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Gut microbiome: A healing factor
	

 
Abstract
Background:The microbiome encompasses all the microbes, their genetic material, and the specific ecological environments in which they thrive. The gut microbiome plays a crucial role in both healthy individuals and those with diseases. The metabolites generated by the gut microbiome significantly impact the immune system, brain, lungs, heart, and overall metabolism. When the indigenous microbiota is healthy and balanced, the metabolites produced have beneficial effects that support overall well-being. Different diet types can alter the microbiome colonies. Fecal microbial transplant is an ongoing microbiome reloading technique.
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Introduction 
Microbes are the most abundant life form on Earth, and we
are accordingly adapted to life in a microbial environment
(Whitman et al. 1998)
Microbes are the most abundant life form on earth, and we are accordingly adapted to life in a microbial environment (Whitman et al., 1998). The human gut refers to the gastrointestinal tract, which is a complex system of organs responsible for digesting food, absorbing nutrients, and eliminating waste. It includes various parts, such as the stomach, small intestine, large intestine, and other associated organs like the liver and pancreas (Seikrov et al., 2010). The gut is also home to a vast and diverse community of microorganisms, including bacteria, viruses, fungi, and other microorganisms. The human body hosts trillions of microorganisms at the level of the skin and mucous membranes. The collection of bacteria, archaea and eukarya colonising the GI tract is termed the gut microbiome or microbiome. The gut microbiome refers to the complex community of microorganisms, including bacteria, viruses, fungi, and other microbes, that inhabit the gastrointestinal tract of humans and other animals. This microbial community plays a crucial role in maintaining health and contributing to various physiological functions within the host organism (Neish, 2009).
Microorganisms are found throughout the length of the human gastrointestinal tract from the mouth to the rectum. The density and composition vary according to anatomical site and various impacting factors. Due to the low pH, the abundance in stomach is low. In the large intestine, conditions are favourable for a dense microbial community (Sender et al., 2016). 
Materials and methods
This review focused on articles from the year 2000 to 2024. The selection was influenced by the current advancement in gut microbiome role in health. Searches were conducted across eight major databases: PubMed, Web of Science, EBSCO, Agricola, Scopus, IEEE Explore, Google Scholar, and Cochrane. The review covered studies where gut microbiome for better health. It also incorporated research associated with newer trends in gut microbiome stabilization. Studies  involving animals were also considered. Research published in non-English languages was excluded from the review. Only articles that met these criteria were analyzed. The focus was on impact of gut microbiome in human dietary practices and health. The review aimed to gather relevant and high-quality evidence within these parameters. References were meticulously examined to determine their relevance. Relevant excerpts were transferred to Word documents for further examination. These documents were organized under designated sub headings to ensure clarity. The initial screening involved assessing titles and abstracts for relevance. This was followed by a thorough review of the full text. During this stage, studies were assessed for their methodological quality. Only those meeting established quality standards were incorporated into the final review. Data extracted from each study included author names and publication years. The features, results, and constraints of the studies were meticulously documented. A total of 250 articles were initially retrieved. Out of these, 22 articles met the inclusion criteria. These 22 articles were included in the final review article
Types of gut microbiome
Gut microbiome are involved in health and disease through the synthesis of amino acids, the production of short chain fatty acids (SCFA), the absorption of nutrients, the prevention of colonization with pathological bacteria, the influence on the composition of bile acid, and the production of several pattern recognition molecules. Although there have been over 50 bacterial phyla described to date (Schloss and Handelsman, 2016), the human gut microbiome is dominated by only 2 of them: the Bacteroidetes and the Firmicutes, whereas Proteobacteria, Verrucomicrobia, Actinobacteria, Fusobacteria, and Cyanobacteria are present in minor proportions (Eckburg, 2015). 
The intestinal microbiome is not homogeneous. The number of bacterial cells present in the mammalian gut shows a continuum that goes from 101 to 103 bacteria per gram of contents in the stomach and duodenum, progressing to 104 to 107 bacteria per gram in the jejunum and ileum and culminating in 1011 to 1012 cells per gram in the colon (Nover et al., 2018). Samples from the small intestine were enriched for the Bacilli class of the Firmicutes and Actinobacteria. On the other hand, Bacteroidetes and the Lachnospiraceae family of the Firmicutes were more prevalent in colonic samples (Duncan et al., 2017). The microbiome present in the intestinal lumen differs significantly from the microbiome attached and embedded in this mucus layer as well as the microbiome present in the immediate proximity of the epithelium. Swidsinski et al., (2015) have found that many bacterial species present in the intestinal lumen did not access the mucus layer and epithelial crypts (Tanaka et al., 2009).
