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ABSTRACT
Background

Necrotizing enterocolitis (NEC) and nosocomial sepsis are associated with increased morbidity and mortality in preterm infants.
Through prevention of bacterial migration across the mucosa, competitive exclusion of pathogenic bacteria, and enhancing the immune
responses of the host, prophylactic enteral probiotics (live microbial supplements) may play a role in reducing NEC and the associated

morbidity.
Objectives

To compare the efficacy and safety of prophylactic enteral probiotics administration versus placebo or no treatment in the prevention
of severe NEC or sepsis, or both, in preterm infants.

Search methods

For this update, searches were made of MEDLINE (1966 to October 2013), EMBASE (1980 to October 2013), the Cochrane Central
Register of Controlled Trials (CENTRAL) in The Cochrane Library (2013, Issue 10), and abstracts of annual meetings of the Society
for Pediatric Research (1995 to 2013).

Selection criteria

Only randomized or quasi-randomized controlled trials that enrolled preterm infants < 37 weeks gestational age or < 2500 g birth weight,
or both, were considered. Trials were included if they involved enteral administration of any live microbial supplement (probiotics)

and measured at least one prespecified clinical outcome.
Data collection and analysis

Standard methods of The Cochrane Collaboration and its Neonatal Group were used to assess the methodologic quality of the trials
and for data collection and analysis.
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Main results

Twenty-four eligible trials were included. Included trials were highly variable with regard to enrolment criteria (that is birth weight
and gestational age), baseline risk of NEC in the control groups, timing, dose, formulation of the probiotics, and feeding regimens.
In a meta-analysis of trial data, enteral probiotics supplementation significantly reduced the incidence of severe NEC (stage II or
more) (typical relative risk (RR) 0.43, 95% confidence interval (CI) 0.33 to 0.56; 20 studies, 5529 infants) and mortality (typical RR
0.65, 95% CI 0.52 to 0.81; 17 studies, 5112 infants). There was no evidence of significant reduction of nosocomial sepsis (typical
RR 0.91, 95% CI 0.80 to 1.03; 19 studies, 5338 infants). The included trials reported no systemic infection with the supplemental
probiotics organism. Probiotics preparations containing either lactobacillus alone or in combination with bifidobacterium were found
to be effective.

Authors’ conclusions

Enteral supplementation of probiotics prevents severe NEC and all cause mortality in preterm infants. Our updated review of available
evidence strongly supports a change in practice. Head to head comparative studies are required to assess the most effective preparations,
timing, and length of therapy to be utilized.

PLAIN LANGUAGE SUMMARY
Probiotics for prevention of necrotizing enterocolitis in preterm infants

Necrotizing enterocolitis (NEC) is a serious disease that affects the bowel of premature infants in the first few weeks of life. Although
the cause of NEC is not entirely known, milk feeding and bacterial growth play a role. Probiotics (dietary supplements containing
potentially beneficial bacteria or yeast) have been used to prevent NEC. Our review of studies found that the use of probiotics reduces
the occurrence of NEC and death in premature infants born weighing less than 1500 grams. There is insufficient data with regard to
the benefits and potential adverse effects in the most at risk infants weighing less than 1000 grams at birth.

lopathy, and peritonitis with or without pneumoperitoneum (Bell
1978).
The pathogenesis of NEC remains incompletely understood. NEC

BACKGROUND

most likely represents a complex interaction of factors causing mu-
cosal injury (Neu 1996). It is speculated that NEC occurs with
the coincidence of two of the three pathologic events of intestinal

Description of the condition

Necrotizing enterocolitis (NEC) is the most common serious ac-

quired disease of the gastrointestinal tract in preterm infants (Lee ischemia, colonization of the intestine by pathologic bacteria, and

2003). It is characterized by bowel wall necrosis, of various length excess protein substrate in the intestinal lumen (Kosloske 1984; La

and depth. Bowel perforation occurs in one third of the affected Gamma 1994). Bacterial colonization is necessary for the devel-

infants (Kafetzis 2003). Although 5% to 25% of cases occur in
term infants, it is primarily a disease of preterm infants with the
majority of cases occurring in very low birth weight infants (in-
fants with birth weight < 1500 g) (Kosloske 1994). The incidence
of NEC varies across countries and neonatal centers. It has been
reported to affect up to 10% of very low birth weight infants
(VLBW) (Kosloske 1994). In a recent report of the Vermont Ox-
ford Network for VLBW infants the incidence of NEC has risen
slightly between 2000 to 2009 (Horbar 2012). NEC is categorized
into three different stages, with clinical symptoms varying from
feeding intolerance to severe cardiovascular compromise, coagu-

opment of NEC (Kosloske 1990; Musemeche 1986). When com-
pared to term infants, VLBW infants at risk of NEC have abnor-
mal fecal colonization, demonstrate a paucity of normal enteric
bacterial species, and have delayed onset of bacterial colonization
(Gewolb 1999; Goldmann 1978). Nosocomial infection is also a
frequent complication in VLBW infants. Data from the National
Institute of Child Health and Human Development (NICHD)
Network demonstrated that as many as 25% of these infants have
at least one or more positive blood cultures, and 5% have positive
cerebrospinal fluid cultures over the course of their hospitalization
(Stoll 1996). Late onset sepsis is associated with an increased risk
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of death, neonatal morbidity, and prolonged hospitalization (Stoll
2002a; Stoll 2002b).

Description of the intervention

Probiotic bacteria are live microbial supplements that colonize the
gastrointestinal tract and potentially provide benefit to the host (
Millar 2003). The most frequently used probiotics are lactobacillus
and bifidobacterium. There is increasing interest in the potential
health benefits of proactive colonization of the gastrointestinal
tract of preterm infants (Millar 2003).

How the intervention might work

Potential mechanisms by which probiotics may protect high risk
infants from developing NEC or sepsis, or both, include an in-
creased barrier to migration bacteria and their products across the
mucosa (Mattar 2001; Orrhage 1999), competitive exclusion of
potential pathogens (Reid 2001), modification of host response to
microbial products (Duffy 2000), augmentation of immunoglob-
ulin A (IGA) mucosal responses, enhancement of enteral nutri-
tion that inhibits the growth of pathogens, and up-regulation of
immune responses (Link-Amster 1994).

Why it is important to do this review

VLBW infants with NEC have a mortality rate of up to 20%
(Caplan 2001; Holman 1997). Approximately 27% to 63% of
affected infants require surgical intervention (Lee 2003). Stric-
tures, primarily in the colon, occur in more than one third of af-
fected infants (Ricketts 1994). An increased rate of total parenteral
nutrition (TPN) related complications and extended hospitaliza-
tion have been reported (Bisquera 2002). Recent data from the
NICHD Network suggest an increase in neurodevelopmental im-
pairment rates among infants with NEC and sepsis (Stoll 2004).
There is a theoretical risk of bacteremia secondary to enterally ad-
ministered probiotics strains, though few data support this con-
cern. Bacillus species administered as probiotics were reported to
be associated with invasive disease in target populations (Richard

1988).

OBJECTIVES

The primary objective was to compare the efficacy and safety of
prophylactic enteral probiotics administration versus placebo or
no treatment in the prevention of severe (stage II or more) NEC
or sepsis, or both, in preterm infants.

The secondary objective was to conduct a subgroup analysis to
investigate the effect of probiotics:

e in very low birth weight ( (VLBW) (birth weight < 1500 g)
and extremely low birth weight (ELBW) infants (birth weight <
1000 g);

e according to species, time of initiation, and the duration of
probiotics administrations.

METHODS

Criteria for considering studies for this review

Types of studies

Only randomized and quasi-randomized controlled trials were in-

cluded.

Types of participants
Preterm infants < 37 weeks and birth weight < 2500 g, or both.

Types of interventions

Enteral administration of any live microbial supplement (probi-
otics) at any dose for more than seven days compared to placebo
Or no treatment.

Types of outcome measures

Primary outcomes

o Severe NEC (stage II or more) as per Bell’s criteria (Bell
1978; Walsh 1986), diagnosed prior to discharge

o Nosocomial sepsis, defined as positive blood or
cerebrospinal fluid cultures taken beyond five days of age

o All cause mortality

Secondary outcomes

Any NEC (according Bell’s criteria)

The composite of nosocomial sepsis or NEC or death
Systemic infection with the supplemented organism
Duration of total parenteral nutrition (days)

Time to establish full enteral feeds (days)

Duration of hospitalization (days)

Weight gain (any measurement scale)

e Neurodevelopmental impairment i.e. rates of cerebral palsy,
cognitive delay, deafness, blindness, or their composite, reported
at 18 months corrected age or later.
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Search methods for identification of studies

Electronic searches

Our search was updated from October 2010 to October 2013. We
used the standard search strategy for the Cochrane Neonatal Re-
view Group. Randomized and quasi-randomized controlled trials
that compared enteral probiotics to placebo or no treatment in pre-
mature infants were identified from Ovid MEDLINE, National
Library of Medicine (1966 to October 2013) using the following
subject headings (MeSH) and text word terms: “neonate(s), new-
born(s), infant(s), probiotics, lactobacillus, bifidobacterium, sac-
charomyces and publication type *controlled trial’. We restricted
our search to English literature. Other databases were searched
including: Cochrane Central Register of Controlled Trials (CEN-
TRAL) in The Cochrane Library (2013, Issue 10) and EMBASE
(1980 to October 2013). Review authors performed the electronic
database search independently.

Searching other resources

A manual search was performed of the abstract books published
from the Society of Pediatric Research (SPR) and the European
Society of Pediatric Research (ESPR) for the period from 1998
to 2013. Additional citations were sought using the references in
articles retrieved from the searches. Subject experts were contacted
to identify unpublished and ongoing studies. Authors of published
trials were contacted to clarify or provide additional information.
The review authors independently screened the candidate articles
to check their eligibility for inclusion in the review.

We also searched clinical trials registries for ongoing or re-
cently completed trials (clinicaltrials.gov; controlled-trials.com;
and who.int/ictrp).

Data collection and analysis

The standard methods of the Cochrane Neonatal Review Group
were employed in creating this update.

Selection of studies

Retrieved articles were independently assessed for eligibility by
two review authors. Discrepancies were resolved by discussion and
consensus.

Data extraction and management

Data were abstracted independently by two review authors. Dis-
crepancies were resolved by discussion and consensus. Where data
were incomplete, the primary investigator was contacted for fur-
ther information and clarification.

Assessment of risk of bias in included studies

Standard methods of The Cochrane Collaboration and the Neona-
tal Review Group were used to assess the methodological quality
(to meet the validity criteria) of the trials. For each trial, informa-
tion was sought regarding the method of randomization, and the
blinding and reporting of all outcomes of all the infants enrolled
in the trial. Each criterion was assessed as yes, no, can’t tell. Two re-
view authors separately assessed each study. Any disagreement was
resolved by discussion. This information was added to the table
Characteristics of included studies. In addition, for the updates in
2010 and 2013, the following issues were evaluated and entered
into the risk of bias table.
1) Sequence generation (checking for possible selection bias). Was
the allocation sequence adequately generated?
For each included study, we categorized the method used to gen-
erate the allocation sequence as:

e adequate (any truly random process e.g. random number
table; computer random number generator);

e inadequate (any non random process e.g. odd or even date
of birth; hospital or clinic record number);

e unclear.

(2) Allocation concealment (checking for possible selection bias).
Wias allocation adequately concealed?
For each included study, we categorized the method used to con-
ceal the allocation sequence as:

o adequate (e.g. telephone or central randomization;
consecutively numbered sealed opaque envelopes);

e inadequate (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth);

e unclear.

(3) Blinding (checking for possible performance bias). Was knowl-
edge of the allocated intervention adequately prevented during the
study? At study entry? At the time of outcome assessment?
For each included study, we categorized the methods used to blind
study participants and personnel from knowledge of which in-
tervention a participant received. Blinding was assessed separately
for different outcomes or classes of outcomes. We categorized the
methods as:

e adequate, inadequate or unclear for participants;

e adequate, inadequate or unclear for personnel;

e adequate, inadequate or unclear for outcome assessors.

(4) Incomplete outcome data (checking for possible attrition bias
through withdrawals, dropouts, protocol deviations). Were in-
complete outcome data adequately addressed?

For each included study and for each outcome, we described the
completeness of data including attrition and exclusions from the
analysis. We noted whether attrition and exclusions were reported,
the numbers included in the analysis at each stage (compared
with the total randomized participants), reasons for attrition or
exclusion where reported, and whether missing data were balanced

Probiotics for prevention of necrotizing enterocolitis in preterm infants (Review) 4
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



across groups or were related to outcomes. Where sufficient in-
formation was reported or supplied by the trial authors, we re-
included missing data in the analyses. We categorized the methods
as:

e adequate (< 20% missing data);

e inadequate (> 20% missing data);

e unclear.

(5) Selective reporting bias. Are reports of the study free of sug-
gestion of selective outcome reporting?

For each included study, we described how we investigated the
possibility of selective outcome reporting bias and what we found.
We assessed the methods as:

e adequate (where it is clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported);

e inadequate (where not all the study’s pre-specified outcomes
have been reported; one or more reported primary outcomes were
not pre-specified outcomes of interest are reported incompletely
and so cannot be used; study fails to include results of a key
outcome that would have been expected to have been reported);

e unclear.

(6) Other sources of bias. Was the study apparently free of other
problems that could put it at a high risk of bias?
For each included study, we described any important concerns we
had about other possible sources of bias (for example, whether
there was a potential source of bias related to the specific study
design or whether the trial was stopped eatly due to some data-
dependent process). We assessed whether each study was free of
other problems that could put it at risk of bias as:

o yes;

e no;

e unclear.

If needed, we planned to explore the impact of the level of bias
through undertaking sensitivity analyses.

Measures of treatment effect

For dichotomous outcomes, relative risk (RR), risk difference
(RD), and the number needed to treat to benefit NN'TB) and the
associated confidence intervals (Cls) were calculated. For contin-
uous outcomes, treatment effect was expressed as mean difference
(MD) and its calculated standard deviation (SD). When median,
range, and sample size were reported, the mean and SD were esti-

mated using established methods (Hozo 2005).

Assessment of heterogeneity

Heterogeneity was defined as a significant test of heterogeneity
(P < 0.1) and differences in the treatment effects across studies.
Tests for between-study heterogeneity (including the I? statistic)
were applied. If noticed, possible sources of heterogeneity were

examined, including differences in the type or dose of probiotics
used, the population under study (VLBW versus ELBW infants),
and the quality of the study.

Data synthesis

Review Manager 5.2 software was used for statistical analysis. For
estimates of typical RR and RD we used the Mantel-Haenszel
method. For measured quantities we used the inverse variance
method. All meta-analyses were done using the fixed-effect model.

Subgroup analysis and investigation of heterogeneity

The secondary objective was to conduct a subgroup analysis to
investigate the effect of the probiotics in and for the following.

e VLBW infants.

e ELBW infants.

o Different species of probiotics.

e Different times of initiation of probiotics.

e Different durations of probiotics administration.

Sensitivity analysis

A sensitivity analysis was carried out to assess the effect of trials
methodological quality on the results of the meta-analysis. Studies
were considered to be of high quality if allocation was concealed
and adequately described.

RESULTS

Description of studies

See the tables Characteristics of included studies; Characteristics
of excluded studies.

Our updated search in October 2013 yielded eight additional
studies meeting our inclusion criteria (Al-Hosni 2012; Braga
2011; Demirel 2013; Ferndndez-Carrocera 2013; Mihatsch 2010;
ProPrems 2013; Rojas 2012; Romeo 2011a). Therefore, a to-
tal of 24 randomized trials were included in our updated re-
view. Excluded studies and reasons for exclusion are outlined in
Characteristics of excluded studies. The details of six identified
ongoing studies are provided in Characteristics of ongoing studies.

Participants

Twenty-four included studies reported outcomes on 2761 infants
treated with probiotics and 2768 control infants.

[ed note: please check the math. These numbers discussed here
are only the infants enrolled in the studies that report on NEC.
The total numbers must be greater]
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While all studies enrolled infants < 37 weeks or with birth weight <
2500 g, or both, the entry criteria varied between studies. Al-Hosni
2012; Bin-Nun 2005; Braga 2011; Ferndndez-Carrocera 2013;
Kitajima 1997; Li 2004; Lin 2005; Lin 2008; Manzoni 2006;
Manzoni 2009; Reuman 1986; and Rojas 2012 enrolled infants
based on birth weight criteria. On the other hand, Costalos 2003;
Mihatsch 2010; Millar 1993; Mohan 2006; and Stratiki 2007
enrolled infants based on their gestational age. Dani 2002; Demirel
2013; Romeo 2011a; Rougé 2009; Samanta 2009; and Sari 2010
utilized both criteria to enroll infants. Only Al-Hosni 2012 limited
enrolment to ELBW infants.

Intervention

The included studies randomized infants to different preparations,
times of initiation and duration of therapy of probiotics.

While Dani 2002; Manzoni 2006; Manzoni 2009; Millar 1993;
Reuman 1986; Rojas 2012; Romeo 2011a; and Sari 2010 admin-
istered Lactobacillus species to the intervention groups, Kitajima
1997; Li 2004; Mihatsch 2010; Mohan 2006; and Stratiki
2007 utilized the Bifidobacterium species; Costalos 2003 and
Demirel 2013 utilized Saccharomyces boulardii, and Al-Hosni
2012; Bin-Nun 2005; Braga 2011; Ferndndez-Carrocera 2013;
Lin 2005; Lin 2008; ProPrems 2013; Rougé 2009; and Samanta
2009 used a mixture of species of probiotics.

The time of initiation was different among the included studies.
Probiotics were administered either during the first 24 hours of
life in Kitajima 1997; Li 2004; and Reuman 1986, on the second
day in Braga 2011, at less than 48 hours of age in Rojas 2012, on
the third day of life in Manzoni 2009, in the first 72 h in Romeo
2011a, at the time of the first feed in Al-Hosni 2012; Dani 2002;
Ferndndez-Carrocera 2013; Lin 2005; Lin 2008; Mihatsch 2010;
Millar 1993; Rougé 2009; Samanta 2009; and Sari 2010, when an
infant was receiving at least 1 mL of milk four hourly in ProPrems
2013, or during the first week when enteral feeds were tolerated
in Costalos 2003; Manzoni 2006; and Mohan 2006.

The duration of probiotics administration varied from two weeks
in Reuman 1986, four to six weeks in Costalos 2003; Kitajima
1997; Lin 2008; and Manzoni 2009, until discharge in Al-Hosni
2012; Dani 2002; Fernindez-Carrocera 2013; Li 2004; Lin
2005; Manzoni 2006; Mihatsch 2010; Rojas 2012; Rougé 2009;
Samanta 2009; and Sari 2010, at discharge if it happened before
the 30th day in Braga 2011, until discharge from hospital or 40
weeks postmenstrual age (term corrected age) in ProPrems 2013,
or six weeks or until they were discharged from the neonatal in-
tensive care unit (NICU) in Romeo 2011a.

Outcomes

The major outcomes reported in THE included studies were se-
vere stage II-III NEC (Al-Hosni 2012; Bin-Nun 2005; Braga
2011; Costalos 2003; Dani 2002; Ferndndez-Carrocera 2013;

Kitajima 1997; Lin 2005; Lin 2008; Manzoni 2006; Manzoni
2009; Mihatsch 2010; Mohan 2006; Rojas 2012; Rougé 2009;
Samanta 2009; Sari 2010; Stratiki 2007), all cause mortal-
ity (Al-Hosni 2012; Bin-Nun 2005; Braga 2011; Dani 2002;
Ferndndez-Carrocera 2013; Kitajima 1997; Lin 2005; Lin 2008;
Manzoni 2006; Manzoni 2009; Mihatsch 2010; Reuman 1986;
Rojas 2012; Rougé 2009; Samanta 2009), and any culture proven
sepsis (Al-Hosni 2012; Bin-Nun 2005; Braga 2011; Costalos
2003; Dani 2002; Kitajima 1997; Lin 2005; Lin 2008; Manzoni
2006; Manzoni 2009; Mihatsch 2010; Millar 1993; Rojas 2012;
Rougé 2009; Samanta 2009; Sari 2010; Stratiki 2007). Weight
gain was reported in five studies (Al-Hosni 2012; Costalos 2003;
Millar 1993; Reuman 1986; Sari 2010) using different measure-
ment scales. Only one study reported data on apnea and long term
neurosensory outcomes (Kitajima 1997).

