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Abstract:

The human gut microbiota consists of trillions of microorganisms that play a pivotal role in
maintaining various physiological processes, including digestion, immune modulation, and
metabolic regulation. In recent years, an increasing body of research has highlighted the critical
influence of gut microbiota on human health, including its association with diseases such as
obesity, diabetes, cardiovascular disorders, and even neurological conditions. This review aims
to provide a comprehensive analysis of the current understanding of the gut microbiota and its
interactions with human health. We explore the mechanisms through which gut bacteria influence
host metabolism, immune response, and disease pathogenesis, while also discussing the potential
therapeutic interventions aimed at modulating the gut microbiome to improve health outcomes.
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Overview of Gut Microbiota Composition and Diversity

The human gut microbiota is a complex and diverse community of microorganisms, including
bacteria, viruses, fungi, and archaea, that reside in the gastrointestinal tract. It is estimated that the
human gut is home to approximately 100 trillion microbial cells, which outnumber human cells by
a factor of 10. These microorganisms play critical roles in digestion, metabolism, and the
modulation of the immune system. The composition of the microbiota can vary greatly between
individuals based on factors such as genetics, diet, and environmental exposures. The gut
microbiota is primarily composed of bacterial phyla such as Firmicutes, Bacteroidetes,
Actinobacteria, and Proteobacteria, each contributing to different aspects of human health.

Role of Gut Microbiota in Human Health
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Gut microbiota has a profound influence on human health, contributing to various physiological
functions. These microorganisms are involved in the breakdown of complex carbohydrates that
humans cannot digest, thereby contributing to energy harvest and nutrient absorption. In addition,
the gut microbiota plays a crucial role in synthesizing essential vitamins (e.g., vitamin K, some B
vitamins) and metabolites like short-chain fatty acids (SCFAS), which are essential for intestinal
health. Beyond digestion, the gut microbiota influences the immune system by modulating the
activity of immune cells, thereby providing defense against pathogens while maintaining immune
tolerance to harmless antigens. Furthermore, gut microbes help regulate brain function and
behavior via the gut-brain axis, influencing mental health and cognitive processes.

Impact of Diet and Environment on Microbiota

Diet is one of the most influential factors in shaping the gut microbiota. A diet rich in fiber, fruits,
vegetables, and fermented foods promotes microbial diversity and encourages the growth of
beneficial bacteria, such as Bifidobacteria and Lactobacilli. On the other hand, diets high in
processed foods, fats, and sugars can lead to a reduction in microbial diversity and an increase in
pathogenic or harmful microorganisms. Environmental factors such as geographical location,
lifestyle, antibiotic usage, and hygiene practices also significantly affect the gut microbiome. For
instance, individuals living in urban areas with high sanitation standards may have different
microbiota compositions compared to those in rural settings where exposure to diverse microbes
iS more common.

Introduction to Dysbiosis and Its Consequences

Dysbiosis refers to an imbalance in the gut microbiota, where the proportions of beneficial and
harmful microorganisms are disrupted. This imbalance has been associated with various health
conditions, including inflammatory bowel disease (IBD), obesity, diabetes, cardiovascular disease,
and even mental health disorders such as depression and anxiety. Dysbiosis can result from several
factors, including poor diet, excessive use of antibiotics, stress, and environmental pollutants. The
disruption in microbial equilibrium can lead to the overgrowth of pathogenic bacteria, impaired
immune function, and altered metabolism, ultimately contributing to disease development.
Restoring balance in the microbiota through dietary interventions, probiotics, or fecal microbiota
transplantation (FMT) has emerged as a potential therapeutic approach for managing dysbiosis-
related conditions.

2. Gut Microbiota and Immune System Regulation
Interaction Between Gut Microbiota and Immune Cells

The gut microbiota plays a crucial role in the development and functioning of the immune system.
It directly interacts with the gut-associated lymphoid tissue (GALT), which is a critical component
of the immune system that is responsible for defending against pathogens and maintaining immune
homeostasis. The gut microbiota influences both the innate and adaptive immune systems. It has
been shown that commensal bacteria in the gut stimulate the maturation and differentiation of
various immune cells, including dendritic cells, macrophages, and T lymphocytes. These immune
cells, in turn, interact with gut microbiota-derived metabolites such as short-chain fatty acids
(SCFAs) to maintain a balanced immune response. The cross-talk between microbiota and immune
cells is essential for the proper functioning of the immune system and for defending against
infections while avoiding excessive inflammation.
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Role in Immune Tolerance and Inflammation

Gut microbiota plays a pivotal role in establishing immune tolerance, particularly to harmless
antigens such as food proteins and commensal bacteria. This immune tolerance is essential to
prevent unnecessary immune responses and chronic inflammation that can lead to autoimmune
diseases. One of the key mechanisms through which microbiota induces tolerance is by promoting
the differentiation of regulatory T cells (Tregs) in the gut. These Tregs suppress inflammatory
responses and maintain a balance between immune activation and suppression.