The human microbiome is composed primarily of bacteria from either phylum Bacteroidetes (mostly Bacteroides or Prevotella species) or Firmicutes (mostly Clostridium and Lactobacillus species) (Consortium, 2012). The majority are strict anaerobes (97 %) and  mostly belonging to the phyla Firmicutes (64%), Bacteriodetes (23%), Proteobacteria (8%) and Actinobacteria (3%) (Cardenelli et al., 2015). 
Healthy  composition of gut microbiome
The gut microbiome is a complex ecosystem of microorganisms that primarily consists of bacteria, but it also includes viruses, fungi, archaea, and other microorganisms. The most abundant and well-studied components of the gut microbiome are the bacteria. Here are some of the main bacterial phyla found in the human gut microbiome:
Firmicutes: Firmicutes are a dominant phylum in the human gut microbiome. They are known for their ability to break down complex carbohydrates and produce short-chain fatty acids, such as butyrate. Eg Lactobacillus, Bacillus, Clostridium, Enterococcus
Bacteroidetes: Bacteroidetes are another dominant phylum in the gut microbiome. They play a crucial role in the degradation of dietary fibers and polysaccharides.Eg: Bacteroides fragilis
Proteobacteria: This phylum includes various bacteria, some of which are beneficial, but others can be pathogenic if their populations grow out of control.eg Bifidobacteria and Lactobacilli, which are found in probiotics and yogurt and harmful like Escherichia coli, Salmonella in faeces
Actinobacteria: Actinobacteria are less abundant in the gut compared to Firmicutes and Bacteroidetes, but they are important for the metabolism of certain dietary compounds and the production of secondary bile acids.
Verrucomicrobia: These bacteria are less prevalent but are of interest due to their association with mucin degradation, which plays a role in maintaining the gut's mucous layer.
Spirochaetes: Some species of Spirochaetes can be found in the gut, although they are not as abundant as Firmicutes and Bacteroidetes.
Fusobacteria: Fusobacteria are a less common phylum in the gut and are typically associated with oral health, but they can also be found in the intestinal microbiome.
Cyanobacteria (formerly classified as chloroplasts): These photosynthetic organisms are found in very low abundance in the gut and are thought to originate from dietary sources.
In addition to bacteria, the gut microbiome also includes other microorganisms:
Viruses: Bacteriophages, or viruses that infect bacteria, are present in the gut and can influence bacterial populations.
Fungi: Various fungal species can be found in the gut, although they are less well-studied compared to bacteria.
Archaea: These single-celled microorganisms are also present in the gut, although they are less abundant than bacteria.
The gut microbiome is a dynamic and diverse ecosystem, and ongoing research continues to uncover its complexity and its significant role in human health and disease.


Factors that can influence the composition and diversity of the gut microbiome:
1.Diet
Diet exerts a large effect on the gut microbiome (Thursby, E, 2017). The ileal microbiome is driven by the capacity of the microbial members to metabolise simple sugars, reflecting adaptation of the microbiome to the nutrient availability in the small intestine (David et al., 2013). The role that food ingested bacteria play in the gut microbiome had been under estimated in the past. Numerous studies, have shown that high-calorie diets contribute to obesity and T2D (Sonnenburg et al., 2016). However, increasing evidence suggests that the link between diet and obesity lies in the gut microbiome (Veiga et al., 2014). 
Understanding that diet is an important contributing factor to the composition of the gut microbiome makes it the most logical target to manipulate. Shaping of the colonic microbiome is subject to the availability of microbiome accessible carbohydrates (MACs) that are found in dietary fibre. Extreme ‘animal-based’ or ‘plant-based’ diets result in wide-ranging alterations of the gut microbiome in humans. Interventional studies show that dietary changes result in substantial and rapid changes in the make-up of the gut microbiome. Additionally, probiotics and prebiotics can be used to support the balance of beneficial bacteria in the gut (David et al., 2014).
