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Abstract

The human microbiome, comprising trillions of microorganisms residing in and on our bodies, plays a pivotal role in
maintaining health and contributing to disease. This review delves into the composition and functions of the
microbiome, its involvement in various physiological systems, its implications in diseases, and potential therapeutic
interventions. Recent studies underscore the microbiome's influence on immunity, metabolism, neurobiology, and
even cancer progression. Understanding these complex interactions opens avenues for novel diagnostic and

therapeutic strategies.
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1. Introduction

The human body hosts a vast array of
microorganisms, collectively known as the
microbiome. These microbial communities are
integral to numerous physiological processes.
Advancements in sequencing technologies have
illuminated the microbiome's complexity and its
profound impact on human health.

2. Composition and Diversity of the
Human Microbiome

The human microbiome comprises a vast array of
microorganisms—including  bacteria, viruses,
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fungi, and archaca—that inhabit various niches of
the human body. These microbial communities
play crucial roles in maintaining health, and their
composition and diversity are influenced by
numerous factors. Below is a detailed overview of
the microbiome's composition across different
body sites, factors influencing its makeup, and the
importance of microbial diversity, supported by
relevant citations.

Factors influencing microbiome composition
include genetics, diet, environment, and antibiotic
usage. Diversity and balance within these
communities are crucial for health.
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Composition of the Human Microbiome
1. Gut Microbiome

The gastrointestinal tract (GIT) is the most
densely populated microbial habitat in the human
body. It hosts trillions of microorganisms,
primarily bacteria from the phyla Firmicutes and
Bacteroidetes, which are integral to digestion,
vitamin synthesis, and immune modulation.
(Structure, functions, and diversity of the healthy
human microbiome. ELSEVIER Science Direct.
https://doi.org/10.1016/bs.pmbts.2022.07.003)

2. Skin Microbiome

The skin harbors diverse microbial communities
that vary by body site. Common genera include
Staphylococcus, Corynebacterium, and
Propionibacterium. These microbes contribute to
skin health and protect against pathogenic
invasions.
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3. Oral Microbiome

The oral cavity contains a complex microbiota,
with predominant genera such as Streptococcus,
Actinomyces, and Veillonella. These
microorganisms play roles in oral health,
including the prevention of dental caries and
periodontal diseases.

4. Urogenital Microbiome

In females, the vaginal microbiome is typically
dominated by Lactobacillus species, which
maintain an acidic environment to prevent
infections. The urinary tract also hosts specific
microbial communities that contribute to
urogenital health. ((2022). A complete guide to
human microbiomes: Body niches, transmission,
development, dysbiosis, and restoration. Frontiers
in Systems Biology.
https://doi.org/10.3389/fsysb.2022.951403)
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2. Factors Microbiome

Composition

Influencing

Several factors can alter the composition and
diversity of the human microbiome:

e Genetics: An individual's genetic makeup can
influence the structure of their microbiome,
affecting susceptibility to certain diseases.

e Diet: Dietary choices significantly impact
microbial diversity. High-fiber diets promote
beneficial bacteria, while high-fat or high-
sugar diets can lead to dysbiosis.

e Environment: Exposure to  different

environments, including urbanization and
pollution, can shape the microbiome's
composition.

o Antibiotic Usage: Antibiotics can disrupt
microbial balance, reducing diversity and
potentially leading to overgrowth of harmful
species.

e Age and Lifestyle: The microbiome evolves
with age and is influenced by lifestyle factors
such as stress, sleep, and physical activity

3. Functional Roles of the

Microbiome
3.1 Metabolic Functions

The human gut microbiome plays a pivotal role in
host metabolism, primarily through the
fermentation of dietary fibers into short-chain
fatty acids (SCFAs) such as acetate, propionate,
and butyrate. These SCFAs serve as energy
sources for colonocytes, regulate glucose and
lipid metabolism, and maintain intestinal barrier
integrity.

Energy Sources: SCFAs provide approximately
10% of the daily caloric requirements in humans.
Butyrate, in particular, is the primary energy
source for colonocytes, promoting healthy colon
function and reducing the risk of colorectal
cancer. Acetate and propionate are absorbed into
the bloodstream, influencing systemic energy
metabolism.
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Regulation of Glucose and Lipid Metabolism:
SCFAs modulate glucose and lipid metabolism by
activating G-protein-coupled receptors (GPCRs)

such as GPR41 and GPR43. This activation
enhances insulin sensitivity, regulates
adipogenesis, and influences lipid storage.

