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Abstract

The human microbiome, including bacteria, archaea, viruses, and eukaryotes, impacts human
physiology and health by enhancing or impairing metabolic and immune functions. These
organisms colonize various sites in the body, adapting to specific niches. The microbial
community's diversity accounts for specific metabolic activities and functions. Understanding
the microbial composition and activities of the human microbiome is crucial for
understanding its impact on health and disease. Recent research has revealed the
microbiome’s influence on various diseases, including cardio-metabolic diseases, allergies,
obesities, and life-threatening ones like cancer. Recent studies have uncovered the impact of
microbiome on both human cognition and physical well-being, as well as its involvement in
several disease transitions, including cardio-metabolic disorders, allergies, obesity, and even
life-threatening conditions like cancer. Although the precise mechanisms of many diseases
remain unclear, research has shown that metabolites, nutrients, and microorganisms play a
crucial role in certain physiological conditions. The primary objective of this chapter is to
elucidate the correlation between the microbiome and human health, whether it be through a
cooperative or conflicting method.
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Introduction

The human microbiota refers to a collection of organisms that reside in and interact with the
human body [1]. The interactions can be classified as communalistic, mutualistic, or
pathogenic. The human microbiome is defined as the complete set of genetic material of
microorganisms (microbiota) residing in a certain location within the human body.
Microorganisms inhabit several anatomical body areas including the skin, mucosa,
gastrointestinal system, respiratory tract, urogenital tract, and mammary gland. The
ecosystem they create is intricate and distinct, according to the specific environmental
circumstances of each niche [2]. The symbiotic relationship between the human body and its
indigenous microbiota commences at birth. These connections have significant functions in
preserving overall health and well-being. Through the process of coevolution, organisms
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form the microbiota. They actively adapt to their individual environments and occupy their
respective niches within the human body [3-5]. These organisms are recognized as integral
components of the body due to their biological functions, resulting in a range of alterations
from conception to death. The human microbiome undergoes continuous changes in response
to various host circumstances. Age, nutrition, lifestyle, hormonal fluctuations, inherited
genes, and underlying disease are significant factors that determine the composition of the
human microbiome at any particular moment. Nevertheless, a change in the composition of
the human microbiota (known as dysbiosis) can result in severe and even fatal diseases [2].
An equilibrium in the microbiota has demonstrated a significant function in maintaining good
health [2]. The gut contains the highest density of the human microbiome. These creatures
perform a crucial role in preserving and supporting human health.
Systemic Microbiome: Its Distribution and Diversification
It is believed that there are more than 100 trillion microorganisms living within and on the
skin of humans. These bacteria have a genome that is around 150 times larger than the whole
human genome (6). Microbes, including bacteria, fungi, archaea, and viruses, have over eight
million distinct protein-coding genes. In comparison, the human genome contains only about
22,000 protein-coding genes (7). The variety and characteristics of the organism are
determined by the specific anatomical site of the body, which in turn is influenced by their
specific growth requirements. Other factors contributing to this growth include the
coevolution of microorganisms, their extensive interactions with each other and with the
human host, variations in population composition and function, human lifespan and
variations in body sites, ecological conditions, differences in oxygen levels, airway
temperature, mechanisms of muco-ciliary clearance, sex, genetics, and socio-economic status.
Therefore, the idea of interdependence has emerged to describe the interconnectedness of
several physiological, immunological, and metabolic processes that eventually shape the
composition of the microbiome community in a specific location inside the human body.
Different microbiome
e The gut microbiome: which consists of the genetic material of microbes in the gut,
holds a crucial and unique role within the broader human systemic microbiome. They
have a significant impact on several physiological systems such as metabolism,
immune system development, and nutrient provision. The genetics and immune
system of the host have been demonstrated to play a role in the formation of gut
microbiota (8). The human immune system and the microbiome engage in a
reciprocal communication, known as crosstalk, in response to environmental stimuli
such as nutrition, infections, and xenobiotic chemicals. An example of crosstalk
occurs between the myeloid cells, epithelial layer, and innate lymphoid cells, which
are all part of the immune system, and the gut microbiota. This interaction has
significant effects on the composition of the microbiome, host physiology, and
susceptibility to disease. These consequences arise from the feedback loops and
interactions between these components. In addition to the bacterial community, which
includes species such as Firmicutes and Bacteroidetes, these interactions are also
influenced by other microorganisms such as fungus (9), archaea, and viruses (10). The
primary components of the gut microbiota are the bacteriome, virome, and
mycobiome. These components have a significant dependency that is crucial for
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maintaining the functionality of the gut microbiota. However, if this balance is
disrupted, it can also have varied effects on other systems. From the moment a person
is born, their sterile gut is exposed to the microorganisms present in their mother's
vagina during a vaginal delivery or to the microorganisms in the hospital environment
during a caesarean section. These microorganisms can include species that are
resistant to multiple drugs. Over time, these microorganisms colonize the gut and by
the age of 3-5 years, the gut microbiota of an individual begins to resemble that of an
adult in terms of both structure and function (11). The distribution of gut microbiota
in adults is heterogeneous along the whole gastrointestinal tract. In contrast to the
small intestine, which is abundant in species belonging to the phylum Firmicutes, the
colon contains members of the phylum Bacteroidetes. The microbiome present in the
lumen and the microbiome adhered to the epithelial lining exhibit distinct variations.
The stool sample contained Bacteroides, Streptococcus, Ruminococcus,
Lactobacillus, Enterococcus, Bifidobacterium, and Clostridium in the lumen
community. On the mucous layer, Enterococcus, Lactobacillus, and Clostridium were
detected (12).