On the other hand, dysbiosis (microbial imbalance) can disrupt this delicate immune tolerance,
leading to chronic inflammation. An imbalance in the gut microbiota composition can result in the
activation of pro-inflammatory pathways, particularly through the upregulation of immune cells
like T-helper 17 (Thl7) cells, which are involved in inflammatory responses. This pro-
inflammatory state is often seen in diseases such as inflammatory bowel disease (IBD) and other
chronic inflammatory conditions. The relationship between gut microbiota and inflammation
underscores the importance of maintaining a healthy, diverse microbiome for immune system
regulation.

Contribution to Autoimmune Diseases and Allergic Reactions

Emerging research has shown that alterations in the gut microbiota can contribute to the
development of autoimmune diseases and allergic reactions. In autoimmune diseases such as
rheumatoid arthritis, multiple sclerosis, and type 1 diabetes, an overactive immune response targets
the body’s own tissues. The microbiota plays a key role in modulating immune responses that can
either promote or suppress the activation of autoreactive immune cells. Dysbiosis has been linked
to the onset and progression of these diseases, suggesting that an imbalanced microbiota could
alter immune responses in a way that triggers autoimmunity.

The gut microbiota has a significant influence on allergic diseases. The prevalence of allergies,
such as asthma, food allergies, and hay fever, has risen significantly in recent decades, coinciding
with changes in diet, lifestyle, and microbiota composition. Gut microbiota is involved in the
development of allergic responses through the modulation of immune cells that participate in the
allergic cascade, such as Th2 cells. Microbial diversity, particularly the presence of beneficial
microbes, can prevent the development of allergic diseases by promoting immune tolerance.
Conversely, a lack of microbial exposure, particularly in early life, has been associated with an
increased risk of allergies, supporting the concept of the "hygiene hypothesis" that suggests that
reduced microbial exposure may increase susceptibility to allergies and autoimmune conditions.

The intricate relationship between gut microbiota, immune system regulation, and disease
emphasizes the need for strategies that maintain or restore a healthy microbiome to prevent
immune dysfunction and associated diseases.

3. Gut Microbiota and Metabolic Disorders
Influence of Gut Microbiota on Obesity, Diabetes, and Metabolic Syndrome

Recent studies have revealed that the gut microbiota plays a pivotal role in regulating metabolism,
with significant implications for obesity, type 2 diabetes, and metabolic syndrome. The
composition of the gut microbiota in individuals with obesity differs markedly from that of lean
individuals, with an overrepresentation of Firmicutes and a reduced abundance of Bacteroidetes.
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This imbalance, known as dysbiosis, is thought to contribute to the development of obesity by
altering the way the body absorbs and processes energy. Microbial communities in the gut can
influence the efficiency of energy harvest from food, with obese individuals showing increased
energy extraction from the same amount of food compared to lean individuals.

In type 2 diabetes (T2D), the gut microbiota has also been implicated in insulin resistance, a
hallmark of the disease. The microbiota's interaction with the gut-brain axis and the regulation of
gut-derived metabolites such as short-chain fatty acids (SCFAS) can impact insulin sensitivity.
Dysbiosis in the gut microbiota may lead to a reduction in SCFA production, which in turn can
impair glucose metabolism and contribute to the development of insulin resistance. Moreover, the
microbiota can modulate systemic inflammation, which is often elevated in metabolic diseases
such as obesity and diabetes. The imbalance in gut bacteria can exacerbate the inflammatory
response, further disrupting metabolic homeostasis.

Metabolic syndrome, a cluster of risk factors that increase the likelihood of developing
cardiovascular disease and diabetes, is also influenced by gut microbiota. Research suggests that
alterations in the microbiome are linked to increased fat deposition, dyslipidemia, and
hypertension, all of which are key components of metabolic syndrome. Imbalances in the gut
microbiota may affect lipid metabolism, leading to an increase in visceral fat accumulation, which
is associated with higher risks of cardiovascular events and diabetes.

