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ABSTRACT - Over the last years, there is growing evidence that microorganisms are involved in the maintenance of our health and are related to various

diseases, both intestinal and extraintestinal. Changes in the gut microbiota appears to be a key element in the pathogenesis of hepatic and gastrointestinal

disorders, including non-alcoholic fatty liver disease, alcoholic liver disease, liver cirrhosis, inflammatory bowel disease, irritable bowel syndrome, and
Clostridium difficile — associated diarrhea. In 2019, the Brazilian Society of Hepatology (SBH) in cooperation with the Brazilian Nucleus for the Study
of Helicobacter Pylori and Microbiota (NBEHPM), and Brazilian Federation of Gastroenterology (FBG) sponsored a joint meeting on gut microbiota
and the use of prebiotics, probiotics, and synbiotics in gastrointestinal and liver diseases. This paper summarizes the proceedings of the aforementioned
meeting. It is intended to provide practical information about this topic, addressing the latest discoveries and indicating areas for future studies.
HEADINGS - Gastrointestinal microbiome. Prebiotics. Probiotics. Synbiotics. Gastrointestinal diseases. Liver diseases. Practice guidelines as topic.

INTRODUCTION

There is growing evidence that microorganisms are involved in
the maintenance of our health and are related to various diseases,
both intestinal and extraintestinal. The systems exposed to the
environment are colonized by bacteria, fungi, archaea, viruses,
and even protozoa. These microscopic organisms in the respiratory
system, genitourinary tract, skin, and especially digestive tract are
estimated to total almost 1.5 kgh.

There is good evidence that our intestines can be colonized
while still in the womb, even if there is no rupture of the amniotic
membrane. However, colonization of the newborn does occur after
birth. Vaginal and full-term delivery are conditions that most likely
guarantee the development of what we call a healthy microbiota.
Children born through vaginal delivery will initially be colonized
by bacteria from the mother’s perineum, while in cases of caesarean
section, the bacteria from the hospital and the skin of the maternal
abdomen will be the first to be received by the child. In addition,

the stress of labor itself is considered of utmost importance for this
initial colonization to occur in a healthy way. Children born through
caesarean section, especially scheduled deliveries without rupture of
the amniotic sac and without labor, tend to have a greater chance
of developing allergic, autoimmune, degenerative, and metabolic
diseases, both intestinal and extraintestinal, including obesity and
cognitive disorders such as autism and depression.
Breastfeeding is another essential variable for the development
of a healthy microbiota. Although lactation formulas that mimic
breast milk as much as possible are increasingly used, no product
can adequately replace breast milk. Breast milk includes lactoba-
cilli and carbohydrates known as human milk oligosaccharides
(HMO). The milk of each mother has different types and amounts
of microorganisms and HMOs. Such oligosaccharides function as
prebiotics, stimulating the growth and development of beneficial
bacteria that bind to receptors of the intestinal mucosa that could
be occupied by pathogenic bacteria, thus reducing the probability
of developing infections. They have important immunomodulatory
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effects, controlling the development of our immune system. They
modify the proliferation and differentiation of intestinal cells, and
participate in the formation of our central nervous system. There is
convincing evidence that breastfeeding and vaginal delivery have a
protective effect against viral and bacterial infections and prevent
the development of allergic and autoimmune diseases®>%.

During development, the child begins to ingest different types
of food and develops infections, which are essential factors for
increasing the number and diversity of bacteria and thus for a
healthy microbiota. The first 1,000 days of life are considered the
most important in the formation of the core of this microbiota.
Any interference in this initial triennium may impact the rest of the
child’s life. Therefore, infections, drugs that interfere with immunity,
vaccines, modification of acid-peptic secretion or intestinal motility,
antibiotics, breastfeeding, and foods can all affect the formation
of an optimal microbiota®!".

Not only bacteria are important in this process. The involve-
ment of the virome, fungome (mycome), protozoa, and even
helminths has been studied. The microbiota formed is unique; no
two people have the same microbiota; so we can consider this set of
microorganisms as a true fingerprint of each of us. This difference
is accentuated when we study populations from different regions
and therefore with different life and eating habits, often within the
same country:1%19,

The microbiota acts in many ways, directly and indirectly,
exerting protective actions, translated by the ability of “good”
bacteria to protect us from infections by pathogenic microorgan-
isms. This is accomplished by displacing pathogens (two bodies
cannot occupy the same place at the same time), competing for
nutrients, competing for receptors, and producing factors that can
interfere with the survival of pathobiont strains. For example, the
good bacteria secrete bacteriocins (natural antibiotics) and other
colicins, and they generate — from the fermentation of nondigestible
carbohydrates — short-chain fatty acids (SCFAs) such as butyrate,
propionate, lactate, and acetate, which reduce colonic pH, thus
hindering bacterial proliferation®29.

Metabolic function is exerted through the promotion of differ-
entiation of intestinal epithelial cells, metabolization of carcinogens
present in the diet, and synthesis or facilitation of the absorption
of vitamins, other nutrients, and trace elements!9.

The microbiota can also promote the digestion of various foods,
such as lactose. Bacteria of the genus Lactobacillus can produce beta-
galactosidase and thus facilitate the breakdown of lactose, decreasing
symptoms of intolerance to this disaccharide®). Two of the most
important functions of the microbiota are its immunomodulatory
effect and its role in the modulation of the gut-brain axis@'.

Once healthy, we live in a state known as eubiosis, where there
is balance between good and bad bacteria and the immune system
of the intestinal mucosa, along with stability and diversity of our
microorganisms. Specific cells of the intestinal mucosa, known as
Paneth cells, are crucially important in maintaining health. They
have structures known as pattern recognition receptors (PRRs),
such as the Toll-like receptors (TLRs), that identify antigens present
in the intestinal lumen, grouped under the name microorganism-
associated molecular patterns (MAMPs). Once in eubiosis, good
antigens are recognized, and there is a healthy response of the
intestinal mucosa, maintaining its production of immunoglobulin
A (IgA), mucus, and defensins and keeping the tight junctions fully
functioning, thus ensuring intact intestinal permeability©?.

If there is a predominance of pathogenic bacteria, or when there
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is loss of bacterial diversity or stability, we enter a state known as
dysbiosis. This state is also recognized by intestinal PRRs that now
cause the intestinal mucosa to act in an unhealthy way, decreasing
the production of mucus, IgA, and defensins and causing the tight
junctions to stop functioning properly. This promotes an increase
in intestinal permeability, allowing the passage of bacterial and
food antigens, bacterial products and other microorganisms to
deeper layers of the intestinal mucosa. As a consequence, cells of
the immune system are attracted to this site (mast cells, for exam-
ple), releasing several proinflammatory cytokines, which in turn
attract more inflammatory cells, thus triggering an inflammatory
cascade®. This state is “perceived” by afferent nerve fibers, which
in turn transmit this information to our central nervous system,
which then filters and modulates these stimuli, sending an effer-
ent response, directly through the nerve (vagus nerve) and also
concomitantly through the hypothalamic-pituitary-adrenal axis,
modulating intestinal motility, secretion, and sensitivity, in addition
to promoting systemic, metabolic, and biochemical actions capable
of modifying our whole-body physiology®*2>.

These same cytokines produced in the submucosa of the intes-
tine can reach the blood vessels, reaching the blood-brain barrier,
modulating the action of the central nervous system, by altering,
for example, the expression of several receptors, such as serotonin
receptors, thus promoting or modulating mood disorders, chronic
fatigue, loss or increase of appetite, etc%27,

Some bacteria can produce neurotransmitters, amino acids,
and hormones that, once absorbed, are transported by the circu-
latory system, substantially changing the functions of our body.
The microbiota is also able to modulate the expression of several
intestinal and extraintestinal receptors, promoting modifications
in various systems’2%,

Our intestine also has many neuroendocrine cells, some in
close contact with the intestinal lumen, whose functions include
the release of a wide variety of neurotransmitters that can directly
alter the gut-brain axis. More than 30 hormones have already been
described in the intestine, and almost 95% of all of our serotonin
is found at this site®-). This whole process can be modified by
several factors, including aging, with different consequences®>3,

The microbiota can be modified by various mechanisms. The
most common way is through the diet. Important dietary compo-
nents that can promote changes in the microbiota are fibers. Some
of these nondigestible carbohydrates, especially soluble fibers,
can serve as food for good bacteria, so they are called prebiotics.
For each bacterium, there is an ideal prebiotic, and the so-called
“prebiotic index” can be calculated for each type of bacterium.
Prebiotics, once fermented by intestinal bacteria, yield SCFAs,
especially butyrate, which favors absorption of water and electro-
lytes, coordinates intestinal motility, improves rectal compliance,
accelerates repair of enterocytes, promotes intestinal differentia-
tion, has an anti-inflammatory effect, and reestablishes intestinal
permeability(®3437,

The SCFAs are absorbed, and once in the circulation, they
can modulate the blood-brain barrier and positively affect the
arrival of chemically active substances to the CNS. The SCFAs
bind to specific receptors of the intestinal mucosa (free fatty acid
receptors) and interfere directly in the gut-brain axis and, by also
binding to intestinal TLRs, can control several factors related to
our metabolism in general. There is robust evidence showing they
alter the release of ghrelin, leptin, PYY, GLP-1, GLP-2, etc. They
can also reduce the adherence of pathogenic strains to the intestinal
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wall and stimulate the action of NK cells and phagocytic activ-
ity. They modulate the immune response via the TLR activity of
dendritic cells and can reduce inflammation through the secretion
of anti-inflammatory cytokines such as interleukin (IL)-10 and the
reduction of inflammatory cytokines such as IL-1 beta and IL-6.
Antimitotic effects are also described®?7:373%).

