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Abstract: The human intestine is colonized by a huge number of microorganisms from the moment
of birth. This set of microorganisms found throughout the human body, is called the microbiota; the
microbiome indicates the totality of genes that the microbiota can express, i.e., its genetic heritage.
Thus, microbiota participates in and influences the proper functioning of the organism. The microbiota
is unique for each person; it differs in the types of microorganisms it contains, the number of each
microorganism, and the ratio between them, but mainly it changes over time and under the influence
of many factors. Therefore, the correct functioning of the human body depends not only on the
expression of its genes but also on the expression of the genes of the microorganisms it coexists
with. This fact makes clear the enormous interest of community science in studying the relationship
of the human microbiota with human health and the incidence of disease. The microbiota is like
a unique personalized “mold” for each person; it differs quantitatively and qualitatively for the
microorganisms it contains together with the relationship between them, and it changes over time
and under the influence of many factors. We are attempting to modulate the microbial components
in the human intestinal microbiota over time to provide positive feedback on the health of the host,
from intestinal diseases to cancer. These interventions to modulate the intestinal microbiota as well as
to identify the relative microbiome (genetic analysis) can range from dietary (with adjuvant prebiotics
or probiotics) to fecal transplantation. This article researches the recent advances in these strategies
by exploring their advantages and limitations. Furthermore, we aim to understand the relationship
between intestinal dysbiosis and pathologies, through the research of resident microbiota, that would
allow the personalization of the therapeutic antibiotic strategy.

Keywords: microbiota; intestinal microbiota; oral microbiota; immune system and dysbiosis;
probiotics; microbiota analysis; clinical microbiology; clinical biochemistry; laboratory medicine;
theranostic and translational research

1. Introduction

The “Human Microbiome Project” aims to create reference bases for the sequences of
microbial genetic material that exist in the human body, and to detect the relationship
between the microbiota and humans, correlating the change in its composition with human
health and disease. The natural organized microbial community, as well as their genes,
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found throughout the human body builds up the microbiota. More than 1014 microorgan-
isms that make up the human microbiota have been identified and this number is likely to
increase as it relates to the germs that have been discovered to date. Their genomes contain
over than 2,500,000 genes [1]. Comparing the number of these genes with the human
genome, the gut microbiome is considered the second genome as it contains 100 times more
genes than the human microbiota; therefore, the microbiota that includes bacteria, ancient,
protozoa, and fungi is unique for each person, and is linked to the types of microorganisms
it contains over time and under the influence of many factors. However, studies do cor-
relate several diseases with the gut microbiota as there are about 100 different species of
pathogens that colonize the digestive system while the species discovered number more
than 2000 [2,3]. Several studies have shown that microbiota can be associated with inflam-
mation and disease such as urticaria, asthma, diabetes, obesity, irritable bowel syndrome
(IBS), Alzheimer’s disease, central nervous system diseases, cancer, and others. The severity
of these diseases has led not only to the research of the type of microorganisms present
in the human intestine but also the modality of how it could induce a colonization by the
“friendly” desired microorganisms to reduce or prevent such pathological situations [4–7].

2. Exploring the Intestinal Microbiota

The recent possibilities that various molecular biology techniques offer us have con-
tributed to research for the more detailed study of human colonization of the intestine.
The techniques focus on the rapid analysis of part of the bacterial genome and of the
sequence of the small 16S subunit of ribosomal RNA [1,8,9].

In the 16S gene, in all species of bacteria and in the ancients, nine hypervariable regions
are identified, symbolized as V1–V9, and containing 30 to 100 base pairs. Among these
regions are conserved areas that can be exploited to design primers and sequence the gene.
This sequencing procedure facilitates the classification of bacteria, with the most conserved
areas being related to the highest classification, and the least conserved areas being related
to genus and species. Today, 2172 species other than humans have been discovered, which
have been classified into 12 different phyla [10,11]. Of these, 93.5% belong to Actinomycetota
Bacteroidota, Pseudomonadota, and Bacillota. Of the 12 genera found, three phyla contain only
one species isolated from humans; one of them has been isolated from the human intestine
and is called Akkermansia muciniphila (the only representative of the genus Verrumicrobia) [1].
In addition, 386 obligatory anaerobic species have been identified in the human intestine
but have also been found in areas of the mucosa such as the oral cavity, which is another
meeting point for microbes from other parts of the organism [1]. Overall, the intestinal
microbiota does not have a completely different microbial composition than other areas
of the human body. These microorganisms contain a gene pool (microbiota) which has
been estimated at around 106 genes so far. The identification of the genes showed a clear
correlation with the geographic area in which the host resides. This discovery supports
the view of the influence of environmental factors and the genetic background of the
individual on the composition of the microorganisms that make up the human microbiota
in general. The gut microbiota shows a wide variety of ancient and eukaryotic bacteria, a
composition influenced by various factors. In the duodenum there are 105–106 bacteria,
the final ileum has 108–109 (per gram of tissue or feces), and the large intestine has 1012
(per gram of intestinal tissue) with greater variety of bacteria than that of the tenuous
intestine. The small intestine is rich in Bacillota and Actinomycetota phyla, while Bacillota,
Bacteroidota phyla and Lachnospiraceae spp. are more numerous in the colon [12,13]. This
bacterial difference is due to the acidic environment in the small intestine having a higher
concentration of oxygen than in the large intestine [14,15].

3. Factors Affecting the Intestinal Microbiota
3.1. Method of Delivery and Age

There is rising scientific literature regarding the fetus placenta, membranes, and
amniotic fluid that claims the presence of microbiota. There is evidence for the “sterile
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womb” hypothesis which argues that the fetus is microbiota-free [16,17]. It seems the
intestinal microbiota development begins immediately at human birth, even if samples
from the uterine area are positive for the presence of microorganisms in the placenta. It
appears that both vaginal and intestinal bacteria can access the fetus through different
entry paths: the vagina with upward entry, and the intestinal by the dendritic cells of the
immune system [18,19]. Recent studies show the presence of bacteria in placental tissue,
umbilical cord blood, fetal membranes, and amniotic fluid from healthy newborns without
signs of infection or inflammation. The meconium (first stools of newborns) of premature
infants, born to healthy mothers, contains a specific microbiome, with the main phyla being
Bacillota with a predominance of Staphylococcus spp., while Pseudomonadota phyla are found
in species such as Escherichia coli (E. coli), Klebsiella pneumoniae, Serratia marcescens [6,17,20].

After birth, the gastrointestinal tract is enriched by various colonizing germs from
both nourishment and the mother’s environment. This colonization can be disturbed
or changed by disease, antibiotic treatment, changes in eating habits, etc. It has been
shown that the composition is influenced by the birth process (natural or caesarean) [21,22].
Colonization occurs during natural birth by the inoculum, which generally consists of
aerobic and possibly anaerobic bacteria (the newborn’s intestine initially contains oxygen),
then is replaced by obligate anaerobic bacteria, which usually appear in the adult, and
a welcoming environment is thus created [6,23]. Furthermore, there are a small number
of different taxonomic categories with relative dominance of the phyla Actinomycetota,
and Pseudomonadota which remain unchanged during the first month of life, but not in
the following months, as there is a large increase in variability and new genetic variants.
Maternal vaginal and fecal microbiota are the main sources of inoculation in babies born by
normal delivery [21,23,24]. Indeed, newborns harbor microbial communities dominated
by species of the genera Lactobacillus spp. (the most abundant genus of the vaginal and
early intestinal microbiota), Bifidobacterium, Prevotella or Sneathia [6,24]. It appears that
anaerobic microbes, such as members of the Bacillota and Bacteroidota phyla, which do not
grow outside their host, rely on close contact between mother and infant for transmission.
Finally, due to the presence of oxygen in the intestinal tract of the newborn, the transmission
of severe anaerobes can occur not immediately at birth but at a later stage through the
spores [16,25,26].

