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ABSTRACT

Animals and humans’ body surfaces, with its microenvironment particularities, are inhabited by
unique microbial communities that play different roles like niche occupation, decomposing organic
matter, producing nutrients, immune stimulation, among others. These communities are called the
microbiome. As in any terrestrial biome, the microbiomes have a well-established structure, with resident
and transitory members. Residents are those who constantly colonize a given habitat and transients
are those who colonize temporarily. Both groups have potentially pathogenic microorganisms, called
pathobionts, which only cause disease in the presence of predisposing factors. In order to perform its

Key words: dermatology, roles properly, it is important that the microbiome remains in balance, or eubiosis. The term dysbiosis is
microbiome, probiotics, used to describe the disturbance of the balance of a microbiome, with overgrowth of pathobionts and/
postbiotics, parabiotics, or mutualists. The aim of the present study was to review the main functions of the skin microbiome
prebiotics. in health and disease and to discuss the new trend in dermatology research, the use of prebiotics,

parabiotics and probiotics.

RESUMEN

Las superficies corporales de animales y humanos, con sus particularidades microambientales,
estan habitadas por comunidades microbianas singulares que cumplen diferentes funciones como ocu-
pacion de nichos, descomposicion de materia organica, produccion de nutrientes, estimulacion inmuno-
logica, entre otras. Estas comunidades se denominan microbioma. Como en cualquier bioma terrestre,
los microbiomas tienen una estructura bien establecida, con miembros residentes y transitorios. Los re-
sidentes son aquellos que constantemente colonizan un habitat dado y los transeuntes son aquellos que
colonizan temporalmente. Ambos grupos cuentan con microorganismos potencialmente patogenos,
denominados patobiontes, que solo provocan enfermedad en presencia de factores predisponentes.

PALABRAS CLAVE: Para realizar sus funciones correctamente, es importante que el microbioma permanezca en equilibrio
dermatologia, microbioma, o eubiosis. El termino disbiosis se utiliza para describir la alteracion del equilibrio de un microbioma, con
probiodticos, postbidticos, crecimiento excesivo de patobiontes y/o mutualistas. El objetivo del presente estudio fue revisar las
parabidticos, prebioticos. principales funciones del microbioma cutaneo en salud y enfermedad y discutir la nueva tendencia en la

investigacion dermatologica, el uso de prebidticos, parabioticos y probidticos.
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INTRODUCTION

Planet Earth in allits extension is inhabited by a great
diversity of living beings. Among them, microorganisms
are the most abundant. All terrestrial surfaces, with their
climatic and microclimatic particularities, are inhabited by
unique microbial communities that play different roles like
niche occupation, decomposing organic matter, producing
nutrients, among others. Similarly, the body surfaces of
humans and animals are also inhabited by complex and
unique microbial communities called the microbiome. As
in any terrestrial biome, the microbiomes that inhabit body
parts have a well-established structure, with resident and
transitory members. Residents are those who constantly
colonize a given habitat and transients are those who
colonize temporarily, without definitively establishing
themselves. Both groups have potentially pathogenic
microorganisms, called pathobionts, which only cause
disease in the presence of predisposing factors. In order
to perform properly its main functions, it is important that
the balance between its members is maintained in the
microbiome, so that beneficial species prevail over those
with pathogenic potential. This microbiological balance
is called eubiosis (Fig.1). The term dysbiosis is used to
describe the disturbance of the balance of a microbiome,
with overgrowth of pathobionts and/or commensals and
alteration of the function of that community *.

