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Abstract

Background: Necrotizing enterocolitis (NEC) is the most
common serious acquired disease of the gastrointestinal
tract in preterm infants. Probiotic bacteria are live microbial
supplements that colonize the gastrointestinal tract and po-
tentially provide benefit to the host. Objective: To compare
the efficacy and safety of prophylactic enteral probiotics ad-
ministration versus placebo or no treatment in the preven-
tion of severe NEC and other morbidities in preterm infants.
Methods: A meta-analysis was performed in accordance
with the Cochrane Neonatal Review Group methods. Pre-
term infants <37 weeks’ gestational age and/or <2,500 g
birth weight were included. Literature searches were made
of MEDLINE, EMBASE, Cochrane Library Controlled Trials
Register (CENTRAL), and abstracts of annual meetings of the
Society for Pediatric Research and the European Society of
Pediatric Research. Results: Nine eligible trials randomizing
1,425 infants were included. Included trials were highly vari-
able with regard to enrollment criteria, baseline risk of NEC
in the control groups, timing, dose, formulation of the pro-
biotics, and feeding regimens. In a meta-analysis, enteral

probiotics supplementation significantly reduced the inci-
dence of severe NEC [typical RR 0.32 (95% ClI 0.17, 0.60)] and
mortality [typical RR 0.43 (95% Cl 0.25, 0.75)]. There was no
evidence of significant reduction of nosocomial sepsis [typ-
ical RR 0.93 (95% Cl 0.73, 1.19)] or days on total parenteral
nutrition [weighted mean difference -1.9 (95% Cl -4.6, 0.77)].
The statistical test of heterogeneity for NEC, mortality and
sepsis was insignificant. Data regarding extremely low birth
weight infants (ELBW) could not be extrapolated. The in-
cluded trials reported no systemic infection with the probi-
otics supplemental organism. Conclusion: Enteral supple-
mentation of probiotics reduces the risk of severe NEC and
mortality in preterm infants. A large randomized controlled
trial is required to investigate the benefit and safety profile
of probiotics supplementation in ELBW infants.

Copyright © 2009 S. Karger AG, Basel

Introduction

Necrotizing enterocolitis (NEC) is characterized by
bowel wall necrosis of various length and depth [1]. Al-
though 5-25% of cases occur in term infants, it is primar-
ily a disease of preterm infants, with the majority of cas-
es occurring in very low birth weight (VLBW) infants

[2].
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NEC is the most common serious acquired disease of
the gastrointestinal tract in preterm infants [3]. The inci-
dence of NEC varies among countries and neonatal cen-
ters. It has been reported to affect up to 10% of VLBW [2].
VLBW infants with NEC have a mortality rate of up to
20% [4, 5]. Approximately 27-63% of affected infants re-
quire surgical intervention [3]. Bowel perforation occurs
in one third of the affected infants [1]. Strictures, primar-
ily in the colon, occur in more than one third of affected
infants [6]. An increased rate of total parenteral nutrition
(TPN)-related complications and extended hospitaliza-
tion have been reported [7]. Data from the National Insti-
tute of Child Health and Human Development Network
(NICHD) suggest an increase in neurodevelopmental
impairment rates among infants with NEC and sepsis
(8].

The pathogenesis of NEC remains poorly understood.
NEC most likely represents a complex interaction of fac-
tors causing mucosal injury [9]. It is speculated that NEC
occurs with the coincidence of two of the following three
pathologic events: intestinal ischemia, colonization of the
intestine by pathologic bacteria, and excess protein sub-
strate in the intestinal lumen [10, 11]. Bacterial coloniza-
tion is necessary for the development of NEC [12, 13].
When compared to term infants, VLBW infants at risk of
NEC have abnormal fecal colonization, demonstrate a
paucity of normal enteric bacterial species, and have de-
layed onset of bacterial colonization [14, 15].

Probiotic bacteria are live microbial supplements that
colonize the gastrointestinal tract and potentially pro-
vide benefit to the host. The most frequently used probi-
otics are Lactobacillus and Bifidobacterium. There is in-
creasing interest in the potential health benefits of proac-
tive colonization of the gastrointestinal tract of preterm
infants [16]. Potential mechanisms by which probiotics
may protect high-risk infants from developing NEC and/
or sepsis include an increased barrier to bacterial migra-
tion along with their products across the mucosa [17, 18],
competitive exclusion of potential pathogens [19], modi-
fication of host response to microbial products [20], aug-
mentation of IgA mucosal responses, enhancement of en-
teral nutrition that inhibit the growth of pathogens, and
upregulation of immune responses [21]. There is a theo-
retical risk of bacteremia secondary to enterally admin-
istered probiotic strains, though few data support this
concern. Bacillus species administered as probiotics were
reported to be associated with invasive disease in target
populations [22]. In this meta-analysis we evaluate the
efficacy and safety of probiotic supplementation in pre-
term infants.
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Methods

