A narrative overview on crucial role of gut microbes in chronic infectious and inflammatory disease
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ABSTRACT
The human gut microbiota is made up of thousands of bacteria that combat pathogens in infectious disorders and suppress or induce inflammation in various immunological situations. The human gut microbiome (GM) is a massive microbial population that is essential to human survival.  It promotes the proliferation, development, and differentiation of epithelial and immunological cells, which aids in the maintenance of intestinal homeostasis. Disorders that affect the microbiota induce an imbalance in the host's immunological regulation. A study of research suggests that the gut microbial ecology is linked to the onset and progression of several infectious and inflammatory disorders. Understanding the relationship between intestinal microbiota and immune system regulation is therefore critical for understanding the mechanisms involved in various illnesses. This review focuses on the main gut bacteria capable of influencing the immune response in various pathologies, as well as the regulation and mechanism of GM on neurodegenerative diseases, metabolic diseases, and gastrointestinal diseases, making them a potential target for disease prevention and treatment.
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1. Introduction
Chronic infection is defined by the persistence of infectious viruses beyond the first infection and might involve chronic or recurring disease (Boldogh et al., 1996).  Chronic infections are a significant public health problem. The challenge in influencing them would have been easy to comprehend if chronic foci bacteria had exhibited high antibiotic resistance or if immunological weaknesses were consistently observed in people with chronic infections. Nevertheless, there are also cases of persistent infections in which the bacteria are antibiotic-resistant and the immune system is operating correctly (Malyshkin, 2014). Inflammation is a medical condition. When the body comes into contact with an invading agent (including certain viruses, bacteria, or harmful substances) or sustains an injury, it stimulates the immune system. The immune system's first responders are the inflammatory cells and cytokines. These cells initiate an inflammatory response to capture bacteria and other pathogens or to begin mending wounded tissue. As a result, you may have discomfort, swelling, bruising, or redness. However, inflammation impacts biological systems that are not visible (Yang et al., 2022).
Infectious diseases continue to be the leading causes of human and animal morbidity and mortality rates, resulting in enormous healthcare spending in India. The introduction of new human infections and the revitalization of old diseases are severe issues in this decade (Mourya et al., 2019). India is the most populated country, with altering sociocultural and epidemiological patterns that have drawn international interest in recent times (Patil et al., 2002). In India, either contagious or non-modifiable diseases are said to affect various social and economic groups adversely (Banerjee & Dwivedi, 2016). Some common communicable diseases that have spread rapidly in India in recent years are COVID-19, Malaria, Typhoid, Tuberculosis, AIDS, Hepatitis, Influenza, and so on (Most Communicable Diseases in India, 2023). A disease's transmission does not end in a nation's territory. Germs spread more quickly as more people live in congested cities and travel to other nations. Communicable diseases that begin from one area of the globe can quickly spread to another. AIDS, Malaria, COVID-19, and Tuberculosis are among the primary diseases now afflicting countries around the world. Several world health issues exist in addition to disease propagation. Medicine resistance, such as antibiotic resistance, seems to be increasing. This makes specific disorders more difficult to control. Natural and man-made calamities result in refugee populations experiencing both acute and long-term health issues. Extreme weather, as well as a lack of access to food and safe water, are international issues that can have an impact on people's health. Many regions and health authorities are cooperating and transmitting ideas on this or other health-related topics (Figure 1) (Global Health, n.d.).
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Table 1: Nowadays disease is not just trapped in one nation as more people live in congested cities and travel to other nations. Communicable diseases that begin in one area spread to another part of the globe. The above table represents the most prominent communicable diseases present both in India and globally and the pathogen that causes them (Did You Know?, 2021).
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Figure 1: As we all know the gut microbiome is a group of microorganisms that help to fight the pathogens and can also prevent different diseases at the ground level. The above shown arrow diagram represents how the gut microbiome is related to most diseases and also to different body functions in the human body (“Gut Microbiota,” 2023). 
The contemporary era's enormous psychological and biological changes pose a severe threat to human wellness. The human microbiome is a diverse collection of microbiotas that impact the ratio of wellness and pathology in their environment. Such microbes provide significant biochemical advantages to their hosts, such as immunological modulation and disease resistance (Khor et al., 2021). The mutual link between gut bacteria and its symbiont organism has received a lot of attention. While the digestive tracts mechanics and anatomy are complicated in itself, the microbial residents of the gut all have their unique activities (Hill et al., 2014). Bacteria, archaea, viruses, and eukaryotic organisms inhabit the digestive system and make up the gut microbiome (Ullah et al., 2023). Researchers have found that the gut microbiota has a significant impact on the start and course of major human diseases for which there are presently no treatment options. Having fats in your liver is natural, but when it accounts for any further than 10% of its weight, it may end up suffering. Heavy drinking is a prevalent trigger for fatty liver disease. However, several individuals grow it without drinking heavily (Non-Alcohol Related Fatty Liver Disease (NAFLD) (Younossi et al., 2018). Non-alcoholic fatty liver disease (NAFLD) refers to a group of liver disorders that range from hepatic steatosis to non-alcoholic steatohepatitis (NASH), with or without fibrosis, and can progress to liver cirrhosis or hepatocellular cancer (Xia et al., 2022). NAFLD which is regarded as a major public health concern worldwide has sparked rising interest in the field of liver disease research. Pathophysiological medication therapies for NAFLD are being studied, but the absence of licensed treatments is due to acknowledged rates. These pharmacological therapies tend to have limited effectiveness, mainly in treating fibrosis. Despite extensive drug development, there are presently no FDA-approved medications for NASH, and no specific therapy can be recommended. The medications that are currently given for NASH are being taken off-label all around the globe. Probiotics are used as microbial therapies in the treatment of NAFLD. Countless potential therapeutic studies for the prevention and control of NAFLD and NASH have been conducted as a result of the effects of gut microbiome. Nonetheless, probiotics such as Lactobacillus, Bifidobacterium, and Pediococcus are useful in the prevention of NAFLD in experimental studies. Probiotics eliminate NAFLD in rodents by restoring microbial balance in the gut, which lowers lipogenesis and, as a result, liver inflammation. Prebiotics, pre- and probiotic combinations (synbiotics), antibiotics, and FMT (Fecal microbiota transplantation) are some of the other potential techniques (Figure 2) for modifying gut microbial assemblages for positive effects in NAFLD (Gupta et al., 2022).