The microbiome lives in a close relationship with
its host. Commonly, these microorganisms are called
commensals, but the best symbiotic relationship to
describe them would be mutualism 2. In commensalism,
the commensals benefit from the relationship without
harming or helping the host. In mutualism, both hosts and
microorganisms benefit from and contribute positively to
each other's life. There is no relationship of indifference
by the host. Some authors even describe the microbiome
as an organ attached to the body. Some examples of the
roles played by these microorganisms are the digestion of
nutrients, modulation of the immune system, protection
against colonization by pathogenic microorganisms,
inhibition of pathobionts” overgrowth, skin and intestinal
barrier function, among others. However, for the
microbiome to function properly, it is imperative that

the community is in eubiosis, since dysbiosis favors the
expression of the pathogenic potential of pathobionts with
consequent inflammation, tissue injury and secondary
infection. In addition, dysbiosis is not only harmful due to
the damage generated by the dominant pathogen, but
also due to the loss of symbiotic interactions with other
beneficial microorganisms.*

There are several factors related to the emergence
of dysbiosis in a microbiome, such as inflammatory
processes, habits, diet, stress, drug use, host genetics.
The intensity and duration of the dysbiotic stimulus will
determine the ability to restore eubiosis.1 Whenever the
microbiome suffers a stimulus for dysbiosis, as soon as
it is removed, there is a trend is for the community to be
restored and return to its original composition. However,
there is a threshold to this resilience and resilience of
the microbiome. Once the dysbiotic stimulus becomes
persistent, these capacities are outdated, making it no
longer possible to reverse dysbiosis *2. Then, community
begins to present chronic dysbiosis, losing its ideal
functioning hability. It is very import to understand and
properly identify the primary causes of dysbiosis and
correct treatment protocols to avoid this irreversible
chronic changes.

The advances in microbial genomics research
techniques allowed the study of microbial communities’
structure, the interactions between its components, its
relationship with various diseases, its roles in physiological
processes and the use of the microbiome as treatment
targets. The currently most studied forms of therapeutic
manipulation of the microbiome are the use of prebiotics,
probiotics, parabiotics and postbiotics. These treatments
have aroused great interest in the scientific community,
as they allow alternative treatments for infections
without antimicrobial use, prevention of dysbiosis and
immunemodaulation in some inflammatory diseases like
atopic dermatitis. Thus, the present study aims to discuss
the key points regarding the skin microbiome in order to
provide up-to-date information regarding its composition,
microbiome in health and disease and bacteriotherapy.
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Figure 1. Key concepts in microbiome and symbiotic relationshiops *2.

Concept Definition

Eubiosis

Microbiological ~ balance  within  the
microbiome, with predominance of beneficial
microorganisms.

Dysbiosis

The disturbance of the balance of a
microbiome, with overgrowth of pathobionts
and/or mutualistic organims and alteration
of the function of the community.

Pathobionts

Mutualists with pathogenic potential when in
a dysbiotic environment.

Microbiome

The  mutualist community and its
corresponding genome.

1. Definition

Microorganisms are the smallest forms of life on
the planet, and are also the most physiologically diverse
and metabolically versatile organisms. The entire body
surface of living beings is inhabited by a vast number of
microorganisms, including bacteria, viruses, fungi, archaea
and mites.3 This microbiota resides in the body of humans
and animals as mutualists, without causing disturbances
to the host. Thus, many body regions of these individuals,
such as the skin, oral cavity, gastrointestinal and urogenital
tracts, harbor complex microbial communities. When the
genetic material of these communities is determined by
genomic sequencing, the term microbiome becomes
more appropriate, instead of microbiota.*® Several studies
in healthy humans and animals have shown that each
body habitat has an unique microbiome, which can be
compared to the fingerprint of humans %7

2. Microbial genomics

Since the last decades, new technologies involving
the genomic identification of microorganisms have
revolutionized knowledge about the microbiological world
that lives around human beings, whether on terrestrial
surfaces or in body areas of living organisms. These
scientific tools allowed identification not dependent on
pure culture, a great challenge for microbiologists in the
past. In addition, they also provided the observation of the
diversity and abundance of the microbiota that resides
in different places and the dynamic interaction between

it and the environment® The first complete genome
sequencing took 13 years to complete, however, with the
evolution of techniques, this process occurs in just a few
days, currently &,

Culture-dependent methods are often used for
the isolation and identification of microorganisms, even
after the emergence of genomic sequencing methods.
However, fastidious growth bacteria are difficult to isolate,
and are often inhibited by other species. These factors
make these methods limited, as they can underestimate
the ecosystem's microbial diversity®. Culture-independent
methods, which analyze DNA extracted directly from the
community, allow the investigation of various aspects
of the microbiome, such as taxonomic diversity and
functional metagenomics.”

