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Abstract 
The human microbiome refers to the large community of microorganisms, including 
bacteria, fungi, and viruses, that live in and on the human body. These microorganisms 
play an important role in maintaining normal body functions such as digestion, 
immune regulation, and metabolic balance. In recent years, the microbiome has gained 
increasing attention and is now considered an essential component of human health. 
This review summarizes current knowledge about the human microbiome, focusing 
on its composition, diversity, and distribution across different body sites, particularly 
the gastrointestinal tract. It highlights how factors such as diet, lifestyle, age, genetics, 
and environmental conditions influence microbial balance. When this balance is 
disrupted, a condition known as dysbiosis may occur, which has been associated with 
several diseases, including inflammatory bowel disease, obesity, diabetes, and 
neurological disorders. 
The review also discusses the role of the gut microbiota in immune system regulation, 
nutrient metabolism, and gut–brain communication. In addition, current therapeutic 
approaches aimed at restoring microbial balance, such as probiotics, prebiotics, and 
fecal microbiota transplantation, are outlined. Understanding the relationship between 
the microbiome and human health may support improved disease prevention and 
future microbiome-based therapies. 
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1. Introduction 

The human body is the habitat for thousands of species of bacteria, fungi, and viruses that affect both the metabolism and 

physiology of the host [1]. It has been estimated that bacterial cells are roughly equal to human cells. The collective bacterial 

genome contains approximately 100-fold more genes than the human genome. Bacteria, fungi, viruses, and other microorganisms 

compose the microbiome, extending the genomic diversity of humans well beyond the approximately 20,500 genes encoded by 

the human genome. Consequently, the microbiome has been proposed as an essential organ of the human body [2] 

The microorganism community that colonizes the human body provides expanded metabolic capabilities as well as other 

functions that are essential to health. Such microbial members participate in the regulation of the immune system, produce 

metabolites that tune host signalling pathways, contribute to xenobiotic degradation, and influence behaviour [3]. 

In healthy individuals, these bacteria live in homeostasis with their host. Various pathological alterations can arise whenever the 

microbiome undergoes a substantial upset in the relative bacterial abundance of the members of this community (termed 

dysbiosis). Such a microbial imbalance has been implicated in a wide range of diseases, such as inflammatory bowel disease, 

metabolic diseases RNA (diabetes and obesity), and neurological disorders. Although the highly variable composition of the 

microbiome presents a challenge to defining what constitutes a ‘‘healthy’’ microbiome, many studies support an intimate link 

between microbiome composition and disease [4]. 

 

2. Overview of the Human Microbiome 

Humans possess 30 trillion human cells and a similar number of microorganisms [5]. The genes encoded by the collective human 

genome amount to approximately 22,000, whereas the microbial collective genome contains about 8 million genes [6].  

http://www.multiperspectivesjournal.com/


 Global Multidisciplinary Perspectives Journal www.MultiPerspectivesJournal.com     

 
     24 | P a g e  

 

Collectively, these microorganisms—and their genes—are 

referred to as the “microbiota” (the members) or the 

“microbiome”  

 (their genes). The human microbiota is distributed 

throughout the body, but the majority is concentrated in the 

gastrointestinal tract, especially the colon, where anaerobic 

bacteria dominate. Historically, microbial selection has 

occurred in response to host evolution and diversification, 

resulting in microbiota that reflect the host’s dietary niche 

and environment. Genetically related hosts generally share 

broad microbial community structure and related microbial 

functions. Nevertheless, variability remains—and offers an 

opportunity to investigate the genetic and environmental 

components that influence the microbial community 

assembly process and structure. The human microbiota, in 

addition to adding many biological capabilities to the host’s 

collection of encoded genes, coevolves with the human 

genome to establish a symbiotic relationship, maintaining 

efficient functionality [7] 

 

2.1. Definition and Composition 

The term microbiota refers to a population of bacteria, fungi 

and other microorganisms that inhabit various parts of the 

human body. The gastrointestinal (GI) tract has the highest 

concentration of microbes [1]. These resident microbes exist 

in a range of microenvironments on the epidermis and 

mucous membranes, in the respiratory tract, oral cavity and 

urogenital tract and have an important role in nutrient 

acquisition (e.g. synthesis of vitamins, metabolism of drugs 

and dietary compounds and protection against infection). The 

microbial cells that colonize the human body are similar in 

number to the somatic cells and contain far more genes than 

the human genome. An estimated 500–1000 species of 

bacteria inhabit the human body at any given moment, with 

the number of genotypes likely much greater. Different 

individuals harbour considerably different microbial 

communities, and the density of individual taxa varies 

markedly even among widely shared taxa. The factors that 

cause and regulate this variation, and the impact on the host’s 

health, disease development and/or progression remain 

largely unknown [6]. 

