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prevention of necrotizing

enterocolitisand itsrolein
somatic growth in preterm
infants: A 10-year review

Abstract: Introduction: The use
of probiotics has been extensively
studied and has shown promising
results in reducing the incidence
and severity of NEC in preterm
infants. The WHO recommenda-
tions state that probiotics may be
considered for a human-milk-fed
very preterm infant. However, the
guideline development group was
not able to make a recommenda-
tion on the type, formulation,
dose, timing, or duration of probi-
otic administration due to insuffi-
cient evidence and leave their
choice based on clinical judgment.
This review aims to provide infor-
mation regarding probiotic strains,
dose, and duration of administra-
tion.

Method: A comprehensive sys-
tematic literature review was con-
ducted using an electronic data
base, PubMed. PubMed was
searched for Randomized Con-
trolled Trials that had been pub-
lished within a duration of ten
years, published in English, and
included newborns.

Results: Half of the included stud-
ies showed that the use of probiot-
ics was associated with a reduc-
tion in the incidence of NEC. Pro-
biotics were also associated with
improved short-term weight gain.
Conclusion: Probiotics appear to
be effective in preventing NEC
and promoting growth and devel-
opment in preterm infants. It is
important to consider the factors
that alter the preterm microbiota.
Therefore, thereis still agap in the
microbiota analysis of breast milk
from mothers who had preterm
deliveries.

Keywords: Probiotics, Necrotiz-
ing Enterocolitis, Newborn,

Growth

Résumé: Introduction : L'utilisa-
tion de probiotiques a été large-
ment étudiée et a montré des résul -
tats prometteurs dans la réduction
de l'incidence et de la gravité de
I’ECUN chez les prématurés. Les
recommandations de I'OMS indi-
guent que les probiotiques peuvent
étre envisagés pour les grands
prématurés nourris au lait mater-
nel. Cependant, le groupe d'élabo-
ration des lignes directrices n'a pas
été en mesure de formuler une
recommandation sur le type, la
formulation, la dose, le moment
ou la durée de I'administration des
probiotiques en raison de l'insuffi-
sance des données probantes et a
laisse le choix se fonder sur le
jugement clinique. Cette revue
vise a fournir des informations sur
les souches probiotiques, la dose
et la durée d'administration.
Méthode: Une revue systématique
et exhaustive de la littérature a été
réalisée a l'aide d'une base de don-
nées électronique, PubMed. Pub-
Med a été consulté pour les essais
contrdlés randomisés qui avaient
été publiés sur une période de dix
ans, en anglais, et qui incluaient
des nouveau-nés.

Résultats: La moitié des études
incluses ont montré que I'utilisa-
tion de probiotiques était associée
a une réduction de I'incidence de
la NEC. Les probioctiques ont éga-
lement été associés a une amélio-
ration de la prise de poids a court
terme.

Conclusion: Les probiotiques
semblent étre efficaces dans la
prévention de I’'ECUN et la pro-
motion de la croissance chez les
prématurés. 1l est important de
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prendre en compte les facteurs qui
modifient le microbiote des prématu-
rés. Par conséquent, l'analyse du
microbiote du lait des méres ayant

accouché avant terme présente
encore des lacunes.

Introduction

A preterm infant has an immature gastrointestinal tract
(GIT) that affects its functionality.' The GIT of a prema-
ture newborn continues to develop postnatally in an en-
vironment where feeds are intermittently administered,
in contrast to intrauterine nutrition, where nutrients are
continuously supplied. This significant change has an
impact on postnatal GIT development.*Immature GIT
has impaired mucosal barrier functions and increases the
risk of inflammation, dyshiosis, and the development of
necrotizing enterocolitis.®

Intestinal dysbiosis is an ateration in the intestinal mi-
crobiota associated with the disease. Dyshiosisin a pre-
term infant may be attributedto maternal microbiota,
type delivery, feeding type, prolonged use of antibiotics,
and host microbiota. ®“In preterm infants, the microbi-
ota supports the growth and operation of the gut immune
system. The use of probiotics has been reported as an
early intervention to enhance the intestinal environment
and increase gut bacteria colonization.>®

Probiotics are formulations that containlive microorgan-
isms (bacteria or fungi) given by enteral route and colo-
nize the mucosal surface of the human gastrointestinal
tract, modulate the intestinal microbiome, and promote
mucosal barrier functions.” Their benefits include im-
proved gut epithelial barrier function, enhanced mucosal
IgA  responses, increased production of anti-
inflammatorycytokines, improved maturation of the im-
mune system in the newborn, suppressed pathogenic and
promoted beneficial microbes in the gut.® Preterm in-
fants have reduced species diversity of microbiota com-
pared to term infants.®

The WHO recommendations for the care of preterm or
low-birth-weight infant states that probiotics may be
considered for a human-milk-fed very preterm infant.
However, the guideline development group was not able
to make a recommendation on the type, formulation,
dose, timing, or duration of probiotic administration due
to insufficient evidence and leave their choice based on
clinical judgment.”