Diseases related: The intimate connection between the gut microbiota and
cardiovascular disease (CVD) is indicated by the metabolic source of classical CVD
risk factors, such as obesity, dyslipidaemia, and insulin resistance. Recent research
have indicated that the gut microbiota is strongly linked to atherosclerosis, with a
significant quantity of data supporting this association. According to a hypothesis,
metabolites produced by the bacteria in the gut cause an inflammatory response by
moving into the bloodstream and contribute to the development of atherosclerosis.
The presence of oral bacteria responsible for dental cavities has also been detected in
atherosclerotic plaque (39). Heart failure is commonly regarded as the final step in
numerous cardiovascular diseases, characterized by a heightened incidence of illness
and death (40). Reduced cardiac output and blood redistribution have been attributed
to low intestinal perfusion and disturbance of the intestinal barrier. Microbiota and
endotoxins entering the bloodstream cause a heightened systemic inflammation,
which might potentially result in an elevated risk of heart failure (41).

The Microbiome of the Lungs: At the commencement of HMP, the investigation
excluded the airways and lungs due to the belief that these regions had sterility (13).
This fact has always been acknowledged because to the adverse outcomes observed in
the several conventional microbiological culture tests conducted on healthy
individuals (14). The examination of the lower tract posed a hurdle due to the
complexity of evaluating it without invasive methods like bronchoscopy.
Consequently, the systemic microbiome assay was postponed until the publication of
the first study that demonstrated the similarity in bacterial density between this
particular area and the upper small bowel of the human body (15). The ability to
achieve this has been facilitated by the progress in molecular approaches that are not
reliant on culture practices (14). The human respiratory system is anatomically split
into the upper respiratory tract (URT) and the lower respiratory tract (LRT). The LRT
contains alveoli, which have a surface area of around 70 square meters (15). The
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entire tract is inhabited by a specialized microbiota, with a greater concentration
residing in the upper respiratory tract (URT).

The microbiota has been hypothesized to influence the morphological development of
this system (15). Within the initial hours of a healthy new-born, non-specific
microorganisms, believed to originate from the mother, have been identified. The
presence of a large number of Staphylococcus spp. in the upper respiratory tract
(URT) during the first week is attributed to niche specialization. Subsequently, the
URT is colonized by Corynebacterium spp., with Dolosigranulum spp. being the
dominant species. The Moraxella species has its highest prevalence throughout the
age range of 4-6 months. Individuals harbouring such microbiota have been observed
to exhibit a stable microbiome community, which is associated with improved airway
health (16-17). The optimal growth and progress of this development can be disrupted
by various factors, including the use of antibiotics, changes in oxygen levels,
temperature and pH, the presence of other siblings, seasonal changes, vaccines,
exposure to smoking, and the genetic makeup of the host.

Urogenital Microbiome: Previously, it was believed that the human urinary tract, as
well as urine, was devoid of any microorganisms. However, recent scientific research
has established the existence of microbes in this system, particularly in persons who
are in good condition. The utilization of advanced methods like 16 s rRNA
sequencing has greatly facilitated the identification of the typical microbiota present
in the human body system. Upon urine examination, the predominant genera observed
are Lactobacillus (more prevalent in women) and Streptococcus (more prevalent in
men). These genera, along with a few other groups, play a crucial protective role in
the urinary system by defending against various infections. However, several genera
such as Saccharofermentans, Proteiniphilum, Parvimonas, and Jonquetella were only
found in individuals over the age of 70. The diversity of the urine microbiome, which
is influenced by age and sex, can be attributed to disparities in voiding habits,
cleanliness practices, urinary metabolites, anatomical structures, hormone
fluctuations, and histology. The vaginal microbiome demonstrates fluctuation during
the premenstrual phase, reproductive age, and post-menopausal phase (18).

The microbiome of the Nervous system: The central nervous system is regarded as
highly immunological privileged due to its enclosed compartmentalization. The brain
is physically separated from the vascular system by barriers such as the blood-brain
barrier and blood-cerebrospinal fluid barrier (19-20). Therefore, the reason for the
isolated and protected status of the central nervous system from the microbiota can be
attributed to the absence of Ilymphatic outflow, the presence of major
histocompatibility complex in the parenchymal cells, and the anti-inflammatory
environment (21).