 

2.2. Historical Perspectives 

The concept of the human 'superorganism' has influenced the 

field for over 60 years [5]. Foundational questions in early 

microbiome research include: How do single cells assemble 

into coherent multicellular communities? How are stable 

communities constructed? Which body sites provide 

necessary nutrients for colonization? These questions guide 

efforts to develop a comprehensive mechanistic 

understanding of the healthy human microbiome. The 

establishment of germ-free laboratories was a pivotal 

advancement, allowing direct study of microbiota impact by 

maintaining animals in sterile conditions and subsequently 

inoculating them with selected bacteria [6]. More recent 

efforts with germ-free wild mice further build upon these 

approaches. Studying microbiotas in diverse geographies and 

host genotypes offers insight into determinants of community 

assembly and diversity. Mounting evidence associates 

alterations in taxonomic and functional microbiota 

composition—termed “dysbiosis”—with obesity, diabetes, 

irritable bowel syndrome, colorectal cancer, and Parkinson’s 

disease. Microbiotas profoundly modulate host immunity 

systemically. Consequently, deciphering assembly 

mechanisms and status monitoring is crucial for 

understanding health and disease, and developing ingestion-

based therapeutics. Challenges remain in defining the 

ecological and evolutionary principles governing assembly 

and predicting the impact of constituent species on 

community-wide dynamics and stability. Disentangling 

biotic from abiotic influences, and understanding how taxa 

alter other species’ abundances, is critical. Predicting 

conditionally rare taxa emergence, keystone inclusions, and 

modulators of community diversity is an overriding 

challenge. Such breakthroughs would stimulate fundamental 

insights and enable design of microbiota assemblies with 

tailored functionalities. 

 

3. Microbiome Diversity 

The human microbiome, the collective of microorganisms 

residing inside and on the surface of the human body, 

establishes an enormous set of microbial genes and molecules 
[8]. Microbial populations vary according to body site and are 

shaped by diet, genetics, diseases, drugs, lifestyle, and other 

factors, resulting in highly individualized community 

structures. Microbial dysbiosis can impact host metabolism 

and health; missing or enriched microbial taxa affect 

microbial interactions and metabolite production, 

contributing to various diseases including inflammatory 

bowel disease, obesity, metabolic disorders, autism spectrum 

disorders, and neuropsychiatric conditions. Recent work has 

identified microbial ecosystem influences, such as the 

microbiota-derived metabolite p-cresol that exacerbates 

autism spectrum disorder behaviors in mice [9]. Microbial 

products are critical for the maintenance of gut homeostasis 

and the host immune system. Beneficial metabolites such as 

indole, short-chain fatty acids, and secondary bile acids 

contribute to intestinal and immune health, whereas 

lipopolysaccharides and trimethylamine increase 

inflammation, colibactin links to colon cancer, and p-cresol 

associates with autism spectrum disorders. Biogeography 

emerges as fundamental to understanding functions of sites, 

hosts, and microbial communities [10]. 

 

3.1. Microbial Communities in Different Body Sites 

Several body sites, such as the skin, oral cavity, mammary 

glands, uterus, placenta, vagina, respiratory tract, bladder, 

and gut, serve as homes for mutually beneficial 

microorganisms. These microbes help regulate our 

physiological functions and reinforce the immune system by 

protecting the body against invading pathogens. The human 

gastrointestinal tract, which is characterized by exceptionally 

intense and dense interactions with the host, is one of the most 

studied habitats of the human body flora. In addition to their 

anti-inflammatory effects on the intestinal mucosa, gut 

commensals possess the capability to modulate our mental 

health and preserve homeostasis within the body [11]. 

The human gastrointestinal tract hosts an extremely large 

number of bacteria belonging to thousands of species. The 

majority of gut microbial diversity is exhibited at the phylum 

level, with Firmicutes, Bacteriodetes, Proteobacteria, and 

Actinobacteria being the most represented phyla. Although 

their presence is almost ubiquitous, each phylum varies in 

composition and richness in different environments, a result 

of both host features and environmental factors. Alterations 

in the gut microbiota are frequently associated with 

environmental perturbations such as stress and lifestyles 

factors [12]. 
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3.2. Factors Influencing Microbiome Diversity 

Microbiomes undergo continual changes throughout an 

individual’s lifespan, beginning with a nearly sterile 

gastrointestinal tract at birth, followed by a rapid rise in 

community abundance and diversity until approximately 12 

months of age [8]. During adulthood, microbiome diversity 

stabilizes before declining at older ages, although 

longitudinal sampling efforts are required to confirm the 

patterns of change [13]. Numerous factors exert influence on 

microbiome composition, including diet, stress, diseases, 

drugs, lifestyle, age, and genetics. While several factors 

exhibit specific alterations in microbial taxa, diet influences 

the microbiota in a bidirectional manner and affects host 

metabolism and immune function, largely through the rise 

and fall of microbiome diversity. The impact of dietary 

patterns is apparent in species such as kimchi and kefir: 

individuals consuming these fermented foods experience a 

substantial increase in microbiome diversity and a reduction 

in inflammation within days. One putative mechanism for 

this effect may involve the elevated presence of fiber-

degrading microbes such as Prevotella copri, which ferment 

dietary fibre to produce beneficial metabolites that influence 

the host. 

 

4. Gut Microbiota and Systemic Health 

The human gastrointestinal tract (GIT) harbors hundreds of 

trillions of commensal and symbiotic microbial cells 

commonly known as the human gut microbiota (HGM). 

HGM plays a critical role in numerous host functions 

including digestion, drug metabolism, inflammation, and 

immune system regulation. Microbes in the human gut 

influence host health and disease, with rapid changes in 

composition affecting host fitness and phenotypes. Beyond 

the gut, microbes inhabit other body sites, including skin, oral 

cavity, nasal passages, and the vagina, each forming a niche 

with unique physiological characteristics and metabolic 

requirements that govern microbial colonization and 

proliferation [14]. 