Newborns with a normal delivery show a high concentration of Lactobacillus spp.
and Prevotella in the first few days that come from the mother’s colon area. In contrast,
children born by caesarean section show colonization by the genera Clostridium, Streptococ-
cus, Propionibacterium, and Corynebacterium. Indeed, the first bacteria observed in children
born by caesarean section are those of the skin and the hospital environment and their
intestinal microbiota is dominated by species of the genera Corynebacterium, Staphylococcus,
and Propionibacterium but also with a lower number of populations and diversity of bacte-
ria than children in the first weeks of life born through a normal birth [6,26,27]. Further
evidence supporting the vertical transmission hypothesis is the similarity between the
meconium microbiota and samples taken from potential infection sites. These “mother
bacteria” do not remain indefinitely and are replaced by other populations during the first
year of life [21,28]. Furthermore, this difference is also found in the microbiota analyses on
feces of both mothers and infants with normal delivery showing that their microbiota is
72% like the microbiota found after microbial analysis of feces in the mother. On the other
hand, the newborns by caesarean section showed a similarity of the microbiota of only
41% to that of the mother. Finally, the various objects around the newborn (animals, the
mouth, the skin of the mother and relatives, and the mother’s milk) are secondary sources
of inoculation of the microorganisms that gradually make up its microbiota. [6,21,22,28].

3.2. Breastfeeding and Eating Habits

During breastfeeding we see the growth of bacteria Lactobacillus and Bifidobacterium
(such as B. longum, due to their ability to use specific oligosaccharides found in breast
milk); their growth even exceeds that of the more common Escherichia coli and Clostridium
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perfringens bacteria [6,29]. These species degrade oligosaccharides and produce short-chain
fatty acids, which cause the immune system to react and produce IgG immunoglobulins. In
the early stages of development, the microbiota is made up of a small number of different
microbes as its diversity is reduced with the colony of Actinomycetota and Pseudomonadota
phyla [15,30]. During the first year of life, microbial diversity increases and has a great
resemblance to the adult microbiota while it is characterized by a uniqueness for each child.
Subsequently, Enterococcus, Clostridium, Bacteroides, Enterobatteriacee (such as E. coli), and
Streptococcus spp. predominate in the composition of the microbiota. These first germs
are linked to the immune system during the development of infants while its composition
influences the degree of immune response [6,31,32]. Interestingly, human milk also plays a
role in enhancing the production of IgA, cytokines, and cytotoxic lymphocytes by creating
a strong defense mechanism. The microorganisms that grow can and metabolize insoluble
carbohydrates. Such microorganisms are the microbes of the genera Roseburia, Ruminococcus,
and Eubacterium. On the contrary, a nonvegetarian diet reduces the germs of the phyla
Bacillota and increases those of the genus Bacteroides (Bacteroidetes phylum). Between two
and three years old the complexity and functionality of the microorganisms that make up
the microbiota is like that of an adult and always dependent on the personal host’s diet
(Table 1) [33–38].

Table 1. The intestinal microbiota’s variations in composition by host’s diet.

Nutritional Habits and Intestinal Microbiota Change

Vegan/vegetarian

Prevotella ↑
Bifidobacteria ↑
Faecalibacterium ↑
Enterobacteria ↓
Pseudomonadota ↓
Bacteroides ↓

High in saturated fat, sugar, and animal protein, and low in fiber

Bacteroides ↑
Pseudomonadota ↑
Enterobacteria ↑
Bifidobacteria ↓
Lactobacilli ↓
Eubacteria ↓

High in monounsaturated or polyunsaturated fats, fiber, and
complex carbohydrates, and low in saturated fat

Prevotella ↑
Bifidobacteria ↑
Lactobacilli ↑
Eubacteria ↑
Enterobacteria ↓
Pseudomonadota ↓

Gluten-free diet

Enterobacteria ↑
Roseburia ↑
Bifidobacteria ↓
Lactobacilli ↓
Eubacteria ↓
Prevotella ↓

3.3. Living Conditions and Hygiene

The microbial composition of the gut is different in people living in developed coun-
tries than in people living in developing countries and in fact according to epidemiological
data it is remarkable to observe the lower prevalence of allergic symptoms and asthma in
developing countries. The explanation of the above phenomenon is supported through the
hypothesis of hygiene in which excessive cleanliness leads to the reduction of infectious
stimuli required by the immune system for its development [39,40]. The prevalence of
larger families, higher residence in rural areas, worse conditions of hygiene and care, and
less use of antibiotics in developing countries are conditions that support above case. Even
differences in the diet of developed and developing societies lead to differences in the
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intestinal microbiota; e.g., in Japan, due to the high consumption of fermented rice products
and fish, alongside good hygiene levels, we see low asthma incidence rates [5,41].

3.4. Individual Intestinal Secretory Function

There are factors that are produced by intestinal epithelial cells, namely the secretion
of mucus, AMP (antimicrobial peptides), and IgA immunoglobulins, that help the growth
of some species of microorganisms and inhibit the growth of others. Hence, they control
the surface structure of the colon that is colonized, altering it and thereby affecting the
composition of the microbiota [42,43]. In the large intestine, mucus plays a key role in
blocking certain microorganisms from intestinal epithelial cells. Mucus consists of two
layers, the inner one which does not contain microorganisms and the outer one that con-
tains mucin, which has O-glucan, which provides a source of energy and adherence to the
microorganisms of the intestinal microbiota [16,44]. The use of mucin in the growth of
germs depends on two classes of enzymes, the hydrolases and lyases of the polysaccharides
encoded by the genes of the microbes of the microbial flora. Some species in the gut mi-
crobiota (such as Bacillus thetaiotaomicron) can break down complex carbohydrates [45,46]
since there are more than 260 genes in their genome that encode enzymes for the cleavage
of such molecules. Intestinal germs can also modify the amount of mucus produced by
intestinal mucosal cells. Mucus could reduce infection by pathogens directly by attaching
to them, protecting epithelial cells from acidic and enzyme-secreted secretions, and even
being the means by which products of bacterial metabolism are collected and activate the
body’s defenses. It is therefore clear that the interaction of a microorganism with its host is
complex and is influenced by many of the factors mentioned above [47,48]. Under suitable
conditions there may exist a long-term symbiosis with many benefits for the host’s health.
The mucus in the small intestine is not abundant and the main role for the creation or
modification of the gut microbiota is played by the AMPs. They are induced by Paneth cells
through a mechanism in which PRR (pattern recognition receptors) are involved, and which
are activated by various microbial components (such as lipopolysaccharides) through a
pathway called microbe-associated molecular patterns (MAMP) [49,50]. The PRR–MAMP
system promotes the action of the mucus barrier by inducing the production of IgA im-
munoglobulins, mucus, and AMPs. The concentration of AMP is higher in the crypts of
the intestinal epithelium since there are Paneth cells. Secreted AMPs are the first line of
defense against the presence of bacteria, viruses, fungi, and tumors that cause the secre-
tion of various proteins, such as the Reg proteins, various ribonucleases, etc. [51,52]. Some
species are resistant to high concentrations of AMP such as the genus Bacteroides, more
common in the microbiota. Furthermore, antibacterial lectins form pores in the membranes
of Gram-positive bacteria, thus inhibiting their approach to the intestinal mucosa. Plasma
cells present in the intestinal mucosa produce the immunoglobulin IgA, with have the
action controlling bacteria growth locally, and may additionally bind to specific receptors
on the bacterial membrane, preventing biofilm formation [53–55].