Additionally, SCFAs stimulate the release of gut
hormones like peptide YY (PYY) and glucagon-
like peptide-1 (GLP-1), which play roles in
appetite regulation and glucose homeostasis.
Maintenance of Intestinal Barrier Integrity:
SCFAs strengthen the intestinal barrier by
promoting the expression of tight junction
proteins, thereby preventing the translocation of
pathogens and toxins into the bloodstream.
Butyrate, in particular, has anti-inflammatory
properties and supports mucosal immunity,
contributing to overall gut health.

3.2 Immune System Modulation

The microbiome is integral to the development
and modulation of the host immune system. It
educates immune cells, promotes tolerance to
commensal microbes, and enhances defense
against pathogens.

Promotion of Regulatory T Cells: Commensal
bacteria stimulate the differentiation of regulatory
T cells (Tregs), which are essential for
maintaining immune tolerance and preventing
autoimmune responses. SCFAs, particularly
butyrate, facilitate Treg differentiation by
influencing  histone acetylation and gene
expression.

Stimulation of Antimicrobial Peptides: The
microbiome induces the production of
antimicrobial peptides (AMPs) such as defensins
and cathelicidins by epithelial cells. These AMPs
serve as a first line of defense against pathogenic
microbes, maintaining microbial balance and
preventing infections.

Maintenance of Mucosal Immunity: The gut
microbiota supports mucosal immunity by
promoting the production of secretory
immunoglobulin A (sIgA), which neutralizes
pathogens and toxins. Additionally, microbial



Int. J. Adv. Res. Biol. Sci. (2026). 13(4): 17-25

interactions with pattern recognition receptors
(PRRs) on immune cells modulate inflammatory
responses, ensuring a balanced immune
reaction.(Di Sabatino, A., Santacroce, G., Rossi,
C.M. et al Role of mucosal immunity and
epithelial-vascular barrier in modulating gut
homeostasis. Intern Emerg Med 18, 1635-1646
(2023). hitps://doi.org/10.1007/s11739-023-

03329-1)

3.3 Neurobiological Interactions

The gut-brain axis represents the bidirectional
communication between the gut microbiota and
the central nervous system (CNS), influencing
brain function and behavior.

Neurotransmitter Production: Gut microbes
synthesize neurotransmitters such as serotonin,
gamma-aminobutyric  acid (GABA), and
dopamine. Approximately 90% of the body's
serotonin is produced in the gut, influencing
mood, appetite, and sleep. GABA, an inhibitory
neurotransmitter, modulates anxiety and stress
responses.(Bhargavi Chadaraml, Lakshmi
Velaga Et al,518 JCHR (2025) 15(2), 518-544|
ISSN:2251-6727Gut-Brain Nexus: Deciphering
the Role of Gut-Derived Neurotransmitters
Serotoninand GABAin Neurologicaland Mental

Health, www.jchr.org)

Modulation of the Hypothalamic-Pituitary-
Adrenal (HPA) Axis: The microbiome influences
the HPA axis, the central stress response system.
Dysbiosis or alterations in gut microbiota
composition can lead to exaggerated HPA axis
responses, resulting in increased cortisol levels
and heightened stress sensitivity. Conversely, a

balanced microbiome can attenuate stress
responses and promote resilience.(7oketemu
Ohwohoriole May 10,

2024, https.:.//www.verywellmind.com/how-gut-
bacteria-and-depression-are-connected-8641066)
Behavior and Mood Regulation: Through the
production of neurotransmitters and modulation
of immune responses, the microbiome affects
behavior and mood. Studies have linked gut
microbiota composition to conditions such as
depression, anxiety, and autism spectrum
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disorders. Probiotic interventions have shown
promise in alleviating symptoms of these
conditions, highlighting the therapeutic potential
of targeting the gut microbiome.

4. Microbiome and Disease
Associations

4.1 Gastrointestinal Disorders
Inflammatory Bowel Disease (IBD)

Inflammatory Bowel Disease, encompassing
Crohn's disease and ulcerative colitis, is
characterized by chronic inflammation of the
gastrointestinal tract. A hallmark of IBD is a
reduction in microbial diversity, particularly a
decrease in beneficial bacteria that produce short-
chain fatty acids (SCFAs) like butyrate. These
SCFAs are crucial for maintaining intestinal
barrier integrity and modulating immune
responses. Their diminished production can
exacerbate inflammation and compromise gut
health. (Deleu, Sara et al. Short chain fatty acids
and its producing organisms: An overlooked
therapy for IBD?, eBioMedicine, Volume 66,
103293, hitps://www.thelancet.com/journals/ebio

m/article/PI1S2352-3964%2821%2900086-4)

Irritable Bowel Syndrome (IBS)