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Figure 2: NAFLD, which directly translates into Non-alcoholic fatty liver disease generally happens as the name suggests to an individual who doesn’t drink excessively, and the causes of NAFLD in a non-drinker are represented in the picture above (NAFLD & NASH - Symptoms, Causes, Differences & Treatment Options, 2022).
2. Gut microbes and inflammations
The microbiota is the aggregate of all microorganisms, including bacteria, fungi, viruses, and associated genes, that exist naturally on and inside human bodies. Despite bacteria being microscopic organisms that have to be viewed under a microscope, they have a significant impact on human health and welfare. They defend us from viruses, contribute to the formation of our immunity, and allow us to break down food to process energy (Microbiome, n.d.). 
The gut flora is vital in immune function and physiology, including microorganism invasion, prevention, and immunological reaction regulation (Xia et al., 2022). The links involving both gut microbiome formation and illness status have been heavily publicized, and current research has shown that the gut microbiome influences remote organs, mucosal response, and immunological activity. A significant amount of work is currently being put into studying the biology of microbiome formation in humans in the area of health impacts, as well as expanding our understanding of microbiome-host biomolecule interactions. These initiatives eventually aim to create effective methods for rehabilitating disrupted human microbial communities to restore safety and reduce disease. Configurational and physiological abnormalities in gut microbiome have been observed in a variety of autoimmune disorders, and there is mounting consensus that agitated gut microbiome contributes to associated immunopathogenesis (Vijay & Valdes, 2021).
Even though the concentration of the human gut microbiota varies over time, there is a wide spectrum of common microbial genes in healthy populations. Firmicutes and Bacteroidetes groups contribute to even more than 90% of the overall inhabitants of gut microbiota in most situations. The gut microbiota, on the other hand, varies widely between individuals and under illness situations. The change could be represented by decreased flora variation or varying microbiological density (Cheng et al., 2020). Gut flora diversity is widely assessed utilizing DNA-based approaches including analysis of 16S ribosomal RNA genes or all genomic sequencing, which also permits the interpretation of microbial functions. Using metabolomic approaches, bacterial metabolic products may now be measured in faeces and serum. The gut microbiome is required for the fermentation of poorly absorbed substrates such as food fibres and endogenous intestinal mucus. This fermenting promotes the growth of bacteria that synthesize short-chain fatty acids (SCFAs) and gases. Acetate, propionate, and butyrate are the main SCFAs generated (Valdes et al., 2018).
Gut microbiome metabolites like bile acids and short-chain fatty acids (SCFAs) can help keep the host healthy by supplying nourishment and energy while also influencing host immunity. These metabolites comprise tiny substances produced directly by commensal bacteria as well as the end products of food substrates digested by commensal bacteria, both of which play a significant role in host health. Primary bile acids, such as chenodeoxycholic acids, have been shown to have antibacterial effects against pathogenic bacteria because they stimulate the generation of host antimicrobial peptides. Secondary bile acids generated from genetically modified organisms and symbiotic products including propionate also inhibit the colonization of bacterial pathobionts such as C. difficile. Obesity, Parkinson's disease, and illnesses that impair intestinal epithelial integrity have all been linked to GM-derived SCFAs. SCFAs can also help to maintain intestinal homeostasis by modulating the immune system (Figure 3). Relative to healthy individuals, Crohn's disease (CD) patients have a lower abundance of butyrate-producing bacterial species in the Ruminococcaceae family (Zhang et al., 2021).
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Figure 3: The above-shown picture is that of a whole digestive system, but the main focus is on the gut containing different microbes making up the gut microbiota or the gut microbiome, and as the picture  (Figure 4) depicts it correlates to every other organ and having an axis between them (Afzaal et al., 2022).
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Figure 4: The gut microbiota is a combination of microorganisms consisting of different kinds of bacteria, fungi, viruses, and so on. Bacteroidetes and Firmicutes are both present in more amounts compared to the others in the gut of a healthy human. Many factors can disrupt the composition of these microorganisms present in the gut as shown in the picture above (Liang et al., 2022).
3. Macrophage and inflammation
Macrophages are a special (myeloid) type of immune cell that is spread throughout the body. They participate in phagocytosis, the elimination of bacteria and other harmful organisms (Varol et al., 2015).  Macrophages are also known as antigen-presenting cells. Having MHC class II on their surface, their function is to present antigens to T cells to initiate the process of inflammation by releasing cytokines that help to activate other immune cells (Harding et al., 1992).Macrophages developed from CD14+CD16+ monocyte cells that departed from the circulation and differentiated in different tissues such as infection or tumor sites, to encourage continued inflammation or tissue healing. (Yang et al., 2014). There are different names for tissue macrophages according to the site where they are present; for example, macrophages that are present in adipose tissue are known as adipose tissue macrophages; Kupffer cells are found in the liver; microglia are found in the central nervous system; osteoclasts are found in bone; and so on. (Italiani et al., 2015). 
