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Abstract

Background: Over the last few years, probiotics have been
one of the most studied interventions in neonatal medicine.
Objectives: The aim of this work was to analyse all studies
(randomized controlled trials, RCTs, and observational stud-
ies) assessing the use of probiotics in very low birth weight
(VLBW) preterm infants. Search Methods: A systematic litera-
ture search was conducted using PubMed, Embase, Coch-
rane Library, and Web of Science. The data from RCTs and
observational studies were pooled and analysed separately.
Selection Criteria: RCTs and observational studies that en-
rolled VLBW infants with enteral administration of probiotics
were considered. Extracted study data included probiotic
characteristics and at least 1 clinical outcome (necrotizing
enterocolitis [NEC], late-onset sepsis or all-cause mortality).
Data Collection and Analysis: Forty-four studies were eli-
gible for our review: 30 RCTs and 14 observational studies.
Severe NEC rates (stage Il or more) and all-cause mortality
were reduced among the probiotic groups in both the RCTs
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(RR 0.57, 95% Cl 0.47-0.70, and RR 0.77, 95% Cl 0.65-0.92,
respectively) and the observational studies (RR 0.51, 95% Cl
0.37-0.70, and RR 0.71, 95% Cl 0.62-0.81, respectively). Fur-
thermore, there was a 12% reduction in the risk of sepsis in
RCTs and a 19% reduction in observational studies. The me-
ta-analysis of observational studies showed a reduction in
the risk of NEC in extremely low birth weight infants. How-
ever, this was not statistically significant. Conclusions: This
meta-analysis of RCT and observational studies found that
the use of probiotics was beneficial for the prevention of se-
vere NEC, late-onset sepsis, and all-cause mortality in VLBW

infants. © 2017 S. Karger AG, Basel

Background

Necrotizing enterocolitis (NEC) and sepsis are in-
creasingly important contributors to mortality because of
more preterm infants surviving the first week of life [1].
NEC is the most common serious acquired disease of the
gastrointestinal tract in preterm infants [2]. It is charac-
terized by ischemic necrosis of the intestinal mucosa,
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with an excessive inflammatory process and invasion of
enteric gas-forming organisms, and is a leading cause of
morbidity and mortality among preterm infants, with the
risk of developing NEC inversely proportional to birth
weight [3]. The aetiology of NEC has not been fully ex-
plained, but it seems to be multifactorial, involving the
immaturity of intestinal host defences and abnormal bac-
terial colonization [4, 5]. In vitro evidence showed that
pathogenic flora attached to the epithelial cells of preterm
infants much more easily than to those of term infants,
and some studies indicated that commensal bacteria
could inhibit or reduce inflammatory signalling in intes-
tinal epithelial cells [6]. In contrast to term infants, the
microbiome of premature infants has a smaller propor-
tion of beneficial bacteria and higher numbers of patho-
genic bacteria likely owing to frequent antibiotic use, ex-
posure to the hospital environment, and artificial feeding
[7]. This may predispose them to a failure of postnatal
evolution of critical innate defences and lead to NEC [8].
The hypothesis supporting the use of probiotic bacteria
to prevent NEC and sepsis is that their administration to
the preterm infant will encourage gut microbiota resem-
bling that of the term infant, strengthen intestinal barrier
function, and, thereby, protect the infant.

There is an increasing interest in probiotic interven-
tion and evidence for the effectiveness of probiotics in
preventing severe NEC, late-onset sepsis, and overall
mortality in very low birth weight (VLBW) infants [9, 10].
There is still insufficient clinical trial data available on
which to consider the merits of both the safety and effi-
cacy of providing probiotics to extremely low birth weight
(ELBW) infants. To address these investigative questions
in preterm infants, especially in ELBW infants, random-
ized controlled trials (RCT's) are not always easy or ethical
to conduct. Instead, well-designed observational studies
may be the next practicable method to address these types
of questions as they have been shown to provide results
similar to RCTs, challenging the belief that observational
studies are second-rate [11, 12]. They reflect routine prac-
tice, which allows for the evaluation of effectiveness and
safety in large populations that include ELBW patients
who are under-represented in, or completely excluded
from RCTs. In addition, they are sufficiently large to al-
low the study of rare events and are readily available for
analysis by researchers, without the time and monetary
costs common to large RCTs.

We therefore aimed to conduct a systematic review on
RCTs and observational studies, to investigate the effects
of probiotics, and to compare the efficacy and safety of
probiotic administration in the prevention of severe
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(stage II or more) NEC, late-onset sepsis, and mortality
in VLBW infants. The secondary objective was to conduct
a subgroup analysis to study the effect of probiotics in
ELBW infants and to analyse the effect of different species
or combinations of probiotics in VLBW infants.

Materials and Methods

We followed the PRISMA guidelines [13], MOOSE guidelines
[14], and the Cochrane Handbook of Systematic Reviews of Inter-
ventions approach [15] for conducting and reporting systematic
reviews and meta-analyses of RCTs and observational studies.

Search Methods for the Identification of Studies

The search was conducted on MEDLINE/PubMed, Embase,
Cochrane Library, and Web of Science to identify RCTs and ob-
servational studies that addressed the effect of probiotics in VLBW
infants. The databases were screened for publications from the ear-
liest available date until July 30, 2016. Only articles written in Eng-
lish were considered. The keywords searched included combina-
tions of “probiotics,” “preterm,” “necrotizing enterocolitis,” “sep-
sis,” “infant,” and “very-low-birth-weight.”

Eligibility Criteria

RCTs and observational studies involving VLBW (<1,500 g)
preterm (<34 weeks gestational age) infants with enteral adminis-
tration of probiotics initiated within 10 days were included.

Selection of Studies

Paired reviewers (E.D., Y.W.) independently screened titles/
abstracts and then full texts for eligibility, assessed risk of bias, and
collected data from each included study. Any disagreement be-
tween the 2 reviewers was resolved through discussion or adjudi-
cation by a third reviewer (C.Y.). In case of duplicate publications,
only the most recent and updated report of the study was included.

Risk of Bias and Quality of Evidence Assessment

The Cochrane Risk-of-Bias Tool was used to assess the risk of
bias of each RCTs [16]. The quality of the evidence of outcomes
was rated by the Grading of Recommendations Assessment, De-
velopment, and Evaluation (GRADE) approach [17]. Further-
more, the quality of included observational trials was assessed us-
ing the Newcastle-Ottawa Scale (NOS) [18]: in which 0-3 stars
indicate poor study quality, 4-6 stars indicate acceptable study
quality, and 7-9 stars indicate good study quality.