The term metagenomics is used to define the
genomic methods not dependent on culture, which are
used to study complex microbial communities within
a given environment. The metagenomic sequencing is
massively paralleland aims to determine the phylogenetic
composition of the investigated microbiome, and the
interaction between its members. Metagenomic studies
can be performed in a specific way or by sequencing the
complete genome of all microorganisms °.

The specific method is based on the sequencing
of a marker gene capable of identifying the genome that
contains it, without the need of sequencing it completely.
The markers must be genes present in all members of
the community and capable of differentiating genomes.

-



Revista de la Sociedad Latinoamericana de Dermatologia Veterinaria SLDV

Therefore, it is necessary that the marker have regions
of evolutionarily conserved DNA, so that it is possible to
identify the community, but also, there must be adjacent
hypervariable regions that allow, after sequencing, the
differentiation of taxons based on the based pairs’. The
16S rRNA gene is the most used for bacterial microbiome
studies, as it is common to all prokaryotic cells. For
the classification of the sequences found, 16S rRNA
libraries, such as the Ribosomal Database Project (RDP),
GreenGenes and Silva, contain hundreds of thousands of
cataloged sequences and are available online.”®

The whole genome sequencing method, or whole-
genome shotgun, sequences at the same time all existing
DNA in the sample, allowing identification of the genes
carried by the community. This genetic content can give
an estimate of which proteins are being produced there.
Thus, microorganisms are classified phylogenetically and
according to the function performed in the environment.
It is relatively simple and accessible to sequence solely
the 16S rRNA of a community, which is characterized as
a variety of sequences of this marker, and the number of
times each of these sequences was identified, so that a
taxonomic study of this microbiome can be carried out. 79

A major challenge in the bioinformatic analysis of
16S rRNA is the definition of a standardized sequence
for each community member. Although this marker is
extremely conserved during evolutionary time, it has
hypervariable regions (V1-VQ). Thus, a small nhumber of
base pairs, in these regions vary within taxonomic groups,
allowing their differentiation. After 16S rRNA sequencing,
the sequences that show 97% of similarities are grouped in
a taxon, or operational taxonomic unit (OUT) or phylotype.
OTUs replace species in microbiome studies, as the
classification of species by these markers is often not
possible, and usually the phylotypes are classified until
genera. The process of classifying sequences into OTUs
is called binning. allowing community analysis. As OTUs
or bins are grouped into phyla or other taxonomic units,
the microbiome in question can be plotted in a histogram
graph, demonstrating the taxonomic diversity and
abundance of the community. 7

An important concept in microbiome studies is
the population diversity, which is the number of each
phylotype present in the sample, and their abundance.
This is very relevant in human and animal health, as some
diseases are being associated with low microbiome
diversity, with the overgrowth of certain groups of
microorganisms in the presence of predisposing factors.10
Inthe diversity calculation, to analyze the richness, number

of taxa, and the distribution, the proportion of each taxon,
in a community, alpha-diversity is used, which is the
evaluation of these variables within a single sample. Beta-
diversity is used for diversity analysis when the objective
is to compare different populations and determine their
similarities. In conclusion, alpha-diversity is a statistical
calculation within the same population and beta-diversity
is a similarity score between two populations.”

In 2009, researchers recruited nine healthy people,
of both genders, to collect samples of feces, oral cavity,
nostrils, externalauditory canal, scalp hairand different skin
regions, with the aim of studying the bacterial microbiome
of healthy humans using 16S rRNA sequencing. Among all
samples collected from all individuals, the most frequent
phyla were Actinobacteria, Firmicutes, Proteobacteria and
Bacteroidetes. Each body region had a unique microbiome
that reflected the conditions of the microenvironment.
Comparing each habitat between people, there was
important individual variation, however, they observed
stability between samples collected at different times,
demonstrating that the microbiome tends to remain stable
under physiological conditions, in the same individual. **.

