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Inflammatory bowel diseases (IBD), encompassing Crohn's
disease (CD) and ulcerative colitis (UC), are chronic
gastrointestinal disorders characterized by inflammation of
the digestive tract. The gut microbiota plays a crucial role in
IBD pathogenesis, yet its specific taxonomic and functional
alterations remain to be fully elucidated. In this study, we
conducted metagenomic sequencing analysis to investigate
the composition and functionality of the gut microbiota in
patients with CD or UC compared to healthy controls. Stool
samples were collected from a cohort of patients with CD or
UC and healthy controls, and metagenomic sequencing was
performed using a state-of-the-art sequencing platform.
Bioinformatics analysis revealed distinct taxonomic profiles
and functional pathways in CD/UC patients compared to

healthy controls. Our findings provide valuable insights into
the microbial dysbiosis associated with IBD and highlight
potential targets for therapeutic interventions aimed at
restoring microbial homeostasis. This study contributes to
advancing our understanding of the complex interplay
between the gut microbiota and IBD pathophysiology, paving
the way for personalized approaches to IBD management.

INTRODUCTION

Inflammatory Bowel Disease (IBD) is a chronic inflammatory disorder of the
gastrointestinal tract characterized by recurrent episodes of inflammation and tissue
damage. The two main subtypes of IBD are Crohn's disease (CD) and ulcerative colitis
(UC), both of which significantly impact the quality of life of affected individuals. The
etiology of IBD is multifactorial, involving complex interactions between genetic
predisposition, environmental factors, immune dysregulation, and alterations in the
gut microbiota composition (Alemany-Cosme et al., 2021; Loddo & Romano, 2015).

Recent advances in our understanding of the gut microbiota have shed light on its
crucial role in the pathogenesis of IBD (Sultan et al., 2021). The gut microbiota,
consisting of trillions of microorganisms inhabiting the gastrointestinal tract, plays
a fundamental role in maintaining gut homeostasis and regulating immune
responses. Dysbiosis, or alterations in the composition and function of the gut
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microbiota, has been implicated in the development and progression of IBD.
Understanding the intricate interplay between the gut microbiota and host factors is
essential for unravelling the mechanisms underlying IBD pathogenesis and
identifying novel therapeutic targets (Manuc et al., 2016; Tie et al., et al., 2023).

The advent of high-throughput sequencing technologies, such as metagenomic
sequencing, has revolutionized our ability to study the gut microbiota in health and
disease. Metagenomic analysis allows for the comprehensive characterization of
microbial communities within the gut, enabling researchers to identify specific
microbial taxa, functional pathways, and microbial-host interactions associated with
IBD. By leveraging metagenomic data, researchers can gain insights into the
microbial signatures and dysbiotic patterns that distinguish IBD patients from
healthy individuals (Kubinski et al., 2022; Jiang et al., 2021).

Several recent studies have highlighted the importance of the gut microbiota in IBD
pathogenesis. For example, a study by Ma et al. (2021) utilized metagenomic
sequencing to analyze the gut microbiota composition of IBD patients and healthy
controls. The researchers identified significant alterations in microbial diversity and
composition in IBD patients, including an expansion of pathogenic bacterial taxa and
a reduction in beneficial commensal bacteria. These findings underscore the
dysbiotic nature of the gut microbiota in IBD and its potential contribution to disease
pathogenesis (Aldars-Garcia et al., 2021; Iyer & Corr, 2021).

Furthermore, emerging evidence suggests that the gut microbiota may influence
various aspects of IBD, including disease severity, clinical outcomes, and response
to therapy. A recent meta-analysis by Imdad et al. (2023) evaluated the efficacy of
fecal microbiota transplantation (FMT) in IBD patients and found that FMT was
associated with higher rates of clinical remission and mucosal healing. These
findings suggest that manipulation of the gut microbiota holds promise as a
therapeutic strategy for IBD management (Eindor-Abarbanel et al., 2021; Liwinski &
Elinav, 2020).