Mechanisms of Microbiota-Driven Metabolic Changes

The gut microbiota exerts its influence on metabolism through several mechanisms, including
modulation of energy balance, the regulation of appetite, and the production of metabolites that
affect metabolic processes.

1. Energy Harvesting: One of the primary roles of the gut microbiota is the breakdown of
complex carbohydrates that the human host cannot digest on its own. Through fermentation,
gut bacteria produce SCFAs like acetate, propionate, and butyrate, which serve as energy
sources for the body. These SCFAs influence host metabolism by promoting fat oxidation,
reducing fat storage, and improving insulin sensitivity. However, an overabundance of certain
gut bacteria may lead to an increase in energy absorption, contributing to weight gain and
obesity.

2. Gut-Brain Axis: The gut microbiota communicates with the brain through the gut-brain axis,
affecting food intake and satiety. Microbial metabolites such as SCFAs can influence the
hypothalamus, the brain region responsible for hunger and satiety regulation. An imbalance in
microbiota may disrupt this signaling, leading to overeating and weight gain. Additionally, the
gut microbiota may impact the production of hormones such as ghrelin and leptin, which play
key roles in regulating appetite and energy homeostasis.

3. Inflammatory Pathways: Dysbiosis in the gut can lead to increased intestinal permeability,
allowing endotoxins like lipopolysaccharides (LPS) to leak into the bloodstream. This triggers
systemic inflammation, which is a contributing factor to insulin resistance and metabolic
dysfunction. Chronic low-grade inflammation is associated with obesity, T2D, and metabolic
syndrome, and the gut microbiota plays a critical role in regulating this inflammatory response.
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4.

Lipid Metabolism: The gut microbiota also impacts lipid metabolism by regulating the
synthesis and absorption of lipids in the intestines. Certain gut bacteria can influence bile acid
metabolism, which is essential for fat digestion and absorption. Dysbiosis may lead to impaired
bile acid production, altering lipid homeostasis and increasing the risk of metabolic disorders.

Insulin Sensitivity: The gut microbiota influences insulin sensitivity through its impact on the
gut-derived hormones, including glucagon-like peptide-1 (GLP-1). These hormones are crucial for
regulating glucose metabolism and insulin secretion. A disrupted microbiome may reduce the
production of GLP-1, leading to impaired insulin secretion and insulin resistance, a characteristic
feature of T2D.

Potential Therapeutic Interventions for Metabolic Disorders

Given the growing evidence of the role of gut microbiota in metabolic disorders, there is significant
interest in therapeutic interventions aimed at modulating the microbiome to improve metabolic
health. Several approaches are being explored:

1.

Probiotics and Prebiotics: Probiotics are live microorganisms that confer health benefits
when consumed in adequate amounts, while prebiotics are non-digestible food components
that promote the growth of beneficial gut bacteria. Both probiotics and prebiotics have shown
potential in improving metabolic health by restoring a balanced gut microbiota. For example,
Lactobacillus and Bifidobacterium species, commonly found in probiotics, have been shown
to improve insulin sensitivity, reduce inflammation, and modulate fat metabolism in obese and
diabetic individuals.

Fecal Microbiota Transplantation (FMT): FMT involves transferring fecal material from a
healthy donor to a recipient to restore a healthy microbiome. This approach has shown promise
in treating conditions associated with dysbiosis, such as Clostridium difficile infection.
Although still in experimental stages for metabolic disorders, early studies suggest that FMT
may help improve insulin sensitivity and reduce obesity-related inflammation by reintroducing
a healthy gut microbiota.

Dietary Interventions: Diet plays a key role in shaping the gut microbiota. Diets rich in fiber,
polyphenols, and fermented foods can promote the growth of beneficial microbiota and
improve metabolic health. Conversely, high-fat and high-sugar diets tend to promote the
growth of pathogenic bacteria, contributing to dysbiosis and metabolic disorders. Tailored
dietary interventions, such as the Mediterranean diet, have been shown to improve gut
microbiota composition and alleviate metabolic dysfunction.

Antibiotics and Microbial Modulation: While antibiotics are primarily used to treat
infections, they can also alter the gut microbiota, sometimes leading to dysbiosis. Recent
studies have explored the use of selective antibiotics or compounds that specifically target
harmful microbes without disrupting the beneficial microbiota. This strategy may help restore
microbial balance and mitigate the effects of dysbiosis on metabolism.