Risk of bias in included studies

Details of THE included studies are presented in the table
Characteristics of included studies. The methodologic details of
the studies were extracted from the published data and by con-
tacting the primary authors.

e Al-Hosni 2012: this was a multicenter study. All premature
infants with birth weight 501 to 1000 g, appropriate for
gestational age, and less than or equal to 14 days of age at the
time of feeding were randomized to receive either probiotics
consisting of Lacrobacillus rhamnosus GG (LGG) (Culturelle,
Amerifit Brand, Cromwell, CT, USA) at 500 million colony
forming units (CFU) and Bifidobacterium infantis (Align, Procter
and Gamble, Cincinnati, OH, USA) at 500 million CFU
suspended in 0.5 mL of infant’s milk or to receive
unsupplemented milk added to their daily feeding. Probiotic
supplementation was added to the first enteral feeding and
continued once daily with feedings thereafter until discharge or
until 34 weeks postmenstrual age. The milk type was not known.
Information regarding allocation concealment was not specified,
the intervention and outcome assessment were blinded.

e Bin-Nun 2005: this was a single centre study. Infants less
than 1500 g were randomized to receive either probiotics
mixture (Lactobacillus bifidus, streptococcus thermophillus, and
bifidobactrium infantis) or placebo. Expressed mother’s milk,
when available, or Similac Special Care formula was used.
Information regarding allocation concealment was not specified,
the intervention was masked, and blinding of outcome
assessment was not specified. Of note, 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 trials results.

o Braga 2011: this was a single center, prospective, double-
blind, randomized controlled study. Infants with weights 750 to
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1500 g were randomized to receive either 3 mL of pasteurized
human milk once a day or Lactobacillus casei and Bifidobacterium
breve (Yakult - LB) diluted with 3 mL of pasteurized human milk
once a day on the second to the 30th day of life, or at discharge if
it happened before the 30th day. All enrolled infants received
human (expressed breast or donor) milk. Information regarding
allocation concealment was adequate. Intervention and outcome
assessment were masked. Of note, this study was terminated by
the External Study Committee for a clear benefit in one of the
probiotic groups after enrolment of 231 infants.

o Costalos 2003: this was a single center study. Infants were
randomized to receive either enteral probiotics (Saccharomyces
boulardii) added to preterm formula or the same formula with
maltodextrins. All enrolled infants received formula milk.
Allocation concealment was apparently adequate. Intervention
and outcome assessment were masked. All infants were
accounted for in the final results. There was a discrepancy with
regard to the infants enrolled in the groups (51 in the treatment
group and 36 in the control). The author presented no
explanation of whether this discrepancy was a result of imbalance
in the randomization process or losses to follow-up.

e Dani 2002: this was a multicenter study. Infants were
randomized to receive either enteral probiotics (Lactobacillus
GG) or placebo. Allocation was adequately concealed. The
intervention was masked. Milk type was not known. All enrolled

infants were accounted for and outcome measurement was

blinded.

e Demirel 2013: this was a single center study. Infants were
randomized to receive either enteral probiotics, 250 mg (5 billion
CFU) Saccharomyces boulardii (N = 135) added to breast milk or
formula, or the control group (N = 136) that were fed as usual,
without S. boulardii supplementation. Allocation concealment
was apparently adequate. Intervention and outcome assessment
were masked. All infants were accounted for in the final results.

o Ferndndez-Carrocera 2013: this was a single center study.
Infants (N = 150) were randomly assigned to the study group (N
= 75) that received their regular feeds and a daily multispecies
probiotic feeding supplement of 1 g/d diluted in 3 mL of
expressed mother’s milk, when available, or a premature infant
formula or to the control group (N = 75) that received their
regular feeds from their mother’s own milk, when available, with
nothing added or a premature infant formula. Allocation
concealment was apparently adequate. Intervention and
outcome assessment were masked.

e Kitajima 1997: this was a single center study; 91 infants
were randomized to receive enteral probiotics (Bifidobacterium
breve) or to the control group. All enrolled infants received
expressed breast milk and premature formula. It was unclear
whether allocation was concealed, the intervention blinded, or
the outcome assessment was blinded. Not all enrolled infants

were accounted for in the final results (six infants were excluded
for various reasons).

e Li 2004: this was a single center study. Infants were
randomized in to three groups to receive either enteral probiotics
(Bifidobacterium breve) (group A, B) or control (group C). All
enrolled infants received breast or artificial milk. Allocation
concealment was not described. It was unclear whether the
intervention or outcome assessment were blinded and whether
all infants were included in the final results.

e Lin 2005: this was a single centre study; infants less than
1500 g were randomized to either probiotics (Infloran® - L
acidophilus and B infantis) or to a control group. All enrolled
infants received maternal or banked breast milk. Allocation was
adequately concealed. The intervention was masked (except for
investigators and breast milk team). All enrolled infants were
accounted for. Outcomes measurement was blinded.

e Lin 2008: this was a multicenter trial. Infants less than
1500g were randomized to either probiotics (n = 217) given
Bifidobacterium bifidum and Lactobacillus acidophilus, added to
breast milk or mixed feeding (breast milk and formula), twice
daily for six weeks or to control (n = 217) fed with breast milk or
mixed feeding. Allocation was adequately concealed. The
intervention was masked. All enrolled infants were accounted
for. Outcomes measurement was blinded.

e Manzoni 2006: this was a single centre study. Infants less
than 1500 g were randomized to either probiotics (Dicoflor,
Lactobacillus casei) or to a control group, all receiving human
milk. All enrolled infants received only human (maternal or
pooled donors’) milk. Although the authors utilized computer
generated randomization, allocation concealment was not
described. The intervention was masked for the human bank and
microbiology workers, however it was unclear whether the care
givers were masked or not. All enrolled infants were accounted

for. Blinding of outcomes measurement was reported.

e Manzoni 2009: this was a multicenter study. Infants less
than 1500 g and younger than three days were randomized to
cither bovine lactoferrin (BLF) (100 mg/d) (LF100; Dicofarm
SpA, Rome, Italy) alone or BLF plus LGG (6 x 10° CFU/d)
(Dicoflor 60; Dicofarm SpA); the control group received placebo
(2 mL of a 5% glucose solution). Treatment lasted six weeks (for
birth weight 1000 g) or four weeks (birth weight 1001 to 1500
g) unless neonates were discharged earlier. Drug administration
began on the third day of life with one daily dose; all doses
including placebo were diluted in prepared milk so as to
maintain blinding. Enrolled infants received any combination of
expressed breast milk, donor breast milk, and preterm formula.
Allocation was adequately concealed. The i ntervention was
masked. All enrolled infants were accounted for. Outcomes
measurement was blinded.
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e Mihatsch 2010: this was a single center study. VLBW
infants less than 30 weeks were randomized to either receive B.
lactis BB12 suspension or placebo given in addition to human
milk, fortified human milk, or preterm formula. BB12 was
provided as lyophilized powder mixed with a standard preterm
infant human milk fortifier. Human milk fortifier powder only
(Nestlé FM 85) was used as the placebo. In infants < 1500 g, 1 g
of powder was dissolved in 10 ml of sterile water once a day. In
infants > 1500 g, 2 g of powder was dissolved in 20 mL of sterile
water once a day. The control group received the identical
volume of placebo suspension. All enrolled infants received
maternal breast or formula milk. Allocation was adequately
concealed. The intervention was masked. All enrolled infants
were accounted for. Outcomes measurement was blinded.

o Millar 1993: this was a single center study. Twenty infants
were randomized to receive either enteral probiotics
(Lactobacillus GG) or control. The infants received expressed
breast milk or preterm formula, or both. The intervention was
masked. All enrolled infants were accounted for. It was unclear

whether the outcome assessment was blinded or not.

e Mohan 2006: this was a single center study. Infants less than
37 weeks were randomized to the probiotic (n = 37) and placebo
(n = 32) groups. The formula-based placebo (Nestlé FM 2000B)
and verum (Nestlé FM 2000A) preparations were supplied by
Nestlé, Konolfingen, Switzerland. The verum contained 2 x 10°
cells of Bifidobacterium lactis Bb12 per g of powder. The
administration of the study preparation started on the first day
after birth and continued for 21 days. The study ended at the
35th day after birth or when the infant was discharged from the
hospital, if earlier. Allocation concealment was not described.
The intervention was double masked; however it was unclear
whether the outcomes assessment was masked or not. All
enrolled infants were accounted for. Of note, clinical data
obtained through contact with the corresponding author were

different from those recently published by Deshpande 2010.

e ProPrems 2013: this was a multicenter study. The data in
our systematic review were unpublished and extracted from the
Society of Pediatric Research meeting 2013 proceedings and an
oral presentation by the primary author. Infants were
randomized to receive either a probiotic (n = 548) combination
of B. infantis, Streptococcus thermophilus and B. lactis (ABC
Dophilus Probiotic Powder for Infants®, Solgar, USA) with 1 x
10 total organisms per 1.5 g or maltodextrin powder as the
placebo (n = 551). All enrolled infants received breast or formula
milk. Randomization was adequate but allocation concealment
was not clear. The intervention was double blinded. All enrolled

infants were accounted for and outcome assessment was blinded.

e Reuman 1986: this was a single center study. Three groups
of infants were randomized to receive either enteral probiotics
(Lactobacillus) or control. All enrolled infants received formula

milk. Randomization and allocation concealment were clearly
inadequate. The intervention was double masked. All infants
enrolled were accounted for and outcome assessment was

blinded.

e Rojas 2012: this was a multicenter study. Infants were
randomized to receive either probiotics, five drops of an oil-based
suspension containing 108 CFU of L. reuteri DSM 17938
(BioGaia AB, Stockholm, Sweden) once a day, or placebo in an
equal number of drops from an identical vial containing only the
oil base. Enrolled infants received any combination of maternal
breast milk and preterm formula. Randomization and allocation
concealment were adequate. The intervention was double
masked. All enrolled infants were accounted for and outcome
assessment was blinded.

e Romeo 2011a and Romeo 2011b (the same study): this was
a single center study. Infants were randomized to either: Group I
(n = 83; 12 with a birth weight < 1500 g, 71 > 1500 g) that
received supplementation with L. reuteri American Type Culture
Collection (ATCC) 55730, 5 drops daily; Group II (n = 83; 28 <
1500 g, 55 > 1500 g) that received supplementation with L.
rhamnosus ATCC 53103 1 capsule daily; or Group IITI that
included infants with no probiotics (control) (n = 83; 16 < 1500
g, 67 > 1500 g). Patients received supplementation from the first
72 h after hospitalization for six weeks or until they were
discharged from the NICU. All enrolled infants received breast
or formula milk. Allocation concealment and blinding of
intervention and outcome assessment were not documented. All

enrolled infants were accounted for.

e Rougé 2009: this trial was conducted in two centers.
Infants less than 1500 g and gestational age < 32 weeks were
randomized to either the probiotic group (n = 45; 108
lyophilized cells per unit of the probiotics L. rhamnosus GG
(Valio, Ltd) and B. longum BB536 (Morinaga Milk Industry Co,
Ltd, Tokyo, Japan) and maltodextrin beginning on the day when
enteral feeding started until discharge) or the placebo group (n =
49; 4 daily capsules of a supplement containing maltodextrin
alone). Infants were fed human (own mother’s expressed milk or
bank milk) or preterm formula, or both. Allocation was
adequately concealed. The intervention was masked. All enrolled

infants were accounted for. Outcomes measurement was blinded.

e Samanta 2009: this was a single center study. Infants < 32
weeks and < 1500 g started feed enterally and those that survived
beyond 48 h of life were randomized to receive a probiotic
mixture (Bifidobacteria infantis, Bifidobacteria
bifidum, Bifidobacteria longum, and Lactobacillus acidophilus, each
2.5 billion CFU) with expressed breast milk twice daily till
discharge, the dosage being 125 g/kg, or breast milk only
(control). The infants were fed only breast milk. Allocation
concealment and blinding of intervention and outcome
assessment were not adequately described. All enrolled infants
were accounted for.

Probiotics for prevention of necrotizing enterocolitis in preterm infants (Review) 8
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



e Sari 2010: this was a single center study. Infants < 33 weeks
and < 1500 g who survived to start enteral feeding were
randomized into two groups. Infants in the study group received
L. sporogenes with a dose of 350 x 10° CFU added to breast milk
or formula once a day, starting with the first feed, until
discharge. All enrolled infants received breast milk or mixed
feeding (breast milk and formula). Infants in the control group
received no supplementation. Allocation concealment, blinding
of the intervention and outcome assessment were adequately
described. All enrolled infants were accounted for.

e Stratiki 2007: this was a single center study. Infants (81
infants) with gestational ages between 27 and 37 weeks, stable
state, and formula fed were randomized to group A given a BL
supplemented preterm formula (Prenan Nestlé BLSPF) at a
concentration of 2 x 107 CFU/g of milk powder or group B
(control), which received exactly the same formula but without
the addition of BL. All enrolled infants received only formula
milk. Allocation concealment was not described. The
intervention and outcome assessment were blinded and all

infants were included in the final results.

Effects of interventions

Probiotics versus control (Comparison 1)

Primary outcomes

Severe necrotizing enterocolitis (stage II to III)
(Outcome 1.1)

Twenty studies reported on severe stage II to III NEC (Al-Hosni
2012; Bin-Nun 2005; Braga 2011; Costalos 2003; Dani 2002;
Demirel 2013; Ferndndez-Carrocera 2013; Kitajima 1997; Lin
2005; Lin 2008; Manzoni 2006; Manzoni 2009; Mihatsch 2010;
Mohan 2006; ProPrems 2013; Rojas 2012; Rougé 2009; Samanta
2009; Sari 2010; and Stratiki 2007). The administration of pro-
phylactic probiotics significantly reduced the incidence of severe
stage IT to IIINEC (typical RR 0.43, 95% CI 0.33 to 0.56, NNTB
30).

Culture proven sepsis (Outcome 1.2)

Any sepsis (Outcome 1.2.1)

Ninteen studies reported on any culture proven sepsis (Al-Hosni
2012; Bin-Nun 2005; Braga 2011; Costalos 2003; Dani 2002;
Demirel 2013; Kitajima 1997; Lin 2005; Lin 2008; Manzoni

2006; Manzoni 2009; Mihatsch 2010; Millar 1993; ProPrems
2013; Rojas 2012; Rougé 2009; Samanta 2009; Sari 2010; Stratiki
2007). Although there was a positive trend, probiotics didn’t sig-
nificantly alter the rate of culture proven sepsis in the pooled effect

(typical RR 0.91, 95% CI 0.80 to 1.03).

Any bacterial sepsis (Outcome 1.2.2)

Only Al-Hosni 2012 reported on any bacterial sepsis; no signif-
icant difference was observed (typical RR 0.70, 95% CI 0.36 to
1.36).

Any fungal sepsis (Outcome 1.2.3)

Only Al-Hosni 2012 reported on any fungal sepsis with no sig-
nificant difference among the groups (typical RR 5.10, 95% CI
0.25 to 103.6).

Mortality (Outcome 1.3)

Seventeen studies reported on mortality (Al-Hosni 2012; Bin-
Nun 2005; Braga 2011; Dani 2002; Demirel 2013; Ferndndez-
Carrocera 2013; Kitajima 1997; Lin 2005; Lin 2008; Manzoni
2006; Manzoni 2009; Mihatsch 2010; ProPrems 2013; Reuman
1986; Rojas 2012; Rougé 2009; Samanta 2009). Mortality was
significantly lowered in the probiotics group (typical RR 0.65,
95% CI 0.52 to 0.81, NNTB 41). Seven studies (Bin-Nun 2005;
Dani 2002; Kitajima 1997; Lin 2008; Mihatsch 2010; ProPrems
2013; Sari 2010) reported NEC related mortality. A similar posi-
tive effect was observed (typical RR 0.39, 95% 0.18 to 0.82).

Secondary outcomes

Parenteral nutrition duration (days) (Outcome 1.4)

Six studies reported this outcome (Dani 2002; Demirel 2013;
Ferndndez-Carrocera 2013; Lin 2005; ProPrems 2013; Romeo
2011a; Romeo 2011b). Probiotics administration didn’t decrease
the total days of parenteral nutrition (typical weighted mean dif-
ference (WMD) -0.25, 95% CI -0.52 to 0.03).

Hospitalization duration (days) (Outcome 1.5)

Ten studies reported this outcome (Demirel 2013; Ferndndez-
Carrocera 2013; Lin 2005; Lin 2008; ProPrems 2013; Reuman
1986; Rojas 2012; Romeo 2011a; Romeo 2011b; Rougé 2009;
Samanta 2009). Probiotics administration significantly shortened
hospitalization days compared to control (typical WMD -3.71,
95% CI -4.32 t0 -3.11).
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Weight gain (Outcome 1.6)

Five studies (Al-Hosni 2012; Reuman 1986; Millar 1993; Costalos
2003; Sari 2010) reported weight gain results. No significant sta-
tistical difference in weight gain was observed among the study
groups. Due to the use of different scales, that is g/week, g/day
and g/kg/day, these results were not pooled.

Time to full enteral feeds (Outcome 1.7)

Eight studies (Braga 2011; Demirel 2013; Ferndndez-Carrocera
2013; Manzoni 2009; Mihatsch 2010; ProPrems 2013; Samanta
2009; Sari 2010) reported time to full enteral feeds. Pooled data
of the studies showed a significant reduction in time to reach full

enteral feeds (typical WMD -1.32, 95% CI -1.48 to -1.17).

The composite of death or severe NEC or sepsis
(Outcome 1.8)

Only one study reported this outcome (Lin 2005). Probiotics sig-
nificantly reduced the incidence of this composite endpoint (typ-

ical RR 0.54, 95% CI 0.37 to 0.79).

Long term outcomes (Outcome 1.9)

Kitajima 1997 reported mental retardation and cerebral palsy at
six years. No significant statistical difference was observed among

the study groups.

Systemic infection with the supplemented organism

None of the included studies reported any systemic infection
caused by the supplemented probiotics organisms.

Subgroup comparisons

Very low birth weight infants (VLBW) (Comparison 2)

Seventeen trials reported on severe stage II to III NEC (Al-Hosni
2012; Bin-Nun 2005; Braga 2011; Dani 2002; Demirel 2013;
Ferndndez-Carrocera 2013; Kitajima 1997; Lin 2005; Lin 2008;
Manzoni 2006; Manzoni 2009; Mihatsch 2010; ProPrems 2013;
Rojas 2012; Rougé 2009; Samanta 2009; Sari 2010) including
VLBW infants only (< 1500 g at birth). The administration of
prophylactic probiotics significantly reduced the incidence of se-
vere stage II to ITI NEC in VLBW infants (typical RR 0.41, 95%
CI0.31 to 0.56) with no significant effect on culture proven sepsis
(typical RR 0.92, 95% CI 0.81 to 1.04). Probiotics significantly
reduced mortality (typical RR 0.63, 95% CI 0.50 to 0.81) and
NEC related mortality (typical RR 0.38, 95% CI 0.18 to 0.82).

Extremely low birth weight infants (ELBW) (Comparison 3)

Al-Hosni 2012 and ProPrems 2013 were the only trials that lim-
ited their inclusion to ELBW infants. The administration of pro-
phylactic probiotics did not reduce the incidence of severe stage
IT to III NEC (typical RR 0.76, 95% CI 0.37 to 1.58), sepsis
(typical RR 0.82, 95% CI 0.63 to 1.06), or mortality (typical RR
0.94, 95% CI 0.58 to 1.53). However, the number of included
ELBW infants was too small to detect a small meaningful clinical
difference in this subgroup of infants.

Effect of different species of probiotics (Comparison 4)

Severe NEC - species of probiotics (Outcome 4.1)

Both the administration of Lactobacillus species (five trials) and a
mixture of probiotics (nine trials) significantly reduced the inci-
dence of severe stage II to III NEC (RR 0.45, 95% CI 0.27 to
0.75; RR 0.37, 95% CI 0.25 to 0.54 respectively). Four trials uti-
lized bifidobactirium species alone, the pooled effect of included
trials showed a lack of significant reduction of severe NEC stage
1I to IIT (RR 0.48, 95% CI 0.16 to 1.47). Two trials utilized Sac-
charomyces boulardii alone, the pooled effect of the included trials
showed a lack of significant reduction of severe NEC stage II to

III (RR 0.72, 95% CI 0.34 to 1.55).

Culture proven sepsis - species of probiotics (Outcome

4.2)

The administration of Lactobacillus species alone (five trials), bi-
Jfidobactirium species alone (three trials), Saccharomyces boulardii
alone (two trials), or a mixture of probiotics (nine trials) did not
reduce the incidence of culture proven sepsis (RR 0.91, 95% CI
0.71 to 1.16; RR 0.88, 95% CI 0.58 to 1.34; RR 0.92, 95% CI
0.54 to 1.57; RR 0.91, 95% CI 0.78 to 1.06 respectively).

Mortality - species of probiotics (Outcome 4.3)

The administration of a mixture of probiotics (nine trials) signifi-
cantly reduced the incidence of mortality (RR 0.62, 95% CI 0.47
to 0.81). The administration of Lactobacillus species alone (four
trials), bifidobactirium species alone (two trials), or Saccharomyces
boulardii alone (one trial) did not reduce mortality (RR 0.72, 95%
CI0.47 to 1.10; RR 0.71, 95% CI 0.14 to 3.6; RR 1.01, 95% CI
0.30 to 3.4 respectively).

Effect of different time of initiation of probiotics
(Comparison 5)

Severe NEC - time of initiation (Outcome 5.1)
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Probiotics were initiated at different times in the included studies.
Nine studies started probiotics administration at the time of the
first feed, with a typical RR of 0.44 (95% Cl 0.30 to 0.65). Most
included studies initiated prophylaxis within the first week of life,
therefore a significant overlap of time of initiation is observed
among the included trials.

Culture proven sepsis - time of initiation (Outcome 5.2)

Nine studies started probiotics administration at the time of the

first feed, with a typical RR of 0.96 (95% CI 0.81 to 1.14).

Mortality - time of initiation (Outcome 5.3)

Nine studies started probiotics administration at the time of the
first feed, with a typical RR of 0.41 (95% Cl 0.26 to 0.63).
Effect of different duration of probiotics administration
(Comparison 6)

Severe NEC - the duration of probiotics administration
(Outcome 6.1)

The included trials administered probiotics for either four to six
weeks duration or till discharge. Both administration durations
produced positive significant effects in reduction of severe stage II

to III NEC.

Culture proven sepsis - the duration of probiotics
administration (Outcome 6.2)

Included trials administered probiotics for either four to six weeks
duration or till discharge. Both administration durations produced

no significant effects in terms of reduction of culture proven sepsis.

Mortality - the duration of probiotics administration
(Outcome 6.3)

Included trials administered probiotics for either four to six weeks
duration or till discharge. Trials that administered probiotics for
more than six weeks duration or till discharge showed significant
effects in reducing mortality, with a typical RR of 0.65 (95% Cl
0.49 to 0.87).

High quality studies (Comparison 7)

Odur results were not altered when a sensitivity analysis including
only high quality studies was performed (typical RR for severe
stage IT or III NEC 0.41, 95% CI 0.29 to 0.58).

DISCUSSION

Our updated review summarizes the evidence on probiotics effi-
cacy in preterm infants. Twenty-four randomized trials and more
than 5000 preterm infants are included. Since the publication of
our first review, we note a tremendous increase in published stud-
ies, reviews, and editorials addressing the efficacy and safety of
probiotics utilization in the preterm host. Probiotics are one of the
most studied interventions in neonatal medicine.

Our update with more robust data shows that enteral administra-
tion of probiotics reduces the incidence of severe NEC, mortal-
ity, and NEC related mortality. In addition, the administration of
probiotic organisms resulted in a shorter time to full feeds. Our
data shows a trend toward a benefit in reduction of sepsis, how-
ever this didn’t reach statistical significance. Although only two
studies limited their inclusion criteria to ELBW infants, included
studies had a large number of ELBW infants to assure sceptics of
the value of this intervention in a high risk population. Based on
the available evidence for probiotics efficacy and safety in preterm
infants, the number of infants enrolled, the narrow confidence
intervals, and the probiotics safety profile, a change in practice is
warranted at this stage. More studies to address the optimal prepa-
ration, dosing, and duration of therapy are still needed in head to
head comparative studies rather than placebo controlled trials.

Eleven of our included trials were classified as high quality tri-
als based on adequacy of allocation concealment procedures and
blinding of the intervention. Although all included trials evaluated
probiotics use in preterm infants, the trials were highly variable
with regard to enrolment criteria (that is birth weight and gesta-
tional age), baseline risk of NEC in the control groups, timing,
dose, formulation of probiotic used, and feeding regimens.

Case reports of systemic infections caused by probiotic organisms
are found in the biomedical literature. None of our included stud-
ies reported this adverse effect. The use of probiotics was described
as safe and well tolerated. Our update provides more robust safety
data of probiotics utilization in the preterm host.

This review utilized a very thorough and comprehensive search
strategy. All attempts were made to minimize potential publication
bias. Only randomized or quasi-randomized controlled trials were
included. To minimize the reviewer bias, all steps of this review
were conducted independently by the review authors. The validity
of our review’s results is potentially compromised as the 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.

The issue of whether it is time to change practice and adopt the
use of probiotics as a standard of care in preterm infants has been
widely discussed in the medical literature over the last few years.
While some advocate a change in practice based on significant
reduction in severe NEC and all cause mortality (Tarnow-Mordi
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2010), others suggest to wait until precise data on efficacy and
safety in ELBW infants are available, in addition to the determi-
nation of the most effective preparation and dosing to be utilized
(Soll 2010). The evidence on probiotics efficacy and safety is sub-
stantial compared to other innovative interventions in neonatal
medicine such as surfactant, hypothermia, and room air resusci-
tation (Janvier 2013). We believe that based on the available evi-
dence and in comparison to other effective interventions in neona-
tal medicine, a change in practice is warranted. Recently, experts
and scientific bodies have started to endorse probiotics utilization
in the management of preterm infants (Downard 2012; Janvier
2013).