3.5. The miRNAs

The miRNAs are small fragments of RNA with a length of 18–23 nucleotides that do
not encode genetic information and are generated in the nucleus. They are transferred
to the cytoplasm by silencing genes by binding to the untranslated 3 region, accelerating
mRNA destruction, or inhibiting translation [56]. Only miRNA can regulate miRNA
α, and have been found to be extracellular so, in this way can circulate in body fluids.
MiRNAs have also been found in human feces and their type appears to be associated
with the onset of malignant tumors. Intestinal epithelial cells and Hopx positive cells
are the main sources of miRNA. Thus, these miRNA fragments are released by the host’s
intestinal cells, enter intestinal bacteria, and regulate the transcription of genes, thus
influencing bacterial growth. In a study on animals (mice), the presence of miRNA from
the host’s intestine was found in the feces of those used for experimentation. In some
mice the DNA was modified to block the synthesis of miRNAs and in which the germs
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of the microbiota grew in an uncontrolled way. This group of mice exhibited intestinal
disturbances (colitis and other) but if miRNA molecules were administered, the growth
of the bacteria was stimulated and the disturbances diminished [57–60]. The inability of
intestinal epithelial cells to produce miRNA has been associated with colonization of the
gut with microbes negative to human health. In addition, the intestinal miRNAs from
intestinal epithelial cells or external diets interact with intestinal microbes and modulate
their composition and distribution of the intestinal microbial ecosystem. MiRNAs can thus
also regulate the intestinal immune system by influencing the innate immune system via
regulation of NOD2 and TLR, two of the crucial PAMPs. Additionally, they facilitate the
differentiation of Th1, Th2, Th17, or Treg cells, also influencing the adaptive immunity
cells. Thus, the human organism influences the composition of the bacterial population it
hosts with this mechanism [57–59]. Various miRNAs enter bacterial cells and cause them to
grow through gene expression, e.g., miRNA515-5p promotes the growth of Fusobacterium
nucleatum, which has been involved in colorectal carcinogenesis, while miRNA-1226-5p
causes the development of Escherichia coli. This suggests several potential therapies for the
microbiota alterations (quantitative and qualitative) and chronic gut inflammation; hence,
new research focuses on the possibility of using miRNA fragments for intestinal dysbiosis
in the treatment of intestinal diseases (such as IBD, colon/rectal cancer, and others) [59–62].

3.6. Antibiotics

The use of antibiotics has a double effect on the organism host. The reason they are
put into therapy is for the destruction of pathogenic microorganisms. However, in addition
to this, the useful microorganisms of the intestinal microbiota are also destroyed, leading
to the disappearance of some useful microbes and the change of the microbiota. Antibiotics
interrupt the competition between pathogenic and nonpathogenic microbes, which leads
to the restriction of nonpathogenic microbes [63]. Disorganization leads to the growth of
pathogens, such as Clostridioides difficile bacteria. C. difficile is Gram positive (mandatory
anaerobic), is found in the intestine in approximately 5% of the adult population, and causes
pseudomembranous colitis in people treated with antibiotics, thus causing a microbiota
dysbiosis that allows C. difficile to overgrow in individuals who have already colonized,
while making the individual more vulnerable to the settlement of C. difficile spores of
exogenous origin [64,65]. Furthermore, it was noted that this effect on the microbiota
does not appear to be transient; there are antibiotics, such as clindamycin, which cause
changes by inhibiting the growth of some microorganisms even two years after their intake.
Similarly, clarithromycin (used to treat Helicobacter pylori) reduces the Actinomycetota phyla,
while ciprofloxacin reduces Ruminococcus [66–69]. Vancomycin, which is considered the
best therapeutic approach for C. difficile, causes a change leading to the development of
pathogenic strains of Escherichia coli. Finally, the use of antibiotics in farms such as poultry
and cattle in small doses increases their growth and weight, which is particularly important
for the economy of meat production. It has been noted that this could be the cause of
obesity in humans and appears to be associated with changes in the gut microbiota that is
involved in this pathology [68–73].

4. Intestinal Microbiota Modulation
4.1. Probiotics

Probiotics are microorganisms that, when taken in appropriate doses, protect human
health. The most common probiotics are species of Lactobacillus, Bifidobaceria, and yeasts,
such as Saccharomyces boulardii. One mechanism by which probiotics contribute positively
to human health is the promotion of the growth of beneficial microbes in the intestinal
microbiota [74–76]. Probiotics compete with pathogenic microbes in the intestinal tract,
e.g., some E. coli spp. move and attack pathogenic microbes protecting the human microor-
ganism. Some probiotics can also produce antimicrobials that kill pathogens. Indeed, the
production of the substance reuterin by Lactobacillus reuteri induces the immune response
of the human body. Studies have shown that the use of probiotics and the change in the
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microbiota that it causes contributes positively to various pathogenic conditions [77–80].
Chronic periodontitis, urinary tract infections, necrotic enterocolitis, and treatment of ele-
vated total cholesterol levels appear to be positively associated with the intake of probiotics,
and therefore with the microbiota. Taking probiotics seems to contribute positively to the
better health of people with diabetes as in people with type 2 diabetes there was a reduc-
tion in blood glucose and HbA1 levels. Finally, probiotics could protect microbiota from
environmental factors, depending on their dose. For example, the use of larger amounts
of probiotics appears to have a positive effect on the cessation of diarrhea by exogenous
factors [81–84].

4.2. Prebiotics

Prebiotics are substances and ingredients that are usually produced by microorgan-
isms, while their intake helps maintain and grow the beneficial microorganisms of the
intestinal microbiota. Prebiotics usually consist of indigestible carbohydrates, oligosac-
charides, small polysaccharides (such as inulin), fructose, lactofructose, etc. [6]. Prebiotics
should be gastric acid resistant but can be metabolized by enzymes, to be absorbed by
the digestive system and used by intestinal microbes. Prebiotics affect various species
of microbiota’s bacteria found in the colon, with the main target being bacteria of the
genera Lactobacilus spp. and Bifidobacteria spp. [85,86]. The consumption of fiber is very
important in its creation of mucus that acts as a barrier. Various studies have shown the
effect of prebiotic fibers in the formation of the intestinal microbiota, e.g., taking inulin can
protect against the negative effects of a high-fat diet [87–89]. Finally, other facts indicate
that the intake of a small amount of fiber typically contained in a Western diet causes the
reduction of protective mucus, leading to microbiota changes, which result in the creation
of inflammation and other pathological conditions. Thus, the low-fiber content is associated
with the appearance of chronic diseases [89–91].

4.3. Postbiotics

The definition of postbiotics from the ISAPP (International Scientific Association for
Probiotics and Prebiotics) is: “ . . . a preparation of inanimate microorganisms and/or their
components that confer health benefits to the host . . . ”. Postbiotics are essentially microbial cells
or their deliberately inactivated cellular components, with or without metabolites, which
confer a health benefit [92,93]. Hence, postbiotics are the metabolically active products
of probiotics. An emerging approach in microbiota enhancement is to first identify the
molecules that are missing in a particular disease, and then supplement the diet with the
missing molecules or precursors that can be converted into bioactive molecules by the
microbial population. This approach is important given that postbiotics are an important
class of functional molecules used by the microbiota to modulate human health. Amino
acid derivatives transformed by the gut microbiota are part of a class of compounds
that are potentially postbiotic [94]. For example, indole, which may be derived from
tryptophan, reduces inflammatory mediators, transcription of proinflammatory factors,
and colonization of intestinal epithelial cells by pathogens, while increasing tight-junction
resistance and the production of mucin. The changes in the amount of butyrate, acetate, and
propionate have also been correlated with the deterioration of health in older people, which
is further evidence of the importance of bacterial production of SCFAs in the physiology of
the gastrointestinal tract [93,95].