Bacterial fermentation also causes gas production, which by
itself can result in distension and discomfort while simultaneously
interfering with intestinal motility. For example, methane is directly
related to cases of constipation®®.

Bacteria ingested through the diet can exchange genetic mate-
rial with our intestinal bacteria and thus modify their function
(a phenomenon known as horizontal or lateral gene transfer)?.
Dietary changes can quickly change the microbiota, and these
changes might be beneficial or not“D.

Another way of changing our microbiota is through physical
activity. Regular exercise, in addition to improving mood and
preventing cognitive decline, modifies mucosal immunity and
directly interferes with the gut microbiota, increasing its diversity,
decreasing pathobiont strains, producing antioxidant agents, and
increasing SCFA production®>#9.

Fecal microbiota transplantation clearly modifies the micro-
biota, and its use in clinical practice is limited to the treatment of
colitis secondary to Clostridioides difficile that does not respond to
metronidazole or vancomycin. Ongoing protocols attempt to study
this method of manipulation of the microbiota for the treatment of
inflammatory bowel disease (IBD), functional diseases, cirrhosis,
depression, obesity, and autoimmune diseases. It is very important
to note that fecal microbiota transplantation involves the introduc-
tion of not only of bacteria but also of all fecal components into
the recipient’s intestine, which may include microorganisms and
varying amounts of proteins, cytokines, carbohydrates, etc. For
these reasons, the safety of fecal transplantation should be very
carefully analyzed®.

Any drug that interferes with intestinal motility and secretion,
immunity, or peptic acid secretion may also modify the microbiota.
These include drugs such as proton pump inhibitors (PPIs), an-
tidepressants, chemotherapeutic drugs, and diuretics. However,
antibiotics are undoubtedly the agents that have a greater impact,
as classic dysbiosis promoters. However, antimicrobials can be used
positively for manipulation of the microbiota, such as for intestinal
and extraintestinal infections or, for example, small intestinal bacte-
rial overgrowth syndrome. The use of these drugs indiscriminately,
especially during the formation of the microbiota, i.e., in the first
1,000 days of life, can impact the rest of our lives, for example by
promoting greater predisposition to obesity or excessive thinness,
and allergic and autoimmune diseases“4$),

Finally, another way to manipulate the set of intestinal micro-
organisms is supplementation with probiotics (living organisms
that, when consumed in adequate amounts, have a positive effect
on the health of the host). The probiotics may be bacteria or fungi
and must therefore be alive and in an adequate number at their
site of action, the intestinal lumen. For this to happen, they must
resist passage through the stomach and small intestine because
hydrochloric acid, pepsin, bile salts, and pancreatic enzymes have a
strong bactericidal effect. It is very important that they be preserved
and transported in an appropriate manner. Thus, probiotics should
be kept refrigerated, and when they are not, there may be loss of
viable strains. Some microorganisms cannot be transported by
aircraft because they cannot withstand the variation in atmospheric

pressure. The preservation of probiotics may also be influenced by
the climate zone, such that there may be differences in viability and
action in different regions of the planet#,

For the development of a probiotic, a long period of study
must be adopted that includes the selection of strain with probiotic
potential, the study of its behavior, and the testing of its safety and
efficacy in vitro and then in vivo, including studies in test animals
and subsequently in humans®?.

After this process, probiotics go through a multiplication pro-
cess so that they can be commercialized. It is very important for the
manufacturer to control for possible spontaneous or phage-induced
mutations because these factors can interfere with the efficacy and
especially in the safety of the supplemented strain(s)*.

Probiotics are not all the same, and although there may be
characteristics common to similar genera and species — the same
way that we all are Homo sapiens —there is great variation between
strains. Bacteria of the same species but of different strains can
have completely different responses->1-2,

The action of probiotics can vary according to the strain, ge-
netic characteristics of the PRR, climate, temperature, drugs taken,
and foods eaten, and with the rest of the recipient’s microbiota.
The combination of different strains in a single product does not
necessarily mean a better clinical response. Different strains can
compete for nutrients and receptors, can produce bacteriocins that
kill other strains, and may have different characteristics regarding
the interaction with food and drugs and survival in different climate
regions. The action of probiotics may also vary according to the
matrix used, i.e., probiotics in fermented milks may function dif-
ferently when supplied in capsules. Finally, the use of synbiotics
(combination of prebiotics with probiotics) is not necessarily better
than the use of probiotics alone because there is an ideal prebiotic
for each probiotic®-?),

The most important message is that the probiotic effect is
strain specific and should be studied as such. The more studied
the strain is, the more we can confirm its indications and efficacy
in different clinical situations. The strains supplied together should
be studied together.

MICROBIOTA AND IMMUNITY

Since the end of the nineteenth century and the beginning of
the twentieth century, the increase in the prevalence of immune-
mediated diseases worldwide has become more evident, at a growth
rate higher than the arithmetic growth rate of the population. Many
studies point to the relationship of humans with their intra- or
extracorporal environment as one of the main factors underlying
this epidemic. Environmental and climate changes, lifestyle and
diet, water quality, the establishment of good hygiene practices, and
automation of the agricultural process with population migration
to urban areas are some of the transforming factors leading to the
prevalence of noncommunicable diseases in the last 150 years®.

In the human gut, we find all three domains of living organisms:
Archaea, Bacteria, and Eukarya. In the vast majority of humans, the
Bacteria domain is represented mainly by the divisions Firmicutes,
Bacteroides, and, to a lesser extent, Proteobacteria. Variations in
bacterial species can occur, especially in unrelated individuals, due
to vertical transmission, i.e., the colonization from the mother to
the child®. The gut microbiota undergoes significant changes from
birth to old age, reconfiguring its metagenomic profile in response
to dietary changes and the physiological and immunological needs
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that arise throughout life. This plasticity is a fundamental strategy
to face the changes in lifestyle and eating habits that have occurred
throughout our history, from the hunters of the Paleolithic era,
through the Neolithic agricultural era, to the modern Western society.
This situation was only possible through a process of coevolution
of the bacterial communities and the host over time, where both
parties benefited and still benefit from each other, begetting a situ-
ation of mutual coexistence (mutualism). Microorganisms benefit
from the stable intestinal environment and the nutrients that arrive
there, while the host benefits from the uptake of products derived
from the fermentation of nondigestible fibers, such as SCFAs, which
are responsible for approximately 10% of the energy required for
the functioning of the body, through the production of vitamins K
and B12, and from the defense against potential pathogens, through
competitive exclusion and immunomodulation phenomena®.

The diversity of the human microbiota is also shown by the
difference between the bacterial populations found in the intestinal
lumen relative to those adhered to the epithelium (biofilm), which
seem to have a greater beneficial function — due to the greater
contact — either in the absorption of nutrients or in the activation
of the innate immune response®?.

Before birth, in utero, the fetus finds perfect conditions for its
development: a proper diet, a perfect temperature, a pathogen-free
environment, and a mechanism of immune tolerance (Th2 depend-
ent) that prevents it from being rejected by the maternal organism.
Recent studies have revealed the presence of microorganisms in the
amniotic fluid in the fetal membranes, umbilical cord, placenta, and
meconium. The meconium exists in two distinct periods: the first
less diversified and with a predominance of bacteria of the family
Enterobacteriaceae, the second later and more diversified, with a
predominance of bacteria of the phylum Firmicutes, especially lac-
tic acid bacteria. This bacterial population differs from the profile
found in the vagina, skin, or feces of pregnant women, suggesting
that this population of meconium bacteria has a uterine origin, as it
resembles the profile in the amniotic fluid. In this sense, it is believed
that colonization of the fetal gastrointestinal tract may occur in
utero, through the swallowing of the amniotic fluid®®*). At birth,
even before taking his/her first breath, the child is already being
colonized. In the early hours, due to the presence of oxygen, there
is a predominance of aerobic bacteria, such as streptococci and E.
coli. Later, as oxygen is consumed, strictly anaerobic bacteria such
as Bifidobacteria, Bacteroides, and Clostridium prevail®®.

The establishment of the microbiota lasts until the third year
of life, in the first 1,000 days, and thus the correction of possible
deviations in the establishment of this “metabolic” organ during
this period can promote the development and future health of the
child®”. Two conditions are essential for the establishment of the
appropriate microbiota in the first hours of life: vaginal delivery
and exclusive breastfeeding. These two factors, however natural
they may seem, are not very common these days. Breast milk con-
tains a number of bioactive factors and immunostimulants, which
together with the gut microbiota regulate the morphophysiological
maturation of the intestine. For example, HMO, present in large
concentrations in colostrum, serve as binding sites for microorgan-
isms beneficial to the microbiota, such as Bifidobacterium spp., and
reduce colonization by possible pathogens®®. A disturbance in this
colonization sequence, whether due to pre-, intra-, or postgesta-
tional factors, may be related to a potential long-term risk to the
health of this individual because some of these diseases of modern
civilization have their genesis in developmental failures or failures
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in the function of the immune system. These immune system dis-
orders, in turn, may result from the presence of dysbiosis, where
there is an imbalance of the human microbiome, either as a decrease
in symbiotic bacteria or as an increase in pathogenic bacteria®®.

The association between the gut microbiota profile, with a
predominance of Clostridium, and the risk of developing allergic
diseases, such as atopic dermatitis, at 5 and 13 months has been
reported. These microbial profile is also influenced by the number
of contacts in the environment (number of siblings), which may
suggest participation of the gut microbiota in the mechanism of
the hygiene hypothesis®©?.

Both the intestine and the skin are sites where there is a constant
dialogue between the immune system and microorganisms. The
molecular mechanisms that prevent a deleterious inflammatory
response and that enable tolerance are still not fully known. Most
likely, this immune tolerance mechanism results from the increase
in the Th1l-dependent lymphocyte response after birth, which is due
to the onset of antigen stimulation, especially by nonpathogenic
microorganisms found in the intra- or extracorporal environment.
A reduction in this Th1-dependent response, with consequent main-
tenance and escalation of the Th2 response, is found in children at
risk for atopic diseases, such as asthma, in addition to those with
reduced responses to vaccine antigens and greater susceptibility to
respiratory infections®?.