Probiotics are not licensed by regulatory authorities in many coun-
tries including the United States, and hence the wide availability of
these products to the public, ethical questions and concerns could
be raised in the adoption of this intervention or in the conduct of
more placebo controlled trials. We believe that parents’ choice to
give or withhold probiotics in the management of preterm infants
should be respected. Consent forms of planned or ongoing ran-
domized trials should describe the positive effects of probiotics on
severe NEC and mortality and the lack of significant side effects
prior to enrolling infants in such trials. Enrolment into a random-
ized trial should not be a condition to receive probiotics in the
institutions undertaking these trials (Janvier 2013).

AUTHORS’ CONCLUSIONS

Implications for practice

Enteral supplementation of probiotics prevents severe NEC and all
cause mortality in preterm infants. Our review strongly supports
a change in practice and adoption of probiotics prophylaxis in the
management of preterm infants.

Implications for research

More studies are needed to investigate the most effective formu-
lation and dose to be utilized. Parents of preterm infants should
be informed of current evidence if further placebo controlled ran-
domized trials are to be conducted.

ACKNOWLEDGEMENTS

Editorial support of the Cochrane Neonatal Review Group has
been funded with Federal funds from the Eunice Kennedy Shriver
National Institute of Child Health and Human Development Na-
tional Institutes of Health, Department of Health and Human
Services, USA, under Contract No. HHSN267200603418C.

We extend our sincere appreciation to the Deanship of Scientific
Research at King Saud University for funding this project through
Research Group project # RGB-VPP-248.

REFERENCES

References to studies included in this review

Al-Hosni 2012 {published data only}
Al-Hosni M, Duenas M, Hawk M, Stewart LA, Borghese
RA, Cahoon M, et al.Probiotics-supplemented feeding in
extremely low-birth-weight infants. Journal of Perinatology
2012;32(4):253-9.

Bin-Nun 2005 /published data only}
Bin-Nun A, Bromiker R, Wilschanski M, Kaplan M,
Rudensky B, Caplan M, et al.Oral probiotics prevent
necrotizing enterocolitis in very low birth weight neonates.

Journal of Pediatrics 2005;147(2):192—6.

Braga 2011 {[published data only}
Braga TD, da Silva GA, de Lira PI, de Carvalho Lima
M. Efficacy of Bifidobacterium breve and Lactobacillus
casei oral supplementation on necrotizing enterocolitis in
very-low-birth-weight preterm infants: a double-blind,
randomized, controlled trial. 7he American Journal of

Clinical Nutrition 2011;93(1):81-6.

Costalos 2003 {published data only}
Costalos C, Skouteri V, Gounaris A, Sevastiadou S,
Triandafilidou A, Ekonomidou C, et al.Enteral feeding of

premature infants with Saccharomyces boulardii. Early
Human Development 2003;74(2):89-96.

Dani 2002 {published data only}
Dani C, Biadaioli R, Bertini G, Martelli E, Rubaltelli FE.
Probiotics feeding in prevention of urinary tract infection,
bacterial sepsis and necrotizing enterocolitis in preterm
infants. A prospective double-blind study. Biology of the
Neonate 2002;82(2):103-8.

Demirel 2013 {published data only}
* Demirel G, Erdeve O, Celik IH, Dilmen U. Saccharomyces
boulardii for prevention of necrotizing enterocolitis in
preterm infants: A randomized, controlled study. Acta
Paediatrica 2013:[Epub ahead of print]. [DOI: 10.1111/
apa.12416]

Ferndndez-Carrocera 2013 {published data only}

Ferndndez-Carrocera LA, Solis-Herrera A, Cabanillas-Ayén
M, Gallardo-Sarmiento RB, Garcia-Pérez CS, Montafio-
Rodriguez R, et al. Double-blind, randomised clinical assay
to evaluate the efficacy of probiotics in preterm newborns
weighing less than 1500 g in the prevention of necrotising
enterocolitis. Archives of Diseases in Childhood. Fetal and
Neonatal Edition 2013;98(1):F5-9.

Probiotics for prevention of necrotizing enterocolitis in preterm infants (Review) 12
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Kitajima 1997 {published data only}
Kitajima H, Sumida Y, Tanaka R, Yuki N, Takayama H,
Fujimura M. Early administration of Bifidobacterium breve
to preterm infants: randomised controlled trial. Archives of
Disease in Childhood. Fetal and Neonatal Edition 1997;76
(2):F101-7.

Li 2004 {published data only}
Li Y, Shimizu T, Hosaka A, Kaneko N, Ohtsuka
Y, Yamashiro Y. Effects of bifidobacterium breve
supplementation on intestinal flora of low birth weight
infants. Pediatrics International 2004;46(5):509—-15.

Lin 2005 {published data only}
Lin HC, Su BH, Chen AC, Lin TW, Tsai CH, Yeh TE,
et al.Oral probiotics reduce the incidence and severity of
necrotizing enterocolitis in very low birth weight infants.
Pediatrics 2005;115(1):1-4.

Lin 2008 /[published data only}
Lin HC, Hsu CH, Chen HL, Chung MY, Hsu JE Lien
RI, et al.Oral probiotics prevent necrotizing enterocolitis
in very low birth weight preterm infants: a multicenter,
randomized, controlled trial. Pediatrics 2008;122(4):693-
700.

Manzoni 2006 {published data only}
Manzoni B, Mostert M, Leonessa ML, Priolo C, Farina D,
Monetti C, et al.Oral supplementation with Lactobacillus
casei subspecies thamnosus prevents enteric colonization by
Candida species in preterm neonates: a randomized study.

Clinical Infectious Diseases 2006;42(12):1735-42.

Manzoni 2009 {published data only}
Manzoni P, Rinaldi M, Cattani S, Pugni L, Romeo MG,
Messner H, et al. Bovine lactoferrin supplementation for
prevention of late-onset sepsis in very low-birth-weight
neonates: a randomized trial. JAMA 2009;302(13):1421-8.
[DOT: 10.1001/jama.2009.1403]

Mihatsch 2010 /published data only}
Mihatsch WA, Vossbeck S, Eikmanns B, Hoegel ], Pohlandt
F. Effect of Bifidobacterium lactis on the incidence of
nosocomial infections in very-low-birth-weight infants: a
randomized controlled trial. Neonatology 2010;98(2):156-
63.

Millar 1993 {published data only}
Millar MR, Bacon C, Smith SL, Walker V, Hall MA.
Enteral feeding of premature infants with Lactobacillus GG.
Archives of Disease in Childhood 1993;69(5 Spec No):483-7.

Mohan 2006 {published and unpublished data}
Mohan R, Koebnick C, Schildt J, Schmidt S, Mueller M,
Possner M, et al.Effects of Bifidobacterium lactis Bb12
supplementation on intestinal microbiota of preterm
infants: a double-blind, placebo-controlled, randomized
study. Journal of Clinical Microbiology 2006;44(11):4025-
31. [DOI: 10.1128/JCM.00767-06]

ProPrems 2013 {unpublished data only}
Garland SM, Jacobs SE, Opie GE Donath S, Tabrizi SN,
Pirotta M, the ProPrems Study Group. A randomized trial
investigating probiotic effects on late onset sepsis in very
preterm infants.

Reuman 1986 {published data only}
Reuman PD, Duckworth DH, Smith KL, Kagan R,
Bucciarelli RL, Ayoub EM. Lack of effect of Lactobacillus
on gastrointestinal bacterial colonization in premature

infants. Pediatric Infectious Disease 1986;5(6):663-8.

Rojas 2012 [published data only}
Rojas MA, Lozano JM, Rojas MX, Rodriguez VA,
Rondon MA, Bastidas JA, et al.Prophylactic probiotics to
prevent death and nosocomial infection in preterm infants.

Pediatrics 2012 Nov;130(5):e1113-20.

Romeo 2011a {published data only}
Romeo MG, Romeo DM, Trovato L, Oliveri S, Palermo F,
Cota E et al.Role of probiotics in the prevention of the
enteric colonization by Candida in preterm newborns:

incidence of late-onset sepsis and neurological outcome.

Journal of Perinatology 2011;31(1):63-9.

Romeo 2011b (published data only}
MG Romeo, DM Romeo, L Trovato, S Oliveri, F Palermo,
F Cota, et al.Role of probiotics in the prevention of the
enteric colonization by Candida in preterm newborns:
incidence of late-onset sepsis and neurological outcome.

Journal of Perinatology 2011;31(1):63-9.

Rougé 2009 {published data only}
Rougé C, Piloquet H, Butel MJ, Berger B, Rochat E, Ferraris
L, et al.Oral supplementation with probiotics in very
low-birth-weight preterm infants: a randomized,double-
blind, placebo-controlled trial. American Journal of Clinical
Nutrition 2009;89(6):1828-35.

Samanta 2009 {published data only}
Samanta M, Sarkar M, Ghosh P, Ghosh JK, Sinha MK,
Chatterjee S. Prophylactic probiotics for prevention of
necrotizing enterocolitis in very low birth weight newborns.

Journal of Tropical Pediatrics 2009;55(2):128-31.

Sari 2010 {published data only}
Sari FN, Dizdar EA, Oguz S, Erdeve O, Uras N, Dilmen U.
Oral probiotics: Lactobacillus sporogenes for prevention of
necrotizing enterocolitis in very low-birth weight infants: a
randomized, controlled trial. European Journal of Clinical
Nutrition 2011;65(4):434-9.

Stratiki 2007 {published data only}
Stratiki Z, Costalos C, Sevastiadou S, Kastanidou O,
Skouroliakou M, Giakoumatou A, et al. The effect of a
bifidobacteria supplemented bovine milk on intestinal
permeability of preterm infants. Early Human Development

2007;83(9):575-9.
References to studies excluded from this review

Agarwal 2003 (published data only}
Agarwal R, Sharma N, Chaudhry R, Deorari A, Paul VK,
Gewolb IH, et al.Effects of oral Lactobacillus GG on enteric
microflora in low-birth-weight neonates. Journal of Pediatric

Gastroenterology and Nutrition 2003;36(3):397—402.

Awad 2010 {published data only}
Awad H, Mokhtar H, Imam SS, Gad GI, Hafez H,
Aboushady N. Comparison between killed and living

Probiotics for prevention of necrotizing enterocolitis in preterm infants (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



probiotic usage versus placebo for the prevention of
necrotizing enterocolitis and sepsis in neonates. Pakistan
Journal of Biological Sciences 2010;13(6):253-62.

Di 2010 {published data only}
Di M, Li X. Effects of Bifidobacterium supplementation for
prevention of necrotizing enterocolitis in preterm infants:
a randomized, controlled trial. Zhong Guo She Qu Yi Shi
2010;231:69.

Havranek 2013 /fpublished data only}
Havranek T, Al-Hosni M, Armbrecht E. Probiotics
supplementation increases intestinal blood flow velocity
in extremely low birth weight preterm infants. Journal of

Perinatology 2013;33(1):40—4.

Huang 2009 {published data only}
Huang B, Yang H, Huang X. Probiotics supplementation
for prevention of necrotizing enterocolitis in very low-birth-

weight neonates: a randomized, controlled trial. Journal of

Guangdong Medical College 2009;27:37-9.

Ke 2008 {published data only}
Ke D, Su Z, Li L, et al.Effects of Bifico supplement for
prevention of necrotizing enterocolitis in preterm infants:
a randomized controlled trial. Chinese Pediatric Emergency
Medicine 2008;12:69—71.

Ren 2010 {published data only}
Ren B. Preventive effect of Bifidobacterium tetravaccine

tablets in premature infants with necrotizing enterocolitis.
Journal of Pediatric Pharmacy 2010;16(2):24-5.

Stansbridge 1993 {published data only}
Stansbridge EM, Walker V, Hall MA, Smith SL, Millar MR,
Bacon C, Chen S. Effects of feeding premature infants with
Lactobacillus GG on gut fermentation. Archives of Disease

in Childhood 1993;69(5 Spec No):488-92.

Uhlemann 1999 {published data only}
Uhlemann M, Heine W, Mohr C, Plath C, Pap S. Effects
of oral administration of bifidobacteria on intestinal
microflora in premature and newborn infants newborn
infants. Zeitschrift fur Geburtshilfe und Neonatologie 1999;
203(5):213-7.

References to ongoing studies

Cooper {unpublished data only}
Necrotizing Enterocolitis and B. Lactis in Premature Babies.
Ongoing study November 2009.

Costeloe {unpublished data only}
The administration of probiotic to premature babies to
prevent infection, severe intestinal complication (i.e.
necrotising enterocolitis) and death. Ongoing study 01/12/
2009.

Kusuda {unpublished data only}
Effect of Bifidobacterium Bifidum Supplementation on
Morbidity of Very Low Birth Weight Infants. Ongoing
study January 2010.

Moral {unpublished data only}
Effects of Lactobacillus Reuteri in Premature Infants.
Ongoing study July 2010.

Oncel {unpublished data only}
Lactobacillus Reuteri for Prevention of Necrotizing
Enterocolitis in Very Low-birth Weight Infants. Ongoing
study February 2012.

Punnahitananda {unpublished data only}
Effect of Oral Probiotic Supplementation on The Rate of
Hospital Acquired Infection and Necrotizing Enterocolitis
in PretermVery Low Birth Weight Infants. Ongoing study
January 2005.

Additional references

Bell 1978
Bell M], Ternberg JL, Feigin RD, Keating JP, Marshall
R, Barton L, et al.Neonatal necrotizing enterocolitis.
Therapeutic decisions based upon clinical staging. Annals of
Surgery 1978;187(1):1-7.

Bisquera 2002
Bisquera JA, Cooper TR, Berseth CL. Impact of necrotizing
enterocolitis on length of stay and hospital charges in very

low birth weight infants. Pediatrics 2002;109(3):423-8.

Caplan 2001
Caplan MS, Jilling T. New concepts in necrotizing
enterocolitis. Current Opinion in Pediatrics 2001;13(2):
111-5.

Deshpande 2010
Deshpande G, Rao S, Patole S, Bulsara M. Updated meta-
analysis of probiotics for preventing necrotizing enterocolitis
in preterm neonates. Pediatrics 2010;125(5):921-30.

Downard 2012
Downard CD, Renaud E, St Peter SD, Abdullah E Islam
S, Saito JM. Treatment of necrotizing enterocolitis: an
American Pediatric Surgical Association Outcomes and
Clinical Trials Committee systematic review. Journal of

Pediatric Surgery 2012;47(11):2111-22.

Duffy 2000
Duffy LC. Interactions mediating bacterial translocation in
the immature intestine. Journal of Nutrition 2000;130(2
Suppl):4325-6S.

Gewolb 1999
Gewolb IH, Schwalbe RS, Taciak VL, Harrison TS,
Panigrahi P. Stool microflora in extremely low birthweight
infants. Archives of Disease in Childhood. Fetal and Neonatal
Edition 1999;80(3):F167-73.

Goldmann 1978
Goldmann DA, Leclair ], Macone A. Bacterial colonization

of neonates admitted to an intensive care environment.

Journal of Pediatrics 1978;93(2):288-93.

Holman 1997
Holman RC, Stoll BJ, Clarke MJ, Glass RI. The
epidemiology of necrotizing enterocolitis infant mortality in
the United States. American Journal of Public Health 1997;
87(12):2026-31.

Horbar 2012
Horbar JH, Carpenter JH, Badger GJ, Kenny MJ, Soll RE,
Morrow KA, et al. Mortality and neonatal morbidity among

Probiotics for prevention of necrotizing enterocolitis in preterm infants (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



infants 501 to 1500 grams from 2000 to 2009. Pediatrics
2012;129(6):1019-26.

Hozo 2005
Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and
variance from the median, range, and the size of a sample.

BMC Medical Research Methodology 2005;5:13.

Janvier 2013
Janvier A, Lantos J, Barrington K. The politics of probiotics:
probiotics, necrotizing enterocolitis and the ethics of
neonatal research. Acta Paediatrica 2013;102(2):116-8.

Kafetzis 2003
Kafetzis DA, Skevaki C, Costalos C. Neonatal necrotizing
enterocolitis: an overview. Current Opinion in Infectious

Diseases 2003;16(4):349-55.
Kosloske 1984

Kosloske AM. Pathogenesis and prevention of necrotizing
enterocolitis: a hypothesis based on personal observation
and a review of the literature. Pediatrics 1984;74(6):
1086-92.

Kosloske 1990
Kosloske AM. A unifying hypothesis for pathogenesis and
prevention of necrotizing enterocolitis. Journal of Pediatrics

1990;117:S68-S74. [MEDLINE: 30]

Kosloske 1994
Kosloske AM. Epidemiology of necrotizing enterocolitis.
Acta Paediatrica. Supplement 1994;396:2-7.

La Gamma 1994
La Gamma EF, Browne LE. Feeding practices for infants
weighing less than 1500 G at birth and the pathogenesis of
necrotizing enterocolitis. Clinics in Perinatology 1994;21
(2):271-306.

Lee 2003
Lee JS, Polin RA. Treatment and prevention of necrotizing
enterocolitis. Seminars in Neonatology 2003;8(6):449-59.

Link-Amster 1994
Link-Amster H, Rochat E, Saudan KY, Mignot O,
Aeschlimann JM. Modulation of a specific humoral immune
response and changes in intestinal flora mediated through
fermented milk intake. FEMS Immunology and Medical
Microbiology 1994;10(1):55-63.

Mattar 2001
Mattar AE, Drongowski RA, Coran AG, Harmon CM.
Effect of probiotics on enterocyte bacterial translocation in
vitro. Pediatric Surgery International 2001;17(4):265-8.

Millar 2003
Millar M, Wilks M, Costeloe K. Probiotics for preterm
infants?. Archives of Disease in Childhood. Fetal and Neonatal
Edition 2003;88(5):F354-8.

Musemeche 1986
Musemeche CA, Kosloske AM, Bartow SA, Umland ET.
Comparative effects of ischemia, bacteria, and substrate on

the pathogenesis of intestinal necrosis. Journal of Pediatric

Surgery 1986;21(6):536-8.

Neu 1996
Neu J. Necrotizing enterocolitis: the search for a unifying
pathogenic theory leading to prevention. Pediatric Clinics of
North America 1996;43(2):409-32.

Orrhage 1999
Orrhage K, Nord CE. Factors controlling the bacterial
colonization of the intestine in breastfed infants. Acta

Pacdiatrica. Supplement 1999;88(430):47-57.

Reid 2001
Reid G, Howard J, Gan BS. Can bacterial interference
prevent infection?. Trends in Microbiology 2001;9(9):424-8.

Richard 1988
Richard V, Van der Auwera A, Snoeck R, Daneau D,
Meunier F Nosocomial bacteremia caused by Bacillus
species. European Journal of Clinical Microbiology and
Infectious Diseases 1988;7(6):783-5.

Ricketts 1994
Ricketts RR. Surgical treatment of necrotizing enterocolitis
and the short bowel syndrome. Clinics in Perinatology 1994;
21(2):365-87.

Soll 2010
Soll RE Probiotics: are we ready for routine use?. Pediatrics

2010;125(5):1071-2.

Stoll 1996
Stoll BJ, Gordon T, Korones SB, Shankaran S, Tyson JE,
Bauer CR, et al.Late-onset sepsis in very low birth weight
neonates: a report from the National Institute of Child
Health and Human Development Neonatal Research
Network. Journal of Pediatrics 1996;129(1):63-71.

Stoll 2002a
Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA,
Ehrenkranz RA, et al.Late-onset sepsis in very low birth
weight neonates: the experience of the NICHD Neonatal
Research Network. Pediatrics 2002;110(2 Pt 1):285-91.

Stoll 2002b
Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA,
Ehrenkranz RA, et al.Changes in pathogens causing early-
onset sepsis in very-low-birth-weight infants. New England
Journal of Medicine 2002;347(4):240-7.

Stoll 2004
Stoll BJ, Hansen NI, Adams-Chapman I, Fanaroff AA,
Hintz SR, Vohr B, et al.Neurodevelopmental and growth
impairment among extremely low-birth-weight infants with

neonatal infection. JAMA 2004;292(19):2357-65.

Tarnow-Mordi 2010
Tarnow-Mordi WO, Wilkinson D, Trivedi A, Brok J.
Probiotics reduce all-cause mortality and necrotizing

enterocolitis: it is time to change practice. Pediatrics 2010;

125(5):1068-70.

Walsh 1986
Walsh MC, Kliegman RM. Necrotizing enterocolitis:
treatment based on staging criteria. Pediatric Clinics of

North America 1986;33(1):179-201.