A vital component of your body's healing process is inflammation. During injury Immune cells or inflammatory cell travel to the site of an injury and start the process of inflammation to heal that site. Chronic inflammation may result from inflammatory cells remaining too long. There are two types of inflammatory macrophages found in humans and higher animals. M1 macrophages and M2 macrophages, both of which are responsible for the inflammatory response. Macrophages are known for pro-inflammatory responses, and M2 macrophages are known for anti-inflammatory responses (Yunna et al., 2020). The human body is very complex; whenever it faces injury from inside or outside, it goes through a complete series of cellular responses to heal that injury, starting from inflammation to tissue damage and then to healing. They also promote fibrosis and clear cell debris (Oishi et al., 2018). The inflammatory process needs some signal for initiation and also needs signals to stop. Both signals work in a controlled manner, but whenever the two signals are out of balance, the inflammation process spreads unchecked and leads to tissue damage. In the inflammation process, macrophages play three important functions: 1. Antigen presentation 2. Phagocytosis and 3. Very important, immunomodulation by releasing various cytokines and growth factor (Fujiwara et al., 2004)
Pattern recognition receptors or inflammatory cytokines such as IFN-γ activate the M1 macrophage after the activation of the M1 macrophage it starts releasing Pro-inflammatory cytokines such as TNF- α, IL-1, and IL-6. On the other hand, M2 macrophages also activate alternatively by IL-4, IL-10, or IL-13 and express some receptors such as Arg-1, and CD206. Anti-inflammatory macrophages’ main responsibilities include tissue repair and homeostasis, whereas proinflammatory macrophages’ key responsibilities include the destruction of tumors and infections through the generation of inflammatory cytokines and phagocytosis. M1 Macrophage Pro inflammatory macrophage presents the antigen to CD8+ T lymphocytes similar to a dendritic cell. Comparable to how immature DCs cross-present, anti-inflammatory macrophages may also serve in immunological tolerance to “self” proteins, commensal microorganisms, and dietary components. Anti-inflammatory macrophages help in tissue regeneration (Figure 5) or tissue repair, proliferation, angiogenesis, and immunomodulation. (MMuntjewerf et al., 2020)
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Figure 5:  Macrophage is a special type of immune cell which has a diverse role. It plays a very crucial role in inflammation the above figure represents the origin of different tissue resistant macrophage from monocyte their function, surface marker and cytokine (Kadomoto et al., 2021)
4. Macrophage in wound healing
There are different stages of wound healing, which is the process by which damaged tissue is repaired and returned to homeostasis after being subjected to mechanical or infectious trauma. (Kim et al. 2019). Anti-inflammatory macrophage is the main player in the tissue repair process it is activated by cytokines (like IL-4, IL-13) of Th2 cells. IL-1, IL-6, TNF-α, ROS, and nitric oxide are all produced by pro-inflammatory macrophages. Additionally, MMP-2 and MMP-9 are secreted by these cells to degrade the extracellular matrix and create space for inflammatory cells to invade. To promote cellular proliferation (Figure 6), the creation of granulation tissue, and angiogenesis, pro-wound healing macrophages secrete higher quantities of growth factors such as PDGF, insulin-like growth factor 1 (IGF-1), VEGF, and TGF-1 (Krzyszczyk et al. 2018)
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Figure 6: wound healing is an important physiological mechanism of all living organisms. It starts from homeostasis and ends with tissue healing .The above figure represent the common steps in wound healing (Themes, 2017).
5. Gut microbiota and Inflammatory Bowel Disease (IBD)
Inflammatory bowel disease is a type of chronic inflammatory disease that occurs in the digestive tract. It has two subtypes: Crohn’s disease and ulcerative colitis (Fabián et al., 2022). In Crohn’s disease Different parts of the digestive tract, most frequently the small intestine might be affected by Crohn’s disease-related inflammation in different individuals. The deeper intestinal layers are frequently affected by this inflammation. On the other hand, with ulcerative colitis, the inner lining of the large intestine becomes inflamed and develops ulcers as a result of an aberrant immune system reaction. IBD is very common among the group of people aged 15–30; it is not specific to any age or gender It can develop in people at any time (Inflammatory bowel disease: Symptoms, Treatment & amp; Diagnosis, n.d.).
There is no specific reason for the cause of this disease, but somehow there is some hypothetical reason for this disease, such as when environmental triggers like viruses or bacteria produce an improper immune response, the gastrointestinal tract becomes inflamed. Hereditary components also seem to play a role. It is more likely for someone to experience this incorrect immune response (Figure 7) if their family has a history of IBD (Ko et al., 2014).
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Figure 7: inflammatory bowel disease is a chronic inflammatory disease occurs in the intestine. The above figures represent the symptoms, prevention, and risk factor of inflammatory bowel disease (Kumar et al., 2019). The human gut contains certain types of microorganisms that play an important role in human health. In newborns, the gut microbiota differs significantly from that of adults in terms of composition and temporal pattern. In addition to strengthening the host’s natural defenses, gut bacteria also support the gut’s regular functioning. Dysbiosis of the gut microbiota, which causes an imbalance of beneficial and dangerous bacterial species and damages the intestinal microbial barriers, is a common symptom of inflammatory bowel disease. Different metabolites can be produced by the gut microbiota to stop the spread of harmful bacteria and encourage intestinal homeostasis. The mucus released by path cells and the bacteria in the gut are essential components of the digestive tract’s chemical barrier. The imbalanced microbiota in humans leads to inflammatory bowel disease (Thursby & Juge, 2017).
5.1. Microbiota in the treatment of IBD
From the studies, it is supposed that certain types of probiotic supplements and Faecal microbiota transplantation (FMT) can be used to treat intestinal inflammation in some animal models. In E. coli, salmonella growth can be inhibited by a probiotic known as Nissle 1917. FMT can restore intestinal mucosal immunological homeostasis for patients with IBD, which is also a current research hotspot based on the important involvement of gut microbiota in the pathophysiology of BD. Diet plays a very crucial role in the composition of the microbiota to control inflammatory bowel disease. The effects of diet mainly occur through three mechanisms. First, certain diets have the potential to alter the intestine microbiology’s composition while also indirectly influencing the intestinal immune system. Some dietary components can directly contribute to the intestinal immune response. Lastly, some dietary components can directly influence the intestinal mucosal barrier (As shown in Table 2) and cause an intestinal mucosal immune disease (Qiu et al., 2022).
	Good microorganism
	Amount in a healthy person
	Amount in IBD patient
	Bad microorganism
	Amount in a healthy person
	Amount in IBD patient

