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SUMMARY

Breast milk is a source of bacteria for the infant gut; however, the origin of milk bacteria, as well as their impact on the
establishment of the neonatal gut microbiota, remains largely unknown. In recent years, results provided by different
research groups suggest that certain bacteria from the maternal gastrointestinal tract could translocate through a
mechanism involving mononuclear cells (dendritic cells and macrophages), migrate to the mammary glands through an
endogenous cellular route (the enteromammary pathway ) and subsequently colonize the infant gastrointestinal tract.
Consequently, the infant gut microbiota could be acted upon by modulating the maternal gut microbiota.
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INTRODUCTION:

In recent years, numerous studies have revealed that
human milk contains its own microbiota, which is
transferred to the infant (Fernández et al., 2020).
Traditionally, any bacterial cells present in human milk
were considered to be the result of contamination
originating either from the infant's oral cavity or from the
mother's skin. However, comparisons between the
bacterial communities detected in milk and those found
on the skin of the breast or in the child's mouth have
revealed that there are some shared phylotypes
between the different niches but that there are also
major differences between them ( Hunt et al. 2011,
Cabrera-Rubio et al. 2012, Jost et al. 2013, Jimenez et al.
2015). On the other hand, the detection of live bacterial
cells and/or DNA corresponding to anaerobic species
that are generally related to the intestinal ecosystem and
cannot survive in aerobic places, such as the skin, has
fueled a scientific debate on the origin of bacteria
associated with milk and has served to hypothesize that
some of the bacteria in human milk may originate in the
maternal digestive tract (mouth, gastrointestinal tract)
and reach the  mammary gland through an endogenous
route (Rodríguez 2014). In fact, the results of various
studies
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 indicate that at least some members of the human milk
microbiota may come from the mother's digestive tract.
The term bacterial translocation is defined as the passage
of viable bacteria from the gastrointestinal tract into the
lamina propria and subsequently into the mesenteric
lymph nodes and other extra-intestinal organs, such as
the spleen, liver, kidneys, peritoneal cavity or
bloodstream. Traditionally, the translocation of intestinal
bacteria
had been associated with pathological conditions and,
therefore, had been studied
mainly in patients in whom pathogenic bacteria had
disseminated causing sepsis, failure in various organs
and, sometimes, even the death of the affected
individuals.
However, it is known that a physiological process of
bacterial translocation exists in
healthy individuals, without harmful effects on the host
(Rodríguez et al. 2001). In fact, it has been suggested that
bacterial translocation to extra-intestinal tissues is a
beneficial physiological event in healthy children, as it
may be associated with the initial maturation and
learning of the neonatal immune system ( Perez et al.
2007).
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During pregnancy and lactation, many transient
anatomical and physiological changes occur that involve
virtually all systems, including the cardiovascular,
respiratory, genitourinary and digestive systems, and
that provide an adequate framework for the
development of the fetus and the newborn. Such
adaptations favor an increase in bacterial translocation
during late pregnancy and lactation. Bacterial
translocation during the final period of  gestation has
already been described in mice, where oral inoculation of
a genetically marked strain led to its isolation and
detection by PCR in amniotic fluid and milk (Jiménez et
al., 2005). Subsequent work has confirmed bacterial
translocation from the intestine to mesenteric lymph
nodes and mammary glands in pregnant and lactating
mice ( Perez et al., 2007; Treven et al., 2015). Bacteria
were observed histologically in the subepithelial dome
and intercellular regions of Peyer 's patches, in the lamina
propria of the small intestine, and in mammary glandular
tissue. Peyer 's patches in these mice were
macroscopically larger and had a more prominent
subepithelial dome than those in control animals. In the
same study, mononuclear immune cells present in milk
and peripheral blood samples from several healthy
women were stained with acridine orange, allowing the
identification of bacteria in close association with these
cells ( Perez et al., 2007). Consequently, it has been
suggested that certain bacteria selected from the
maternal digestive microbiota may access the mammary
glands through an enteromammary route (Rodríguez,
2014).
Previous studies have indicated that certain bacteria
from the maternal digestive tract can spread to extra-
digestive sites in healthy hosts ( Vankerckhoven et al.,
2004, Dasanayake et al., 2005). Subsequently, other
works have offered a scientific basis for such
physiological translocation. The mechanism would
involve dendritic cells and CD18+ cells (Vázquez-Torres et
al., 1999, Rescigno et al., 2001), which would be able to
capture viable non-pathogenic bacteria present in the
lumen of the intestine and subsequently carry them to
other sites, including the lactating mammary gland.t
should be remembered that there is an intense flow of
intestinal immune cells to the mammary glands during
pregnancy and lactation ( Bertotto et al., 1991; Roitt et
al., 2001). The process of bacterial translocation during
late pregnancy and lactation may be favored by three
different factors: (a) the state of immunological privilege
for fetal tolerance; (b) the intense vascularization of the 

mammary glands during these periods due to large
processes of angiogenesis and vasculogenesis ; and (c)
the pre-colostrum begins to fill the mammary duct
during the last third of pregnancy providing a rich
nutritive environment for the bacteria, thus facilitating
their growth.
To demonstrate this process in vivo , our group
investigated the possibility that oral administration of  
Lactococcus lactis y Ligilactobacillus salivarius led to their
in vivo translocation during gestation, transferring from
the digestive tract to the mammary gland (de Andrés et
al., 2018). To reveal this possible enteromammary route,
genetic and phenotypic marking lux genes                                   
of the strains was used and then their oral administration
to pregnant mice. This marking method constitutes an
excellent tool for the  in vivo detection of specific bacteria
in animal models. Both strains could be isolated from
milk samples or mammary gland biopsies after oral
administration to mice. It could be argued that their
presence in milk could be the result of superficial fecal
contamination; however, such a route can hardly explain
their isolation and detection from deep mammary
biopsies. Furthermore, in a previous study, oral
administration of  L. salivarius to pregnant women led to
the presence of the strain in the milk of some of the
women after delivery (Fernández et al., 2016). It should
be noted that, in contrast to female mice, contamination
of human milk with fecal material is highly unlikely
(Mediano et al., 2017).
Further studies are required to elucidate the exact
molecular mechanisms by which some bacterial strains
can physiologically translocate in certain hosts or life
stages. Nevertheless, the existence of such entero-
mammary bacterial pathways would provide new
opportunities to manipulate altered maternal-fetal
microbiota, reducing the risk of premature birth, mastitis
or certain childhood diseases. In this context, it has
already been shown that oral administration of some
strains isolated from human milk to women with
ongoing mastitis or with a history of mastitis after
previous pregnancies leads both to their presence in the
milk and to the prevention or cure of that pathology
(Arroyo et al., 2010; Fernandez et al., 2016).
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