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Abstract

Horses are extremely dependent on the correct functioning of the digestive system for energy production and the
performance of their physiological functions. The intestinal microbiota plays a key role in maintaining health, being
related to the modulation of the immune system, protection against pathogenic microorganisms and also for obtaining
nutrients. Due to the importance of the microbiota in maintaining health from the beginning of life, this review aims to
address the early composition, development and factors that influence the intestinal microbiota in foals. A qualitative
review was carried out in the main research databases. Data referring to the early microbial colonization suggest that it
occurs since intrauterine life, despite the fact that at birth, the foals acquire a large part of the microorganisms that will
form its microbiota. The main phyla involved in this process are Proteobacteria, Firmicutes, Actinobacteria and
Bacteroidetes, which are aquired from a combination of bacteria present in the feces, vagina and other maternal
environments. From birth until the first weeks of life, the microbiota gradually changes due to several factors, which
include the composition of food, coprophagy, exposure to different environments and medications. The foal's
microbiota becomes more stable in the first and second months of life. It is suggested that changes in the composition
(dysbiosis) and diversity of the different phyla are a risk factor for the development of diseases, since the microbiota
directly influences the immune system. From advances in sequencing technologies it was possible to investigate the
components and factors associated with early colonization of microbiota in horses as well as factors related to the
development of dysbiosis and disease. Nevertheless, many facts are still unclear and should be adressed in the future.
Keywords: Immune system; Gut microbiota; Intestinal flora; Equine microbiota.

Resumo

Os equinos sdo animais extremamente dependentes do correto funcionamento do sistema digestivo para a produgdo de
energia e o desempenho das suas fungdes fisiolégicas. A microbiota intestina tem papel fundamental na manutencéo
da salde, estando ligada tanto a modulagdo do sistema imune e protegdo contra microrganismos patogénicos quanto
com a obtencdo de nutrientes. Devido a importancia da microbiota na manutencdo da salde desde o inicio da vida,
essa revisdo tem por objetivo abordar a composicéo inicial, desenvolvimento e os fatores que influenciam no
equilibrio da microbiota intestinal em potros. Foi realizada uma revisao qualitativa de trabalhos que abordam o
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assunto nas principais bases de pesquisa. Dados referentes a colonizacdo microbiana inicial sugerem que esta ocorra
desde o periodo de vida intrauterina, apesar de ser no parto, 0 momento em que o potro adquire grande parte dos
microoganismos que formardo sua microbiota. Os principais filos envolvidos nesse processo sdo Proteobacteria,
Firmicutes, Actinobacteria and Bacteroidetes, provenientes de uma combinacdo de bactérias presentes nas fezes,
vagina e outros ambientes maternos. A partir do nascimento até as primeiras semanas de vida a microbiota muda
gradualmente devido a diversos fatores, os quais incluem a composi¢do da alimentacdo, coprofagia, exposicdo a
diferentes ambientes e medicagdes. A microbiota do potro se torna mais estavel no primeiro e segundo més de vida. E
sugerido que alteracGes na composicdo (disbiose) e diversidade dos diferentes filos sdo um fator de risco para o
desenvolvimento de doencas, uma vez que a microbiota influencia diretamente no sistema imune. A partir dos avangos
nas tecnologias de sequenciamento foi possivel investigar melhor os componentes e fatores associados a colonizagdo
inicial da microbiota nos equinos tanto quanto fatores correlacionados ao desenvolvimento de disbiose e doencas.
Apesar disso, muitos fatos sobre o assunto ainda ndo foram esclarecidos e merecem ser estudados no futuro.
Palavras-chave: Sistema imune; Microbiota intestinal; Flora intestinal; Microbiota equina.