This review aims to provide a global overview of probi-
otics regarding their use in the prevention of necrotizing
enterocoalitis, and their role in growth and devel opment
in preterm infants.

Mots clés. Probiotiques, Entéro-
colite ulcéro-nécrosante, Nouveau
-né, Croissance

search engine accessing primarily the MEDLINE data
base of references and abstracts on life sciences and
biomedical topics. Search queries were: (probiotics
AND (necrotizing enterocolitis)) AND (growth). Studies
reporting the use of Prabiotics in the prevention of ne-
crotizing enterocolitis and its role in growth and devel-
opment in preterm infants were included.

M ethod

In this review, PubMed was searched for randomized
controlled trials that had been published within a dura-
tion of ten years (2013-2022), published in English, and
included newborns (birth to 1 month). PubMed is a free

Results

A total of 10RCTs were included in this review as shown
in figure 1. Globally, the use of probiatics has been ex-
tensively studied. Table 1 includes the characteristics of
the studies in this review. Five RCTs have evaluated the
effect of probiotics on the incidence of NEC. Among
those studies, 60% of them showed a significant reduc-
tion in NEC. The other five RCTs have evaluated the
effect of probiotics on growth. Only two RCTs report
improvement of weight gain in the probiotics group and
hence have a positive impact on somatic growth. Infor-
mation including the type, strain, dose, formulation, and
duration of probiotics was extracted from the included
studies (Table 1). Studies population were premature
infants based on their weight and gestation age.The ma-
jority (9 studies) studied intervention included the use of
probiotics versus placebo. Few studies compare the use
of single strain versus multispecies (Table 1)

The Use of Probiotics in the Prevention of NEC

A study that includes a single strain (Bifidobacterium
breve strain BBG-001) versus placebo, showed no evi-
dence of benefit for the prevention of NEC in the probi-
otics group.’® This was among the largest trials including
a total of 1310 babies in both arms. Cross-colonization
of the placebo arm was reported to be controlled. In a
study evaluating Single strain versus multispecies probi-
otics on necrotizing enterocolitis showed a similar inci-
dence in both arms.™* One RCT that included a total of
110 babies reported that using probiotic strains in com-
bined multi-strain and multispecies forms at higher
doses until 36 postmenstrual age (PMA) had positive
effects on gastrointestinal complications, sepsis, and
mortality in premature infants.*> However, the incidence
of NEC in the probiotics group was 4% compared to
12% in the control group in a study done by Shashidhar
et a.®* The incidence of NEC was also seen to be zero in
100 babies who received probiotics, compared to the
placebo group, whereby among 100 babies, five babies
got NEC.*
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Fig 1: Search results

Records identified through da-
tabase searching

Additional record identified through
other sources (Reference from included

A 4

Full-text articles assessed for

(n = 156) studies) n=1
v Records excluded
(n=141)
Records screened —> Cohort study, reviews, meta-
analysis,
\4
RCT included
(n=15) Excluded n=5
-studies published <2013 and >

2022; infants beyond 1month and
articles not in English language

ligibility
(n=10)
—> Full-text articles excluded
(n=1)
1 Effect of probiotic on infant
v microbiota
RCT included in review
(n=9)

RCT included in review
(n=10)

The Role of Probiotics in the Growth and Development
of Preterm Infants

Few studies evaluate the use of probiotics in reducing
the time for full feeds, as well as daily weight gain.
Hays S evaluated the effect of probiotics on Growth and
found that there were no statistically significant differ-
ences seen between the groups in relation to the mean
body weight, length, or head circumference.™® However,
Sowden et a reveaed that the probiotic group reached
full feeds earlier than the placebo group and regained
their birthweight earlier than the placebo group.*®Totsu
et a and Wejryd et al evaluated the effect of probiotics
on growth in preterm infants. They found no difference
between the probiotics and placebo groups.*® Xu L et
al evaluated the use of saccharomyces boulardiiin 125
formula-fed preterm infants and reported that S. Sac-
charomyces at a dose of 50 mg/kg twice a day improved
weight gain. *°

Type of Probiotics

Various probiotics have been used in neonates but the
most commonly employed are species of bifidobacterial
and lactobacillus. The mgority of RCT interventions
consist of a multi-strain probiotic and are reported to be
a safe and cost-effective way of preventing NEC and
feeding intolerances in premature neonates, 12131416
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Formulation and Dose of Probiotics