Data Extraction
From each eligible study the following information was col-
lected: study characteristics (e.g., author name, year of publication,
country, sample size, patient characteristics, type of probiotic, du-
ration of intervention, dosage) and at least 1 clinical outcome:
o Severe NEC (stage II or more) according to the modified Bell
staging criteria
o Late-onset sepsis (confirmed with a positive blood culture)
o All-cause mortality
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Table 1. Characteristics of the included RCT studies

First author [Ref.], Infants  Control Inclusion Strains, doses NEC NEC Sepsis pro- Sepsis controls Mortality ~ Mortality
year (country) on probi- group,n criteria and duration probiotics  controls biotics (culture (culture probiotics  controls
otics, n (BW/GA) (stage =2), n (stage =2), n positive), n positive), n (all cause), n (all cause), n
Al-Hosni [19], 50 51 <1,000 g L. rhamnosus GG and B. 2/50 2/51 13/50 16/51 3/50 3/50
2012 (USA) infantis (0.5 x 10° CFU each
probiotic, OD until
34 weeks)
Bin-Nun [20], 72 73 <1,500 g B. infantis, S. thermophilus, B. 1/72 10/73 31/72 24/73 6/72 17/73
2005 (Israel) bifidum (0.35 x 10° CFU each
probiotic, OD until 36 weeks)
Braga [21], 119 112 750-1,499 g L. casei and B. breve 0/119 4/112 40/119 42/112 26/119 27/112
2011 (Brazil) (3.5x 107 to 3.5 x 10°
CFU, OD for 28 days)
Costalos [62], 51 36 28-32weeks S. boulardii 5/51 6/36 3/51 3/36 NR NR
2003 (Greece) (1 x 10° CFU, BD for 30 days)
Costeloe [22], 650 660 23-30 weeks  B. breve (BBG 001) 61/650 66/660 73/650 771660 54/650 56/660
2016 (UK) (1.6 x 10° CFU/day until 36
weeks)
Costeloe [22], 317 327 <1,000 g B. breve (BBG 001) 50/317 53/327 63/317 61/327 46/317 55/327
2016 (UK) (1.6 x 10° CFU/day until 36
weeks)
Dani [23], 295 290 <33 weeks Lactobacillus GG (6.0 x 10° 4/295 8/290 14/295 12/290 0/295 2/290
2002 (Italy) or <1,500 g CFU/day until discharge)
Demirel [24], 135 136 <32 weeks S. boulardii 6/135 7/136 20/135 21/136 5/135 5/136
2013 (Turkey) and <1,500 g (5 x 10° CFU, BD until
discharge)
Dilli [25], 100 100 <32 weeks B. lactis (5 x 10° CFU 2/100 18/100 8/100 13/100 3/100 12/100
2015 and <1,500 g for 8 weeks)
Dutta [26], 38 35 27-33 weeks L. acidophilus, L. rhamnosus, 1/38 0/35 3/38 6/35 3/38 2/35
2015 (India) B. longum, and S. boulardii
(1 x 10'° CFU, BD for 21 days)
Fernandez- 75 75 <1,500 g L. acidophilus 1 x 10 6/75 12/75 NR NR 1/75 7175
Carrocera [27], CFU/g, L. rhamnosus
2013 (Mexico) 4.4 x 108 CFU/g, L. casei
1 x 10° CFU/g, L. plantarum
1.76 x 108 CFU/g,
B. infantis 2.76 x 107 CFU/g,
S. thermophilus 6.6 x 10°
CFU/g
Fuji [28], 11 8 <34 weeks B. breve (M-16V) 1 x 10° CFU,  0/11 0/8 1/11 1/8 NR NR
2006 (Japan) BD until discharge)
Hays [29], 50 52 700-1,600 g  B. lactis (1 x 10° CFU/day 2/50 3/52 9/50 10/52 1/50 1/52
2015 (France) and 25-31 for 4-6 weeks)
weeks
Hays [29], 48 52 700-1,600g  B.longum (1 x 10° 1/48 3/52 8/48 10/52 1/48 1/52
2015 (France) and 25-31 CFU/day for 4-6 weeks)
weeks
Hays [29], 47 52 700-1,600g  B. lactis and B. longum 5/47 3/52 8/47 10/52 1/47 1/52
2015 (France) and 25-31 (1 x 10° CFU/day for
weeks 4-6 weeks)
Jacobs 548 551 <32 weeks B. infantis, S. thermophilus, 11/548 24/551 72/548 89/551 27/548 28/551
(ProPrem) [30], and <1,500 g and B. lactis (1 x 10° CFU/
2013 (Australia) day until discharge)
Jacobs 232 239 <1,000 g B. infantis, S. thermophilus, 10/232 14/239 53/232 58/239 NR NR
(ProPrem), [30] and B. lactis (1 x 10° CFU/
2013 (Australia) day until discharge)
subgroup
Kanic [31], 40 40 <33 weeks L. acidophilus, E. faecium, 0/40 5/40 16/40 29/40 2/40 3/40
2015 (Slovenia) and <1,500 g and B. infantis (0.6 x 107 CFU,
BD until discharge)
Lin [32], 2005 180 187 <1,500 g L. acidophilus and B. 2/180 10/187 22/180 36/187 7/180 20/187
(Taiwan) infantis (each 2 x 10° CFU
until discharge)
Lin [33], 217 217 <1,500 g B. bifidum and L. acidophilus 4/217 14/217 40/217 24/217 2/217 9/217
2008 (Taiwan) (each 1 x 10° CFU, BD for
6 weeks)
Manzoni [34], 39 41 <1,500 g Lactobacillus GG casei subspe- 1/39 3/41 19/39 22/41 5/39 6/41
2006 (Italy) cies rhamnosus (6 x 10°/kg)
Manzoni [35], 151 168 <1,500 g Lactobacillus GG subspecies 0/151 3/168 7/151 9/168 6/151 4/168
2009 (Italy) rhamnosus (6 x 10° CFU/
day for 4 weeks)
Manzoni [36], 238 247 <1,500 g Lactobacillus GG 0/238 5/247 NR NR 9/238 5/247

2014 (Ttaly)

(6 x 10° CFU/day)
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Table 1 (continued)

First author [Ref.], Infants  Control Inclusion Strains, doses NEC NEC Sepsis pro- Sepsis controls Mortality Mortality
year (country) on probi- group, n criteria and duration probiotics  controls biotics (culture (culture probiotics  controls
otics, n (BW/GA) (stage >2), n (stage =2), n positive), n positive), n (all cause), n (all cause), n

Mihatsch [37], 91 89 <30 weeks B. lactis (2 x 10° CFU/kg/ 2/91 4/89 28/91 29/89 2/91 1/89
2010 (Germany) and <1,500 g day for 6 weeks)
Oncel [38], 200 200 <32 weeks L. reuteri (1 x 10° CFU, 8/200 10/200 13/200 25/200 15/200 20/200
2014 (Turkey) and <1,500 g OD until discharge)
Patole [39], 77 76 <33 weeks B. breve M16-V HM 0/77 1/76 17177 12/76 0/77 0/76
2014 (Australia) and <1,500 g (3 x 10° CFU OD; 1.5 x 10°

CFU OD for newborns

<27 weeks until they reached

50 mL/kg/day enteral feeds)
Rojas [40], 176 184 <1,500 g L. reuteri (1x 10% CFU 6/176 10/184 28/176 33/184 NR NR
2012 (Colombia) until discharge)
Rougé [41], 45 49 <1,500 g B. longum, and L. rhamnosus 2/45 1/49 15/45 13/49 2/45 4/49
2009 (France) (1 x 108 CFU/day until

discharge)
Saengtawesin [42], 31 29 <34 weeks L. acidophilus, B. bifidum 1/31 1/29 2/31 1/29 0/31 0/29
2014 (Thailand) and 1,500 g (1 x 10° CFU each,

total 125 mg/kg, BD until

discharge)
Samanta [43], 91 95 <32 weeks B. infantis, B. bifidum, 5/91 15/95 13/91 28/95 4/91 14/95
2009 (India) and <1,500 g B. longum, and L. acidophilus