The human body contains a bidirectional communication system between the brain
and the gut, which involves hormonal, immunological, and neurological signalling
pathways. This system is accessed by the microbial flora of the intestine and specific
metabolites, and is sometimes referred to as the gut-brain axis. Approximately 90% of
serotonin (5-HT), a type of neurotransmitter, is believed to be produced in the
intestine due to the influence of gut microbiota. The activation of serotonin receptors
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in the enteric nervous system is responsible for the protection of nerve cells and the
generation of new nerve cells in adult mice (22).

e Microbiome of the skin: The skin is the biggest organ that serves as the external
interface between the human body and the environment. An average human body is
covered by around 1.5-2.0 square meters of skin, which has a depth of 2-3
millimetres. The skin is composed of three distinct tissue layers: the epidermis,
dermis, and hypodermis. The epidermis is inhabited by a multitude of
microorganisms, including bacteria, fungus, arthropods, and even viruses. The body's
physical, anatomical, and immunological barrier protects against many infections.
However, if this barrier is compromised or there is an imbalance between beneficial
and harmful organisms, it can lead to skin or systemic disorders. Their low pH level,
ongoing shedding of outer skin cells, water-repellent properties, saltiness, and
interaction with antimicrobial substances contribute to their effectiveness as a barrier
(23). Despite the aforementioned qualities, bacteria can still be found on the skin, with
a population ranging from one million to around one billion per square centimetre.
Human skin is inhabited by a variety of microorganisms, with the most typically
encountered bacterial phyla being Proteobacteria, Corynebacteria, Propionibacteria,
Bacteroidetes, Firmicutes, and Staphylococcus spp. The most often encountered fungi
include Malassezia spp., Cryptococcus spp., Epiciccum spp., Aspergillus spp., and
Rhodotorula spp. The incidence and dominance of communities on the skin are
influenced by various parameters, including biological sex, skin depth, skin location
(such as thickness, folds, and hair density), age, health, geographical location,
ethnicity, usage of lotions, soaps, cosmetics, antibiotics, and hygiene practices.

Diseases

Cancer: The gut microbiota exerts a substantial influence on the overall health of its host
[24]. Research on the interaction between microbial communities and their host indicates that
these organisms engage in biochemical processes that impact the development of cancer,
tumour formation, and the effectiveness of immune therapy. Based on a comprehensive
model examining factors that could contribute to an imbalance of gut bacteria, it is suggested
that persistent infections within the abdomen, the use of antimicrobial medications, or a
combination of both, could potentially raise the likelihood of developing colorectal cancer.
Also, end products generated by the gut bacteria influence the intestinal cell coverage,
favouring carcinogenesis or preventing tumorigenesis [25]. In addition to colorectal cancer,
the microbiota of the intestinal tract has been found to contribute to extraintestinal cancer,
such as hepatocellular carcinoma, by spreading these organisms systematically to other areas
of the body[26]. Furthermore, H. pylori significantly increases the susceptibility of
individuals to developing stomach cancer. Recent research has discovered a connection
between the human microbiome and cancer, namely gastric cancer. It has been observed that
Fusobacterium and Clostridium are more prevalent in persons with gastric cancer [27].
Environmental and host variables exert a direct influence on the progression of breast cancer.
Nevertheless, bacterial communities have the potential to trigger breast cancer. persons with
breast cancer have been more likely to have Bacillus, members of the Enterobacteriaceae, and
Staphylococcus in their breast tissue as compared to healthy persons. In addition, Escherichia
coli and Staphylococcus epidermidis obtained from cancer patients induced a double-stranded
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DNA break in HeLa cells. The presence of Lactobacillus spp., which is associated with
various health advantages, was not detected in the breast tissue of women diagnosed with
breast cancer. Bacteroides massiliensis has been linked to a greater incidence of prostate
cancer. The modification of the human microbiota has played a role in the intricate
relationship between cancer and the human microbiota.

Inflammatory Bowel Disease (IBD): The proliferation of pathogenic microorganisms elicits
an aberrant immune reaction targeting the body's tissues. Indeed, this phenomenon has a role
in the development of autoimmune disorders, inflammatory bowel disease, and other
potentially fatal problems [25]. The human microbiota and the immune system engage in a
coevolutionary process, resulting in a harmonious and methodical interplay throughout time.
Nevertheless, any modification in the host-microbiota has an impact on this interaction,
causing a decline in the immune response, perhaps leading to the development of
inflammatory disorders [24]. Sunil et al. [26] explain the correlation between the gut
microbiome and a weakening of the gastrointestinal barrier in inflammatory bowel disease
(IBD). The tight junction surrounding epithelial cells acts as a barrier, effectively separating
the tissue space and regulating the transport of solutes across the epithelium. The integrity of
the intestinal barrier can be compromised by a disrupted mucus layer, resulting in impaired
cell adhesion [25]. A decrease in gut Firmicutes results in elevated levels of proinflammatory
cytokines (IL12, IFN-y) and decreased levels of anti-inflammatory cytokine (IL-10) [14].
Helminth infections have been linked to the presence of anti-inflammatory organisms that
protect against the development of inflammatory bowel disease in animals that are sensitive
to IBD [22].

Cardiovascular Diseases: The gut microbiota's production of metabolites has systemic
effects in addition to its impact on the gut. The synthesis of trimethylamine N-oxide (TMAOQ)
metabolites by specific gastrointestinal microorganisms may be associated with
cardiovascular disease [16]. The gut microbiota metabolizes trimethylamine from diets that
are high in I-carnitine, choline, and phosphatidylcholine into trimethylamine N-oxide
(TMAOQ) using hepatic flavins containing monooxygenase. TMAO impacts lipid transit in the
body and also causes the production of precursors which increase foam cell development and
hardening of the arteries in animal models [27]. Intestinal dysbiosis has been found to be
linked to cardiovascular disorders. Kho and Lal conducted a clinical investigation on two
cohorts: individuals with a low risk of cardiovascular disease and individuals with a high risk
of cardiovascular disease. According to their research, persons with an imbalanced gut
microbiota have an increased susceptibility to cardiovascular disease [28-29]. The presence
of certain organisms in excessive amounts has been identified as a contributing factor to
cardiovascular disorders. Transferring faecal matter from hypertensive individuals who had
elevated levels of Prevotella and Klebsiella bacteria resulted in an elevation in blood pressure
in germ-free mice used as animal models. In addition, the stool of hypertensive mice
exhibited a notable elevation in the ratio of Firmicutes to Bacteroidetes in their faecal
microbiota [30].

