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Necrotizing enterocolitis (NEC) is one of the most common and serious gastrointestinal diseases in preterm 
infants. The aim of this systematic review examines the effects of probiotics on preventing NEC in very-
low birth weight (VLBW) infants with a focus on the Bifidobacterium species and its strains. A systematic 
review of randomized trials and retrospective studies analyzing the use of probiotics to prevent NEC in 
VLBW infants was conducted using PubMed, Cochrane Central Registry of Controlled Trials, and Google 
Scholar (1996–2016). Trials reporting NEC involving preterm infants who were given Bifidobacterium alone 
in the first month of life were included in the systematic review. Nine studies were suitable for inclusion. 
Nine studies involving VLBW infants were analyzed for strain specific effects of Bifidobacterium for the 
prevention of NEC ≥ Stage II. B breve showed some benefit in infants < 34 weeks GA with relative risk (RR) 
of 0.43 (95% confidence interval [CI]: 0.21–0.87) p = 0.019, but not in neonates < 28 weeks. B lactis greatly 
reduced the incidence of NEC with a RR 0.11 (95% CI: 0.03–0.47), p = < 0.001. B bifidum was not widely 
studied but resulted in no cases of NEC. Bifidobacterium proved to be statistically significant in reducing the 
incidence of NEC in preterm infants.
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Introduction
Necrotizing enterocolitis (NEC) is one of the most 

common and devastating gastrointestinal emergencies 
in very-low birth weight (VLBW; <1500 g) infants in the 
neonatal intensive care unit (NICU). NEC is a multifac-
torial illness; it is a largely unpredictable disease in 
newborns and the etiology remains unclear despite 
advanced research.1

The greatest risk factor for NEC is prematurity, putting 
preterm infants less than 37 weeks’ gestation at the 
greatest risk. Risk factors associated with prematurity 
could account for this great risk, which include immuno-
deficiency, use of broad-spectrum antibiotics, delayed 
enteral feedings, and low availability of human milk.2 
Other leading factors of NEC include hypoxia, feedings, 
abnormal colonization of the bowel, sepsis, and the 
release of inflammatory mediators that are stimulated 
by an ischemic-reperfusion injury in an immature gut. 
Tumor necrosis factor α and platelet-activating factors 
work together leading to an inflammatory cascade, 
contributing to mucosal damage. This inflammatory cas-
cade is thought to be set off by events such as hypoxia 
in utero or sepsis. The inflammatory mediators signal 
neutrophil activation, increase the permeability of the 
vasculature, release reactive oxygen species, resulting 

in vasoconstriction with ischemic-reperfusion injury. 
Mucosal barriers continue to break down, leading to 
NEC of variable severities, which could lead to sepsis 
or death in some cases.3

Treatment is difficult and often inadequate, leading 
to a high rate of mortality and morbidity in neonates, 
making it an increasingly popular topic of research.1 
Ninety percent of NEC cases occur in preterm infants; 
however, it can still occur in near term or full term in-
fants. Advances in medicine have resulted in the sus-
tainability and support of lower gestational ages, but it 
has not decreased the incidence of NEC. Its incidence 
is indirectly related to gestational age with a wide vari-
ability among NICUs across the country.

Not only does NEC take a toll on mortality and mor-
bidity, but it is associated with a high economic cost. 
It accounts for roughly 19% of neonatal expenditures 
and approximately $5 billion per year for US hospi-
talizations.3 There is a great opportunity to make an 
impact on the total annual expenditure by implementing 
methods to prevent NEC in preterm infants.3

Recent research has focused on the immaturity of 
the infants’ gut microbiota and manipulations of it. 
Feeding advancement and feeding content has been 
examined to help prevent NEC since enteral feedings 
are one of the only modifiable risk factors in NEC. The 
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colonization patterns in a preterm infant’s gut are dis-
tinctly different from those of a full-term infant. These 
differences are largely due to immaturity of intestinal 
epithelial glycoconjugate expression and the different 
environmental exposures experienced by preterm 
infants, leading to greater colonization of pathogenic 
bacteria. In addition to a longer exposure of pathogenic 
bacteria, preterm infants have a delayed acquisition of 
normal, nonpathogenic digestive flora, increasing their 
risk of developing NEC.4