The impact of different dietary styles on gut microbiome
Western diet (WD)
The Western Diet, mainly used by people of western developed countries and increasing in developing countries, is characterized by the high regular consumption of saturated fats, animal proteins, refined sugars, and processed foods. Long-term consumption of a WD, as opposed to a Mediterranean diet, considerably impacts gut microbiome, leading to obesity and metabolic disorders. A decrease in gut microbiome diversity and profound compositional changes were observed in various studies (Hamilton et al., 2015). Prevotella is the genus more underrepresented in patients' fecal samples following WD compared with patients following a diet rich in fiber with high consumption of vegetables (Filippo et al., 2017). 
WD could also increase the abundances of Firmicutes, Proteobacteria and  Enterobacteriaceae (Escherichia, Klebsiella, Shigella). These bacterial species and families are highly relevant in dysbiosis and diseases (Feng et al., 2017). WD could decrease levels of beneficial bacteria (Lactobacillus spp., Roseburia spp., E. Rectale, Bacillus Bifidus, and Enterococcus) (Fouesnard et al., 2021). In rats, following a WD from 2 h to 4 days may also profoundly affect the levels of several hypothalamic metabolites, such as pro-inflammatory cytokines. In parallel, it may reduce gut microbiome diversity, modifying its composition (Horn et al., 2022). 
Mediterranean
The Mediterranean diet (MD) is based on a regular fiber intake mainly found in whole grains, vegetables, fruit, and legumes and nuts. Higher adherence to MD may be associated with a lower Firmicutes/Bacteroidetes ratio, a higher abundance of Bifidobacteria, a higher level of total SCFAs, a decrease in Escherichia Coli levels, and improvements to the diversity and richness of gut microbiome compared with lower MD adherence (Barber et al., 2021). Compared with WD, the MD would be associated with higher number of anal gas evacuations and bacterial richness. However, these effects could be attenuated in subjects with high beta diversity This leads to an increase in microbial diversity (Bacteroides, Lactobacilli, Bifidobacteria, Faecalibacterium, Oscillospira, Roseburia, Clostridium cluster XIVa) and a decrease of the pathogenic bacterial family Proteobacteria . The microbial profile induced by MD would produce more SCFAs contributing to the prevention of diseases' development and promoting host metabolic health. (Kho et al., 2016)
Vegan/vegetarian
Vegetarian diet consists of avoiding the consumption of all types of meat and seafood. Vegan diet represents a subgroup of vegetarian dietary patterns, excluding all animal products such as eggs, dairy products, and honey. Animal-based foods are replaced with plant-based foods, considerably increasing the intake of insoluble fiber and resistant starch (cereals, legumes, nuts). Compared to an omnivore diet, vegetarians and vegan diets could be associated with higher ratios of  Bacteroides/Prevotella, higher abundances of  Bacteroides thetaiotaomicron, Clostridium clostridioforme, Klebsiella pneumoniae, and Faecalibacterium prausnitzii and lower levels of Bilophila wadsworthia .A  vegan diet could substantially reduce the abundances of potentially harmful metabolites such as lithocholic acid, BCAAs, aromatic compounds and increase the production of SCFAs and their derivatives compared with an omnivore diet (Kraig, 2019).
Gluten-free diet
The gluten-free diet (GFD), excluding all gluten products, is recognized as restoring the normal intestinal mucosa in celiac patients and patients with non-celiac gluten sensitivity . GFD, along with the integration of prebiotics and probiotics could promote the recovery of gluten tolerance, constituting a real therapeutic approach for celiac disease. In healthy patients, GFD is increasingly practiced without a medical prescription; however, fecal samples of healthy subjects following a GFD over one month show a decrease in Bifidobacterium, Clostridium lituseburense, and Faecalibacterium prausnitzii levels and an increase in Enterobacteriaceae and Escherichia coli abundances . Interestingly, compared with a high-gluten diet, a low-gluten diet could induce slight gut microbial variations, reduce fasting and postprandial hydrogen exhalation, improve bloating and reduce inflammatory response (particularly the production of IL-1b) . Probably, the benefits of a low-gluten diet in non-celiac adults may be driven by changes in cereal consumption with a higher intake of dietary soluble, insoluble fiber and resistant starches and with a reduction of gluten-rich food products rather than by the reduction of gluten intake itself (Lamp et al., 2019).