Numerous diseases and conditions have been linked to 

alterations in the human microbiome. For example, a 

connection has been demonstrated between these alterations 

and Crohn’s disease, psoriasis, type 2 diabetes, obesity, and 

asthma. The microbiome is also an essential component of 

the gut–brain axis, facilitating communication between the 

central nervous system and the enteric nervous system. The 

gut microbiome regulates not only gastrointestinal processes 

but also physiological, behavioral, and cognitive functions of 

its host. Similarly, the vaginal microbiome influences 

preterm birth and sexually transmitted infections, while oral 

microbial communities are associated with the pathogenesis 

of oral diseases and conditions such as dental caries and 

gingivitis. Skin disorders such as atopic dermatitis and 

rosacea have been linked to perturbations of the skin 

microbiota. Thus, increased awareness of its importance has 

spurred interest in manipulating the human microbiome to 

mitigate symptoms or abrogate the progression of certain 

diseases, as well as maintain the homeostasis of different 

body site environments [9] [15]. 

 

4.1. Role in Immune System Regulation 

The human body is home to trillions of microorganisms that 

engender beneficial impacts on digestion, behavior, and 

immune maturation [16]. Among these, bacteria predominate, 

but fungi, viruses, and protozoa are also present in smaller 

numbers. Commensal microbes actively modulate immune 

responses, and therapeutic targeting of gut microorganisms 

holds promise for the treatment of autoimmune diseases, 

cancers, and metabolic and neuronal disorders. Gut microbial 

composition and diversity exert profound effects on 

immunity; the intestines contain a dense population of 

immune cells within a unique tolerogenic environment. 

Dysbiosis provoked by antibiotics, dietary indiscretions, or 

environmental factors can provoke pro-inflammatory 

responses that ultimately precipitate immune disorders.The 

immune system encompasses innate and adaptive 

components, with gut microbes influencing the lineage 

commitment of CD4 T cells, which orchestrate homeostasis 

and immune reactivity [17]. CD4 T cells differentiate into 

various effector subsets in response to specific antigens and 

cytokine milieus encountered upon pathogen invasion, 

thereby dictating inflammatory outcomes and disease 

susceptibilities. Colonization by segmented filamentous 

bacteria and Clostridia class XVI clusters promotes the 

emergence of Th1, Th2, Th17, and T follicular helper cells, 

potentiating pro-inflammatory responses and tumor 

development, whereas microbial induction of regulatory T 

cells subdues inflammation and sustains mucosal 

homeostasis [18]. Immunocompetent individuals maintain a 

finely tuned balance—dictated in part by microbial cues—

that restrains inflammatory effectors and prevents emergence 

of autoimmune, inflammatory, and malignant pathologies 

across diverse organ systems. The complementary, 

antagonistic, and synergistic relationships among different 

classes of microorganisms proceeding from colonization 

through chronic persistence and pathogenic transformation 

remain incompletely resolved. Nevertheless, the influence 

exerted by the gut microbiota as a critical determinant of host 

immunity establishes a new framework for understanding 

health and disease. 

 

4.2. Impact on Nutrient Metabolism 

The human gut microbiota, a complex and dynamic 

ecosystem, significantly influences host physiology mainly 

through microbial metabolism [19]. The large intestine, 

characterized by a long transit time and favorable conditions 

for bacterial expansion, serves as the primary site of 

microbial fermentation on carbohydrates, proteins, and lipids 

that escape digestion in the upper gastrointestinal tract. 

Microbial fermentation fills ecological niches, colonization 

resistance against pathogens, and generation of acidic 

fermentation by-products that reduce pH. The microbe-

encouraged reduction in luminal pH prevents the growth of 

many pathogenic organisms. However, damaging 

compounds can also be derived from the microbial 

metabolism of a wide range of substrates, some of which 

induce chronic inflammation or even directly cause DNA-

damage in host epithelia. 

As digestion might be incomplete or complex molecules, 

such as resistant starches or proteins, can escape assimilation 

by the host, macronutrients may reach the colon. Digestion 

efficiency primarily relies on the form, composition, and 

complexity of a food. For example, starches in rapidly cooked 

potatoes or legumes are efficiently digested, providing little 

substrate to the microbiota, whereas raw or cold-stored 

starches are more resistant to enzymatic activity and thus 

more likely to reach the colon. A multitude of additional 

factors influence the amount and nature of substrates that 
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reach the large intestine and become available to the 

microbiota. Transit time (i.e., the period required for food to 

travel from mouth to colon) appears to be a critical variable 

affecting microbial composition and activity, as well as 

overall health through its effect on substrate availability [20, 

21]. 

Most gut bacteria have the ability to synthesize essential co-

factors like B-vitamins and vitamin K. Plant polyphenols 

(like found in wine, tea, fruit, and vegetables), which are 

abundant in the diet, have poor bioavailability and 

absorption. The gut microbiota play an important role by 

processing and transforming these compounds into 

bioavailable forms which then affect host physiology either 

locally or after absorption [22]. 

 

4.3. Influence on Neurological Functions 

The gut microbiome influences developmental, behavioral, 

and neurological disorders through neurological, endocrine, 

and immune pathways [23]. The vagus nerve enables 

communication between intestinal microbes and the brain, 

and behavioral stressors stimulate hypothalamic–pituitary–

adrenal axis activity that causes cortisol release into the 

bloodstream. Metabolites such as short-chain fatty acids 

affect the blood–brain barrier and microglial homeostasis. 