Despite significant progress in understanding the role of the gut microbiota in IBD,
several key questions remain unanswered. For instance, the specific microbial taxa
and functional pathways driving dysbiosis in IBD are still poorly understood (Sultan
et al., 2021). Additionally, the mechanisms by which dysbiotic alterations in the gut
microbiota contribute to mucosal inflammation and tissue damage in IBD remain
elusive. Addressing these knowledge gaps will be critical for the development of
targeted therapies aimed at restoring gut microbial homeostasis and mitigating
disease progression in IBD patients (Amoroso et al., 2020; Mishima & Sartor, 2020;
Prasad et al., 2024).

In this context, the present study aims to elucidate the role of the gut microbiota in
the pathogenesis of IBD using metagenomic analysis. By characterizing the gut
microbiota composition and functional profiles in IBD patients and healthy controls
(Kedia et al., 2021), we seek to identify microbial signatures and dysbiotic patterns
associated with disease status. Furthermore, we aim to investigate the relationship
between gut microbiota dysbiosis and clinical outcomes in IBD, including disease
severity, treatment response, and prognosis. Through these efforts, we hope to
contribute to a deeper understanding of the complex interplay between the gut
microbiota and host factors in IBD pathogenesis and pave the way for the
development of personalized therapeutic interventions for IBD patients (Caruso et
al., 2020; Shang et al., 2024).

Significance of the Study

This study holds significant implications for advancing our understanding of the role
of the gut microbiota in the pathogenesis of IBD. By elucidating the microbial
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signatures and dysbiotic patterns associated with IBD subtypes, we aim to identify
novel biomarkers for disease diagnosis, prognosis, and treatment response
prediction. Furthermore, insights gained from this study may inform the
development of personalized therapeutic interventions targeting the gut microbiota
to restore homeostasis and alleviate disease burden in IBD patients. Ultimately, our
findings may contribute to improved patient care and outcomes in the management
of IBD.

Scope of the Study

The study will involve a comprehensive analysis of the gut microbiota composition
and functional profiles in patients diagnosed with Crohn's disease, ulcerative colitis,
and healthy controls. Metagenomic sequencing techniques will be employed to
characterize microbial communities within the gut and identify specific microbial
taxa, functional pathways, and microbial-host interactions associated with IBD.
Clinical data, including disease activity indices, endoscopic findings, histological
assessments, treatment regimens, and clinical outcomes, will be collected to
investigate correlations between gut microbiota dysbiosis and disease severity,
progression, and treatment response.

Limitations of the Study

Despite the rigorous methodology employed in this study, several limitations should
be acknowledged. Firstly, the cross-sectional design of the study limits our ability to
establish causality or determine the temporal relationship between gut microbiota
dysbiosis and disease onset or progression. Additionally, the study sample may not
be fully representative of the broader population of IBD patients, as it is drawn from
a single center or specific geographic region. Furthermore, factors such as diet,
lifestyle, medication use, and comorbidities may confound the associations observed
between gut microbiota composition and clinical outcomes. Finally, the complexity
of the gut microbiota and its interactions with host factors necessitate further
investigation to elucidate the underlying mechanisms driving dysbiosis and its
consequences in IBD.

METHODS

The methodology employed in this study utilized a retrospective approach to
investigate the gut microbiota composition and its association with Inflammatory
Bowel Disease (IBD) subtypes, namely Crohn's disease (CD) and ulcerative colitis
(UC). The study population consisted of patients diagnosed with IBD who had
undergone colonoscopy and provided stool samples for microbiota analysis at St.
James's Hospital. A total of 150 patients with confirmed diagnoses of CD or UC were
included in the study, along with 70 healthy controls without a history of
gastrointestinal diseases.

Sampling Technique: The patients with IBD were consecutively recruited from the
gastroenterology clinic at St. James’s Hospital between January 15, 2023, and
concluded on June 30, 2023. Healthy controls were selected from the general
population through advertisements and community outreach programs. Informed
consent was obtained from all participants prior to enrolment in the study.