It is postulated that microbial products, such as those found in
the normal microbiota, with MAMPs associated with PRRs, such as
TLR, are key elements for the onset of the tolerogenic innate immune
response, with maturation and activation of regulatory T cells and/
or the Thl profile, which together modulate the immune response
through the synthesis of cytokines such as IL-10 and TGF-beta,
which are negatively correlated with the development of the atopic
profile. More recently, a group of small, noncoding RNA-based
molecules called microRNAs has been identified in breast milk and
other secretions; those molecules play a role in gene regulation at the
posttranscriptional level. They are abundant in colostrum and seem
to influence the gastrointestinal and immunological development of
newborns but have not been specifically or significantly associated
with the prevention of atopic dermatitis in newborns of mothers
who ingested probiotics in the perinatal period©-,

Thus, it is possible that the origin of immune-mediated processes,
such as allergic diseases, goes back to the earliest phases of life and
derives from a complex interaction between genetic susceptibility
and early environmental contact, either in the intrauterine period
through maternal exposure and experiences or in the immediate
postnatal period, producing phenotypic differences between those
who will and will not develop such immunological imbalances®V.

ROLE OF MICROBIOTA IN LIVER DISEASES

Non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) is one of the most
common forms of liver disease, primarily related to the global
increase in the prevalence of obesity, type 2 diabetes mellitus
(T2DM) and metabolic syndrome (MS). It is a complex disease
that involves environmental factors and genetic predisposition®.
NAFLD encompasses a range of liver changes ranging from fat
accumulation in >5% of hepatocytes without inflammation or
fibrosis (simple steatosis), to cases of nonalcoholic steatohepatitis
(NASH)), cirrhosis, and hepatocellular carcinoma (HCC), in the
absence of significant alcohol consumption®?.
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NAFLD is associated with MS components: T2DM, insulin re-
sistance (IR ), systemic arterial hypertension (SAH), central obesity,
and dyslipidemia. It may also be associated with surgical procedures
such as jejunoileal bypass, protein deficiency, prolonged parenteral
nutrition, endocrine diseases, use of medications, and exposure to
toxins©-, A sedentary lifestyle, high intake of foods high in fat
and fructose, obesity, metabolic disorders, hormonal status, and
genetic background have also been described as responsible for the
development of NAFLD®?,

The physiopathology of NAFLD has not yet been fully
elucidated. Approximately 10%-25% of patients with NAFLD
develop NASH®®, and the factors responsible for the progression
of steatosis to NASH remain unknown and are the subject of ex-
tensive research. Currently, most authors believe in the hypothesis
of multiple hits. The first hit is closely associated with multiple
metabolic abnormalities, IR being the initial condition for the ac-
cumulation of fatty acids in hepatocytes, as it favors lipogenesis and
inhibits lipolysis, resulting in an excessive increase in the supply of
fatty acids in the liver, followed by a sequence of events (multiple
hits), such as increased oxidative stress, stress of the endoplasmic
reticulum, mitochondrial dysfunction, and chronic endotoxemia®.

Endogenous factors such as the gut microbiota may also
contribute to the development of NAFLD. Increased intestinal
permeability and small intestinal bacterial overgrowth (SIBO) are
frequently observed in obese patients. These changes induce hepatic
lesions by increasing the production of lipopolysaccharides derived
from intestinal Gram-negative bacteria, activating NF-xB and the
production of TNF-a, which are associated with the progression
of steatosis to NASH*7), In addition, increased intestinal perme-
ability leads to bacterial translocation, allowing the endotoxins
produced by these bacteria to reach the portal vein by activating
TLRs in hepatocytes, decreasing the secretion of the fasting-
induced adipocyte factor (FIAF) and increasing the activity of
lipoprotein lipase (LPL) and hepatic triglyceride accumulation7>.

The expression of TLRs in different cell types is critical in the
pathogenesis of chronic liver diseases. Specifically, TLR2, TLR3,
and TLR4 are highly expressed in Kupffer cells and respond to the
stimulation by intestinal endotoxins, leading to rapid production
of TNF-a and IL-6. Furthermore, TLRs are expressed in bile
epithelial cells, stellate cells, hepatocytes, and hepatic sinusoidal
endothelial cells7), being key for the pathophysiological processes
that generate multiple liver diseases, such as viral hepatitis, HCC,
NAFLD, cirrhosis, and fibrosis?.

Recent studies in human and animal models have shown that
the gut microbiota is an important factor for energy storage and
contributes to the increase in adiposity and the development of
NAFLD™), Low proportions of Bacteroidetes and high propor-
tions of Prevotella and Porphyromus have been found in patients
with NAFLD, favoring a greater extraction of dietary energy and
fat accumulation compared to individuals without NAFLD®0D,
A recent study by Machado et al.®» showed an increase in the
amounts of Lactobacillus, Escherichia, and Streptococcus, as well as
a decrease in Ruminococcaceae and Faecalibacterium prausnitzii in
patients with NAFLD. Another recent study, by Boursier et al.®?,
showed that the reduced amount of Bacteroides was independently
associated with NASH and that the prevalence of Ruminococcus
was associated with fibrosis stage >F2. Obesity is associated with
SIBO and increased intestinal permeability when compared to
nonobesity without NAFLD®¥. However, the role of these microor-
ganisms in the progression of NAFLD to NASH in normal-weight

patients with NASH needs to be further explored. It is important
to note that most studies on patients with NAFLD have several
limitations, such as a lack of a systematic liver biopsy protocol,
heterogeneous populations (adults vs. children), and characteriza-
tion of gut microbiota by different methods, such as polymerase
chain reaction (PCR) and pyrosequencing®350),

One of the mechanisms by which the gut microbiota contributes
to the development of NAFLD can be the increase in the number
of ethanol-producing bacteria (e.g., Escherichia coli)®. The etha-
nol produced by these bacteria contributes to physiological and
morphological changes in the intestinal barrier associated with
SIBO, increasing intestinal permeability and, thereby increasing
the passage of endotoxins from the intestinal lumen to the portal
blood. This leads to an increase in the production of reactive oxygen
species, even in the absence of alcohol consumption. It was found
that a diet rich in refined sugar can lead to increased levels of al-
cohol in the blood and that the endogenously synthesized ethanol
is eliminated through the alcohol dehydrogenase pathway in the
liver. This enzyme converts alcohol into acetaldehyde, which, even
at small concentrations, is toxic to the body®7#¥.

Zhu et al.®” examined the composition of the gut microbiota
and the ethanol levels in the blood of obese and eutrophic patients
with NASH. Compared to obese individuals without liver disease,
NASH patients showed differences in the proportions of the phy-
lum Proteobacteria, the family Enterobacteriaceae, and the species
E. coli. Some of these changes included more alcohol-producing
bacteria, associated with a significant increase in ethanol levels in
NAFLD patients compared to obese patients without NAFLD. In
addition, increased ethanol levels were specifically correlated with
the presence of NASH. In summary, these results suggest that the
production of ethanol by the gut microbiota may contribute to the
development of NAFLD and its progression to NASH®.

Another product of the metabolization of nutrients by bacteria
that can be toxic to the liver is the trimethylamine N-oxide (TMAO)
compound. The gut microbiota can promote the conversion of
choline into trimethylamine (TMA), which will then reach the liver
through the portal circulation and be converted into TMAO®?, The
increase in the production of this compound leads to a decrease
in the export of hepatic VLDL and modulation of bile acid syn-
thesis, with detrimental effects to the liver, such as increased liver
fat deposition, inflammatory and oxidative lesions, and decreased
glucose metabolism®.

A recent Brazilian study showed that thin patients with NASH
have a different gut microbiota composition than patients who
are overweight/obese without NAFLD. Fibrosis score >2 was also
associated with the gut microbiota composition, but the intake of
macronutrients and calories was not associated with specific dif-
ferences in the composition of fecal intestinal microorganisms®?.
However, these data need to be confirmed by larger studies, includ-
ing patient populations stratified by sex and eating habits.

Alcoholic liver disease

Among the causes of chronic liver disease, alcoholic liver
disease (ALD) is the most frequently associated with hospital
admissions, with significant costs and high mortality. However,
little attention is still paid to the disease, given that it is the one on
which there are the fewest articles published as well as the fewest
presentations in major hepatology conferences®?.

Recently, the European Association for the Study of the Liver
(EASL) launched the Study of Alcohol Related Liver Disease in
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Europe (SALVE) consortium, aiming to collect information on
ALD, such as clinical and molecular aspects, but also to define a
new diagnostic score for the disease. ALD is an old and prevalent
disease, but only now its diagnostic criteria are being defined,
illustrating the little importance that has been given to it over
the years. It is predicted that this may change in the near future,
and one of the reasons is that several characteristics associated
with ALD are similar to those of nonalcoholic fatty liver disease
(NAFLD), including natural history (steatosis, steatohepatitis,
and fibrosis), genetic factors (e.g., PNPLA3 gene polymorphisms),
and the presence of intestinal dysbiosis. Alcohol-induced intestinal
dysbiosis, like the obesity-induced form, leads to the activation of
the systemic inflammatory cascade via the MAMP-inflammasome
system, which contributes decisively to the progression of the
disease®*¥ (FIGURE 1).
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FIGURE 1. Alcohol-induced intestinal dysbiosis. PAMPs: pathogen-
associated molecular patterns.