Irritable Bowel Syndrome is a functional
gastrointestinal disorder marked by symptoms
such as abdominal pain, bloating, and altered
bowel habits. Emerging evidence suggests that
IBS is associated with dysbiosis, or an imbalance
in the gut microbiota. This dysbiosis may disrupt
the gut-brain axis, a bidirectional communication
system between the gut and the central nervous
system, leading to heightened visceral sensitivity
and motility issues.(Pei Pei Chong, Voon Kin
Chin Et al, The Microbiome, and Irritable Bowel
Syndrome — A Review on the Pathophysiology,
Current Research and Future Therapy,\V/olume
10,10 June 2019,
https.//doi.org/10.3389/fmich.2019.01136)
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4.2 Metabolic Disorders
Obesity and Type 2 Diabetes

The gut microbiome plays a significant role in
energy homeostasis and metabolism. In
individuals with obesity and type 2 diabetes,
studies have observed an increased Firmicutes to
Bacteroidetes ratio. This shift may enhance
energy harvest from the diet, contributing to
weight gain and insulin resistance. Furthermore,
alterations in the gut microbiota can influence
systemic inflammation and glucose metabolism,
exacerbating metabolic dysfunctions. (Ryu, S.W.,
Moon, J.C., Oh, B.S. et al. Anti-obesity activity of
human gut microbiota Bacteroides
stercoris KGMB02265. Arch Microbiol 206, 19
(2024). https://doi.org/10.1007/s00203-023-

03750-2)

4.3 Neuropsychiatric Conditions
Depression and Anxiety

The gut-brain axis underscores the connection
between gut microbiota and mental health.
Dysbiosis can influence the production of
neurotransmitters such as serotonin and gamma-
aminobutyric acid (GABA), which are pivotal in
mood  regulation. Imbalances in  these
neurotransmitters have been linked to the
pathophysiology of depression and anxiety.
Additionally, the gut microbiota can modulate the
hypothalamic-pituitary-adrenal ~ (HPA)  axis,
affecting stress responses. (Jane A. Foster, Karen-
Anne McVey Neufeld, Gut—brain axis: how the
microbiome influences anxiety and depression,
Trends in Neurosciences, Volume 36, Issue 5,
2013,Pages  305-312, ISSN  0166-2236,
https://doi.org/10.1016/].tins.2013.01.005)

Autism Spectrum Disorders (ASD)

Autism Spectrum Disorders are
neurodevelopmental conditions characterized by
social communication challenges and repetitive
behaviors. Recent research indicates that
individuals with ASD often exhibit distinct gut
microbiota profiles compared to neurotypical
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individuals. These alterations may influence
neurodevelopment through the gut-brain axis,
affecting behavior and cognitive functions. While
the exact mechanisms remain under investigation,
the microbiome's role in ASD pathogenesis is
gaining attention.(dnshula Mehra, Et al, Gut
microbiota and Autism Spectrum Disorder: From

pathogenesis to potential therapeutic
perspectives, Journal of Traditional and
Complementary  Medicine,Volume 13, Issue
2,2023,Pages 135-149,ISSN 2225-

4110, https://doi.org/10.1016/].jtcme.2022.03.001)

4.4 Cancer

The gut microbiome can influence carcinogenesis
through its metabolic activities. Certain microbial
metabolites, such as secondary bile acids
produced during fat digestion, have been
implicated in promoting colorectal cancer. These
compounds can induce DNA damage, promote
inflammation, and alter cell proliferation.
Conversely, beneficial metabolites like SCFAs
possess anti-inflammatory properties and may

offer  protective effects against cancer
development.(Mobina Kouhzad Et al,
Carcinogenic and anticancer activities of

microbiota-derived secondary bile acids, Front.
Oncol., 29 January 2025 Sec. Cancer
MetabolismVolume 15 - 2025,
https://doi.org/10.3389/fonc.2025.1514872)

5. Therapeutic Interventions
Targeting the Microbiome

5.1 Probiotics and Prebiotics

Probiotics are live microorganisms that, when
administered in adequate amounts, confer health
benefits to the host. Prebiotics, on the other hand,
are non-digestible food components that
beneficially affect the host by selectively
stimulating the growth and/or activity of
beneficial bacteria in the colon.
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Mechanisms of Action:

e Probiotics: They help restore the natural
balance of gut bacteria, especially after
disturbances like antibiotic use. Probiotics can
inhibit the growth of harmful bacteria,
enhance the intestinal barrier function, and
modulate the immune system.

e Prebiotics: These compounds serve as food
for beneficial bacteria, promoting their growth
and activity. Common prebiotics include
inulin, fructooligosaccharides (FOS), and
galactooligosaccharides (GOS).