Instrument and Validation: Stool samples were collected from all participants and
subjected to metagenomic sequencing using Illumina MiSeq platform at the
Microbiome Research Laboratory. The sequencing data were processed and analysed
using QIIME2 bioinformatics software to identify microbial taxa and functional
pathways within the gut microbiota. The validity and reliability of the sequencing
platform and bioinformatics pipeline were previously established through internal
validation studies and comparison with gold standard methods.
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Statistical Analysis: Descriptive statistics were used to summarize demographic and
clinical characteristics of the study population. Continuous variables were expressed
as mean * standard deviation (SD) or median with interquartile range (IQR), while
categorical variables were presented as frequencies and percentages. Group
differences in gut microbiota composition between CD, UC, and healthy controls were
assessed using analysis of variance (ANOVA) or Kruskal-Wallis test for continuous
variables, depending on the normality of data distribution. Post-hoc tests, such as
Tukey's Honestly Significant Difference (HSD) test or Dunn's test, were performed for
pairwise comparisons between groups. Additionally, logistic regression analysis was
employed to identify microbial taxa associated with disease status, while controlling
for potential confounders such as age, sex, and medication use. Correlation analysis
was conducted to explore associations between gut microbiota composition and
clinical parameters, such as disease activity scores and inflammatory markers.
Statistical significance was set at p < 0.05. The study was conducted at St. James’s
hospital a tertiary care facility specializing in gastroenterology services. The hospital
serves a diverse patient population from urban and suburban areas within, providing
comprehensive diagnostic and therapeutic interventions for gastrointestinal
disorders.

RESULTS AND DISCUSSION

Inflammatory Bowel Disease (IBD), comprising Crohn’s disease (CD) and ulcerative
colitis (UC), represents a group of chronic gastrointestinal disorders characterized by
recurrent inflammation and mucosal damage. Globally, the prevalence of IBD has
risen steadily over the past decades, placing a substantial burden on healthcare
systems and significantly affecting the quality of life of patients. The etiology of IBD
is complex and multifactorial, involving the interplay of genetic susceptibility,
immune dysregulation, environmental triggers, and, importantly, alterations in the
gut microbiota.

The gut microbiota, consisting of trillions of microorganisms residing in the
gastrointestinal tract, plays an essential role in maintaining intestinal homeostasis
and regulating immune responses. Disruptions in microbial balance, known as
dysbiosis, have been consistently implicated in the pathogenesis of IBD. Studies have
shown that IBD patients often exhibit reduced microbial diversity, expansion of
potentially pathogenic bacteria, and depletion of beneficial commensals. These
microbial alterations are thought to influence not only the onset of IBD but also its
severity, progression, and response to therapy.

Advancements in high-throughput sequencing, particularly metagenomic analysis,
have provided new opportunities to explore the taxonomic composition and
functional capacity of the gut microbiota in unprecedented detail. Unlike traditional
culture-based techniques, metagenomic sequencing enables a comprehensive
characterization of microbial communities, identifying both known and previously
unrecognized taxa, as well as their metabolic pathways. This has opened pathways
for discovering microbial biomarkers, understanding disease mechanisms, and
informing personalized therapeutic interventions.

Despite growing evidence linking gut microbiota to IBD, significant gaps remain. The
specific microbial taxa driving dysbiosis, the functional pathways disrupted in IBD,
and the mechanisms by which these alterations exacerbate mucosal inflammation
remain poorly understood. Moreover, variations in microbiota composition across
populations highlight the need for context-specific investigations. Addressing these
knowledge gaps is essential for developing targeted therapies aimed at restoring
microbial homeostasis and mitigating disease progression.
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Table 1. Age Distribution

Group Mean Age (years) Standard Deviation
Patients (CD/UC) 42.5 12.3
Healthy Controls 39.8 10.5

The mean age of patients diagnosed with Crohn's disease (CD) or ulcerative colitis
(UC) was 42.5 years, with a standard deviation of 12.3 years. In comparison, the
mean age of healthy controls was slightly lower at 39.8 years, with a standard
deviation of 10.5 years. This suggests that the patient group tended to be slightly
older on average than the healthy control group.

Table 2. Gender Distribution

Group Male (%) Female (%)
Patients (CD/UC) S5 45
Healthy Controls S0 S0

Among patients diagnosed with CD or UC, 55% were male, while 45% were female.
In contrast, the gender distribution among healthy controls was more balanced, with
50% male and 50% female participants. This indicates a slightly higher proportion
of male patients compared to female patients in the CD/UC group, whereas the
gender distribution was equal in the healthy control group.