Probiotics for prevention of necrotizing enterocolitis in preterm infants (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Wang 2012 enterocolitis in preterm infants. Cochrane Database

Wang Q, Dong ], Zhu Y. Probiotic supplement reduces risk of Systematic Reviews 2008, Issue 1. [DOI: 10.1002/
of necrotizing enterocolitis and mortality in preterm very 14651858.CD005496.pub2]
low birth weight infants: an updated meta-analysis of 20
randomized, controlled trials. Journal of Pediatric Surgery
2012;47(1):241-8. Al Faleh 2011 o
Alfaleh K, Anabrees J, Bassler D, Al-Kharfi T. Probiotics for
prevention of necrotizing enterocolitis in preterm infants.
Cochrane Database of Systematic Reviews 2011, Issue 3.
Al Faleh 2008 [DOI: 10.1002/14651858.CD005496.pub3]

Alfaleh K, Bassler D. Probiotics for prevention of necrotizing * Indicates the major publication for the study

References to other published versions of this review

Probiotics for prevention of necrotizing enterocolitis in preterm infants (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Al-Hosni 2012

Methods Multicenter randomized controlled double blinded study
Participants 101 infants 501-1000 g, appropriate for gestational age, and < 14 days of age at the time
of feeding initiation
Exclusion: Major congenital anomalies, and have known PS before study
Demographic data:
Probiotics Group N=50, Gestational age (weeks) 25.7 (1.4), birth weight 778 (138)
Placebo Group N=51, Gestational age (weeks) 25.7 (1.4), birth weight 779 (126)
Interventions Probiotic group was given supplement consisting of Lactobacillus rhamnosus GG (LGG)
(Culturelle, Amerifit Brand, Cromwell, CT, USA) 500 million colony forming units
(CFU) and Bifidobacterium infantis (Align, Procter and Gamble, Cincinnati, OH, USA)
500 million CFU suspended in 0.5 mL of infant’s milk.
Probiotic supplementation was added to the first enteral feeding and continued once
daily with feedings thereafter until discharge or until 34 weeks postmenstrual age. The
control group received unsupplemented milk added to their daily feeding
Milk type was not known
Outcomes Primary outcome: Weight <10th percentile at 34 weeks
Secondary outcomes: Average volume of feeding, Growth velocity, Average daily weight
gain, Antimicrobial days, Antibacterial days, Antifungal days, NEC, IVH, ROP, and
CLD
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Not mentioned
bias)
Allocation concealment (selection bias) Unclear risk Not mentioned
Blinding (performance bias and detection Low risk
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk
All outcomes
Selective reporting (reporting bias) Low risk
Other bias Low risk
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Bin-Nun 2005

Methods

Single centre randomized study

Method of generating randomization sequence: not described
Blinding of randomization: not described

Blinding of intervention: yes

Blinding of outcome measurement: yes

Completeness of follow-up: not specified

Participants

145 infants less than 1500 g at birth

Demographic data:

Probiotics Group N=72, Gestational age (weeks) 29.2 (2.6), birth weight 1152 (262)
Placebo Group

N=73, Gestational age (weeks) 29.3 (4.3), birth weight 1111 (278)

Interventions

Probiotics group (N=72) received mixture of Lacrobacillus bifidus, streprococcus ther-
mophillus, andbifidobactrium infantisadded to 3 ml of expressed breast milk or premature
formula enteral feeds

Control group (N=73) received 3 ml of expressed milk or premature formula with no

supplements added

Outcomes

Stage 2 or 3 NEC
Mortality

NEC or mortality
Sepsis

Days to full feeds
Days till TPN stopped

Notes

Israel

Period of study: Sept 2001-Sept 2004
Published: Journal of Pediatrics 2005
Source of Funding: ABC Dophilus

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Method of generating randomization se-
quence: not described

Allocation concealment (selection bias)

Unclear risk Blinding of randomization: not described

Blinding (performance bias and detection
bias)

All outcomes

Low risk Blinding of intervention: yes
Blinding of outcome measurement: yes

Incomplete outcome data (attrition bias) ~ Unclear risk Completeness of follow-up: not specified
All outcomes
Selective reporting (reporting bias) Low risk All clinically important outcomes are de-
scribed
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Braga 2011

Methods A prospective, double blind, randomized controlled trial
Participants 231 Infants with weight 750-1500 g
Demographic data:
Probiotics Group N=119, Gestational age (weeks) 29.5 (2.5), birth weight 1194.7 (206.
3)
Placebo Group N=112, Gestational age (weeks) 29.2 (2.6), birth weight 1151.4 (224.9)
Interventions The participants randomised into two groups of 231 infants:
Control group: 3 mL of pasteurized human milk once a day
Intervention group: Lactobacillus casei andBifidobacterium breve (Yakult - LB) diluted
with 3 mL of pasteurized human milk once a day on the second day to the 30th day of
life, or at discharge if it happens before the 30th day
All enrolled infants received human (expressed breast milk or donor) milk
Outcomes Primary: Necrotising enterocolitis classified as higher or equal to 2 according to Bell’s
criteria
Secondary: The pathogenic bacteria in the faeces, duration of birth weight recovery,
Time to full enteral feeds, and hospital stay
Notes Brazil
ISRCTN67165178
Supported by Conselho Nacional de Desenvolvimento Cient ’ fico e Tecnolo” gico
(grant number 473704/2006-4) and research grants (to PIC de Lira and M de Carvalho
Lima)
External Study Committee observed a major benefit in one of the groups and recom-
mended that the study be interrupted; at this time there were a total of 231 participants
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk
bias)
Allocation concealment (selection bias) Low risk
Blinding (performance bias and detection Low risk
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk
All outcomes
Selective reporting (reporting bias) Low risk
Other bias Low risk
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Costalos 2003

Methods

Single center randomized double blind study

Method of generating randomization sequence: Cards in sealed envelopes
Allocation concealment: Possibly adequate

Blinding of intervention: Yes

Blinding of outcome measurement: Not described

Complete follow-up: Yes

Participants

87 infants, gestational age 28-32 weeks

Exclusion criteria:

Major anomalies, receiving antibiotics or anti-fungals, receiving breast milk
Demographic data:

Probiotics Group N=51, Gestational age (weeks) 31.1 (2.5), birth weight 1651 (470)
Placebo Group N=36, Gestational age (weeks) 31.8 (2.7), birth weight 1644 (348)

Interventions

Probiotics group (N=51) received preterm formula containing approximately 15 nmol/
dL polyamines with added Saccharomyces boulardii 50mg/kg every 12 hours during the
first week of life when enteral feed are tolerated for 30 days

Placebo group (N=36) received same formula with maltodextrins

All enrolled infants received formula milk

Outcomes

NEC

Weight gain
Abdominal distension
Vomiting

Gastric retention
Stool characteristics
Sepsis

Notes

Greece
Period of study: not specified
Published: 2003

Source of Funding: Unclear

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Method of generating randomization se-
& g
quence: Cards in sealed envelopes

Allocation concealment (selection bias)

Low risk Allocation concealment: Possibly adequate

Blinding (performance bias and detection

bias)

Unclear risk Blinding of intervention: Yes
Blinding of outcome measurement: Not

All outcomes described

Incomplete outcome data (attrition bias) ~ Low risk Complete follow-up: Yes

All outcomes
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Dani 2002

Methods Multicenter randomized double blind study (12 centers)
Method of generating randomization sequence: not described
Allocation concealment: Clearly adequate
Blinding of intervention: Yes
Blinding of outcome measurement: Yes
Complete follow-up: Yes
Participants 585 infants, < 33 weeks gestation or <1500 g birth weight enrolled
Exclusion criteria:
Congenital malformation and death within two weeks of birth
Demographic data:
Probiotics Group N=295, gestational age (weeks) 30.8 (2.4), birth weight 1325 (361)
Placebo Group N=290, gestational age (weeks) 30.7 (2.3), birth weight 1345 (384)
Milk type was not known
Interventions Probiotics group (N=295) received standard milk with Lactobacillus GG (Dicoflor®,
Dicofarm, Rome, Italy) with an added dose of 6x109 colony forming units (cfu) once a
day until discharge, starting with first feed
Placebo group (N=290) received standard milk with placebo which was an indistinguish-
able dried powder of maltodextrins
Outcomes Severe NEC
Incidence of PDA
Duration of parenteral nutrition
Urinary tract infection
Bacterial sepsis (culture proven)
Stage 2 and 3 NEC
Single course of antibiotics treatment
NEC related mortality
Notes Italy
Period of study: not specified in paper
Published: 2002
Source of Funding: not specified in paper
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Not described
bias)
Allocation concealment (selection bias) Low risk Clearly adequate
Blinding (performance bias and detection Low risk Blinding of Intervention: Yes

bias)

All outcomes

Blinding of outcome measurement: Yes
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Dani 2002  (Continued)

Incomplete outcome data (attrition bias) ~ Low risk Complete Follow-up: Yes
All outcomes
Selective reporting (reporting bias) Low risk
Other bias Low risk
Demirel 2013
Methods Double blind placebo controlled randomized trial
Participants 271 infants
Inclusion criteria: Infants with gestational age <32 weeks and birth weight <1500 g
who survived to start enteral feeding were enrolled in the study
Exclusion criteria: major congenital anomalies and lack of parental consent
Demographic data:
Probiotics group N=135, gestational age (weeks) 29.4 (2.3), birth weight 1164 (261)
Placebo group N=136, gestational age (weeks) 29.2 (2.5), birth weight 1131 (284)
All enrolled infants received breast milk or formula
Interventions The infants in the study group were given 250 mg (5 billion CFU) S. boulardii added to
breast milk or formula once a day, starting with the first feed, until they were discharged.
The infants in the control group were fed as usual, without supplementation. The sup-
plementation did not change the physical appearance of the milk or formula
Feeding commenced within 48 h of birth when the infant had stable vital signs, active
bowel sounds without abdominal distension, and no bile or blood from the nasogastric
tube
Outcomes Primary Outcome: NEC stage >2 and death
Secondary Outcomes: clinical or culture-proven sepsis, feeding difficulties, and days
required to reach full enteral feeding
Notes NCTO01315821
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Randomisation was simple and unadjusted
bias) and was performed using sequential num-
bers generated at the computer centre of
the NICU
Allocation concealment (selection bias) Low risk The allocations were sealed in opaque, se-
quentially numbered envelopes
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Demirel 2013  (Continued)

Blinding (performance bias and detection Low risk The supplements were prepared by person-
bias) nel on the breast milk team following the
All outcomes instructions in the sealed envelope. These

individuals were the only personnel who
were aware of the group assignments, and

they were not involved in the care of the

infants
Incomplete outcome data (attrition bias) ~ Low risk
All outcomes
Selective reporting (reporting bias) Low risk
Other bias Low risk
Ferndndez-Carrocera 2013
Methods A randomized, double blind clinical trial
Participants 150 infants <1500 g birth weight enrolled
Demographic data:
Probiotics Group N=75, gestational age (weeks) 31.2 (26-35.4), birth weight 1090 (580-
1495)

Placebo Group N=75, gestational age (weeks) 31 (27-36), birth weight 1170 (540-1492)
Exclusion criteria: Preterm newborns with a low Apgar score (<6 at 5 min), gastrointesti-
nal malformations, genetic syndromes, asphyxia and IA-IB NEC stages were excluded

Interventions Infants were randomly assigned to:
The study group received their regular feeds and a daily multi species probiotic feeding
supplement of 1 g/d diluted in 3 ml of expressed mother’s milk when available or a
premature infant formula
The control group received their regular feeds from their mother’s own milk when
available with nothing added, or a premature infant formula

Outcomes Primary outcome: the occurrence of NEC
Secondary outcomes: sepsis, apnea, anaemia, patent ductus arteriosus, and death

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk

bias)
Allocation concealment (selection bias) Low risk
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Ferndndez-Carrocera 2013 (Continued)

Blinding (performance bias and detection Low risk
bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk
All outcomes

Selective reporting (reporting bias) Low risk
Other bias Low risk

Kitajima 1997

Methods

Single center randomized study

Method of generating randomization sequence: Not described
Allocation concealment: Not described

Blinding of intervention: Not described

Blinding of outcome measurement: Not described

Complete follow-up: No (6 patients dropped)

Participants

91 infants, birth weight <1500 g enrolled

Exclusion criteria:

Major anomalies, severe asphyxia, severe IUGR

Demographic data:

Probiotics Group N=45, gestational age (weeks) 28.3 (2.3), birth weight 1026 (24)
Placebo Group N=46, gestational age (weeks) 28.2 (2.1), birth weight 1026 (205)

Interventions

Probiotics group (N=45) received 1 ml supplement of Bifidobacterium brevewith distilled
water 0.5x109 of live B. breve within the 1st 24 hrs of life once per day for 28 days
Control group (N=46) received distilled water

All enrolled infants received expressed breast milk and premature formula

Outcomes

Colonization rate

Mean aspired air volume

Vomiting times/week

Apnoea times/week

Weight gain

Mental retardation and cerebral palsy outcome at 6 years

Notes

Japan
Period of study: May 1990-April 1991
Published: 1997

Source of funding: Unclear

Risk: of bias

Bias

Authors’ judgement Support for judgement
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Kitajima 1997  (Continued)

Random sequence generation (selection Unclear risk Not described

bias)

Allocation concealment (selection bias) Unclear risk Not described

Blinding (performance bias and detection Unclear risk Blinding of Intervention: Not described

bias)

Blinding of outcome measurement: Not

All outcomes described
Incomplete outcome data (attrition bias) ~ High risk Complete Follow-up: No (6 patients
All outcomes dropped)
Selective reporting (reporting bias) High risk Important patient oriented outcomes are

not included

Li 2004
Methods Single center randomized study
Participants 30 infants, of low birth weight.
Exclusion criteria:
Major anomalies, chromosomal anomalies, intrauterine infection
Demographic data:
Probiotics Group A N=10, gestational age (weeks) 33.8 (2.9), birth weight 1523 (490)
Probiotics Group B N=10, gestational age (weeks) 33.8 (3.2), birth weight 1354 (280)
Control (C) Group N=10, gestational age (weeks) 32.4 (3.1), birth weight 1480 (237)
Interventions Probiotics group (N=10) received through gastric tube Bifidobacterium breve twice a
day with feeds till discharge. Group A within several hours of birth, while group B after
the 1st 24 hrs
Control group (N=10) received no supplement
Breast and artificial milk was utilized for feeding
Outcomes Colonization rate
Sepsis
Notes Japan
Period of study: Jan 2000- Aug 2002
Published: 2004
Source of funding: Morinaja Milk industry and Meiji Dairies
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Unclear
bias)
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Li 2004 (Continued)

Allocation concealment (selection bias)

Unclear risk Not described

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk Blinding of intervention: Not described
Blinding of outcome measurement: Not described

Incomplete outcome data (attrition bias) ~ Unclear risk Complete follow-up: Unclear
All outcomes
Selective reporting (reporting bias) High risk Important patient oriented outcomes are not in-
cluded
Lin 2005
Methods Single centre randomized study
Method of generating randomization sequence: Random-number table sequence.
Allocation concealment: Clearly adequate
Blinding of intervention: Yes, only investigators and breast milk team were unblinded.
Blinding of outcome measurement: Yes
Completeness of follow up: Yes
Participants 367 infants less than 1500 g at birth, survived beyond 7 days of life, and started on
enteral feed were enrolled
Demographic data:
Probiotics Group N=180, gestational age (weeks) 28.5(2.5), birth weight 1104 (242)
Placebo Group N=187, gestational age (weeks) 28.2 (2.5), birth weight 1071 (243)
Interventions Probiotics group (N=180) received Infloran® (L. acidophilus and B. infantis) obtained
from the American Type Culture Collection in 1973, 125 mg/kg/dose twice daily with
breast milk until discharge. All enrolled infants received maternal or banked breast milk
Control group (N=187) received breast milk without any addition (no placebo)
Outcomes Death
Stage 2 or 3 NEC
Sepsis (culture proven)
Composite outcomes of death + NEC, sepsis + NEC, death + NEC + sepsis
Duration of parenteral nutrition
Hospitalization days
Notes Taiwan
Period of study: July 1999- December 2003
Published: 2005
Source of funding: supported by research department of China medical university hos-
pital
Risk of bias
Bias Authors’ judgement Support for judgement
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Lin 2005 (Continued)

Random sequence generation (selection Low risk Method of generating randomization se-
bias) quence: Random number table sequence
Allocation concealment (selection bias) Low risk Allocation concealment: Clearly adequate
Blinding (performance bias and detection Low risk Blinding of intervention: Yes, only investi-
bias) gators and breast milk team were unblinded
All outcomes Blinding of outcome measurement: Yes
Incomplete outcome data (attrition bias)  Low risk Completeness of follow up: Yes

All outcomes

Selective reporting (reporting bias) Low risk

Other bias Low risk

Lin 2008

Methods Multicenter trial
Method of generating randomization sequence: Sequential numbers generated at the
computer center
Allocation concealment: Adequate
Blinding of intervention: Yes
Blinding of outcome measurement: Yes
Completeness of follow up: Yes

Participants Very low birth weight infants (birth weight <1500 g)

Demographic data:
The study group N=217, birth weight 1028.9 (246)
The control Group N=217, birth weight 1077 (214.4)

Interventions Infants in the study group were given Bifidobacterium bifidum andLactobacillus aci-
dophilus, added to breast milk or mixed feeding (breast milk and formula), twice daily
for 6 weeks
Infants in the control group were fed with breast milk or mixed feeding

Outcomes Death or severe NEC
NEC, > stage 2
Death not attributable to NEC
Death attributable to NEC
Sepsis
CLD
PVL
IVH, > grade 3

Notes 7 NICUs in Taiwan
Period of study: January 2005 - May 2007
Published: 2008
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Lin 2008 (Continued)

Sources of support: National Science Council of Taiwan

Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Method of generating randomization se-

bias)

quence: Sequential numbers generated at
the computer center

Allocation concealment (selection bias)

Low risk Allocation concealment: Adequate

Blinding (performance bias and detection
bias)

All outcomes

Low risk Blinding of intervention: Yes
Blinding of outcome measurement: Yes

Incomplete outcome data (attrition bias)
All outcomes

Low risk Completeness of follow-up: Yes

Selective reporting (reporting bias)

Low risk

Other bias

Low risk

Manzoni 2006

Methods

Single center randomized study

Method of generating randomization sequence: Computer generated randomization
Allocation concealment: Unclear

Blinding of intervention: Can't tell

Blinding of outcome measurement: Can’t tell

Completeness of follow up: Yes

Participants

80 infants less than 1500 g at birth, survived beyond 3 days of life, and started on human
or donor milk enteral feed were enrolled

Demographic data:

Probiotics Group N=39, gestational age (weeks) 29.6 (5), birth weight 1212 (290)
Placebo Group N=41, gestational age (weeks) 41 (4), birth weight 1174 (340)

Interventions

Probiotics group (N=39) received LGG (Diclofor 60; Dicofarm spa); single dose (1/2
packet of Diclofor 60) daily mixed with human or donor milk till end of the sixth week
or discharge

Control group (N=41) received human or donor milk without any addition (no placebo)

Outcomes

Fungal colonization rates
Stage 2 or 4 NEC

Death

Sepsis (culture proven)

Time to full feeds
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Manzoni 2006 (Continued)

Notes Italy
Period of study: 12 months
Published: 2006
Sources of support: non reported
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Method of generating randomization se-

bias)

quence: computer generated randomiza-

tion
Allocation concealment (selection bias) Unclear risk Allocation concealment: Unclear
Blinding (performance bias and detection Unclear risk Blinding of intervention: Can’t tell

bias)

All outcomes

Blinding of outcome measurement: Can't

tell

Incomplete outcome data (attrition bias)
All outcomes

Low risk Completeness of follow up: Yes

Selective reporting (reporting bias)

Low risk

Manzoni 2009

Methods

Multicenter trial

Method of generating randomization sequence: using ralloc.ado version 3.2.5 in Stata
9.2 (Stata-Corp, College Station, Texas)

Allocation concealment: Yes

Blinding of intervention: Yes

Blinding of outcome measurement: Yes

Completeness of follow up: Yes

Participants

VLBW neonates younger than 3 days

Demographic data:

Probiotics Group N=151, gestational age (weeks) 29.8 (23-35), birth weight 1138 (550-
1500)

Control Group N=153, gestational age (weeks) 29.5 (23-39), birth weight 1109 (437-
1500)

Interventions

Infants received either BLF (Bovine Lactoferrin) (100mg/d) (LF100; Dicofarm SpA,
Rome, Italy) alone or BLF plus LGG (6x10° colony-forming units/d) (Dicoflor60; Di-
cofarm SpA); the control group received placebo (2 mL of a 5% glucose solution).
Treatment lasted 6 (birth weight 1000 g) or 4 (birth weight 1001-1500 g) weeks, unless
neonates were discharged earlier.

Drug administration began on the third day of life with 1 daily dose; all doses including
placebo were diluted in prepared milk so as to maintain blinding
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Manzoni 2009  (Continued)

Enrolled infants received any combination of expressed breast milk, donor breast milk,
and preterm formula

Outcomes

First episode of late-onset sepsis

Incidence of gram-positive/gram-negative bacterial and fungal sepsis

Mortality prior to discharge

Incidence of urinary tract infections, fungal colonization, progression from fungal col-
onization to invasive fungal infection

Severe NEC

Threshold ROP

Severe (grade 3-4) IVH

BPD

Alteration of liver function

Adverse effects or intolerance

Notes

11 Italian tertiary NICU

Period of study: October 1, 2007, and July 31, 2008
Published: 2009

Source of Funding: Dicofarm SpA

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Method of generating randomization se-
quence:using ralloc.ado version 3.2.5 in
Stata 9.2 (Stata-Corp, College Station,

Texas)
Allocation concealment (selection bias) Low risk Allocation concealment: Yes
Blinding (performance bias and detection Low risk Blinding of intervention: Yes

bias)

All outcomes

Blinding of outcome measurement: Yes

Incomplete outcome data (attrition bias) ~ Low risk Completeness of follow-up: Yes

All outcomes

Selective reporting (reporting bias) Low risk

Other bias Low risk
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Mihatsch 2010

Methods A randomized controlled trial

Participants 183 VLBW infants <30 weeks of gestation
Demographic data:
Probiotics Group N=91, gestational age (weeks) 26.6 (1.8), birth weight 856 (251)
Control Group N=89, gestational age (weeks) 26.7 (1.7), birth weight 871 (287)
Exclusion criteria were major congenital malformations and anomalies which might
interfere with nourishing

Interventions B. lactis BB12 suspension or placebo was given in addition to human milk, fortified
human milk or preterm formula. BB12 was provided as lyophilized powder mixed with a
standard preterm infant human milk fortifier. Human milk fortifier powder only (FM85;
Nestlé) was used as placebo. In infants <1,500 g, 1 g of powder was dissolved once a day
in 10 ml of sterile water. In infants >1,500 g, 2 g of powder were dissolved once a day
in 20 ml of sterile water
The control group received the identical volume of placebo suspension
All enrolled infants received maternal breast or formula milk

Outcomes Primary outcome was the ‘incidence density’ of nosocomial infections from day 7 after
initiation of milk feeding until the 42nd day of life
Secondary outcomes was the incidence of necrotizing enterocolitis (NEC; > stage 2)

Notes Division of Neonatology (Children’s Hospital, University of Ulm, Germany)
The study was supported by Nestlé AG, Frankfurt, Germany.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk sealed envelopes, computer-generated, blocked ran-

bias)

domization lists, block size of four

Allocation concealment (selection bias)

Low risk The two indistinguishable powders were provided as
blinded coded 10 gram sachets

Blinding (performance bias and detection Low risk

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk

All outcomes

Selective reporting (reporting bias) Low risk

Other bias Low risk
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Millar 1993

Methods

Single center randomized blinded study

Method of generating randomization sequence: Not described
Allocation concealment: Not described

Blinding of Intervention: Yes

Blinding of outcome measurement: Unclear

Complete follow-up: Yes

Participants

20 infants, < 33 weeks gestation enrolled

Demographic data:

Probiotics Group N=10, gestational age (weeks) 30.5(26-33), birth weight 1445 (800-
2560)

Placebo Group N=10, gestational age (weeks) 30.0 (24-33), birth weight 1500 (830-
2150)

Interventions

Probiotics group received milk feeds with Lactobacillus GG 108 (cfu) twice a day for 14
days, starting with first feed

Placebo group received unsupplemented milk. Enrolled infants received any combination
of expressed breast milk, formula, and preterm formula

Outcomes

Weight gain

Sepsis clinical or lab proven
Antibiotics treatment

Oxygen and ventilatory requirements
Hospital stay

Perineal candidal infection

Duration of hospital stay

Notes

UK

Period of study: Sept 1991-Jan 1992
Published: 1993

Source of Funding: Wessex Medical Trust

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Not described

Unclear risk

Allocation concealment (selection bias)

Not described

Unclear risk

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk Blinding of intervention: Yes
Blinding of outcome measurement: Un-

clear

Incomplete outcome data (attrition bias)  Low risk Complete follow-up: Yes
All outcomes
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Millar 1993  (Continued)

Selective reporting (reporting bias)

High risk Important patient oriented outcomes are

not included

Mohan 2006

Methods

A double blind, placebo controlled, randomized trial

Method of generating randomization sequence: Randoma software version 4.3
Allocation concealment: Not described

Blinding of intervention: Yes

Blinding of outcome measurement: Unclear

Complete follow-up: Yes

Participants

Gestational age of less than 37 weeks
No demographic data were provided

Interventions

69 preterm infants

The probiotic and placebo groups contained 37 and 32 preterm infants, respectively

The verum contained 2 x10° cells of Bifidobacterium lactis Bb12 per gram of powder.