The Human Microbiome Project is a multicenter,
international study that aims to characterize the human
microbiota and microbiome. In 2012, researchers linked
to the project, in the United States of America, recruited
242 adults of both genders, aged between 18 and 40
years, to characterize their bacterial microbiome, using
massively parallel sequencing. Samples were collected
from multiple body regions, including the skin, nostrils,
oral cavity, oropharynx, vagina and feces. Samples were
collected from the individuals again in 131 days, in an
average of 219 days, after the first collection. This study
corroborated with previous results that stated that each
body region has a unique and specific microbiome. The
oral cavity and feces showed the highest alpha-diversity,
while the vagina showed the lowest, with a predominance
of Lactobacillus. In terms of beta-diversity, the oral cavity
presented the least and the skin the greatest measures,
concluding that the first presented more similarity
between individuals, unlike the skin. In samples from
the gastrointestinal tract, an inverse relationship was
observed between Bacteroidetes and Firmicutes, and
in samples where the former was overrepresented, the
latter was less concentrated. Considering the stability of
the microbiome over time, in individuals who undenwent
second collections, it was observed that it remained stable
in the same individual, but there was great interpersonal
variation *°.




3. Role of the microbiome in health and disease

The resident microbiota performs functions crucial
to the host’s health, such as resistance to pathogens,
modulation of the immune system and nutritional
support. 11. Body surfaces constitute stable, nutrient-rich
ecosystems where microorganisms thrive. This microbiota
constantly releases a complex mixture of metabolites,
vitamins and nutrients that send signals to the immune
system, shaping its responses. Therefore, a healthy animal
must present two opposing reactions coexisting. The
immune system must tolerate the microbiome and be
able to mount a rapid response that efficiently eliminates
pathogens. The selection of which response will be used
for each situation will be defined according to how the
antigen processing and signals sent by the microbiota
occurs. If the balance between these pro-inflammatory
and anti-inflammatory processes is disrupted, there will
be a change in the level of immune system activation.*?

The colonization of the newborn's skin, which is
sterile in prenatal life, takes place from birth onwards.
This initial microbiome shows little diversity and is closely
related to the type of delivery through which the birth
occurred. Neonates born by normal delivery present skin
colonization more similar to that present in the mother's
vaginal canal, with a predominance of Lactobacillus
species, while those born by cesarean section will have
their skin colonized first by contact with maternal skin and
will then present a microbiome similar to this region, with
a predominance of species of Staphylococcus.”9* This
exposure to microorganisms in the early stages of life will
determine how the immune system will develop, as germ-
free mammals have an underdeveloped mucosalimmune
system. The microbiota is able to stimulate enterocyte
Toll-like receptors (TLR) and promote the development
of the immune system.** Skin microbiota also contribute
to this process during breastfeeding and contact with the
mother.*®

The intestinal microbiota has unique and essential
functions in the body of healthy humans and animals.
This microbiome has been associated with metabolic
functions, inhibition of pathogen invasion, strengthening
of the intestinal mucosa and modulation of the immune
system. The gastrointestinal tract is a complex mixture of
bacteria, archaea, fungi, and viruses. The most numerous
are bacteria and it is estimated that trillions of individuals
of various species are present. In mammals, there is a
predominance of the Firmicutes and Bacteroidetes phyla,
withasmallerfraction of Fusobacteriaand Verrucomicrobia.
Mammals have about 20,000 genes that code for proteins,
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while their microbiota together have around 10 million.
This diverse genome enhances the animal's metabolic
function by increasing, for example, the ability to extract
energy from plant structural carbohydrates and to absorb
vitamins. A mouse with the conventional microbiota needs
30% fewer calories daily to maintain its body weight than
germ-free mice.”