(each 2.5 x 10° CFU, BD

until discharge)
Sari [44], 110 111 <33 weeks L. sporogenes (0.35 x 6/110 10/111 29/110 26/111 3/110 3/111
2011 (Turkey) or <1,500 g 10° CFU, OD; NR)
Serce [45], 104 104 <32 weeks S. boulardii (0.5 x 10° CFU/ 7/104 7/104 19/104 25/104 5/104 4/104
2013 (Turkey) and <1,500 g kg per

dose, BD)
Tewari [46], 123 121 <34 weeks B. clausii (8 x 108 CFU, TD 0/123 0/121 20/123 25/121 12/123 14/121
2015 (India) for 3-5 weeks)
Totsu [47], 153 130 <1,500 g B. bifidum (2.5 x 10° 0/153 0/130 6/153 10/130 2/153 0/130
2014 (Japan) CFU, divided in 2 doses

until >2 kg)

CFU, colony-forming unit; BW, birth weight; GA, gestational age; NR, not reported.
Statistical Analysis Results

All the statistical analyses were performed using the Stata 12.0
(Stata Corporation, College Station, TX, USA) and RevMan 5.3
software (The Nordic Cochrane Centre, The Cochrane Collabora-
tion). RCTs and observational studies were analysed separately.
For each trial, relative risk (RR) with a 95% confidence interval
(95% CI) for NEC, sepsis, and mortality was calculated using the
Mantel-Haenszel method. In the event of zero events in both
groups, the RR was not estimable. Both the fixed-effects model and
random-effects model were considered, depending on the hetero-
geneity of the included studies. The heterogeneity of the studies
was assessed using I2. A value of I <50% indicated homogeny and
the fixed-effects model was used in the analysis. In contrast, I*
>50% was interpreted as representing significant heterogeneity
and the random-effects model was used.

There was considerable clinical heterogeneity in probiotics for-
mulations and treatment duration in the observational studies so
data were analysed using a random-effects model. The publication
bias in this meta-analysis was first visually evaluated by funnel
plots and further evaluated using the Egger and Begg tests. A sub-
group analysis was performed to investigate the effect of probiotics
in ELBW infants and the effect of different species of probiotics in
VLBW.

12 Neonatology 2017;112:9-23
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Description of Studies

A total of 1,032 articles were identified by the initial
databases search (online suppl. Fig. 1; for all online suppl.
material, see www.karger.com/doi/10.1159/000454668).
A total of 585 articles were excluded as duplicates or for
language, meta-analysis or other reasons. Thus, 72 were
potentially eligible after title and abstract screening, and
44 studies met our inclusion criteria. Thirty RCTs with
8,622 patients and 14 observational studies with 13,779
patients were included. Regarding the enrolment crite-
ria, the included trials were highly variable in birth
weight, gestational age, dose, timing, and type of probiot-
ics. Twenty-nine included RCT studies reported on se-
vere stage II-III NEC outcome incorporating 4,304 in-
fants treated with probiotics and 4,231 control infants.
Twenty-eight included RCT studies reported on late-on-
set sepsis outcome involving 4,042 infants treated with
probiotics and 3,945 control infants. Twenty-seven in-
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Table 2. Characteristics of the included observational studies

First author [Ref.], Infants  Control Inclusion Probiotic used (doses) NEC NEC Sepsis pro- Sepsis con-  Mortality Mortality
year (country) on probi- group, n criteria Probiotics, controls, biotics (culture trols (culture probiotics  controls
otics, n (BW/GA) n n positive), n positive), n (all cause), n (all cause), n
Bonsante [48], 347 783 >24 and L. rhamnosus (2 x 4/347 42/783 37/347 130/783 8/347 38/783
2013 (France) <31 weeks 10® CFU BD until 36 weeks)
Dang [49], 128 135 <1,250 gand L. rhamnosus GG/B. infantis 2/128 8/135 NR NR 19/128 21/135
2015 (USA) <28 weeks (1 x 10° CFU/day until 34 week)
Guthmann [50], 591 633 400-1,500 g L. acidophilus/B. infantis 8/591 33/633 NR NR 21/591 32/633
2015 and <32 weeks  (each 1 x 10° CFU/day for
(Switzerland) 10-14 days)
Hirtel [53], 3,789 1,562 >22 + 6 and L. acidophilus/B. infantis 67/2,566 44/1,043  298/2,566 115/1,043 190/2,566 108/1,043
2014 (Germany) 32 weeks or (1 x 10° CFU/day for 14 days)
<1,500 g
Hoyos [51], 102 103 <1,500 g L. acidophilus/B. infantis 10/102 26/103 24/102 23/103 5/102 17/103
1999 (Colombia) (5 x 10%/day; NR)
Hunter [52], 79 232 <1,000 g L. reuteri (5.5 x 107 CFU/day 2179 35/232 19/79 72/232 NR NR
2012 (USA) until 40 weeks)
Janvier [54], 294 317 <32 weeks Mixture of Bifidobacterium 16/294 31/317 54/294 57/317 20/294 31/317
2014 (Canada) and Lactobacillus (2 x 10° CFU/
day until 34 weeks)
Lambek [55], 333 381 <30 weeks B. lactis BB12/L. rhamnosus GG~ 23/333 34/381 NR NR 54/333 66/381
2016 (Denmark) (1 x 10%and 1 x 10° CFU)
Li [56], 291 289 <1500 g Mixture of Streptococcus 7/291 8/289 NR NR 4/291 3/289
2013 (California) and Bifidobacterium (NR)
Luoto [57], 418 1.9 <30 weeks Lactobacillus GG (6 x 10° CFU/ 19/418 61/1,900 NR NR NR NR
2010 (Finland) or <1,500 g day until discharge)
Patole [58], 920 835 <34 weeks B. breve M-16V (1.5 x 10° CFU/ 12/920 25/835 82/920 120/835 37/920 56/835
2016 (Australia) day and then 3 x 10° CFU/day)
Repa [59], 230 233 <34 weeks L. acidophilus/B. infantis 16/230 24/233 60/230 78/233 16/230 30/233
2015 (Austria) (2 x 10° BD; NR)
Yamashiro [60], 338 226 <1,500 g B. breve (1 x 109/day (NR) 0/338 6/226 70/338 65/226 39/338 38/226
2010 (Japan)
Zampieri [61], 18 14 <1,500 g L. paracasei subspecies paracasei ~ 3/18 6/14 NR NR NR NR

2013 (Japan) F19

CFU, colony-forming unit; BW, birth weight; GA, gestational age; NR, not reported.

cluded RCT studies reported on severe mortality out-
come in 4,117 infants treated with probiotics and 4,039
control infants. There were 14 observational studies in-
cluding 13,779 patients. The main characteristics of the
included RCTs and observational studies are described
in Tables 1 and 2. The characteristics of the excluded
studies are summarized in online supplementary Ta-
ble 1. The study quality assessments of the trials accord-
ing to the Cochrane risk-of-bias tool for RCTs and to the
NOS for observational studies are summarized in online
supplementary Tables 2 and 3. The evaluations of the
level of evidence of outcomes according to the GRADE
approach are summarized in online supplementary Ta-
bles 4 and 5.