The formulation and dose of probiotics can vary depend-
ing on the intended use and the specific strains of bacte-
ria used. Probiotic preparations come in various forms:
capsules, suspensions, powders, and combined into pro-
biotic food. A multi-species preparation was reported in
the form of drops.’® Another study included a probiotic
group that received a multicomponent probiotic formu-
lation of Lactobacillus acidophilus, Lactobacillus rham-
nosus, Bifidobacterium longum, and Saccharomyces
boulardii. They were provided in the form of powdered
sachets.™® Gomez et a evaluated multi-species probiot-
ics in powder presentation form which were mixed in
the feeds.™* while Costeloe K et d and Totsu S et a pro-
vided probiotics in single-dose sachets as a powder,
freeze-dried with maize starch.'® %

The appropriate dose of probiotics can vary depending
on the strain (s) used, the intended use, and the individ-
ual's age and health status. The World Health Organiza-
tion recommends a minimum daily dose of 1 billion
colony-forming units (CFUs) of probictics for general
health promotion, but higher doses may be needed for
specific health conditions.’

Time and Duration of Giving Probiotics

Early administration of probiotics soon after oral feeds
started is recommended for better outcomes. In a study
done by Guney-Vara et a, probiotics started when en-
teral feed per feed exceeded 2mis until the infant was
discharged.” In another study, probiotics were started on
day 5 after enteral trophic stimulation followed by incre-
ments of 20ml/kg/day. ™ Administration of probiotics
is not commenced if aneonate is nil per 0s.*®

A longer duration of probiotics use seems to be benefi-
cial. After the first dose, B. bifidum was given to infants
twice a day until the body weight reached 2000 g.*
Sowden et a evaluated an outcome after probiotics use
for 28 days."*Wejryd E et al probiotics started within 3
days and continued until 36 corrected gestational weeks
18 andShashidhar A et a probiotics started from the time
of initiation of enteral feeds till discharge.”® All these
studies showed the benefit of probiotics after their use
for along time.

Adver se Effects

One of the adverse effects of probiotics is probiotic
trandocation and sepsis, due to compromised gut integ-
rity. However, six studies reported no adverse effects
associated with the administration of probiot-

ics. 15,20,13,16,17,19

and Lactobacillus spp.**A study by Meyer MP et a
showed that exposure to intrapartum antibiotics was
associated with NEC.? Studies of the microbiota of
breast milk from mothers of preterm infants are limited,
however, it has been reported that Bifidobacterium spp.
were detected in significantly lower levels in mothers
with preterm delivery.? Probioticsupplementation may
assist in establishing a norma non-pathologic flora by
preventing the binding of pathogenic bacteria to the en-
terocyte.”*

A narrative review of randomized controlled trids, ob-
servational studies, systematic reviews, and meta-
analysis gather mounting evidence which supports the
use of probiotics to decrease the risk of NEC in preterm
infants. ™ The current review, results showed that the
use of probiotics reduces the risk of NEC. However, the
optimum type of probiotic supplement and the long-term
effects need further study.? The mgority of RCTs in
this reviewreported multiple strains of probiotics to ap-
pear as the most feasible and effective strategy for the
prevention of NEC in preterminfants.™ >3 The find-
ing was similar in two meta-analyses that supported the
use of combination probiotics of both Bifidobacterium
and Lactobacillus to prevent NEC and reduce mortality
inmoderately preterm infants®”?® However, further clini-
cal trials are required to focus on which probiotic combi-
nations are most effective %

Probiotic supplementation may be associated with short-
term weight gain, but the long-term effect, effects on
length, head circumference, growth, and neurodevelop-
ment are still questionable.®

As described by the WHO, to have a beneficial health
effect, probiotic preparations should contain a minimum
number of live bacteria (colony-forming units), i.e., at
least 106 cfu/g. Probiotics in fluid suspensions, how-
ever relatively easy to produce, are the least stable form
of probiotics with the shortest shelf-life. In the current
study, probioticsin liquid form were mixed with a stabi-
lizer.*® * Probiotics in solid forms, such as capsules and
powders, are more stable and can be stored for a longer
period of time than fluid suspensions.*?

Discussion

Human milk is composed of probiotic bacteria. How-
ever, it has been reported that maternal use of antibiotics
during pregnancy significantly reduced Bifidobacterium

Conclusion

The use of probiotics in the prevention of the prevalence
of NEC has been widely and safely used with a positive
impact. However, accepting whether the use of probiot-
ics should be encouraged also in human-milk-fed infants
or if this intervention should be directed towards exclu-
sively formula-fed infantsshould be explored more. Hu-
man milk feeding provides symbiotic properties to the
developing gut. However, it is important to consider the
factors that alter the preterm microbiota. Therefore,
there is still a gap in the microbiota analysis of breast
milk from mothers who had preterm deliveries.
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