	Clostridium groups lV
	More
	Less
	Ruminococcus gnavus
	Less
	More

	Bifidobacterium
	More
	Less
	proteobacteria
	Less
	More


	Lactobacillus
	More
	Less
	Fusobacterium sp.
	Less
	More

	Faecalibacterium prausnitzii.
	More
	Less
	Candida albicans
	Less
	More

	Saccharomyces cerevisiae
	More
	Less
	Caudovirales
	Less
	More


Table 2: The gut microbiota has diverse functions in living organisms. There are various types of bacteria, fungi, and viruses present in the human gut and playing different functions there. The above table represents some good microorganisms and some bad microorganisms and their amounts in healthy humans and in IBD patients (Aldars-García et al., 2021).
6. Gut microbiota and Obesity
Gut microbiota refers to the microorganisms that reside in the human body. These microorganisms play an important role in humans. The types of microorganisms that are generally found in the human body are bacteria (archaebacteria and eubacteria), viruses, protozoa, fungus, and archaea. They are together known as the human microbiota (Jandhyala SM et al., 2023). The bacteria that live in the digestive tracts are referred to as gut flora or gut microbiota. Gut is generally the internal part-stomach (Gastrointestinal tract)which secrete HCL, hence highly acidic in nature(Sasso JM et al.,2023).The digestive tract constitute the part of human body from mouth to anus. Firmicutes (which includes lactobacilli), Bacteroidetes, Actinobacteria (which includes Bifidobacteria), and Proteobacteria are the four major phyla found in the human gut. The Fusobacteria and Verrucobacteria are two more phyla that are less prevalent.The relative amount of study interest in each of these taxonomic groupings is depicted in this presentation. Bacteroides, Clostridium, Fusobacterium, Eubacterium, Ruminococcus, Peptococcus, Peptostreptococcus, and Bifidobacterium are the most common bacterial genera.To begin, the phylum Firmicutes is made up of the classes Bacilli and Clostridia, which are gram-positive organisms with diverse physiology (anaerobic, aerobic) and include naturally occurring and beneficial bacteria such as Lactobacillus, Ruminococcus, Clostridium, Staphylococcus, Enterococcus, and Faecalibacterium. Second, the phylum Bacteroidetes includes the class Bacteroidetes, that involves gram-negative organisms found in the environment (e.g., dirt, ocean, and animal stomachs); examples include Bacteroides and Prevotella. Third, the phylum Proteobacteria is divided into two classes: Gammaproteobacteria and Betaproteobacteria, which contain gram-negative species such as Escherichia and Pseudomonas. Fourth, the phylum Actinobacteria includes the class Actinobacteria, which includes gram-positive organisms with a variety of morphologies, such as Bifidobacterium, Streptomyces, and Nocardia (Figure 8). 
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Figure 8: Different classes of bacterial phylum which includes- Actinobacteria, Bacteriodetes, Firmicutes, Proteobacteria with their examples (Sasso JM et al., 2023).
There are substantially fewer members of other genera, such Escherichia and Lactobacillus (Thomas et al., 2012). In the human gut, there are 23 species of bacteria from the genus Bacteroides, which accounts for around 30% of all bacteria (Jandhyala et al., 2015). Dysbiosis due to IBD (Inflammatory bowel disease) is particularly linked to both- decline in Firmicute diversity and increase in Proteobacteria. Since Firmicutes generate necessary short-chain fatty acids like acetic and butyric acids, which are known to have anti-inflammatory properties, they are low in numbers. The decreased abundance of Firmicutes bacteria from two important functional families of the human gut microbiota: Ruminococcaceae and Lachnospiraceae to which the majority of butyrate-producing bacteria in the human gut belong, is a common feature of the microbial dysbiosis among IBD patients. Therefore, it is seen that the observed abnormalities, such as a decreased ability of the IBD microbiota to produce butyrate, are due to the reduction of these bacterial groups in IBD. Because it acts as the primary source of energy for colonocytes, improves the attachment of the epithelial barrier, and reduces inflammation, butyrate is used in treatment for IBD. Gut homeostasis may be restored by a probiotics treatment that includes human consumption of butyrate-producing bacteria to promote in situ butyrate production. According to a recent study, taking a combination of bacteriophages that target a strain of Klebsiella pneumoniae related to IBD orally lowered intestinal inflammation.
Human body is made up of billions of cells, but it is interesting to know that the human body contains more bacterial cells than human cells—roughly 40 trillion bacterial cells vs 30 trillion human cells. The gut microbiota functions as a 'superorganism' within the human host, which are responsible in food absorption, producing metabolites that nourish the host , protecting the body from infection, maintaining the function and morphology of intestinal epithelial cells, and regulating host immunity (Dekaboruah et al,2020).The gut microbiota performs a range of biological tasks, including xenobiotic metabolism, dietary fiber fermentation, vitamin production, pathogen defense, and immunological modulation. The gut microbiota are responsible for the development of diseases such as obesity and asthma, as well as psychological disorders such as Parkinson's disease, in addition to digestive and skin disorders (Figure 9).
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Figure 9: Gut microbiome and its effects-positive and negative effects in human body (Dekaboruah et al., 2020).
The gut and the brain are correlated, with the gut microbiota and its metabolic production playing an important role. This is known as the gut microbiome-brain axis. Dysbiosis, or disruptions in microbiota homeostasis caused by imbalances in their functional composition and metabolic activities, causes dysregulation of these pathways and changes in the blood-brain barrier (BBB) permeability, resulting in pathological malfunctions such as neurological and functional gastrointestinal disorders. In turn, the brain, via the autonomic nervous system, can influence the structure and function of gut microbiota by controlling gut motility, intestinal transit and secretion, and gut permeability (Macfarlane et al., 2003).The gut microbiome-brain axis, a neuro-immuno-humoral network of signaling pathways that comprises the vagus nerve, the immune system, the hormone system, and bacterial metabolites and products, connects the gut and brain. Dybiosis or disruption of microbiota homeostasis caused by an imbalance in their functional composition and metabolic activities, causes changes in the permeability of the blood brain barrier (BBB), neuroinflammation, and other pathological malfunctions, including a variety of neurodevelopmental and neurodegenerative disorders. Although the gut microbial community will remain relatively stable over time, many factors, including genetics, age, region, lifestyle, drugs, infections, and diet, may influence the composition and relative abundance of different microbes, with diet being the most important factor. To detect the gut microbiota, a range of approaches are available, including fluorescence-based quantitative polymerase chain reaction, 16S ribosomal RNA amplicon sequencing, metagenomics, metatranscriptomics, metaproteomics, and microbial microarrays. Although the following methods can show the composition and potential of the gut microbiota, the in situ functions of the microbiota remain unknown.