Search Strategy

The standard search strategy for the Cochrane Neonatal Re-
view Group (CNRG) was used. Randomized and quasi-random-
ized controlled trials that compared enteral probiotics to placebo
or no treatment in preterm infants were identified from OVID
MEDLINE - National Library of Medicine (1966 to December
2006) using the following subject headings (MeSH) and text word
terms: neonate(s), newborn(s), infant(s), probiotics, lactobacillus,
bifidobactrium, saccharomyces and publication type controlled tri-
al. No language restriction was applied.

Other databases were searched including: EMBASE (1980 to
December 2006), Cochrane Central Register of Controlled Trials
(CENTRAL, The Cochrane Library, Issue 3, 2006). In addition, we
manually searched the abstract books from the Society of Pediat-
ric Research (SPR) and the European Society of Pediatric Research
(ESPR) from 1998 to 2006. Additional citations were sought using
references in articles retrieved from searches. Content experts
were contacted to identify unpublished and ongoing studies.

Data Extraction

Retrieved articles were assessed for eligibility, and data on pa-
tients, intervention, control, outcomes and methodological qual-
ity were abstracted independently by two authors. Discrepancies
were resolved by discussion and consensus. Where data were in-
complete, the primary investigator of the primary study was con-
tacted for further information and clarification.

Methodological Quality of the Studies

Standard methods of the Cochrane Collaboration and the
Neonatal Review Group were used to assess the methodological
quality of the trials. For each trial, information was sought re-
garding the method of randomization, blinding and reporting of
all outcomes of all the infants enrolled in the trial. The method-
ological details of the studies were extracted from the published
data and by contacting the primary author.

Statistical Analysis

For dichotomous outcomes, relative risk (RR) and its associ-
ated confidence interval were calculated. For continuous out-
comes, treatment effect was expressed as mean difference and its
calculated standard deviation. If appropriate, meta-analysis of
pooled data was performed using a fixed effect model. Review
Manager 4.2.7 software was used for statistical analysis. A sub-
group analysis to investigate the effect of probiotics in extremely
low birth weight (ELBW) infants was planned a priori. A sensitiv-
ity analysis was carried out to assess the effect of methodological
quality on results of the meta-analysis. Heterogeneity was defined
as a significant test of heterogeneity (p < 0.1) and/or differences
in the treatment effects across studies. Tests for between-study
heterogeneity (including the I? test) were performed.

Results

An initial electronic search yielded 191 potentially rel-
evant citations. After reading abstracts, 12 articles were
identified as potentially relevant citations. Review of full-
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191 potentially
relevant citations

Fig. 1. Selection process details.

Table 1. Clinical details of included studies

179 citations
excluded because
irrelevant

12 RCTs
were identified as
potentially relevant

10 studies
comparing
probiotics to control

9 RCTs included in
the meta-analysis

2 RCTs were
excluded since no
clinical outcomes
were reported

1RCT
was deferred till
further assessment

Reference (first author) Participants Probiotics group
n characteristics
Bin-Nun, 2005 [26] 145 <1,500 g at birth Mixture of Lactobacillus bifidus, Streptococcus

Costalos, 2003 [27] 87 28-32 weeks’ gestation

Dani, 2002 [28] 585 <33 weeks’ gestation or
<1,500 g at birth

Kitajima, 1997 [29] 91 <1,500 g at birth

Li, 2004 [30] 30 low birth weight

Lin, 2005 [31] 367 <1,500 g at birth

Manzoni, 2006 [32] 80 <1,500 g at birth

Millar, 1993 [33] 20 <33 weeks’ gestation

Reuman, 1986 [34] 45 <2,000 g at birth

thermophillus, and Bifidobactrium infantis
Saccharomyces boulardii
Lactobacillus GG (Dicoflor®, Dicofarm SpA, Rome, Italy)

Bifidobacterium breve

Bifidobacterium breve

Infloran® (L. acidophilus and B. infantis)
LGG (Diclofor 60®; Dicofarm SpA)
Lactobacillus GG108

Lactobacillus

text articles identified ten studies comparing probiotic
administration to control treatment. Two studies [23, 24]
were excluded since no clinical outcomes were reported.
A decision regarding the inclusion of one study [25] was
deferred till further assessment. This study included in-
fants between 25 and 42 weeks’ gestation. Attempts were
made to contact the author in order to extract data rele-
vant to preterm infants alone (fig. 1).

