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Abstract

Very low birth weight infants (VLBWIs) are at high risk for inflammatory diseases including necrotizing
enterocolitis (NEC) or neonatal sepsis, which are primary causes of neonatal mortality. The intestinal microbiota
plays an essential role in maintaining local immune homeostasis and enhancing the intestinal barrier in preterm
infants; however, appropriate intestinal colonization with normal flora after birth is interrupted by immature



mesenteric lymph nodes) and tertiary lymphoid structures (isolated
lymphoid follicle or cryptopatches) that are mediated by dendritic
cells, T cells, and B cells [10,11].

Infants born via cesarean section without rupture of the amniotic
membrane are at risk of infection from the amniotic fluid as bacteria
begin to colonize the intestine quickly after birth. In fact, components
of the maternal flora affect the passive transfer of neonatal microbiota
to colonize the gut, supporting potential postnatal development of the
immune system. Intestinal microbiota are transferred through the
maternal vagina during delivery and also following exposure to the
external environment, such as by breastfeeding or oral ingestion [12].
The settling period and composition of the intestinal flora are
determined by gestational age, delivery method, feeding, antibiotic
intake, probiotics, and additional factors of the surrounding
environment including the NICU [13,14]. Human breast milk has
attracted considerable attention as a source of intestinal colonization in
normal gut microbial development resulting in bacterial diversity in
the infant gut. Furthermore, maternal IgA hinders microbial
attachment by binding nutritional antigens and controlling excessive
immune activation [15]. Human milk oligosaccharide consumption by
gut microbes indicates that human milk oligosaccharides contribute to
the infant intestinal microbiota, which are important components of
the intestines of breastfed infants [16,17]. Many factors in milk,
including N-acetylglucosamine, glucose, lactoferrin, galactose, and
fructose, select for Bifidobacterium species [18].

A previous study based on 16S ribosomal RNA pyrosequencing
highlighted the diversity of stool microbiota in the meconium that
depends on prenatal and postnatal factors in infants with a gestational
age <32 weeks at birth [19]. The VLBWIs of a <30 week gestational age
demonstrated a decreased number and decreased diversity of intestinal
flora compared with infants with a >30 week gestational age. The
impacts of intestinal flora were confirmed to differ with gestational age
based on the sequences of causative organisms, such as Citrobacter,
Enterococcus, and Klebsiella, which are reported to be causative
organisms of both NEC and sepsis.

The�5ROH�RI�,QWHVWLQDO�0LFURELRWD�LQ�3UHWHUP�,QIDQWV
The intestinal mucus contains intestinal commensal flora, and great

numbers of bacteria are found in the intestines. Intestinal flora can be
categorized into either primary flora [>109 colony-forming units
(CFU)/g] or secondary flora [<106-109 CFU/g]. Although the
intestines must distinguish between symbiotic microbiota and external
pathogens, little is known about the mechanism of differentiation
between the different species. Despite not understanding the
mechanism, it is widely accepted that intestinal commensal flora is
helpful in the host defense against external pathogens. The intestinal
microbiota affects intestinal organ development by maintaining a
symbiotic relationship with the host, activating intestinal cells, and
controlling the structure of vessels in the intestinal villi, enhancing
tight junctions between the cells, and increasing the secretion of
mucus.

The dysbiosis of microbial colonization in VLBWIs tends to increase
the risk of infections and inflammatory processes. NEC is a major
threat that primarily affects preterm neonates and typically occurs in
the first few weeks after birth [18]. Previous studies based on the



production of nitric oxide [31]. Increasing immunity through a
controlled immune response and induced cytoprotective responses is
another benefit of probiotics [32,33]. The specific probiotics used in
studies for preterm infants are usually Lactobacillus and
Bifidobacterium, which secrete lactic acid, acetic acid, and butyric acid,
inhibiting the growth of pathogenic microbes [34]. In addition, the

microbiota plays a pivotal role in alleviating stress caused by invasive
and/or antibiotic treatments along with the physical and emotional
stress that result from separation from the mother. Probiotics also
influence the long-term intestinal environment via the brain-gut-
microbiota signaling system [4].

Figure 1: Mechanism of probiotics and the gastrointestinal immune system in newborns.

Although Lactobacilli (L. acidophilus, L. casei, L. rhamnosus GG, L.
reuteri, L. bulgaricus, L. plantarum) and Bifidobacterium (B. bifidum,
B. longum, B. infantis, B. lactis, B. breve) are used as a primary strain
of probiotics, Streptococcus thermophiles and Saccharomyces
boulardii are also employed as strains. To be used as an effective
probiotic, microbes should be non-pathogenic and must reach the
intestine in a live form after direct ingestion. Commonly, combinations
of [L. GG + B. longum], [L. acidophilus + B. bifidum], [L. acidophilus
+ B. infantis], or [L. casei + B. breve] are used. For two or more
mixtures, [B. bifidum (± B. lactis) + B. infantis + L. acidophilus],
[Lactobacillus (acidophilus + rhamnosus GG + casei + plantarum) + B
infantis + Streptococcus thermophilus] or [B. infantis + B. lactis +
Streptococcus thermophilus] are commonly used.

The�Effects�RI�3URELRWLFV�DQG�Their�3UHYHQWLRQ�RI�1(&�
0RUELGLW\��DQG�6HSVLV�LQ�9/%:,V�ZLWK�WKH
$GPLQLVWUDWLRQ�RI�6LQJOH�VWUDLQ�RU�0XOWL�VWUDLQ
3URELRWLFV

Recently, increasing numbers of studies have focused on the effects
of probiotics, and meta-analyses have been performed to identify the
clinical effects of probiotics in preterm infants [35-38]. Although there

are differences among these analyses, a vast number of reports suggest
that supplementation with probiotics prevents NEC and mortality in
preterm infants. Mihatsch et al. [5] conducted a systematic review that
identified the beneficial effects of some probiotics in preterm infants
<37 weeks of gestational age with a significant decrease in the severity
of NEC. Furthermore, a Cochrane Database review that included 37
randomized trials also reported a significant decrease in the risk of
late-onset sepsis following administration of probiotics in preterm
infants; however, these results were only seen when they excluded
studies that had risk of bias [36]. A different Cochrane Database
review of 24 randomized studies showed inconsistent results for
nosocomial sepsis in preterm infants weighing less than 2,500 g at
birth, but the small sample size was inadequate to prove significant
benefit for sepsis [37]. Although the outcome suggested that the



priority group to study the effect of probiotics. “Dysbiosis” can also
facilitate bacterial translocation through the intestinal mucosa barrier.

Of single-strain studies, a multicenter study conducted in Taiwan



NEC, but the beneficial effects noted in NEC were not investigated in
sepsis groups, showing either no effect or mild improvement. Of these



should be encouraged to develop normal intestinal flora and barrier.
Recent studies support that multiple strains probiotics is the most
promising therapy to prevent NEC and mortality in VLBWIs, but
identical effectiveness was relatively found less in sepsis. Beneficial
effects on NEC discovered in multi-strain probiotics were marginal in
single strain probiotic. Further studies on the optimal combination of
species, influence of probiotics on neurodevelopment, long-term
immunity and sepsis are needed to decrease the incidence of NEC and
promote intestinal integrity in VLBWIs as a preventive strategy.
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