Alzheimer’s disease, Multiple Sclerosis, Parkinson’s, and 

amyotrophic lateral sclerosis have microbiome profiles 

specific to diagnosed pathology, and treatments concentrate 

on restoring normal gut flora through fecal transplants, 

antibiotics, or psychobiotics [24]. Because neurodegeneration 

involves progressive loss of neuronal and cellular function in 

the central nervous system, the microbiota–gut–brain axis is 

hypothesized to play an active role alongside impaired gut 

integrity and reduced gut homeostasis. Certain probiotics 

alter the composition and function of the gut microbiome 

beneficially, with positive effects demonstrated for 

neurological diseases [25]. The gut microbiome modulates 

hippocampal neurogenesis, and abnormal microbial 

composition could constitute a pathogenic factor that 

contributes via neural, humoral, metabolic, and immune 

mechanisms. Key metabolites such as short-chain fatty acids 

have been shown to affect T-cell function and thereby 

indirectly regulate nerve regeneration, with promotion of 

rehabilitation in animal stroke models. Further investigation 

is required to clarify the roles of microbial species in 

neurogenesis and the pathogenesis of neurodegenerative 

conditions and to establish strategies for modulation of the 

gut microbiota to augment therapeutic benefit. 

 

5. Dysbiosis and Disease Associations 

Dysbiosis denotes a generalized imbalance in the human 

intestinal microbiota, far more intricate than a mere alteration 

in the Firmicutes:Bacteroidetes ratio. It encompasses a 

pronounced escalation in taxa like Escherichia and Klebsiella 

spp., often associated with pathogenic activity, alongside a 

depletion of beneficial microbes such as lactobacilli and 

bifidobacteria. This dysbiotic state is also typified by 

diminished microbial biodiversity and reduced community 

complexity [26]. Though no sharply defined dysbiotic 

configurations have been universally recognized, a pervasive 

pattern of widespread depletion across multiple taxa 

frequently emerges. 

The human microbiome is fundamental to health and disease. 

Dysbiosis correlates with ailments including irritable bowel 

syndrome (IBS), chronic fatigue syndrome, cancer, colitis, 

bacterial vaginosis, anxiety, and depression. Moreover, the 

gut microbiota plays an instrumental role in modulating 

immune responses. For example, microbial metabolites such 

as short-chain fatty acids (SCFAs) influence the 

differentiation of regulatory T cells (Treg), highlighting the 

intricate interplay between the microbiome and host 

immunity [27]. Microbes facilitate the breakdown of complex 

carbohydrates, contribute to polysaccharide utilization, and 

underpin immune regulation. A comprehensive 

understanding of microbiome composition and function 

promises to enhance approaches to disease diagnosis, 

prognosis, and treatment. 

Disturbances in microbiome-host homeostasis have been 

linked to various diseases. Conditions like gastro-intestinal 

illness, inflammatory bowel diseases, irritable bowel 

syndrome, obesity, metabolic syndrome, and cardiovascular 

disorders often coincide with and potentially stem from 

microbiome alterations. The composition of microbiome 

niches influences infectious susceptibility; a balanced 

microbiome can confer protection, whereas dysbiosis is 

associated with drug resistance, mental disorders, obesity, 

metabolic syndrome, and sleep disturbances. Chronic 

inflammation in the gastrointestinal tract and beyond is 

mediated by microbiome species: those producing anti-

inflammatory SCFAs promote gastrointestinal health, while 

others exacerbate gastrointestinal inflammation and 

contribute to chronic conditions [8]. 

 

5.1. Inflammatory Bowel Disease 

Inflammatory bowel disease (IBD), including Crohn’s 

disease and ulcerative colitis, represents a theoretical 

paradigm for elucidating the relationship between gut 

microbiota and chronic inflammation. IBD is characterized 

by a relapsing-remitting course and only partial 

responsiveness to current therapies; one or more microbial 

components are suspected to sustain the dysregulated 

immune response. The biogeography and composition of the 

faecal microbiota are altered in many patients, and there is a 

major failure of immune tolerance towards components of the 

indigenous microflora [28]. The transfer of IBD microbiota to 

murine models strongly exacerbates intestinal inflammation 

and elicits immune responses typical of the disease [29]. The 

enteropathogenic roles of adherent-invasive Escherichia coli 

and Cryptosporidium, the pathobiont role of Blastocystis, and 

the protective capacity of Faecalibacterium and other 

fermentative commensals provide compelling clues towards 

achieving a coherent pattern. However, the large variety of 

signatures proposed for IBD leaves much room for 

improvement and many open questions remain, including the 

drivers of alterations, the microbiota components that trigger 

and maintain inflammation, and their mode of action. 

 

5.2. Obesity and Metabolic Disorders 

Over the past decade, the role of gut microbial communities 

in the progression of obesity has received considerable 

attention [30]. Because the gut microbiome may influence host 

metabolism and energy balance, several hypotheses are under 

investigation that could link changes in microbial community 

patterns to the onset and progression of obesity and other 

metabolic diseases [31]. 

Biological factors associated with obesity include gut 

microbial populations, which promote increased energy 

harvest from the diet, lipoprotein lipase activity and fatty acid 

tissue composition, gut motility, mucosal permeability, 
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innate and adaptive immunity, lipogenesis, and adipose tissue 

accumulation and metabolism. Structurally, Bacteroidetes 

and Firmicutes represent the two predominant bacterial phyla 

of the human microbiota and constitute 90% of the bacterial 

population, but obese individuals harbour fewer 

Bacteroidetes (Gram-negative, non-sporeforming, 

anaerobic–aerotolerant bacteria) and more Firmicutes 

(majority Gram-positive bacteria with low GC content) 

compared with lean individuals [32]. 