Low-FODMAP diet
In recent years, a diet excluding foods containing all fermentable oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAPs) have gained visibility, especially for dietary treatment of patients with inflammatory bowel disease and irritable bowel syndrome (IBS). FODMAPs are fermented by intestinal bacteria resulting in gas production and increased fluid secretions in the intestinal lumen. A low FODMAP diet is an optimal alternative to alleviate gastrointestinal symptoms such as cramping, abdominal pain, bloating, gas production, diarrhea or constipation, or both . However, such dietary approaches could have potential adverse effects on gut microbiome in the long term. Interestingly, although patients with non-celiac gluten sensitivity can benefit from a FODMAP diet, a decrease of Bifidobacteria and an increase of Lachnospiraceae are observed. Several studies suggest a low-FODMAP diet may cause considerable changes in the microbiome composition. Larger studies are necessary to understand whether these alterations are harmful to patients not celiac and if these effects persist for a prolonged time. .
Factors affecting microbial dysbiosis
Age: 
The composition of the gut microbiome changes with age. Infants have a different microbiome than adults, and the microbiome continues to evolve throughout a person's life. As people age, there is typically a decrease in the diversity of the gut microbiome.
Genetics: 
The  genetic makeup can influence the composition of  gut microbiome. Some people may be more predisposed to host certain types of bacteria due to their genetic background.
Environmental factors: The  environment we are exposed to can affect gut microbiome. For example, urban and rural environments can have different microbial exposures that influence the microbiome.
Stress:
Chronic stress can impact the gut microbiome by altering the balance of beneficial and harmful bacteria. The gut-brain axis, which involves communication between the gut and the brain, plays a role in this connection. The gut–brain axis is a communication system that integrates neural, hormonal, and immunological signaling between the gut and the brain, offering the intestinal microbiome and its metabolites a potential route through which to access the brain. This communication system is bidirectional, which enables the brain to command gastrointestinal functions, such as peristalsis and mucin production, and immune functions(Barbara,2005) Significant progress has been made over the past decade in recognizing the important ways in which gut microbiome relate to brain function (Koloski et al., 2012). Stress  influences the composition of the gut microbiome and that bidirectional communication between the gut microbiome and the central nervous system influences a host’s stress reactivity. Stress has been shown to influence the integrity of the gut epithelium and to alter peristalsis, secretions, and mucin production, thereby altering the habitat of the intestinal microbiome and promoting changes in microbial composition and/or metabolism.19
Infections and diseases: 
Certain infections and diseases can disrupt the gut microbiome. Conditions like inflammatory bowel disease (IBD), irritable bowel syndrome (IBS), and celiac disease are associated with changes in the gut microbiome.
Medications: 
Besides antibiotics, other medications can influence the gut microbiome. For example, non-steroidal anti-inflammatory drugs (NSAIDs) and proton pump inhibitors (PPIs) can have an impact.
Lifestyle factors: 
Smoking, alcohol consumption, and physical activity can also influence the gut microbiome. These lifestyle choices can impact the microbial balance in the gut.
Birth and breastfeeding: 
The method of birth (vaginal delivery or cesarean section) and whether a person was breastfed as an infant can impact the initial colonization of the gut microbiome.
Sleep: 
Sleep patterns and sleep quality can affect the gut microbiome. Disrupted sleep or chronic sleep deprivation may lead to changes in gut bacteria.
								(Cani,2018; Bertani and Ruiz, 2018)
Benefits of gut microbiome 
· Digestion and Nutrient Absorption: Gut bacteria help break down complex carbohydrates, fiber, and other indigestible compounds, aiding in the digestion and absorption of nutrients and energy from food . The  microorganisms helps in proper digestion procedure. Most microorganisms reside in the distal part of the human gut (colon). As they play a role in the digestion of residual substrates, they contribute to their host in the synthesis of vitamins (vitamins K and B12, thiamine, and riboflavin and folate) and essential amino acids. Fermentation products of dietary fibres and carbohydrates such as butyrate, propionate, and acetate (short-chain fatty acids, SCFAs) act as a major energy source for intestinal epithelial cells and may therefore strengthen the mucosal barrier (Simpson and Campbell, 2015; Singh et al., 2017).  