4.4. Parabiotics

Another category with functional ingredients, as scientific evidence has shown, is
the integration with inactivated microorganisms, the so-called paraprobiotics, which can
provide health benefits. The term paraprobiotic defines inactivated probiotics, that is,
“nonviable” microbial cells (intact or in fractions) or crude cell extracts (i.e., only the
complex chemical composition), which, if administered (orally or topically) in adequate
quantities, can confer a benefit to the person and also to the animal [92,96]. This inactivation
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of these microorganisms (bacterial cells) can be obtained through physical or chemical
treatments, such as heat treatment (which seems to be the most effective because it better
preserves the structure of the cell components), UV rays, specific enzymes, or mechanical
treatments, or by pressurization, freeze drying, or acid deactivation [92]. The application
of a specific inactivation process for each strain is undoubtedly the optimal method. A
particular method of inactivation would be tindalization, which must be adapted for each
of the selected strains. Tindalization is a delicate heat treatment capable of preserving the
molecular membrane and cellular structure of microorganisms by inhibiting their ability
to reproduce. The production of microbiologically nonviable but functionally active cells
is guaranteed, which are stable and still able to positively influence human and animal
health [96,97].

4.5. Fecal Transplantation

Fecal transplantation is a transfer process of the fecal microbiota from a healthy donor
to a patient with some bowel diseases, or to a person whose microbiota has changed
due to various factors. The mode of transport can vary; the most appropriate is still a
field of research and is related to the specific disease to be treated [98]. The methods that
have been studied for the transfer of the microbiota are the colonoscopy, the enema, the
rectal catheter, capsules that contain lyophilized bacteria, etc., with greater efficiency for
observation during a colonoscopy and enema [99]. The transfer leads to changes in the
recipient microbiota for the individual to accept the beneficial effects of the germs present
in the donor. The first stool microbiota transplantation took place in the 4th century in
China to combat food poisoning and control diarrhea. In modern medicine it is asserted
that the change and enhancement of the microbiota of patients with “foreign” microbiota is
good practice in the treatment of pseudomembranous colitis. Today, the technique is used
to treat colitis from C. difficile. The treatment rates are close to 90%. In addition, the method
has been applied to the treatment of irritable bowel syndrome (IBS), autoimmune diseases,
metabolic diseases, etc. [100–103]. The value of the intestinal microbiota is enhanced
by the observation that showed that the results in treatment are influenced by the donor
microbiota. Thus, there are donors who are referred to as “super donors”, the characteristics
of whom are fully described and include great microbial diversity with a predominance of
germs that have beneficial effects on the individual. Additionally, the donor’s suitability
varies depending on the disease for which they are selected [104].

5. Methods of Microbiota Analysis
5.1. Culture in Batch and in Continue

The culture in batch consists of the simple incubating samples or single strains of a
species of interest in a complete culture medium, i.e., containing all the nutrients for that
bacterium. Then, the single bacterial colonies are isolated to describe their phenotypic
characteristics and their metabolic capacities. Thanks to this type of approach, it has
been possible to cultivate over 1000 distinct bacterial species, isolated from the human
gastrointestinal tract alone [105,106]. They make it possible to compare bacterial groups
of interest, based on their growth rates and the production of metabolites on different
substrates or on the species-specific interactions that are formed. Batch cultures obviously
have limitations for two main reasons [107]. The first is that the results are obtainable
only for short periods of time, due to the exhaustion of the nutrients present in the culture
medium or the formation of toxic substances for the bacterial species of interest, which
limits their growth. Secondly, the preparation of a bacterial culture can be very expensive,
since it may be necessary to make many different culture media, to recover as many bacterial
species as possible within a sample [108–110]. The culture in continue is a method that
consists in the use of open or continuous defined systems such as fermenters and drainage
systems. With the fermenter it is possible to introduce in a stable and continuous way the
growth factors and nutrients, removing with the drainage, dead cells and toxic substances
produced by bacteria. This type of system is commonly used to study the characteristic
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microbiota of the colon because it is possible to perform cultures with sequential and
distinct growth phases to reproduce the many environmental changes that microorganisms
undergo in transit within it [111–113].

5.2. Animal Models Procedure

The bacterial species of interest can also be cultured and maintained in animal models.
The use of the animal model germ-free mice (which are animals completely free of microor-
ganisms both internally and in the skin) are particularly useful for the study of microbiota
bacteria. In fact, they can be easily inoculated with strains of interest and allow us to study
the bacterium–host and bacterium–bacterium relationships in a simple and intuitive way.
In contrast, knockout mice are genetically modified animals used to evaluate the effects of
suppressing the expression of a certain gene [114–116].

5.3. Sequencing-Based Methods

The most frequently used marker genes in ribosomal RNA sequencing are those con-
tained in the RNA of the minor ribosomal subunits (called 16S and 18S) in bacteria and
archaea, and in eukaryotes, respectively. There are gene sequences that are remarkably
conserved in the different bacterial species and/or are present from a certain bacterial
group or genus, but they are variable [117,118]. Therefore, this biomolecular test uses
these regions that, after the extraction of the genetic material from the sample, amplify the
marker genes by the polymerase chain reaction (or PCR) method using primer sequences,
which is very specific for highly conserved regions, over time. Finally, a mixed group of
amplified extractions is created which are derived from the largest possible number of bac-
terial species included in the biopsy sample and which are subsequently sequenced [118].
The obtained data are then grouped into operational taxonomic units (OTUs), organized in
different clusters of sequence similarity, and should reflect, with reasonable approxima-
tion, the heterogeneous set of bacterial groups included in the sample. Ribosomal RNA
sequencing can also be used to analyze fewer common genes within the microbiota since
they are not ubiquitous and expressed only by some of the bacterial species contained in it,
e.g., the genes expressed by microorganisms present in the colon that produce butyrate and
propionate [119]. Given the great efficiency of the latest generation sequencing technology,
it is possible to carry out the simultaneous sequencing of many bacterial genomes in the
same session. This is thanks to the Multiplex PCR technique (a variant of PCR), which
allows you to quickly identify deletions and/or duplications in a large gene [120]. Indeed,
Multiplex PCR uses multiple primer sets in a single reaction mix and thus analyzes multiple
genes in a single PCR run. A limitation of the complete genome sequencing method is
that we need to have enough DNA for subsequent analyses. In 1995, Haemophilus influen-
zae was the first genome completely sequenced using the chain-termination sequencing
(Sanger method) [121,122]. To achieve this, the bacteria of interest must first be cultured
and most of the bacterial species present in the microbiota have not yet been cultured in
the laboratory [123].

Metagenomics is a method that enables us to derive genomic sequences of interest
from the extracted DNA from an environmental sample. Subsequently these are compared
bioinformatically together with as many known sequences expressed by single bacterial
species, excluding those that are not relevant for the study. Metagenomics is a technique
by which it is possible to accurately determine the functional capacity of a bacterial com-
munity of interest. In some cases, however, the complexity of intestinal bacterial habitats
(e.g., the colon) requires a greater sequencing effort to obtain sufficient data to compose a
representative picture of the microbes present within them [124]. Single cell sequencing
(SCG) is a complementary method to metagenomics and consists of the isolation of single
bacterial cells from samples and the subsequent amplification of their entire genome to
know what specific functions it is able to express. This type of method is combined with
cell selection techniques, such as fluorescent in situ hybridization (FISH) and/or labeling
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with stable isotopes, which allow the recovery of bacterial cells that derive from a specific
phylogenetic profile or that perform a particular function [125–127].

Finally, metatranscriptomics is the study of the transcripts of a bacterial community,
which aims to identify the functions performed by the microorganisms that compose it,
at a given time and in certain environmental conditions, unlike metagenomics which
establishes its functional potential as absolute value [128]. This technique consists first
in the isolation of RNA from an environmental sample and its subsequent use for the
creation of retro-transcribed cDNA “libraries”. Therefore, it has both the creation of cDNA
and the elimination of the host and bacterial ribosomal RNAs from the sample of interest,
where they constitute the most represented class of RNA. An important limitation of
metatranscriptomics is that due to the short half-life of the messenger RNA (which can be
measured in a few minutes and thus the results obtained may not be representative of the
bacterial activities carried out in situ) [129,130].