Resumen

Los equinos son animales que dependen extremadamente del correcto funcionamiento del sistema digestivo para la
produccion de energia y el desempefio de sus funciones fisiologicas. La microbiota intestinal tiene un papel
fundamental en el mantenimiento de la salud, estando vinculada tanto a la modulacién del sistema inmunolégico y la
proteccion frente a microorganismos patégenos como a la obtencién de nutrientes. Debido a la importancia de la
microbiota en el mantenimiento de la salud desde el inicio de la vida, esta revisién tiene como objetivo abordar la
composicién inicial, el desarrollo y los factores que influyen en el equilibrio de la microbiota intestinal en los
potrillos. Se realiz6 una revision cualitativa de trabajos que abordan el tema en las principales bases de investigacion.
Los datos referentes a la colonizacién microbiana inicial sugieren que se da desde el periodo de la vida intrauterina, a
pesar de estar al nacer, momento en el que el potro adquiere gran parte de los microorganismos que formaran su
microbiota. Los principales phyla involucrados en este proceso son Proteobacteria, Firmicutes, Actinobacteria y
Bacteroidetes, provenientes de una combinacion de bacterias presentes en las heces, vagina y otros ambientes
maternos. Desde el nacimiento hasta las primeras semanas de vida, la microbiota cambia gradualmente debido a
varios factores, que incluyen la composicion de los alimentos, la coprofagia, la exposicion a diferentes ambientes y
medicamentos. La microbiota del potro se vuelve més estable en el primer y segundo mes de vida. Se sugiere que los
cambios en la composicion (disbiosis) e diversidad de los diferentes phyla son un factor de riesgo para el desarrollo de
enfermedades, ya que la microbiota influye directamente en el sistema inmunolégico. A partir de los avances en las
tecnologias de secuenciacion, fue posible investigar mejor los componentes y factores asociados a la colonizacion
inicial de la microbiota en equinos, asi como los factores relacionados con el desarrollo de disbiosis y enfermedades.
A pesar de esto, muchos hechos sobre el tema alin no se han aclarado y merecen ser estudiados en el futuro.

Palabras clave: Sistema inmunolégico; Microbiota intestinal; Flora intestinal; Microbiota equina.

1. Introduction

Horses are herbivores with a unique gastrointestinal tract (GIT) when compared to other domestic animals. These
animals are highly dependent on their anatomy for energy production, since the colon and cecum are the main areas where
fibrinolytic bacteria perform fermentation and produce short chain fatty acids, which are used as energy source (Costa &
Weezze, 2012; Quercia et al., 2018). The intestinal microbiota is one of the most diverse ecosystems, harboring different
microorganisms, including protozoa, viruses, fungi and anaerobic bacteria that colonize the intestines since intrauterine life
(Turnbaugh, 2009; Fernandes et al., 2014, Mols et al., 2020).

The microbiota is essential for health mantainance, being responsible for development of the digestive system, for
stimulating and modulating the immune system, protecting the individual against pathogenic microorganisms, improving
digestion and capturing energy from food (Backhed, 2004; Russell, 2013; Alarcén, 2016). It acts simultaneously with host cells
through a symbiosis process (Saad, 2006). Its balance results in a normal performance of the individual's physiological
functions and can ensure a better quality of life (Fanaro, 2003). In contrast, the imbalance, also called dysbiosis, can be a
predisposing factor for the occurrence of diseases, such as enterocolitis (Harlow, 2013; Schoster et al., 2017; De La Torre et
al., 2018), laminitis (Steelman et al, 2012; Moreau, 2014), colic (Weese et al., 2015), and, in humans it has been associated
with several other diseases (Gosalbes et al,. 2012; Toh and Allen- vercoe, 2015; Wang et al., 2018).

In foals, as well as already demonstrated in humans (Aagaard et al., 2014), it is suggested that GIT colonization
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begins in the uterine environment (Quercia et al., 2018; Mols et al., 2020). The foal initially has a transient microbiota, highly
susceptible to changes due to diet and environment. It becomes more stable and similar to the microbiota of an adult horse
when the foal reaches 50- 60 days of life (Costa, 2016; Lindenberg et al. 2019). The microbiota residing in adult horses is
mainly composed of bacteria from the phyla Firmicutes, Bacteroidetes and Verrucomicrobia (De La Torre et al., 2018; Husso
et al., 2020).

