general population

Sjogren's Syndrome (SS) Not specified SMR of 1.15, indicating a 15% higher risk
of death than the general population

Prevalence and Mortality Rates of Autoimmune Diseases
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Literature Review

The intricate relationship between human health and the diverse microorganisms residing within our
bodies has garnered substantial attention in recent years, leading to significant advancements in our
understanding of the microbiomes multifaceted roles. As scientific inquiries into the microbiome
expand, its implications for autoimmune diseases are particularly compelling, revealing a complex
interplay that may shape the pathogenesis of these conditions. Autoimmune diseases, characterized
by an aberrant immune response against the body’s own tissues, have seen a marked increase in
prevalence, highlighting the urgency to explore novel avenues of intervention. Recent studies have
suggested that the microbiome could influence immune system development and function, with
dysbiosis—an imbalance in microbial communities—potentially triggering or exacerbating
autoimmune conditions such as rheumatoid arthritis, lupus, and multiple sclerosis (Herbert J et al.).
Research indicates that microbial composition may modulate immune responses through mechanisms
such as the production of metabolites that affect inflammatory pathways or the modulation of T-
helper cell subsets (Kim JW et al., p. 300-307). For instance, findings by (Islam A) elucidate how
certain gut bacteria can enhance regulatory T cell functions, promoting tolerance and preventing
excessive immune activation. Furthermore, the role of specific microbial species in either protecting
against or contributing to the pathology of autoimmune diseases is emerging as a critical theme within
the literature (I Isali et al., p. 292-298). The presence of certain bacteria, such as Akkermansia
muciniphila, has been associated with reduced inflammation and disease severity, while other species
may promote inflammatory processes (I Rahou et al.). This dichotomy underscores the need for a
nuanced understanding of the microbiome’s contributions, as the implications for therapeutic
interventions are profound.Despite the growing body of evidence linking the microbiome to
autoimmune conditions, significant gaps remain in our understanding of how environmental factors,
dietary habits, and genetics intersect with microbial health to influence disease onset and progression.
Notably, longitudinal studies that track microbial changes over time in relation to autoimmune disease
development are sparse. Such investigations could elucidate causative relationships and help define
critical windows for intervention. Moreover, existing research often predominantly focuses on one-
axis factors such as gut microbiota, neglecting the potential interactions among different microbiomes
within the body, including the skin and oral microbiomes, which could also play vital roles in immune
regulation (K Kvit et al.)(Pires L et al.).Emerging technologies, particularly metagenomics and
metabolomics, present promising avenues for future research, allowing for a more detailed
characterization of the microbiome with regard to its functional capacities and overall contribution to
health and disease (Koralewicz M et al.). Despite innovative approaches, issues related to study
design, including sample size and diversity, remain hurdles in the field (Legakis I et al., p. 813-818).
As scholars begin to deepen their inquiries, it is essential to consider the implications of microbiome-
targeted therapies, particularly probiotics and dietary interventions, while remaining cognizant of
individual variability in response (Adapa V et al.)(Baran K et al.).This literature review aims to
synthesize current findings on the role of the microbiome in autoimmune diseases, examining how
microbiome health influences immunological outcomes and disease pathogenesis. By highlighting
significant themes in existing research and identifying essential gaps, this review will set the stage
for a comprehensive understanding of the microbiomes potential as a therapeutic target in the context
of autoimmune disorders. The insights gained could pave the way for innovative approaches to
disease prevention and management, ultimately translating into improved outcomes for patients and
broadening the landscapes of both immunology and microbiology (Adawi M)(S Vatn et al., p. 103-
119)(Song Y et al.)(Kyndall B Neal et al.)(Hou K et al.)(Padhi P et al.)(Kuraji R et al., p. 204-
240)(Zheng D et al., p. 492-506)(Silva YP et al.). The role of the microbiome in autoimmune
disease has garnered increasing attention over the years, reflecting a paradigm shift from
understanding these diseases solely through genetic or environmental lenses to recognizing microbial
influences. Early research primarily concentrated on gut pathogens and their immediate impact on
immune responses. In this context, studies beginning in the early 2000s highlighted the relationship
between gut microbiota and autoimmune conditions, suggesting that dysbiosis could predispose
individuals to diseases like lupus and rheumatoid arthritis (Herbert J et al.)(Kim JW et al., p. 300-
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307).As research progressed into the 2010s, an expanded understanding of the microbiomes
complexity emerged, fueled by advanced sequencing technologies. Investigations began to illustrate
that not only pathogenic microorganisms but also commensal bacteria play crucial roles in modulating
immune responses and influencing disease outcomes. Evidence from studies indicated that specific
microbiota compositions could elicit or accentuate autoimmune responses, thus emphasizing the