For decades, probiotics have been studied for their 
potential health benefits of non-pathogenic microor-
ganisms. They are live microorganisms, which when 
administered in adequate amounts, confer a health 
benefit on the host. The most common probiotic agents 
used today are Bifidobacterium, Lactobacillus, and 
Streptococcus. A number of randomized-controlled 
clinical trials have investigated the use of probiotics in 
preterm infants to reduce the incidence of NEC, focus-
ing on normalizing intestinal flora. The rationale behind 
probiotic use relates to its identified benefits such as 
maintaining mucosal barrier integrity, activating intesti-
nal immune defenses, regulating appropriate bacterial 
colonization, and controlling intestinal inflammation.4

The use of probiotics for the prevention of NEC in 
VLBW infants has been extensively studied in numer-
ous randomized-controlled clinical trials. Their results 
have been summarized in several meta-analyses and 
systemic reviews, which show that probiotics reduce 
the rate of NEC and mortality among preterm infants.5,6 
The authors strongly encourage the implementation 
of probiotic use in this population6; however, the 
American Academy of Pediatrics stressed the need for 
more research to determine the amount and specific-
ity of probiotics that should be used.7 The beneficial 
effects of probiotics appear to be strain specific8 and 
combining all of the results from clinical trials can 
produce inaccurate and misleading recommendations 
because different strains were used in different trials. 
Aceti et al9 recently published a systematic review and 
meta-analysis that broke down the results based on 
different probiotic strains. It showed that the effects of 
Lactobacillus or Saccharomyces were not significant in 
reducing the incidence of NEC. However, Bifidobacte-
rium showed a significant reduction in the incidence of 
NEC. Bifidobacterium is the predominant fecal bacteria 
in breastfed infants and the colonization by Bifidobac-
terium is delayed in preterm infants.10,11 Aceti et al9 
used combination products with Bifidobacterium that 
contained Lactobacillus and/or Streptococcus, which 
could be a limitation of that meta-analysis, skewing the 
results. In comparison, this systematic review includes 
2 studies that were not included in Aceti et al9 and is 
focused on the species of Bifidobacterium alone.

Current studies that have reported on all probiotics 
collectively lack species specificity and gut colonization 
data.12–15 It is necessary to assess individual species 

and strains to determine which probiotic will confer 
the best health benefits in preterm infants.16–18 The aim 
of this systematic review is thus to evaluate in detail 
the effects of probiotics for the prevention of NEC in 
VLBW preterm infants, with a focus on Bifidobacterium 
and its strains.

Materials and Methods
Study Selection. A systematic review of published 

studies reporting the use of probiotics, specifically 
Bifidobacterium, for the prevention of NEC in preterm 
infants was performed. Criteria for inclusion in the 
systematic review were the following: randomized and 
quasi-randomized controlled trials or retrospective co-
hort studies involving preterm infants (gestational age 
< 37 weeks) or VLBW infants (<1500 g) and reported 
on NEC (any stage according to Bell staging criteria19); 
enteral administration of probiotics from the Bifidobac-
terium species, compared with placebo or no treatment. 
The search was specifically focused on NEC so data 
on different outcomes, such as sepsis or mortality that 
were included in the studies, were not evaluated by 
the systematic review. Studies that used a combination 
product with Bifidobacterium were excluded.

A search was conducted in PubMed (http://www.
ncbi.nlm.nih.gov/pubmed/) for studies published before 
October 14, 2016, using Medical Subject Heading terms 
“neonate,” “infant, newborn,” “very low birth weight,” 
“probiotic,” “Bifidobacterium,” and “necrotizing en-
terocolitis.” The Cochrane Library was searched using 
the same methods as for the PubMed database. The 
review was limited to studies written in English and that 
involved human subjects. Additionally, a manual search 
for different relevant studies and published reviews 
took place using Google Scholar.