Probiotics in VLBW Infants

Effects of Probiotics on Severe NEC (Stage II-1IT)

Evidence from RCTs. Twenty-nine trials [19-47] re-
ported data on NEC (stage II-III) in VLBW infants. The
administration of probiotics significantly reduced the in-

Probiotics in VLBW Infants

cidence of severe NEC (RR 0.57, 95% CI 0.47-0.70, p <
00001; Fig. 1). There was no evidence of significant pub-
lication bias by inspection of the funnel plot and formal
statistical tests (Egger test, p = 0.072; Begg test, p = 0.183;
online suppl. Fig. 2).

Evidence from Observational Studies. Fourteen studies
[48-61] reported on severe stage II-III NEC. The admin-
istration of probiotics significantly reduced the incidence
of severe stage II-III NEC in VLBW infants (RR 0.51, 95%
CI 0.37-0.70, p < 0001; Fig. 2). There was no evidence of
significant publication bias by inspection of the funnel
plot and formal statistical tests (Egger test, p = 0.616; Begg
test, p = 0.669; online suppl. Fig. 2).

Effects of Probiotics on Late-Onset Sepsis

Evidence from RCTs. Twenty-eight trials [19-26, 28—
35, 37-47] reported on late-onset sepsis. The administra-
tion of probiotics reduced the rate of sepsis in the pooled
effect by 12% (typical RR 0.88,95% CI 0.80-0.97, p = 0.01;
Fig. 3). There was no evidence of significant publication
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Study or subgroup Experimental, n Control, n

events total events total

Risk ratio
M-H, fixed, 95% CI

Risk ratio M-H,

Weight,
9 fixed (95% CI)

Al-Hosni [19], 2012 (USA) 2 50 2 51
Bin-Nun [20], 2005 (Israel) 1 72 10 73
Braga [21], 2011 (Brazil) 0 119 4 112
Costeloe [22], 2016 (UK) 61 650 66 660
Dani [23], 2002 (Italy) 4 295 8 290
Demirel [24], 2013 (Turkey) 6 135 7 136
Dilli [25], 2015 (Turkey) 2 100 18 100
Dutta [26], 2015 (India) 1 38 0 35
Fernandez-Carrocera [27], 2013 6 75 12 75
(Mexico)

Fuji [28], 2006 (Japan) 0 11 0 8
Hays [29], 2015 (France) 8 145 3 52
Jacobs [30], 2013 (Australia and

New Zealand) 11 548 24 551
Kanic [31], 2015 (Slovenia) 0 40 5 40
Lin [32], 2005 (Taiwan) 2 180 10 187
Lin [33], 2008 (Taiwan) 4 217 14 217
Manzoni [34], 2006 (Italy) 1 39 3 41
Manzoni [35], 2009 (Italy) 0 151 3 168
Manzoni [36], 2014 (Italy) 0 238 5 247
Mihatsch [37], 2010 (Germany) 2 91 4 89
Oncel [38], 2014 (Turkey) 8 200 10 200
Patole [39], 2014 (Australia) 0 77 1 76
Rojas [40], 2012 (Colombia) 6 176 10 184
Rougé [41], 2009 (France) 2 45 1 49
Saengtawesin [42], 2015 (Thailand) 1 31 1 29
Samanta [43], 2009 (India) 5 91 15 95
Sari [44], 2011 (Turkey) 6 110 10 111
Serce [45], 2013 (Turkey) 7 104 7 104
Tewari [46], 2015 (India) 0 123 0 121
Totsu [47], 2014 (Japan) 0 153 0 130
Total (95% CI) 4,304 4,231

Total events 146 253
Heterogeneity: x? = 32.27, df = 25 (p = 0.15), > = 23%
Test for overall effect: Z = 5.57 (p < 0.00001)

08  1.02[0.15, 6.96]
39 0.10[0.01,0.77]
18  0.10(0.01, 1.92]
0.94 [0.67, 1.31] -
32 049[0.15, 1.61]
27 0.861[0.30, 2.50]
70  0.11[0.03, 0.47]
02  277[0.12, 65.82]
47  0.50[0.20, 1.26]

not estimable
17 0.96 [0.26, 3.47]

94  0.461[0.23,0.93]
21 0.09 [0.01, 1.59]
3.8 0.21 [0.05, 0.94]
55 0.29[0.10, 0.85]
11 0.35[0.04, 3.23]
13 0.16 [0.01, 3.05]
21 0.09 [0.01, 1.70]
1.6 0.49[0.09, 2.60]
39 0.80[0.32, 1.99]

]

]

0.6 0.33[0.01, 7.95
3.8 0.63[0.23, 1.69
0.4 2.18[0.20, 23.21]
0.4 0.94 [0.06, 14.27]
5.7 0.35[0.13, 0.92]
39 0.61 [0.23, 1.61]
2.7 1.00 [0.36, 2.75]
not estimable
not estimable

i li‘ H|\ I

100.0 0.57 [0.47, 0.70]
I T T 1
0.01 0.1 1 10 100
Favours Favours
(experimental) (control)

Fig. 1. Effects of probiotics on severe NEC (stage II-III) in RCT studies.

bias by inspection of the funnel plot and formal statistical
tests (Egger test, p = 0.242; Begg test, p = 0.149; online
suppl. Fig. 3).

Evidence from Observational Studies. Eight studies [48,
51-54, 58-60] reported on late-onset sepsis. The admin-
istration of probiotics reduced the incidence of sepsis in
VLBW infants by 19% (RR 0.81, 95% CI 0.69-0.96, p =
0.01; Fig. 4). There was no evidence of significant publica-
tion bias by inspection of the funnel plot and formal sta-
tistical tests (Egger test, p = 0.011; Begg test, p = 0.108;
online suppl. Fig. 3).

14 Neonatology 2017;112:9-23
DOI: 10.1159/000454668

Effects of Probiotics on Mortality

Evidence from RCTs. Twenty-seven trials [19-27, 29—
39, 41-47] reported on mortality. The administration of
probiotics significantly reduced the rate of mortality in
the VLBW infants (typical RR 0.77, 95% CI 0.65-0.92,
p =0.003; Fig. 5). Visual interpretation of this funnel plot
showed some asymmetry, and the formal statistical tests
showed significant publication bias (Egger test, p = 0.012;
Begg test, p = 0.002; online suppl. Fig. 4).