A porcine model of human obesity demonstrated that 23 

bacterial phylotypes within the Firmicutes were strongly 

associated with the obese phenotype. In obese humans, 

however, the relationship between Firmicutes and 

Bacteroidetes is less clear because some studies show an 

increase in the ratio of Firmicutes to Bacteroidetes, whereas 

others either show no difference or even the opposite result 
[33]. 

In addition to changes in the two dominant phyla, members 

of other phyla such as Actinobacteria (more specifically, the 

genus Bifidobacteria) and Proteobacteria may also be key 

elements in the development of obesity. A fundamental 

question remains as to whether changes in microbial 

colonization are a cause or consequence of the development 

of obesity. Further information indicates that intestinal 

microbiota of obese individuals exhibit increased capacity to 

harvest energy from the diet but that the microbiota of obese 

individuals shifts at the time of weight loss. Metabolic 

functions associated with biotin synthesis, methane 

production, and modulation of host molecules such as 

jaundice and pH are also changed in the obese state, as are 

several human carbohydrate, lipid, and amino-acid 

metabolism pathways [34, 35]. 

 

5.3. Diabetes 

Diabetes mellitus is a chronic disease affecting an estimated 

422 million individuals worldwide, and its prevalence is 

steadily increasing [36]. The two principal types are type 1 

(insulin-dependent) and type 2 (insulin-independent) 

diabetes; the former results from autoimmune destruction of 

pancreatic β-cells, whereas the latter is primarily 

characterised by insulin resistance coupled with β-cell 

dysfunction. Several factors, including genetics, age, 

lifestyle, and ethnicity, contribute to disease onset, but a 

growing body of evidence implicates alterations in the 

gastrointestinal tract (GIT) microbiome in the development 

and progression of diabetes. Microbial dysbiosis can perturb 

normal gut fermentation and compromise intestinal integrity, 

thereby giving rise to metabolic endotoxaemia, systemic 

inflammation and autoimmunity. The human GIT 

microbiome is an integral component of the host-microbial 

superorganism and encompasses bacteria, archaea, 

protozoans and viruses, which collectively encode millions 

of genes that are not present in the human genome. It exerts 

diverse effects on host health through extensive interactions 

with the cellular lining of the alimentary canal; the microbes 

engage in co-evolutionary symbiosis with the superorganism, 

aiding in digestion and vitamin synthesis. The secretion of 

effector molecules, including immune factors, hormones and 

neurotransmitters, regulates host metabolism and behaviou 
[37]r. Through the gut-brain axis and the gut-hypothalamus 

axis, the GIT microbiome modulates food intake, metabolism 

and energy balance. The establishment of a mature GIT 

microbiome at an early age can therefore have long-lasting 

consequences for health and development, while an immature 

or altered pattern of microbiota is associated with a number 

of pathological conditions. Diabetes is linked to defects 

within the insulation secretion system and can lead to severe 

complications including cardiovascular disease, neuropathy, 

retinopathy and nephropathy [38]. Reinforcing the emerging 

paradigm that environmental factors can influence the onset 

of the disease, the mounting evidence supports a role for the 

GIT microbiome in the pathogenesis of both types 1 and 2 

diabetes. 

 

5.4. Neurodegenerative Disorders 

Neurodegenerative diseases involve the progressive loss of 

neuronal structure and function in the brain and spinal cord, 

manifesting clinically as cognitive, motor, and sensory 

impairments. The pathogenesis involves the accumulation 

and aggregation of abnormally folded proteins into insoluble 

conformations: Alzheimer’s disease (AD) with β-amyloid 

and tau; Parkinson’s disease (PD) with α-synuclein; and 

amyotrophic lateral sclerosis with TAR DNA-binding 

protein-43. Understanding early events in protein misfolding 

and clearance is crucial [39]. 

Genetic, environmental, and lifestyle factors contribute to 

neurodegeneration. The gut microbiota, microglia, and 

peripheral immune system also play important roles [40]. 

These interactions offer potential avenues for developing 

treatment targets and diagnostics. Neurodegenerative 

disorders typically emerge after mid-adulthood, and 

alterations in the gut microbiome and disease-specific 

pathologies can precede the manifestation of 

neurodegeneration by several years. 

The gut microbiome influences the brain and 

neurodegeneration through several interrelated pathways. 

Microbial structures, secreted molecules, and metabolites can 

trigger neuroinflammation and stimulate extra-intestinal 

cells, leading to protein misfolding and aggregation. The gut 

microbiome also affects autophagic–lysosomal pathways and 

the clearance of aggregated proteins. Additionally, these 

changes can induce autoimmune responses and modulate 

immune mediators, thereby facilitating neurodegenerative 

processes [41]. 

 

6. Therapeutic Strategies 

Microbiome therapy holds considerable promise for treating 

severe disease conditions and achieving personalized therapy 

by overcoming interpersonal variability [42]. Strategies such 

as fecal microbiota transplantation (FMT) and probiotics are 

employed to manage dysbiosis-related disorders. 