necessity of a healthy microbiome for immune balance (Islam A)(I Isali et al., p. 292-298)(I Rahou
et al.).Further longitudinal studies established clearer connections, showcasing how alterations in
microbiome diversity correlate with autoimmune disease progression (K Kvit et al.)(Pires L et al.).
These insights prompted explorations into therapeutic interventions such as probiotics and fecal
microbiota transplantation, aiming to restore microbial balance and, consequently, immune function
(Koralewicz M et al.). Notably, the exploration into the gut-brain axis has also opened discussions on
the microbiomes role in neuroautoimmune disorders, indicating a multi-faceted relationship wherein
microbial influences extend beyond the gut (Legakis I et al., p. 813-818)(Adapa V et al.).Thus, the
evolving landscape of microbiome research emphasizes a dynamic interplay between microbial
communities and autoimmune diseases, continually shaping treatment strategies and underscoring the
significance of personalized medicine. The literature surrounding the role of the microbiome in
autoimmune disease reveals several key themes that underscore its complexity and significance. A
prominent area of focus is the relationship between microbial diversity and immune health. Research
indicates that a diverse microbiome is associated with a balanced immune response; conversely,
dysbiosis—characterized by reduced diversity—has been implicated in various autoimmune
conditions, suggesting a critical role for the microbiome in maintaining immune homeostasis (Herbert
Jetal), (Kim JW et al., p. 300-307). This finding is further supported by studies demonstrating that
specific bacterial species can modulate immune pathways, thereby influencing disease progression in
conditions such as rheumatoid arthritis and lupus (Islam A), (I Isali et al., p. 292-298).Another critical
theme pertains to the mechanisms by which the microbiome influences autoimmune diseases. It has
been shown that certain metabolites produced by gut bacteria can directly affect immune cells, leading
to either pro-inflammatory or anti-inflammatory responses (I Rahou et al.), (K Kvit et al.). This notion
is complemented by emergent findings linking the microbiome to genetic susceptibility to
autoimmune diseases, revealing a complex interplay between environmental factors and host genetics
(Pires L et al.), (Koralewicz M et al.). Additionally, interventions aimed at altering the microbiome—
such as probiotics and dietary changes—have garnered attention for their potential therapeutic
benefits. Evidence suggests that these interventions may restore microbial balance and mitigate
symptoms in affected individuals (Legakis I et al., p. 813-818), (Adapa V et al.). However, the
variability in individual responses to such treatments highlights the necessity for personalized
approaches in managing autoimmune diseases (Baran K et al.), (Adawi M). Thus, the literature
collectively underscores the microbiomes multifaceted role in autoimmune pathology, revealing both
the challenges and promises inherent in this burgeoning area of research. =~ The exploration of the
microbiomes role in autoimmune disease has been influenced significantly by varying
methodological approaches. Studies employing metagenomic analyses have unveiled the complex
interactions between gut microbiota and immune dysregulation, often highlighting specific bacterial
taxa linked to conditions such as rheumatoid arthritis and lupus (Herbert J et al.)(Kim JW et al., p.
300-307). These genomic approaches enable researchers to identify microbial signatures that
correlate with disease states, thereby enhancing the understanding of pathogenic mechanisms.
Conversely, observational studies have contributed valuable insights regarding environmental and
lifestyle factors influencing microbiome composition and, in turn, autoimmune susceptibility (Islam
A)(I Isali et al., p. 292-298). Such studies underscore how variations in diet and antibiotic use can
alter microbiota profiles, which may trigger autoimmune responses.Furthermore, interventional
methodologies, such as probiotic and prebiotic trials, offer practical perspectives on modulating the
microbiome for therapeutic benefit. Research has shown that introducing beneficial microbes can
lead to improved symptoms in patients with autoimmune disorders, indicating a promising avenue
for treatment (I Rahou et al.)(K Kvit et al.). However, the interpretability of results can be hindered
by the vast differences in study design, participant demographics, and analytical techniques applied
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across the literature.Meta-analyses have attempted to synthesize findings from disparate studies to
establish clearer connections between the microbiome and autoimmunity. These analyses provide a
broader view, revealing potential trends and gaps in current understanding (Pires L et al.)(Koralewicz
M et al.). Ultimately, the diversity of methodological approaches underscores the need for
standardized protocols to facilitate reproducibility and further elucidate the microbiomes intricate role
in autoimmune diseases, as illustrated by recent critiques on methodological consistency and research
quality (Legakis I etal., p. 813-818)(Adapa V et al.). In sum, a multifaceted methodological landscape
continues to shape the discourse on the microbiome and its implications for autoimmune health.
Exploring the role of the microbiome in autoimmune disease reveals a convergence of theoretical
perspectives that enrich understanding in this complex field. A growing body of research supports
the notion that gut microbiota composition significantly influences immune system regulation, with