6.1. Obesity
Obesity is the condition in which human gain weight than normal body mass. Body mass index (BMI) is a screening measure for both children and adult obesity and is defined as weight (in kilograms) divided by height (in meters) squared. Obesity is described as an excessive buildup of fat. 
6.2. Relationship between gut microbiota and obesity
Depleted microbial richness of gut microbiota in adults eating a Western diet (heavy in fat, sugar, and animal proteins) has been linked to an increase in obesity, coronary vascular disease, and metabolic syndrome. A favorable carbohydrate-based diet (rich in both complex carbs and simple sugars) was connected with the advantageous Prevotella(Bacteriods).Obese people had a higher Firmicutes/Bacteroidetes ratio and more Proteobacteria than lean people, though there was variance between studies. Turnbaugh et al. examined the fecal microbial communities of 154 adult female monozygotic and dizygotic twin pairs (along with their mothers) to see if they were in relation with normal weight or obesity. The study revealed that patients with obesity had a lower proportion of Bacteroidetes and a larger proportion of Actinobacteria than patients with normal weight. Obese children had different gut microbiota composition and function compared to lean children, including more proinflammatory bacterial taxa. Similar relationships have been discovered in mice, obesity was associated with a decrease in Bacteroidetes and a proportional increase in Firmicutes in obese mice compared to lean mice.Chierico et al. compared the composition of gut microbiota to metagenome functional content in obese adolescents and adults to similar in age participants with normal weight. Primary bile acid biosynthesis, steroid acid biosynthesis, fructose metabolism, mannose metabolism, galactose metabolism, butanoate metabolism, pentose phosphate metabolism, and glycolysis/gluconeogenesis were all associated with obesity in teenagers. Adolescents with normal weight, on the other hand, had a stronger connection with secondary bile acids, steroid hormone metabolism, lipoic acid metabolism, and glycan production and metabolism. Primary bile acids are those produced by the liver, while secondary bile acids are the consequence of colonic bacteria converting primary bile acids. Secondary bile acids have a favorable effect on energy expenditure and glucose homeostasis. According to studies, the brains of obese people have undergone structural alterations .In order to understand the underlying process causing this comorbidity, it is crucial to research the adipose-brain axis or connection between the two organs. The countless billions of bacteria that inhabit our digestive system, are crucial for controlling the adipose-brain axis. The gut-adipose-brain (GAB) axis is established through the homeostatic regulation of the adipose-brain axis by gut bacteria. So maintaining inter-organ communication and living a healthy life require a healthy microbiome. The major way that this enormous population of gut microbiota can interact with the host is through secreting various substances. 
6.3. Mechanism of obesity by gut microbiota
6.3.1. Energy absorption
According to studies, genetically obese mice eat more protein and carbs through the gut bacteria to supply energy to the host. In animal studies, it was discovered that when there were no dietary or weight differences between the mice, the germ-free mice colonised by the "obese microbiota" had considerably more total body fat than the mice colonised by the "lean microbiota". This research suggests that the gut microbiota of people who are fat is more capable of absorbing energy from food. A multiomics investigation revealed that obese hosts absorbed more lipids. The genes that regulate lipid absorption were downregulated by Clostridia colonisation in germ-free mice. Thus, the gut microbiota of obese patients may encourage energy absorption, leading to an abnormal buildup of energy. Carbohydrates are converted by the gut microbiota into short-chain fatty acids (SCFAs), which are either absorbed by the gut or eliminated in faeces. For the control of energy homeostasis, SCFAs are essential. The primary constituents in SCFAs are acetate, propionate, and butyrate. By secreting peptide YY, glucagon-like peptide-1, and other intestinal hormones, acetate can improve the host's energy metabolism. It can also lower levels of proinflammatory cytokines and systemic lipolysis while increasing lipid oxidation and energy expenditure. Propionate encourages intestinal lipolysis and energy balance in mice. Intestinal epithelial cells get the majority of their energy from the oxidation of butyrate, which is the colon's principal energy source. The increase in butyrate-producing bacteria in the gut microbiota enhances butyrate production, thereby improving lipid metabolism.
6.3.2. Chronic inflammation
One of the main characteristics of metabolic diseases like obesity is chronic inflammation. Evidence suggests that these illnesses are characterised by the intestinal barrier being broken by the gut microbiota and its metabolites, which affects different metabolic organs such the liver and adipose tissue and causes chronic inflammation. The microbiota of healthy mice was transferred into animals with chronic colitis using faecal microbiota transplantation. By controlling the expression of proinflammatory genes, antimicrobial peptides, and mucin, transplantation of faecal microbiota may be able to improve colitis in animals with chronic intestinal inflammation. Endotoxin lipopolysaccharide (LPS) has been found to be expressed at high levels in obesity and inflammation of adipose tissue. LPS activates a pro-inflammatory cascade in the gut by binding to Toll-like receptor 4 on immune cells. According to studies, a reduction in the number of the LPS family S247 is caused by a rise in the butyrate-producing Ruminococcaceae and Lachnospiraceae, which reduces chronic low-grade inflammation. By preventing cannabinoid receptor type 1 from activating, the gut bacteria can also avoid intestinal barrier dysfunction brought on by high-fat diets. Its activation can boost hunger and food intake because the endocannabinoid system plays a significant role in regulating the creation of fat in the gut and fat cells. The effects of antibiotic intake on the microbiota are sufficient to prevent obesity.The interaction of the gut microbiota with the activation or inhibition of the inflammatory cascade depends heavily on SCFAs. An anti-inflammatory metabolite called butyrate is known to block the cytokine production pathways that contribute to inflammation. Butyrate increases adipoliolysis and mitochondrial oxidative phosphorylation through epigenetic interactions, resulting in increased energy expenditure and the prevention of obesity. Butyrate, has also been demonstrated to decrease LPS in the gut, hence minimising LPS-related symptoms.Acetate, has a more important function in obesity and chronic inflammation,can be utilised as a substrate for the production of cholesterol which can aid to elevate blood cholesterol levels and increase the risk of obesity, reduce hunger and lower the risk of obesity. Acetate is a significant metabolite, and it plays a complex function in the control of obesity and the gut flora. Therefore, further research is required to determine the precise processes behind the connections between SCFAs and obesity, microbiota composition, and chronic inflammation.