Nine eligible trials [26-34] randomizing 1,425 infants
were included. Included trials were highly variable with
regard to enrollment criteria, baseline risk of NEC in the
control groups, timing, dose, formulation of the probiot-
ics, and feeding regimens. Details of included studies are
presented in table 1.

Only two studies enrolled large number of infants and
reported adequate allocation concealment and blinding
of intervention [28, 31]. The methodological quality of
the studies is summarized in table 2.

In a meta-analysis of trial data, enteral probiotics sup-
plementation significantly reduced the incidence of severe

Probiotics Reduce the Risk of NEC in
Preterm Infants

NEC [typical RR 0.32 (95% CI 0.17, 0.60)] (fig. 2) and total
mortality [typical RR 0.43 (95% CI 0.25, 0.75)] with the
number needed to treat of 25 for both outcomes. Although
five studies reported death as an outcome, only two [28,
31] were of high methodological quality. Two studies ad-
dressed NEC-related deaths but events were rare [26, 28].

There was no evidence of significant reduction of nos-
ocomial sepsis [typical RR 0.93 (95% CI 0.73, 1.19)] or
days on TPN [weighted mean difference (WMD) -1.9
(95% CI -4.6, 0.77)]. The included trials reported no sys-
temic infection with the probiotics supplemental organ-
ism. No data were reported in any of the trials regarding
neurodevelopmental impairment. Details of results are
presented in table 3.

A subgroup analysis to demonstrate the effect of pro-
biotics administration in ELBW infants was not per-
formed since data pertaining to this high-risk group
could not be extracted from the included studies. The
statistical test of heterogeneity for NEC, mortality and
sepsis was insignificant.

Neonatology 2010;97:93-99 95



Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 01 Probiotics vs. control

Outcome: 01 Severe necrotizing enterocolitis (stage II-IIl)
Study Probiotics Control RR (fixed) Weight RR (fixed)
or subcategory n/N n/N 95% Cl % 95% Cl
Dani, 2002 4/295 8/290 —— 21.36 0.49 (0.15, 1.61)
Costalos, 2003 5/51 6/36 — 18.63 0.59(0.19, 1.78)
Bin-Nun, 2005 1/72 10/73 — 26.29 0.10(0.01, 0.77)
Lin, 2005 2/180 10/187 — 25.97 0.21 (0.05, 0.94)
Manzoni, 2006 1/39 3/41 —_— 7.74 0.35 (0.04, 3.23)
Total (95% Cl) 637 627 <> 100.00 0.32(0.17, 0.60)
Total events: 13 (probiotics), 37 (control)
Test for heterogeneity: x* = 3.20, d.f. = 4 (p = 0.53), I’ = 0%
Test for overall effect: Z = 3.53 (p = 0.0004)

I I I I

0.01 0.1 1 10 100
Favors treatment Favors control

Fig. 2. Probiotics for prevention of NEC in preterm infants. Probiotics vs. controls. Severe necrotizing entero-
colitis (stage II-IIT) outcome.

Table 2. Methodological quality of included trials

Bin-Nun Costalos  Dani Kitajima Li Lin Manzoni  Millar Reuman
2005 [26] 2003 [27] 2002 [28] 1997 [29] 2004 [30] 2005 ([31] 2006 [32] 1993 [33] 1986 [34]

Single center or single single multi- single single single single single single

multicenter center center center center center center center center center

Method of generating  not adequate not not unclear adequate adequate not inadequate!

randomization described described described described

Allocation not adequate adequate not not adequate unclear not inadequate

concealment specified described described described

Blinding of masked  masked  masked unclear  unclear  unclear  unclear = masked  masked

intervention

Blinding of outcome not blinded  blinded  unclear  unclear  blinded  blinded  unclear  blinded

measurement specified

Complete follow-up not yes yes no® unclear  yes yes yes yes
specified?

! Random number charts and the last digit of patient’s chart number, the next matched infant is assigned to the opposite group.

2 This trial was published in an abstract form on two previous occasions at the Society of Pediatrics Research (SPR 2003, 2005) with
different inclusion criteria and clinical outcomes, which suggests a change in the a priori specified criteria and multiple looks at the
trial results.