Exercise and Lifestyle Modifications: Physical activity and other lifestyle modifications have
been shown to influence the gut microbiota composition positively. Regular exercise increases
microbial diversity and promotes the growth of beneficial bacteria, which can improve
metabolic function and reduce the risk of obesity and diabetes. Lifestyle interventions such as
stress reduction and adequate sleep are also important for maintaining a healthy microbiome
and preventing metabolic disorders.
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Targeting the gut microbiota offers a promising strategy for the prevention and treatment of
metabolic disorders. Through the modulation of microbiota composition, it may be possible to
reduce the risk of obesity, diabetes, and metabolic syndrome, offering new avenues for therapeutic
interventions.

4. Neurological Implications of Gut Microbiota
The Gut-Brain Axis and Its Implications for Mental Health

The gut-brain axis refers to the bidirectional communication between the gastrointestinal system
and the central nervous system, highlighting the influence that gut microbiota has on brain function
and behavior. This communication occurs through multiple pathways, including the vagus nerve,
immune system signaling, and the production of neurotransmitters and metabolites by gut
microbes. Gut bacteria produce a variety of compounds, such as short-chain fatty acids (SCFAS),
that can influence the brain's chemistry and alter behavior. For example, SCFAs like butyrate have
been shown to affect the production of brain-derived neurotrophic factor (BDNF), a protein critical
for brain function and mental health.

Dysbiosis, or microbial imbalance in the gut, has been linked to a variety of mental health
disorders, including anxiety, depression, and stress-related disorders. Studies suggest that a
disrupted gut microbiota can lead to an inflammatory response, which is implicated in the
pathophysiology of mood disorders. In particular, gut-derived inflammatory cytokines can
influence the central nervous system, triggering mood changes and altering cognitive function. A
healthy microbiota is thought to promote emotional well-being by regulating neurotransmitter
production and immune responses.

Research on the gut-brain axis has raised the possibility of gut microbiota being a potential
therapeutic target for mental health conditions. Understanding how gut bacteria influence the brain
may lead to novel treatments for conditions like depression, anxiety, and even neurodevelopmental
disorders.

Gut Microbiota's Influence on Neurodevelopmental Disorders and Neurodegeneration

Emerging evidence suggests that gut microbiota plays a significant role in neurodevelopmental
disorders (NDDs) such as autism spectrum disorder (ASD), attention-deficit/hyperactivity disorder
(ADHD), and schizophrenia. Research has shown that children with ASD exhibit differences in
their gut microbiota composition compared to neurotypical children. Some microbial species, such
as those involved in the production of neuroactive compounds like serotonin, may influence
neurodevelopment, potentially contributing to the onset of ASD symptoms. The hypothesis is that
gut bacteria may affect brain development through the gut-brain axis, altering synaptic plasticity
and neuroinflammation, processes that are central to neurodevelopmental disorders.

Gut microbiota is increasingly being recognized as a key player in neurodegenerative diseases
such as Alzheimer's disease (AD) and Parkinson's disease (PD). In both conditions, gut dysbiosis
has been associated with increased neuroinflammation and the accumulation of neurotoxic
proteins, such as beta-amyloid in AD. Animal models have demonstrated that altering the gut
microbiota can affect the progression of neurodegeneration, suggesting that microbial modulation
may offer a potential avenue for therapeutic intervention in these conditions.
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Gut-derived molecules like SCFAs can influence brain function and may help reduce
neuroinflammation associated with neurodegeneration. Additionally, microbial metabolites such
as butyrate and propionate have been shown to exhibit neuroprotective effects by modulating brain
signaling pathways, promoting neuronal growth, and maintaining the blood-brain barrier.

Future Research on the Gut-Brain Connection

The gut-brain axis is a rapidly evolving area of research, with many questions still unanswered.
Future research should focus on identifying specific microbial species and their metabolites that
influence brain function and mental health. Studies investigating the impact of early-life gut
microbiota on neurodevelopment, particularly in infants and children, could shed light on the
potential early interventions for preventing or treating neurodevelopmental disorders.

Another important area for future research is the role of the gut microbiota in neurodegenerative
diseases, particularly in the context of aging. Longitudinal studies examining the gut microbiota's
role in cognitive decline and the progression of Alzheimer's and Parkinson's diseases will be
crucial in understanding the potential for microbiome-based therapies. Moreover, the role of the
gut microbiome in mental health conditions such as depression and schizophrenia needs to be
further explored, particularly through clinical trials of microbiota modulation therapies.