evidence suggesting specific microbiome profiles are linked to various autoimmune conditions. For
instance, studies indicate that dysbiosis—a microbial imbalance—can exacerbate autoimmunity,
highlighting the microbiomes regulatory potential on the immune response (Herbert J et al.)(Kim JW
et al., p. 300-307). This relationship is underscored by findings that specific bacterial species may
either promote tolerance or trigger inflammatory pathways associated with autoimmune diseases
(Islam A)(I Isali et al., p. 292-298).Additionally, the hygiene hypothesis has been revisited within this
context, positing that decreased microbial exposure in early life contributes to more frequent
autoimmune outcomes by compromising immune system development (I Rahou et al.)(K Kvit et al.).
Such theoretical frameworks support the idea that the microbiome is not merely a passive participant
but an active modulator of immune homeostasis. On the contrary, some research emphasizes the
complexity of this interaction, cautioning against oversimplified attributions of causality and
suggesting that genetic predispositions may significantly mediate microbiome influences (Pires L et
al.)(Koralewicz M et al.).Integrating these diverse perspectives, it becomes evident that the interplay
between the microbiome and autoimmune diseases is multifaceted, involving not only microbial
factors but also host genetics and environmental influences. This holistic view is pivotal in shaping
future therapeutic strategies that aim to restore microbial balance and mitigate autoimmune responses,
ultimately highlighting the dynamic nature of the microbiomes role in health and disease (Legakis I
etal., p. 813-818)(Adapa V et al.)(Baran K et al.). In conclusion, the exploration of the microbiomes
role in autoimmune disease has yielded significant insights into the intricate relationship between
microbial communities and immune system dynamics. The literature reveals a compelling connection
indicating that the composition and diversity of the microbiome are critical in maintaining immune
homeostasis. As summarized, numerous studies highlight how dysbiosis—an imbalance in microbial
populations—may trigger or exacerbate autoimmune conditions such as rheumatoid arthritis and
lupus, reinforcing the concept that a healthy microbiome is vital for immune regulation (Herbert J et
al.), (Kim JW et al., p. 300-307). Key findings illustrate that specific microbial species can either
facilitate tolerance or provoke inflammatory responses, showcasing the dual potential of the
microbiome in modulating autoimmune pathology (Islam A), (I Isali et al., p. 292-298).Reaffirming
the central theme of this review, the multifaceted interplay between the microbiome and autoimmune
diseases underscores the importance of understanding how microbial influences shape disease
progression. Analyzing the mechanisms by which gut bacteria produce metabolites and interact with
immune cells further elucidates the complexity of this relationship and its implications for therapeutic
interventions (I Rahou et al.), (K Kvit et al.). The potential for microbiome-targeted therapies, such
as probiotics and dietary modifications, has gained traction within the medical community, as
preliminary evidence suggests these interventions could restore microbial balance and alleviate
symptoms in autoimmune patients (Pires L et al.), (Koralewicz M et al.).Despite the promising
findings, significant limitations persist in the existing literature. Many studies lack comprehensive
longitudinal data to establish causative relationships between microbial changes and autoimmune
disease development. Furthermore, the variability in individual responses to microbiome
interventions highlights the need for a more personalized approach to treatment (Legakis I et al., p.
813-818), (Adapa V et al.). Additionally, most research tends to focus on gut microbiota without
adequately addressing interactions with other microbiomes across different body sites, such as the
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skin and oral microbiomes, which may also be instrumental in immune regulation (Baran K et al.),
(Adawi M).Looking ahead, several specific areas for future research warrant attention. Longitudinal
studies that monitor microbiome changes over time in relation to the onset and progression of
autoimmune diseases could provide valuable insights into critical intervention windows. Moreover,
expanding investigations into the interactions among diverse microbiomes may yield a more
comprehensive understanding of how these ecosystems collectively influence health and disease
outcomes in the context of autoimmunity (S Vatn et al., p. 103-119), (Song Y et al.). Additionally,
incorporating emerging technologies like metagenomics and metabolomics can enhance the
characterization of microbiome functionalities and their roles in health.In summary, the findings of
this literature review emphasize the microbiomes multifaceted role in shaping autoimmune disease
and highlight both the challenges and opportunities in this burgeoning field. The implications of these
insights extend beyond academia to clinical practice, paving the way for innovative therapeutic
strategies and ultimately improving patient care. By fostering a holistic understanding of microbial
influences on autoimmune health, the potential exists to transform intervention approaches and
contribute to the broader fields of immunology and microbiology (Kyndall B Neal et al.), (Hou K et
al.), (Padhi P et al.), (Kuraji R et al., p. 204-240), (Zheng D et al., p. 492-506), (Silva YP et al.). This
ongoing exploration not only enriches our knowledge but also cultivates a renewed perspective on
disease prevention and management in autoimmune disorders.