Chronic Kidney Disease (CKD): Intestinal dysbiosis commonly coincides with impaired
intestinal barrier function, leading to the generation of bacterial by-products that are quickly
absorbed and remain in the intestinal lumen. When there is an increase in the absorption of
these substances and a decrease in their removal by the kidneys, the levels of toxins
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originating from the gut increase in the bloodstream. This can lead to the development of
vascular calcification, atherosclerosis, and negative cardiovascular effects, which are clinical
conditions observed in the later stages of chronic kidney disease (CKD). Multiple
epidemiological studies have established a correlation between vascular toxins originating
from the stomach and cardiovascular events in patients with chronic kidney disease (CKD)
(42).

The Human Microbiome in Health Sustenance

Maintenance of Homeostasis: The human microbiome fulfils crucial functions in the
preservation and advancement of the human body. These organisms have a crucial role in
initiating the immune system, influencing the balance of inflammation and immunological
control in new-borns and early children. In a study conducted in 2015, Melli found that
infants who acquire allergies later in life have a larger occurrence of Bacteroidaceae and
anaerobic bacteria, along with a reduced number of Bifidobacterium adolescentis,
Bifidobacterium bifidum, and Lactobacillus spp. [31-32]. Further investigations on
microbiome have revealed that these organisms engage in interactions with and break down
external pollutants, including heavy metals, polycyclic aromatic hydrocarbons, herbicides,
ochratoxins, plastic monomers, and organic chemicals [33]. After the kidneys filter the blood,
the toxins are deposited in the bladder. The bladder supplies the necessary ingredients and
habitat for the urinary tract microbiota to neutralize these harmful compounds [34]. The
interactions between these organisms play a crucial role in determining the fate of an
infection. The female vaginal tract relies on its indigenous microbial flora to activate a
protective process that triggers innate immunity. This includes the release of cytokines,
antimicrobial peptides, and inhibitory chemicals.

Development of Host Immune System: The immune system develops and strengthens
immune responses through the coevolution of indigenous microbiota and the ability to
distinguish between hazardous pathogens and commensal organisms that need to be
preserved [35]. The microbiota in the gut has a significant impact on the development of the
adaptive immune system. As a result, the human microbiota plays a role in shaping the
mammalian immune system, which is responsible for regulating microorganisms. Recent
research on the human microbiome have demonstrated that the absence or early disruption of
commensal microbes might lead to heightened type 1l immunity and allergies due to aberrant
immune functioning. Changes in the microbiota of children, caused by factors including
caesarean deliveries, a more inactive lifestyle, pollution, and Western-style meals, have been
associated with a rise in incidence of childhood allergic rhinitis [36]. Probiotics,
breastfeeding, lifestyle modifications such as encouraging children to play outdoors in the
morning sunlight (to enhance vitamin D synthesis), and allergen-specific immunotherapy
have been suggested as factors that facilitate the maturation of the immune system and the
prevention of atopy in children. The gut microbiota is responsible for stimulating the
activation of proinflammatory Th17 cells and regulatory T-cells (Tregs) in the colon.
Furthermore, the human microbiome exerts a substantial impact on innate immunity.
Neutrophil ageing is an instance where the proinflammatory properties in the body are
diminished. These organisms accelerate the aging process of neutrophils by activating Toll-
like receptor (TLR) and MyD88-mediated signalling pathways. The modification of
microorganisms causes a decrease in the movement of old neutrophils, which in turn leads to
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harm to organs connected to inflammation in models of sickle cell disease or septic shock
generated by endotoxins. Thus, these organisms actively regulate disease-promoting
neutrophils, which are essential for inflammatory disorders [30]. Moreover, the intestinal
microbiota plays a crucial role in protecting against harmful pathogens. Their function is to
enhance resistance to colonization and produce antimicrobial chemicals to combat invading
infections. A well-balanced gut microbiome may have a role in controlling the activity of
antibodies (specifically CD8-T cells and CD4 cells) that respond to the invasion of the
influenza virus in the respiratory tract. Additionally, the intestinal microbiota plays a crucial
role in enhancing and sustaining gastrointestinal functioning. The intestinal immune system
has a challenge due to the large number of organisms present in the gut. It must strike a
balance between accepting beneficial microorganisms and food antigens, while yet being able
to eliminate harmful infections. The activation of regulatory T-cells (Tregs) in the colon is
crucial for the establishment of immunological homeostasis. There exist two categories of
Tregs: thymus-derived Tregs and peripherally derived Tregs (pTregs). The distinction of
these two immunological responses is intricate, yet they play a crucial role in immune
control. However, the peripheral regulatory T cells (pTregs), specifically, rely on the
presence of microbiota for their activation in the colon.