Evidence from Observational Studies. Eleven studies
[48-51,53-56, 58-60] reported on mortality. The admin-
istration of probiotics significantly reduced the incidence
of mortality in VLBW infants (RR 0.71, 95% CI 0.62-0.81,
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Study or subgroup Experimental, n Control, n Weight, Risk ratio M-H, Risk ratio
% fixed (95% CI) M-H, fixed, 95% CI
events total events total
Bonsante [48], 2013 (France) 4 347 42 783 57 0.21[0.08, 0.59] _
Dang [49], 2015 (USA) 2 128 8 135 33 0.26 [0.06, 1.22] -
Guthmann [50], 2015 (Switzerland) 8 591 33 633 7.7 0.26[0.12, 0.56] E——
Hoyos [51], 1999 (Colombia) 2 79 35 232 3.7 0.17 [0.04, 0.68]
Hunter [52], 2012 (USA) 67 2,566 44 1,043 11.7  0.62[0.43,0.90] -
Hartel [53], 2014 (Germany) 10 102 26 103 85 0.39[0.20,0.76] E—
Janvier [54], 2014 (Canada) 16 294 31 317 9.5 0.56[0.31, 1.00] —
Lambaek [55], 2016 (Denmark) 23 333 34 381 103 0.77[0.47,1.29] b
Li [56], 2013 (CA, USA) 7 291 8 289 5.8 0.87[0.32, 2.37] e
Luoto [57], 2010 (Finland) 19 418 61 1,900 103 1.42[0.86, 2.34] e
Patole [58], 2016 (Australia) 12 920 25 835 85 0.44[0.22,0.86] —_—
Repa [59], 2014 (Austria) 16 230 24 233 9.2 0.68[0.37,1.24] e
Yamashiro [60], 2010 (Japan) 0 338 6 226 1.1  0.05[0.00, 0.91]
Zampieri [61], 2013 (Japan) 3 18 6 14 47 0.39[0.12,1.29] B
Total (95% CI) 6,655 7124 100.0 0.51[0.37, 0.70] 2
Total events , , 189 3823
Heterogeneity: T2 = 0.19, x? = 32.19, df = 13 (p = 0.002), /> = 60% ! ' ! !
Test for overall effect: Z = 4.19 (p < 0.00001) 001 01 1 10 100
Favours Favours
(experimental) (control)

Fig. 2. Effects of probiotics on severe NEC (stage II-III) in observational studies.

p <0.00001; Fig. 6). There was no evidence of significant
publication bias by inspection of the funnel plot and for-
mal statistical tests (Egger test, p = 0.119; Begg test,
p = 0.082; online suppl. Fig. 4).

Probiotics in ELBW Infants

Evidence from RCTs and Observational Studies

Three RCTs [19, 22, 30] studied the effect of probiotics
among ELBW infants. The study showed no statistically
significant decrease of severe stage II-IIT NEC (typical RR
0.93,95% CI 0.67-1.27; p = 0.64, sepsis (typical RR 0.98,
95% CI 0.80-1.22; p = 0.88), or mortality (typical RR 0.89,
95% CI 0.62-1.26; p = 0.50; online suppl. Fig. 5).

Two observational studies [52, 54] involving a total of
518 infants (177 probiotic group and 341 control group),
showed a reduction in the risk of NEC; however, this was
not statistically significant (RR 0.37; 95% CI 0.10-1.38;
p = 0.14). The study showed no statistically significant
decrease of sepsis (typical RR 0.83,95% CI 0.62-1.11; p =
0.21), or mortality (typical RR 0.58, 95% CI 0.32-1.04;
p =0.07; online suppl. Fig. 5).

Probiotics in VLBW Infants

Effect of Different Species of Probiotics

Severe NEC: Species of Probiotics

Evidence from RCTs. The administration of Lactoba-
cillus GG [23, 34-36] and Bifidobacterium lactis 25, 37,
29] species alone significantly reduced the incidence of
severe stage II-III NEC (RR 0.31, 95% CI 0.12-0.76, and
RR 0.24, 95% CI 0.10-0.58, respectively). The pooled ef-
fect of the included trials that utilized L. reuteri [38, 40],
B. breve [22, 39] and Saccharomyces boulardii alone [24,
45, 62] showed a lack of significant reduction of severe
NEC stage II-IIT (RR 0.71, 95% CI 0.37-1.39, and RR
0.92, 95% CI 0.67-1.28; RR 0.82, 95% CI 0.44-1.50, re-
spectively). Subgroup analysis identified that mixtures of
2 types and mixtures of more than 2 types of probiotics
were most beneficial in reducing the risk of NEC (RR =
0.34; 95% CI1 0.17-0.67, p = 0.002, and RR = 0.40; 95% CI
0.26-0.64, p < 0.0001, respectively; online suppl. Fig. 6).

Evidence from Observational Studies. The administra-
tion of L. reuteri showed a significant reduction of the risk
rate of NEC (RR 0.17, 95% CI 0.04-0.68) [52]. There was
no significant difference in NEC risk between the probi-
otic group and the control group for the infants receiving
B. breve or Lactobacillus GG (RR = 0.27; 95% CI 0.02-
3.39,p=0.31, and RR = 0.58; 95% CI 0.08-4.02, p = 0.58,
respectively). Analysing the different strains, the use of a
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Study or subgroup

Experimental, n Control, n

Weight, Risk ratio M-H, Risk ratio

events total events total

% fixed (95% CI) M-H, fixed, 95% CI

Al-Hosni [19], 2012 (USA)
Bin-Nun [20], 2005 (Israel)
Braga [21], 2011 (Brazil)
Costalos [62], 2003 (Greece)
Costeloe [22], 2016 (UK)
Dani [23], 2002 (Italy)
Demirel [24], 2013 (Turkey)
Dilli [25], 2015 (Turkey)
Dutta [26], 2015 (India)

Fuji [28], 2006 (Japan)

Hays [29], 2015 (France)
Jacobs [30], 2013 (Australia and
New Zealand)

Kanic [31], 2015 (Slovenia)
Lin [32], 2005 (Taiwan)

Lin [33], 2008 (Taiwan)
Manzoni [34], 2006 (Italy)
Manzoni [35], 2009 (Italy)
Mihatsch [37], 2010 (Germany)
Oncel [38], 2014 (Turkey)
Patole [39], 2014 (Australia)
Rojas [40], 2012 (Colombia)
Rougé [41], 2009 (France)

Samanta [43], 2009 (India)
Sari [44], 2011 (Turkey)
Serce [45], 2013 (Turkey)
Tewari [46], 2015 (India)
Totsu [47], 2014 (Japan)

Total (95% CI)
Total events

Saengtawesin [42], 2015 (Thailand)

13 50 16 51
31 72 24 73
40 119 42 112
3 51 3 36
73 650 77 660
14 295 12 290
20 135 21 136
8 100 13 100
3 38 6 35
1 11 1 8
25 145 10 52

72 548 89 551
16 40 29 40
22 180 36 187
40 217 24 217
19 39 22 41
7 151 9 168
28 91 29 89
13 200 25 200
17 77 12 76
28 176 33 184
15 45 13 49
2 31 1 29
13 91 28 95
29 110 26 111
19 104 25 104
20 123 25 121
6 153 10 130

4,042
597 661

3,945

Heterogeneity: x? = 32.71, df = 27 (p = 0.21), > = 17%
Test for overall effect: Z = 2.50 (p = 0.01)
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Fig. 3. Effects of probiotics on late-onset sepsis in RCT studies.