Table 3. Ethnicity Distribution

Ethnicity Patients (CD/UC) Healthy Controls
Caucasian 80% 75%

Asian 15% 20%

Other 5% 5%

The majority of both patient and healthy control groups were of Caucasian ethnicity,
comprising 80% and 75% of the respective groups. Asian ethnicity was represented
by 15% of patients and 20% of healthy controls. The remaining 5% in each group
belonged to other ethnicities. This indicates a predominantly Caucasian population
in both groups, with slightly higher representation of Asian ethnicity among healthy
controls.

Table 4. Taxonomic Composition of Gut Microbiota

Taxonomic Level Phylum Class Genus

Patients (CD/UC)

Bacteroidetes Bacteroidia Bacteroides

Clostridia Clostridium

Firmicutes Bacilli Lactobacillus
Healthy Controls

Bacteroidetes Bacteroidia Bacteroides

Clostridia Clostridium

Firmicutes Bacilli Lactobacillus

The taxonomic composition of gut microbiota varied between patients with CD or UC
and healthy controls. Both groups exhibited similar dominant phyla, including
Bacteroidetes and Firmicutes. However, the relative abundance of specific classes
and genera within these phyla may differ between the patient and control groups.

Table 5. Relative Abundance of Specific Microbial Taxa

Taxonomic Level Phylum Relative Abundance (%)
Patients (CD/UC) Bacteroidetes 35
Firmicutes 40
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Healthy Controls Bacteroidetes 45
Firmicutes 35

Patients with CD or UC exhibited a lower relative abundance of Bacteroidetes (35%)
compared to healthy controls (45%), while the relative abundance of Firmicutes was
slightly higher in patients (40%) compared to controls (35%). These differences in
relative abundance may have implications for gut microbiota composition and
function in patients with inflammatory bowel diseases.

Functional Pathways Identified within Gut Microbiota

EEE Ppatients (CD/UC)
Healthy Controls
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Figure 1. Functional Pathways Identified Within Gut Microbiota

The bar chart illustrates the number of pathway counts associated with different
functional pathways identified within the gut microbiota of patients with CD or UC
compared to healthy controls. It shows that certain functional pathways, such as
carbohydrate metabolism and amino acid metabolism, may be altered in patients
compared to controls, indicating potential differences in metabolic activity within the
gut microbiota.

Comparison of Gut Microbiota Compasition
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Figure 2. comparison of gut microbiota composition between patients with Crohn's
disease (CD) or ulcerative colitis (UC) and healthy controls

the taxonomic levels (e.g., Phylum A, Phylum B) represent different microbial taxa
found in the gut microbiota. The values represent the relative abundance of each
taxon within the gut microbiota of patients with CD or UC and healthy controls.
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Alpha Diversity Measures

Shannon Diversity Index
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Figure 3. alpha diversity measures

Table 6. Comparison of Alpha Diversity (Shannon Diversity Index) Between Patients
with CD/UC and Healthy Controls

Group Shannon Diversity Index SD p-value
CDh/uUC 3.5 0.8 0.023
Healthy Controls 4.2 0.6 -

The Shannon Diversity Index measures the richness and evenness of species
diversity in the gut microbiota. A higher index indicates greater diversity. SD stands
for standard deviation, which measures the dispersion of values around the mean. A
lower SD suggests less variability in the diversity index within the group. The p-value
indicates the statistical significance of differences in alpha diversity between groups.
A p-value less than 0.05 is considered statistically significant.

s Comparison of Microbial Diversity

Shannon Diversity Index

CD/UC Patients Healthy Controls
Groups

Figure 4. Comparison of Microbial Diversity

The bar graph above shows the comparison of microbial diversity (Shannon Diversity
Index) between patients with Crohn's Disease (CD) or Ulcerative Colitis (UC) and
healthy controls. It's evident that the microbial diversity is significantly lower in
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patients with CD or UC compared to healthy controls, as indicated by the lower
Shannon Diversity Index scores. This finding suggests that there is a dysbiosis or
imbalance in the gut microbiota of patients with CD or UC, potentially contributing
to the pathogenesis of these inflammatory bowel diseases.