By occupying intestinal niches, commensal bacteria
block subsequent colonization by pathogenic species.
In addition, the intestinal microbiota modifies the local
microenvironment by keeping pH and oxygen pressure
low. In the intestinal mucosa, there is more activity of the
immune system than in all lymphoid tissues combined.16
It is estimated that 80% of the activated B cells in the
body are in the intestine and their function is to defend
against possible microbial invasions. However, for the
intestinal microbiota to colonize properly, there needs to
be a balance between Th17 pro-inflammatory cells and
Treg anti-inflammatory cells17. In a study that evaluated
changes in the immune system of mice colonized by
only one species of bacteria, it was demonstrated that
many bacteria have different effects on immune function.
Some species have similar, overlapping or even opposite
functions. Some are potent stimulators of the Thiy
response, while about a quarter of the bacteria studied
stimulated Treg and others affected innate lymphoid cells
and dendritic cells 17,

In a study with seven Beagle dogs within ideal weight
and seven obese, they observed that in lean dogs, the
diversity of the microbiome was greater and there was a
predominance of Firmicutes in intestinal samples, while in
obese dogs the predominant phylum was Proteobacteria.
This genus is composed of Gram-negative bacteria that
have LPS in their membrane, a molecule capable of
inducing chronic inflammation.*®

In another study, with the aim of evaluating this
relationship between LPS and obesity, researchers
observed that mice fed a diet rich in lipids (72%) had a
significant increase in the concentration of LPS in the
plasma, to a lesser degree than what occurs in cases of
sepsis, characterizing the state of metabolic endotoxemia.
Subsequently, the same researchers performed a
continuous infusion of LPS in animals fed a balanced diet,
without increasing calorie intake. Thus, they observed
that, after these four weeks, the animals that received
LPS infusion obtained weight gain similar to those that
received, for four weeks, a diet with 72% of lipids. Thus, it
is suggested that the increase in LPS, causing metabolic
endotoxemia, is related to obesity.*®
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Studies have also shown that the microbiome of
the gastrointestinal tract controls a protein derived from
the intestine that is very important in the metabolism
of lipids in the host, Angiopoietin-like 4 (Angptl4). This
protein regulates the oxidation of fatty acids in muscle
and adipose tissue. Germ-free mice, when colonized
with intestinal microbiota from obese rodents, showed
suppression of Angptl4 production and more triglycerides
were stored in the adipose tissue, leading to weight gain.
In addition, an association has been made between the
intestinal microbiome undergoing changes due to the
consumption of a western diet, rich in red meat, lipids and
few vegetables, and being able to produce carcinogenic
substances and metabolize certain compounds, which
contribute to the development of cancer

The microbiome is essential for the activation of
the host's immune system and several autoimmune
diseases are derived from acquired immunity imbalance.
The mutualists that inhabit the entire body of humans and
animals induce the differentiation of CD4+ T lymphocytes
into four main types: Thi, Th2, Th17 and Treg. Each type
has a specific immune function and secretes characteristic
cytokines. Thi cells are involved in the elimination of
intracellular pathogens, Th2 control infection by parasites
and Thi7 has an important role in protecting against
infections. Treg regulates the immune response. The
resident microbiota modulates an appropriate balance
between these fourtypes ofimmune responses®. Intestinal
T helper (Th) precursor cells can both differentiate into
Treg and into Th17 depending on signals received from the
microbiota. When the intestinal microbiome is eubiotic,
Treg differentiation is favored while Thi7 is suppressed
and minimal inflammation occurs in the intestinal wall. In
the absence of Treg, uncontrolled effector T cells respond
to antigens and trigger inflammation.*

Regardless of the location, on the skin,
gastrointestinal, respiratory, or genitourinary tract, the
microbiome communicates directly and efficiently with the
host's immune system. This communication is essential for
the proper functioning of the innate and adaptive immunity,
thus, dysbiosis has profound effects on immunity.* Dietary
plant fibers contain complex carbohydrates that, when
digested by Clostridia in the cecum and colon, generate
metabolites such as acetate and butyrate that suppress
macrophages and stimulate the production of Treg cells.
Thus, consumption of a high-fiber diet plays a crucial role
in controlling intestinal inflammation.*? Furthermore, these
clostridial colonies also increase the number of Treg cells
in distant organs such as the spleen, lungs and skin, also

acting in inhibition of allergic responses. These stimulated
T cells in the gut migrate to remote tissues and determine
the systemic balance of T cells and their responses. #