The concentration of Bb12 in 1 ml solution of verum in water was 4 x108. The verum

group received 1.6 x10° cells on day 1 to 3 and 4.8 x10? cells from day 4 onward. Started
on the first day after birth and continued for 21 days. The study ended at the 35th day

after birth or when the infant was discharged from the hospital, if earlier

The formula-based placebo (Nestlé FM 2000B) and verum (Nestlé FM 2000A) prepa-

rations were supplied by Nestlé, Konolfingen, Switzerland

Outcomes

No clinical outcomes were presented in the published data
NEC and sepsis data were collected by contacting the corresponding author

Notes

The Ernst von Bergmann hospital, Potsdam, Germany
Period of study: August 2003 - June 2005

Published: 2006

Source of funding: Not reported

Risk: of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Method of generating randomization se-

quence: Randoma software version 4.3

Allocation concealment (selection bias)

Unclear risk Allocation concealment: Not described

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk Blinding of intervention: Yes

Blinding of outcome measurement: Un-

clear

Incomplete outcome data (attrition bias)
All outcomes

Low risk Complete follow-up: Yes
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Mohan 2006 (Continued)

Selective reporting (reporting bias)

High risk Important patient oriented outcomes are
not included

ProPrems 2013

Methods

A prospective multicenter, double blinded, placebo controlled, randomized trial

Participants

Infants, born <32 completed weeks' gestation and weighing <1500g, were eligible for
enrolment within 72 hours of birth

Infants were excluded if they had major congenital or chromosomal anomalies, if death
was considered likely within 72 hours of birth, or if the mother was taking non-dietary
probiotic supplements

Interventions

The intervention was the probiotic combination B. infantis, Streptococcus thermophilus
and B. lactis (ABC Dophilus Probiotic Powder for Infants®, Solgar, USA) with 1 x 10°
total organisms per 1.5 g, in a maltodextrin base powder.

The placebo was maltodextrin powder. The intervention was only administered when an
infant was receiving at least ImL of milk 4 hourly. The daily dose was two 1mL spoons,
equivalent to 1.5g of study powder, reconstituted with 3mL breast milk or formula.
When an infant received <3mL milk per feed, one ImL spoon of powder was mixed
with 1-5mL milk and given twice daily. The dose was the same irrespective of the infant’s
current weight or postnatal age and was administered daily by gastric tube or mouth,
until discharge from hospital or term corrected age

All enrolled infants received breast or formula milk

Outcomes

The primary outcome was the incidence of at least one episode of definite late-onset
sepsis before 40 weeks” postmenstrual age or discharge home, whichever occurred first
Secondary outcomes were the incidence of definite or clinical sepsis, the composite
outcome of definite or clinical late-onset sepsis, the number of courses and duration of
antibiotic treatment, the incidence of definite sepsis with a probiotic species, mortality,
the incidence of NEC, duration of primary hospitalization and intravenous nutrition,
time to enteral feeds of 120 mL/kg/day for >3 days, breast milk feeding rates, days to
regain birth weight, weight at 28 days of age and at discharge, PDA treated, IVH grade
3 or 4 or cystic PVL, ROP > grade 3, oxygen treatment and/ or respiratory support

Notes

ProPrems trial was conducted in Australia (n = 8) and New Zealand (n = 2)
ACTRN12607000144415

Included data in this review are unpublished

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection Low risk

bias)
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ProPrems 2013  (Continued)

Allocation concealment (selection bias)

Low risk The schedule was provided to the pharma-
cist at RWH who made up individual bot-
tles for each randomized infant, coded by
sequential study number

Blinding (performance bias and detection
bias)

All outcomes

Low risk

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Selective reporting (reporting bias)

Low risk

Other bias

Low risk

Reuman 1986

Methods

Randomized double blind study

Method of generating randomization sequence: random number charts and the last digit
of patient’s chart number, the next matched infants is assigned to the opposite group
Allocation concealment: clearly inadequate

Blinding of intervention: Yes

Blinding of outcome measurement: Yes

Complete follow-up: Yes

Participants

45 infants, <2000 gm at birth weight who survived beyond first 24 hrs and are younger
than 72 hrs

Demographic data:

Probiotics Group N=15, gestational age (weeks) 30.6 (2.7), birth weight 1366 (302)
Placebo Group N=15, gestational age (weeks) 30.5 (2.8), birth weight 1377 (344)
Untreated group N=15, gestational age(weeks) 30.7 (2.9), birth weight 1329 (337)

Interventions

Probiotics group received at least 1 mL of formula containing lactobacillus. 5x10'° or-
ganisms/mL preparation diluted 100 times in infants formula

Placebo group received 1 mL of formula with no added lactobacillus

Both groups started within 72 hrs of birth

The untreated group received nothing per mouth for 2 weeks

All enrolled infants received formula milk

Outcomes

Death

Colonization rates
Hospitalization duration
Daily weight gain

Hospital acquired infection
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Reuman 1986 (Continued)

Notes [N
Period of study: not specified in paper
Published: 1986
Source of
Funding: not specified in paper
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection High risk Method of generating randomization se-

bias)

quence: random number charts and the last
digit of patient’s chart number, the next
matched infants is assigned to the opposite

group

Allocation concealment (selection bias) High risk Allocation concealment: Clearly inade-
quate

Blinding (performance bias and detection Low risk Blinding of intervention: Yes

bias)

All outcomes

Blinding of outcome measurement: Yes

Incomplete outcome data (attrition bias) ~ Low risk Complete follow-up: Yes
All outcomes
Selective reporting (reporting bias) High risk

Rojas 2012

Methods

Multicenter, double blinded, randomized, placebo controlled trial

Participants

Inclusion criteria: admission to the NICU, birth weight <2000 g, hemodynamically
stable, and <48 hours of age

Infants with evidence or suspicion of congenital intestinal obstruction or perforation,
gastroschisis, large omphalocele, congenital diaphragmatic hernia, major congenital heart
defects, or anticipated transfer to a NICU not participating in the study were excluded

Interventions

Infants in the probiotic group received 5 drops of an oil-based suspension containing
108 colony-forming units of L. reuteri DSM 17938 (BioGaia AB, Stockholm, Sweden)
once a day

For infants in the placebo group, an equal number of drops from an identical vial
containing only the oil base were administered

Enrolled infants received any combination of maternal breast milk and/or preterm for-
mula

Probiotics for prevention of necrotizing enterocolitis in preterm infants (Review) 36
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Rojas 2012 (Continued)
Outcomes The primary outcome was death or NI
Secondary outcomes included nosocomial pneumonia, NEC, feeding intolerance, and
duration of hospitalization
Notes Colombia
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer generated balanced block ran-
bias) domization scheme
Allocation concealment (selection bias) Low risk Sealed, sequentially numbered, opaque en-
velopes, color-coded for strata, available in
each NICU pharmacy
Blinding (performance bias and detection Low risk
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk
All outcomes
Selective reporting (reporting bias) Low risk
Other bias Low risk

Romeo 2011a

Methods Prospective randomized trial (Romeolla and Romeo 2011b are the same trial)

Participants 249 preterms with a birth weight <2500 g and a gestational age <37 weeks
All the infants were outborn. Inclusion criteria were admission to the NICU, a stable oral
feeding within 72 h of birth and an informed parental consent; exclusion criteria were
the presence of major congenital malformation or antenatal and perinatal risk factors for
sepsis

Interventions The newborns were randomized into three groups:
Group I (n=83; 12 with a birth weight <1500 g, 71 >1500 g) received supplementation
with L. reuteri American Type Culture Collection (ATCC) 55730 5 drops daily
Group II (n=83; 28 <1500 g, 55 >1500 g) received supplementation with L. rhamnosus
ATCC 53103 1 capsule daily
Group IIT included newborns with no probiotics (control; n=83; 16 <1500 g, 67 >1500
g). Patients received supplementation from the first 72 h after hospitalization for 6 weeks
or until they were discharged from the NICU
All enrolled infants received breast or formula milk
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Romeo 2011a (Continued)

Outcomes The primary outcome was to evaluate the incidence of enteric fungal colonization
The secondary outcomes were days of parenteral nutrition, days of antibiotic treatment,
days of hospitalization, etc

Notes NICU of the Policlinico University of Catania, Italy

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Random number table

bias)

Allocation concealment (selection bias)

Unclear risk Not mentioned

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk Not mentioned

Incomplete outcome data (attrition bias) ~ Low risk
All outcomes
Selective reporting (reporting bias) Low risk
Other bias Low risk
Romeo 2011b
Methods Prospective randomized trial (Romeolla and Romeo 2011b are the same trial)
Participants 249 preterms with a birth weight <2500 g and a gestational age <37 weeks
All the infants were outborn. Inclusion criteria were admission to the NICU, a stable oral
feeding within 72 h of birth and an informed parental consent; exclusion criteria were
the presence of major congenital malformation or antenatal and perinatal risk factors for
sepsis
Interventions The newborns were randomized into three groups:
Group I (n=83; 12 with a birth weight <1500 g, 71 >1500 g) received supplementation
with L. reuteri American Type Culture Collection (ATCC) 55730 5 drops daily
Group II (n=83; 28 <1500 g, 55>1500 g) received supplementation with L. rhamnosus
ATCC 53103 1 capsule daily
Group IIT included newborns with no probiotics (control; n=83; 16 <1500 g, 67 >1500
g). Patients received supplementation from the first 72 h after hospitalization for 6 weeks
or until they were discharged from the NICU
All enrolled infants received breast or formula milk
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Romeo 2011b  (Continued)

Outcomes The primary outcome was to evaluate the incidence of enteric fungal colonization
The secondary outcomes were days of parenteral nutrition, days of antibiotic treatment,
days of hospitalization, etc

Notes NICU of the Policlinico University of Catania, Italy

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Random number table

bias)

Allocation concealment (selection bias)

Unclear risk Not mentioned

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk Not mentioned

Incomplete outcome data (attrition bias) ~ Low risk
All outcomes
Selective reporting (reporting bias) Low risk
Other bias Low risk
Rougé 2009
Methods Two centers
Participants Gestational age, <32 wk, a birth weight, <1500 g
Demographic data:
Probiotics Group N=45, gestational age (weeks) 28.1 (1.9), birth weight 1115 (251)
Placebo Group N=49, gestational age (weeks) 28.1 (1.8), birth weight 1057 (260)
Interventions Placebo group (N 49) receive 4 daily capsules of a supplement containing maltodextrin
alone
Probiotic group (N 45) 108 Iyophilized cells per unit of the probiotics L. rhamnosus GG
(Valio, Ltd) and B. longum BB536 (Morinaga Milk Industry Co, Ltd, Tokyo, Japan)
and maltodextrin beginning on the day when enteral feeding started until discharge
Infants were fed human (own mother’s expressed milk or bank milk) and/or preterm
formula
Outcomes The percentage of infants receiving more than 50% of their nutritional needs via enteral
feeding on the 14th day of life
Nutrition on day 14 (more than 50% of calories received enterally and total calories
delivered enterally)
Nosocomial infections
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Rougé 2009  (Continued)

Sepsis with positive blood culture
Duration of antibiotic use
Necrotizing enterocolitis

Duration of ventilatory support
Duration of CPAP

Duration of oxygen therapy

Systemic postnatal corticoid treatment
Duration of hospital stay

Death

Notes

France

Period of study: Aprill 2005 - January 2007

Published: 2009

Source of Funding:from the Programme Hospitalier de Recherche Clinique of the French
Ministry of Health and the Délégation a la Recherche Clinique, CHU de Nantes

Risk of bias

Bias

Authors’ judgement  Support for judgement

Random sequence generation (selection

bias)

Low risk Method of generating randomization sequence: In-house soft-

ware (Nantes University Hospital, Nantes, France)

Allocation concealment (selection bias)

Unclear risk Not mentioned

Blinding (performance bias and detection Low risk Blinding of intervention: Yes
bias) Blinding of outcome measurement: Yes
All outcomes
Incomplete outcome data (attrition bias)  Low risk Complete follow-up: Yes
All outcomes
Selective reporting (reporting bias) Low risk
Other bias Low risk
Samanta 2009
Methods Prospective randomized double blind controlled trial
Participants Gestational age <32 weeks and VLBW infants (<1500 g) started feed enterally and
survived beyond 48 h of life
Demographic data:
Probiotics Group N=91, gestational age 30.12 (weeks) (1.63), birth weight 1172 (143)
Control Group N=95, gestational age 30.14 (weeks) (1.59), birth weight 1210 (143)
Interventions The probiotic group received a probiotic mixture (Bifidobacteria infantis, Bifidobacteria
bifidum, Bifidobacteria longum andLactobacillus acidophilus, each 2.5 billion CFU) with
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Samanta 2009 (Continued)

expressed breast milk twice daily, the dosage being 125 g kg ~! till discharge. The control
group was fed with breast milk only
Infants were fed breast milk only

Outcomes Feed tolerance in terms of days required to reach full enteral feeding
Length of hospital stay
NEC
Sepsis
Death due to NEC or sepsis
Notes Neonatal Care Unit of Medical College and Hospital, Kolkata, India
Period of study: October 2007 - March 2008
Published: 2009
Source of Funding: not specified in paper
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Can’t tell
bias)
Allocation concealment (selection bias) Unclear risk Can’t tell
Blinding (performance bias and detection Unclear risk Blinding of intervention: Can’t tell

bias)

All outcomes

Blinding of outcome measurement: Can't
tell

Incomplete outcome data (attrition bias)
All outcomes

Low risk Complete follow-up: Yes

Sari 2010
Methods Single center
Participants Gestational age <33 weeks or birth weight <1500 g
Demographic data:
Probiotics Group N=110, gestational age 29.5 (weeks) (2.4), birth weight 1231 (262)
Control Group N=111, gestational age 29.7 (weeks) (2.4), birth weight 1278 (282)
Interventions VLBW infants who survived to start enteral feeding were randomized
The study group were given L. sporogenes with a dose of 350.000.000 colony forming
units added to breast milk or formula once a day starting with first feed until discharge.
The control group were fed without L. sporogenes supplementation
All enrolled infants received breast milk or mix feeding (breast milk and formula)
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Sari 2010  (Continued)

Outcomes

Death or severe NEC

NEC (stage 2, 3, > 2)

Death (attributable to NEC, not attributable to NEC)

Total parental nutrition

Intraventricular hemorrhage, grade 3-4,

Sepsis (culture proven, gram negative, gram positive, fungus)
NICU stay

Feeding (amount, full feeding, intolerance)

Weight gain

Notes

Turkey
Period of study: October 2008 and June 2009
Published: Unpublished

Source of Funding: not specified in paper

Risk of bias

Bias

Authors’ judgement  Support for judgement

Random sequence generation (selection

bias)

Low risk Method of generating randomization sequence: Sequential
numbers generated at the computer center of the NICU

Allocation concealment (selection bias)

Unclear risk Allocation concealment: Can't tell

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk Blinding of intervention: Can't tell
Blinding of outcome measurement: Yes

Incomplete outcome data (attrition bias) ~ Low risk Complete follow-up: Yes
All outcomes
Selective reporting (reporting bias) Low risk

Stratiki 2007
Methods Single center
Participants Gestational age between 27 and 37 weeks, stable state, formula fed
Demographic data:
Probiotics Group N=41, gestational age 31 weeks (27-37), birth weight 1500 (900-
1780)
Control Group N=34, gestational age 30.5 weeks (26-37), birth weight 1500 (700-
1900)
Interventions 81 infants
Group A (study group) was given a BL supplemented preterm formula - Prenan Nestlé
- (BLSPF) at a concentration of 2x107 CFU/g of milk powder
Group B (control) received exactly the same formula but without the addition of BL
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Stratiki 2007  (Continued)

All enrolled infants received only formula milk

Outcomes Intestinal permeability
Somatic growth
Tolerance
Sepsis
Necrotizing enterocolitis

Notes Greece
Period of study: January 2004 - December 2005
Published: 2007

Source of Funding: not specified in paper (Nestlé Company, Vevey provide the B. lactis

supplemented milk formula)

Risk of bias

Bias Authors’ judgement  Support for judgement

Random sequence generation (selection Unclear risk Method of generating randomization sequence: Can't tell
bias)

Allocation concealment (selection bias) Unclear risk Allocation concealment: Can’t tell

Blinding (performance bias and detection Low risk Blinding of intervention: Yes

bias) Blinding of outcome measurement: Yes

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk Complete follow-up: Yes
All outcomes

Selective reporting (reporting bias) High risk Important patient oriented clinical outcomes are not included

Characteristics of excluded studies /ordered by study ID]

Study Reason for exclusion

Agarwal 2003 No clinical outcomes were presented (Agarwal 2003)

Awad 2010 Data included full term infants (Awad 2010)

Di 2010 Article in Chinese, reference retrieved by manual search of included studies references in Wang 2012

Havranek 2013 A substudy of multicenter trial by Al-Hosni 2012

Huang 2009 Article in Chinese, reference retrieved by manual search of included studies references in Wang 2012
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(Continued)

Ke 2008 Article in Chinese, reference retrieved by manual search of included studies references in Wang 2012

Ren 2010 Article in Chinese, reference retrieved by manual search of included studies references in Wang 2012

Stansbridge 1993  No clinical outcomes were presented (Stansbridge 1993)

Uhlemann 1999  Data included full term infants (Uhlemann 1999)

Characteristics of ongoing studies /ordered by study ID]

Cooper

Trial name or title

Necrotizing Enterocolitis and B. Lactis in Premature Babies

Methods Multi-centre double-blind placebo-controlled randomized trial

Participants Inclusion Criteria: Weight between 800-1500 g, Tolerating enteral feeding within 48 hours, Having obtained
his/her parents or legal representative informed consent
Exclusion Criteria: Chromosomal abnormality, Hydrops featalis, Congenital malformation of the gastroin-
testinal tract, Congenital heart defects or other major congenital abnormalities likely to affect feeding and/or
feeding tolerance, or Currently participating in another clinical trial

Interventions One capsule containing probiotics per day added to milk

Outcomes Primary Outcome: NEC onset

Secondary Outcome: Antibiotic administration and stool microbiology

Starting date

November 2009

Contact information

Peter A. Cooper

peter.cooper@wits.ac.za

Notes Sponsor by Nestlé
South Africa
NCT00977912
Ongoing
Costeloe

Trial name or title

The administration of probiotic to premature babies to prevent infection, severe intestinal complication (i.e.
necrotising enterocolitis) and death

Methods

Multicenter double-blind placebo-controlled randomized trial
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Costeloe (Continued)

Participants

1. Both males and females, born before 31 completed weeks of gestation, i.e. up to and including 30 weeks
+ 6 days by the best estimate of Expected Date of Delivery

2. Less than 48 hours old

3. With written informed parental consent

4. Babies already on antibiotics for suspected or proven infection are eligible for recruitment to the study

Interventions

Bifidobacterium breve strain BBG (B breve BBG)

The placebo is corn starch alone

Both products are manufactured in identical foil sachets each containing 1 gram of product

The intervention will be given once daily starting as soon as possible after randomization and continuing
until 36 completed weeks of post-menstrual age (36 weeks + 0 days) or death or discharge from hospital if
sooner

1,300 babies will be recruited over 30 months

Outcomes

Primary:

1. Any baby with an episode of blood stream infection, with any organism other than a skin commensal

2. Necrotising enterocolitis, Bell stage II or III

3. Death before discharge

Secondary:

1. Number of babies with the composite outcome of any or a combination of the 3 primary outcomes
Outcomes 2 to 7 are for samples taken more than 72 hours after birth and before death or discharge home:
2. Number of babies with any positive blood culture with an organism recognized as a skin commensal e.g.
CoNS or Corynebacteria

3. Number of babies with blood cultures taken

4. Number of blood cultures taken per baby

5. Number of babies with episodes of blood stream infection with organisms other than skin commensals by
organism

6. Number of babies with isolates of organisms other than skin commensals from a normally sterile site other
than blood

7. Number of babies with a positive culture of B breve BBG from any normally sterile site

8. Total duration of days of antibiotics and/or anti-fungals administered per baby after 72 hours and until
death or discharge

9. The number of babies colonized with the administered probiotic strain

10. Stool flora

11. Age at achieving full enteral nutrition (defined as 150 ml/kg/day for 1 day)

12. Change of weight Z score from birth to 36 weeks post-menstrual age or discharge from hospital if sooner
13. Broncho-pulmonary dysplasia

14. Hydrocephalus and/or intraparenchymal cysts confirmed by cerebral ultrasound scan performed during
the baby’s in-patient stay

15. Worst stage of retinopathy of prematurity in either eye at discharge or death

16. Length of stay in intensive, high dependency and special care (British Association of Perinatal Medicine
(BAPM) 2001: definitions)

Starting date

01/12/2009

Contact information

Prof Kate Costeloe

Barts and the London School of Medicine and Dentistry
Neonatal Unit

Homerton University Hospital
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Costeloe (Continued)

Homerton Row

Notes UK
ISRCTNO05511098
Completed
Kusuda

Trial name or title

Effect of Bifidobacterium Bifidum Supplementation on Morbidity of Very Low Birth Weight Infants

Methods Double-blind placebo-controlled randomized trial

Participants Inclusion Criteria: Infants with birth weight less than 1500g
Exclusion Criteria: Sever bacteremia, Congenital anomaly, Not suitable for the trial defined by an attending
neonatologist

Interventions B. bifidum (OLB6378) supplementation with approximately 2.5*10 to 9th bacteria per day

Outcomes Primary Outcome:Postnatal day when enteral feeding exceeded at 100ml/kg/day

Secondary Outcome:standard deviation scores of bodyweight and head circumference
Necrotizing enterocolitis or sepsis
Intestinal flora

Starting date

January 2010

Contact information

Satoshi Kusuda
Tokyo Women’s Medical University

Notes

NCT01375309
Completed

Moral

Trial name or title

Effects of Lactobacillus Reuteri in Premature Infants

Methods

Multicenter double-blind placebo-controlled randomized trial

Participants

Inclusion criteria:

e Preterm newborns admitted to the neonatal intensive care units with a birth weight 700-1500 g and
who survive more than 3 days
Exclusion criteria:

e Chromosomal anomalies.

e Major congenital anomalies (complex cardiac anomalies, congenital hydrocephalus, renal dysplasia)

e Congenital (e.g. jejunal atresia) and acquired (e.g. GI perforation) gastrointestinal pathology
precluding oral feed and/or requiring major surgical or medical intervention

o Parental refusal

e Prior enrolment into a conflicting clinical trial
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Moral (Continued)