The changes associated with intestinal dysbiosis in patients with
ALD are more marked in patients with alcoholic hepatitis, usually
cirrhotic, where the alcohol-induced dysbiosis is compounded by
the dysbiosis related to cirrhosis itself®. The therapeutic options
in alcoholic hepatitis are limited, and a recent Cochrane review
suggests that no findings support the use of any drugs for the treat-
ment of the syndrome, including corticosteroids®®. Thus, thereis a
need for new agents for the treatment of ALD. The potential targets
include the action in the gut microbiota, which includes probiotics,
prebiotics, antibiotics, and microbiota transplantation®*®?. How-
ever, no studies have effectively supported its application in humans.

The clinical importance of ALD, the relevance of intestinal
dysbiosis, and the lack of effective therapeutic measures opens the
door for conducting experimental studies in this field. Conversely,
the use of rats for the evaluation of ALD is discussed because these
animals not only have aversion to alcohol but are resistant to its
effects. Zebrafish, on the other hand, could be used as an animal
model of ALD®. A recent Brazilian study in zebrafish evalu-
ated the effects of exposure to alcohol in the aquarium water, fed
or not with probiotics. In the treated animals, there was a decrease
in hepatic steatosis, a decrease in systemic inflammation assessed
by the activation of inflammasomes, and an increase in cldnl5a
expression, suggesting a protective effect of the probiotic!®.

The microbiota is probably a viable path to follow, not only for
better understanding of the pathogenesis of ALD but also for its
management, but it is still early to recommend any intervention in
dysbiosis as a form of ALD control, including probiotics.
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Decompensated cirrhosis

Liver cirrhosis may result from different mechanisms of injury,
including chronic infection by hepatitis C and B viruses, NAFLD,
ALD, and autoimmune liver diseases. The disease is histologically
characterized by diffuse nodular regeneration, dense fibrous septa
with subsequent parenchymal extinction, and structural collapse®V.
Liver cirrhosis is associated not only with a significant impact on
survival but also with significant morbidity and high costs!?.

In recent years, evidence has emerged that the gut microbiota
is altered in cirrhosis, regardless of its etiology, promoting an
imbalance or dysbiosis, possibly implicated in the development of
clinical complications or influencing the severity of liver disease.

Bacterial proliferation may be affected by various anatomi-
cal and physiological traits of the gastrointestinal tract, such as
peristalsis, gastric acidity, the amount and toxic effects of bile, the
presence of bacterial proteolytic enzymes, mucus production, secre-
tory IgA level, and ileocecal valve pressure. In addition, external
factors, such as diet, use of antibiotics, and various environmental
factors may affect the composition of the gut microbiota%1%, In
dysbiosis, quantitative (SIBO) and qualitative changes to the gut
microbiota occur. SIBO, defined by >10° colony-forming units
(CFU)/mL and/or the presence of colonic bacteria in the jejunal
aspirate, is present in 48%—73% of patients with cirrhosis?’!®. Fac-
tors such as dysmotility, decreased biliary flow, and lower secretion
of IgA and enteric antimicrobial peptides have been implicated in
its pathogenesis*-110),

In cirrhosis, the gut microbiota composition undergoes taxo-
nomic changes due to the decreases in the proportions of autoch-
thonous Lachnospiraceae, Ruminococcaceae, and Clostridiales,
taxa that are beneficial to the host. There is a relative increase
in potentially pathogenic bacteria such as Enterobacteriaceae,
Staphylococcaceae, and Enterococcaceae"''1?. Dysbiosis has
negative consequences due to reduced production of SCFAs,
which are important for the integrity of colonocytes and the local
anti-inflammatory effects on the mucosal barrier, in addition to
promoting lower production of antimicrobial peptides that reduce
colonization by pathogenic bacteria. There is a correlation between
the cirrhosis/dysbiosis ratio (Firmicutes/ Bacteroidetes ratio) and the
degrees of clinical decompensation and endotoxemia'?. Dysbiosis,
combined with changes in the mucosal barrier (increased intestinal
permeability), contributes to the endotoxemia observed in patients
with cirrhosis!'¥.

In fact, bacterial translocation is an event strongly related to
endotoxemia and is mainly due to changes in the integrity of the
mucosal barrier in cirrhosis. The innate immune system represents
the first line of defense against pathogens, which are recognized by
a system that detects highly conserved motifs present in bacteria
(MAMPs), through their interaction with PRRs located on the cell
surface and in the endosomal compartment. These include TLRs,
which recognize triacyl and diacyl lipase, flagellin, and microbial
lipopolysaccharides, triggering subcellular responses that result in
the production of proinflammatory cytokines and endotoxemia.
Bacterial or bacterial product translocation may occur through
three distinct cirrhosis pathways: a) via dendritic cells; b) via in-
flamed or damaged epithelium, with increased permeability; and c)
via mast cells in contact with Peyer’s patches, which favor the access
and contact of bacterial products with antigen-presenting cells%?.

Studies indicate that the microbiota composition is associated
with the severity and development of clinical complications of cir-
rhosis, particularly hepatic encephalopathy (HE) and spontaneous
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bacterial peritonitis (SBP). The most robust data published so far
refer to the participation of intestinal dysbiosis in the development
of HE. Dysbiosis favors increased production of ammonia, mer-
captans, and phenols and exacerbation of the endotoxin-mediated
inflammatory response. A metagenomic study of patients with
cirrhosis showed that bacterial genes involved in the incorporation
or release of nitrate into or from the ammonia molecule, denitrifi-
cation, and biosynthesis of gamma-aminobutyric acid are highly
represented!®. This observation is in line with the demonstration
of the enrichment of the modules of the transport systems, par-
ticularly manganese, in the microbiota of patients with cirrhosis!!®.

Acute-on-chronic liver failure

In recent years, the concept of acute-on-chronic liver failure
(ACLF) has been coined to identify patients with chronic hepatic
diseases, particularly cirrhosis, who progress to acute deteriora-
tion of liver function, precipitated by liver injury or extrahepatic
factors!!?, In this time, a growing number of studies addressing
different definitions, criteria, prognostic scores and biomarkers, and
pathophysiological and clinical aspects of ACLF have been pub-
lished. The two most commonly used ACLF definitions are those
of the North American Consortium for the Study of End-Stage
Liver Disease (NACSELD) and the EASL-CLIF consortium. The
definition of the NACSELD consortium uses the following criteria
for the definition of organ failures: 1) brain failure: encephalopathy
grade III or IV; 2) circulatory failure: MAP < 60 mmHg or reduc-
tion greater than 40 mmHg in the basal systolic BP despite volume
resuscitation; 3) respiratory failure: need for mechanical ventilation;
and 4) kidney failure: need for dialysis"'®. In a study of 2675 hos-
pitalized cirrhotic patients, NACSELD-ACLF, defined as two or
more organ failures, was found in approximately 10% of patients,
with a 30-day overall survival of 59% in those with ACLF and 93%
in individuals without ACLF!'. The definition proposed by the
EASL-CLIF consortium is based on a modification of the SOFA
score, called CLIF-SOFA, and was proposed in the CANONIC
study that included 1343 cirrhotic patients hospitalized due to acute
decompensation of the disease in 29 hepatology centers.?” Based
on these criteria, ACLF could be classified as absent and grades 1,
2, and 3 (TABLE 1), and they had 90-day mortality rates of 14%,
41%, 52%, and 79%, respectively2?.

ACLF is considered a late event in the natural history of cir-
rhosis and is related to a pattern of immune dysfunction similar to
that observed in sepsis. Elevated levels of inflammatory cytokines
are observed in ACLF, even in the absence of infections'?). Para-
doxically, these patients also have marked immunosuppression that
is related to the occurrence of secondary infections??, Changes in
the gut microbiota are expected in cases of advanced organ dys-
function in cirrhotic patients, either as a contributing cause or as a
consequence of profound immune changes. In fact, a study of 219
cirrhotic patients, 44 of whom were hospitalized, showed progres-
sive changes in the gut microbiota according to the progression of
cirrhosis™¥. In that study, patients with ACLF showed a reduction
in Gram-positive Clostridiales and Leuconostocaceae"'. In another
study that also evaluated fecal samples, 79 patients with ACLF were
compared to 50 healthy controls!>. ACLF was related to decreased
microbial diversity and dysbiosis, with a decrease in the abundance
of Bacteroidaceae, Ruminococcaceae, and Lachnospiraceae but an
increase in the abundance of Pasteurellaceae, Streptococcaceae,
and Enterecoccaceae'®. Interestingly, an increase in the abundance
of the family Pasteurellaceae was related to mortality in patients
with ACLFU?. More recently, in a multicenter study including 181
patients with cirrhosis, there was an increase in the abundance of
members of the phylum Proteobacteria, and this change was associ-
ated with extrahepatic organ failure, ACLF, and death, independent
of other clinical factors??.

These findings suggest that changes in the gut microbiota are
pronounced in the presence of advanced decompensation of cir-
rhosis and ACLF. Dysbiosis seems to be related to both progres-
sion to organ dysfunction and prognosis in patients hospitalized
due to acute decompensation. However, the currently available
evidence do not allow us to establish a clear causal nexus between
the observed associations. New studies are needed to clarify the re-
lationship between the microbiome composition and complications
of cirrhosis and to investigate possible therapeutic interventions
in patients with ACLF.

Use of prebiotics, probiotics, and synbiotics in
liver diseases

Evidence of the relationship between microbiota and liver
diseases is growing. A search in the PubMed database in May

TABLE 1. Definition of ACLF as proposed by the EASL-CLIF consortium and its prognostic impact.