Host Nutrition: The microbial community of the colon plays a crucial role in meeting the
nutritional needs of the organism it inhabits [37]. These organisms enzymatically degrade
complicated dietary elements, such as complex polysaccharides, within the intestinal cells,
hence facilitating the absorption and assimilation of complex food materials. The primary by-
products of carbohydrates and amino acids in the digestive system are short-chain fatty acids
(SCFAs), including acetic, propionic, and butyric acids [38]. Upon being absorbed by the
colonic mucosa, these three dietary components act as sources of energy and building blocks
for the production of mucosal lipids. Additionally, they promote the proliferation of epithelial
cells, which helps maintain the integrity of the gut. The colonic microbiota safeguards the
large bowel against cancer by generating butyrate through the fermentation of intricate food
components. The microbial activity in the colon play a crucial role in providing vital nutrients
that are necessary for maintaining the health of the colon. African women and new-borns
have been shown to have elevated levels of Bacteroidetes and SCFAs in their faces, in
contrast to European infants whose moms follow Western diets that are low in SCFAs.
Research has indicated that the intake of conventional and fermentable carbohydrates may
have played a role in the widespread presence of a healthy gut microbiome. Another crucial
role of the intestinal microbiota is to supply essential vitamins required for the growth and
development of the host. The production of vitamins is attributed to intestinal bacteria,
specifically Bifidobacterium spp., Bacteroides spp., and enterobacteria. Vitamin K is a crucial
coenzyme that plays a role in the production of several clotting components, such as
prothrombin. Insufficient levels of this vitamin can result in delayed blood clotting and
excessive bleeding. Furthermore, folic acid plays a crucial role as a precursor in the
production of DNA and RNA. Ultimately, they participate in the production of erythrocytes
and leukocytes. Currently, probiotics that contain lactobacillus or Bifidobacterium are
employed in the treatment of allergic disorders. Research on the use of probiotics as therapy
alternatives has shown that they can strengthen the immune system by lowering or blocking
the activation of T-cells that are responsible for triggering immune responses to antigens.
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Additionally, probiotics can reduce the activity of a cell signalling protein called tumour
necrosis factor (TNF), which is involved in causing inflammation throughout the body.
Effects of Antibiotic Abuse on Microbiota

In 2015, the United States and Europe had approximately 50,000 deaths due to the emergence
of antibiotic resistance in disease-causing microorganisms. It is estimated that by 2050, the
global mortality toll might reach roughly ten million per year (43).

Furthermore, the utilization of antibiotics has been documented to disturb the ecology of the
human microbiome, in addition to fostering the emergence of resistance. A dysbiotic
microbiome is characterized by the loss of its capacity to carry out essential duties such as
providing nutrients, producing vitamins, and protecting against infections. This ultimately
results in the deterioration of the host's metabolic, immunological, and developmental
systems. Drug-induced alteration of the gut microflora can impact a specific population of
Foxp3+Treg cells that regulate demyelination in experimental autoimmune encephalomyelitis
(EAE) (44). A separate study demonstrates that the antigens generated by Bacteroides
fragilis, specifically the capsule polysaccharide, have the ability to provide protection against
CNS demyelination, known as EAE, and perhaps against multiple sclerosis in humans.
Probiotics

Probiotics are defined as living bacteria that are not naturally found in the human
microbiome, but provide a health benefit to the host when given in adequate amounts. In
recent years, there has been substantial research on probiotics due to their ability to provide
numerous health benefits through the metabolites they create. These benefits include
relieving certain intestinal problems and regulating EAE. Probiotics have been shown in
clinical trials to effectively control some cardio metabolic disorders (CMD) including type 2
diabetic mellitus (T2D), dyslipidaemia, arterial hypertension, and chronic kidney diseases
(CKD) (45). Saccharomyces boulardii has demonstrated anti-inflammatory properties that aid
in regulating inflammation associated with dysbiosis in the lumen (46).

Prebiotics and synbiotics

Prebiotics are indigestible food components that can be selectively digested by probiotics,
serving as a dietary fiber for them. Recent research has shown that the utilization of
prebiotics can improve the ecological function of the gut microbiota, leading to the
development of a more advantageous community (47). This suggests that the human
microbiota can be improved, stabilized, and altered by consuming certain prebiotics, such as
carbs. Nevertheless, the characterization of the connection between the prebiotic and
probiotic remains a challenging task. When the concept of synbiotic was initially introduced,
two configurations were suggested: firstly, a setup where the prebiotic and probiotic
components were separate, each responsible for a specific effect or health benefit, and
secondly, a symbiotic component, where the probiotic was specifically designed with a
prebiotic substrate that would synergistically enhance the potency, survival, or metabolic
activity of a related probiotic strain in the gastrointestinal system's ecology (48).Recently,
two new approaches have been suggested for developing synergistic synbiotics, both based
on their ecological role and well-being. The in vivo approach involves identifying and
isolating a probiotic strain that will multiply when a certain prebiotic component is given to a
particular group of individuals (49). Another approach, known as multi-taxon insertion,
involves sequencing and identifying genes to assess the effectiveness of a probiotic strain in
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connection to the specific prebiotic used. This is done by analysing libraries of transposon
mutants (50).