Due to the importance of the microbiota in the maintainance of health and because it is an emerging subject, several
studies have directed attention to colonization, composition and development of the microbiota since peripartum (Quercia et
al., 2018; Husso et al; 2020). Thus, this review aims to address the initial composition, development and the factors that

influence the balance of the intestinal microbiota in foals.

2. Methodology

The present study was carried out as a qualitative literature review (Pereira et al., 2018), based on a prospecting
bibliographic search performed on the main referential databases available in eletronic environment like Mendeley,
MEDLINE, pubMed and SciELO. From the data found, it was possible to discuss the main phyla involved in the composition

of the foal microbiota since early life along with some important factors that implicate its healthy development.

3. Foal microbiota

3.1 Development and composition of the early microbiota

The uteroplacental unit used to be considered a sterile environment for the foal, and the presence of microorganisms
in culture of the placenta and/or amniotic fluid were considered as an indicatitive of infection (Prince et al., 2015). However, a
histological study in humans using fetal membranes from healthy pregnancies identified the presence of bacteria (Steel et al.,
2005). Later on, Aagaraard et al. (2013) identified the presence of several microbial populations in healthy placentas of Rhesus
monkeys, indicating that the colonization of the microbiota in the fetus may start in the intrauterine life. From the development
of new sequencing technologies, several studies have been performed in mammals suggesting the interaction of the microbiota
between mother and fetus (Aagard et al., 2013; Quercia et al., 2019; Mols et al., 2020).

Similarly, in the equine species, it was believed that the foal would develop in an aseptic intrauterine environment and
would acquire its initial microbiota from birth canal and external environment (Earing et al., 2012; Faubladier et al., 2013).
However, Hemberg et al. (2015) identified bacterial growth in the amniotic fluid of healthy pregnancies, and recently, Quercia
et al. (2019) observed the presence of bacterial DNA in the amniotic fluid of mares carrying healthy pregnancies by using
metagenomics analysis (next generation sequencing- NGS). In addition, a variaty of microorganisms were also identified in
foals’ meconium (Jacquay et al., 2018, Quercia et al., 2019; Husso et al., 2020).

Despite not knowing how the intrauterine microbial colonization occurs, it is believed that it is necessary to start
modulation of the immune system and plays a key role in the development of health and disease prevention (Costa et al.,
2016). Some hypotheses about the natural colonization routes have been suggested from studies carried out in humans and
rodents (Mols et al, 2020). Among them, the three most accepted ones include: the progression of microorganisms in an
ascending way through the vagina and the cervix to the uterus; hematogenous migration from the oral cavity or GIT to the
placenta and, finally, bacterial translocation by migration of dendritic cells from the intestinal lumen to the placenta (Prince et
al., 2015; Mols et al., 2020). In equine species, although none of these hypotheses have been proven and colonization routes
during the uterine life remain unknown, Quercia et al. (2019) suggested the existence of an internal route of microorganisms

transmission between mother and fetus through the sharing of 32 and 75 OTUs (operational taxonomic units) between
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meconium and amniotic fluid and between meconium and maternal TGI, respectively.

Many microorganisms that are associated with diseases, such as endometritis and placentitis, including Streptococcus
spp., Staphylococcus spp., Pseudomonas spp. and E. coli. are present in the amniotic fluid of healthy pregnancies, without
necessarily cause any problem (Quercia et al., 2020; Mols et al., 2020). The fact that these bacteria are involved in only a few
disease cases, suggests that the stability of the microbiota is important for maintaining health, while the imbalance of some
microbial population can lead to the occurrence of dysbiosis and thus lead to the development of disease (Mols et al., 2020).

The moment of birth is when the foal acquires several microorganisms that will form the initial microbiota (Husso et
al., 2020). Colonization is very dynamic and changes significantly after the first day of life (Costa, 2016; Lindenberg et al.,
2019). Meconium microbiota is basically composed of a combination of bacteria present in feces, vagina, and other maternal
environments, mainly from the phyla Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes (Jacquay et al., 2018;
Quercia et al., 2019; 2019; Husso et al., 2020). These phyla are basically involved in the digestion and fermentation of
different dietary compounds such as proteins, sugars and fibers. Some of these families are recognized as indicators of
intestinal health because they are associated with modulation of the immune response and protection against different
pathogens (De La Torre et al., 2019).