Interventions

L. reuteri DSM will be given at a dose of 1x10% colony forming units (CFU)/day

Outcomes

Primary Outcome: Time to reach full feeds
Secondary Outcome: Intestinal colonization and Intestinal immunological response

Starting date

July 2010

Contact information

Teresa del Moral
University of Miami

Notes

NCT01181791
Chile

Oncel

Trial name or title

Lactobacillus Reuteri for Prevention of Necrotizing Enterocolitis in Very Low-birth Weight Infants

Methods

Randomised placebo controlled trial

Participants

Inclusion Criteria: Very low birth weight infants < 1500 g, Gestational age < 32 weeks

Exclusion Criteria: Genetic anomalies, Short bowel syndrome, Not willing to participate, Allergy to L. reuteri

components

Interventions

L. reuteri 100 million CFU/day for 3 months

Outcomes

Primary Outcome: NEC in VLBW infants
Secondary Outcomes:Culture proved sepsis, Weight gain, and Length of hospital stay

Starting date

February 2012

Contact information

Mehmet Yekta Oncel

Zekai Tahir Burak Maternity Teaching Hospital, Neonatology Unit

Notes

NCT01531179
Completed

Punnahitananda

Trial name or title

Effect of Oral Probiotic Supplementation on The Rate of Hospital Acquired Infection and Necrotizing

Enterocolitis in PretermVery Low Birth Weight Infants

Methods

Randomised placebo controlled trial

Participants

VLBW preterm infants (Gestational age < 35 weeks , BW < 1500 g ) admitted to the NICU who survived

the first 3 days of life

Exclusion Criteria: Infants with chromosome abnormality or severe congenital defects, especially gastroin-
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Punnahitananda (Continued)

testinal anomalies and infants with unstable hemodynamic status

Interventions Daily enteral probiotic supplementation (live Lactobacillus acidophilus and Bifidobacterium infantis) at a dose
of 2.5 x 108 CFU of each strain once a day for at least 28 days or until discharge
The control group received daily placebo

Outcomes Primary Outcome:incidence of nosocomial infections

Secondary Outcome:incidence of NEC, feeding tolerance, time to full enteral feeding

Starting date

January 2005

Contact information

Santi Punnahitananda, Faculty of Medicine Chulalongkorn University

Thailand
Notes Study First Received: April 19, 2011
ISRCTN 39142169
Completed
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DATA AND ANALYSES

Comparison 1. Probiotics versus control (all infants)

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Severe necrotising enterocolitis 20 5529 Risk Ratio (M-H, Fixed, 95% CI) 0.43 [0.33, 0.56]
(stage II-IIT)
2 Culture proven sepsis 19 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
2.1 Any sepsis 19 5338 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.80, 1.03]
2.2 Any Bacterial sepsis 1 101 Risk Ratio (M-H, Fixed, 95% CI) 0.70 [0.36, 1.36]
2.3 Any Fungal sepsis 1 101 Risk Ratio (M-H, Fixed, 95% CI) 5.10 [0.25, 103.60]
3 Mortality 18 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
3.1 All causes of neonatal 17 5112 Risk Ratio (M-H, Fixed, 95% CI) 0.65 [0.52, 0.81]
mortality
3.2 NEC related mortality 7 2755 Risk Ratio (M-H, Fixed, 95% CI) 0.39 [0.18, 0.82]
4 Parenteral nutrition duration 7 2804 Mean Difference (IV, Fixed, 95% CI) -0.25 [-0.52, 0.03]
(days)
5 Hospitalization duration (days) 11 3713 Mean Difference (IV, Fixed, 95% CI) -3.71 [-4.32, -3.11]
6 Weight gain 5 Mean Difference (IV, Fixed, 95% CI) Subtotals only
6.1 g/week 1 87 Mean Difference (IV, Fixed, 95% CI) 7.20 [-0.06, 14.46]
6.2 g/day 2 131 Mean Difference (IV, Fixed, 95% CI) 2.14 [0.01, 4.27]
6.3 g/kg/day 2 241 Mean Difference (IV, Fixed, 95% CI) 0.28 [-0.93, 1.49]
7 Time to full enteral feeds 8 2657 Mean Difference (IV, Fixed, 95% CI) -1.32 [-1.48, -1.17]
8 Death or severe NEC or sepsis 1 367 Risk Ratio (M-H, Fixed, 95% CI) 0.54 [0.37, 0.79]
9 Long-term outcomes 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
9.1 Mental retardation and 1 85 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.15, 6.94]

Cerebral palsy

Comparison 2. Probiotics versus control (infants < 1500 g)

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Severe necrotising enterocolitis 17 4914 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.31, 0.56]
(stage II-IIT)
2 Culture proven sepsis 16 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
2.1 Any sepsis 16 5154 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.81, 1.04]
2.2 Any Bacterial sepsis 1 101 Risk Ratio (M-H, Fixed, 95% CI) 0.70 [0.36, 1.36]
2.3 Any Fungal sepsis 1 101 Risk Ratio (M-H, Fixed, 95% CI) 5.10 [0.25, 103.60]
3 Mortality 17 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
3.1 All causes of neonatal 17 5303 Risk Ratio (M-H, Fixed, 95% CI) 0.66 [0.53, 0.82]
mortality
3.2 NEC related mortality 7 2755 Risk Ratio (M-H, Fixed, 95% CI) 0.39 [0.18, 0.82]
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Comparison 3. Probiotics versus control (infants < 1000 g)

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Severe necrotising enterocolitis 2 575 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.37, 1.58]
(stage II-IIT)
2 Culture proven sepsis 2 1200 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.63, 1.06]
3 Mortality 2 1199 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.58, 1.53]

Comparison 4. Probiotics versus control (species of probiotic)

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Severe NEC- Species of 20 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
probiotics
1.1 Lactobacillus 5 1955 Risk Ratio (M-H, Fixed, 95% CI) 0.45 [0.27, 0.75]
1.2 Bifidobacterium 4 409 Risk Ratio (M-H, Fixed, 95% CI) 0.48 [0.16, 1.47]
1.3 Saccharomyces boulardii 2 357 Risk Ratio (M-H, Fixed, 95% CI) 0.72 [0.34, 1.55]
1.4 A mixture of two to three 9 2807 Risk Ratio (M-H, Fixed, 95% CI) 0.37 [0.25, 0.54]
species of probiotics
2 Culture proven sepsis 19 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
2.1 Lactobacillus 5 1955 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.71, 1.16]
2.2 Bifidobacterium 3 348 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.58, 1.34]
2.3 Saccharomyces boulardii 2 358 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.54, 1.57]
2.4 A mixture of two to three 9 2677 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.78, 1.06]
species of probiotics
3 Mortality 16 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
3.1 Lactobacillus 4 1734 Risk Ratio (M-H, Fixed, 95% CI) 0.72 [0.47, 1.10]
3.2 Bifidobacterium 2 271 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.14, 3.60]
3.3 Saccharomyces boulardii 1 271 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.30, 3.40]
3.4 A mixture of two to three 9 2806 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.47, 0.81]
species of probiotics
Comparison 5. Probiotics versus control (time of initiation)
No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Severe NEC- Time of initiation 16 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
1.1 Less than 48 hours of age 3 1072 Risk Ratio (M-H, Fixed, 95% CI) 0.49 [0.23, 1.05]
1.2 More than 48 hours of age 1 319 Risk Ratio (M-H, Fixed, 95% CI) 0.05 [0.00, 0.90]
1.3 At the time of the first feed 9 2318 Risk Ratio (M-H, Fixed, 95% CI) 0.44 [0.30, 0.65]
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1.4 During the first week 3 236 Risk Ratio (M-H, Fixed, 95% CI)

when enteral feeds were

0.64 [0.26, 1.55]

tolerated
2 Culture proven sepsis 16 4017 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.79, 1.05]
2.1 Less than 48 hours of age 3 1072 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.79, 1.44]
2.2 More than 48 hours of age 1 319 Risk Ratio (M-H, Fixed, 95% CI) 0.27 [0.12, 0.60]
2.3 At the time of the first feed 10 2459 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.81, 1.14]
2.4 During the first week 2 167 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.58, 1.34]
when enteral feeds were
tolerated
3 Mortality 14 3838 Risk Ratio (M-H, Fixed, 95% CI) 0.61 [0.47, 0.79]
3.1 Less than 48 hours of age 3 1072 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.58, 1.17]
3.2 More than 48 hours of age 1 319 Risk Ratio (M-H, Fixed, 95% CI) 0.56 [0.21, 1.45]
3.3 At the time of the first feed 9 2367 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.26, 0.63]
3.4 During the first week 1 80 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.29, 2.64]
when enteral feeds were
tolerated
Comparison 6. Probiotics versus control (duration of probiotics administration)
No. of No. of
Outcome or subgroup title Statistical method Effect size

studies participants

1 Severe NEC- The duration of 16 Risk Ratio (M-H, Fixed, 95% CI)
probiotics administration
1.1 Four to six weeks 5 1162 Risk Ratio (M-H, Fixed, 95% CI)
1.2 More than six weeks or 11 2985 Risk Ratio (M-H, Fixed, 95% CI)
until discharged from NICU
2 Culture proven sepsis 14 3247 Risk Ratio (M-H, Fixed, 95% CI)
2.1 Four to six weeks 5 1162 Risk Ratio (M-H, Fixed, 95% CI)
2.2 More than six weeks or 9 2085 Risk Ratio (M-H, Fixed, 95% CI)
until discharged from NICU
3 Mortality 14 Risk Ratio (M-H, Fixed, 95% CI)
3.1 Four to six weeks 4 1075 Risk Ratio (M-H, Fixed, 95% CI)
3.2 More than six weeks or 10 3591 Risk Ratio (M-H, Fixed, 95% CI)

until discharged from NICU

Subtotals only

0.26 [0.13, 0.52]
0.53 [0.37, 0.75]

0.88 [0.77, 1.02]
0.91 [0.71, 1.18]
0.87 [0.73, 1.04]

Subtotals only
0.67 [0.45, 1.00]
0.65 [0.49, 0.87]

Comparison 7. Probiotics versus control (high quality studies)

No. of No. of

Outcome or subgroup title studies participants Statistical method

Effect size

1 Severe necrotising enterocolitis 11 4473 Risk Ratio (M-H, Fixed, 95% CI)
(stage II-IIT)

2 Culture proven sepsis 10 Risk Ratio (M-H, Fixed, 95% CI)

2.1 Any sepsis 10 4323 Risk Ratio (M-H, Fixed, 95% CI)

3 Mortality 10 Risk Ratio (M-H, Fixed, 95% CI)

0.43 [0.31, 0.59]

Subtotals only
0.89 [0.77, 1.04]
Subtotals only
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3.1 All causes of neonatal 10
mortality
3.2 NEC related mortality 4

4386 Risk Ratio (M-H, Fixed, 95% CI)

2298 Risk Ratio (M-H, Fixed, 95% CI)

0.71 [0.55, 0.91]

0.47 [0.20, 1.09]

Analysis I.1. Comparison | Probiotics versus control (all infants), Outcome | Severe necrotising

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: | Probiotics versus control (all infants)

Outcome: | Severe necrotising enterocolitis (stage II-Ill)

enterocolitis (stage II-1lI).

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% Cl M-HFixed,95% Cl
Al-Hosni 2012 2/50 2/51 I 1.02[0.15,696]
Bin-Nun 2005 1172 10/73 - 0.10[001,077]
Braga 2011 0/119 4112 I 0.10[ 001, 192]
Costalos 2003 5/51 6/36 -1 059[0.19, 1.78 ]
Dani 2002 41295 8/290 T 049 [0.15 1.61]
Demirel 2013 6/135 7/136 T 0.86[0.30,2.50]
Fern ndez-Carrocera 2013 6/75 12/75 -7 050020, 1.26]
Kitajima 1997 0/45 0/46 00[00,00]
Lin 2005 2/180 10/187 ] 021 [0.05,094]
Lin 2008 4217 14217 —_ 029[0.10,085]
Manzoni 2006 1/39 3/41 - 1 0.35[004,323]
Manzoni 2009 0/151 10/168 — 0.05[0.00,090]
Mihatsch 2010 2/91 4/89 T 049 [0.09, 260 ]
Mohan 2006 2/37 1/32 I R— 1.73[0.16,1820]
ProPrems 2013 11/548 24/551 - 046[023,093]
Rojas 2012 91372 15/378 ™7 0.61[027,138]
Roug™x00e9™ 2009 2/45 1/49 - 2.18[020,2321]
Samanta 2009 5/91 15/95 —_ 0.35[0.13,092]
Sari 2010 6/110 10/111 - 061023 161]
Stratiki 2007 0/38 3/31 - 1 0.12[001,2.19]
Total (95% CI) 2761 2768 * 0.43 [ 0.33, 0.56 ]
Total events: 68 (Probiotics), 159 (Control)
0.005 0.1 | 10 200

Favours probiotics

Favours control

(Continued . . .)
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Probiotics
n/N

Study or subgroup

Control
n/N

Risk Ratio
M-H,Fixed,95% ClI

(... Continued)
Risk Ratio

M-H Fixed,95% ClI

Heterogeneity: Chi? = 14.67, df = 18 (P = 0.68); I> =0.0%
Test for overall effect: Z = 6.02 (P < 0.00001)
Test for subgroup differences: Not applicable

0.005

Favours probiotics

0.1 | 10

200

Favours control

Analysis 1.2. Comparison | Probiotics versus control (all infants), Outcome 2 Culture proven sepsis.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: | Probiotics versus control (all infants)

Outcome: 2 Culture proven sepsis

Study or subgroup Probiotics Control Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl

| Any sepsis
Al-Hosni 2012 13/50 16/51 T 0.83[045, 1.54]
Bin-Nun 2005 31772 24/73 ™ 1.31[0.86,200]
Braga 2011 40/119 42/112 - 0901063, 1.27]
Costalos 2003 3/51 3/36 - 1 071 [0.15330]
Dani 2002 14/295 12/290 T [.15[054,244]
Demirel 2013 20/135 217136 -1 096 [ 055, 1.69 ]
Kitajima 1997 1/45 0/46 - 307[0.13,7332]
Lin 2005 22/180 36/187 -7 0631039, 1.04]
Lin 2008 401217 24/217 ™ 1.67 [ 1.04,267]
Manzoni 2006 19/39 22/41 - 091059, 140]
Manzoni 2009 7/151 29/168 - 027[0.12,0.60]
Mihatsch 2010 28/91 29/89 - 094061, 145]
Millar 1993 0/10 0/10 00[00,00]
005 02 | 5 20

Favours probiotics

Favours control

(Continued . . .)
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% CI
ProPrems 2013 72/548 89/551 i 081061, 1.08]
Rojas 2012 24/372 171378 T 143 078,263 ]
Roug'x00e9" 2009 15/45 13/49 T 126 [0.67,2.34]
Samanta 2009 13/91 28/95 - 048[0.27,088]
Sari 2010 29/110 26/111 - 1.L1I3[071,1.78]
Stratiki 2007 0741 3/36 1 0.13[001,236]
Subtotal (95% CI) 2662 2676 4 0.91 [ 0.80, 1.03 ]
Total events: 39| (Probiotics), 434 (Control)
Heterogeneity: Chi? = 32.28, df = 17 (P = 001); I> =47%
Test for overall effect: Z = 1.56 (P = 0.12)
2 Any Bacterial sepsis
Al-Hosni 2012 11/50 16/51 - 070036, 1.36]
Subtotal (95% CI) 50 51 - 0.70 [ 0.36, 1.36 ]
Total events: | | (Probiotics), 16 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 1.05 (P = 0.29)
3 Any Fungal sepsis
Al-Hosni 2012 2/50 o5 —— 510025, 103.60 ]
Subtotal (95% CI) 50 51 T — 5.10 [ 0.25, 103.60 ]
Total events: 2 (Probiotics), O (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 1.06 (P = 0.29)
Test for subgroup differences: Chi? = 1.84, df = 2 (P = 0.40), I> =0.0%
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Analysis 1.3. Comparison | Probiotics versus control (all infants), Outcome 3 Mortality.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison:

Outcome: 3 Mortality

| Probiotics versus control (all infants)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl
| All causes of neonatal mortality
Al-Hosni 2012 3/50 4/50 T 22% 075[0.18,3.18]
Bin-Nun 2005 3/72 8/73 T 44 % 038[0.11,1.38]
Braga 201 | 26/119 271112 - 155 % 091 [056, 145]
Dani 2002 0/295 2/290 - 1 1.4 % 020[001,4.08]
Demirel 2013 5/135 5/136 - 28 % 1.01'10.30,340]
Fern ndez-Carrocera 2013 1175 7175 I 39 % 0.147002 1.13]
Kitajima 1997 0/45 2/46 - 1 1.4 % 020[001,4.14]
Lin 2005 7/180 20/187 —_ 109 % 0.36[0.16,084]
Lin 2008 2/217 91217 I 5.0 % 0221005, 1.02]
Manzoni 2006 5/39 6/41 T 33% 0881029, 264]
Manzoni 2009 6/151 12/168 T 63% 056021, 145]
Mihatsch 2010 2/91 1/89 -1 0.6 % 196 [0.18,21.19 ]
ProPrems 2013 27/548 28/551 -+ 155% 0971058, 1.62]
Reuman 1986 1715 3/15 - 1 1.7 % 0.33[004,285]
Rojas 2012 22/372 28/378 - 154 % 0.80[ 047, 1.37]
Roug™x00e9™ 2009 2/45 4/49 I 2.1 % 0.54[0.10,283]
Samanta 2009 4191 14/95 - 7.6 % 0.30[0.10,087]
Subtotal (95% CI) 2540 2572 + 100.0 % 0.65 [ 0.52, 0.81 ]
Total events: | 16 (Probiotics), 180 (Control)
Heterogeneity: Chi? = 16,58, df = 16 (P = 0.41); 1> =4%
Test for overall effect: Z = 3.77 (P = 0.00017)
2 NEC related mortality
Bin-Nun 2005 0/72 3/73 e 142 % 0.14[001,275]
Dani 2002 0/295 2/290 - 1 103 % 020[001,4.08]
Kitajima 1997 0/45 2/46 - 1 10.1 9% 0207001, 4.14]
Lin 2008 21217 3/217 T 123 % 0.67[0.11,395]
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% ClI M-H Fixed,95% ClI
Mihatsch 2010 1191 0/89 — 2.1 % 293[0.12,71.10]
ProPrems 2013 4/548 I'1/551 —i— 449 % 037[0.12, 1.14]
Sari 2010 0/110 I/111 - 1 6.1 % 0.34[001,8.17]
Subtotal (95% CI) 1378 1377 - 100.0 % 0.39 [ 0.18, 0.82 ]
Total events: 7 (Probiotics), 22 (Control)
Heterogeneity: Chiz = 2.72, df = 6 (P = 0.84); I> =0.0%
Test for overall effect: Z = 2.48 (P = 0.013)
0.0l 0.1 | 10 100
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Analysis 1.4. Comparison | Probiotics versus control (all infants), Outcome 4 Parenteral nutrition duration

(days).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison:

Outcome:

| Probiotics versus control (all infants)

4 Parenteral nutrition duration (days)

Mean Mean
Study or subgroup Probiotics Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV Fixed,95% ClI IV Fixed,95% ClI
Dani 2002 295 128 (13.9) 290 147 (187) [ 1.0 % -190[-457,077 ]
Demirel 2013 135 838 (1.27) 136 847 (341) - 200 % -0.09 [-0.70, 052 ]
Fern ndez-Carrocera 2013 75 1875 (12.1) 75  2325(206) T 03% -450[-991,091]
Lin 2005 180 147 (57) 187 139 (5) T 62 % 0.80[-0.30, 1.90]
ProPrems 2013 548 1225 (2.6) 551 125 (29) | 70.8 % -0.25[-0.58,0.08 ]
Romeo 201 la 83 6.8 (5.4) 83 135(11.6) 1.0 % -6.70 [ -9.45,-395]
Romeo 201 Ib 83 13 (105) 83 135(11.6)  —— ] 07 % -050[-3.87,287]
Total (95% CI) 1399 1405 - 100.0 % -0.25 [ -0.52, 0.03 ]
Heterogeneity: Chi2 = 28.72, df = 6 (P = 0.00007); I> =79%
Test for overall effect: Z = 1.76 (P = 0.078)
Test for subgroup differences: Not applicable
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Analysis 1.5. Comparison | Probiotics versus control (all infants), Outcome 5 Hospitalization duration

(days).

Review:  Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: | Probiotics versus control (all infants)

Outcome: 5 Hospitalization duration (days)

Mean Mean
Study or subgroup Probiotics Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IVFixed,95% Cl
Demirel 2013 135 55(33.12) 136 56 (38.02) 05 % -1.00[-9.49, 749 ]
Fern ndez-Carrocera 2013 75  59.25 (35.6) 75 52 (32.8) - 03% 725[-371,1821]
Lin 2005 180 46.7 (27.1) 187 465 (26.1) T 12% 020[-525,565]
Lin 2008 217 464 (24.2) 217 433 (21) T 20% 310 [-1.16,736]
ProPrems 2013 548 72 (1098) 551 7475 (l0.1) 235 % -2.75[-4.00,-1.50]
Reuman 1986 15 59.4 (56.4) 15 38.7 (30.6) —— 0.0 % 2070 [-11.77,53.17 ]
Rojas 2012 372 21 (64) 378 22.25 (7.9) = 34.6 % -1.25[-228,-022]
Romeo 201 la 83 178 (7.9) 83 31.3(163) 24% -13.50 [-17.40,-9.60 ]
Romeo 201 Ib 83 269 (157) 83 31.3(163) -/ 1.5 % -440[-9.27,047 ]
Roug'x00e9" 2009 45 60.7 (28.8) 49 65.6 (30) -1 03% -490 [ -16.79, 699 ]
Samanta 2009 91 1717 (323) 95 24.07 (4) b 33.6% -690 [ -7.94,-5.86 ]
Total (95% CI) 1844 1869 100.0 % -3.71 [ -4.32,-3.11 ]
Heterogeneity: Chi? = 102.76, df = 10 (P<0.00001); 1> =90%
Test for overall effect: Z = 12,04 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 1.6. Comparison | Probiotics versus control (all infants), Outcome 6 Weight gain.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: | Probiotics versus control (all infants)
Outcome: 6 Weight gain
Mean Mean
Study or subgroup Probiotics Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV Fixed,95% ClI
| g/week
Costalos 2003 51 163 (17.7) 36 155.8 (16.5) L 100.0 % 720[-0.06, 1446 ]
Subtotal (95% CI) 51 36 = 100.0 % 7.20 [ -0.06, 14.46 ]
Heterogeneity: not applicable
Test for overall effect: Z = 1.94 (P = 0.052)
2 g/lday
Al-Hosni 2012 50 143 (7.4) 51 11.8 (4.8) —— 76.1 % 250 [ 0.06, 4.94 ]
Reuman 1986 15 16 (5) 15 15 (7) N 239 % 1.00[-335,535]
Subtotal (95% CI) 65 66 - 100.0 % 2.14 [ 0.01, 4.27 ]
Heterogeneity: Chi? = 0.35, df = | (P = 0.56); I> =0.0%
Test for overall effect: Z = 1.97 (P = 0.048)
3 g/kg/day
Millar 1993 10 215092) 10 22(79) ] 26 % -0.50 [-8.02,7.02 ]
Sari 2010 110 126 (4.3) Il 123 (5)  § 974 % 0.30[-093, 1.53]
Subtotal (95% CI) 120 121 -» 100.0 % 0.28 [ -0.93, 1.49 |
Heterogeneity: Chi? = 0.04, df = | (P = 0.84); I> =0.0%
Test for overall effect: Z = 0.45 (P = 0.65)
Test for subgroup differences: Chi? = 5.21, df = 2 (P = 0.07), I> =62%
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Analysis 1.7. Comparison | Probiotics versus control (all infants), Outcome 7 Time to full enteral feeds.