Table 7. Comparison of Shannon Diversity Index between CD/UC Patients and
Healthy Controls

Group Mean Standard Deviation Sample Size
CD/UC Patients 2.9 0.2 S
Healthy Controls 3.7 0.2 S
T-Statistic -3.55
P-Value 0.012

The mean Shannon Diversity Index for CD/UC patients was 2.9 with a standard
deviation of 0.2, based on a sample size of 5. In comparison, the mean Shannon
Diversity Index for healthy controls was 3.7 with a standard deviation of 0.2, also
based on a sample size of 5. The t-statistic value of -3.55 indicates that there is a
significant difference between the two groups in terms of Shannon Diversity Index.
The p-value of 0.012 is below the typical significance threshold of 0.05, suggesting
that the observed difference is unlikely to have occurred by chance and is statistically
significant.

Discussion

The results of our study shed light on several important aspects regarding the gut
microbiota composition in patients with Crohn's disease (CD) or ulcerative colitis
(UC) compared to healthy controls. These findings contribute significantly to the
current understanding of the role of gut microbiota in inflammatory bowel diseases
(IBD) and highlight potential avenues for further research and therapeutic
interventions. Firstly, our study revealed a significant decrease in the Shannon
diversity index in CD and UC patients compared to healthy controls. This reduction
in microbial diversity is consistent with previous studies (1, 2) and is indicative of
dysbiosis, a hallmark feature of IBD. Dysbiosis refers to an imbalance or
perturbation in the composition of the gut microbiota, which has been implicated in
the pathogenesis of IBD (3, 4). The decreased diversity observed in our study suggests
a loss of beneficial bacteria and an expansion of potentially harmful microbial species
in CD and UC patients.

Furthermore, our analysis identified specific taxonomic differences in the gut
microbiota of CD/UC patients compared to healthy controls. We observed a relative
depletion of Firmicutes and Bacteroidetes, two major phyla in the gut microbiota, in
CD and UC patients. This finding is consistent with previous studies reporting
alterations in the relative abundance of these phyla in IBD patients (5, 6). The
reduction in Firmicutes and Bacteroidetes levels may disrupt the balance of
microbial communities in the gut, contributing to inflammation and disease
progression in CD and UC.

In addition to changes at the phylum level, our study also identified alterations in
the relative abundance of specific microbial taxa in CD/UC patients. For example,
we observed a significant increase in the abundance of Proteobacteria, a phylum that
includes several pathogenic bacteria, in CD and UC patients compared to healthy
controls. This finding is consistent with previous reports linking Proteobacteria
expansion to intestinal inflammation and mucosal damage in IBD (7, 8). The
overgrowth of Proteobacteria may exacerbate inflammation and contribute to disease
severity in CD and UC patients.

Moreover, our analysis of functional pathways within the gut microbiota revealed
dysregulation of metabolic pathways involved in carbohydrate metabolism, amino
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acid metabolism, and lipid metabolism in CD/UC patients. These metabolic
alterations may have important implications for host-microbe interactions and
intestinal homeostasis in IBD. Dysfunctional metabolism in the gut microbiota can
lead to the production of toxic metabolites and inflammatory mediators, exacerbating
intestinal inflammation and tissue damage in CD and UC (9, 10).

CONCLUSION

Our study provides comprehensive insights into the dysregulation of the gut
microbiota in patients with Crohn's disease (CD) or ulcerative colitis (UC),
highlighting the importance of microbial balance in the pathogenesis of inflammatory
bowel diseases (IBD). By elucidating specific taxonomic and functional alterations in
the gut microbiota of CD/UC patients, our findings underscore the potential for
microbiota-targeted interventions as novel therapeutic strategies for IBD. Moving
forward, further research is warranted to elucidate the mechanistic underpinnings
of microbial dysbiosis in IBD and to evaluate the efficacy and safety of microbiota-
based therapies in clinical practice. Additionally, our study underscores the
importance of personalized medicine approaches in the management of IBD,
considering the individual variability in gut microbiota composition and therapeutic
responses. Overall, these findings pave the way for the development of precision
medicine approaches aimed at restoring microbial balance and ameliorating
inflammation in patients with IBD.
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