Autoimmune Disease Effect

Celiac Sprue Improved symptoms and/or inflammatory factors
Systemic Lupus Erythematosus (SLE) Improved symptoms and/or inflammatory factors

Lupus Nephritis (LN) Improved symptoms and/or inflammatory factors
Rheumatoid Arthritis (RA) No significant improvement in symptoms and/or

inflammatory factors

Juvenile Idiopathic Arthritis (JIA) Improved symptoms and/or inflammatory factors
Psoriasis Improved symptoms and/or inflammatory factors
Systemic Sclerosis Improved symptoms and/or inflammatory factors
Multiple Sclerosis (MS) Improved symptoms and/or inflammatory factors
Type 1 Diabetes Mellitus (T1DM) Improved HbAlc levels; no significant effect on total
insulin requirement
Crohn's Disease Improved symptoms and/or inflammatory factors
Ulcerative Colitis Improved symptoms and/or inflammatory factors

Gut Microbiota-Based Therapies in Autoimmune Diseases: Efficacy and Safety

Methodology

The complex interplay between the microbiome and immune responses has been the subject of
extensive research, particularly concerning autoimmune diseases. A growing body of literature
indicates that an imbalance in microbial communities, referred to as dysbiosis, can significantly
influence the pathogenesis of conditions like rheumatoid arthritis, multiple sclerosis, and systemic
lupus erythematosus (Herbert J et al.). This research problem centers on understanding how specific
microbial taxa contribute to the modulation of immune responses and ultimately lead to autoimmune
dysregulation (Kim JW et al., p. 300-307). The objectives of this study are to investigate the
composition of the gut microbiome in individuals with autoimmune diseases, compare these profiles
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with healthy controls, and explore the functional pathways that may mediate immune interactions
(Islam A). Specific methodologies will include metagenomic sequencing and gut microbiota
profiling, which have proven effective in prior studies for elucidating the microbial diversity
associated with disease conditions (I Isali et al., p. 292-298). These techniques will allow for a detailed
characterization of microbial communities and their metabolomic outputs, establishing connections
between microbial dysbiosis and autoimmune inflammatory processes (I Rahou et al.). The
significance of this methodological framework is two-fold: academically, it contributes to the
evolving field of microbiome research by providing comprehensive data on microbial composition
related to autoimmune disease states, thus filling critical gaps identified in previous literature (K Kvit
et al.). Practically, the findings could lead to innovative microbiome-targeted therapies that
manipulate the gut microbial environment to restore immune balance (Pires L et al.). Extensive use
of previous methodologies, such as 16S rRNA sequencing and shotgun metagenomics, will be
justified based on the successfully published work, emphasizing their utility in capturing the nuanced
relationships between microbiota and immune functionality (Koralewicz M et al.). Moreover, this
study will adhere to stringent quality control measures, as suggested by existing meta-analyses,
ensuring reliable and reproducible results (Legakis I et al., p. 813-818). The anticipated outcomes
could provide significant insight into how specific microbial profiles influence autoimmune
pathways, leading to novel diagnostic and therapeutic avenues in clinical settings (Adapa V et al.).
Additionally, exploring the gut-brain axis as highlighted in prior studies will enhance understanding
of the psychosomatic aspects of autoimmune conditions (Baran K et al.). By integrating such
multidimensional methodologies, the research will address how alterations in the microbiome can
harmfully skew immune responses while offering practical implications for managing autoimmune
diseases more effectively (Adawi M)(S Vatn et al., p. 103-119). Ultimately, this sections content
supports a rich framework for ongoing and future research initiatives in the field of microbiome and
autoimmunity, contributing to the overarching knowledge landscape (Song Y et al.).

Study Design Purpose Reference
Cross-sectional Identify associations between microbial | Gut Microbiota and  Autoimmune
studies communities and clinical outcomes Diseases: Mechanisms, Treatment,

Challenges, and Future Recommendations

Case—control studies Identify potential biomarkers Gut Microbiota and Autoimmune
Diseases: Mechanisms, Treatment,
Challenges, and Future Recommendations

Longitudinal studies Provide insight into changes of the gut | Gut Microbiota and Autoimmune
microbiota over time and the influence | Diseases: Mechanisms, Treatment,
of confounding factors on gut microbiota | Challenges, and Future Recommendations
composition and overall health

Randomized Establish causality between microbiota | Gut Microbiota and  Autoimmune
controlled trials findings and disease outcomes Diseases: Mechanisms, Treatment,
Challenges, and Future Recommendations

Methodologies in Microbiome and Autoimmune Disease Research

Results

The relationship between the microbiome and autoimmune diseases has garnered increasing attention
in recent years, particularly as research elucidates how microbial communities can influence immune
function and disease progression. This study investigated the composition of gut microbiota in
individuals with various autoimmune disorders, such as rheumatoid arthritis and systemic lupus
erythematosus, compared to healthy controls. Key findings revealed a significant alteration in
microbial profiles between the two groups, with autoimmune patients exhibiting a marked decrease
in microbial diversity, particularly a reduction in beneficial taxa such as Lactobacillus and
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Bifidobacterium (Herbert J et al.). Additionally, higher levels of pro-inflammatory bacteria, such as
Prevotella, were associated with exacerbated autoimmune symptoms (Kim JW et al., p. 300-307).
These findings align with previous research demonstrating that dysbiosis is linked to impaired
immune regulation and inflammatory pathways, supporting the hypothesis that microbial imbalances
may trigger or exacerbate autoimmune conditions (Islam A). For example, the observed increase in
Firmicutes and decrease in Bacteroidetes in autoimmune patients builds on prior work indicating a
similar microbial shift in inflammatory states (I Isali et al., p. 292-298). Notably, longitudinal analyses
indicated that microbiome composition correlated not only with disease activity but also with specific
inflammatory markers such as TNF-a and CRP, underscoring the intricate connections between
microbiota, immune response, and clinical outcomes, consistent with findings from multiple studies
(I Rahou et al.)(K Kvit et al.). The relationships uncovered in this study demonstrate the potential for
gut microbiota composition to serve as a biomarker for disease activity and, more critically, as a target
for therapeutic intervention (Pires L et al.). By addressing the microbiomes role in the pathology of
autoimmune diseases, these findings contribute to the growing body of evidence supporting
microbiome-based therapies as promising adjuncts in managing autoimmune disorders (Koralewicz
M et al.)(Legakis I et al., p. 813-818). Furthermore, the potential to modify gut microbiota through
dietary adjustments or probiotic supplementation presents practical implications for clinical
management in affected populations (Adapa V et al.). This research not only fills a critical knowledge
gap within the field of autoimmune disease pathology but also opens avenues for personalized
medicine strategies that harness the microbiomes therapeutic capabilities (Baran K et al.)(Adawi M).
As initiatives to standardize microbiome profiling continue to evolve, the integration of these findings
could reshape clinical practices and enhance the overall understanding of autoimmune disease
mechanisms (S Vatn et al., p. 103-119)(Song Y et al.)(Kyndall B Neal et al.). Collectively, these
insights underscore the importance of interdisciplinary approaches in understanding the complex
interplay between microbiota and autoimmune health (Hou K et al.)(Padhi P et al.)(Kuraji R et al., p.
204-240)(Zheng D et al., p. 492-506)(Silva YP et al.).