3 Six infants excluded for various reasons.
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Table 3. Outcome results of included trials

Outcome Studies! Probiotics Control RR/WMD RD NNT
Severe NEC (stage II-III) 5 13/637 36/627 RR 0.32 [0.17, 0.60] -0.04 (95% CI -0.06, -0.02) 25
Mortality 5 16/601 39/606 RR 0.43 [0.25, 0.75] -0.04 (95% CI -0.06, -0.01) 25
NEC-related mortality 2 0/367 5/363 RR 0.17 [0.02, 1.37]
Sepsis 5 89/647 971637 RR 0.93 [0.73, 1.19]
TPN, days 2 Dani, 2002 [28] 12.8 (13.9) 14.7(18.7)  WMD -1.9 (-4.6, 0.77)

Lin, 2005 [31] 14.7 (5.7) 13.9 (5.0) WMD 0.80 (0.3, 1.9)
Hospitalization, days 3 Reuman, 1986 [34] 59.4 (56.4) 38.7 (30.6) WMD 20.70 [-11.77, 53.17]

Millar, 1993 [33] 50 (23-136) 42.8 (19-114)

Lin, 2005 [31] 46.7 (27.1) 46.5(26.10)  WMD 0.20 [-5.25, 5.65]
Weight gain 3 Costalos, 2003 [27] 163.00 (17.70) 155.80 (16.50) WMD 7.20 [-0.06, 14.46]

Reuman, 1986 [34] 16.00 (5.00) 15.00 (7.00) WMD 1.00 [-3.35, 5.35]

Millar, 1993 [33] 21.50 (9.20) 22.00 (7.90) WMD -0.50 [-8.02, 7.02]
Death or severe NEC or sepsis 1 31/180 60/187 0.54 [0.37, 0.79]

Systemic infection with the
supplemented organism

no data were reported

Neurodevelopmental
impairment

no data were reported

"Number of studies or first author is indicated.

NEC = Necrotizing enterocolitis; TPN = total parenteral nutrition; RR = relative risk; RD = risk difference; WMD = weighted mean difference;

NNT = number needed to treat.

Discussion

Our review examined the efficacy of probiotics in pre-
term infants in nine randomized controlled trials. In-
cluded trials were highly variable with regard to enroll-
ment criteria (i.e. birth weight and gestational age), base-
line risk of NEC in the control groups, timing, dose,
formulation of the probiotics used and feeding regimens.
Enteral administration of probiotics significantly de-
creased the incidence of severe stage II-III NEC. The di-
rection of this effect is consistent and homogenous among
included studies.

Potential mechanisms by which probiotics may pro-
tect high-risk infants from developing NEC and/or sep-
sis include increased barrier to migration bacteria and
their products across the mucosa [29, 30], competitive
exclusion of potential pathogens [31], modification of
host response to microbial products [32], augmentation
of IgA mucosal responses, enhancement of enteral nutri-
tion that inhibits the growth of pathogens, and upregula-
tion of immune responses [33]. There is a theoretical risk
of bacteremia secondary to enterally administered pro-
biotic strains, though few data support this concern. Ba-
cillus species administered as probiotics were reported

Probiotics Reduce the Risk of NEC in
Preterm Infants

to be associated with invasive disease in target popula-
tions [34].

There are case reports of systemic infections caused
by probiotic organisms in the biomedical literature. The
studies included in our review reported no such events.
The use of probiotics was described as safe and well toler-
ated in the primary studies.

A commentary by ESPGHAN Committee on Nutri-
tion concluded that only a limited number of controlled
trials have studied health outcomes following enteral ad-
ministration of probiotic organisms in preterm infants,
and additional studies are needed. Based on the available
data, the authors conclude that probiotics so far used in
clinical trials can be generally considered as safe. How-
ever, surveillance for possible side effects, such as infec-
tion in high-risk groups, is lacking and is needed [35].

Recently, two systematic reviews were published [36,
37]. Our review included three additional trials [24, 27,
28]. We excluded the trial by Mohan et al. [38] during our
primary screening process since it enrolled both term
and preterm infants. Both reviews had similar results
with regard to NEC, mortality and sepsis. Deshpande et
al. [36] were able to demonstrate a shorter time to full feed
by 3 days in the probiotics group.

Neonatology 2010;97:93-99 97



Our review utilized a thorough and comprehensive
search strategy; all attempts were made to minimize the
potential of a publication bias. Only randomized or qua-
si-randomized controlled trials were included. To mini-
mize the reviewer bias, all steps of this review were con-
ducted independently by review authors. The validity of
our review’s results might be compromised by the follow-
ing: most of the included trials (except two) were of small
sample size with inadequate data reported to assess qual-
ity; included trials utilized different preparations and
dosing regimens of the intervention under study, and

data on the highest risk population (ELBW infants) could
not be retrieved. Therefore, the benefit of enteral probiot-
ics administration in reducing the incidence of NEC in
the highest risk population (ELBW infants) could not be
evaluated in a subgroup analysis.

In summary, enteral supplementation of probiotics re-
duces the risk of severe NEC and mortality in preterm
infants. A large randomized controlled trial is required
to investigate the benefit and safety profile of probiotics
supplementation in ELBW infants.
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