Faecal Microbiota Transplantation

In many cases, antibiotics alone may not be enough to treat certain infections and instead,
immediate alternatives are needed to effectively manage the severity of the clinical condition.
As a result, the transplantation of the faecal microbiota has been introduced. The procedure
entails extracting and transferring the microbial community found in the feces of a healthy
donor to the gastrointestinal tract of the recipient patient. This approach facilitates an
effective treatment by restoring the natural composition of the microbiota. Recent studies
have elucidated the mechanism underlying faecal microbiota transplantation (FMT), a
treatment for Clostridium difficile infection (CDI) that aims to restore the gut microbiome.
FMT works by indirectly inhibiting Clostridium difficile through competition for nutrients.
The faecal microbiota prevents the colonization of unwanted microorganisms through the
activation of the immune system and the release of specific antimicrobial components and
metabolites. These substances inhibit the growth of disease-causing organisms in both their
vegetative and sporulated forms (51).

Immunomodulators

Methods that involve antibiotics, probiotics, prebiotics, synbiotics, faecal microbiota
transplantation, and nutritional modulators directly affect the immune system of an
individual, specifically targeting the innate immunity. Consequently, the alteration in
immunological state is impacting the human microbiome in a beneficial manner. Currently,
there is insufficient information available regarding this strategy. However, the use of
steroids for treating inflammatory illnesses is widely available. The regulation of gut
microbiota is accomplished by a variety of processes, including intestinal innate and acquired
immunity, as well as systemic acquired immunity. Several factors contribute to the proper
functioning of the gut microbiome, such as alterations in barrier function, leptin expression,
molecule B, human leukocyte antigen (HLA) class I and class II loci, toll-like receptor
activation, natural killer cells, CD4+ cells, Foxp3+ cells, and the production of antimicrobial
peptides and a-defensins (52).

Phage therapy

Phage therapy entails the deliberate administration of specific bacteriophages that selectively
target a particular microbe, hence inducing a favourable shift in the microbiome.
Nevertheless, a drawback of this approach is the concurrent resistance exhibited by the
microorganism under consideration, which has not yet been substantiated. As of now, none of
the methods used for phage therapy have been officially recognized as a medicine approved
by the FDA. Lately, scientists have been diligently researching the use of phages to eliminate
microorganisms, however the process is very intricate. CRISPR, which stands for clustered
regularly interspaced short palindromic repeats, is a method used to overcome the restrictions
(53). This technology is derived from the prokaryotic immune system and is capable of
studying and modifying organisms with ease and efficiency. The mechanism facilitates the
alteration of the gut genome of gut bacteria and bacteriophages. The modified CRISPR-Cas
system has the ability to regulate gene expression and manipulate the synthesis of metabolites
and proteins. This presents a novel method for creating medications that can specifically
target the microbiome.
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Conclusion

The study of the human microbiome provides a comprehensive understanding of the
relationship between humans and their indigenous microbiota, which can be used to combat
life-threatening diseases. However, the continuous use of antibiotics can disrupt the
microbiota, leading to an imbalance. Probiotic therapy should be encouraged for treating
infectious diseases, and further research should focus on the effects of the microbiome on
mental health and the impact of mycobiome and virome community on indigenous
microbiota. Advancements in this field are challenging, but future research is crucial for
understanding the human microbiome's influence on health.

Reference

1.

10.

11.

12.

13.

14.

Grice E. A.,, Segre J. A. The skin microbiome. Nature Reviews
Microbiology. 2011;9(4):244-253. doi: 10.1038/nrmicro2537.

Whiteside S. A., Razvi H., Dave S., Reid G., Burton J. P. The microbiome of the
urinary tract—a role beyond infection. Nature Reviews Urology. 2015;12(2):81-90.
doi: 10.1038/nrurol.2014.361.

Yilmaz P., Parfrey L. W., Yarza P., et al. The SILVA and “all-species living tree
project (LTP)” taxonomic frameworks. Nucleic Acids Research. 2014;42:D643—
D648. doi: 10.1093/nar/gkt1209.

Reid T., Schloss P. D. Dynamics and associations of microbial community types
across the human body. Nature. 2014;509(7500):357—-360. doi: 10.1038/nature13178.

Hoeppli R. E., Wu D., Cook L., Levings M. K. The environment of regulatory T cell
biology:  cytokines, = metabolites, and the  microbiome. Frontiers in
Immunology. 2015;6:p. 61. doi: 10.3389/fimmu.2015.00061.

Wang B, Yao M, Lv L, Ling Z, Li L. The human microbiota in health and
disease. Engineering. 2017;3(1):71-82.

Tomayko E, Pillsbury L, Pray L. The human microbiome, diet, and health: workshop
summary. Washington, DC: National Academies Press; 2013.

Thaiss CA, Zmora N, Levy M, Elinav E. The microbiome and innate
immunity. Nature. 2016;535(7610):65-74

Pothoulakis C. Anti-inflammatory mechanisms of action of Saccharomyces
boulardii. Aliment Pharmacol Ther. 2009;30(8):826-833.

Breitbart M, Hewson |, Felts B, Mahaffy JM, Nulton J, Salamon P, Rohwer F.
Metagenomic analyses of an uncultured viral community from human feces. J
Bacteriol. 2003;185(20):6220-6223.

Bull MJ, Plummer NT. Part 1: the human gut microbiome in health and
disease. Integr Med Clin J. 2014;13(6):17.