Nevertheless, some differences in the predominance of phyla and genera that compose microbiota were identified in
foals over the first 24 hours after birth (Faubladier et al., 2013; Costa et al., 2016; De La Torre et al. 2019; Husso et al., 2020).
The first groups involved in the breakdown of carbohydrates that have been identified are anaerobic bacterica, mainly
amylolytic and lactate users, such as streptococci and lactobacilli (Faubladier et al., 2013). Some authors found variable
dominance between the phyla Firmicutes and Proteobacteria (Costa et al. 2016; De La Torre et al. 2019), and different genera
associated with the development of diseases such as Escherichia/Shigella and Clostridium spp. (Husso et al. 2020). Members
of the phylum Bacteroidetes genera Bacterdides have also been detected in most foals (Husso et al., 2020).

These differences observed among studies suggest that the environment and management in which the animals are
raised has a great influence on the genera richness present in the intestinal microbiota. It was observed that foals from the same
herd have similar microbiota, but diferences in the predominance of phyla where found when compared with those from
studies carried out in different places. Corroborating to this idea, a study performed by De La Torre et al. (2019) found
diferences in bacterial colonization in foals from different properties submitted to different managements. Furthermore,
Tavanner et al. (2020) identified greater taxonomic diversity in the microbiota of foals kept in the field when compared to
those kept in stalls, which indicates that management is a determining factor.

The foal microbiota gradually changes over the first three days of life. During this period, the meconium microbiota is
lost and the foal acquires fiber fermenting microorganisms, such as Enterococcus spp. and Enterobacteriaceae, through
colostrum and milk intake (Quercia et al. 2019). Thus, this is considered an important source for the establishment of the
microbiota (Quercia et al. 2019). In the first weeks of life, foals also initiate some typical behaviors related to the species, such
as coprophagy, and start the consumption of forage and concentrate, which will also influence the colonization of the intestinal
microbiota (Quercia et al., 2019; Pyles et al., 2020). Thereat, from 7 days onwards, there is a more abundant growth of fiber-
fermenting bacteria.

At this point, the most abundant phylum is Firmicutes (Costa et al., 2016; Husso et al., 2020). The most abundant
genera according to De La Torre et al. (2019) and Husso et al. (2020) is Bacterdéides, which is found in the vaginal mucosa of
mares and its increase is also directly related to the introduction of other foods besides milk. Other authors have also observed
a greater abundance of this genera in foals between 30 and 50 days of life (Bordin et. Al., 2013, Lindenberg et al. 2019). After
the first week of life, there is a more abundant growth of fiber-fermenting bacteria, but the microbiota composition of foals is
still quite divergent from adult horses at this point (Lindenberg et al 2019; Liu et al., 2020).
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The increase in intestinal microbiota diversity and similarity with the maternal microbiota composition are associated
with maturation of the gastrointestinal tract in humans and mice (Backhed, 2015; Flemer, 2017). In foals, some studies indicate
different times when the intestinal microbiota becomes closer in terms of the composition of the maternal microbiota
(Faubladier et al., 2013; De La Torre et al., 2019; Quercia et al., 2019). Kuhl et. al. (2011) and De La Torre et al. (2019) found
similarities between the microbiota of mares and foals aged 28 to 30 days. Besides, only few changes in bacterial communities
in foals’ macrobiota were found after two months of life, and most of them related to the type of food ingested (De La Torre et
al., 2019). In the other hand, other authors suggested that microbiota stability is achieved only around 50 - 60 days of life
(Costa et al., 2016; Lindemberg et al., 2019).

3.2 Maternal microbiota

It is known that the composition of the equine microbiota can vary according to the environment, management, age
and also due to individual variations (Mols et al., 2020). The foal is exposed to a large amount of bacteria during the
peripartum period through the contact with the materal fecal, vaginal and oral microbiota as well as the microorganisms found
in the mare's milk (Mols et al., 2020).