Criterion 28-day. 90-day.
mortality mortality
Any of the following:
(1) Absence of organ failure
No ACLE (2) Failure of one organ (non-kidney) with Cr <1.5 mg/dL and without encephalopathy 4.7% 14.0%
(3) Brain failure alone (with Cr <1.5 mg/dL)
Any of the following:
(1) Kidney failure alone
ACLFgrade 1  (2) Liver, coagulation, circulatory, or respiratory failure with Cr between 1.5 mg/dL and 22.1% 40.4%
1.9 mg/dL and/or mild/moderate encephalopathy;
(3) Brain failure with Cr between 1.5 mg/dL and 1.9 mg/dL
ACLFgrade 2 Failure of two organs 32.0% 52.3%
ACLFgrade 3  Failure of three or more organs 76.7% 79.0%

Source: adapted from Jalan et al., 2014. Criteria for organ failure: Liver: bilirubin >12.0 mg/dL; kidney: creatinine 2.0 mg/dL; brain: encephalopathy grades 3 or 4; coagulation: INR >2.5;

circulatory: use of vasopressors; respiratory: PaO /FiO, ratio <200 or SaO,/FiO, ratio <214 or mechanical ventilation (except for hepatic coma).
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2019 found more than 750 articles on the subject (FIGURE 2).
In fact, the gut-liver axis is an anatomical and functional unit,
and intestinal dysbiosis significantly affects the hepatic immune
response. Gut-derived inflammation, through PAMPs, lipopoly-
saccharides, and even viable pathogens, acts as a promoter of liver
injury, which includes the progression of inflammation to fibrosis,
cirrhosis, portal hypertension (PH), and HCC. Thus, intervention
in the gut with the use of probiotics especially, but also prebiotics
and synbiotics, has been undertaken in several diseases, such as
NAFLD and cirrhosis.

Since the publication of the first randomized controlled trial
(RCT)1%, several attempts have been made to evaluate the useful-
ness and safety of these compounds in the progression of liver
disease. Despite the many publications, the use of probiotics in
clinical practice is still controversial®. We performed a systematic
review of published articles on the subject in databases such as
PubMed, Medline, Cochrane, Lilacs, and Scopus in May 2019 to
answer the following question: Is the use of prebiotics, probiotics,
and synbiotics in liver diseases safe and effective?

The key words used were probiotics, prebiotics, synbiotics, psy-
chobiotics, postbiotics, microbiota, and liver diseases. FIGURE 3
shows the search results. We evaluated all abstracts and selected
the articles on humans that met the following inclusion criteria:
randomized controlled trials in various liver diseases, compared
or not to placebo, in any language. Next, the full version of each
article was evaluated according to the purpose of the review.

Of the 50 selected randomized controlled trials, 35 were pub-
lished as of 2013, and 25 were published from 2014 onwards. The
profile change between the articles was noteworthy: The first group
focused more on complications of cirrhosis, especially hepatic en-
cephalopathy (HE), and the second group on NAFLD. TABLE 2
summarizes some of the main studies published since 2014.

In general, the studies were still limited, with small sample
sizes and the use of substitute outcomes. Probiotics varied in
terms of their presentation, the doses, and times of use. Safety
analysis was rarely mentioned in the studies®*'?9. The effects,
taken together, and limited to the most studied clinical situations

769 studies
Liver : Hepatic " ‘
diseases Olzesny steatosis Heriatltls 560 studies in
(n=771) (n=880) (n=337) (n=66) humans
[ I : [
Review Other Other: RCT:
articles: diseases:
358 57 85 60
i i i Alcoholic
A d-.ryg 2z CII’ihOSIS liver disease FIGURE 3. Search results in databases. RCT: randomized controlled trial.
'a_ etes (n=333) (n=93) “Other diseases” include diabetes mellitus, bariatric surgery, irritable
(n=961) bowel syndrome, colorectal carcinoma, and milk protein allergy, among
others, without hepatic outcomes. “Other” includes studies with drugs

FIGURE 2. Published articles on microbiota in liver disease (PubMed,

other than those of interest, in vitro studies, case reports, animal studies,
and full articles in a language other than English, French, or Spanish,

May 2019).

among others.

TABLE 2. Randomized controlled trials with intervention on the microbiota for liver diseases.

Author, year n Drug Placebo Disease Outcomes Result NCT
Bajaj, 2014 30 LGG -8 weeks Yes Citrhosis —- MHE Safety, systemic inflammation,  po G v
microbiota
Alisi, 2014 48 VSL#3 — 4 months Yes NAFLD pedriatrics Steatosis (ultrasound) Positive  Yes
Lunia, 2014 160 VSL#3 No Cirrhosis — OEH OHE Positive  Yes
Dhiman, 2014 130 VSL#3 — 6 months No Cirrhosis — MHE OHE Negative  Yes
Nabavi, 2014 72 Yogurt No NAFLD Metabolic syndrome, liver enzymes ~ Positive ~ No
Sharma, 2014 124 Probiotics Yes Cirrhosis — MHE MHE improvement Positive  Yes
Rincén, 2014 17 VSL#3 — 6 months Yes Cirrhosis — ascites Circulatorym dysfunction Positive  No
Horvath, 2016 80 VSL#3 Yes Cirrhosis Innate immunicy, intestinal = p oGy
permeability, bacterial translocation
Sepideh, 2016 42 Probiotics — 8 weeks Yes NAFLD thermcincf(i):;]rr(;laatrilsnsystemlc Positive ~ No
Famouri, 2017 64 Probiotics — 12 weeks Yes NAFLD pedriatrics Steatosis, liverenzymes Positive  No
Xia, 2018 67 Probiotics Yes Cirrhosis — MHE MHE improvement, microbiota Positive No
Kobyliak, 2018 58  Probiotics — 8 weeks Yes NAFLD Fatty liver index and Fibroscan Positive  Yes
Jones, 2018 19 VSL#3 — 16 weeks Yes NAFLDI atinteens Microbiota, intestinal hormones Negative  Yes
Bakhshim, 2018 102 Yogurt No NAFLD Steatosis, liver enzymes Positive ~ Yes

NCT: National Center for Tumor Diseases (NCT) trial registration; LGG: Lactobacillus rthamnosus GG; MHE: minimal hepatic encephalopathy; VSL#3: Lactobacillus acidophilus, L. plantarum,
L. paracasei, L. bulgaricus, Bifidobacterium brevis, B. longum, B. infantis, Streptococcus thermophilus 1x109 CFUNAFLD: non-alcoholic fatty liver disease; OHE: overt hepatic encephalopathy; MHE:

minimal hepatic encephalopathy; US: ultrasound.
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(NAFLD and HE), were generally positive but of debatable
clinical significance. Reviews and meta-analyses on the subject
have been published in recent years®®17-139 and the conclusion
of this review does not differ from that indicated in these other
articles: the approach has a solid theoretical framework and
seems promising, but it is still premature to recommend its clini-
cal use. Studies with larger samples and longer treatment, that
have better-standardized agents in terms of their presentation
and number of colonies, and that use objective outcomes, such as
liver biopsy, and not substitute outcomes, according to the disease
under evaluation, are necessary for a deeper understanding of the
usefulness of probiotics in humans.

ROLE OF MICROBIOTA IN GASTROINTESTINAL DISEASES

Inflammatory bowel disease

IBD is a set of chronic diseases characterized by a chronic
inflammation of the gastrointestinal tract. It includes Crohn’s dis-
ease and idiopathic ulcerative colitis. The etiology is multifactorial,
but it is believed that activation of the immune system against gut
microbiota antigens occurs in genetically susceptible individuals(3D.

The intestinal microbiome of patients with IBD has a marked
dysbiosis, consisting of a general reduction of microbial diver-
sity32139 a5 well as a reduction of essential bacteria for intestinal
homeostasis, such as members of the class Clostridia and, in
parallel, an increase in potentially pathogenic bacteria, such as
adherent-invasive E. coli (AIEC)**. One of the most prominent
changes has been the reduction of bacteria of the phylum Firmicutes
and, consequently, of Faecalibacterium prausnitzii'>, in addition to
the reduction of other bacteria with anti-inflammatory properties,
such as Bifidobacteria’>. Dysbiosis favors the establishment and/
or proliferation of different classes of pathogens in the gut that,
through their pathogenicity factors, contribute to the manifestation
and/or aggravation of injuries through mechanisms that include
increased intestinal permeability, increased exposure to antigens,
stimulation of the immune system, and consequently tissue damage.

The composition of the maternal microbiota may influence
the gut microbiota and the development of the immune system
of the infant. Mothers with IBD and their infants present with
altered gut bacterial composition and biodiversity*®, characterized
by increased Gammaproteobacteria and decreased Bacteroidetes
in mothers and increased Gammaproteobacteria and decreased
Bifidobacteria in newborns39, It is believed that this change may
influence the development of the infant’s immune system and
lead to increased susceptibility to the development of the disease
in the future.

The gut microbiota participates in the regulation of several
body systems through its metabolites, the SCFAs, especially acetate,
propionate, and butyrate”. These substances are produced in the
colon from the fermentation of nondigestible carbohydrates and
modulate the systemic immune response, regulating the function
of almost every kind of immune cell, altering gene expression, dif-
ferentiation, chemotaxis, proliferation, and apoptosis(*?.

The administration of butyrate or even prebiotics, probiot-
ics, or synbiotics, as well as fecal microbiota transplantation, are
promising strategies for the correction of dysbiosis and modula-
tion of the gut microbiota. Despite some positive results, the data
are insufficient for the indication of these strategies in the daily
management of IBD.

Probiotics can be considered in the maintenance of remission

of idiopathic ulcerative colitis, and the E. coli Nissle 1917 or VSL
#3 strain can be considered for the induction of remission in mild
to moderate forms of the disease’®. The use of probiotics is not
recommended for the induction of remission or maintenance of
remission in Crohn’s disease(*®.