6.4. Prevention of Obesity
1. Probiotics- Probiotics consist of beneficial bacteria including Lactobacillus, Bifidobacterium, and Streptococcus (Swanson et al,2020)
2. Prebiotics- Prebiotics are intentionally fermented foods that improve the host's health by altering the composition or function of the gastrointestinal tract.
3. Synbiotics- Probiotics and prebiotics are combined to form "synbiotics" .When compared to prebiotic or probiotic consumption alone; synbiotics have the potential to have a greater positive impact on the gut microbiota. They encourage the implantation and survival of live microbial dietary supplements in the host's digestive system.
4. Fecal microbiota transplant-Fecal microbiota transplant (FMT) is a procedure that involves ingesting stool from a healthy donor into a recipient using tablets, nasogastric/nasojejunal tubes, colonoscopy, enema, rectal tube, or sigmoidoscopy in order to restore microbial balance to new gut microbiota.
7. Gut microbes and Neurodegenerative disorders
Alzheimer's disease, Lou Gehrig's disease, and Parkinson's disease are examples of neurodegenerative disorders that damage the nerve cells (neurons) in the brain and spinal cord (Sorbon et al., 2022). They are chronic, frequently fatal diseases that cause neurons to gradually deteriorate and die.There are several varieties of neurodegenerative illnesses, each with specific origins and signs and symptoms. The development of these illnesses may be influenced by environmental factors.Recent research has shown that the Central Nervous System (CNS) homeostasis and dysfunction are significantly influenced by the gut microbiota (Mucke et al., 2012). Along with the known link between altered gut microbiota and gastrointestinal illnesses, intestinal and blood-brain-barrier (BBB) permeabilities may also rise. Short Chain Fatty Acids, SCFA, and other molecules derived from the gut microbiota may accumulate in the brain as a result of which it may then alter homeostasis to favour pro-inflammatory conditions. This may lead to neurodegenerative disorders such as Parkinson's disease (PD), Alzheimer's disease (AD), multiple sclerosis (MS), and amyotrophic lateral sclerosis (ALS).An increase in the levels of the microbiota's metabolites in the blood as well as humoral (like pro-inflammatory cytokines) or cellular (like monocytes) peripheral immune effectors might result in further pathological alterations caused by the microbiota. Microbiota affects the activity of microglia, which functionally correspond to brain-resident macrophages, as well as the activation of regulatory T-cells (Treg). This interplay between the peripheral immune system and the central neuroinflammatory response may play a role in the neuropathogenesis of several neurodegenerative disorders (Figure 10). 
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Figure 10: Some common Neurodegenerative disorders that are linked with gut microbiota-1.Alzheimer’s Disease 2. Parkinson’s disease 3. Amyotrophic Lateral Sclerosis 4.Huntington’s Disease 5. Aging and their characteristics (Sorboni et al., 2022).
7.1. Relation between gut microbiota and neurodegenerative disorders
 The CNS, ENS, and gastrointestinal (GI) bacteria govern the complex biochemical signaling, referred to as the gut-brain axis (GBA), between the GIT and the brain. Recent research on GBA has demonstrated the significance of intestinal microbiota involvement in these bidirectional interactions, namely via neurological, immunological, humoral, and endocrine linkages from the GI microbiota to the brain and vice versa. Since abnormalities in the GI microflora can affect the brain's physiology, cognition, and behavior, research on the GBA has received a lot of focus recently (Ojeda,2021). Since abnormalities in the GI microflora can affect the brain's physiology, cognition, and behavior, research on the GBA has received a lot of focus recently.The stomach and brain are connected by two different neuroanatomical routes. First, the vagus nerve (VN) and the autonomic nervous system (ANS) in the spinal cord provide direct communication between the brain and the gastrointestinal tract. Second, the bilateral contact between the gut and the brain is caused by the communication of Enteric Nervous System ( ENS) and GIT, which also results from the ANS and VN. Through the VN and activation of ENS afferent neurons, bacteria create a direct neurological link between the brain and GI microflora. Additionally, vagal stimulation has several beneficial effects on the gut microbiota and the probiotic stem as a result of its anti-inflammatory properties .Intestinal disorders like inflammatory bowel disease (IBD) and irritable bowel syndrome (IBS), as well as neurological illnesses and psychiatric conditions like anxiety, depression, have implications with an imbalance of the gut microbial communities or "dysbiosis" in the gut microbiota, according to a number of preclinical studies. 
7.2. Communication of gut and brain through Chemical Signaling
The GI microbiome interacts with the CNS primarily through immune-related, neurological, endocrine, and metabolic signalling pathways because there are several interactions within the microbiome-gut-brain axis (MGBA) via diverse mechanisms (Doshi et al, 2017). The brain and the resident microbes in the gut communicate using neurotransmitters like dopamine,γ-aminobutyric acid (GABA), serotonin, or 5-hydroxytryptamine (5-HT), neuropeptides, hormones (like the secretion of corticotropin-releasing hormone in the hypothalamic-pituitary-adrenal [HPA] axis), and short-chain fatty acids (SCFAs).Additionally, the control of the release of neurotransmitters like serotonin is influenced by the gut bacteria. For instance, by raising plasma levels of tryptophan, a precursor to serotonin, Bifidobacterium infantis influences central serotonin transmission (Thomas et al., 2012) . Additionally, it has been claimed that several bacterial species may synthesise a number of neurotransmitters, including acetylcholine, dopamine, noradrenaline, and serotonin. Bidirectional MGBA interactions are mediated by microbiota-derived metabolites, such as neuroactive metabolites, neurotransmitters, and vitamins, which affect host neurophysiology and immunology. Since the blood-brain barrier (BBB) and a number of feedback loops prevent direct access to the brain, it is still unclear how these microbial compounds affect brain function. As a result, they have an effect either immediately after passing through the BBB or indirectly through neuroendocrine, immunological, or vagal pathways.
7.3. Alzheimer Disease (AD)