5.4. Molecular Methods

The DNA fingerprinting method allows us to obtain useful universal genetic markers
of bacterial genomes and therefore of the species present in a given particular microhabitat,
such as the colon. First, the sample of interest is extracted and the DNA purified. Subse-
quently this DNA is divided into fragments by endonucleases. These enzymes perform
divisions at certain nucleotide sequences, which are specific to each enzyme. These re-
sulting restriction fragments are then separated by length by agarose gel electrophoresis.
Subsequently, through the Southern blot hybridization technique, the bands generated
by hybridization with radioactively labeled probes of known sequence or through fluo-
rochromes are found. The differences between the genotypes are highlighted by the number
of bands that appear using the same probe for hybridization, which is in turn determined
by the number of cleavage sites present in the sequence considered [131,132].

Another method is the DNA microarray that consists of a network of DNA probes
attached by the inverse hybridization technique to a solid support (such as glass, plastic,
or silicon). Thus, the network marks the nucleic acid to be identified and allows us to
simultaneously check the RNAs produced by thousands of genes and to evaluate the
variations of their expression. The phylogenetic microarrays essentially consist of an
array containing short oligonucleotides (the target of which is usually represented by the
RNAs of the minor ribosomal subunit), which are selected to include the taxonomic range
of microorganisms that are assumed to be present in each sample environmental [133].
DNA is extracted from the sample and ribosomal RNAs are amplified and labeled with
a fluorochrome and finally hybridized against the microarray. Therefore, when the DNA
spots of the microarray show a fluorescent signal, it will be confirmed that the taxonomic
range chosen includes that of the bacterial species of the sample. An important limitation
is that a small number of bacteria can be detected, i.e., those whose taxonomic range is
included in the probes attached to the microarray. However, arrays are available including
the complete taxonomic range of bacterial species present in niche microhabitats, associated
with the human organism, such as the intestine or the oral cavity, etc. [134,135].

5.5. Quantitative Methods

The quantitative PCR (or real-time PCR) is based on the measurement of the fluores-
cence emitted by a DNA of interest during amplification by PCR: the amount of signal
generated and the rate at which this signal accumulates, as the number of PCR cycles,
allows you to measure the amount of target DNA present in the sample. This technique
is often used to quantify the total number of bacterial cells contained in a sample. Fur-
thermore, it can allow the quantification of the populations present in different bacterial
groups, using a series of specific primers. A limitation of real-time PCR is that it allows
only bacterial groups to be monitored for which specific primers have been constructed
and therefore, the excluded groups will not be quantified, unless multiple primer sets are
used [136,137].
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The fluorescent in situ hybridization technique (FISH) requires the bacterial cells
in question to be first fixed using chemical agents (e.g., formaldehyde) and then become
permeable, to allow access to the fluorescent oligonucleotide probes. These oligonucleotides
are approximately 15–30 bp in length and are commonly created to identify ribosomal RNA
regions of selected phylogenetic groups [138]. The probes hybridize to any complementary
rRNA sequence and display cells that have shown a positive signal. FISH, in addition
to being a quantitative approach, has the advantage of allowing the observation of cells
of interest in situ, with which it is possible to define a specific composition of bacterial
groups present on the mucous membranes or skin. A limitation of this method, which is
less sensitive from a quantitative point of view, compared to real-time PCR (qPCR), due to
the rich presence of bacterial populations [139,140].

5.6. Functional Methods

Metaproteomics is the study of the set of peptides/proteins produced by mixed bac-
terial communities. Therefore, it provides functional information on them, allowing you
to note all the changes in the expression of proteins within the microbiota, in response to
changes in normal environmental conditions. This approach requires the proteins to be
first extracted from the environmental sample of interest and then separated for their char-
acterization by means of mass spectrometry so we can proceed with the comparison of the
reference bioinformatics data present in the main databases [141]. The proteins/peptides
are separated by liquid chromatography. Metaproteomics offers significant advantages on
the studies of the gene expression of microbes within natural environments. This is because
targeting proteins rather than messenger RNAs provides an extended and representative
view of the functional activities carried out by the microbiota, also offering an explanation
to the post-translational modification processes. Furthermore, proteins/peptides are also
commonly more stable than messenger RNAs and from this it follows that the results
achieved are no longer conditioned by the speed at which the samples are processed. This
method has certain limitations, e.g., only proteins produced by the most representative
members of the microbiota can be recovered to a reasonable extent [142,143]. Metabolomics
is the study of the metabolites present in a specific sample and therefore, it allows us to
evaluate the functional activity carried out by a bacterial community by directly monitoring
the final products of its metabolism. This type of method requires that metabolites, usually
isolated from body samples (such as urine, feces, and blood) are estimated using various
technologies, such as nuclear magnetic resonance (NMR), or microscopy–mass spectrome-
try [144]. The result is a series of specific absorption spectra (or peaks) sequences, which
derive from the range of metabolites present in the sample. A fundamental limitation of this
method is that it can be difficult to determine precisely which bacterial species is producing
that metabolite [145]. Additionally, this method may be ineffective due to the presence
of DNA derived from dead or inactive species. Furthermore, many metabolites (such as
short-chain fatty acids) are rapidly absorbed by the host, which means that production
levels cannot be accurately attributed for a given bacterial species. Finally, resolution limits
mean that only a small subset of the wide range of metabolites that may be present in a
complex sample such as feces can be accurately monitored [146].

Stable isotope labeling (SIP) is a functional method that requires the microbial commu-
nities of interest to be incubated on substrates containing stable isotopes, such as 13C, 15N,
and 18O. At this point, the species that can grow on the substrate provided will incorporate
the isotope markers into their cellular biomass, which can then be examined by identifying
the elements that compose it, such as DNA/RNA, or proteins or fatty acids derived from
phospholipids, which will all be obviously marked. An important limit is the cost of the
equipment [147]. Furthermore, labeling with stable isotopes requires that bacteria grow
in the presence of the labeled substrates which, therefore, cannot be incorporated by cells
and/or organisms. Therefore, the bacterial communities to be studied must be maintained
in artificial laboratory conditions, thus not allowing the obtainment of results capable of
fully reflecting the activity carried out by the microbiota in vivo [148,149].
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6. Biomolecular Mechanisms of Intestinal Dysbiosis