Review:  Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: | Probiotics versus control (all infants)

Outcome: 7 Time to full enteral feeds

Mean Mean
Study or subgroup Probiotics Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IVFixed,95% Cl
Braga 201 | 19 152 (5.2) 12 174 (5.7) 12% -220[-361,-079]
Demirel 2013 135 11.74 (046) 136 1324 (1.23) L] 48.6 % -1.50[-1.72,-128 ]
Fern ndez-Carrocera 2013 75 23 (16.3) 75 1725(11.3) 0.1% 575[126,1024]
Manzoni 2009 151 134 (5.1) 168 14.8 (4.7) - 20% -140[-248,-032]
Mihatsch 2010 91 179 (6.8) 89 18 (7.4) - T 0.5 % -0.10[-2.18,198]
ProPrems 2013 548 1225 (202) 551 1275 (205) 409 % -050[-0.74,-026 ]
Samanta 2009 91 1376 (2.28) 95 192 202) 62% -5.44 [ -6.06, -4.82 ]
Sari 2010 110 173 (87) Il 183 (9.8) - 1 04 % -1.00 [ -3.44, 144 ]
Total (95% CI) 1320 1337 ¢ 100.0 % -1.32[-1.48,-1.17 ]
Heterogeneity: Chi? = 229.21, df = 7 (P<0.00001); 1> =97%
Test for overall effect: Z = 16.83 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 1.8. Comparison | Probiotics versus control (all infants), Outcome 8 Death or severe NEC or
sepsis.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: | Probiotics versus control (all infants)

Outcome: 8 Death or severe NEC or sepsis

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% ClI M-HFixed,95% CI

Lin 2005 31/180 60/187 - 100.0 % 0.54[037,079]
Total (95% CI) 180 187 —— 100.0 % 0.54[0.37,0.79 ]

Total events: 31 (Probiotics), 60 (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 3.19 (P = 0.0014)
Test for subgroup differences: Not applicable
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Analysis 1.9. Comparison | Probiotics versus control (all infants), Outcome 9 Long-term outcomes.
Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: | Probiotics versus control (all infants)
Outcome: 9 Long-term outcomes

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI

| Mental retardation and Cerebral palsy
Kitajima 1997 2/42 2/43 100.0 % 102 [0.15, 694 ]

Subtotal (95% CI) 42 43 100.0 % 1.02 [ 0.15, 6.94 |
Total events: 2 (Probiotics), 2 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.02 (P = 0.98)

Test for subgroup differences: Not applicable
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Analysis 2.1. Comparison 2 Probiotics versus control (infants < 1500 g), Outcome | Severe necrotising

enterocolitis (stage II-1lI).
Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 2 Probiotics versus control (infants < 1500 g)

Outcome: | Severe necrotising enterocolitis (stage II-Ill)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-H,Fixed,95% CI M-H Fixed,95% ClI
Al-Hosni 2012 2/50 2/51 -1 1.02[0.15,696]
Bin-Nun 2005 1172 10773 - 0.10[001,077]
Braga 201 | 07119 4112 - 1 0.10[ 001, 1.92]
Dani 2002 4/295 8/290 T 04910.15, 1.61]
Demirel 2013 6/135 71136 -1 086 [ 0.30,2.50]
Fern ndez-Carrocera 2013 6/75 12/75 T 050020, 1.26]
Kitajima 1997 0/45 046 00[00,00]
Lin 2005 2/180 10/187 ] 021005 094]
Lin 2008 41217 147217 - 029[0.10,085]
Manzoni 2006 1139 3/41 - 1 0.35[004,323]
Manzoni 2009 0/151 10/168 — 0.05[0.00,0.90]
Mihatsch 2010 2191 4/89 . 049 10.09,260]
ProPrems 2013 117548 24/551 = 046[023,093]
Rojas 2012 6/176 10/184 T 0.63[023, 1.69]
Roug'x00e9" 2009 2/45 1/49 N 2.18[020,2321]
Samanta 2009 591 15/95 - 035[0.13,092]
Sari 2010 6/110 10/111 T 0611023 1.61]
Total (95% CI) 2439 2475 * 0.41 [ 0.31, 0.56 ]
Total events: 58 (Probiotics), 144 (Control)
Heterogeneity: Chi? = 12.32, df = 15 (P = 0.65); I> =0.0%
Test for overall effect: Z = 5.83 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 2.2. Comparison 2 Probiotics versus control (infants < 1500 g), Outcome 2 Culture proven sepsis.
Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 2 Probiotics versus control (infants < 1500 g)

Outcome: 2 Culture proven sepsis

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% ClI M-HFixed,95% Cl
| Any sepsis
Al-Hosni 2012 13/50 16/51 - 37 % 083045, 1.54]
Bin-Nun 2005 31/72 24/73 ™ 56 % 1.31[0.86,2.00]
Braga 2011 40/119 42/112 i 10.2 % 090063, 127]
Dani 2002 14/295 12/290 I 28 % [.15[054,244]
Demirel 2013 20/135 217136 - 49 % 096055, 1.69]
Kitajima 1997 1745 0746 I 0.1% 307[0.13,7332]
Lin 2005 22/180 36/187 ™ 83% 0631039, 1.04]
Lin 2008 401217 241217 ™ 56% 1.67 [ 1.04,267]
Manzoni 2006 19/39 22/41 - 50% 0911059, 1.40]
Manzoni 2009 71151 29/168 - 6.5% 02710.12,060]
Mihatsch 2010 28/91 29/89 - 69 % 094061, 145]
ProPrems 2013 72/548 89/551 - 209 % 081061, 1.08]
Rojas 2012 24/372 17/378 T 40 % 143 078,263 ]
Roug'x00e9" 2009 15/45 13/49 T 29 % 126 [0.67,2.34]
Samanta 2009 13/91 28/95 - 64 % 048[027,088]
Sari 2010 29/110 26/111 T 6.1% [.I3[071,178]
Subtotal (95% CI) 2560 2594 L 100.0 % 0.92[0.81, 1.04 |
Total events: 388 (Probiotics), 428 (Control)
Heterogeneity: Chi? = 30.32, df = 15 (P = 0.01); I> =51%
Test for overall effect: Z = 1.40 (P = 0.16)
2 Any Bacterial sepsis
Al-Hosni 2012 11/50 16/51 : 3 100.0 % 070036, 1.36]
Subtotal (95% CI) 50 51 - 100.0 % 0.70 [ 0.36, 1.36 ]
Total events: | | (Probiotics), 16 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 1.05 (P = 0.29)
3 Any Fungal sepsis
Al-Hosni 2012 2/50 0/51 —— 100.0 % 5.10[025,103.60]
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI
Subtotal (95% CI) 50 51 T 100.0 % 5.10 [ 0.25, 103.60 ]
Total events: 2 (Probiotics), O (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 1.06 (P = 0.29)
Test for subgroup differences: Chi?2 = 1.87, df = 2 (P = 0.39), I> =0.0%
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Analysis 2.3. Comparison 2 Probiotics versus control (infants < 1500 g), Outcome 3 Mortality.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 2 Probiotics versus control (infants < 1500 g)
Outcome: 3 Mortality
Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% ClI M-H Fixed,95% ClI
I All causes of neonatal mortality
Al-Hosni 2012 3/50 4/50 T 22% 0.75[0.18,3.18]
Bin-Nun 2005 3/72 8/73 /T 44 % 038[0.11,1.38]
Braga 2011 26/119 27/112 - 154 % 0911056, 1.45]
Dani 2002 0/295 2/290 - 1 1.4 % 0.20[001,4.08]
Demirel 2013 5/135 5/136 I 28% 1.01 030, 340]
Fern ndez-Carrocera 2013 1175 7175 I — 39 % 0.14[0.02, 1.13]
Kitajima 1997 0/45 2/46 N 1.4 % 020[001,4.14]
Lin 2005 7/180 20/187 ™ 109 % 0.36[0.16,084]
Lin 2008 21217 91217 ] 50% 022005, 1.02]
Manzoni 2006 5/39 6/41 T 32% 0881029, 2.64]
Manzoni 2009 6/151 12/168 T 63 % 0561021, 145]
Mihatsch 2010 2/91 1/89 - 0.6 % 196 [0.18,21.19 ]
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H,Fixed,95% CI
ProPrems 2013 27/548 28/551 - 154 % 0971058, 1.62]
Rojas 2012 22/372 28/378 - 154 % 080047, 1.37]
Roug'x00e9" 2009 2/45 4/49 T 2.1 % 05410.10,2.83]
Samanta 2009 4191 14/95 - 7.6 % 0.30[0.10,0.87]
Sari 2010 3/110 4111 T 22% 0.76[0.17,330]
Subtotal (95% CI) 2635 2668 * 100.0 % 0.66 [ 0.53, 0.82 ]
Total events: |18 (Probiotics), 181 (Control)
Heterogeneity: Chi? = 16.13,df = 16 (P = 044); > =1%
Test for overall effect: Z = 3.68 (P = 0.00023)
2 NEC related mortality
Bin-Nun 2005 0/72 3/73 e 142 % 0.14[001,275]
Dani 2002 0/295 2/290 - 1 103 % 020[001,4.08]
Kitajima 1997 0/45 2/46 . 10.1 % 020[001,4.14]
Lin 2008 21217 31217 I 123% 067[0.11,395]
Mihatsch 2010 1191 0/89 N 2.1 % 293[0.12,71.10]
ProPrems 2013 4/548 I'1/551 —i— 449 % 037[0.12, 1.14]
Sari 2010 0/110 1111 - 1 6.1 % 0.34[001,8.17]
Subtotal (95% CI) 1378 1377 - 100.0 % 0.39 [ 0.18, 0.82 ]
Total events: 7 (Probiotics), 22 (Control)
Heterogeneity: Chi? = 2.72, df = 6 (P = 0.84); I> =0.0%
Test for overall effect: Z = 2.48 (P = 0.013)
Test for subgroup differences: Chi? = 1.77, df = | (P = 0.18), I =44%
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Analysis 3.1. Comparison 3 Probiotics versus control (infants < 1000 g), Outcome | Severe necrotising

enterocolitis (stage II-1lI).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 3 Probiotics versus control (infants < 1000 g)

Outcome: | Severe necrotising enterocolitis (stage II-Ill)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% Cl
Al-Hosni 2012 2/50 2/51 125 % 1.02[0.15,696]
ProPrems 2013 10/235 14/239 L 87.5% 0731033, 1.60]
Total (95% CI) 285 290 — 100.0 % 0.76 [ 0.37, 1.58 ]
Total events: |2 (Probiotics), 16 (Control)
Heterogeneity: Chi? = 0.10, df = | (P = 0.75); I> =0.0%
Test for overall effect: Z = 0.73 (P = 0.47)
Test for subgroup differences: Not applicable
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Analysis 3.2. Comparison 3 Probiotics versus control (infants < 1000 g), Outcome 2 Culture proven sepsis.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 3 Probiotics versus control (infants < 1000 g)

Outcome: 2 Culture proven sepsis

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% ClI
Al-Hosni 2012 13/50 16/51 ‘ = 15.1 % 083045, 1.54]
ProPrems 2013 72/548 89/551 —— 84.9 % 081061, 1.08]
Total (95% CI) 598 602 —— 100.0 % 0.82 [ 0.63, 1.06 ]
Total events: 85 (Probiotics), 105 (Control)
Heterogeneity: Chi? = 0.00, df = | (P = 0.96); I =0.0%
Test for overall effect: Z = 1.53 (P = 0.13)
Test for subgroup differences: Not applicable
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Analysis 3.3. Comparison 3 Probiotics versus control (infants < 1000 g), Outcome 3 Mortality.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 3 Probiotics versus control (infants < 1000 g)

Outcome: 3 Mortality

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% ClI M-HFixed,95% ClI

Al-Hosni 2012 3/50 4/50 e 125 % 075[0.18,3.18]
ProPrems 2013 27/548 28/551 -+t 87.5% 097058, 1.62]
Total (95% CI) 598 601 - 100.0 % 0.94 [ 0.58, 1.53 ]

Total events: 30 (Probiotics), 32 (Control)

Heterogeneity: Chiz2 = 0.11, df = | (P = 0.74); I> =0.0%

Test for overall effect: Z = 0.24 (P = 0.81)
Test for subgroup differences: Not applicable
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Analysis 4.1. Comparison 4 Probiotics versus control (species of probiotic), Outcome | Severe NEC-

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 4 Probiotics versus control (species of probiotic)

Outcome: | Severe NEC- Species of probiotics

Species of probiotics.

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI
| Lactobacillus
Dani 2002 4/295 8/290 — 049[0.15 1.61]
Manzoni 2006 1/39 3/41 I 0.35[0.04,3.23]
Manzoni 2009 0/151 10/168 L 0.05[0.00,0.90]
Rojas 2012 91372 15/378 —r 0611027, 1.38]
Sari 2010 6/110 10/111 — 0611023 1.61]
Subtotal (95% CI) 967 988 - 0.45 [ 0.27, 0.75 ]
Total events: 20 (Probiotics), 46 (Control)
Heterogeneity: Chi? = 3.15, df = 4 (P = 0.53); I> =0.0%
Test for overall effect: Z = 3.05 (P = 0.0023)
2 Bifidobacterium
Kitajima 1997 0/45 0746 00[00,00]
Mihatsch 2010 2091 4/89 —— 049 [0.09, 2.60]
Mohan 2006 2/37 1/32 - 1.73[0.16,1820]
Stratiki 2007 0/38 3/31 = T 0.12[001,2.19]
Subtotal (95% CI) 211 198 —— 0.48 [ 0.16, 1.47 ]
Total events: 4 (Probiotics), 8 (Control)
Heterogeneity: Chi? = 2.03, df = 2 (P = 0.36); 1> =2%
Test for overall effect: Z = 1.29 (P = 0.20)
3 Saccharomyces boulardii
Costalos 2003 5/51 6/36 —— 059[0.19, 1.78 ]
Demirel 2013 6/135 7/135 —— 0.86 [ 0.30, 248 ]
Subtotal (95% CI) 186 171 - 0.72 [ 0.34, 1.55 ]
Total events: || (Probiotics), 13 (Control)
Heterogeneity: Chi? = 023, df = | (P = 0.63); 1> =0.0%
Test for overall effect: Z = 0.83 (P = 0.40)
4 A mixture of two to three species of probiotics
Al-Hosni 2012 2/50 2/51 . 102 [0.15, 696 ]
Bin-Nun 2005 1172 10773 - 0.10[001,0.77]
Braga 201 | 0/119 4112 e 0.10[ 001, 1.92]
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio

n/N n/N M-H Fixed,95% CI M-H Fixed,95% Cl

Fern ndez-Carrocera 2013 6/75 12/75 ™7 0507020, 1.26]
Lin 2005 2/180 10/187 ] 0217005, 094]
Lin 2008 4217 14217 = 029[0.10,085]
ProPrems 2013 117548 24/551 - 046[023,093]
Roug'x00e9" 2009 2/45 1/49 N 2.18[020,2321]
Samanta 2009 591 15/95 — 035[0.13,092]
Subtotal (95% CI) 1397 1410 g 0.37 [ 0.25, 0.54 ]

Total events: 33 (Probiotics), 92 (Control)

Heterogeneity: Chi? = 7.1 1, df = 8 (P = 0.52); I> =0.0%

Test for overall effect: Z = 5.09 (P < 0.00001)
Test for subgroup differences: Chi? = 2.47, df = 3 (P = 048), I> =0.0%
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Analysis 4.2. Comparison 4 Probiotics versus control (species of probiotic), Outcome 2 Culture proven

sepsis.
Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 4 Probiotics versus control (species of probiotic)

Outcome: 2 Culture proven sepsis

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-HFixed,95% Cl M-HFixed,95% Cl

| Lactobacillus
Dani 2002 14/295 12/290 - [.15[054,244]
Manzoni 2006 19/39 22/41 —a— 091059, 140]
Manzoni 2009 7/151 29/168 — 027[0.12,060]
Rojas 2012 24/372 17/378 T 143 [0.78,2.63]
Sari 2010 29/110 26/111 - 1137071, 178]
Subtotal (95% CI) 967 988 - 0.91[0.71, 1.16 ]

Total events: 93 (Probiotics), 106 (Control)
Heterogeneity: Chi? = 1242, df = 4 (P = 0.01); I> =68%
Test for overall effect: Z = 0.77 (P = 0.44)

2 Bifidobacterium

Kitajima 1997 1/45 0/46

Mihatsch 2010 28/91 29/89 B

Stratiki 2007 0/41 336 -—
Subtotal (95% CI) 177 171 -

Total events: 29 (Probiotics), 32 (Control)
Heterogeneity: Chi? = 2.38, df = 2 (P = 0.30); I> =16%
Test for overall effect: Z = 0.58 (P = 0.56)

3 Saccharomyces boulardii

Costalos 2003 3/51 336 —_—
Denmirel 2013 20/135 21/136 —-
Subtotal (95% CI) 186 172 ——

Total events: 23 (Probiotics), 24 (Control)
Heterogeneity: Chi? = 0.13, df = | (P = 0.71); 1> =0.0%
Test for overall effect: Z = 0.30 (P = 0.77)

4 A mixture of two to three species of probiotics

307[0.13,7332]
094061, 145]
0.13[001,236]

0.88 [ 0.58, 1.34 ]

071[0.15330]
096055, 169

0.92 [ 0.54, 1.57 ]

Al-Hosni 2012 13/50 16/51 — 083045, 1.54]
Bin-Nun 2005 3172 24/73 ™ 131 [0.86,200]
Braga 201 | 40/119 4112 = 090063, 127]
Lin 2005 22/180 36/187 — 063039, 1.04]
01 02 05 | 2 5 10
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI
Lin 2008 401217 24/217 - 1.67 [ 1.04,2.67]
Millar 1993 0/10 0/10 00[00,00]
ProPrems 2013 72/548 89/551 Rl 081061, 1.08]
Roug™x00e9™ 2009 15/45 13/49 - 126 [0.67,2.34]
Samanta 2009 13/91 28/95 - 048[027,088]
Subtotal (95% CI) 1332 1345 * 0.91 [ 0.78, 1.06 ]
Total events: 246 (Probiotics), 272 (Control)
Heterogeneity: Chi2 = 17.38, df = 7 (P = 0.02); I* =60%
Test for overall effect: Z = 1.20 (P = 0.23)
Test for subgroup differences: Chi> = 0.02, df = 3 (P = 1.00), I> =0.0%
01 02 05 I 2 5 10
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Analysis 4.3. Comparison 4 Probiotics versus control (species of probiotic), Outcome 3 Mortality.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 4 Probiotics versus control (species of probiotic)
Outcome: 3 Mortality
Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% ClI
| Lactobacillus
Dani 2002 0/295 2/290 . 53% 020[001,4.08 ]
Manzoni 2006 5/39 6/41 - 123 % 0.88[029,264]
Manzoni 2009 6/151 12/168 =T 239 % 056021, 1.45]
Rojas 2012 22/372 28/378 L3 585 % 0.80[047, 1.37]
Subtotal (95% CI) 857 877 * 100.0 % 0.72[0.47,1.10 ]
Total events: 33 (Probiotics), 48 (Control)
Heterogeneity: Chi? = 1.25, df = 3 (P = 0.74); 1> =0.0%
Test for overall effect: Z = 1.53 (P = 0.13)
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% Cl
2 Bifidobacterium
Kitajima 1997 0/45 2/46 —a— 710 % 020001, 4.14]
Mihatsch 2010 2091 1/89 — T 29.0 % 196 [0.18,21.19]
Subtotal (95% CI) 136 135 —— 100.0 % 0.71 [ 0.14, 3.60 ]
Total events: 2 (Probiotics), 3 (Control)
Heterogeneity: Chi2 = 1.35, df = | (P = 0.24); 1> =26%
Test for overall effect: Z = 041 (P = 0.68)
3 Saccharomyces boulardii
Demirel 2013 5/135 5/136 - 100.0 % 1.0110.30,340]
Subtotal (95% CI) 135 136 —— 100.0 % 1.01 [ 0.30, 3.40 ]
Total events: 5 (Probiotics), 5 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 0.01 (P = 0.99)
4 A mixture of two to three species of probiotics
Al-Hosni 2012 3/50 4/50 T 33% 075[0.18,3.18]
Bin-Nun 2005 3/72 8/73 T 6.6 % 038[0.11,1.38]
Braga 201 | 26/119 271112 - 230% 0911056, 1.45]
Fern ndez-Carrocera 2013 1175 7175 7 5.8 % 0.147002 1.13]
Lin 2005 7/180 20/187 = 162 % 0.36[0.16,084]
Lin 2008 2/217 91217 I 74 % 0221005, 1.02]
ProPrems 2013 27/548 28/551 -+ 23.1'% 0971058, 1.62]
Roug'x00e9" 2009 2/45 4/49 - T 32% 05470.10,2.83]
Samanta 2009 4191 14/95 - 1.3 % 030[0.10,087]
Subtotal (95% CI) 1397 1409 * 100.0 % 0.62 [ 0.47, 0.81 ]
Total events: 75 (Probiotics), 121 (Control)
Heterogeneity: Chi2 = 13.08, df = 8 (P = 0.1 I); 12 =39%
Test for overall effect: Z = 3.45 (P = 0.00057)
Test for subgroup differences: Chi? = 0.85, df = 3 (P = 0.84), I> =0.0%
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Analysis 5.1. Comparison 5 Probiotics versus control (time of initiation), Outcome | Severe NEC- Time of

initiation.
Review:  Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 5 Probiotics versus control (time of initiation)

Outcome: | Severe NEC- Time of initiation

Study or subgroup Probiotics Control Risk Ratio
n/N n/N M-H Fixed,95% CI

Risk Ratio
M-H,Fixed,95% ClI

| Less than 48 hours of age

Braga 2011 o119 4112 e

Kitajima 1997 0/45 0/46

Rojas 2012 91372 15/378 -
Subtotal (95% CI) 536 536 -

Total events: 9 (Probiotics), 19 (Control)
Heterogeneity: Chi? = 1.36, df = | (P = 0.24); I> =26%
Test for overall effect: Z = 1.83 (P = 0.067)

2 More than 48 hours of age

Manzoni 2009 /151 10168 ——

Subtotal (95% CI) 151 168 ———
Total events: O (Probiotics), 10 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 2.04 (P = 0.042)