Fecal microbiota transplantation consists of the infusion of a
fecal suspension from a healthy individual into the gastrointestinal
tract of a sick person. Clinical trials have shown positive results
in the induction of clinical and endoscopic remission in patients
with active idiopathic ulcerative colitiscompared to placebo3%140,
but more consistent studies with a greater number of participants
are needed for consolidating the technique. In addition, there are
still other questions to be answered, such as what would the ideal
donor be like; whether single-donor feces or feces from a donor
pool would be best; previous use of antibiotics by the recipient; use
of fresh or frozen feces or even lyophilized feces; administration by
enteral tube, colonoscopy, retention enema, or capsules; and the
periodicity of the procedure.

In summary, IBD patients present changes in the gut microbiota
and decreased bacterial diversity, characterizing a state of intesti-
nal dysbiosis. Probiotics may be considered for the induction and
maintenance of remission in idiopathic ulcerative colitis, but there
is no indication of their use in Crohn’s disease. Further studies are
needed before fecal microbiota transplantation can be indicated as
a treatment for IBD in daily practice.

Antibiotic- and Clostridium difficile — associated diarrhea

In recent decades, the indiscriminate use of antibiotics has led
to significant changes in the gut microbiota: reduction in diversity,
loss of homeostasis, and increase in susceptibility to infections,
especially Clostridioides difficile infections. It is estimated that 5 to
35% of patients using antimicrobial agents present with diarrhea
as an adverse effect and that C. difficile is the culprit in up to %
of these cases41-142),

C. difficile is a Gram-positive bacillus, anaerobic, with high
germination and toxin production potential. It was described in
1935 in newborns and is currently the most common cause of
diarrhea in the hospital setting. In recent decades, there has been
a significant increase in the number of infected individuals, and in
the United States, the estimated prevalence is 500,000 cases/year(4.

In addition to the use of antimicrobials, other risk factors are
related to dysbiosis and C. difficile infection, such as age over 65
years, prolonged hospitalization, active cancer, IBD, chronic kidney
disease, and the use of PPIs. In fact, prior exposure to antibiotics
is not identified in up to 40% of patients(*¥,

Antibiotic-induced diarrhea has a mild clinical presentation
and is directly related to the spectrum of action of the drug. Clin-
damycin, cephalosporins, and amoxicillin/clavulanate are among
the drugs most frequently implicated in this condition. Infection
with C. difficile may progress to pseudomembranous colitis, toxic
megacolon, bowel rupture, and death. The 90-day mortality rate
of patients with colitis is 22%, and 29,000 deaths were attributed
to the disease in 201449,

Some pathophysiological mechanisms have been proposed
to explain the germination of nonpathogenic bacteria in the
colon, including the role of bile acid metabolism. In healthy in-
dividuals, colonic bacteria are responsible for the deconjugation
and 7a-dehydroxylation of primary bile salts (cholic and chenode-
oxycholic acid) into secondary salts (lithocholic and deoxycholic
acid), which inhibit the dissemination of C. difficile strains by direct
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competition. In situations of antibiotic-induced dysbiosis, there is
reduced formation of secondary bile acids and consequently greater
proliferation and sporulation of C. difficile®.

Experimental studies in mice treated with antibiotics demon-
strate a significant reduction in the diversity of the gut microbiota,
with an increased population of the phylum Proteobacteria and
reduced Firmicutes and Bacteroidetes. The time to reestablish the
bacterial flora in these animals ranges from 2 weeks to 6 months(49.

In addition, detailed analysis of the phenotype and of the
function of the microbiota through the metabolome points to
a metabolic dysregulation of carbohydrates and amino acids.
Antibiotic-induced dysbiosis reduces the production of SCFAs and
increases the likelihood of C. difficile colonization49,

The role of the microbiota in C. difficile infection is well estab-
lished, and one of the practical implications is the indication of
fecal transplantation in the treatment of recurrent cases. The use
of probiotics also seems to prevent the occurrence of antibiotic-
associated diarrhea by reestablishing the intestinal permeability
and microenvironment(47149),

Some meta-analyses suggest a benefit to using Saccharomyces
boulardii, Lactobacillus, Bifidobacterium, and Streptococcus strains.
The number needed to treat to prevent one episode of antibiotic-
associated diarrhea was 12-40 and to prevent one episode of C. dif-
ficile-associated diarrhea was 10-6714). The most recent Cochrane
systematic review included approximately 8,500 cases and showed a
moderate benefit in the prevention of C. difficile diarrhea, especially
in low- to intermediate-risk patients. The main limitations of this
meta-analysis were the heterogeneity between studies and the use
of different strains, doses or administration times!'>,

Future studies are needed to define the most suitable strain for
each patient, the amount of bacteria, the duration of use, and the
side effects of the probiotic.

Irritable bowel syndrome and functional constipation

Functional diseases are quite common and are characterized
by a complex physiopathology, which includes, among others, the
presence of increased intestinal permeability, intestinal inflam-
matory infiltrate, altered expression of several receptors, visceral
hypersensitivity, and, especially, anomalous functioning of the
brain-gut axis and dysbiosis. This state, although quite difficult to
understand, can be defined by an imbalance between the good and
bad bacteria that colonize our digestive tract, a lack of microbiota
stability, and, especially, a decrease in the gut bacterial diversity.
The differences observed when comparing healthy individuals with
other patients with functional diseases seem to be clear. Among
these conditions, irritable bowel syndrome (IBS) is perhaps one of
the most studied functional diseases.

In IBS, studies have shown a clear difference in microbiota
when comparing patients with healthy controls. The analysis of
the microbiota may show an increase in certain microorganisms
(such as Lactobacillus, Veillonella, and Enterobacteriaceae) or a
decrease in others (such as Bifidobacterium and Clostridium). It
is clear, however, that in IBS, the microbiota differs in terms of
both number and diversity of microorganisms. What still needs to
be established is whether this pattern of dysbiosis found in IBS is
specific to this condition™). A logical approach to the treatment
of functional syndromes would be to correct this microbiota
imbalance. This can be achieved in various ways, for example, by
dietary changes; physical exercise; use of drugs that somehow alter
intestinal motility, sensitivity, or immunity; or through the use of
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mechanisms that can directly modify or rebalance the microbiota,
such as antibiotics, but especially probiotics, prebiotics, and pos-
sibly even fecal transplantation, although the safety of this last
approach is still debatable, which limits the application of this
treatment, for this indication, to research protocols®*!3?,

Supplementation with probiotics can restore eubiosis, modify-
ing metabolic, immune, motor, and brain-gut axis functions. Several
meta-analyses, including studies on multiple and single strains,
yielded highly variable results, dependent not only on the genus and
species used but also on the strains involved. There was also a large
discrepancy in the number of patients studied, length of treatment,
and type of association of strains. Because the probiotic response
is strain-specific, meta-analyses encompassing different strains
and associations should be interpreted with caution. In fact, meta-
analyses with one strain or with the same combination of strains
would be necessary to arrive at more reliable conclusions!¥-160),

In this clinical situation, we are still not able to recommend a
specific strain that has sufficient support to be used for this purpose,
especially with regard to the different clinical presentations of this
syndrome, i.e., with a predominance of diarrhea, constipation, or
amix. The major difference between IBS and other functional dis-
eases, such as diarrhea and constipation, is the presence of abdomi-
nal pain, such that the simple correction of bowel habits and fecal
consistency is not sufficient, and there is also a need for control of
abdominal pain, so that the patient actually experiences improved
quality of life. This hinders the ability to use only probiotics alone
to manage this syndrome, though probiotic supplementation may
be used as adjuvant therapy!>*161-163),

The strains recommended by the World Gastroenterology
Organization for use in IBD are the following'®¥: Bifidobacterium
bifidum MIMBDb7S5, Lactobacillus plantarum 299v (DSM 9843),
E. coli DSM17252, L. rhamnosus NCIMB 30174, L. plantarum
NCIMB 30173, L. acidophilus NCIMB 30175, Enterococcus faecium
NCIMB 30176, Bacillus coagulans + fructooligosaccharides, L.
animalis subsp. lactis BB-12%, L. acidophilus LA- 5°, L. delbrueckii
subsp. bulgaricus LBY-27, Streptococcus thermophilus STY-31, and
Saccharomyces boulardii CNCM 1-745. More recent studies have
found that for the control of general symptoms associated with IBS,
bifidobacteria seem to lead to better relief of symptoms; however,
lactobacilli seem to perform better in the treatment of distension
and bloating(6>%_ Because IBS is a chronic condition, probiotic
supplementation should also be carried out for a long time.

In the case of functional constipation, simple correction of
bowel habits and fecal consistency brings great improvement to
the quality of life of patients. Here, again, many studies have been
conducted with a wide variety of strains and combinations. There is
good evidence of different microbiota patterns between constipated
and nonconstipated patients. Probiotics can act directly in the bowel
transit, stimulating the release of several neurotransmitters locally
or modulating the action of the brain-gut axis. The production
of SCFAs via fermentation of nondigestible carbohydrates also
seems to be important in the beneficial effect of probiotic sup-
plementation67-170),

The World Gastroenterology Organization recommends the fol-
lowing strains to treat functional constipation'*¥: the combination
of the strains Bifidobacterium bifidum (KCTC 12199BP), B. lactis
(KCTC 11904BP), B. longum (KCTC 12200BP), L. acidophilus
(KCTC 11906BP), L. rhamnosus (KCTC 12202BP), and Strepto-
coccus thermophilus (KCTC 11870BP) and the use of L. reuteri
DSM 17938 alone.
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Acute infectious diarrhea

Diarrhea is a common clinical manifestation of several diseases
and may be defined as the presence of three or more bowel move-
ments per day, usually of loose stools, or by the passing of more
than 200 g of stool weight per day. However, changes in the normal
bowel rhythm, both in consistency and in the number of bowel
movements, tend to be more important than the specific appear-
ance or number of bowel movements. During the first months of
life, children, especially those fed breast milk, may normally have
approximately 8 to 10 bowel movements per day with semiliquid
stools, without it being considered diarrhea’:172,

Acute diarrhea (AD) lasts less than two weeks, usually pre-
senting with a self-limited course. Most of the time, it is resolved
in approximately 7 days, with progressively fewer cases showing
improvement in 14, 21, or 28 days. The term “persistent diarrhea”
may also be reserved for cases lasting more than 14 days. This
limit of 14 days may seem arbitrary, but it is supported by the fact
that mortality increases considerably after this period. Persistent
diarrhea is more commonly found in children younger than 5 years
old, excluding organic diseases such as celiac disease, tropical sprue,
cystic fibrosis, Crohn’s disease, idiopathic ulcerative colitis, etc.
Diarrhea is considered chronic when lasting more than 4 weeks('?.