The skin and the gastrointestinal tract have much
in common and interact extensively. Both systems have
dense vascularization, massive innervation and are
intensely colonized by distinct microbial communities.
The intestinal microbiome and its various metabolites
can also induce skin changes, this is called the gut-skin
axis.’*** The impact of the gut microbiome in the skin
microbiome has been studied in both humans and dogs
recently. L everett et al (2022) studied the impact of
feeding fresh food instead of dry food in the composition
of the skin microbiome of healthy dogs and observed an
increase in alphadiversity in the fresh food group, showing
this importance of the gut-skin axis.?®

4. Bacterial skin microbiome

The skinis the most exposed organ of the entire body
of humans and animals, responsible for providing the body
with a barrier against the entry of possible harmful agents,
such as pathogens and irritating substances, being able
to act as a physical, chemical and immunological barrier,
able to respond to the most diverse challenges. However,
even with all their efficiency in exerting this protective
barrier, various microbial communities live on the skin,
which are tolerated by the cutaneous immune system.
¥ Under physiological conditions, there is a balance
between the host's immune system and the microbiome,
which controls the proliferation of these microorganisms,
however, when this balance is disturbed, dysbiosis may
occur, causing disease ?’*°

The cutaneous ecosystem is quite variable, being
composed of several structures that differ from each other
in terms of pH, humidity, temperature, lipids, antimicrobial
peptides, among others. These different skin regions
with different environmental conditions that lead to the
formation of microbial niches. The hair follicles, sweat
and sebaceous glands are regions that have a unique
microenvironment, giving them a particular microbiome
and differentiated from the horny layer of the epidermis,
for example, even if the distance between the places is
minimal >

Studies in humans show that four phyla of bacteria
are more frequent in skin samples, Actinobacteria,
Firmicutes, Proteobacteria and Bacteroidetes. The most
identified genera are Corynebacterium, Staphylococcus
and Propionibacterium, and the abundance of each
genus is strongly dependent on the respective niche.




Staphylococcus and  Propionibacterium predominate in
regions with abundant sebaceous secretion on the face,
while Corynebacterium predominates in the axilla and
other more humid regions, but Staphylococcus may also be
present. In dogs, the use of massively parallel sequencing
for microbiome studies is not yet widely used, but the
results obtained with healthy dogs showed data like
those found in humans, with Proteobacteria, Firmicutes,
Actinobacteria, Bacteroidetes and Cyanobacteria being
the most abundant phyla in dog skin. In these animals,
the topographic variation of the composition of the
microbiome could also be observed.3°33

The skin microbiome can be altered by several
factors, extrinsic orintrinsic. The extrinsic, or environmental,
factors include humidity, environmental temperature, type
of clothing, use of antibiotics and cosmetics, frequency
of hygiene, among others. *The intrinsic ones are those
related to the host and alter the composition of the
microbiome. These factors are mainly anatomy, genetics,
gender, age and immunity. 92534 Most of the time, skin
infections are the result of imbalances in the microbiota
causing pathobionts” overgrowth under certain conditions.
Skin dysbiosis changes the microbiome’s ability to
maintain the protective epidermal barrier function.®3®

Atopic dermatitis (AD) is a multifactorial skin disease,
with a pathogenesis not completely understood, often
associated with bacterial infections, mainly caused by
the genus Staphylococcus, both in humans and in atopic
dogs. 33 \What makes these patients more prone to these
infections are the skin changes associated with the disease.
A few years ago, it was believed that AD was a disease
caused by a genetic alteration of the immune system that
generated an abnormal immune reaction, mediated by
IgE-type antibodies, specific against certain innocuous
allergens, this was the “outside-inside” theory. Currently,
it is known that the dysfunction of the epidermal barrier
facilitates and allows the entry of allergens and irritating
substances, such as microorganisms, pollen, mites, acids,
among others, increasing their contact and exposure to
the immune cells of the epidermis. The latter completes
the previous theory, from the outside to the inside, to
form the “outside-inside-outside” theory. This new theory
proposes that a primary defect of the epidermal barrier
allows greater penetration of allergens, which will cause
sensitization of the immune system and further damage
to the epidermal barrier. Thus, it is currently believed
that high levels of IgE are consequences of AD and not
the cause. Furthermore, food allergens appear to play an
important role in the pathogenesis of AD, contrary to what
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was previously thought, that AD and food allergy were
completely and distinct diseases. 33