The intestinal microbiota and the host coexist in harmony (eubiosis) and from this
there is mutual benefit. The host provides the space and suitable conditions (nutrients,
presence of O2 or microaerophilia, temperature, and pH) for the growth of the microbiota,
thus participating in the metabolic pathways of the host, producing useful substances
that cannot be produced by the host, or inducing the immune response of the host to
various infections. Therefore, the metabolism and fermentation of many nondigestible
food components, such as fibers, some lipids and proteins, bile acids, cholesterol, etc., is
one of the most important functions of the microbiota in the large intestine (7–10% of
the host’s daily energy requirement) [150,151]. In this way the bacteria provide energy
but also produce short-chain fatty acids (butyric acid and propionic acid), which are an
additional source of energy for the host. These acids have the utility of: (a) supplying en-
ergy to colon cells and bacteria, (b) activating the mechanisms that promote the integrity
of the tissues of the area, (c) influencing the immune system and immunization, (d) in-
fluencing the onset of metabolic diseases (obesity, osteoarthritis, and diabetes diabetes),
(e) having anti-inflammatory action, (f) having anti-apoptotic action, (g) regulating
lipogenesis, (h) regulating appetite hormones and pH, and (i) contributing to nutrient
absorption. Some bacterial species can synthesize amino acids and vitamins (such as K,
B12, folic acid, thiamine, biotin, etc.). The Bacillus thetaiotaomicron is responsible for the
breakdown of polysaccharides that become indigestible in the large intestine through
the presence of various enzymes such as glycosides hydrolases and lyases of polysaccha-
rides that break down pectin, arabinose, etc. The “friendly” bacterial species, such as
Lactobacillus spp. and Bifidobacteria spp., lack the proinflammatory external lipopolysac-
charide (LPS) chains, which are anchored to the cell walls of pathogenic bacteria such
as E. coli and the genus Salmonella [6,21,152–155]. Symbiotic bacteria of the microbiota
secrete antimicrobials such as bacteriocins and hydrogen peroxide, thus inhibiting the
growth of other pathogenic bacteria. There is also competition for both the location
of each other, and the availability of present nutrients in the lumen. The microbiota
regulate the development and function of the innate and acquired immune systems.
In the circumstances of eubiosis, constant stimulation of the immune system by the
gut microbiota leads to a state of “low normal inflammation”, which is a direct and
effective defense mechanism against pathogens. Furthermore, the flora competes with
its protective role, metabolizing the nutrients necessary for the survival of pathogens
and producing molecules that inhibit the growth of these bacteria [6,21,156]. Therefore,
the function of the intestinal microbiota in terms of the defense of the organism is, on
the one hand, to influence the intestinal immune mechanism and, on the other hand,
to prevent the possible invasion of pathogens by directly affecting them and/or by
“activating” the immune system of the host [157]. In fact, through natural immunity,
the molecular patterns associated with characteristic pathogens (PAMP) are identified
on the microorganisms, thus selecting potentially pathogenic from nonpathogenic mi-
crobes. More specifically, natural immune cells have specific PRRs (pattern recognition
receptors) that bind to PAMPs. PRRs are involved in the activation of acquired immu-
nity and the release of cytokines, for example, the Toll-like receptors (TLRs), which
are found in macrophages, neutrophils, dendritic cells, and the epithelial cells of the
intestinal mucus [158]. PAMPs recognized by PRRs are bacterial carbohydrates (such as
lipopolysaccharide-LPS and mannose), nucleic acids (viral DNA or RNA), bacterial pep-
tides (such as flagellin), peptidoglycans, and fungal glucans from liposuction. However,
since all of these are present and are also found in symbiotic microbes, they are referred
to by the term MAMP (molecular models associated with microbes) [158,159]. Through
the recognition of MAMPs, symbiotic microbes change the expression of TLRs in natural
immunity cells and trigger the activation of the NF-κβ pathway which stimulates the
production of cytokines and ultimately results in the activation of T lymphocytes, i.e.,
acquired immunity. As we have highlighted, gut germs can change the quantity of
mucus produced by the cells of the intestinal mucosa and thus play a protective role
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in conditions of eubiosis which will activate the body’s defenses, protecting it from
pathogens [6,160]. Hence, commensal bacteria prove necessary in eubiosis for the aid
of regular digestion, for the normal development/function of the immune system (in-
testinal, mucosal, and systemic), to lower the pH with short-chain fatty acids (SCFAs), to
secrete antitoxin proteins (bacteriocins) against toxin-producing bacteria, and to exert
an important defense against colonization by non-commensal microorganisms with
the regulation of intestinal mucus. Therefore, there are host–microbe local interactions
involving various organs, creating the gut axes (Figure 1) [5–7,161–164].
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Figure 1. There are complex host–microbe interactions in the gut ranging from direct cell-to-cell
to broader systemic communication, involving various organs including the central nervous
system (CNS), e.g., diarrhea after broad-spectrum antibiotic treatment for C. difficile. Therefore,
a cause that leads to an alteration of the qualitative and quantitative composition also leads to
a continuous cycle of disharmony (among the local bacterial populations and mucosa), thus
creating a state of inflammation in the intestinal mucosa that, if it persists, causes pathogenic
bacteria to find room to proliferate and subsequently to move, so that we can define it as a local
humoral immunity interactions cycle (LHII). This can lead to an immune upregulation with
subsequent imbalance (extraintestinal dysbiosis) of all the microbiota’s axes interconnected with
the intestinal microbiota in various organs and, if it persists, it creates a cross-talking gut axes
alteration cycle (CGAAC), which leads to an increase in local and systemic dysfunction in the
organism’s host over time, creating “reflex” diseases. Credits: Original figure by I.A. Charitos.

Thus, under suitable conditions, a long-term symbiosis with many benefits for the
host’s health may exist. However, when for some reason the conditions change, the
composition of the microbiota also changes, resulting in pathological conditions, infections,
inflammations, and various psychosomatic diseases. This condition is called dysbiosis. A
dysbiotic state allows the settlement of non-friendly, and therefore pathogenic, bacteria in
place of the resident “friendly” commensal bacteria (Table 2) [165–173].
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Table 2. The quantitative, qualitative, or functional disorders of the gastrointestinal microbiota in
relation to disease.

Gut Microbiota Dysbiosis Bacterial Changes

Celiac Disease Anorexia Allergies Diabetes Type II Autism Obesity Idiopathic Inflammatory
Bowel Disease

Gastric
Cancer

Colorectal
Cancer

Bacteroides
vulgatus ↑

Escherichia coli ↓
Clostridium
coccoides ↓

Methanobrevibacter smithii ↑ Lactobacillus spp. ↓
Bifidobacterium
adolescentis ↓
Clostridioides

difficile ↓
Helicobacter pylori ↓

Bacillota ↓
Clostridia ↓

Bacteroides and
Prevotella ↑

versus
Clostridia coccoides/

Eubacterium rectale ↓
Betaproteobacteria ↑

Bacteroidota/
Bacillota ↑

Bacteroidota ↑
Pseudomonadota ↑
Actinomycetota ↓

Bacillota ↓

Bacteroidota ↓
Lactobacillus ↑

Bacillota/
Bacteroidota ↓

Methanobrevibacter
smithii ↓

Bacteroidota ↓
Lachnospiraceae ↓
Actinomycetota ↑
Pseudomonadota ↑

Clostridium leptum ↓
Clostridium coccoides ↓

Faecalibacterium prausnitzii ↓
Bacillota/

Bacteroidota ↓
Bifidobacteria ↓

Helicobacter
pylori ↑

Fusobacterium
nucleatum ↑

The environmental factors mentioned previously, specifically unhealthy lifestyle
choices (such as low or exhausting physical activity levels, psychogenic stress, or smok-
ing), exposure to toxic substances (such as industrial chemicals, heavy metals, or abuse of
antibiotics), and “bad” diets (overconsumption of sugar, alcohol, caffeine, or spicy foods,
low-fiber diet, etc.), activate in combination with the genetic predisposition of the host
(idiosyncrasy) to become an abnormal irregulate function of the host’s immune system.
This condition can be cause a chronic inflammation of the intestinal mucosa, which in turn
is a potential risk factor for idiopathic inflammatory bowel disease (IBD) and other severe
chronic diseases [174–177]. In pathological conditions of the host, such as in the case of
Crohn’s disease, the disease is mainly associated with cytokines of T1 helper cells (factor
TNF-α, interleukin-12: IL-12, and interferon-γ or IFN-γ). When mucosal injury occurs,
epithelial cells are transferred to the site of mucosal injury for healing and rehabilitation.
According to recent scientific data, an unexpected immune response to acute injury in
Crohn’s disease patients is indicated. People suffering from this IBD show low neutrophil
accumulation and lower IL-8 and IL-1β production. There is also talk of damage (defect)
in the immunoregulation, which implies the perpetuation (worsening) of inflammation.
Crohn’s disease, as in ulcerative colitis, also activates CD4 helper T cells which are re-
sponsible for the secretion of proinflammatory cytokines. In contrast with the morbid
condition of the host where their activation is observed, CD4 helper T cells and epithelial
cells in normal state activate CD8+ suppressor cells [6]. Patients perceive endurance in
T-cell apoptosis which is attributed to IL-6. The macrophages and monocytes may release
sIL-6R (a soluble interfering receptor) that binds to IL-6, pushes gp130 to the cell surface,
and induces anti-apoptotic gene expressions. Even the cells of the mucosa of patients tend
to be associated with leukocytes compared to healthy individuals, which indicates that the
non-involved cells in the immune response take part in the pro-inflammatory formation of
chronic inflammation [174,178,179].