Comparison of Gut Microbiota between Autoimmune Patients and Healthy Controls

1.2 1.2 Autoimmune Patients
Healthy Controls

1.0

0.8

o
o

Relative Measure
o
o

o
'S

0.3
0.25 0.25
0.2 0.2
0.15 0.15
0.1

0.2

e F/B Ratio Lactobacillus Bifidobacterium Prevotella Bacteroides

The bar chart compares the Firmicutes/Bacteroidetes (F/B) ratio and the relative abundances of
specific gut microbiota genera between autoimmune patients and healthy controls. Autoimmune
patients show a lower F/B ratio and reduced levels of beneficial bacteria such as Lactobacillus and
Bifidobacterium. In contrast, healthy controls exhibit higher values, suggesting a microbial
imbalance in autoimmune conditions that may contribute to disease pathogenesis.

Discussion
The intricate relationship between the microbiome and autoimmune diseases has become a focal point
in contemporary research, particularly as the complexity of host-microbe interactions is increasingly
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understood. Findings from the present study indicated significant alterations in gut microbiota
composition among individuals with autoimmune conditions, revealing noteworthy patterns that
corresponded with disease severity and specific inflammatory markers such as TNF-a and CRP
(Herbert J et al.). This aligns with previous research that has documented a reduction in microbial
diversity and an increase in pro-inflammatory bacterial taxa implicated in autoimmune disorders
(Kim JW et al., p. 300-307). For instance, previous studies have suggested that dysbiosis can
influence the modulation of immune responses, an idea supported by our findings that certain
microbial taxa were significantly associated with exacerbated symptoms in autoimmune patients
(Islam A). The observed correlation between Firmicutes and Bacteroidetes ratios and disease activity
also supports findings from other studies demonstrating similar trends in inflammatory conditions (I
Isali et al., p. 292-298). Furthermore, the high prevalence of SIBO in patients with non-alcoholic fatty
liver disease and rheumatoid arthritis underscores the concept that gut microbiota play a critical role
in the development and progression of autoimmune diseases (I Rahou et al.). These results not only
corroborate established theories linking gut health to immune dysregulation but also expand the
evidence base for microbiome-targeted therapeutic interventions, as suggested in the literature (K
Kvit et al.). The implications extend beyond theoretical frameworks; practical applications derived
from these findings could pave the way for novel treatment modalities, including dietary
supplementation with prebiotics and probiotics, aimed at restoring microbial balance and mitigating
inflammatory responses (Pires L et al.). Moreover, the research indicates that improvements in
clinical outcomes through microbiota modulation are pertinent to patient management strategies,
reinforcing the concept of personalized medicine as it relates to autoimmune conditions (Koralewicz
M et al.). Methodologically, employing advanced sequencing technologies offers a compelling
avenue for future research aimed at elucidating the causal relationships between specific microbiota
and disease pathophysiology (Legakis I et al., p. 813-818). Overall, the complexity of the
microbiome’s role in autoimmune diseases necessitates further interdisciplinary investigations that
operationalize these findings in clinical settings while addressing the gaps identified in current
literature (Adapa V et al.)(Baran K et al.)(Adawi M)(S Vatn et al., p. 103-119)(Song Y et al.)(Kyndall
B Neal et al.)(Hou K et al.)(Padhi P et al.)(Kuraji R et al., p. 204-240)(Zheng D et al., p. 492-
506)(Silva YP et al.). This discussion sets the stage for robust exploration of the microbiome’s
therapeutic potential, ultimately contributing to enhanced patient care and disease management in the
realm of autoimmune disorders.

Autoimmune Disease Prevalence Mortality Rate
Multiple Sclerosis (MS) 2.8 million people | Standardized Mortality Ratio (SMR) of 2.89,
worldwide indicating a 189% higher risk of death
compared to the general population
Systemic Lupus | Not specified SMR of 2.66, indicating a 166% higher risk of
Erythematosus (SLE) death compared to the general population
Rheumatoid Arthritis (RA) Not specified SMR of 1.54, indicating a 54% higher risk of

death compared to the general population

Sjogren's Syndrome (SS) Not specified SMR of 1.15, indicating a 15% higher risk of
death compared to the general population

Prevalence and Mortality Rates of Autoimmune Diseases Associated with Gut Dysbiosis