In a study carried out with atopic children, with
the objective of evaluating the temporal variation of the
microbiome throughout the evolution of the disease
crises, the authors selected 12 atopic children of moderate
to severe degree, and 11 healthy controls, and collected
samples from the antecubital and popliteal flexures,
sites known as atopic regions, their adjacent areas and
the nostrils. The collections were performed before the
crisis, at the time of the crisis and between 10 and 14
days after this period. By associating the severity of the
disease with the Shannon alpha-diversity index, they
found that these variables were inversely related, and the
greater was the severity, the less diversity was observed.
The reduction in diversity was closely linked to the atopic
zones. In these places, there was a predominance of the
genus Staphylococcus. In addition, patients who were not
treated during the flares had lower Shannon diversity than
the treated ones. The diversity of the adjacent regions
and the nostrils remained quite stable, demonstrating
that the alteration in the microbiome is related to the
disease predilection sites® It has always been believed
that S. epidermidis has some protective function against S,
aureus infections due to its reduced abundance in crisis
phases and an increase in stable phases**~, Kong et al.
(2012), observed that the abundance of S epidermidis
increased along with that of S aureus during the flare,
with a consecutive reduction after this period. This goes
against what has been said so far, and these authors
suggest that instead of inhibiting S. aureus, S. epidermidis
has a symbiotic relationship with it.

The cutaneous microbiome of atopic and healthy
dogs using non-culture-dependent methods has recently
begun to be studied?®3°334 Hoffmann et al. (2014)
performed the first study with these methods in dogs.
These researchers evaluated the microbiome of 12 healthy
and six allergic. The samples were collected from different
skin regions, namely the nostrils, interdigital region,
armpits, ear pinna, auditory canal, conjunctiva, lumbar
region, perianal, inguinal and labial commissure. All atopic
dogs included were in a stable phase of the disease, that
is, outside the crisis. The researchers found a significantly
lower alpha-diversity in the samples of allergic dogs when
compared to healthy ones, even if they were out of the
crisis period and with lesional skin. It is known that the
alesional skin of atopic dogs presents a higher degree of
inflammation and the defects in the epidermal barrier that
are characteristic of the disease, this probably leads to
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changes in the diversity of the skin microbiome of these
animals.

It is known that, to control recurrent infections, it
is essential that the inflammatory reaction of AD is well
controlled and that the use of antimicrobials alone is not
able to prevent the recurrence of infections, since the
allergic disease is responsible for dysbiosis predisposing
factors*. However, there are frequent casesinwhich, even if
pruritus is being controlled satisfactorily, infections remain
recurrent, making it necessary to use repeated antibiotic
therapy. The extensive use of antimicrobials is associated
with the emergence of resistant microorganisms, making
infection control increasingly challenging.* Therefore,
therapeutic alternatives for the control and prevention
of dysbiosis have been researched. The use of probiotic
therapy is a very current area of interest of the scientific
community not only for the control of dysbiosis, but also for
its immunomodulatory properties in various diseases such
as atopic dermatitis, diabetes, obesity and inflammatory
bowel disease. 454

5. Bacteriotherapy

In the early 20th century, Ilya Ilyich Metchnikoff
observed that regular consumption of lactobacilli
from fermented dairy products such as yoghurts was
associated with better general health and longevity in
villages in Bulgaria. This observation that some bacteria
have beneficial effects on the body led to the emergence
of probiotics.>

Probiotics are live microorganisms that, when
administered in adequate doses, are capable of producing
beneficial effects to the host (FAO/WHO) and include both
bacteria (mainly Lactobacillus sp, Biphidobacterium sp
and Bacillus sp) and yeasts (mainly Saccharomyces sp).**
According to the International Scientific Association for
Probiotics and Prebiotics (ISAPP), the benefits of probiotics
can be strain-specific (present only in some strains of a
species), species-specific (present in all microorganisms
of that species) or widespread (widely present in several
species of probiotics).555°