2-probiotic combination (L. acidophilus with B. infantis)
proved to be statistically significant in reducing NEC
when compared to other probiotic combinations (RR
0.49, 95% CI 0.33-0.73, p = 0.0004; online suppl. Fig. 6).

Late-Onset Sepsis: Species of Probiotics

Evidence from RCTs. The administration of single-strain
L. reuteri, Lactobacillus GG, B. lactis, B. breve, S. boulardii
alone or a mixture of 2 types of probiotics or more did not
reduce the incidence of culture-proven sepsis significantly
(RR0.73,95% CI0.50-1.05,RR 0.97,95% CI 0.67-1.40, RR
0.86,95% CI0.61-1.22,RR 1.02,95% CI1 0.78-1.34, RR 0.85,
95% CI0.58-1.25, RR 0.99, 95% CI 0.80-1.23, and RR 0.82,
95% CI 0.66-1.02, respectively; online suppl. Fig. 7).

16 Neonatology 2017;112:9-23
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Evidence from Observational Studies. Two observa-
tional studies [58, 60] using B. breve alone showed a sta-
tistically significant reduction in the risk of sepsis
(RR = 0.66, 95% CI 0.55-0.81, p < 0.0001). The adminis-
tration of single-strain L. reuteri, Lactobacillus GG or a
mixture of 2 types of probiotics did not reduce the inci-
dence of culture-proven sepsis (RR 0.77, 95% CI 0.50-
1.20, RR 0.64, 95% CI 0.46-0.90, and RR 0.95, 95% CI
0.77-1.17, respectively; online suppl. Fig. 7).

Mortality: Species of Probiotics

Evidence from RCTs. The administration of single-
strain L. reuteri, Lactobacillus GG, B. lactis, B. breve or S.
boulardii alone did not reduce mortality (RR 0.75,95% CI
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Study or subgroup Experimental, n Control, n Weight  Risk ratio M-H, Risk ratio
9 fixed (95% CI) M-H, fixed, 95% CI
events total events total
Bonsante [48], 2013 (France) 37 347 130 783 11.8 0.64 [0.46, 0.90] ——
Hoyos [51], 1999 (Colombia) 24 102 23 103 74 1.05][0.64, 1.74] i -
Hunter [52], 2012 (USA) 19 79 72 232 8.9 0.77 [0.50, 1.20] et
Hartel [53], 2014 (Germany) 298 2,566 115 1,043 17.5 1.05[0.86, 1.29] +
Janvier [54], 2014 (Canada) 54 294 57 317 12.0 1.02[0.73,1.43] -+
Patole [58], 2016 (Australia) 82 920 120 835 14.8 0.62 [0.48, 0.81] -
Repa [59], 2014 (Austria) 60 230 78 233 14.0 0.78 [0.59, 1.03] .
Yamashiro [60], 2010 (Japan) 70 338 65 226 13.6 0.72 [0.54, 0.96] —-
Total (95% CI) 4,876 3,772 100.0 0.81[0.69, 0.96] *
Total events 644 660
Heterogeneity: T2 = 0.03, x? = 15.62, df = 7 (p = 0.03), ” = 55% f ' ! !
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Fig. 4. Effects of probiotics on late-onset sepsis in observational studies.
Study or subgroup Experimental, n Control, n Weight, Risk ratio M-H, Risk ratio
9 fixed (95% CI) M-H, fixed, 95% CI
events total events total
Al-Hosni [19], 2012 (USA) 3 50 4 51 1.5 0.77[0.18,3.25] _
Bin-Nun [20], 2005 (Israel) 6 72 17 73 6.3 0.36[0.15, 0.86] R —
Braga [21], 2011 (Brazil) 26 119 27 112 104 091 [0.56, 1.45] —
Costeloe [22], 2016 (UK) 54 650 56 660 20.7 0.98 [0.68, 1.40] .
Dani [23], 2002 (Italy) 0 295 2 290 09 0.20[0.01, 4.08]
Demirel [24], 2013 (Turkey) 5 135 5 136 1.9 1.0110.30, 3.40] _
Dilli [25], 2015 (Turkey) 3 100 12 100 4.5 0.25[0.07, 0.86]
Dutta [26], 2015 (India) 3 38 2 35 0.8 1.38[0.25,7.79] R e
Fernandez-Carrocera [27], 2013
(Mexico) 1 75 7 75 26 0.141[0.02, 1.13]
Hays [29], 2015 (France) 3 145 1 52 0.5 1.08[0.11,10.11] _
Jacobs [30], 2013 (Australia and
New Zealand) 27 548 28 551 104  0.97[0.58, 1.62] .
Kanic [31], 2015 (Slovenia) 2 40 3 40 11  067][0.12 3.78] S E—
Lin [32], 2005 (Taiwan) 7 180 20 187 7.3 0.36[0.16, 0.84] e
Lin [33], 2008 (Taiwan) 2 217 9 217 34 0.221[0.05,1.02]
Manzoni [34], 2006 (Italy) 5 39 6 41 2.2 0.88[0.29, 2.64] —
Manzoni [35], 2009 (Italy) 6 151 4 168 14 1.67[0.48,5.80] S B
Manzoni [36], 2014 (Italy) 9 238 5 247 1.8 1.87[0.64,5.49] e B—
Mihatsch [37], 2010 (Germany) 2 91 1 89 04 1.961[0.18,21.19]
Oncel [38], 2014 (Turkey) 15 200 20 200 7.4  0.75[0.40, 1.42] oo
Patole [39], 2014 (Australia) 0 77 0 76 not estimable
Rougé [41], 2009 (France) 2 45 4 49 14 0.54[0.10, 2.83] S
Saengtawesin [42], 2015 (Thailand) 0 31 0 29 not estimable
Samanta [43], 2009 (India) 4 91 14 95 51 0.30[0.10, 0.87] _
Sari [44], 2011 (Turkey) 3 110 3 111 1.1  1.011[0.21,4.89] _
Serce [45], 2013 (Turkey) 5 104 4 104 1.5 1.25]0.35,4.52] —_—
Tewari [46], 2015 (India) 12 123 14 121 53 0.84[041,1.75] —
Totsu [47], 2014 (Japan) 2 153 0 130 0.2 4.25[0.21, 87.80]
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Fig. 5. Effects of probiotics on mortality in RCT studies.
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Study or subgroup Experimental, n = Control, n

events total events total
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Bonsante [48], 2013 (France) 8 347 38 783
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Hartel [53], 2014 (Germany) 190 2,566 108 1,043
Janvier [54], 2014 (Canada) 20 294 31 317
Lambaek [55], 2016 (Denmark) 54 333 66 381
Li [56], 2013 (CA, USA) 4 291 3 289
Patole [58], 2014 (Australia) 37 920 56 835
Repa [59], 2014 (Austria) 16 230 30 233
Yamashiro [60], 2010 (Japan) 39 338 38 226
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Fig. 6. Effects of probiotics on mortality in observational studies.