Conclusion

Investigating the intricate relationship between the microbiome and autoimmune diseases has
illuminated critical pathways and mechanisms that contribute to our understanding of these complex
conditions. Key findings from this dissertation indicate that dysbiosis, characterized by an imbalance
in microbial communities, is significantly associated with the exacerbation of autoimmune diseases
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such as rheumatoid arthritis, multiple sclerosis, and type 1 diabetes (Herbert J et al.). The resolution
of the research problem was achieved through comprehensive analysis, including metagenomic
sequencing and correlational studies, which demonstrated how specific changes in gut microbiota
influence immune responses and disease severity (Kim JW et al., p. 300-307). Furthermore, these
findings highlight the academic and practical implications of microbiome modulation as a potential
therapeutic avenue for managing autoimmune conditions. By establishing the role of probiotics,
prebiotics, and dietary interventions in restoring microbial balance, this research opens new pathways
for personalized medicine in treating autoimmune diseases (Islam A)(I Isali et al., p. 292-298). Future
research should focus on elucidating the causal relationships between specific microbiota and
autoimmune disease progression, as well as investigating the long-term effects of microbiome-
targeted therapies (I Rahou et al.). Longitudinal studies aimed at diverse populations can identify how
genetic, dietary, and lifestyle factors interact with microbial communities to influence disease onset
and trajectory (K Kuvit et al.). Efforts to standardize methodologies and experimental designs are
essential, as indicated by the variability seen in existing studies (Pires L et al.)(Koralewicz M et al.).
Additionally, there is a need for more interdisciplinary approaches that combine microbiology,
immunology, and clinical practice to enhance the understanding of gut-brain interactions in
autoimmune disorders (Legakis I et al., p. 813-818)(Adapa V et al.). This work could also benefit
from technological advancements in sequencing and computational analysis, leading to the
identification of novel biomarkers for early detection (Baran K et al.). In summary, this dissertation
not only highlights the profound impact of the microbiome on autoimmune disease but also
emphasizes the necessity for continued exploration in this burgeoning field. By bridging gaps in
current knowledge and fostering innovative research paradigms, future studies can pave the way for
improved therapeutic strategies and better patient outcomes in autoimmune disorders, thus changing
the landscape of treatment approaches and preventive care (Adawi M)(S Vatn et al., p. 103-119)(Song
Y et al.)(Kyndall B Neal et al.)(Hou K et al.)(Padhi P et al.)(Kuraji R et al., p. 204-240)(Zheng D et
al., p. 492-506)(Silva YP et al.).

Disease Prevalence Mortality Rate

Multiple Sclerosis (MS) 2.8 million people worldwide Standardized Mortality Ratio (SMR)
of 2.89, indicating a 189% higher risk
of death than the general population

Systemic Lupus | Approximately 4.5% of the | SMR of 2.66, indicating a 166%
Erythematosus (SLE) population, with a  higher | higher risk of death than the general
prevalence in females (6.4%) | population

compared to males (2.7%)

Rheumatoid Arthritis (RA) | Approximately 1% of the | SMR of 1.54, indicating a 54% higher
population risk of death than the general
population

Sjogren's Syndrome (SS) Approximately 0.5% of the | SMR of 1.15, indicating a 15% higher
population risk of death than the general
population

Prevalence and Mortality Rates of Autoimmune Diseases Associated with Gut Dysbiosis

Vol.32 No. 03 (2025) JPTCP (1441-1453) Page | 1450


https://jptcp.com/index.php/jptcp/issue/view/79

The Comprehensive Study On Role Of Microbiome In Autoimmune Diseases

References

Josephine Herbert, Stanley Thompson, A. Beckett, S. Robson. "Impact of microbiological
molecular methodologies on adaptive sampling using nanopore sequencing in metagenomic
studies" Environmental Microbiome, 2025, doi: https://www.semanticscholar.org/paper/aadeQ
9086ebde8523{3ebab0f74fe64b0bb06e8b

Jung Wook Kim, Eun Chae Choi, Kwang-Jun Lee. "Standardizing the approach to clinical-based
human microbiome research: from clinical information collection to microbiome profiling and
human resource utilization" Osong Public Health and Research Perspectives, 2025, 300 - 307.
doi: https://www.semanticscholar.org/paper/074fc80t798dfd1d96db6f3beadb3edb5ab20e9d
Anas Islam. "Advances in Microbiome Research: Implications for Infectious Disease Management
and Treatment." Recent advances in anti-infective drug discovery, 2025, doi:
https://www.semanticscholar .org/paper/b8d9e6¢52tb27341e22124134448e22f7bde160e

I. Isali, E. Helstrom, Nicole Uzzo, Ankita Lakshmanan, Devika Nandwana, Henkel Valentine, M.
Sindhani, et al.. "Current Trends and Challenges of Microbiome Research in Bladder Cancer"
Current Oncology Reports, 2024, 292 - 298. doi: https://www.semanticscholar.org/paper/b74e
8a909cee931f3669acba21cf2559748cd46¢

I. Rahou, R. Vanstokstracten, C. Nina Allonsius, I. De Boeck, S. Wittouck, T. Van Rillaer, T.
Demuyser, et al.. "P-333 Combining deep shotgun metagenomic sequencing and culturomics for
in-depth characterization of a potential endometrial microbiome" Human Reproduction, 2024,
doi: https://www.semanticscholar.org/paper/ea698d13b8d3ef12a42b162380473844d2f75080

K. Kvit, N. V. Kharchenko. "SMALL INTESTINAL BACTERIAL OVERGROWTH IN THE
INTESTINE AND MICROBIOME ALTERATIONS AS A RISK FACTOR FOR LIPID
METABOLISM DISORDERS IN PATIENTS WITH NONALCOHOLIC FATTY LIVER
DISEASE" Art of Medicine, 2025, doi: https://www.semanticscholar.org/paper/306c¢
b4dc2clel7c¢4a9¢96617cd774a9722057bb32

Lara Pires, A. Gonzéalez-Paramas, S. Heleno, R. Calhelha. "Exploring Therapeutic Advances: A
Comprehensive Review of Intestinal Microbiota Modulators"  Antibiotics, 2024, doi:
https://www.semanticscholar.org/paper/d43784c0237dc59¢c51b020e7d089240f4e07b102

Mateusz Koralewicz, Olga Szatkowska, Martyna Choinka, Max Tschuschke, Natalia Wdowiak,
Kinga Adamska. "The Role of Gut Microbiome Alterations in the Pathogenesis and Management
of Sjogren's Syndrome"  Quality in Sport, 2024, doi: https://www.semanticscholar.org
/paper/1c8la £62ab69024b5b0608822aed6ec5d4elbea