Advancements in synthetic biology facilitate targeted cell 

therapeutics through probiotic engineering, genetic switches, 

and manipulation of microbial consortia to generate 

therapeutic molecules. Engineered bacteriophages can alter 

microbial functions, while microbial metabolites or peptides 

serve as small-molecule modulatory agents. Therapeutic 

response varies among individuals, and challenges include 

identifying disease-causing microbial signatures, ethical 

considerations, safety, and the predominance of clinical trials 

conducted in rodents. Further experimental research is 

needed to validate efficacy and understand interactions 

between therapeutics and the host. [43] 

Understanding that microbial communities differ 

significantly among individuals and body sites and are 

shaped by diet, genetics, diseases, drugs, and lifestyle factors 
[8] informs therapeutic design. Microbial dysbiosis is 

associated with diseases such as inflammatory bowel 
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diseases, obesity, metabolic, and mental disorders. Although 

many associations are known, mechanisms remain unclear; 

microbial taxa can modulate host metabolism through 

interactions and metabolites. Microbial products like short-

chain fatty acids support intestinal health, whereas 

lipopolysaccharides and colibactin are linked to 

inflammation and cancer. Unraveling these mechanisms is 

essential for developing microbiome-based interventions. 

Therapeutic approaches include probiotics and fecal 

transplants to restore gut balance, with preliminary evidence 

suggesting benefits beyond gastrointestinal disorders. 

Determining causality—whether microbiota changes drive 

disease or vice versa—and addressing microbiome variability 

remain challenges. Advances in research continue to 

elucidate microbiome structure and function, promising 

future personalized therapies; translating fundamental 

knowledge into innovative microbiome treatments remains a 

central objective. [44, 45] 

 

6.1. Probiotics 

Yogurt is often highlighted for its potential health benefits 

attributed to probiotics [46]. Probiotics are a relatively recent 

area of investigation. The term 'probiotics' was introduced in 

1965. Probiotics have gained interest due to their potential to 

improve health and treat certain conditions. Reported 

probiotic strains often belong to genera such as Lactobacillus, 

Bifidobacterium, Bacillus, Pediococcus, Lactococcus, 

Propionibacterium, Enterococcus, Saccharomyces, 

Streptococcus, Escherichia and Leuconostoc [47]. Probiotics 

currently attract extensive interest as a means to improve 

health, and many research papers have focused on the 

development of probiotic-containing dairy products. 

Probiotics may positively connect with diverse chronic health 

conditions including diabetes, obesity, osteoporosis, autism, 

irritable bowel syndrome and wound healing. Consequently, 

probiotic formulations are becoming increasingly recognized 

in the food and pharmaceutical industries (viability or 

otherwise). These uplifting peptides are also increasingly 

used as a food supplement in order to support gut health and 

to maintain homeostasis throughout the gut-brain axis. Some 

of these observations have resulted in safety concerns: 

probiotics have been reported to cause adverse effects 

especially in immunocompromised individuals, preterm 

infants, critically ill patients and older adults and the safety 

issues should be dealt with full attention. Reports of transfer 

of virulence factors or antimicrobial resistance from probiotic 

species to the host or commensals raise concerns about their 

safe use [48]. 

 

6.2. Prebiotics 

Prebiotics are food compounds that resist gastric acidity and 

host intestinal enzymes, thereby reaching the colon where 

they selectively stimulate the growth or activity of one or 

more commensal bacteria, such as bifidobacteria and 

lactobacilli, and subsequently confer health benefits to the 

host [49]. This selective stimulation modulates the 

composition and/or metabolic activities of the gut microbiota 

and often protects against damaging processes. Examples 

include the inhibition of pathogenic microorganisms, 

reduction of toxic metabolites, and enhancement of the anti-

inflammatory properties of the gut microbial ecosystem [50]. 

Developments in next-generation sequencing techniques 

have recently enabled comprehensive analysis of the 

composition and functions of the gut microbiota. The 

consumption of prebiotics modulates the intestinal 

microbiota and in turn affects host physiology through the 

fermentation of prebiotics, which is necessary to convert 

them into functional molecules and short-chain fatty acids 

(SCFAs). SCFAs, such as acetate, propionate, and butyrate, 

regulate gastrointestinal homeostasis, glucose metabolism, 

appetite regulation, and immune functions, and further 

stimulate the production of cytokines and hormones. The 

involvement of a sulfate group plays an important role in 

protecting epithelial cells of the intestinal mucosa by 

activating signalling pathways that induce effector 

mechanisms against harmful bacterial agents [51]. 

 

6.3. Fecal Microbiota Transplantation 

Fecal microbiota transplantation (FMT) offers a strategy to 

alter gut microbial communities through the transplantation 

of feces from healthy donors into recipients [52]. High-quality 

evidence supports FMT as an effective therapy for recurrent 

Clostridium difficile infection, offering higher rates of 

resolution than many other approaches. While it is also under 

investigation for several other conditions linked to 

microbiome alterations, no optimal protocol is currently 

agreed upon [53]. Transplantation of processed stool is 

traditionally performed by colonoscopy, though emerging 

evidence supports the efficacy of capsulized preparations that 

may help lower the risk of pathogen transmission. only a 

small subset of possible microbiome-altering approaches, 

such as dietary changes, probiotics, or targeted antimicrobial 

drugs, have measurable or clearly beneficial effects in human 

studies. 

 

7. Current Research Trends 

Emerging research underscores the microbiome as a crucial 

modulator of human health, meriting consideration as an 

‘essential organ’ [5]. Characterized alterations in microbial 

composition, termed 'dysbiosis,' appear across diverse 

disease states, although defining a universally ‘healthy’ 

microbiome is complicated by inter-individual variability [8]. 

