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Introduction
The microbiome is a term that usually refers to the community of various microorganisms that inhabit/live inside human/animal bodies or on their skin. It forms a complex ecosystem that includes trillions of commensals, symbiotics, and even pathogenic microorganisms (Mark 2024). 
The term “microbiome” is also refers to the bacteria present in an environment, including the Human body. Microbe populations in the body represent a major amount of biomass, with bacteria numbering in the trillions being present at any one time. The microbiome plays various functions in the body, including digestion and immunomodulation (Mark 2024).
The microbiome in human, a vast and complex community of microorganisms residing in and on our bodies, has garnered significant attention in recent years. Comprising bacteria, viruses, fungi, and other microbes, the microbiome plays a crucial role in maintaining health and contributing to disease. However, this seminar explores the multifaceted functions of the microbiome, its impact on human health, and its involvement in various diseases, highlighting the potential for microbiome-based therapies (Goffau et al 2019).
Over the past decade, there has been a growing body of research that has sought to understand the complex role the microbiome plays in disease regulation. The results of these studies have brought us closer to understanding these processes and have thrown light on the complexity of the immune system (Simon 2024).
The microbiome profoundly affects the progression of various diseases, including metabolic, infectious, oncological, and neurological disorders. Metabolically, it influences energy homeostasis and glucose regulation, impacting obesity, type 2 diabetes, non-alcoholic fatty liver disease and hypertension. Infectiously, it can either offer a protective barrier against pathogens or, through dysbiosis, increase infection susceptibility. In oncology, microbiome interactions may alter cancer progression by modulating immune responses and inflammation. Neurologically, it affects brain function through the gut-brain axis, influencing cognitive processes, mood, and susceptibility to neurodegenerative diseases (Mark 2024).
This multidimensional influence highlights the microbiome's critical role in health and disease. Although gut microbiota is considered a promising novel target for the treatment of metabolic diseases, it is also necessary to encourage further studies to provide more valuable data for guiding the application of gut microbiota on disease therapy in future (Durack et al 2018).
The human microbiota is defined as a set of organisms inhabiting and interacting with the human body (https://doi.org/10.1084/jem.20180448).
 The various interactions may be commensalistic, mutualistic, or pathogenic. The human microbiome is referred to as the genomic content of organisms (microbiota) inhabiting a particular site in the human body. micro-organisms colonise various anatomical body sites such as the skin, the mucosa, gastrointestinal tract, respiratory tract, urogenital tract, and the mammary gland. They form a complex and discrete ecosystem that adapts to the environmental conditions of each niche (Edwards et al 2017). From childbirth, a steady interaction (symbiosis) between the human body and its indigenous microbiota begins. These interactions play important roles in maintaining general health and wellbeing. Through coevolution, organisms make up the microbiota, they actively adjust to their specific habitats and reside in their respective niches within the human body (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5648614). As a result of their biological activities, these organisms are identified as part of the body, leading to various changes from conception until death. The human microbiome is constantly evolving in response to host factors. Factors such as age, nutrition, lifestyle, hormonal changes, inherited genes, and underlying disease are major determinants of the human microbiome at any given point in time. However, an alteration in the makeup of the human (dysbiosis) microbiota can lead to life-threatening illnesses (Edwards et al 2017). A balanced microbiota has shown to play an important role in health sustenance (Edwards et al 2017). The largest concentration of the human microbiome is found in the gut. These organisms are the major players in maintaining and sustaining the health of humans.
The human microbiome consists of trillions of microorganisms that inhabit various body sites, including the gut, skin, mouth, and urogenital tract. The gut microbiome, in particular, has been extensively studied due to its significant influence on overall health. These microbial communities perform essential functions such as digesting food, synthesizing vitamins, regulating the immune system, and protecting against pathogens (Simon 2024).
Research into how the Human body acquires its microbiome is subject to heated debate: whilst some studies contend that the mother passes beneficial bacteria to the fetus through the placenta, other recent studies have provided evidence that the microbiome is only acquired by a baby at birth. A study in 2014 by Marcus C. de Goffau et. al suggested that the placenta, whilst providing essential elements for life such as food and oxygen, does not itself contain a microbiome. Microbial niche specificity has been shown to exist in an infant from 6 weeks of age.
By far the largest population of microbes exists in the gastrointestinal tract, which includes the intestines and colon. Present in both the lumen and on mucosal surfaces, this is a massive reservoir of bacteria which aid in metabolism, interacting with the host’s immune system. Other populations of bacteria exist within bodily systems such as the respiratory system and on the dermal surface, carrying out specific functions and interacting with the body in their ways. (Grace et al 2020)
The microbiome can change its composition over time as the host organism ages and can be affected in both beneficial and negative ways by factors such as environment, diet, genetics, antibiotics, and disease.