Genetic factors are thought to have a direct effect on the composition of the gut
microbiota leading to the condition of dysbiosis. The epithelial cells of the intestinal
mucosa are the first line of defense against pathogenic microbes. Although these cells are
in constant relationships with germs and their products (despite being pro-inflammatory
agents for other cell types), they do not react with a defense response. Hence these cells in
the intestinal environment provide protection to the host from an inflammatory response
against the microbiota. Therefore, the role of intestinal cells is the ability to recognize
pathogens [6,179] and only infection with these pathogens will induce a proinflammatory
response. It has been found that the NOD2/CARD15 gene participates in this intracellular
discrimination system of intestinal epithelial cells. It is also characterized as a cytoplasmic
protein, the expression of which is limited to monocytes/macrophages. Furthermore, it
can be expressed in other cell types or caused after treatment with proinflammatory agents
(IFNγ or TNFα) [179,180]. Its role is attributed to the activation of the NFκβ transcription
factor pathway, the main regulator of proinflammatory cytokines (TNFα and IL1b) that
induce inflammation.

Mutations in the NOD2/CARD15 gene inhibit the pathogenic or nonpathogenic
microbial identification mechanism, disrupting the normal cytokine inhibition mechanism
with consequent dysbiosis of the microbiota leading to significant inflammation of the
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intestinal mucosa [181,182]. Gut microbiota dysbiosis was noted in mice in which the
NOD2/CARD15 gene is not expressed. Indeed, levels of the phyla Bacteroidetes and
Bacillota (such as Bacilli spp.), were particularly high in mice that had mutations in this
gene versus those that did not. Furthermore, after colonization of the intestine of mice with
Helicobacter hepaticus the fecal microbiota in the following days of those without mutations
showed a greater ability to eliminate this pathogen bacterium; in contract to those that
had mutations. Similarly, it also occurs with H. pylori for its mutagenic and carcinogenic
power in the gastric mucosa [183–186]. The NOD2 gene contributes to the identification of
microorganisms with a harmful effect on the intestinal mucosa, providing host protection
from their colonization. It was observed that patients with Crohn’s disease or ulcerative
colitis and mutations in the NOD2 gene showed low populations in intestinal biopsies of the
genera Clostridium XIVa and IV with high presence of Actinomycetota and Pseudomonadota
phyla [187]. It was also noted that individuals with IBD and NOD2 gene mutation present
a dysbiosis of the intestinal microbiota with a balanced/disturbed immune system with a
high presence of Enterobacteriaceae [188]. The ATG16L1 gene regulates the breakdown of
proteins in the lysosome, the production of cytokines, and cell homeostasis. A correlation of
its mutations with intestinal dysbiosis was observed. Indeed, in individuals with Crohn’s
disease (in which the disease was in recession) who had a mutation in the ATG16L1 gene,
intense activity of the GRP78 and peIF2α markers was noted. These markers detect the
endoplasmic stress of the Paneth cellular network [186]. It has also been noted that if
there is an important stress condition, individuals are more likely to develop idiopathic
inflammatory disease in the small intestine and may have surgical complications, such as
Crohn’s fistulas [189]. Additionally, increased stress indices have shown elevated levels of
Escherichia coli in intestinal biopsies. Finally, high concentrations of the species Bacteroides,
Fusobacteria, and E. coli with low presence of Lachnospiraceae (family of bacteria belonging
to the order Clostridiales) in tissues with inflammation, were observed in patients with
IBD with a defect of this gene. An important factor in intestinal microbiota dysbiosis is
bacterial translocation, defined as the transport of germs through the intestinal mucosa to
sterile areas (mesenteric lymph nodes and abdominal organs) [190,191]. This translocation
is observed in patients with Crohn’s disease and ulcerative colitis. Bacterial translocation
therefore includes transport through the vulnerable intestinal mucosa of antigens and
endotoxins into the systemic circulation, thus inducing the formation of inflammation
and damage to various organs. In host conditions, such as inflammatory bowel disease, a
hostile environment is formed in the gut with a modified microflora composition; bacterial
translocation in these diseases is attributed to either lesions observed in the gut mucosa or
mutations in the CARD15 and ATG16L1 genes [190–194].

7. The Importance of Gut Microbiota Testing to Reveal Host’s Dysbiosis

As noted, the qualitative (type of bacteria) and quantitative (other changes in the
number of species) variations of the gut microbiota relate to the state of well-being of
our organism. Unveiling its dysbiotic composition allows us in advance or in time to
preserve it or correct it to reach eubiosis. Thus, we can avoid, cure, or reduce the risk of
some pathologies, as mentioned. With the presence of advanced molecular techniques for
highly sophisticated analyses, it is possible to characterize the components and microbial
functionality of the intestinal microbiota with more precision. The analysis of the intestinal
microbiota is performed using a special kit for taking a fecal sample (it can be stored for
up to 4 weeks at room temperature) (Table 3). The genetic patrimony expressed from the
intestinal microbiota, results to be more rich respect of other individual niche, and therefore
is indispensable in the homeostasis of overall health. Thus, it was necessary to investigate
the composition of the intestinal microbiota, to check their state of well-being; it could
therefore, in cases of dysbiosis, indicate a targeted therapy [195,196].
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Table 3. Some conditions for which the gut microbiota test might be performed.

Conditions Action

Obesity or overweight, metabolic syndrome, diabetes type II Integrate nutritional plans aimed at controlling body weight
and restore the host’s energy metabolism balance

Childhood Promote proper bacterial maturation for young children

Elderly Limit the effects of aging through immune depression and the
onset of inflammatory processes

Pregnancy and breastfeeding Support the microbial development of the newborn
Early stages of menopause Better management of metabolic and hormonal change
Presence and/or persistence of intestinal symptoms (including
urogenital) of mild or moderate entity Prevent the course in some possible pathologies

Specific nutritional needs e.g., an intense athletic activity or at a competitive level to
improve performance

Cardiovascular diseases and cholesterol metabolism
Integrate nutritional plans and change the lifestyle (tobacco,
alcohol, drugs abuse, and other), aimed at controlling
cholesterol, hypertension, and heart attack

It is possible to analyze different parameters even if the aspects most considered and
analyzed are the biodiversity index (alpha diversity) and the possible degree of dysbiosis
on the composition of the microbiota (a eubiotic microbiota is characterized by a high
level of taxonomic diversification). In particular, from the sample, it is possible to obtain:
(a) descriptive analysis of the relative abundance of the various bacterial species, (b) the de-
gree of metabolic efficiency, (c) an evaluation of the presence of potentially pathogenic bacte-
rial groups (such as C. difficile, C. perfringens, Salmonella, Klebsiella, Enterococcus faecalis, etc.),
and (d) an evaluation of the physiological functions expressed in “indices” calculated on the
basis of the relative overpopulation of the species involved in that function (Table 4) [197].

Table 4. The different parameters and aspects of dysbiosis degree and the physiological functions
indices by test research on intestinal microbiota’s host.

Test Analysis of Microbiota’s Actions
Activity and Metabolites (Degree of Metabolic Efficiency) Physiological Functions

Proteolytic
(allows the degradation of animal proteins; its hyper-expression
compromises energy metabolism through the production of
bioactive compounds)

Immunomodulation (indicates the ability of the microbiota to
properly support the immune system based on the expression of
immunomodulating bacteria)

Mucolytic
(is important to ensure the renewal of the mucosal layer but
which, if excessively stimulated, can also lead to damage to the
mucosa itself)

Regulation of cognitive and emotional activities (considering
the now proven existence of the gut–brain axis, the presence of
bacteria capable of producing metabolites that can regulate the
state of stress, anxiety, and depression, such as serotonin,
is assessed)

Short-chain fatty acids or SCFAs
(propionate, butyrate, acetate)(is important for the proper
functioning of the immune system, energy metabolism, and the
integrity of the intestinal barrier)

Resistance to pathogens (also called barrier effect, it
expresses the degree to which the microbiota can repress or
hinder the colonization and proliferation of potentially
harmful microorganisms)

Lactate
(controls the pH of the intestinal lumen)

Investigate how the possible concentration of predisposing
bacterial strains that can contribute to several diseases (such as
inflammatory bowel syndrome, metabolic or cardiovascular
disorders, or diseases related to aging, and others) can be useful
for prevention.