Data Extraction. Studies retrieved from the searches 
were assessed for eligibility, data pertaining to the 
patients, intervention, control groups, type of feedings, 
outcomes, and methodology. The clinical outcome of 
interest was NEC ≥ Stage II according to the Bell stag-
ing criteria.

Statistical Analysis. For each study trial, relative 
risk (RR) with a 95% confidence interval (95% CI), and 
numbers needed to treat (NNT) for NEC were analyzed 
(Table). It was considered statistically significant if p < 
0.05.

Results
Literature Search. A total of 24 studies were selected 

for further review. Nine of these studies were selected 
to be included in the systematic review due to their 
inclusion criteria, probiotic choice, and clinical outcome 
of NEC. The preterm infants were divided into 2 groups: 
the probiotic group and the control group. A description 
of included studies is provided in the Table.

All of the studies reported NEC data suitable for a 
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systematic review, except one,24 for which data were 
gathered from a previous Cochrane review.29 Data 
for each study’s NEC rate in the probiotic versus the 
placebo group are shown in the Table. NEC ≥ Stage II 
data were used in this systematic review.

Probiotic Strain. Bifidobacterium breve was used in 4 
studies.20,22,25,26 The effects of this probiotic strain in re-
ducing NEC were not significant. Specifically, Costeloe 
et al20 and Patole et al25 showed no benefit. Costeloe 
et al20 used a dose of 8.3 to 8.8 × 1010 colony forming 
units (CFU) daily, which resulted in RR 0.93 (95% CI: 
0.68–1.27), p value not specified. Patole et al25 had 2 
different dosing protocols based on gestational age. 
For infants >27 weeks, the dose was 3.0 × 109 CFU 
daily and 1.5 × 109 CFU daily for newborns ≤ 27 weeks 
until they reached 50 mL/kg/day of enteral feeds. This 
resulted in a RR of 0.30 (95% CI: 0.01–7.19), p= < 0.497.25 
Kitajima et al22 showed positive colonization of the im-
mature bowel with B breve 0.5 × 109 CFU daily, result-
ing in decreased incidence of abnormal abdominal 
signs, such as less gas accumulation and incidences 
of vomiting. Patole et al26 showed benefit in the reduc-
tion of NEC in infants >28 weeks supplemented with 
3.0 × 109 CFU daily. This resulted in a RR 0.43 (95% CI: 
0.21–0.87) p = 0.019. However, it did not show statistical 
significance in neonates <28 weeks who received 1.5 
× 109 CFU daily until they reached feeds of 50 mL/kg/
day and then were increased to the normal dose. After 
pooling the studies, only 73 out of 1689 neonates who 
received B breve developed NEC, which is about 4%.

Bifidobacterium lactis was used in 4 studies.21,23,24,27 
Bifidobacterium lactis resulted in a significant reduction 
in the risk for NEC. Dilli et al21 supplemented with 5.0 × 
109 CFU daily resulting in a RR 0.11 (95% CI: 0.03–0.47), 
p = < 0.001, with NEC incidence of 2% vs 18% for treat-
ment versus placebo. Stratiki et al27 used 2.0 × 107 
CFU/g of milk powder daily, which showed a RR 0.12 
(95 % CI: 0.01–2.23), p value not specified. There were 
no occurrences of NEC in the probiotic group and an 
8.8% occurrence in the placebo group. Mohan et al24 
reported increased colonization of B lactis in the infants’ 
abdomen and saw reduced cell counts of enterobac-
teria and clostridia using a titrated daily dose of 1.6 × 
109 CFU on day 1 to 3, and 4.8 × 109 CFU daily from day 
4 onwards with a RR 1.73 (95% CI: 0.16–18.2) , p value 
not specified. Mohan et al24 did not show benefit in the 
probiotic group versus the placebo group with NEC 
incidences of 5% vs 3%. Additionally, Mihatsch et al23 
showed no statistical benefit of B lactis on NEC after 
supplementation with 2.0 × 109 CFU/kg daily resulting 
in a RR 0.49 (95% CI: 0.09–2.59), p value not speci-
fied. The reported incidences of NEC in the probiotic 
versus placebo group were 2% vs 4.9%. Overall, 262 
neonates received B lactis, but only 6 of those infants 
developed NEC.