Diarrhea is considered the second-leading cause of mortality
worldwide and the leading cause of death in the pediatric popula-
tion; its rates increase with the worsening of the sanitary conditions.
Its frequency is perhaps underestimated because most of the cases
have spontaneous resolution and do not require medical care. It
is estimated that children under 4 years of age worldwide have 3.2
episodes of diarrhea per year, leading to 3.8 deaths per thousand
children in this age group™. We have seen a decrease in mortality
rates in recent years, especially when studying children younger
than [ year, most likely due to the increasing use of oral hydration
solutions, along with breastfeeding and improved sanitary condi-
tions!"). In adults, it is estimated that 20% of the population has
at least one episode of diarrhea per year, and an infectious agent
is recognized in 30%-40% of cases, with a predominance of viral
causes. There are several risk factors for the onset of diarrhea:
recent trips to areas with poor basic sanitation, campers (sources
of contaminated water), intake of suspect foods (seafood, savory
snacks, mayonnaise, restaurants, banquets, etc.), at-risk groups
(homosexuals, sex workers, intravenous drug users, etc.), recent
use of antibiotics, and hypochlorhydria®7.

The occurrence of diarrhea reflects a change in the intestinal
barrier in our body, which, when healthy, through the adequate
production of mucus, IgA, and defensins as well as the activity of
tight junctions, is able to prevent the resident harmful microbiota
from causing disease. In cases of dysbiosis (imbalance between the
symbiont and pathobiont microbiota), there is loss of this protective
barrier, with decreased secretion of mucus, IgA, and defensins, in
addition to loss of efficacy of tight junctions, increasing the intes-
tinal permeability and allowing pathogenic agents to enter the mu-
cosa, thus triggering an inflammatory process that culminates with
increased intestinal secretion and motility, leading to diarrhea”.

The treatment of AD begins with its prevention, which in turn
involves improved sanitation conditions, basic hygiene guidelines,
especially for professionals dealing with food handling, and, vac-
cination against rotavirus, still a very important cause of AD in
both children and adults. Another prophylactic approach would be
the use of probiotics in high-risk populations such as institution-
alized children or people traveling to areas with poor sanitation

conditions. The evidence is less robust for this particular indication,
although there are studies that show very promising results! 717,
After the onset of diarrhea, its clinical approach should target the
decrease in the number of bowel movements, their volume, and the
treatment of associated symptoms such as fever, nausea, vomit-
ing, and abdominal cramps, in addition to the correction of fluid
and electrolyte disorders, especially focusing on oral or parenteral
hydration depending on the situation7$:180-18%),

Supplementation with probiotics in AD makes perfect sense
because intestinal infections are considered classic examples
of microbiota imbalance. These living organisms play multiple
roles in the treatment of acute gastroenterocolitis. They displace
pathogens from intestinal receptors, compete for nutrients in the
intestinal lumen, promote bacterial fermentation, and release
SCFAs (butyrate, lactate, propionate), which in turn decrease the
luminal pH, preventing the proliferation of other aggressive strains.
Butyrate also participates in the nourishment of colonocytes and
significantly increases the absorption of water and electrolytes.
Probiotics are still important in this clinical situation because they
exert immunomodulatory effects$>18,

In viral diarrhea, it is common to have superficial mucosal dam-
age, promoting loss of disaccharidases, especially lactase, causing
these patients to develop secondary intolerance to lactose, hinder-
ing the control of AD. Lactobacilli may reduce this intolerance by
producing beta-galactosidase (lactase)'$”. Supplementation with
probiotics has been shown, on average, to reduce the duration of
diarrhea by approximately 24 hours. In children it is especially
associated with decreased length of fever and of hospital stay.
The greatest evidence of its benefit is in the pediatric population,
which is also the population most vulnerable to infectious diarrhea
and is therefore much more studied than adults. The strains with
most evidence for this purpose in this population are L. rhamnosus
GG, Saccharomyces boulardii, and L. reuteri DSM179380182183-19),
In adults, studies are scarcer, and the World Health Organization
recommends the following strains for the treatment of AD in adults:
L. paracasei B 21060 or L. rhamnosus GG 10° UFC twice a day,
and Saccharomyces boulardii CNCM 1-745, S. cerevisiae strain 10°
CFU 250-mg capsule also twice a day!'®. In a recent guideline,
the Infectious Diseases Society of America recommends the use
of probiotics in adults to reduce the severity of symptoms and
the duration of acute infectious diarrhea™. More recently, the
American College of Gastroenterology found evidence for the use
of two strains in mild to moderate AD, Saccharomyces boulardii
and Lactobacillus SF68049,

Treatment of Helicobacter pylori

Helicobacter pylori (Hp) is one of the most prevalent infections
worldwide, infecting practically half the population of our planet.
In Brazil, Hp has an estimated prevalence of 60%—70% of the entire
population, with areas of higher or lower prevalence depending on
basic sanitation conditions in the region. Hp has its eradication
recommended in a number of clinical situations, and its importance
is such that it has motivated the reaching of various consensuses to
standardize its treatment and monitor its progression. The treat-
ment involves the use of different antibiotic combinations, always
combined with a PPI or, more recently in Japan, combined with a
potassium-competitive inhibitor (vonoprazan)%-203),

The use of antibiotics is known to be associated with a great
imbalance of the gut microbiota, which may have several conse-
quences for our health. Recently, we have observed a progressive
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increase in bacterial resistance, including Hp, to a wide range of
antibiotics, making it necessary to use longer regimens and even-
tually use multiple regimens for the lack of response to the initial
regimen%).

Probiotic supplementation together with an antibiotic regimen
during Hp eradication makes sense for minimizing the deleterious
effects of antibiotic therapy, limiting adverse effects, improving
adherence and making the patient more comfortable. Another
function would be a direct effect on Hp with the goal of increasing
eradication rates. Adherence is an important factor that correlates
directly with treatment success®?209,

Probiotics can improve Hp eradication through several mecha-
nisms: direct bactericidal effect acting on bacterial urease via bacte-
riocin production, immunomodulatory effect via action on PRRs,
and acting as scavengers of free radicals released in the stomach
by Hp. Some studies have shown an additive effect of probiotics
in the prevention of gastric colonization by Hp®®. Some probiotic
strains of lactobacilli, bifidobacteria, and Saccharomyces proved
to be effective in reducing Hp activity in vitro. Again, these effects
are strain specific and should not be generalized to all probiotics.
In general, the results are quite promising, showing that certain
strains can reduce the adverse effects of antibiotic treatment and
eventually increase eradication rates. The time when probiotics
should be started and for how long is also under debate. Probiotic
supplementation starting approximately 7 days before and going
until 7 days after the end of antibiotics seems to be the most ben-
eficial approach, but there is still no consensus on this issue. The
last Brazilian consensus on Hp still does not recommend the use
of probiotics for the aforementioned purposes, as well-conducted
studies are needed with specific strains for this purpose, a conclu-
sion that corroborates other international consensuses. A recent
meta-analysis on the subject showed that probiotic supplementa-
tion may reduce the adverse effects of eradication therapy00-204205,

The World Gastroenterology Organization cites some pro-
biotic strains as promising for use in the treatment of Hp:1% L.
rhamnosus GG, Bifidobacterium animalis subsp. lactis (DSM15954)
+ L. rhamnosus GG, L. reuteri DSM 17938, L. acidophilus + L.
bulgaricus + Bifidobacterium bifidum + Streptococcus thermophilus
+ galactooligosaccharides, L. acidophilus, Streptococcus faecals,
and Bacillus subtilis. The American College of Gastroenterology
cites the following probiotics reported in well-conducted studies and
with some evidence to be used for this purpose!: Lactobacillus
(acidophilus, bulgaricus, casei, delbrueckii, gasseri, paracasei, plan-
tarum, reuteri, rhamnosus GG), Bifidobacteria (B-12, bifidum, breve,
clausii, DN-173, infantis, lactis, longum), Streptococcus (faecium,
thermophiles), and Clostridium butyricum.