Swidsinski A, Loening-Baucke V, Lochs H, Hale LP. Spatial organization of bacterial
flora in normal and inflamed intestine: a fluorescence in situ hybridization study in
mice. World J Gastroenterol. 2005;11(8):1131

Moffatt MF, Cookson WO. The lung microbiome in health and disease. Clin
Med. 2017;17(6):525-529

Faner R, Sibila O, AgustU A, Bernasconi E, Chalmers JD, Huffnagle GB, Manichanh
C, Molyneaux PL, Paredes R, Brocal VP, Ponomarenko J, Sethi S, Dorca J, Mons6 E

2245



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833 VOL 15,ISSUE 01, 2024

(2017) The microbiome in respiratory medicine: current challenges and future
perspectives. Eur Respir J 49(4):1-12

Man WH, de Steenhuijsen Piters WA, Bogaert D. The microbiota of the respiratory
tract: gatekeeper to respiratory health. Nat Rev Microbiol. 2017;15(5):259

Morris A, Beck JM, Schloss PD, Campbell TB, Crothers K, Curtis JL, Flores SC,
Fontenot AP, Ghedin E, Huang L, Jablonski K. Comparison of the respiratory
microbiome in healthy nonsmokers and smokers. Am J Respir Crit Care
Med. 2013;187(10):1067-1075

Segal LN, Alekseyenko AV, Clemente JC, Kulkarni R, Wu B, Chen H, Berger KiI,
Goldring RM, Rom WN, Blaser MJ, Weiden MD. Enrichment of lung microbiome
with  supraglottic  taxa is  associated  with  increased  pulmonary
inflammation. Microbiome. 2013;1:19

Aragén IM, Herrera-Imbroda B, Queipo-Ortufio MI, Castillo E, Del Moral JS,
Gomez-Millan J, Yucel G, Lara MF. The urinary tract microbiome in health and
disease. Eur Urol Focus. 2018;4(1):128-138.

Obermeier B, Daneman R, Ransohoff RM. Development, maintenance and disruption
of the blood-brain barrier. Nat Med. 2013;19(12):1584

Ransohoff RM, Engelhardt B. The anatomical and cellular basis of immune
surveillance in the central nervous system. Nat Rev Immunol. 2012;12(9):623.

Berer K, Krishnamoorthy G. Microbial view of central nervous system
autoimmunity. FEBS Lett. 2014;588(22):4207-4213.

De Vadder F, Grasset E, Holm LM, Karsenty G, Macpherson AJ, Olofsson LE,
Backhed F. Gut microbiota regulates maturation of the adult enteric nervous system
via enteric serotonin networks. Proc Natl Acad Sci. 2018;115(25):6458-6463.

Ross AA, Doxey AC, Neufeld JD. The skin microbiome of cohabiting
couples. MSystems. 2017;2(4):e00043—-e00017.

Ipci K., Altintoprak N., Muluk N. B., Senturk M., Cingi C. The possible mechanisms
of the human microbiome in allergic diseases. European Archives of Oto-Rhino-
Laryngology. 2016;274(2):617—626. doi: 10.1007/s00405-016-4058-6.

Rojo D., Méndez-Garcia C., Raczkowska B. A., et al. Exploring the human
microbiome from multiple perspectives: factors altering its composition and
function. FEMS Microbiology Reviews. 2017;41(4):453-478.
doi: 10.1093/femsre/fuw046

Sunil T., Jacques I., Emily W., et al. The host microbiome regulates and maintains
human health: a primer and perspective for non-microbiologists. Cancer
Research. 2017;77(8):1783-1812. doi: 10.1158/0008-5472.can-16-2929. [

Anderson J. M., Van ltallie C. M. Physiology and function of the tight junction. Cold
Spring Harbor Perspectives in Biology. 2009;1(2):p. 25.
doi: 10.1101/cshperspect.a002584

Kho Z. Y., Lal S. K. The human gut microbiome-a potential controller of wellness
and disease. Frontiers in Microbiology. 2018;9:p. 1835.
doi: 10.3389/fmicb.2018.01835

2246



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833 VOL 15,ISSUE 01, 2024

Li J.,, Zhao F., Wang Y., et al. Gut microbiota dysbhiosis contributes to the
development of hypertension. Microbiome. 2017;5(1):p. 14. doi: 10.1186/s40168-
016-0222-x.

Parfrey L. W., Walters W. A., Lauber C. L., et al. Communities of microbial
eukaryotes in the mammalian gut within the context of environmental eukaryotic
diversity. Frontiers in Microbiology. 2014;5:p. 298. doi: 10.3389/fmicb.2014.00298.
Melli L. C. F. L., do Carmo-Rodrigues M. S., Aradjo-Filho H. B., Solé D., de Morais
M. B. Intestinal microbiota and allergic diseases: a systematic review. Allergologia et
Immunopathologia. 2016;44(2):177-188. doi: 10.1016/j.aller.2015.01.013.