Hydrogen sulphide
(as its excessive production promotes inflammation and
intestinal permeability with consequent bacterial spread in the
systemic circulation)

Bacteria influence on the intestinal permeability (some
bacteria through the production of specific metabolites bring
benefits to the intestinal epithelium, while others undermine
its integrity and therefore correct functionality with possible
systemic consequences)

Bacterial lipopolysaccharide
(an endotoxin important for the proper stimulation of the
immune system but which if produced in high quantities can
lead to various diseases, including autoimmune diseases)
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The sample is then analyzed through massive sequencing (next generation sequencing)
so it is obtained through a bio-computing processing and statistical analysis of the data for
the identification of all the bacterial components of the microbiota in question. Then, the
analysis is performed from a sample of 1–2 g of feces, from which the DNA of the bacteria
is extracted in the laboratory and then purified and amplified by NGS. Therefore, based
on the quantitative and qualitative variations obtained from the sample, a complete and
usable picture of how this can impact the physiology of the host is returned by applying a
method of functional interpretation [198]. Then the examination of the microbiota detects
the “fingerprint” of our bacterial component and analyses its overall state of balance and
functionality. Based on the results obtained, it will in fact be possible, if necessary, to adopt
the right corrective strategies, such as changes to nutrition or lifestyle, integration with
probiotics and/or prebiotics, etc. As mentioned, the test is designed to utilize the rRNA
16S gene as target and amplification primers for PCR and probe for hydrolysis, which
enhances the specificity of the dose. Each qPCR DNA microbial DNA sampler analyzes
two samples simultaneously [197,199]. The qPCR microbial DNA metabolic distillation
matrix is a search tool used for screening or regulating profiling and test strips of test
samples, associates, and obesity, type 2 diabetes mellitus, metabolic syndrome, and other
diseases. Identification is the determination of the presence of microbes in the sample that
enable the excision of a control of the model during analysis [200]. Positive indices that are
obtained are important for maintaining the health of the host, so they are obtained when the
intestinal microbiota has the characteristics necessary to efficiently perform the indicated
function. Instead, the negative indices show a potential of the intestinal microbiota to
contribute to the establishment or consolidation of important groups of local or systemic
diseases. However, the high values of the indices that are negative by themselves do not
represent a diagnosis for certain pathologies because they are obtained when the intestinal
microbiota has characteristics and that, in the presence of other predisposing conditions
(genetics, environment, comorbidities, lifestyle, and food habits), could represent a further
predisposing factor towards the group of pathologies indicated [197,201].

8. Microbiota, Dysbiosis Disease, and Personalized Management

After an evaluation of the condition of the microbiota as mentioned above, we can
manage the patient or the person in a more specific way. With this type of detection of
a person’s microbiota we can characterize his dysbiosis and intervene with a targeted
therapeutic plan. In fact we must have in mind that the dysbiosis can be: (a) deficiency,
resulting from a deficit of the bacterial communities of the intestinal microbiota (Bifidobac-
teria spp. and Lactobacillus spp.), mostly favored by a diet poor in soluble fiber and/or
rich in packaged, refined, sterilized foods, or consequent to treatments with antibiotics,
(b) putrefactive, which is favored by a diet excessively rich in animal fats and meats, and
low in fiber with an increase in bacterial populations of Bacteroides spp., Clostridium spp.,
Peptococcus spp., and Eubacteria spp., (c) fermentative, which is characterized by a condition
of relative intolerance to carbohydrates or excessive consumption of simple sugars with
an increase in bacterial fermentation, (d) sensitization caused by an immune response to
components of the normal intestinal microbiota due to deficiency of the immune barrier
composed of secretory IgA, and (e) from overgrowing fungi (such as Candida albicans and
Saccharomycetes) favored by a diet rich in simple sugars, leavened foods, refined carbohy-
drates, and low in fiber [6,21,202]. The various ways to manage and modulate the dysbiotic
intestinal microbiota can be dietary interventions (which also include the use of prebiotics,
prebiotics, and postbiotics) and fecal transplantation, to mitigate or treat diseases, such as
C. difficile infection. Therefore, IBD is one of the best studied conditions associated with
dysbiosis; it is heterogeneous with three main subtypes: ulcerative colitis, Crohn’s disease,
and colitis indeterminate with the microbiome [203–205]. These heterogenicities are faced
with different therapeutic approaches and therefore the intestinal microbial community
present is carefully evaluated. Furthermore, specific diets limiting fermentable oligosac-
charides, di-mono-saccharides, and polyols have shown to be beneficial in patients with
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IBS. In an obese or overweight person, in a metabolic syndrome, or in a patient with type II
diabetes, nutritional plans aimed at controlling body weight and restoring the host’s energy
metabolism, such as the glycemia balance, can be integrated [206,207].

In cardiovascular diseases and cholesterol metabolism, nutritional plans can be in-
tegrated (also with probiotics such as Lactobacillus acidophilus and/or Bifidobacterium
Bifidum) and changes to lifestyle introduced (tobacco abuse, consumption of alcohol,
and others) to help control them; e.g., trimethylamine oxidase (TMAO) in atheroscle-
rosis and the inhibition of the microbial enzymes trimethylamine lyases (CutC/D and
CntA/B) generating trimethylamine (TMA) from various dietary TMA-containing nutri-
ents. The two TMA lyases have been show to restrict substrate specificity for cleaving
choline and carnitine, respectively [205,206,208]. The inhibition of TMA lyases can occur by
3, 3-dimethyl-1-butanol (a structural analog of choline) decreasing bacterial TMA produc-
tion in a high-choline diet-fed murine model and can be found in olive oil, red wine, and
other foods [205,206,209]. Finally, the beneficial effects of food interventions with probiotics
with a dysbiotic microbiota on anxiety disorders are further evidence of the involvement
and influence of the microbiota and on their appearance. Probiotics, such as L. rhamnosus,
reduced the anxiety of people who exhibited depressive behaviors. The B. longum probiotic
has a similar effect, while consuming probiotic milk for 3 weeks significantly improved the
psychological situation of the people who received it. These probiotic bacterial strains with
specific action in affecting the gut–brain axis can be called “psychobiotics”. Furthermore,
high doses of prebiotics like trans-galactooligosaccharide (GOS) had a beneficial effect on
people with depression [210–212].

9. Conclusions

The analysis of the intestinal microbiota highlights potentially pathogenic bacterial
groups that are sometimes present in the microbiota even in very low abundances and
which can thus take advantage of any alterations in the microbiota to proliferate excessively
and cause clinically relevant disorders. Thanks to a particular genetic analysis technology
(next generation sequencing, NGS), the gut microbiota test allows us to read the sequence
of the genes of the entire microbial community and then categorize them according to the
families present in our intestine.

The presence in high abundance of some of these bacteria has also been associated
with various disorders, such as colitis or recurrent diarrhea. The alteration can be caused
by both a low and an excessive presence of one or more bacterial groups. Thus, the analysis
of the gut microbiota allows us to highlight the following parameters: the biodiversity
index (high healthy microbiota index) and the dysbiosis index which measures the degree
of alteration of the intestinal microbial ecosystem compared to what is considered a healthy
profile. Consequently, we can set up an adequate therapy to modulate towards eubiosis in
the intestinal microbiota.
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