The fecal microbiota of the pregnant mare is mainly composed by bacteria from the phyla Firmicutes and
Bacteriodetes, with relative abundance of the families Lachnospiraceae and Rumonicoccaceae, among others in the order
Bacteroidales and family Prevotellaceae (Husso et al. 2020). After birth, part of the foal's microbiota is acquired from the
maternal fecal microbiota (Husso et al., 2020). The sharing of different bacteria (75 OPUs) between the mares' feces and the
foal's meconium was identified: Clostridium, Enterococcus, Ruminococcaceae, Lactococcus lactis, Bacterdides and Bacillus
(Quercia et al., 2019).

Regarding the oral microbiota, data from humans suggest the relationship between periodontal pathogenic bacteria
and the occurrence of premature births (Cobb et al., 2017). Few data about oral microbiota in horses are available. A study
demonstrated a similarity on mares and humans oral microbiota, but with a lower amount of the phylum Bacteroidetes and
dominance of the genera Gemella from the phylum Firmicutes in the mares, which is associated with good oral health (Husso
et al. 2020). In that same study, the maternal oral microbiota was compared with the composition of the fecal microbiota at
birth, and the sharing of only 0.23% of the DNA sequences was observed.

The vaginal microbiota is much less diverse than the fecal one and there is greater individual variation. The most
abundant genera identified were: Corynebacterium, Porphyromonas, Helcococcus and Campylobacter (Husso et al., 2020).
Other genera found in the vaginal microbiota include Lactobacillus, Enterococcus and Fusobacterium (Mols et al., 2020).
Many bacteria characterized in the foal's early microbiota are compatible with those existing exclusively in the mare's vagina,
which suggests that the birth canal is an important colonization rout of the foal's GIT (Husso et al., 2020). Furthermore, many
bacteria found in the vagina are part of the uterine microbiota (Mols et al., 2020).

The colostrum in turn is not only rich in immunoglobulins, growth factors and other important compounds for the
newborn's health and maturation of the GIT, but is also a source of microorganisms (Kuhl et al., 2011; Lindemberg et al.,
2019). It is composed mostly of Enterobacteriaceae and Enterococcus, which are acquired by the newborn in the first days of
life (Quercia et al., 2019).

3.3 Coprophagic behavior

Coprophagy is a common behavior among foals and it is observed in neonates as early as three days of life
with a peak at 14 days (Pyles et al., 2020). It remains more pronounced in the first two months of life, and occurs every four to
nine hours (Croell-Davis, 1985; Crowell-Davis, 1989).
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Between the third and fifth days of life, when coprophagia episodes begin, foals acquire microorganisms belonging to
the adult flora, such as Prevotella, Blautia and Ruminococcus, which are responsible for the degradation of fibers in the diet
(Quercia et al. 2019). Feces ingestion is essential to acquire microorganisms necessary for the fermentation of fibrous feed in
adulthood (Geor, 2013) and this behavior can contribute to the stabilization of the microbiota, since it provides a constant

source of microorganisms (Crowell-Davis, 1985; Pyles et al., 2020).

3.4 Foal heat diarrhea

It is a transient diarrhea in foals, commonly known as foal heat diarrhea, that occurs between 5 - 15 days of life
(Magdesian 2005). It is named this way because its occurrence coincide with the mare’s first postpartum heat (Magdesian
2005, Kuhl et al. 2011). It is mostly self-limiting and characterized by no systemic compromisse (Magdesian 2005).

It was previously believed to be caused by changes in milk composition, as a result of hormonal changes caused by
the first postpartum estrus. However, this was ruled out as a cause, as orphan foals also develop diarrhea in the same period
(Magdesian 2005; Kuhl et al., 2011), and no relationship was identified between the milk composition during the period of the
first postpartum heat and the appearance of diarrhea in foals (Johnston, Kamstra and Kohler, 1970). In another study, only 50%
of foals developed diarrhea during the second and third weeks of life, indicating that there was no relationship with the first
postpartum heat (Kuhl et al., 2011).

Foal heat diarrhea has been related to different factors associated with the early establishment of microbiota, the
development and maturation of the GIT, both induced by coprophagy, which helps in the colonization and change of the

existing flora and by consumption of food other than milk. (Magdesian 2005; Kuhl et al., 2011).