Clinical Applications:

e Gastrointestinal Health: Probiotics have been
shown to be effective in preventing and
treating  diarrhea, including antibiotic-
associated diarrhea and infectious diarrhea.
They are also beneficial in managing irritable
bowel syndrome (IBS) and inflammatory
bowel disease (IBD).

e Metabolic Disorders: Certain probiotic strains
can improve lipid profiles, insulin sensitivity,
and reduce inflammation, aiding in the
management of obesity and type 2 diabetes.

e Mental Health: Emerging evidence suggests
that probiotics can influence the gut-brain
axis, potentially alleviating symptoms of
depression and anxiety.

Recent Advances:

e Research has identified novel probiotic strains
like Akkermansia muciniphila and
Faecalibacterium prausnitzii, which show
promise in improving metabolic health and
reducing inflammation.(Krishnan, M., Babu,
S., Bari, A.B.A. (2024). Recent Innovations in
Probiotics and Prebiotics and Gut Health. In:
Pathak, S., Banerjee, A., Duttaroy, A.K. (eds)
Microbiota and Dietary Mediators in Colon
Cancer Prevention and Treatment. Springer,
Singapore.  https.//doi.org/10.1007/978-981-

96-0297-1_2)

22

o Innovations in microencapsulation techniques
have enhanced the viability and delivery of
probiotics to the gut.

5.2 Fecal Microbiota Transplantation (FMT)

Definition: FMT involves the transfer of stool
from a healthy donor into the gastrointestinal tract
of a patient, aiming to restore a balanced and
diverse gut microbiota.

Mechanism: By introducing a diverse microbial
community, FMT can outcompete pathogenic
bacteria, restore metabolic functions, and
modulate the immune response.

Clinical Applications:

e Clostridioides difficile Infection (CDI): FMT
has shown high efficacy in treating recurrent
CDI, with cure rates exceeding those of
standard antibiotic therapies. (Serena Porcari
Et al, Fecal microbiota transplantation for
recurrent C. difficile infection in patients with
inflammatory bowel disease: A systematic

review and meta-analysis, Journal of
Autoimmunity, Volumel41, 2023,
103036,ISSN 0896-8411,

https://doi.org/10.1016/f.jaut.2023.103036)

e Inflammatory Bowel Disease (IBD): While
results are mixed, some studies suggest that
FMT can induce remission in ulcerative colitis
patients.

e Metabolic Syndrome: Preliminary research
indicates potential benefits of FMT in
improving insulin sensitivity and reducing
inflammation in metabolic syndrome.

Safety and Considerations:

e FMT is generally safe, but potential risks
include transmission of infectious agents and
adverse immune reactions.

o Standardization of donor screening, stool
processing, and administration methods is
crucial to ensure safety and efficacy.



Int. J. Adv. Res. Biol. Sci. (2026). 13(4): 17-25

5.3 Diet and Lifestyle Modifications
Dietary Interventions:

o High-Fiber Diets: Consuming a diet rich in
dietary fibers from fruits, vegetables, legumes,
and whole grains promotes the growth of
beneficial gut bacteria and the production of
short-chain fatty acids (SCFAs), which have
anti-inflammatory properties.

e Fermented Foods: Foods like yogurt, kefir,
sauerkraut, and kimchi are natural sources of
probiotics, contributing to a diverse and
balanced gut microbiota.

o Polyphenol-Rich Foods: Foods such as
berries, tea, coffee, and dark chocolate contain
polyphenols that can modulate the gut
microbiota favorably.

Lifestyle Factors:

o Regular Exercise: Physical activity has been
associated with increased microbial diversity
and the abundance of beneficial bacteria.

e Stress Management: Chronic stress can
negatively impact the gut microbiota; practices
like mindfulness, meditation, and adequate
sleep can help maintain microbial balance.

e Avoidance of Unnecessary Antibiotics:
Overuse of antibiotics can disrupt the gut
microbiota; judicious use is essential to
preserve microbial health.

Recent Findings:

e A study highlighted the role of diet in gut
microbiome recovery post-antibiotic
treatment, emphasizing the importance of a
nutrient-rich diet in restoring microbial
diversity.

e Incorporating fermented foods like kefir into
the diet has been shown to enhance gut health
due to its high probiotic content.
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6. Future Directions and Research
Gaps

While significant strides

challenges remain:

have been made,

o Establishing causality in microbiome-disease
associations.

o Personalizing microbiome-based therapies.

e Understanding  long-term
microbiome modulation.

impacts  of

Advancements in multi-omics and computational
modeling will enhance our understanding and
application of microbiome science.

7. Conclusion

The human microbiome is integral to health,
influencing various physiological systems and
disease processes. Harnessing its potential
through targeted interventions offers promising
avenues for prevention and therapy. Continued
research is essential to fully elucidate its
complexities and translate findings into clinical
practice.
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