The external environment, diet, and lifestyle are the major determinants influencing the microbiome’s composition and vitality. Recent studies have indicated the tremendous influence of the microbiome on health and disease. Their number, constitution, variation, and viability are dynamic. All these elements are responsible for the induction, development, and treatment of many health disorders. Serious diseases such as cancer, metabolic disorders, cardiovascular diseases, and even psychological disorders such as schizophrenia are influenced directly or indirectly by microbiota. (Grace et al 2020)
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Composition of Microbiome 
The human microbiome comprises bacteria, archaea, viruses, and eukaryotes which reside within and outside our bodies. These organisms impact human physiology, both in health and in disease, contributing to the enhancement or impairment of metabolic and immune functions. Micro-organisms colonise various sites on and in the human body, where they adapt to specific features of each niche. Facultative anaerobes are more dominant in the gastrointestinal tract, whereas strict aerobes inhabit the respiratory tract, nasal cavity, and skin surface. The indigenous organisms in the human body are well adapted to the immune system, due to the biological interaction of the organisms with the immune system over time. An alteration in the intestinal microbial community plays a major role in human health and disease pathogenesis. These alterations result from lifestyle and the presence of an underlying disease. Dysbiosis increases host susceptibility to infection, and the nature of which depends on the anatomical site involved. The unique diversity of the human microbiota accounts for the specific metabolic activities and functions of these micro-organisms within each body site. It is therefore important to understand the microbial composition and activities of the human microbiome as they contribute to health and disease. (Edwards et al 2017)
The Microbiomes and Health Functions They Perform
These microbiomes perform essential functions such as digesting food, synthesizing vitamins, regulating the immune system, and protecting against pathogens, amongst others. These are explained below:.
1. Digestive health: The gut microbiome is integral to digestive health. It aids in the breakdown of complex carbohydrates, fiber, and other indigestible components of food, producing Short-Chain Fatty Acids (SCFAs) like butyrate, propionate, and acetate. These SCFAs serve as energy sources for colon cells and have anti-inflammatory properties. A balanced gut microbiome is crucial for preventing digestive disorders such as Irritable Bowel Syndrome (IBS) and Inflammatory Bowel Disease (IBD).
2. Immune system regulation: The microbiome plays a pivotal role in shaping and regulating the immune system. Microbial exposure early in life is essential for developing a robust and balanced immune response. Commensal bacteria help train the immune system to distinguish between harmful and harmless antigens, reducing the risk of autoimmune diseases and allergies. Dysbiosis, or an imbalance in the microbiome, has been linked to increased susceptibility to infections and immune-related disorders.
3. Metabolic health: The gut microbiome influences metabolic processes, including the regulation of body weight and blood sugar levels. Certain gut bacteria are involved in the metabolism of dietary fats and proteins, affecting energy balance and storage. Dysbiosis has been associated with metabolic disorders such as obesity, type 2 diabetes, and Non-Alcoholic Fatty Liver Disease (NAFLD). Understanding the microbial contributions to metabolism could lead to novel interventions for these conditions. 
4. Mental health: Emerging research suggests a strong connection between the gut microbiome and mental health, often referred to as the "gut-brain axis." Gut microbes produce neurotransmitters like serotonin and Gamma-Aminobutyric Acid (GABA), which influence mood and behavior. Dysbiosis has been linked to mental health conditions such as depression, anxiety, and autism spectrum disorders. Probiotics and other microbiome-modulating therapies hold promise for managing these conditions. (Simon 2024) 
The Microbiome and Disease They Can Cause
	Microbiomes can be susceptible to diseases such as:
1. Gastrointestinal disorders: Dysbiosis is a common feature in gastrointestinal disorders such as IBD, which includes Crohn's disease and ulcerative colitis. Patients with IBD often exhibit reduced microbial diversity and an overrepresentation of pathogenic bacteria. Restoring a healthy microbiome through dietary interventions, probiotics, or Fecal Microbiota Transplantation (FMT) has shown promise in managing IBD symptoms and achieving remission. 
2. Cardiovascular disease: The gut microbiome influences cardiovascular health through the production of metabolites that affect blood pressure, cholesterol levels, and inflammation. Trimethylamine N-oxide (TMAO), a metabolite produced by gut bacteria from dietary choline and carnitine, has been implicated in the development of atherosclerosis and other cardiovascular diseases. Modulating the gut microbiome could be a potential strategy for preventing and treating cardiovascular conditions. 
3. Cancer: The microbiome can impact cancer development and progression. Certain gut bacteria produce toxins that can damage DNA and promote tumor formation. Conversely, a healthy microbiome can enhance the efficacy of cancer therapies, including immunotherapy. Understanding the relationship between the microbiome and cancer could lead to better diagnostic markers and therapeutic strategies. 