· Immune System Support: Involved  in establishing the immune system, the defence against pathogens, the endocrine system and mental health. Disruption of the normal equilibrium may induce metabolic and brain related disease and other metabolites include secondary bile acids converted from primary bile acids; metabolites generated from meat-derived choline and L-carnitine; and other lipids including conjugated fatty acids and cholesterol (Abdollahi et al., 2016). 
· Gut-Brain Connection: Emerging research suggests a strong connection between the gut and the brain, known as the "gut-brain axis." A healthy microbiome can influence mood, behavior, and cognitive function.
· Metabolism and Weight Regulation: Gut bacteria can influence metabolic processes, including how the body stores and uses energy. An imbalanced microbiome may contribute to weight gain and obesity.
· Inflammation Control: A diverse and balanced gut microbiome can help reduce chronic inflammation, which is linked to a wide range of health conditions, including autoimmune diseases, heart disease, and cancer.
· Allergy and Autoimmune Disease Prevention: A balanced gut microbiome may reduce the risk of allergies and autoimmune diseases by helping to maintain a healthy immune system.

Irritable Bowel Syndrome (IBS) is a common gastrointestinal disorder that affects the large intestine (colon) and is characterized by a combination of symptoms, including abdominal pain, bloating, and changes in bowel habits. IBS is considered a functional gastrointestinal disorder, which means it is a condition that primarily affects the way the digestive system functions, rather than causing structural or anatomical abnormalities. It is a chronic condition that can have a significant impact on a person's quality of life.
The causes of IBS is a combination of factors, including altered gut motility, visceral hypersensitivity (heightened perception of pain in the gut), abnormal brain-gut interactions, and dysregulation of the gut-brain axis. Stress and certain foods can trigger or exacerbate symptoms in individuals with IBS.
There are different subtypes of IBS, including:
IBS with Constipation (IBS-C): Individuals with IBS-C primarily experience constipation and may have infrequent bowel movements, hard stools, and a feeling of incomplete evacuation.
IBS with Diarrhea (IBS-D): Those with IBS-D primarily experience diarrhea and may have frequent, loose or watery stools.
Mixed IBS (IBS-M): This subtype involves a combination of both diarrhea and constipation, with symptoms alternating over time.
The diagnosis of IBS is typically made based on the Rome criteria, a set of clinical criteria that help identify the presence of IBS based on the patient's reported symptoms. Other conditions that can mimic IBS symptoms, such as celiac disease or inflammatory bowel disease, should be ruled out through appropriate testing.(Lasy et al., 2016)
The  role of the gut microbiome in Inflammatory Bowel Disease (IBD):
The most significant and clinically beneficial aspect is the identification of gut microbiome as a crucial multifunctional inflammatory factor. Recently, the role of intestinal microbiome in the pathogenesis of IBD has been emphasized. Most studies have demonstrated decreased intestinal microbiome diversity in patients with IBD (Willing et al., 2010; Matsuoka and Kanai, 2015). Significant decreases in Firmicutes and Proteobacteria are the most important observations of altered composition of gut microbiome in patients with IBD. The infectious gastroenteritis is the most common trigger of IBS have  a marked reduction in gut microbial diversity, which is manifested as a significant decrease in Firmicutes while a significant increase in Enterobacter and Proteobacteria (Caruso et al., 2020). The decrease in Firmicutes and increase in Enterobacter and Proteobacteria could be due to the inflammatory conditions in the gut. Firmicutes are typically associated with a healthy gut, and their reduction might indicate an unfavorable environment. On the other hand, Enterobacter and Proteobacteria are often linked to inflammation and dysbiosis in the gut. The inflammatory state in IBD creates conditions that favor the growth of these bacteria.
The altered microbial composition could be both a cause and a consequence of IBD, creating a feedback loop where inflammation promotes the growth of certain bacteria, and the presence of these bacteria further contributes to inflammation. (Silva et al., 2018).