The only study to use the B bifidum strain was con-
ducted by Totsu et al.28 The authors showed earlier 

colonization of B bifidum in neonates, with no cases 
of NEC in either the probiotic or placebo groups after 
supplementing with 2.5 × 109 CFU daily, divided into 
2 doses.

Discussion
NEC continues to be a challenging disease for 

VLBW neonates associated with high rates of mortality, 
morbidity, and cost. Despite advancing research, the 
etiology remains unclear. Due to insufficient treatment, 
it is one of the most common gastrointestinal emer-
gencies in the preterm neonatal population.1 Although 
there have been quality systemic reviews and recent 
publications that support the use of probiotics for the 
prevention of NEC in preterm infants, the use of pro-
biotics has not been implemented into practice. This 
systematic review was conducted to provide more 
data supporting the use of probiotics, specifically Bifi-
dobacterium as an intervention to prevent NEC. There 
is a need to determine which probiotic strain and dose 
provides the greatest benefit to neonates at high risk 
of developing NEC. High-quality studies were chosen 
based on their blinding to interventions and use of a 
single probiotic agent.

In regard to dosing of probiotics, it is important to 
achieve an optimal amount in order for the bacteria to 
survive and colonize in the gut in adequate amounts 
to confer a health benefit. Based on evidence, the sug-
gested dose should minimally contain 106 to 107 CFUs 
per gram of the product.30,31 This systematic review 
looked at 3 different strains of Bifidobacterium: breve, 
lactis, and bifidum. When comparing the results of the 
different Bifidobacterium strains, B lactis showed the 
greatest statistically significant decrease in the inci-
dences of NEC in the trial by Dilli et al.21 Overall, there 
were conflicting conclusions from the studies on their 
benefit in reducing NEC when given a probiotic versus 
placebo alone. There have been no observable risks 
associated with the probiotics; however, little is known 
about the long-term effects of altering the flora in the 
gut of preterm infants.

The decision to investigate a single probiotic species 
could be viewed as a limitation to the study; however, 
this was a deliberate choice seeing that further species 
and strain specific information is needed to determine 
its ability to prevent NEC. All trials reviewed met or 
exceeded the minimum daily dose; however, there was 
no standardized dose, limiting the conclusions that can 
be drawn from these trials. An additional limitation is the 
choice to focus only on NEC as the primary outcome. In 
the neonatal population, NEC often goes hand in hand 
with sepsis and increases infant mortality and morbidity. 
Past meta-analyses reported on the outcomes of NEC 
in addition to sepsis and all-cause mortality and morbid-
ity; however, no benefit with probiotic supplementation 
was shown on decreasing the occurrence of sepsis. 
Furthermore, the inconsistencies in types of neonatal 
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feedings between the studies can be seen as a limita-
tion because the types of feedings are influential on 
the development of gut microbiota in preterm infants. 
It is well known that infants fed with either maternal or 
donor breast milk are associated with lower incidences 
of NEC when compared to formula-fed infants. The dif-
ferences in feeding regimens between studies could 
have been a confounding factor, skewing the results.9 

Although this systematic review demonstrates some 
benefit of Bifidobacterium on the prevention of NEC, 
unanswered questions remain. Future studies need 
to be aimed at determining any long-term effects of 
probiotic supplementation in VLBW infants and at 
solidifying the most effective probiotic species and 
strain, including its dose and duration of treatment to 
identify the best single or combination product for the 
prevention of NEC.
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