Alzheimer's disease (AD) is a long-term, irreversible brain condition that causes memory loss and cognitive decline as a result of the gradual degradation of brain cells. The majority of older people with dementia (a group of symptoms that affect memory, thinking, and social abilities) suffer from this kind. Patients with AD have significant memory, behavior, and learning problems that interfere with daily tasks. In addition to amyloid-(Aβ) deposition around or outside of neurons, AD is characterized by neuronal cell death in the brain and progressive synaptic failure, as well as abnormal phosphorylation of the microtubule-associated protein tau (or proteins) in cortical neurons, dendrites and axons (Mucke et al,2012).The two main neuropathological markers of AD are still extracellular amyloid beta(Aβ) deposition (neurotic plaques) and intracellular accumulation of hyperphosphorylated tau (p-Tau; neurofibrillary tangles).Protein buildup and aggregation results in decreased microtubule stability, synaptic failure, and disruption of Ca2+ homeostasis in neurons, all of which eventually cause neuronal death . According to certain reports, amyloid may function as an AMP in the brain. Recent research has revealed a connection between the etiology of AD and CNS neuroinflammation brought on by external infections. Mice infected with the herpes simplex virus type 1 (HSV-1) exhibit traits that are typical of tau and Aβ deposition in AD individuals. Both the generation of Aβ and AD susceptibility are modulated by the elevated intracellular concentrations of cholesterol 25-hydroxylase (CH25H) brought on by viral infection. The possible associations between AD and various microbial diseases, such as fungal, Chlamydia pneumonia, and spirochaete infections, have also been shown in earlier research. Although there hasn't been a clear cure for AD for several decades, there have been some signs of optimism with the finding that the gut microbiota may play a crucial role in the pathogenesis of AD (Wimo et al,2017). Although it is not regarded as a novel idea, some research has shown that AD could have a microbiological origin. Correlations between microbe-derived compounds from the gut microflora and AD biomarkers such as phosphorylated tau and tau/A42 in the cerebral fluid of people with AD point to the involvement of the gut microbiota in the development of AD. Firmicutes and Actinobacteria counts were lower in AD patients, but Proteobacteria and Bacterioidetes numbers were higher and associated with a more severe form of AD. Furthermore, the presence and development of AD were linked to Enterobacteriaceae. From healthy controls to moderate cognitive impairment and dementia stage, the prevalence of "pro-inflammatory bacteria" such as Gammaproteobacteria, Enterobacteriales, and Enterobacteriaceae grew progressively. Additionally, there was a strong correlation between these alterations and AD's clinical severity (Leblhuber et al., 2021). Stool calprotectin content, which is known to be higher in people with dementia, may be used to quantify intestinal inflammation. The CSF fluid (cerebro-spinal fluid) and brain of AD patients both have considerably higher amounts of calprotectin, which promotes amyloid aggregation and co-aggregation with Aβ. Patients with AD might simultaneously have immune activation symptoms shown in their serum (neopterin) and faeces.
7.4. Parkinson’s disease (PD)
Parkinson's disease (PD) is a multicentric, progressive neurodegenerative disorder caused by the accumulation of Alpha-synuclein (aSyn) in the dopaminergic nerve cells of the substantia nigra, a region in the center of the brain (Braak et al., 2006). Lewy bodies, which are spherical lamellated eosinophilic cytoplasmic inclusions, are encouraged to gradually assemble via these mechanisms. Although the precise pathophysiology of PD is still unknown, it is likely a complex illness, and several ideas have been put out in that regard. A number of cellular pathways are affected by ageing, which impairs these activities and results in neurodegeneration. Ageing is a significant risk factor for the development and progression of Parkinson's disease (PD) (Poewe et al., 2017). It is possible that the same chemical changes that young neurons can tolerate have fatal impacts on older ones. Impaired motor symptoms, such as muscle stiffness, resting tremor, akinesia, and postural instability, are the main clinical signs of PD that first appear (Dickson et al., 2009). Before the age of 50, PD is uncommon, but as you age, your chances of getting it increase 5- to 10-fold. 5 to > 35 new cases per 100,000 people are reported each year, and it mostly affects men. Progressive dopaminergic neuron degeneration is accompanied by non-motor symptoms including sadness, dementia, and gastrointestinal (GI) issues like constipation, inappropriate salivation, defecatory dysfunction, nausea, and dysphagia. PD symptoms differ from person to person (Twelves et al., 2003). Numerous studies have suggested that intestinal dysbiosis and α-synuclein deposits in the enteric nervous system (ENS) are related to GI problems in PD patients. Up to 80% of people with PD experience abnormal gastrointestinal functioning, notably constipation, which can occur years before motor symptoms. The relationship between the gut microbiota and PD has been studied in several ways. Bifidobacterium, Lactobacillus, Akkermansia, and the opportunistic pathogens Porphyromonas and Corynebacterium have a high frequency in PD patients while Prevotellaceae, Lachnospiraceae, and Faecalibacterium, which produce SCFAs, are less common. The generation of the SCFA butyrate and the release of anti-inflammatory mediators by Faecalibacterium is shown to sustain the gut-barrier function. The Movement Disorder Society-Sponsored Revision of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS) part III motor scores and depression are associated with lower butyrate levels in PD patients who have a lower Faecalibacterium count. In PD patients compared to controls, other butyrate-producing taxa, such as Blautia, Caprococcus, Rosburia, and Prevotella, also display immunomodulatory activities. According to these findings, a research on 39 Parkinson's disease (PD) patients and their healthy spouses in central China found a negative correlation between Prevotella abundance and disease severity, demonstrating the critical role that inflammation plays in the development of illness. Bifidobacterium and Lactobacillus are typically included in probiotic comes together because they are widely regarded as advantageous (Varesi et al., 2022). With only a few exceptions, most investigations revealed their unexplained enrichment in the faeces of PD patients; this might be a compensatory strategy to restore intestinal homeostasis.Low levels of plasma trimethylamine N -oxide(TMAO) assessed at an early stage of the disease may be used as a prognostic marker to predict the development of dementia. Additionally, urolithin, an anti-inflammatory protein generated by the gut microbiota in response to polyphenol ingestion, has been linked to decreased urine levels of disease severity. Urolithin, a measure of dysbiosis, is low when the wholesome Lachnospiraceae and Gordonibacter overgrow at the expense of the pro-inflammatory Enterobacteriaceae. 
[bookmark: _top]8. Gut microbiota to combat stress
Stress is a response, that causes physical, emotional, and other intellectual reactions. Stress alters the shape and activity of the gut microbial community, which is now widely acknowledged as one of the causes of dysbiosis (Carding et al., 2015). Both the brain and hormone levels change as a result of stress. This can, in extreme circumstances, have detrimental consequences on the heart and possibly cause heart failure or a heart attack. More frequently, it might cause mood swings, irregular or difficult menstrual cycles, and gastrointestinal (GI) symptoms brought on by stress. Other facets of your health may suffer as a result of stress. Risky behaviors like smoking (Yoon et al., 2021), binge drinking, abusing drugs, and addiction may become more prevalent. Stress indirectly raises your chance of having a stroke (Table 3).
	HEALTH PROBLEMS RELATED TO STRESS