0.40-1.42, RR 1.16, 95% CI 0.62-2.16, RR 0.54, 95% CI
0.08-3.78, RR 0.98, 95% CI 0.68-1.40, and RR 1.12, 95%
CI 0.46-2.70, respectively). The administration of a mix-
ture of probiotics significantly reduced the incidence of
mortality (RR 0.61, 95% CI 0.43-0.89, p = 0.009; online
suppl. Fig. 8).

Evidence from Observational Studies. The administra-
tion of B. breve alone or a mixture of probiotics signifi-
cantly reduced the incidence of mortality (RR 0.64, 95%
CI 0.48-0.86, p = 0.003, and RR 0.64, 95% CI 0.50-0.83,
p =0.0006, respectively; online suppl. Fig. 8).

Discussion

Over the last few years probiotics have been one of the
most studied interventions in neonatal medicine. To
some, probiotics appear to be the miracle cure of this cen-
tury due to the fact that their use has been suggested to
prevent severe NEC, late-onset sepsis, and to decrease
mortality in preterm infants. The evidence for the effi-
cacy and safety probiotics has been substantial compared
to other innovative interventions such as surfactant,
hypothermia, and room air resuscitation. However, is it
really appropriate to say that this is the “golden age” of
probiotics in preterm infants? Our systemic review and
meta-analysis on all types of studies summarizes the evi-
dence on probiotics efficacy in preterm infants weighing

18 Neonatology 2017;112:9-23
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<1,500 g. Thirty randomized trials with more than 8,000
preterm infants and 14 observational studies with more
than 13,000 preterm infants were included. This study
readily illustrates 3 significant findings.

The first finding is that there is a very sizeable volume
of RCTs and observational studies on probiotics. Almost
unanimously, they claim that the use of probiotics in
VLBW infants is safe and feasible. This meta-analysis of
RCT and observational studies found that the use of pro-
biotics in premature infants was associated with a statis-
tically significant decreased incidence of NEC, late-onset
sepsis, and mortality. The effect sizes and CIs were also
very similar in RCTs and observational studies, with an
almost 50% reduction in NEC and 25% reduction in
mortality. These results are consistent with the most re-
cent Cochrane review and previous reviews that reported
a 59% reduction in the risk of NEC and a 34% reduction
in all-cause mortality [9]. Our study demonstrated that
probiotic supplementation also reduced the risk of late-
onset sepsis in preterm infants. These results are in con-
trast to those of the latest meta-analyses that did not find
a statistically significant benefit of probiotic supplemen-
tation in reducing late-onset sepsis in preterm infants [9,
64]. The most likely reason for the difference between
our meta-analysis and the previous ones is the sample
size.

The second finding brought out by the extremely high
proportion of studies is that there is still insufficient clin-
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ical trial data available on which to consider the merits of
both the safety and efficacy of providing probiotics to
ELBW infants. Only 3 RCT studies [19, 22, 30] and 2 ob-
servational studies [52, 54] specifically studied ELBW in-
fants <1,000 g. Our meta-analysis showed a trend towards
a benefit in the reduction of NEC, sepsis, and mortality;
however, this was not statistically significant. Even though
our study included a larger number of RCT and observa-
tional studies, it did not reach the sample size needed to
detect a statistically significant benefit for probiotic use in
ELBW infants. Therefore, the use of probiotics in ex-
tremely premature infants needs further investigation,
especially considering the limited data from both the
RCTs and the observational studies. Future studies using
scrupulous analysis will be able to gradually uncover the
true value of probiotics and confirm its place in main-
stream practice in ELBW infants.

The third finding that emerged from the extreme vari-
ety of probiotics used in neonatology was that the results
are conflicting. In some studies the authors suggested that
different effects were observed when different strains
were used [20, 32, 37]. Others found no difference at all
or suggested different effects when infants were supple-
mented with a single or with combined strains [10, 29,
50]. The evidence indicates that the functionality of a
multistrain or multispecies probiotics could be more ef-
fective and more consistent than that of a monostrain
probiotics [65, 66]. Our study demonstrated that oral L.
reuteri does not seem to affect the overall rates of NEC
and/or mortality in preterm infants, even though 1 obser-
vational study demonstrated a significant effect in reduc-
ing the incidence of NEC using the same strain in lower
doses [52]. However, the conflicting results of RCTs and
observational studies on the effect of L. reuteri in the pre-
vention of severe NEC underline the importance of inde-
pendent study comparing different doses of the same pro-
biotics. Lactobacillus GG significantly reduced NEC but
did not reveal a significant effect on the rates of late-onset
sepsis and mortality in VLBW infants [23, 34, 35]. The
meta-analyses on observational studies demonstrated a
significant effect in reducing the incidence of NEC using
the same strain but indicated heterogeneity across the
studied populations. It is important to remember that
some cases of sepsis attributable to Lactobacillus species
have been documented in high-risk patients on rare oc-
casions, and recently Dani et al. [67] reported 2 further
cases of sepsis in preterm supplemented with L. rhamno-
sus GG [67-70]. The meta-analysis of studies that used a
mixture of 2 types of probiotics showed a statistically sig-
nificant decreased incidence of NEC and mortality, but

Probiotics in VLBW Infants

there was a lack of significant reduction of late-onset sep-
sis. Using the probiotic preparation Infloran (a mixture
of L. acidophilus and B. infantis), 1 RCT trial demonstrat-
ed a reduction of NEC and mortality by approximately
80% [32]. Pooled analyses of 4 observational studies [50,
51, 53, 59] showed a statistically significant 51% reduc-
tion of NEC and 46% reduction of mortality. Recently, a
large observational multicentre study conducted by Den-
kel et al. [71] demonstrated that the routine use of dual-
strain probiotics (Infloran) in German neonatal wards
significantly reduced the risk of NEC, overall mortality,
and late-onset sepsis. These effects were even more pro-
nounced in the subgroup analysis of preterm infants with
birth weights below 1,000 g. In the meta-analysis of RCT's
where a combination of more than 2 probiotics was used,
a statistically significant effect in preventing NEC and
mortality was seen. Furthermore, the meta-analysis iden-
tified a trend towards a benefit in the reduction of sepsis;
however, this was not statistically significant. Our results
indicated that multistrain probiotics showed greater ef-
ficacy than single strains.

The included trials were highly variable in terms of
birth weight, gestational age, timing, dose, type of probi-
otics, and feeding regimens. They had different protocols
towards enteral feeds, but almost unanimously they com-
menced probiotics within the first week of life. Doses of
individual probiotics varied, and were administered with
human milk feeding [21, 34, 48, 58], formula feeding [62],
or both in some studies [23-25, 27, 32, 33]. Probiotic sup-
plementation in some studies was started as soon as min-
imal enteral feeding was commenced [23, 38, 48], or with-
in 48 h [24, 47, 50], or when infants had stable vital signs
[21, 32,33, 37,40]. In other studies it was initiated as soon
as the infants could tolerate enteral feeding [62, 63], or as
soon as possible after randomization, whether or not en-
teral feeding had begun [22]. Repa et al. [59] observed a
preventive effect against NEC in premature infants fed
with breast milk in the first 2 weeks of life, but not in in-
fants exclusively fed with formula, suggesting that the ef-
ficacy of probiotics is strongly influenced by feeding prac-
tices. In fact, the health benefits of breastfeeding have
been recognized for a long time. However, the above ob-
servations are made to highlight the need for a greater
quality of evidence in terms of the preparation, dosage,
and timing of probiotic supplementation in VLBW in-
fants.