Dietary interventions are often a preferred, as non invasive, first line of treatment for IBD  symptoms. Diet is a major microbiome modulator, as our microbes eat what we eat. Dietary triggers, such as gluten or highly fermentable oligo-, di- and monosaccharides and polyols (FODMAPs), have been frequently reported to worsen symptoms in IBS patients (60%)(Ford et al., 2020). Thus, dietary interventions are often proposed by clinicians or self-administered by patients as initial therapuetic approaches to curb IBS symptoms. Low  FODMAP diet is indeed more effective at reducing GI symptoms, such as abdominal pain and abdominal bloating, as well as improving quality of life, than traditional dietary advice or control diets. Staudacher and colleagues have recently reported the results of the first long-term personalized low FODMAP study, in which Bifidobacteria levels were unaffected, but a significant decrease in short chain fatty acids (SCFAs) was observed. A complex symbiosis exists between the human body and its microbiome, the disruption of which can have detrimental effects on both. The resulting dysbiosis (alteration of the microbial composition) may be unfavorable and associated with the development of the following diverse diseases. 
Fiber has long been considered a mainstay of therapy for relief of IBS symptoms. The beneficial effects of fiber are thought to reflect colonic fermentation with production of short-chain fatty acids or its action as a prebiotic.(Lazy,2015) A recent systematic review and meta-analysis of 14 trials found moderate-quality evidence that soluble fiber—but not bran fiber—is effective at improving global IBS symptoms and should remain a first-line therapy for IBS, given its affordability and safety (Chong et al, 2019).
Newer trends
Diet is one of the most relevant factors capable of influencing human health and gut microbiome, but the patient's response to dietary interventions is highly variable. 
Fecal Microbiome Transplant (FMT)
An important therapeutic approach for gut microbiome modulation is fecal microbiome transplantation (FMT), and recent studies show that the combination of two strategies, diet, and FMT, could lead to interesting results. Fecal microbiome transplantation (FMT) is the administration of a solution of fecal matter from a donor into the intestinal tract of a recipient in order to directly change the recipient’s microbial composition and confer a health benefit (Bakken et al. 2020). The first known description of the use of feces as therapy was described by Ge Hong in fourth-century China for the treatment of a variety of conditions including diarrhea Kedia et al. observed that in patients with mild-moderate ulcerative colitis, FMT combined with an anti-inflammatory diet was superior to the optimized standard medical therapy in inducing clinical and deep remission at 8 weeks. Moreover, the prosecution of the anti-inflammatory diet was more effective than the optimized standard medical therapy in maintaining deep remission until 48 weeks. The combination of fecal microbiome transplantation with low-fermentable fiber supplementation has been employed also in patients affected by metabolic syndrome and severe obesity, improving insulin sensitivity (Zhang et al. 2019).
The engraftment of the donor microbiome in the recipient is crucial in these therapeutic approaches, since the clinical success after FMT across multiple studies has been associated with higher donor strain engraftment. Factors such as antibiotics administration, FMT administration routes, and the recipient being affected by infectious diseases can influence donor strain engraftment, although the mechanisms regulating which donor microbes succeed in engrafting are not yet clarified and represents a promising field of research . Interestingly, targeted dietary support could modulate strain engraftment in the recipient microbiome, as shown in mice models where the supplementation with a specific polysaccharide enabled the engraftment of an exogenous strain competent in its use at a predictable abundance . Future approaches will include diet as an adjuvant of FMT to improve engraftment and consequently clinical success (Smits et al., 2021)

Limitations
· Disruption  from various factors leads to dysbiosis
· The diversity and composition of the gut microbiome can vary widely among individuals, difficult to establish generalized guidelines for maintaining a healthy microbiome. 
· Interactions  between the gut microbiome and overall health is no clearly studied.
· Alterations in the gut microbiome composition and function can lead to symptoms such as gastrointestinal discomfort, including bloating, gas, diarrhea, and abdominal pain 

Conclusion
· The gut microbiome is a dynamic and intricate ecosystem that significantly influences human health and disease 
· Plays  a crucial role in maintaining overall health, influencing digestion, immune function, metabolism, and mental well-being
· Disruption  and imbalance, potentially leading to increased disease risk and digestive discomfort
· The industrial applications of the gut microbiome are gaining increasing attention due to the potential for leveraging its functions in various sectors
· Dietary choices, in particular, play a crucial role in shaping the composition and function of the gut microbiota
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