Personalized approaches based on an individual's microbiome may become an important part of
therapeutic strategies. As we learn more about the specific microbiota compositions associated
with different neurological conditions, more precise and targeted interventions may be developed.

5. Therapeutic Approaches and Modulation of Gut Microbiota
Prebiotics, Probiotics, and Synbiotics in Microbiota Modulation

Prebiotics, probiotics, and synbiotics represent promising therapeutic approaches for modulating
the gut microbiota and restoring microbial balance.

e Prebiotics are non-digestible food components, such as fibers and oligosaccharides, that
selectively stimulate the growth or activity of beneficial gut bacteria. Common prebiotics
include inulin, fructooligosaccharides (FOS), and galactooligosaccharides (GOS). These
compounds promote the growth of beneficial species like Bifidobacterium and Lactobacillus,
which have been associated with improved immune function, reduced inflammation, and
enhanced gut health.

« Probiotics are live microorganisms that, when consumed in adequate amounts, confer health
benefits to the host. Strains of Lactobacillus, Bifidobacterium, and Saccharomyces boulardii
are commonly used in probiotic formulations. Probiotics have been shown to improve gut
health, restore microbial diversity, and alleviate symptoms of conditions such as irritable bowel
syndrome (IBS), inflammatory bowel disease (IBD), and even depression. By influencing the
gut-brain axis, probiotics may help modulate mood and mental health.

« Synbiotics are combinations of prebiotics and probiotics that work synergistically to enhance
the survival and activity of beneficial microbes in the gut. Synbiotics may offer enhanced
therapeutic effects compared to prebiotics or probiotics alone, as they provide both the
necessary nutrients for the growth of beneficial bacteria and the beneficial microorganisms
themselves.

]
261

—



These microbiota-modulating strategies hold great potential for managing a wide range of
gastrointestinal, metabolic, and neurological disorders.

Fecal Microbiota Transplantation (FMT) and Its Clinical Applications

Fecal microbiota transplantation (FMT) involves transferring fecal material from a healthy donor
to a recipient in order to restore a balanced microbiota. FMT has been successfully used in the
treatment of Clostridium difficile infections (CDI) that are resistant to antibiotics. The procedure
has shown remarkable success in restoring gut microbial diversity and resolving recurrent CDI.

Beyond CDI, FMT is being explored for its potential applications in a variety of other conditions,
including inflammatory bowel diseases (IBD), obesity, metabolic syndrome, and even
neurological disorders. For example, FMT has been investigated as a treatment for Parkinson's
disease, with preliminary studies suggesting that restoring a healthy gut microbiota could improve
symptoms of motor dysfunction and cognitive decline. Additionally, there is growing interest in
using FMT to treat conditions associated with gut-brain dysbiosis, such as autism and depression,
by restoring microbial balance and reducing inflammation in the gut and brain.

Despite its promise, FMT faces several challenges, including the identification of suitable donors,
the potential risk of transmitting infectious agents, and the need for standardized protocols to
ensure the safety and efficacy of the procedure.

Challenges and Opportunities in Therapeutic Microbiome Interventions

While there is great potential for microbiome-based therapies, several challenges remain in their
development and clinical application. One of the key challenges is the lack of standardized
methods for microbiome analysis and intervention. The vast diversity of the human microbiota,
coupled with individual variations in microbiome composition, makes it difficult to design one-
size-fits-all therapeutic interventions. Personalized medicine, based on an individual’s unique
microbiome profile, may be necessary to optimize the effects of probiotic, prebiotic, and FMT
treatments.

Long-term safety and efficacy data are needed to establish the therapeutic potential of microbiome
modulation for chronic diseases. Many clinical trials have shown short-term benefits, but the long-
term impact of altering the gut microbiota on human health is still unclear. Furthermore, the
regulatory landscape surrounding microbiome-based therapies remains in its infancy, and robust
regulatory frameworks must be developed to ensure patient safety and quality control.