Michael W. Microbial Inheritant of Humans: Their Ecology and Role in Health and
Disease. Cambridge, UK: Cambridge University Press; 2005

Sokol H., Pigneur B., Watterlot L., et al. Faecalibacterium prausnitzii is an anti-
inflammatory commensal bacterium identified by gut microbiota analysis of Crohn
disease patients. Proceedings of the National Academy of
Sciences. 2008;105(43):16731-16736. doi: 10.1073/pnas.0804812105.
Thomas-White K., Brady M., Wolfe A. J., Mueller E. R. The bladder is not sterile:
history and current discoveries on the urinary microbiome. Current Bladder
Dysfunction Reports. 2016;11(1):18-24. doi: 10.1007/s11884-016-0345-8

Zhang D., Chen G., Manwani D., et al. Neutrophil ageing is regulated by the
microbiome. Nature. 2015;525(7570):528-532. doi: 10.1038/nature15367.

Cingi C., Muluk N. B., Scadding G. K. Will every child have allergic rhinitis
soon? International Journal of Pediatric Otorhinolaryngology. 2019;118:53-58.
doi: 10.1016/j.ijporl.2018.12.019.

Goodrich J. K., Davenport E. R., Waters J. L., Clark A. G., Ley R. E. Cross-species
comparisons of host genetic associations with the
microbiome. Science. 2016;352(6285):532-535. doi: 10.1126/science.aad9379.
Monachese M., Burton J. P., Reid G. Bioremediation and tolerance of humans to
heavy metals through microbial processes: a potential role for probiotics? Applied and
Environmental Microbiology. 2012;78(18):6397-6404. doi: 10.1128/aem.01665-12
Clifford A, Hoffman GS. Evidence for a vascular microbiome and its role in vessel
health and disease. Curr Opin Rheumatol. 2015;27(4):397-405

Jin M, Qian Z, Yin J, Xu W, Zhou X. The role of intestinal microbiota in
cardiovascular disease. J Cell Mol Med. 2019;23(4):2343-2350.

Peng J, Xiao X, Hu M, Zhang X. Interaction between gut microbiome and
cardiovascular disease. Life Sci. 2018;214:153.

Valdes AM, Walter J, Segal E, Spector TD. Role of the gut microbiota in nutrition
and health. BMJ. 2018;361:k2179.

Langdon A, Crook N, Dantas G. The effects of antibiotics on the microbiome
throughout  development and  alternative  approaches  for  therapeutic
modulation. Genome Med. 2016;8(1):39.

Ochoa-Reparaz J, Mielcarz DW, Ditrio LE, Burroughs AR, Begum-Haque S,
Dasgupta S, Kasper DL, Kasper LH. Central nervous system demyelinating disease
protection by the human commensal Bacteroides fragilis depends on polysaccharide A
expression. J Immunol. 2010;185(7):4101-4108

2247



45.

46.

47.

48.

49,

50.

51.

52.

53.

Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833 VOL 15,ISSUE 01, 2024

Neto MP, de Souza AJ, da Silva LD, de Oliveira SR, de Lima Guimaraes KS, de
Oliveira Y, de Souza EL, Magnani M, Vidal H, de Brito Alves JL. Gut microbiota and
probiotics intervention: a potential therapeutic target for management of
cardiometabolic disorders and chronic kidney disease? Pharmacol
Res. 2018;130:152-163.

Rodriguez-Nogales A, Algieri F, Garrido-Mesa J, Vezza T, Utrilla MP, Chueca N,
Garcia F, Rodriguez-Cabezas ME, Gélvez J. Intestinal anti-inflammatory effect of the
probiotic Saccharomyces boulardii in DSS-induced colitis in mice: impact on
microRNAs  expression  and  gut  microbiota  composition. J Nutr
Biochem. 2018;61:129-139.

Vandeputte D, Falony G, Vieira-Silva S, Wang J, Sailer M, Theis S, Verbeke K, Raes
J. Prebiotic inulin-type fructans induce specific changes in the human gut
microbiota. Gut. 2017;66(11):1968-1974

Krumbeck JA, Maldonado-Gomez MX, Ramer-Tait AE, Hutkins RW. Prebiotics and
synbiotics:  dietary  strategies for improving gut health. Curr  Opin
Gastroenterol. 2016;32(2):110-119.

Krumbeck JA, Maldonado-Gomez MX, Martinez |, Frese SA, Burkey TE, Rasineni
K, Ramer-Tait AE, Harris EN, Hutkins RW, Walter J. In vivo selection to identify
bacterial strains with enhanced ecological performance in synbiotic applications. Appl
Environ Microbiol. 2015;81(7):2455-2465.

Wu M, McNulty NP, Rodionov DA, Khoroshkin MS, Griffin NW, Cheng J, Latreille
P, Kerstetter RA, Terrapon N, Henrissat B, Osterman AL. Genetic determinants of in
vivo  fitness and  diet  responsiveness in  multiple  human  gut
Bacteroides. Science. 2015;350(6256):5992.

Khoruts A, Sadowsky MJ. Understanding the mechanisms of faecal microbiota
transplantation. Nat Rev Gastroenterol Hepatol. 2016;13(9):508

Ticinesi A, Lauretani F, Tana C, Nouvenne A, Ridolo E, Meschi T (2019) Exercise
and immune system as modulators of intestinal microbiome: implications for the gut-
muscle axis hypothesis. Exerc Immunol Rev 25

LeMieux J. Phage therapy: turning the tables on Bacteria: when engineered to
incorporate CRISPR components, phages may overwhelm bacterial defenses or
transform bacterial functions. Genet Eng Biotechnol News. 2019;39(3):20-22.

2248