Most studies on the use of probiotics are related
to their oral administration, but currently they have also
focused on topical formulations containing probiotics
for the treatment of various dermatopathies such as AD,
psoriasis, acne, rosacea and anti-aging.*5* Contrary
to popular belief, indications for both oral and topical
supplementation with probiotics go far beyond restoring
the microbiome through local colonization by mutualists.
Probiotics have anti-inflammatory, immunomodulatory,

anti-proliferative, antioxidant and antimicrobial properties.
57 When administered orally, microorganisms act by
interacting with the intestinal microbiome and immune
system, which have important connections with the
systemic immune system, being able to modulate
inflammatory responses and also act beneficially in
non-intestinal diseases®% The objective of applying
these probiotic formulations through the skin is to
directly stimulate the local microbiome and modulate
the cutaneous immune system to intensify the response
in inflammatory skin lesions and obtain more targeted
effects on the skin. Studies in this regard are still early and
recent, but they already show good results in the control of
inflammatory dermatopathies in humans.*>475°

In addition to the administration of live
microorganisms, prebiotics are also used and, more
recently, postbiotics and parabiotics have emerged.
Prebiotics are nutritional ingredients not digestible by
the host, mainly fibers, which are capable of stimulating
the proliferation of beneficial microorganisms in the
microbiome, providing an ideal microenvironment for the
development of these microorganisms. Parabiotics are
inactivated or lysed probiotic microorganisms in crude cell
extracts, which, when administered in adequate amounts,
produce effectsinhumansoranimalconsumers. Postbiotics
are metabolites produced by probiotics or released after
cell lysis that produce beneficial effects to the host. These
substances are produced by microorganisms during
the fermentation process. Parabiotics, prebiotics and
postbiotics, similarly to probiotics, can be administered
orally or topically.555°

The use of parabiotics originated from questions
about the feasibility and safety of administering live
microorganisms. There are many factors involved in the
activity of viable bacteria, such as adequate storage,
their ability to colonize and their survival in the hostile
environment of the host's skin or intestine. Studies show
that the viability of probiotics is very dependent on the
storage temperature, and at room temperature, the
number of viable cells decrease considerably. 5% In
addition, in any probiotic formulation, the proportion of
live and dead bacteria can vary greatly, so the population
of dead cells can be much greater than that of live cells.
Thus, the beneficial effects attributed to viable cells may
be overestimated, when in fact they are generated by the
parabiotics. 5% Furthermore, one should also consider
the possibility of horizontal transfer of resistance genes
between pathobiont and probiotics, conferring them a
pathogenic feature, no longer therapeutic potential. Thus,
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the current trend on research is walking towards the supplementation with parabiotics and postbiotics, which have no
storage limitations or safety issues. Although studies with the use of parabiotics and postbiotics are still in very initial,
scientific evidence points to good efficacy and good prospects for future use 5658

A common form of obtaining probiotics, prebiotics and postbiotics is through the fermentation of carbohydrates,
such as milk and grains like oat, by certain strains of bacteria in order to promote colony growth and production of
fermentation by-products, the prebiotics and postbiotics. Oats fermented by Lactobacillus strains have therapeutic use
in topical formulations for dermatological use in humans and animals, due to their parabiotic, prebiotic and postbiotic
properties.45'47‘51‘55‘56‘59'6°

Conclusions

Considering the data shown in the present review, the important role of the skin
microbiome in the hosts” health by protecting against pathogenic microrganisms,
acting as a part of the skin and intestinal barrier and in immunomodulation is
highlighted. Therefore, it is mandatory that veterinarians consider this essential
microbial community when establishing any treatment for their patients by the
implementation of preventative measures for dysbiosis, adequate control of

inflammatory diseases, causes of disruption of the eubiosis, and also the rational use
of antimicrobials. Scientific evidence points to the use of formulations containing
probiotics, parabiotics, postbiotics and prebiotics in maintaining the health of the
microbiome and also as an important adjuvant in the treatment of inflammatory
diseases such as canine atopic dermatitis. Therefore, these therapeutic modalities
represent good future trends and should be used to improve patients’ life quality and
facilitate the control of challenging skin diseases.
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