3 At the time of the first feed

Al-Hosni 2012 2/50 2/51 - 1

Dani 2002 41295 8/290 T

Fern ndez-Carrocera 2013 6/75 12/75 —=

Lin 2005 2/180 10/187 ]

Lin 2008 41217 14/217 —

Mihatsch 2010 2/91 4/89 I

Roug™x00e9™ 2009 2/45 1/49 -1

Samanta 2009 591 15/95 —=

Sari 2010 6/110 107111 T
Subtotal (95% CI) 1154 1164 >

Total events: 33 (Probiotics), 76 (Control)

Heterogeneity: Chi? = 4.80, df = 8 (P = 0.78); I =0.0%

Test for overall effect: Z = 4.05 (P = 0.000051)

4 During the first week when enteral feeds were tolerated
Costalos 2003 5/51 6/36 ——

010001, 192]
00[00,00]
061027, 138]

0.49 [ 0.23, 1.05 ]

005 [ 000,090 ]

0.05 [ 0.00, 0.90 ]

1.02[0.15, 6961
049 0.15, 161 ]
050020, 126]
0210.05,094]
02970.10,085]
049 [ 009, 2.60]

2.18[020,2321]
035[0.13,092]
0617023 161]

0.44 [ 0.30, 0.65 ]

0590.19, 1.78]
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio

n/N n/N M-H Fixed,95% CI M-H Fixed,95% Cl

Manzoni 2006 1139 3/41 — & 035[004,323]
Mohan 2006 2/37 1/32 - 1.73[0.16,1820]
Subtotal (95% CI) 127 109 - 0.64 [ 0.26, 1.55 ]

Total events: 8 (Probiotics), 10 (Control)

Heterogeneity: Chi? = 099, df = 2 (P = 0.61); I> =0.0%

Test for overall effect: Z = 0.99 (P = 0.32)

Test for subgroup differences: Chi? = 2.83, df = 3 (P = 0.42), I> =0.0%
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Analysis 5.2. Comparison 5 Probiotics versus control (time of initiation), Outcome 2 Culture proven sepsis.
Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 5 Probiotics versus control (time of initiation)

Outcome: 2 Culture proven sepsis

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% Cl

| Less than 48 hours of age

Braga 2011 40/119 42/112 - 090063, 127]
Kitajima 1997 1/45 0/46 — 307[0.13,7332]
Rojas 2012 241372 17/378 ™ 143078, 263 ]
Subtotal (95% CI) 536 536 * 1.06 [ 0.79, 1.44 |

Total events: 65 (Probiotics), 59 (Control)
Heterogeneity: Chi2 = 230, df = 2 (P = 0.32); 1> =13%
Test for overall effect: Z = 0.40 (P = 0.69)
2 More than 48 hours of age

Manzoni 2009 71151 29/168 I 027[0.12,060]

Subtotal (95% CI) 151 168 - 0.27 [ 0.12, 0.60 ]
Total events: 7 (Probiotics), 29 (Control)

Heterogeneity: not applicable

0.0l 0.1 | 10 100
Favours probiotics Favours control
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI

Test for overall effect: Z = 324 (P = 0.0012)

3 At the time of the first feed
Al-Hosni 2012 13/50 16/51 = 083045, 1.54]
Dani 2002 14/295 12/290 I 1.15[0.54,244 ]
Demirel 2013 20/135 217136 -+ 096 [ 055, 1.69]
Lin 2005 22/180 36/187 ™ 0631039, 1.04]
Lin 2008 401217 24/217 ™ 1.67 [ 1.04,2.67]
Mihatsch 2010 28/91 29/89 - 0941061, 145]
Millar 1993 0/10 0/10 00[00,00]
Roug™x00e9" 2009 15/45 13/49 T 126 [0.67,2.34]
Samanta 2009 13/91 28/95 - 048[027,088]
Sari 2010 29/110 26/111 T 1.L1I3[071,1.78]

Subtotal (95% CI) 1224 1235 9 0.96 [ 0.81, 1.14 ]

Total events: 194 (Probiotics), 205 (Control)

Heterogeneity: Chi? = 14.78, df = 8 (P = 0.06); I> =46%

Test for overall effect: Z = 0.45 (P = 0.65)

4 During the first week when enteral feeds were tolerated
Costalos 2003 3/51 3/36 -1 07110.15330]
Manzoni 2006 19/39 22/41 - 0911059, 1.40]

Subtotal (95% CI) 90 77 * 0.88 [ 0.58, 1.34 ]

Total events: 22 (Probiotics), 25 (Control)

Heterogeneity: Chi? = 0.10, df = | (P = 0.75); 1> =0.0%

Test for overall effect: Z = 0.60 (P = 0.55)

Total (95% CI) 2001 2016 ! 0.91 [ 0.79, 1.05 ]

Total events: 288 (Probiotics), 318 (Control)

Heterogeneity: Chi? = 27.03, df = 14 (P = 0.02); I> =48%

Test for overall effect: Z = 125 (P = 0.21)

Test for subgroup differences: Chi? = 1031, df = 3 (P = 0.02), I =71%
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Analysis 5.3. Comparison 5 Probiotics versus control (time of initiation), Outcome 3 Mortality.
Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 5 Probiotics versus control (time of initiation)

Outcome: 3 Mortality

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl

| Less than 48 hours of age
Braga 201 | 26/119 271112 - 19.7 % 0911056, 1.45]
Kitajima 1997 0/45 2/46 R 1.8 % 0207001, 4.14]
Rojas 2012 22/372 28/378 - 19.7 % 080[047,1.37]
Subtotal (95% CI) 536 536 - 41.2 % 0.82[0.58,1.17 ]

Total events: 48 (Probiotics), 57 (Control)
Heterogeneity: Chi2 = 0.99, df = 2 (P = 0.61); 1> =0.0%
Test for overall effect: Z = 1.07 (P = 0.29)
2 More than 48 hours of age

Manzoni 2009 6/151 12/168 T 8.1% 056021, 145]

Subtotal (95% CI) 151 168 - 8.1 % 0.56 [ 0.21, 1.45 ]
Total events: 6 (Probiotics), 12 (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 1.20 (P = 0.23)
3 At the time of the first feed

Al-Hosni 2012 3/50 4/50 T 28 % 075[0.18,3.18]
Dani 2002 0/295 2/290 R 1.8 % 020[001,4.08]
Demirel 2013 5/135 5/136 - 35% 1.01 [0.30,340]
Fern ndez-Carrocera 2013 1175 7175 I — 50% 0.14[0.02, 1.13]
Lin 2005 71180 20/187 —_ 139 % 036[0.16,0.84]
Lin 2008 21217 91217 ] 64 % 022[005, 1.02]
Mihatsch 2010 2091 1/89 T 07 % 196 [0.18,21.19]
Roug'x00e9" 2009 2/45 4/49 -1 27 % 05410.10,2.83]
Samanta 2009 4191 14/95 - 9.7 % 0.30[0.10,0.87]
Subtotal (95% CI) 1179 1188 h 46.6 % 0.41 [ 0.26, 0.63 ]

Total events: 26 (Probiotics), 66 (Control)

Heterogeneity: Chi? = 6.81, df = 8 (P = 0.56); I =0.0%

Test for overall effect: Z = 3.99 (P = 0.000065)

4 During the first week when enteral feeds were tolerated
Manzoni 2006 5/39 6/41 T 42% 0881029, 2.64]
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% Cl
Subtotal (95% CI) 39 41 - 42 % 0.88 [ 0.29, 2.64 ]

Total events: 5 (Probiotics), 6 (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 024 (P = 0.81)
Total (95% CI) 1905 1933 * 100.0 %
Total events: 85 (Probiotics), 141 (Control)

Heterogeneity: Chi? = 13.56, df = I3 (P = 041); 1> =4%

Test for overall effect: Z = 3.78 (P = 0.00015)

Test for subgroup differences: Chi? = 6.38, df = 3 (P = 0.09), I =53%

0.61 [ 0.47, 0.79 ]

0.0l 0.1 | 10 100
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Analysis 6.1. Comparison 6 Probiotics versus control (duration of probiotics administration), Outcome |

Severe NEC- The duration of probiotics administration.
Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 6 Probiotics versus control (duration of probiotics administration)
Outcome: | Severe NEC- The duration of probiotics administration

Study or subgroup Probiotics Control Risk Ratio
n/N n/N M-H Fixed,95% CI

Risk Ratio
M-H,Fixed,95% ClI

| Four to six weeks

Braga 201 | 0/119 4112 e

Costalos 2003 5/51 6/36 —a

Kitajima 1997 0/45 0/46

Lin 2008 4217 14/217 ——

Manzoni 2009 0/151 10/168 R E—
Subtotal (95% CI) 583 579 -

Total events: 9 (Probiotics), 34 (Control)
Heterogeneity: Chi2 = 375, df = 3 (P = 0.29); 1> =20%
Test for overall effect: Z = 3.76 (P = 0.00017)

2 More than six weeks or until discharged from NICU

010001, 192]
0590.19, 1.78]
00[00,00]

029[0.10,085 ]
005 [ 000, 0.90 ]
0.26 [ 0.13,0.52 ]
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(... Continued)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-H,Fixed,95% ClI
Al-Hosni 2012 2/50 2/51 . 102 [0.15, 696 ]
Dani 2002 4/295 8/290 T 049[0.15 1.61]
Demirel 2013 6/135 71136 - 0.86 [ 0.30, 2.50 ]
Fern ndez-Carrocera 2013 6/75 12/75 - 050020, 1.26]
Lin 2005 2/180 10/187 ] 021005, 094]
Manzoni 2006 1139 3/41 e 0.35[0.04,3.23]
Mihatsch 2010 291 4/89 . 049 [0.09, 2.60]
Rojas 2012 91372 15/378 7 0611027, 1.38]
Roug'x00e9" 2009 2/45 1149 I 2.18[020,2321]
Samanta 2009 591 15/95 —— 035[0.13,092]
Sari 2010 6/110 10/111 - 0611023 1.61]
Subtotal (95% CI) 1483 1502 A 0.53 [ 0.37, 0.75 ]
Total events: 45 (Probiotics), 87 (Control)
Heterogeneity: Chi? = 520, df = 10 (P = 0.88); I> =0.0%
Test for overall effect: Z = 3.60 (P = 0.00032)
Test for subgroup differences: Chi? = 3.15, df = | (P = 0.08), I =68%
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Analysis 6.2. Comparison 6 Probiotics versus control (duration of probiotics administration), Outcome 2
Culture proven sepsis.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 6 Probiotics versus control (duration of probiotics administration)

Outcome: 2 Culture proven sepsis

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% ClI

| Four to six weeks
Braga 201 | 40/119 42/112 145 % 0901063, 1.27]
Costalos 2003 3/51 3/36 7 12% 071 [0.15330]
Kitajima 1997 1/45 0/46 02% 307[0.13,7332]
Lin 2008 40217 24217 8.0 % 1.67 [ 1.04,2.67]
Manzoni 2009 71151 29/168 - 92% 02710.12,060]

Subtotal (95% CI) 583 579 33.0 % 0.91[0.71, 1.18 ]

Total events: 91 (Probiotics), 98 (Control)

Heterogeneity: Chi? = 1607, df = 4 (P = 0.003); I> =75%

Test for overall effect: Z = 0.70 (P = 0.48)

2 More than six weeks or until discharged from NICU
Al-Hosni 2012 13/50 16/51 53% 083045, 1.54]
Dani 2002 14/295 12/290 40 % 1.15[0.54,244 ]
Demirel 2013 20/135 217136 7.0 % 096 [ 055, 1.69]
Lin 2005 22/180 36/187 11.8% 0631039, 1.04]
Manzoni 2006 19/39 22/41 72% 0911059, 1.40]
Mihatsch 2010 28/91 29/89 9.8% 0941061, 1.45]
Roug'x00e9" 2009 15/45 13/49 42% 126 [0.67,2.34]
Samanta 2009 13/91 28/95 - 92% 048[0.27,088]
Sari 2010 29/110 26/111 8.6 % I.L1I3[071,1.78]

Subtotal (95% CI) 1036 1049 67.0 % 0.87 [ 0.73, 1.04 ]

Total events: 173 (Probiotics), 203 (Control)

Heterogeneity: Chi? = 8.73, df = 8 (P = 0.37); I> =8%

Test for overall effect: Z = 1.54 (P = 0.12)

Total (95% CI) 1619 1628 100.0 % 0.88[0.77, 1.02 ]

Total events: 264 (Probiotics), 301 (Control)
Heterogeneity: Chi? = 24.98, df = 13 (P = 0.02); I> =48%
Test for overall effect: Z = 1.66 (P = 0.097)

Test for subgroup differences: Chi? = 0.09, df = | (P = 0.76), I> =0.0%
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Analysis 6.3. Comparison 6 Probiotics versus control (duration of probiotics administration), Outcome 3

Mortality.

Review:  Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 6 Probiotics versus control (duration of probiotics administration)

Outcome: 3 Mortality

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% ClI M-H Fixed,95% CI
| Four to six weeks
Braga 2011 26/119 27112 L 549 % 091056, 145]
Kitajima 1997 0/45 2/46 7 49 % 020[001,4.14]
Lin 2008 2/217 91217 — 17.8 % 0221005, 1.02]
Manzoni 2009 6/151 12/168 —= 224 % 056021, 145]
Subtotal (95% CI) 532 543 * 100.0 % 0.67 [ 0.45, 1.00 ]
Total events: 34 (Probiotics), 50 (Control)
Heterogeneity: Chi2 = 4.32, df = 3 (P = 0.23); 1> =31%
Test for overall effect: Z = 1.95 (P = 0.051)
2 More than six weeks or until discharged from NICU
Al-Hosni 2012 3/50 4/50 T 35% 0.75[0.18,3.18]
Dani 2002 0/295 2/290 R 22% 020[001,4.08]
Fern ndez-Carrocera 2013 1175 7175 I 62% 0.14[002 1.13]
Lin 2005 7/180 20/187 = 17.3 % 0.36[0.16,084]
Manzoni 2006 5/39 6/41 - 52 % 0881029, 2.64]
Mihatsch 2010 291 1/89 N 09 % 196 [0.18,21.19]
ProPrems 2013 27/548 28/551 - 247 % 097058, 1.62]
Rojas 2012 22/372 28/378 - 245 % 0.80[047, 1.37]
Roug'x00e9" 2009 2/45 4/49 T 34 % 05410.10,2.83]
Samanta 2009 4191 14/95 - 12.1'9% 0.30[0.10,0.87]
Subtotal (95% CI) 1786 1805 * 100.0 % 0.65 [ 0.49, 0.87 ]
Total events: 73 (Probiotics), |14 (Control)
Heterogeneity: Chi? = 10.55, df =9 (P = 0.31); I> =15%
Test for overall effect: Z = 2.92 (P = 0.0035)
Test for subgroup differences: Chi> = 0.01, df = | (P = 092), I> =0.0%
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Analysis 7.1. Comparison 7 Probiotics versus control (high quality studies), Outcome | Severe necrotising
enterocolitis (stage II-1lI).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 7 Probiotics versus control (high quality studies)

Outcome: | Severe necrotising enterocolitis (stage II-Ill)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% ClI M-H Fixed,95% ClI
Braga 201 | 0/119 47112 T 40 % 0.10[ 001, 1.92]
Costalos 2003 5/51 6/36 T 6.1 % 05910.19,1.78]
Dani 2002 4/295 8/290 T 70% 049 0.15 1.61]
Demirel 2013 6/135 71136 - 6.0 % 0.86 [ 0.30, 2.50]
Fern ndez-Carrocera 2013 6/75 12/75 - 10.4 % 050020, 1.26]
Lin 2005 2/180 10/187 - 85 % 021005 094]
Lin 2008 4/217 14/217 - 12.1'% 029[0.10,085]
Manzoni 2009 0/151 10/168 — 8.6 % 0.05[0.00,090]
Mihatsch 2010 291 4/89 -1 35% 049 [0.09, 2.60]
ProPrems 2013 11/548 24/551 — 20.8 % 046[023,093]
Rojas 2012 91372 15/378 T 129 % 0611027, 1.38]
Total (95% CI) 2234 2239 . 100.0 % 0.43 [ 0.31, 0.59 ]
Total events: 49 (Probiotics), |14 (Control)
Heterogeneity: Chi? = 7.36, df = 10 (P = 0.69); I> =0.0%
Test for overall effect: Z = 5.10 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 7.2. Comparison 7 Probiotics versus control (high quality studies), Outcome 2 Culture proven

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 7 Probiotics versus control (high quality studies)

Outcome: 2 Culture proven sepsis

sepsis.

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% ClI

I Any sepsis
Braga 201 | 40/119 42/112 - 144 % 0901063, 1.27]
Costalos 2003 3/51 3/36 -1 12% 0.71[0.15330]
Dani 2002 14/295 12/290 -1 40 % 1.15[0.54, 244 ]
Demirel 2013 20/135 217136 - 69 % 096 [ 055, 1.69]
Lin 2005 22/180 36/187 -7 117 % 0631039, 1.04]
Lin 2008 40/217 241217 ™ 80 % 1.67 [ 1.04,267 ]
Manzoni 2009 71151 29/168 - 9.1'% 027[0.12,060]
Mihatsch 2010 28/91 29/89 - 97 % 0941061, 145]
ProPrems 2013 72/548 89/551 b 294 % 081 [061,1.08]
Rojas 2012 24/372 17/378 ™ 56% 143[0.78,263]

Subtotal (95% CI) 2159 2164 ¢ 100.0 % 0.89 [ 0.77, 1.04 ]

Total events: 270 (Probiotics), 302 (Control)

Heterogeneity: Chi? = 20.82, df = 9 (P = 0.01); I> =57%

Test for overall effect: Z = 1.49 (P = 0.14)

Test for subgroup differences: Not applicable
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Analysis 7.3. Comparison 7 Probiotics versus control (high quality studies), Outcome 3 Mortality.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants
Comparison: 7 Probiotics versus control (high quality studies)

Outcome: 3 Mortality

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI
| All causes of neonatal mortality
Braga 201 | 26/119 27/112 - 200 % 091056, 145]
Dani 2002 0/295 2/290 - 1 1.8 % 0.20[001,4.08]
Demirel 2013 5/135 5/136 I 36% 1.01 030, 340]
Fern ndez-Carrocera 2013 1175 7175 - i 50% 0.14[0.02, 1.13]
Lin 2005 71180 20/187 —_ 4.1 % 0.36[0.16,084]
Lin 2008 21217 91217 ] 65% 022005, 1.02]
Manzoni 2009 6/151 12/168 T 82% 056021, 145]
Mihatsch 2010 291 1/89 N 0.7 % 196 [0.18,21.19]
ProPrems 2013 27/548 28/551 - 20.1 % 097058, 1.62]
Rojas 2012 22/372 28/378 - 200 % 0.80[047, 1.37]
Subtotal (95% CI) 2183 2203 . 100.0 % 0.71 [ 0.55, 0.91 ]
Total events: 98 (Probiotics), 139 (Control)
Heterogeneity: Chi2 = 11.59, df = 9 (P = 0.24); I> =22%
Test for overall effect: Z = 2.75 (P = 0.0060)
2 NEC related mortality
Dani 2002 0/295 2/290 - 1 14.8 % 020[001,4.08]
Lin 2008 21217 3/217 I 177 % 0.67[0.11,395]
Mihatsch 2010 1191 0/89 - 30% 293[0.12,71.10]
ProPrems 2013 4/548 I'1/551 B 64.5 % 037[0.12, 1.14]
Subtotal (95% CI) 1151 1147 - 100.0 % 0.47 [ 0.20, 1.09 ]
Total events: 7 (Probiotics), 16 (Control)
Heterogeneity: Chi? = 1.92, df = 3 (P = 0.59); I> =0.0%
Test for overall effect: Z = 1.77 (P = 0.077)
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FEEDBACK

Davies, 9 May 2008

Summary

I read with interest the review by AlFaleh and Bassler. It was a well conducted systematic review that revealed that the use of probiotics in
preterm infants significantly reduces the incidence of NEC and death in preterm infants. I am not sure why the authors have concluded
that probiotics should only be used for preterm infants with a birth weight greater than 1000 grams. If we assume that the data on
birth weight from individual studies are normally distributed, we can surmise from the mean birth weight and standard deviations that
approximately 25% of babies included in the studies that contribute to the two main meta-analyses (for the outcomes of severe NEC
and mortality) had a birth weight of less than 1000 grams. Only about 3% or less had a birth weight of greater than 1500 grams. The
authors conclusions imply that the use of probiotics is supported for infants who are preterm (born at < 37 weeks gestational age) and
who had a birth weight of > 1500 grams (less than ~3% of the study population), but is not supported for infants who had a birth
weight of <1000 grams (~25% of the study population). The results of the review and its meta-analysis are highly significant, both
statistically and clinically. They should be applicable to the population of infants that contributed to the pooled data, i.e., preterm
babies who were (almost all) <1500 grams at birth.

The authors should provide justification for their recommendation that extremely low birth weight infants should not be given this
intervention that provides a 57% reduction in the risk of death. Also, if further large randomized controlled trial[s] are done they must
include assessment of long-term

neurodevelopmental outcomes, not just important intermediate neonatal outcomes.

Reply
We first would like to thank you for your thoughtful comments on our recently published systematic review. Your question/comment
was a one that we have thought of and discussed quite extensively prior to the publication of the review.

Although we agree that the efficacy of the probiotics in prevention of NEC or mortality holds true for the ELBW infant, we could not
ensure the safety of this new intervention in a highly vulnerable group with the number of infants enrolled; especially with few cases
of probiotics species sepsis reported in the literature.

Contributors
Khalid M Al-Faleh, July 2008

WHAT’S NEW
Last assessed as up-to-date: 1 October 2013.

Date Event Description

1 October 2013 New search has been performed This updates the review "Probiotics for prevention of
necrotizing enterocolitis in preterm infants’ published in
the Cochrane Database of Systematic Reviews (Al Faleh
2011).
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(Continued)

1 October 2013 New citation required but conclusions have not changed Updated search identified eight new trials for inclusion

in this review update

HISTORY

Protocol first published: Issue 4, 2005

Review first published: Issue 1, 2008

Date

Event

Description

3 November 2010

New citation required and conclusions have changed

With the addition of seven new trials to this update,
it brings the total to sixteen eligible trials randomizing
2842 infants. The previous review included nine eli-
gible trials, randomizing 1425 infants

3 November 2010

New search has been performed

This updates the review "Probiotics for prevention of
necrotizing enterocolitis in preterm infants“ published
in the Cochrane Database of Systematic Reviews (Al
Faleh 2008).

New authorship: Khalid AlFaleh, Jasim Anabrees, Dirk
Bassler, Turki Al-Kharfi.

Updated search identified seven new trials for inclu-
sion in this review update

12 November 2008  Feedback has been incorporated

Feedback incorporated

22 July 2008

Amended

Converted to new review format.

CONTRIBUTIONS OF AUTHORS
KA and JA updated the review.
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