3.5 Feeding

In humans, the early microbiota is mostly acquired from the mother through birth and breastfeeding (Gronlund et al.,
1999). In foals between 0 and 3 days old, the intestinal microbiota is also similar to the microorganisms present in colostrum
and milk (Quercia et al. 2019). Faubladier et al. (2013) observed forage intake in two-days-old foals. Over time, the foal
gradually increases the consumption of forage at the same time it decreases the consumption of milk. Depending on the
nutritional management, it also starts to eat concentrate (Lindemberg et al., 2019). An increase in bacteria related to fiber
fermentation is observed from the moment foals start to eat concentrate, hay and pasture. As mantioned before, an increase in
fiber fermenting bacteria has been reported in foals from 7 days to 2 weeks of life (Lindenberg et al. 2019; De La Torre et al.,
2019). These changes are important for the stablishment of the adult microbiota. However, this entire process occurs gradually
since the beginning of the foal's life (Lindemberg et al., 2019).

It is important to note that the stability of the intestinal microbiota can be altered due to sudden changes in the diet and
according to the type of food offered. Increased consumption of large amounts of starch, for example, can lead to excessive
proliferation of lactic acid-producing bacteria causing dysbiosis and potential related diseases (Garber, Hastie & Murray,
2020). Diets rich in caloric nutrients lead to a decrease in microbial diversity and this can lead to a less stable environment,
and, on the other hand, diets rich in forage are more diverse due to the types of microorganisms developed (Garber, Hastie &
Murray, 2020).

3.6 Immune system and microbiota

The development of the immune system in the foal begins during fetal life, where the presence of T lymphocytes can
be identified already at 100 days of gestation and the presence of a small amount of immunoglobulins at 200 days (Giguere &
Polkes, 2005). The epitheliochorial diffuse placenta of the mare does not allow the passage of macromolecules including
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immunoglobulins from the mother to the fetus. Thus, foals are born with an insufficient amount of immunoglobulins (Jeffcott
1975; Guiguere & Polkes, 2005). Although the foal has a responsive immune system at birth, it is extremely dependent on the
transfer of passive immunity via maternal colostrum to mount an immediate immune response against any pathogen in the
early days (Giguere & Polkes, 2005).

Colostrum contains several important components for both the development of immunity and for intestinal maturation
(Jeffcott, 1975). The peak of absorption of imunoglobulins by the foal occurs shortly after birth, and gradually decreases within
24 hours postpartum. This is mainly caused by the replacement of enterocytes capable of performing pinocytosis by mature
enterocytes in the small intestine (Giguere & Polkes, 2005). This process is essential for the development of mucosal immunity
(Taschuck & Griebel, 2012). Exposure to bacteria such as lactobacilli is also part of it and reduces the mucosal permeability
(Taschuck & Griebel, 2012). The main immunoglobulins present in equine colostrum are IgG, IgA and IgM (Giguere & Polkes
2005). IgA plays a fundamental role in the intestine, preventing the adhesion of pathogenic bacteria to epithelial surfaces,
control of bacterial populations by removing it through binding and stimulating mobility, and it also prevents inflammatory
damage to the epithelial barrier (Taschuck & Griebel, 2012; Alarcén, 2016).

The establishment of the microbiota is essential for the development of the intestinal immunity from the beginning of
life and significantly influences the whole imune system in adulthood. This idea is in agreement with studies performed in rats
free of microorganisms that demonstrated the development of an inefficient innate and adaptive imune response, including
cytokine profile, when compared to animals under normal conditions (Taschuk & Griebel, 2012; Purchiaroni et al., 2013).

During the development of the intestinal microbiota, its interaction with the host leads to the development of the
intestinal immune system, since it has the function of differentiating pathogens from beneficial microorganisms, without
changing the inflammatory response, which may impair the integrity of the mucosa of the organs (Alarcon, 2016). This
symbiotic interaction is maintained through constant exposure to different microorganisms (Taschuk & Griebel, 2012).