Enhanced analytical technologies have expanded 

investigation from compositional surveys to translational 

studies, encompassing clinical applications. The literature 

highlights the microbiome's involvement in disease 

progression, therapeutic response, aging, and early 

development. The human microbiome, encompassing 

microbes, genes, and associated molecules, exhibits a highly 

personalized, body site-specific structure shaped by diet, 

genetics, pathology, medication, and lifestyle factors. This 

personalized configuration forms a microbial signature, 

which may exist in balanced or dysbiotic states; the latter 

associate with conditions such as inflammatory bowel 

disease, obesity, and mental disorders. Despite numerous 

correlations, mechanisms underlying microbiome-mediated 

diseases remain poorly defined. Notably, microbial 

metabolites modulate host physiology: short-chain fatty acids 

enhance intestinal homeostasis and suppress inflammation, 

whereas lipopolysaccharides provoke inflammatory 

responses and colibactin contributes to colon carcinogenesis. 

Elucidating these metabolite-mediated pathways holds 

promise for novel therapeutic approaches. Consequently, 

microbiome-based interventions, including probiotics, 

prebiotics, and fecal microbiota transplants, garner interest 

for wide-ranging applications extending beyond 

gastrointestinal disorders. A fundamental challenge lies in 

establishing causality between microbial dynamics and 

http://www.multiperspectivesjournal.com/


 Global Multidisciplinary Perspectives Journal www.MultiPerspectivesJournal.com     

 
     29 | P a g e  

 

disease etiologies. Furthermore, the microbiome’s 

personalized and dynamic nature complicates the 

development of generalized therapeutic protocols. The field 

continues to advance rapidly, with ongoing efforts directed 

toward translating foundational understandings of microbial 

structure and function into innovative treatment modalities 

and personalized medicine strategies [54, 4] 

 

7.1. Technological Advances in Microbiome Research 

Technological improvements have encouraged a rapid 

growth of microbiome research. Microbiome research 

benefited from the development of high-throughput 

sequencing technologies that allow researchers to identify the 

microorganisms within a sample without culturing them [5]. 

These advances continue to provide an increasingly clear 

picture of the microbial communities that inhabit the skin, 

nose, mouth, vagina, and intestines, as well as other body 

sites. New insights into the structure, function, diversity, and 

evolution of the human microbiome are contributing to a 

greater understanding of its role in health and disease [8]. 

Translational studies that have informed the prevention, 

diagnosis, and treatment of disease and other clinical 

interventions will continue to expand. 

 

7.2. Future Directions in Microbiome Studies 

The historical and transitional aspects of the human 

microbiome are largely undocumented and could be explored 

by revisiting historical biological specimens through cutting-

edge technologies. Human skin, being in constant contact 

with various environments, may present a unique avenue to 

explore environmental influences through the microbiomes 

of ancestral samples. For example, skin samples from 

mummies or historical/ancestral human skeletal remains can 

offer potential for investigation in this area. The human 

microbiome can be regarded as a highly dynamic and 

heterogeneous ecosystem, where a multitude of factors exert 

complex, nonlinear, and concomitant influences. Such 

factors include, but are not limited to, age, gender, BMI, 

lifestyle, diet, immunity, prenatal and early postnatal 

influences, antibiotic consumption, hormonal status, and 

overall health. This high-dimensional spectrum of conditions 

influences the composition of microbial communities. The 

microbiome is a system far from equilibrium that constantly 

adapts to changing host conditions by compensating through 

dynamic responses [55]. 

The application of high-throughput meta-omics approaches 

has resulted in the accumulation of large-scale datasets used 

to characterize the structure and function of the human 

microbiome [15]. These methods enable the characterization 

of microbial communities and provide an overview of their 

taxonomic content, gene repertoire, and functional potential 

such as protein expression/metabolite production. Moreover, 

access to meta-omics data facilitates the discovery of new or 

emerging taxa, metabolic pathways, or systems. However, 

regardless of the experimental protocol applied, the vast 

number of diverse microorganisms that are not yet cultivated, 

the temporal evolution and pronounced biological type 

variability in the microbiota’s composition, alongside the 

large number of parameters influencing the system, introduce 

further challenges. Experimental approaches face limitations 

in deciphering causation or correlation relationships between 

microbiota dysbiosis and diseases. Consequently, the 

development of dedicated modeling approaches is imperative 

to elucidate the mechanisms underlying the interplay between 

the human microbiota and the host. [56] 

 

8. Ethical Considerations 

Improvements in sequencing technologies and analytical 

methods have accelerated human microbiome studies and 

facilitated access to culture-independent microbial data 

related to specific diseases [57]. Still, understanding the 

functions of microbes and their interactions with the host 

remains challenging. The identification of a portion of the 

core microbiota that is not yet cultivated has expanded the 

candidate list for further analyses, warranting a focus on these 

uncultured organisms. Dynamic changes in human-

microbiota interactions suggest that examination of temporal 

profiles of the microbial community and the host is vital for 

characterizing various diseases. Accordingly, the 

development of appropriate analytical methods for time 

series data is a major area of research. The human 

microbiome comprises trillions of bacteria and viruses that 

reside in and on our bodies. Due to the remarkable impact of 

the microbes on nearly every aspect of our lives, their 

collective genomes contain roughly 100-fold more unique 

genes than the human genome. Historically, efforts have tried 

to explicate the connection between bacteria and 

health/disease; however, the enormous scope of the human 

microbiome, which varies dramatically across individuals 

and throughout life, has hindered progress. Thus, the National 

Institutes of Health (NIH) launched the Human Microbiome 

Project (HMP) to characterize the human microbiome and 

analyze its role in human health and disease [58, 59] 

 

8.1. Ethics of Microbiome Research 

The human microbiome is an extremely rich research area 

that involves many different disciplines: ethnology, 

anthropology, bacteriology, biochemistry, ecology, and 

epidemiology. Since the microbiome has strong connections 

to health, disease, treatment, and prevention, it also involves 

fields such as medicine and public health. A wide range of 

ethical questions have emerged, related to sample donation, 

consent, biobank management, commercialization, and 

patenting. Human microbiome studies may include different 

kinds of vulnerable participants and raise special concerns for 

the privacy of personal data [60]. 