4. Autoimmune diseases: Autoimmune diseases occur when the immune system mistakenly attacks the body's own tissues. Dysbiosis has been linked to several autoimmune conditions, including rheumatoid arthritis, multiple sclerosis, and type 1 diabetes. The gut microbiome influences the immune system's tolerance mechanisms, and restoring microbial balance may help manage autoimmune diseases. (Mark 2024)
Microbiome-Based Therapies
According to Chu et al. (2017), given the microbiome's profound impact on health and disease, microbiome-based therapies are an exciting area of research. These therapies aim to restore or modulate the microbiome to achieve therapeutic benefits:
1. Probiotics and prebiotics: Probiotics are live microorganisms  that confer health benefits when consumed in adequate amounts. They can help restore microbial balance and improve gut health. Prebiotics are non-digestible food components that selectively stimulate the growth and activity of beneficial microbes. Combining probiotics and prebiotics (synbiotics) offers a synergistic approach to enhancing the microbiome.
2. Fecal Microbiota Transplantation (FMT): FMT involves transferring stool from a healthy donor to the gastrointestinal tract of a patient with dysbiosis. This procedure has shown remarkable success in treating recurrent Clostridium difficile infections and is being explored for other conditions, including IBD and metabolic disorders. Standardizing FMT protocols and ensuring safety are critical for its wider adoption.
3. Dietary interventions: Diet plays a significant role in shaping the microbiome. Diets rich in fiber, fruits, vegetables, and fermented foods promote a diverse and healthy microbiome. Personalized nutrition based on an individual's microbiome composition could optimize health outcomes and prevent diseases.
4. Microbiome modulation with drugs: Researchers are developing drugs that specifically target microbial pathways or modulate the microbiome's composition. These drugs could offer precise and effective treatments for various conditions, including infections, metabolic disorders, and cancer.
5. Future directions: The field of microbiome research is rapidly evolving, with many exciting prospects on the horizon. Integrating microbiome data with other omics technologies, such as genomics, proteomics, and metabolomics, will provide a comprehensive understanding of host-microbe interactions. Advances in artificial intelligence and machine learning will enable the development of predictive models for disease risk and treatment responses based on microbiome profiles.
Additionally, exploring the role of the microbiome in different body sites, such as the skin, oral cavity, and urogenital tract, will uncover new insights into its contributions to health and disease. Longitudinal studies that track microbiome changes over time will help elucidate causal relationships and identify early biomarkers of disease (Chu et al. 2017)..
The Microbiome’s Role in the Immune System and Disease Susceptibility
Multiple studies have shown that the microbiome plays an important part in the complex interactions of the immune system. Several factors can contribute to the health of the microbiome. For example, on the skin, factors such as pH balance and substrate availability correlate strongly with the propagation of habitat-specific microbiome compositions in healthy individuals.
Factors That Affect the Gut Microbiome
Factors that affect the gut microbiome include age, antibiotics, diet and living environment. The human gut microbiome reacts rapidly to dietary changes, although the dominant force in determining its composition is the long-term dietary habits of the host.
The microbes present in the gut drive immunomodulation, which has been well-understood for some time, but more recent studies have shown that the gut microbiome can influence other parts of the body including remote organs that are unconnected to the gastrointestinal system. It can also influence the mucosal and hematopoietic immune functions of the host. Considerable effort is currently being concentrated on understanding how the microbiome develops over time, in parallel with the host-microbiome molecular interactions (Chu et al. 2017).
One of the major ways that the microbiome, especially that contained within the gut, can affect disease susceptibility is by modulating the body’s inflammation response, an important immune response pathway that can affect several conditions including type 2 diabetes and infections by a variety of pathogens. Any perturbation to the gut microbiota, for example, agitation caused by diets rich in fat and sugar, can lead to effects on inflammatory regulation.
Perturbation to the function and composition of the gut microbiota is also associated with a variety of respiratory illnesses. Factors that can affect the respiratory microbiome also affects chronic respiratory conditions. Factors that can affect this part of the body’s microbiome include smoking and environmental pressures (such as air pollution.)
Overall, the microbiome is a complex and still poorly understood system which plays an important part in immunoregulation. (Goffau et al. 2019)
Conclusion
The human microbiome is a fundamental component of health and disease. Its diverse functions range from aiding digestion and regulating the immune system to influencing metabolism and mental health. Dysbiosis is implicated in various diseases, highlighting the importance of maintaining a balanced microbiome. Microbiome-based therapies, including probiotics,
FMT, dietary interventions, and microbiome-modulating drugs, hold promise for improving health outcomes and treating a wide range of conditions. As research progresses, the integration of microbiome science into clinical practice will revolutionize healthcare, offering personalized and effective strategies for disease prevention and treatment. 
The microbiome plays a complex role in the body’s ability to resist infection and cope with a variety of conditions. Understanding the host-microbiome interaction is integral to understanding how the body fights disease and will influence how public health policies and the drug industry play their part in the overall health of the human host. 
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