Comparison with Previous Studies
Differences between the current meta-analysis and
previous meta-analyses conducted in the last 2 years
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should be noted. The latest meta-analysis had an obvious
lack of effect of probiotics in ELBW infants, on the pre-
vention of sepsis, and on the use of a specific probiotic
strain. A meta-analysis by Baucells et al. [72] included 9
studies pooling a total of 3,521 newborns and found that
probiotics administration was associated with a reduced
risk of NEC (RR 0.39; 95% CI 0.26-0.57) and mortality
(RR 0.70; 95% C 0.52-0.93), with no difference to pla-
cebo regarding late-onset sepsis (RR 0.91; 95% CI 0.78-
1.06).

Lau et al. [64] evaluated the effects of probiotic supple-
mentation on the prevention of NEC in preterm infants.
The authors included 20 RCTs involving 5,982 preterm
infants. The risk of NEC was reduced by 49.1% (RR 0.509,
95% CI 0.385-0.672) and overall mortality by 26.9% (RR
0.731, 95% CI 0.57-0.926) among infants receiving pro-
biotics. A reduction in late-onset sepsis 0of 8.1% (RR 0.919,
95% CI 0.823-1.027) was also observed in infants receiv-
ing probiotics, but this was not statistically significant.

Olsen etal. [73] included 12 observational studies with
10,800 premature neonates (5,144 receiving prophylactic
probiotics and 5,656 controls). The meta-analysis showed
a significantly decreased incidence of NEC (RR 0.55, 95%
CI 0.39-0.78) and mortality (RR 0.72, 95% CI 0.61-0.85).
Sepsis did not differ significantly between the 2 groups
(RR 0.86,95% CI 0.74-1.00). The authors concluded that
probiotic supplementation reduces the risk of NEC and
mortality in preterm infants.

Acetietal. [74] analysed data from 6,605 infants (3,324
in the probiotic group and 3,281 in the control group).
Probiotics prevented NEC in preterm infants (RR 0.47,
95% CI 0.36-0.60), and a strain-specific sub-meta-analy-
sis showed a significant effect for bifidobacteria (RR 0.24,
95% CI 0.10-0.54) and for probiotic mixtures (RR 0.39,
95% CI 0.27-0.56).

Following these meta-analyses, several RCT's and ob-
servational studies investigating probiotics for the pre-
vention of NEC, late-onset sepsis or mortality were pub-
lished. We used rigorous methods to systematically iden-
tify both randomized and observational studies that
reported data to inform the issue of using probiotics in
infants <1,500 g or <34 weeks gestational age. Our search
strategy involved multiple bibliographic databases and
we did not exclude specific study types, making this the
largest systematic review on probiotics in preterm in-
fants. The inclusion of observational and RCT data gave
the full picture of using probiotics in preterm infants. In
contrast with the previous meta-analyses, the current me-
ta-analysis of RCTs and observational studies with simi-
lar effect sizes suggested that probiotic supplementation
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might reduce the risk of sepsis significantly. Furthermore,
it showed a statistically significant decrease in the inci-
dence of NEC and mortality in both the RCTs and the
observational studies that used a mixture of 2 or more
types of probiotics.

Our study has some limitations. First, we included
only trials published in English; other languages, ongoing
registered trials, and abstracts presented in conferences
were not included. Second, the different preparations,
dosing, and the limited data on the highest-risk popula-
tion (ELBW infants) of RCTs and observational studies
made our analysis of the evidence difficult. Third, the
available evidence is not suited to providing specific an-
swers to some questions, since many findings came from
RCTs and observational studies of very low-quality evi-
dence. Studies based on observational data encounter
methodological problems that can compromise the valid-
ity and bias our results. The methodological issues among
the reviewed observational studies are the handling of ex-
posures that change over time and difficulty in control-
ling for all confounders [58]. Bonsante et al. [48] could
not draw any conclusion about the overall safety of the
probiotic in VLBW infants because of the lack of a pro-
spective and systematic surveillance of the microbiologic
tolerability. The reduced rates of NEC associated with the
introduction of probiotics might have been linked to oth-
er changes in practice, such as less antenatal antibiotics,
more breastfeeding, or emphasis on late cord clamping
[50, 54]. Other concomitant changes in the practice of
airway and sepsis management occurred in the study pe-
riod and may have influenced some of the outcomes and
the survival data [59]. Furthermore, the funnel plots and
the statistical tests (effects of probiotics on mortality in
RCTs) indicated publication bias. To interpret the accu-
mulated evidence, it is necessary to make a judgment
about the validity or relevance of the combined evidence
from the smaller studies compared with that from larger
studies. Although several reasons for small study effects
exist, the main concern is that published studies might
represent a biased selection of all the studies that have
been conducted. We have compared the fixed and ran-
dom effects estimates of the probiotic on mortality and
there is no evidence of a beneficial effect reported from
smaller studies. This suggests that publication bias does
not completely explain the asymmetry, since many of the
beneficial effects reported from smaller studies were not
significant. Plausible explanations for these results are
that changes in the standard of care (less antenatal anti-
biotics or more breastfeeding) led to the apparent benefi-
cial effects of probiotics.

Dermyshi/Wang/Yan/Hong/Qiu/Gong/
Zhang



Conclusions

This large meta-analysis supports the hypotheses that
probiotics potentially prevent severe NEC and late-onset
sepsis, and reduce mortality in preterm infants. Combi-
nations containing L. acidophilus together with B. infantis
or more should be strongly considered, as the available
evidence does not support the single-strain use of L. reu-
teri, B. breve or S. boulardii. Analysing the different
strands, the use of a 2-probiotic combination (L. acido-
philus with B. infantis) proved to be statistically signifi-
cant in reducing NEC and mortality when compared to
other probiotic combinations.

As the neonatology community moves forward today,
it is necessary for the role of probiotics in ELBW infants
to be defined. Considering the similar results in this meta-
analysis and the limited data on the efficacy and safety of
using probiotics in infants at high risk, well-designed ob-
servational studies that utilise the same features of RCTs,
such as inclusion and exclusion criteria, may be the next
practicable method to provide valuable information
about the use of probiotics in ELBW infants.

We are living in the golden age of probiotics, but the
question is whether or not we should use them in VLBW
infants? The answer currently is that the debate is a very
important one to have. Despite the attractiveness of pro-
biotics use in VLBW infants, proponents must under-

stand that the counterarguments are very relevant. The
reasons not to use some types of probiotics and the dif-
ficulty in deriving dosage recommendations or probiotics
combinations are as important for patients as the reasons
in favour of using them. These doubts must never be ig-
nored or dismissed. Facing up to and seeking to resolve
this debate is the only way to ensure that patients are the
ultimate winners.
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