The main ethical questions of human microbiome research 

relate to sample donors’ consent, management of biobanks, 

and commercialization and patenting of samples. Potential 

donors need accurate and sufficiently detailed information on 

the purpose of the project to decide whether to take part. They 

also need guarantees that personal information will be treated 

by methods that ensure privacy. Moreover, careful 

explanation that such projects do not consist only of a simple 

preliminary phase but may continue for very long periods of 

time. Participants must also be informed about the possibility 

that, because of the close correlation between the microbiome 

and specific health or disease conditions, they might receive 

information of clinical significance that would require 

confirmation by more specific tests and, eventually, 

additional medical attention [61, 62]. 

 

8.2. Regulatory Challenges 

Microbiome-disease relationships justify this therapeutic 

optimism despite a number of remaining obstacles. These 

include identifying the keystone species which regulate 

community assembly, determining whether microbiota 

changes are the cause or consequence of disease, developing 
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the necessary large-scale culturing and genetic tools for 

microbes, complying with ethical and regulatory issues 

concerning microbiome manipulation, and establishing user-

friendly analysis pipelines able to identify markers with 

predictive value [6]. 

 

9. Public Health Implications 

Public health strategies have been largely aimed at tackling 

overt infectious agents, with insufficient recognition given to 

the influence and management of the microbiome [5]. Yet, the 

microbiome is a principal determinant of population health 

and a point where social, economic, and environmental 

determinants intersect. While the microbiome mediates many 

of these influences, it is equally amenable to modification and 

thus offers highly salient points for intervention. Approaches 

to prevention, treatment, and containment must be attuned to 

the centrality of the microbiome in health maintenance and 

restoration. 

 

9.1. Microbiome and Public Health Policies 

The microbiome’s role extends beyond the individual and is 

also relevant to questions in public health and planning. One 

approach argues for a blanket concern with safeguarding the 

microbiota in the environment [63]. On the one hand, the 

microbiota provides the services, or “public goods” 

(economic benefits enjoyed by the wider population outside 

of the immediate provider), of waste processing and carbon 

sequestration, which complicate plans to remove or degrade 

microbial habitats. On the other hand, environmental 

microbiota provide the resources from which a human-

relevant, high-quality microbiota can be assembled and 

delivered [64]. The human microbiota then provides benefits 

to human health as a whole, again classifiable as a service, 

product, or public good. These benefits can be measured, for 

example, through lost productivity due to an impaired 

microbiota, or by evaluating hygiene practices for their 

potential breadth of impact on the collective microbiota and 

their downstream effects. The microbiota thus plays a role in 

environmental, economic, and health policy and, as a 

collective asset, can be seen as social capital. 

 

9.2. Education and Awareness 

An understanding of microorganisms and their activities is 

increasingly becoming essential across a range of disciplines 

including food science, forensic science, immunology, 

genetics, bioengineering, and medicine. The human body’s 

intestinal microbiota comprises an ecosystem of multiple 

microbial species that impacts the development and 

homeostasis of nearly all organ systems, providing cellular 

and genetic components to the host that alter physiology. A 

thorough examination of existing conclusions and proposed 

mechanisms of interaction between intestinal microbes and 

organs distant from the intestine reveals that alterations in 

microbiota can influence the pathogenesis of diseases located 

elsewhere (for example, in the brain). The intestine should 

thus be viewed as a master regulator for health through 

microbial homeostasis [65]. 

Increasing the quantity and quality of undergraduate course 

offerings for programs on the premedical track to include 

microbiology and ecology is recommended to provide health 

professionals with valuable new insights into the human body 

as a partnership with its microbial inhabitants. The expansion 

of medical microbiology and ecology course curricula could 

build on a foundation of microbial ecology to enable 

professionals to reassess traditional protocols and treat 

patients with microbiome research in mind. Transplantation 

efforts for systems such as the gut and reproductive tract 

demonstrate the efficacy of treatment rooted in microbial 

considerations [66]. 

 

10. Conclusion 

Recent studies have further expanded the list of conditions 

affected by microbiome-host interactions, thereby 

underscoring the therapeutic potential offered by molecular 

microbiome analysis [5]. Recognized as a key modulator of 

human health and an ‘essential organ,’ the microbiome 

influences a broad spectrum of pathophysiological states [15]. 

Despite significant inter-individual variation—which 

complicates the definition of a ‘healthy’ microbiome—

continued technological advances support an enhanced 

understanding of microbial systems in relation to health and 

disease, facilitating clinical translation of basic and 

computational research. Ongoing efforts emphasize the 

importance of molecular investigation for all wedding and 

diagnosis of healthy states and diseases arising from 

microbiome imbalance. 
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