The interaction among commensal bacteria in the tract must be an extremely regulated mechanism to maintain
balance of flora and, at the same time, to allow the defense against pathogenic microorganisms (Taschuk & Griebel, 2012).
Thus, intestinal immunity develops the ability to distinguish pathogen-associated molecular patterns (PAMPS) present in
pathogenic microorganisms using typical resources of innate immunity through pattern recognition receptors (PRRS)
(Purchiaroni et al., 2013). The regulation of the innate immune system occurs through the interaction of microbiota, intestinal
cells and compartments, allowing the production of cytokines and consequently activation of T cells and adaptive immunity
(Purchiaroni et al., 2013). The mucosal epithelium and luminous secretions complement the body's defense by working with
innate and adaptive immunity, as for exemple the mucin secretion, which acts by binding to pathogens (Taschuk & Griebel,
2012; Purchiaroni et al., 2013). When any part of this system fails, autoimmune or inflammatory diseases may develop, such as
atopy and inflammatory diseases of the GIT, which result from an inappropriate inflammatory response to the microorganisms

present in the intestine (Purchiaroni et al., 2013).

3.7 Antimicrobial exposure

As already discussed in the previous items, the balance of the intestinal microbiota is essential for health maintenance
and dysbiosis may be an important factor in the excessive proliferation of pathogenic microorganisms leading to the
development of diseases. Therefore, it has been demonstrated that the use of antimicrobials can promote dysbiosis and it has
been associated with the development of diarrhea and colitis in horses (Gustafsson, 2004; Garber, Hastie & Murray 2020). It is
believed that when there are inbalances in the microbiota, opportunistic pathogens can proliferate more easily and cause
disease (Harlow, Lawrence & Flythe 2013). Changes in the microbiota may also lead to the deterioration of the protective layer
of the mucosa that serves as a barrier. However, it is not known what damage it causes to the host (Garber, Hastie & Murray,
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2020).

Costa et al. (2015) tested the administration of three antibiotics in healthy adult horses (procaine penicillin, ceftiofur
and sulfadiazine with trimethoprim) and identified that although they all had some effect on the microbiota, sulfa with
trimethoprim caused the greatest changes, mainly by decreasing bacteria from the phylum Verrumicrobiota, and increasing
several genera of the phylum Firmicutes. In the same study, it was evaluated that 30 days were necessary for the microbiota to
return to what it was previously to the administration of the drugs. Another study using ceftiofur and sulfadiazine with
trimethoprim identified a decrease in cellulolytic bacteria and lactobacilli concomitantly with an increase in pathogenic
bacteria such as Salmonella spp. and C. difficile, indicating that the administration of these antibiotics causes dysbiosis and
allows the proliferation of pathogenic bacteria (Harlow, Lawrence and Flythe, 2013). In foals, antimicrobial therapy is widely
used in order to reduce the risk of neonatal sepsis (COSTA, 2016), however; the impact of its use in this category is not
known.

A recent study also investigated the presence of antimicrobial resistance genes linked to microbiota in less than one—
month-old healthy foals and found that the most common one was the tetracycline resistance gene, which is related to a greater
abundance of Bacteroides in the microbiota, while genes of high clinical relevance, such as fluoroquinolones, were rarely
found (Liu et al. 2020). The authors also suggested the occurrence of indirect exposure of foals to antibiotics through
horizontal spread (Liu et al. 2020).

4. Final Considerations

Advances in sequencing technologies have allowed a better approach to the components and compartments involved
in the initial colonization of the intestinal microbiota. In horses, studies have used these technologies to explore theories of
vertical transmission and the relationship between maternal and fetal microbiota. Despite that, some limitations are still found
and some facts remain unknown, as the colonization routes of the microbiota during the fetal period.

Neonatal microbiota colonization is a dynamic process and involves several scenarios linked to different maternal
environments that are important in the early development of the GIT, in the modulation of the immune system and later in the
stabilization of the microbiota for adult life. During this period, it is also significant to highlight the importance of the
nutritional management to prevent illnesses. In addition, damages caused by the administration of antimicrobials drugs to the

early microbiota of foals are not known, being an important subject to be investigated in the future.
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