ROLE OF MICROBIOTA: WAY BEYOND
THE DIGESTIVE TRACT

Prevention and treatment of cancer

Cancer is one of the leading causes of death worldwide. It is
a multifactorial disease that involves genetic and environmental
factors. The immunological condition of the individual has a
considerable influence on the development of this disease, and
the human microbiota, through its interaction with the immune
system and importance in homeostasis, participates in this disease
process, which makes the microbiota the target of research on
cancer prevention and treatment06:20,

The immunomodulatory action of the microbiota is based on
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the interaction of intestinal bacteria and their metabolites with
the immune system and epithelial cells (see above). Probiotics can
increase or suppress the production of inflammatory cytokines
and modulate the secretion of prostaglandins. Inflammation
in turn can lead to mutations and instabilities in the genome
in regions linked to the proliferation of cancer cells and to the
production of tissue-remodeling enzymes, angiogenic factors, or
growth factors08209,

The specific mechanisms of antitumor activity of probiotics
are not yet fully established, but several known pathways support
their utility. An example is the importance of the microbiota in
maintaining an adequate pH, which contrasts the direct cytotoxic
effect caused by the decrease in pH secondary to an excess of bile
salts. Furthermore, some putrefactive bacteria, such as E. coli and
Clostridium perfringens, are involved in the production of carcino-
gens through the use of enzymes such as glucuronidase, azore-
ductase, and nitroreductase. The use of probiotics and prebiotics
could increase the number of other bacterial species, competitively
reducing the putrefactive bacteria and their consequent action
on carcinogenesis®®-219. Other mechanisms associated with the
preventive action of the microbiota include increased carcinogen
degradation, regulated, for example, by Lactobacillus and Bifido-
bacillus, increased SCFA production, and immunomodulation. /n
vitro studies postulate that SCFAs have the ability to inhibit the
growth of cancer cells. For example, butyrate is an SCFA directly
acquired through the diet or through the metabolism and fermenta-
tion of other substances, such as fibers. Conditions such as colitis or
cancer, which affect the metabolism of butyrate, lead to its intracel-
lular accumulation, which is related to cell death. In this sense, its
ability to inhibit cell proliferation and promote the differentiation
and apoptosis of cells, including neoplastic cells, has been demon-
strated. SCFAs interact with the immune system and influence the
intestinal production of hormones and lipogenesis. These actions
culminate in their crucial role of maintaining intestinal integrity
and explain the strong correlation between colorectal cancer and
decreased levels of these substances®06207209,

Given that the prevalence of certain bacteria is directly related
to eating habits, dietary changes could influence cancer prevention
and therapy. Intermittent fasting, for example, can positively influ-
ence the microbiota, by increasing the genus Firmicutes, which has
been linked to higher SCFA production. As stated, these elements
are linked to the prevention and treatment of cancer, with evidence
of comparative reductions in tumor mass in rat models. The Medi-
terranean diet, characterized by low intake of saturated fatty acids
and high intake of mono- or polyunsaturated fatty acids, as well as
diets with lower carbohydrate content, are other diets associated
with lower inflammation and higher SCFA production 0720210,

Another feature of the gastrointestinal tract microbiota is its
ability to modulate the efficacy of chemotherapy drugs. Certain
bacterial strains, as shown in studies in experimental rat models, are
capable of acting synergistically with chemotherapeutic agents. For
example, in the case of cyclophosphamide, the presence of a specific
group of Gram-positive bacteria (segmented filamentous bacteria,
L. johnsonii, L. murinus, and Enterococcus hirae) is essential to
mediate the accumulation of T-helper (Th) 17 lymphocytes and
the Th1 response, which are important mechanisms in the action
of this drug. The pharmacokinetics of other chemotherapeutic
agents, such as 5-fluoroacyl, irinotecan, oxaliplatin, gemcitabine,
and methotrexate, have also been associated with the microbiota
in in vitro studies®@06-208209,
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The gut microbiota can be manipulated for optimization of
anticancer treatment by several methods. The most studied are the
use of probiotics, dietary changes, and fecal transplantation. The
main outcome of microbiota manipulation is the reduction of the
toxicity of chemotherapeutic drugs, but further studies are needed
to demonstrate a real increase in the efficacy of antineoplastic
drugs(207,208.210.211).

With regard to the prevention of complications from the use
of chemotherapeutic agents, several events can be avoided by
manipulating the microbiota. Lactobacillus supplementation,
which has a reasonable cost and dosage, may reduce the fre-
quency of chemotherapy-induced diarrhea and reduce episodes
of abdominal pain and symptoms of acute mucositis secondary
to radiotherapy and cytotoxic chemotherapy. Modulating the
gut microbiota can prevent the rupture of the epithelial bar-
rier, with beneficial effects on tumor cachexia, antineoplastic
therapy-related infections, and depression in patients receiving a
combination of probiotics@07-209210),

Thus, we can conclude that the microbiota plays a key role in
host homeostasis and that changes in the microbiota may be associ-
ated with diseases such as cancer or worse therapeutic responses,
such as to the use of chemotherapeutic agents. Understanding the
factors that modify the microbiota may be useful for improving
preventive measures for these pathologies and for the emergence of
new treatment options in the clinical management of these diseases.

Gynecological diseases, atopy, depression, anxiety, and
autism

Certain probiotic strains have potential in preventing and treat-
ing various extraintestinal disorders. In gynecology, there are several
studies that address the role of probiotics mainly in the treatment
of vaginosis and vaginal candidiasis and even in the prevention of
urinary tract infections®'2213),

In neurology and psychiatry, there is growing evidence of
a relationship between the gut microbiota and diseases such as
depression, anxiety, and even autism. Probiotic strains are being
developed and specifically studied for this purpose, and they even
get a special name: psychobiotics®214217,

In allergic diseases, there has also been a significant expansion
of the knowledge on this topic, including discussion on the sup-
plementation of certain strains during pregnancy to prevent the
development of atopy in children, especially in the children of
atopic parents!$-22h,

We will need a larger number of well-conducted prospective,
randomized, placebo-controlled studies in these three areas so that
we can identify the exact strains to be supplemented in different
clinical situations.

Critical analysis of the use of prebiotics, postbiotics and
synbiotics in digestive tract diseases

As discussed above, the microbiota plays an important role in
health maintenance in all senses, and its manipulation is possible
through several mechanisms, one of which is the use of probiotics.
It must be mentioned again that the action of these good bacteria
depends on a number of factors, including the strain used, its quan-
tity, the matrix in which it is provided, temperature, drugs taken
in combination with it, underlying disease, the TLRs involved in
its effects, age, etc. The response is strain specific and is not neces-
sarily additive with the combination of more strains or prebiotics.
Strains given in combination need also to be studied together to

confirm their probiotic effect™®. To arrive at a probiotic strain for
clinical use, numerous initial studies are necessary to characterize
it, analyze its behavior in vitro, and test it in vivo in animals and,
ultimately, in humans. These studies are essential to confirm its
clinical effect and especially its safety, especially when provided to
children, pregnant women, and immunosuppressed individuals“”.

For a probiotic to act as such, it must be provided in adequate
amounts, must resist the passage through the stomach (HCI and
pepsin) and duodenum (bile salts and pancreatic enzymes), must
be preserved and transported under ideal temperature and pressure
conditions, and, obviously, must have confirmed beneficial action
and, especially, safety4>2?2, The probiotics recorded in Brazil are
proven safe. However, they should not be supplemented in patients
with severe immunodeficiency or with a serious health condition,
such as individuals in shock who are maintained with vasoactive
drugs.® 29 It is important that we know the immunomodulatory
effect of each strain because it is possible to promote a certain
type of immune response that is undesirable in a given clinical
situation. Probiotics that stimulate Th2 responses may aggravate
Th2-dependent diseases. Another concern with its safety would
be the eventual transmission of antibiotic resistance of probiotic
strains to commensal bacteria in our body. Although this is pos-
sible, this phenomenon has not been observed among the probiotics
available in Brazil#210,

Ideally, we would be able to provide a certain number of
bacteria or fungi that could definitively colonize our gut, but this
is not possible. The effect of probiotics occurs when they are sup-
plemented, such that for chronic diseases, their supplementation
must be chronic, and for acute affections, they should be supple-
mented for a limited time31-222, For the vast majority of clinical
situations in gastroenterology, we still cannot indicate a specific
strain. However, for conditions such as AD, IBS, functional con-
stipation, and diarrhea, including antibiotic-associated diarrhea,
there is strong evidence of the beneficial action of probiotics. The
most studied strains in each of these situations are mentioned in
the text above'¥). Other promising indications, such as in the treat-
ment of psychiatric diseases, genitourinary diseases, allergic and
rheumatic diseases, and even in the prevention of certain types of
cancers, were not addressed in this text more in depth, but the role
of probiotics in these clinical situations is the same as described
for gastrointestinal diseases.

Our position is to provide guidance to the clinician about the
most studied strains in each clinical situation, with the caveat that
the evidence is not always robust for the strains mentioned. We
also emphasize the notion that the probiotic effect is strain-specific
and that it is possible for different strains to interact when taken
together. The manipulation of probiotics, in our opinion, does not
provide a guarantee as to the origin of the strain used and, therefore,
cannot be recommended at this time. In addition, combination of
strains not previously studied may result in inferior results. It is
very important that universities and research institutes grow the
number of studies in this area so that we may establish more pre-
cise indications for probiotic supplementation and identify strains
specific to each clinical indication.
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RESUMO - Nos utltimos anos, um volume crescente de evidéncias indica que os microrganismos estao envolvidos na manutengao da saude humana e

também estdo relacionados a varias doengas, tanto intestinais quanto extraintestinais. Alteragdes na microbiota intestinal parecem ser um elemento

chave na patogénese de doengas hepaticas e gastrointestinais, incluindo doenga hepatica gordurosa nao-alcoolica, doenga hepatica alcoolica, cirrose

hepatica, doengas inflamatorias intestinais, sindrome do intestino irritavel e diarreia associada ao Clostridium difficile. Em 2019, a Sociedade Brasileira

de Hepatologia (SBH) em colaboragido com o Nucleo Brasileiro para Estudo do Helicobacter pylori e Microbiota (NBEHPM) e a Federagao Brasileira

de Gastroenterologia (FBG) realizaram um encontro exclusivamente voltado para a discussdo sobre microbiota e uso de prebiodticos, probidticos e

simbioticos em doengas hepaticas e gastrointestinais. Este texto resume os principais pontos discutidos durante o evento, e tem a intengao de fornecer

informagdes praticas sobre o assunto, abordando as descobertas mais recentes e indicando areas para estudos futuros.

DESCRITORES — Microbioma gastrointestinal. Prebidticos. Probidticos. Simbidticos. Gastroenteropatias. Hepatopatias. Guias de pratica clinica como

assunto.
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