Despite these challenges, the field of microbiome research offers tremendous opportunities for the
development of innovative therapies. Advances in next-generation sequencing, microbiome
mapping, and bioinformatics will facilitate the identification of specific microbial targets for
therapeutic intervention. As research into the gut microbiota’s role in health and disease continues
to grow, microbiome-based therapies have the potential to revolutionize the treatment of various
conditions, from gastrointestinal disorders to neurological diseases.
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Graphs/Charts:

Gut Microbiota Composition and Diversity
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Graph 1: Gut Microbiota Composition and Diversity

X-axis: Microbial Groups (e.g., Bacteroidetes, Firmicutes, Proteobacteria, Actinobacteria)
Y-axis: Relative Abundance (%) of Each Group

Description: This bar chart compares the abundance of major microbial groups in the human
gut across different populations, showcasing diversity and imbalance in the microbiome.
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Graph 2: Impact of Gut Microbiota on Human Health

X-axis: Diseases (e.g., Obesity, Diabetes, Cardiovascular Diseases, Neurological Disorders)
Y-axis: Microbial Influence (Percentage of Contribution to Disease Development)
Description: A line graph illustrating the association between gut microbiota imbalance and
the development of various human diseases.




Summary:

This review article delves into the multifaceted role of gut microbiota in human health,
emphasizing its regulatory functions in metabolism, immune responses, and neurological health.
It highlights the importance of maintaining microbial balance and the potential consequences of
dysbiosis. The article also covers the latest therapeutic strategies for modulating the gut
microbiome, focusing on prebiotics, probiotics, and fecal microbiota transplantation. Future
research avenues are discussed, with a particular focus on the emerging gut-brain axis and its
implications for mental health. Overall, this article serves as a valuable resource for understanding
the critical interactions between gut microbiota and human health, offering insights for potential
clinical interventions.

]
291

—



References:

e Turnbaugh, P. J., et al. (2006). An obesity-associated gut microbiome with increased capacity
for energy harvest. Nature, 444(7122), 1027-1031.

e Zhu, L., etal. (2013). Gut microbiome in the pathogenesis of metabolic syndrome. Chinese
Medical Journal, 126(14), 2667-2673.

e Ridaura, V. K., et al. (2013). Gut microbiota from twins discordant for obesity modulate
metabolism in mice. Science, 341(6150), 1241214,

e David, L. A, et al. (2014). Host lifestyle affects human microbiota on daily timescales.
Genome Biology, 15(7), R89.

e Béckhed, F., et al. (2004). The gut microbiota as an environmental factor that regulates fat
storage. Proceedings of the National Academy of Sciences, 101(44), 15718-15723.

e Shin, N. R., et al. (2015). The gut microbiome and human health. Journal of the
Microbiological Society, 9(3), 12-18.

e Sanz, Y. et al. (2015). Gut microbiota and human health: implications for diet, disease
prevention, and microbiome therapy. Current Opinion in Clinical Nutrition and Metabolic
Care, 18(1), 13-18.

e Vinderola, G., et al. (2020). Prebiotics and probiotics in human health: a comprehensive
review. Microorganisms, 8(8), 1225.

e Ghosh, S., etal. (2016). Gut microbiota and metabolic syndrome. Journal of Gastroenterology
and Hepatology, 31(9), 17-22.

e Krajmalnik-Brown, R., et al. (2017). Gut microbiome metabolism of I-carnitine, a nutrient in
red meat, promotes atherosclerosis. Nature, 547(7664), 370-375.

e Biagi, E., etal. (2010). The aging gut microbiome: implications for health. Microbial Ecology
in Health and Disease, 22(2), 47-52.

e Reid, G, et al. (2001). Probiotic lactobacilli and bifidobacteria: health benefits beyond the
gastrointestinal tract. Journal of Clinical Gastroenterology, 33(1), 35-40.

e Blaser, M. J. (2014). The human microbiome: at the interface of health and disease. Nature
Reviews Genetics, 15(7), 393-403.

e Brown, K., etal. (2012). Microbial community interactions in the human gut. Gut, 61(7), 999-
1006.

e Bienenstock, J., et al. (2008). Gut microbiota and the brain. Journal of Clinical Investigation,
118(9), 3148-3151.

e Han, X, etal. (2014). Microbiome and human health: are we missing the real culprit?. Medical
Hypotheses, 82(1), 4-8.

e Thomas, R. S., et al. (2013). The gut microbiome: implications for health and disease.
Microbiome, 1(1), 1-9.

e Zhang, C., et al. (2015). The role of gut microbiota in modulating human health and disease.
Nature Communications, 6, 9070.

e Liu, Q., et al. (2016). Gut microbiota in inflammatory bowel disease: from pathogenesis to
therapy. The Journal of Microbiology, 54(6), 421-431.

e He, X, etal. (2016). Gut microbiome and its role in chronic inflammatory diseases. Journal of
Clinical Immunology, 36(7), 547-559.

]
301

—