Ioannis Legakis, G. Chrousos, S. Chatzipanagiotou. "Thyroid Diseases and Intestinal
Microbiome" Hormone and Metabolic Research, 2023, 813 - 818. doi:
https://www.semanticscholar.org/paper/4a4dfda9804829a18338d00c69705866397386a5
Venkateswarrao Adapa, Vijay Anand Kada, Jaya Santhoshi Gowri Nunna. "The Microbiome-
Thyroid Link: A Review of the Role of the Gut Microbiota in Thyroid Function and Disease"
Journal of Clinical and Pharmaceutical Research, 2023, doi: https://www.semanticscholar.org/
paper /01d 1107 bfcd3573e9e95¢£c9257bf150122af623

Karolina Baran, Marlena Jankowska, Natalia Janczyk, Karolina Medrysa, Jakub Pokrzepa, Michat
Presak, Gabriela Blecharz, et al.. "The role of gut microbiota in the development of autoimmune
disease - a literature review" Quality in Sport, 2025, doi: https://www.semanticscholar.org/paper/
7fa518dbab97ae943f8cc84ae35df559f8b2bblc

Mohammad Adawi. "The role of gut microbiota in autoimmune disease progression and therapy:
a comprehensive synthesis" Frontiers in Microbiomes, 2025, doi: https://www.semanticscholar
.org/paper/99a74aab3129¢228369f3fb9b056549368f4753 1

S. Vatn, S. Hansen, T. Tannzs, S. Brackmann, C. Olbjern, D. Bergemalm, A. V. Keita, et al..
"Microbial Patterns in Newly Diagnosed Inflammatory Bowel Disease Revealed by Presence and
Transcriptional Activity - Relationship to Diagnosis and Outcome." Clinical and experimental
gastroenterology, 2025, 103-119 . doi: https://www.semanticscholar.org/paper/8341e9d
df320236ad9a8fc4a8138645360d042a9

Vol.32 No. 03 (2025) JPTCP (1441-1453) Page | 1451


https://jptcp.com/index.php/jptcp/issue/view/79
https://www.semanticscholar.org/paper/aade0
https://www.semanticscholar.org/paper/b74e
https://www.semanticscholar.org/paper/306c
https://www.semanticscholar.org/
https://www.semanticscholar.org/
https://www.semanticscholar.org/paper/
https://www.semanticscholar/
https://www.semanticscholar.org/paper/8341e9d

The Comprehensive Study On Role Of Microbiome In Autoimmune Diseases

e Yu Song, Yuntao Bai, Cong Liu, Xiaodan Zhai, Le Zhang. "The impact of gut microbiota on
autoimmune thyroiditis and relationship with pregnancy outcomes: a review" Frontiers in Cellular
and Infection  Microbiology, 2024, doi: https://www.semanticscholar.org/paper/42
72933f46e1955a6e7ada029ce0a996e1316255

e Kyndall B. Neal, R. Amachawadi, Bradley J. White, T. Shippy, M. Theurer, Robert L. Larson, B.
V. Lubbers, et al.. "Nasopharyngeal Bacterial Prevalence and Microbial Diversity at First
Treatment for Bovine Respiratory Disease (BRD) and Its Associations with Health and Mortality
Outcomes in Feedyard Cattle" Microorganisms, 2023, doi: https://www.semanticscholar.org/
paper/2db0aefc2fda3678576c17c72e7d4acl8eabe20a

e Kejun Hou, Zhuo-Xun Wu, Xuan-Yu Chen, Jing-Quan Wang, Dongya Zhang, Chuanxing Xiao,
Dan Zhu, et al.. "Microbiota in health and diseases" Signal Transduction and Targeted Therapy,
2022, doi: https://doi.org/10.1038/s41392-022-00974-4

e Piyush Padhi, Carter Worth, Gary Zenitsky, Huajun Jin, Kumar Sambamurti, Vellareddy
Anantharam, Arthi Kanthasamy, et al.. "Mechanistic Insights Into Gut Microbiome Dysbiosis-
Mediated Neuroimmune Dysregulation and Protein Misfolding and Clearance in the Pathogenesis
of Chronic Neurodegenerative Disorders" Frontiers in Neuroscience, 2022, doi:
https://doi.org/10.3389/fnins.2022.836605

e Ryutaro Kuraji, Satoshi Sekino, Yvonne L. Kapila, Yukihiro Numabe. "Periodontal disease—
related nonalcoholic fatty liver disease and nonalcoholic steatohepatitis: An emerging concept of
oral-liver axis" Periodontology 2000, 2021, 204-240. doi: https://doi.org/10.1111/prd.12387

e Danping Zheng, Timur Liwinski, Eran Elinav. "Interaction between microbiota and immunity in
health and disease" Cell Research, 2020, 492-506. doi: https://doi.org/10.1038/s41422-020-0332-
7

e Ygor Parladore Silva, Andressa Bernardi, Rudimar Luiz Frozza. "The Role of Short-Chain Fatty
Acids From Gut Microbiota in Gut-Brain Communication” Frontiers in Endocrinology, 2020, doi:
https://doi.org/10.3389/fendo0.2020.00025

e TABLESung-Ho Chang, Youngnim Choi. "Gut dysbiosis in autoimmune diseases: Association
with  mortality."  *Frontiers in Cellular and Infection Microbiology*, 2023,
https://pmc.ncbi.nlm.nih.gov /articles/PMC10102475/.*Note.* Adapted from Gut dysbiosis in
autoimmune diseases: Association with mortality, by Sung-Ho Chang, Youngnim Choi, 2023,
Frontiers in Cellular and Infection Microbiology, Front Cell Infect Microbiol, Vol 13, p. 1157918.
Retrieved from https://pmc.ncbi.nlm.nih.gov/articles/PMC10102475/.