	1)HEART DISEASES
	7)ALZHEIMER’S DISEASE

	2)TAKOTSUBO SYNDROME
	8)INFLAMMATION

	3)OBESITY
	9) IRREGULAR PERIODS

	5)HEADACHE
	10)INFECTIONS

	6)GASTROINTSTINAL ISSUES
	11)HYPERGLYCEMIA


Table 3: Common health problems related to stress .(stress can cause release of cholesterol in blood stream causing heart diseases and increase level of cortisol on abdomen causing obesity. Takotsubo syndrome is due to high level of epinephrine, norepinephrine. Irregular periods, occur when stress affects hormones regulating the reproductive system.
8.1. Mechanism of Stress
Several brain regions, including the hypothalamus, amygdala, and prefrontal cortex (Buijs & Van Eden, 2000) are involved in the stress response and anxiety. The hypothalamus is hypothesized to play a role in the physiological stress response, which involves receiving information about the stressful circumstance and then controlling the endocrine, autonomic, and behavioral systems. The process of categorizing situations according to their emotional valence determines how the individual will react to them. For instance, if a situation is judged to be positive, the individual will approach it; however, if the situation is judged to be negative, the individual will try to avoid it or become defensive against it. Positive and negative emotional valence has diverse effects on the activity of hypothalamic corticotropin neurons; negative emotional valence results in increased activity, whereas positive emotional valence results in decreased activity. Acute stress activates the noradrenergic projections in the locus coeruleus, which consequently causes an increase in behaviors associated with anxiety (Alpár et al., 2018). The strengthening of memories is another process involving the locus coeruleus noradrenergic projections; in this case, noradrenaline release brought on by stress enables the person to be extremely vigilant, which facilitates memory consolidation.
8.2. ROS (Reactive Oxygen Species) and it’s role in Mitochondria
ROS are highly oxidizing agents formed from diatomic oxygen (O2) (Chakraborti, et al., 2019).   In other words ROS is a broad term used collectively for free radicals and non-free radicals of the biological system. Electron Transport Chain (ETC): The primary source of ROS production in mitochondria is the electron transport chain, which is responsible for generating cellular energy in the form of ATP. During the ETC, electrons move through a series of protein complexes, ultimately transferring energy to generate ATP. However, a small fraction of electrons can prematurely leak from the ETC, particularly at complex I and complex III. These leaked electrons can interact with molecular oxygen (O2) to generate superoxide anion radicals (O2−), which is an example of ROS. 
· Complex I (NADH-ubiquinone oxidoreductase): Complex I is a significant site of electron leakage in the ETC. Electrons from NADH (a molecule that carries high-energy electrons) are transferred through complex I to ubiquinone. Some electrons Superoxide is created when some electrons break free from the chain and interact with oxygen.
· Complex III (Ubiquinol-cytochrome c oxidoreductase) is a significant additional source of ROS. Here, ubiquinol transfers its electrons to cytochrome c. Similar to complex I, electron leakage can happen and result in the creation of ROS.
· Flavin-containing Enzymes: Several flavin-containing enzymes, such as those involved in fatty acid oxidation and the Krebs cycle (TCA cycle), can also contribute to the formation of ROS inside the mitochondrial matrix. As they engage in redox interactions with oxygen, flavin molecules can produce ROS (Figure 11).
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Figure 11: Diagram depicting formation of ROS in mitochondria. Comprises of 5 complexes. Superoxide anion radicals (O2) are a natural by-product of the electron transport chain (ETC) activity that causes (OXPHOS) Oxidative phosphorylation is the formation of O2-  ,complex I , III,OH-    via iron mediated reaction known as Fenton reaction.
Mitochondrial Membrane Potential (m): During electron transport, the inner mitochondrial membrane develops a potential that might affect the generation of ROS. The chance of electron leakage and ROS can rise with a greater membrane potential. Although ROS are thought to be detrimental chemicals because of their ability to produce oxidative stress, it is crucial to remember that cells have developed antioxidant defense systems to combat their negative effects. Superoxide dismutase (SOD) (Lui et al., 2019) catalase and glutathione peroxidase are a few examples of the enzymes that operate to combat ROS and stop cellular damage.
8.3. Healthy gut and diseased gut
[bookmark: _GoBack]Gut is said to be healthy if the gastrointestinal tract is having a good balance of gut bacteria and can properly digest and absorb nutrients. Both health and sickness are greatly influenced by the relationship between the host and the microorganisms. The diversity of the gut microbiota is strongly influenced by a variety of host characteristics, such as diet, human lifestyle, age, and environmental influences. The gut microbiota is now thought to be modulated by a number of important factors, including nutrition. The human microbiota has the potential to change appetite, increase nutritional uptake, and exert energy from different food constituents. Additionally, microbes play a crucial part in the metabolism of xenobiotics (Sutherland et al., 2020) In the process of xenobiotic metabolism; different gut microorganisms change the chemical composition of numerous foods, medications, pollutants, and many pesticides (Adhikary et al., 2023; Banerjee et al., 2022) (Figure 12).
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Figure 12: Diagram showing list of healthy and diseased gut microbes.
Conclusion
India spends a staggering amount of money on healthcare since infectious illnesses continue to be the main causes of human and animal morbidity and death rates. Bile acids and short-chain fatty acids (SCFAs), two types of gut microbiome metabolites that influence host immunity as well as provide nutrition and energy, can maintain the host healthy. These metabolites include minute compounds made directly by commensal bacteria as well as the byproducts of commensal bacteria digesting dietary substrates, both of which are essential for the health of the host. Much emphasis has been paid to the relationship between gut bacteria and the creature that serves as their symbiont. While the mechanics and structure of the digestive system are already complex, each of the microbial inhabitants of the gut has its own special functions. The gut microbiome is made up of bacteria, archaea, viruses, and eukaryotic creatures that live inside the digestive tract. The onset and progression of serious human diseases for which there are now no effective treatments have been revealed to be significantly influenced by the gut flora.
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Prominent communicable diseases both  in India and internationally in recent  decades                     Pathogens  

1.   COVID - 19  SARS - CoV - 2 virus  

2.   AIDS  Human immunodeficiency virus (HIV)  

3.   Malaria  Plasmodium  falciparum, Plasmodium vivax,  Plasmodium ovale and Plasmodium malariae  

4.   Tuberculosis    Mycobacterium tuberculosis  

5.   Hepatitis    Hepatitis virus  

6.   Dengue  Dengue virus    (Belongs to the Flavivirus family)  
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