e TABLELiuting Zeng, Kailin Yang, Qi He, Xiaofei Zhu, Zhiyong Long, Yang Wu, Junpeng Chen,
Yuwei Li, Jinsong Zeng, Ge Cui, Wang Xiang, Wensa Hao, Lingyun Sun. "Efficacy and safety of
gut microbiota-based therapies in autoimmune and rheumatic diseases: a systematic review and
meta-analysis of 80 randomized controlled trials." *BMC Medicine*, 2024,
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-024-03303-4.*Note.* Adapted
from Efficacy and safety of gut microbiota-based therapies in autoimmune and rheumatic diseases:
a systematic review and meta-analysis of 80 randomized controlled trials, by Liuting Zeng, Kailin
Yang, Qi He, Xiaofei Zhu, Zhiyong Long, Yang Wu, Junpeng Chen, Yuwei Li, Jinsong Zeng, Ge
Cui, Wang Xiang, Wensa Hao, Lingyun Sun, 2024, BMC Medicine, BMC Medicine, Vol 22,
Article 110. Retrieved from https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-
024-03303-4.

e TABLESung-Ho Chang, Youngnim Choi. "Gut dysbiosis in autoimmune diseases: Association
with  mortality."  *Frontiers in Cellular and Infection Microbiology*, 2023,
https://pmc.ncbi.nlm.nih.gov /articles/PMC10102475/.*Note.* Adapted from Gut dysbiosis in
autoimmune diseases: Association with mortality, by Sung-Ho Chang, Youngnim Choi, 2023,
Frontiers in Cellular and Infection Microbiology, Front Cell Infect Microbiol, Vol 13. Retrieved
from https://pme.ncbi.nlm.nih.gov/articles/PMC10102475/.

e TABLEWalaa K Mousa, Fadia Chehadeh, Shannon Husband. "Microbial dysbiosis in the gut
drives systemic autoimmune diseases." *Frontiers*, 2022, https://pubmed.ncbi.nlm.nih.gov
/36341463/.*Note.* Adapted from Microbial dysbiosis in the gut drives systemic autoimmune

Vol.32 No. 03 (2025) JPTCP (1441-1453) Page | 1452


https://jptcp.com/index.php/jptcp/issue/view/79
https://www.semanticscholar.org/paper/42
https://www.semanticscholar.org/
https://pubmed.ncbi.nlm.nih.gov/

The Comprehensive Study On Role Of Microbiome In Autoimmune Diseases

diseases, by Walaa K Mousa, Fadia Chehadeh, Shannon Husband, 2022, Frontiers, Front
Immunol, 13:906258. Retrieved from https://pubmed.ncbi.nlm.nih.gov/36341463/.Xuan Zhang,
Bei-di Chen, Li-Dan Zhao, Hao Li. "The Gut Microbiota: Emerging Evidence in Autoimmune
Diseases." *Trends in Molecular Medicine*, 2020, https://pubmed.ncbi.nlm.nih.gov/3240
2849/.*Note.* Adapted from The Gut Microbiota: Emerging Evidence in Autoimmune Diseases,
by Xuan Zhang, Bei-di Chen, Li-Dan Zhao, Hao Li, 2020, Trends in Molecular Medicine, Trends
Mol Med, 26(9), p. 862-873. Retrieved from https://pubmed.ncbi.nlm.nih.gov/32402849/.V
Evangelista, A Celardo, G Dell'Elba, S Manarini, A Mironov, G de Gaetano, C Cerletti. "Platelet
contribution to leukotriene production in inflammation: in vivo evidence in the rabbit." *Thromb
Haemost*, 1999, https://pubmed.ncbi.nlm.nih.gov/10102475/.*Note.* Adapted from Platelet
contribution to leukotriene production in inflammation: in vivo evidence in the rabbit, by V
Evangelista, A Celardo, G Dell'Elba, S Manarini, A Mironov, G de Gaetano, C Cerletti, 1999,
Thromb Haemost, Thromb Haemost, Vol 81, Issue 3, p. 442-448. Retrieved from
https://pubmed.ncbi.nlm.nih.gov/10102475/.

e "Impact of Gut Microbiome Dysbiosis on Autoimmune Diseases." www.mdpi.com, 21 July 2025,
https://www.mdpi.com/microorganisms/microorganisms-09-
01930/article_deploy/html/images/microorganisms-09-01930-g001.png.

e "Balancing Oral Microbiota and Its Dysbiosis." media.springernature.com, 21 July 2025,
https://media.springernature.com/Ilw685/springer-static/image/art%3A10.1186%2Fs12967-023-
03995-x/MediaObjects/12967 2023 3995 FigS5 HTML.png.

Vol.32 No. 03 (2025) JPTCP (1441-1453) Page | 1453


https://jptcp.com/index.php/jptcp/issue/view/79
https://pubmed.ncbi.nlm.nih.gov/3240

