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“Probio+cs	are	life	microorganisms,	which	when	administered	in	

adequate	amounts	confer	a	health	benefit	on	the	host	(FAO2001)	1	

	

1	 Food	and	A	Organiza+on	of	 the	United	Na+ons	 (FAO)	 ,	2001.	Health	and	Nutri+onal	Proper+es	of	
Probio+cs	in	Food	including	Powder	with	with	live	Lac+c	Acid	Bacteria.	
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BACKGROUND
Understanding the causes and timing of death in extremely premature infants may 
guide research efforts and inform the counseling of families.

METHODS
We analyzed prospectively collected data on 6075 deaths among 22,248 live births, 
with gestational ages of 22 0/7 to 28 6/7 weeks, among infants born in study hos-
pitals within the National Institute of Child Health and Human Development Neona-
tal Research Network. We compared overall and cause-specific in-hospital mortal-
ity across three periods from 2000 through 2011, with adjustment for baseline 
differences.

RESULTS
The number of deaths per 1000 live births was 275 (95% confidence interval [CI], 
264 to 285) from 2000 through 2003 and 285 (95% CI, 275 to 295) from 2004 
through 2007; the number decreased to 258 (95% CI, 248 to 268) in the 2008–2011 
period (P = 0.003 for the comparison across three periods). There were fewer pulmo-
nary-related deaths attributed to the respiratory distress syndrome and bronchopul-
monary dysplasia in 2008–2011 than in 2000–2003 and 2004–2007 (68 [95% CI, 
63 to 74] vs. 83 [95% CI, 77 to 90] and 84 [95% CI, 78 to 90] per 1000 live births, 
respectively; P = 0.002). Similarly, in 2008–2011, as compared with 2000–2003, 
there were decreases in deaths attributed to immaturity (P = 0.05) and deaths com-
plicated by infection (P = 0.04) or central nervous system injury (P<0.001); however, 
there were increases in deaths attributed to necrotizing enterocolitis (30 [95% CI, 
27 to 34] vs. 23 [95% CI, 20 to 27], P = 0.03). Overall, 40.4% of deaths occurred 
within 12 hours after birth, and 17.3% occurred after 28 days.

CONCLUSIONS
We found that from 2000 through 2011, overall mortality declined among extreme-
ly premature infants. Deaths related to pulmonary causes, immaturity, infection, and 
central nervous system injury decreased, while necrotizing enterocolitis–related deaths 
increased. (Funded by the National Institutes of Health.)
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We could not identify a cause of death for the 
13.7% of infants whose cause of death was classi-
fied as “other,” despite attempts to further charac-
terize this group of infants. Also, we could not 
determine the frequency of withdrawal or limita-
tion of intensive care and its effect on changes in 
mortality. In addition, we did not adjust for mul-
tiple comparisons of cause-specific mortality, 
which increased the likelihood that some signifi-
cant differences in cause-specific mortality over 
time may have been the result of chance. Finally, 
Neonatal Research Network centers may not be 
representative of other tertiary, large neonatal in-
tensive care units, and this may limit the general-
izability of our findings.

In conclusion, from 2000 through 2011, rates 
of death overall — and specifically, deaths at-
tributed to immaturity or pulmonary causes 
(bronchopulmonary dysplasia and the respirato-
ry distress syndrome) and those attributed to or 
complicated by infection or CNS injury — de-
creased among extremely premature infants, while 

deaths attributed to necrotizing enterocolitis in-
creased. Our findings underscore the continued 
need to develop and implement strategies for re-
ducing the potentially lethal complications of pre-
mature birth.
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BACKGROUND
Understanding the causes and timing of death in extremely premature infants may 
guide research efforts and inform the counseling of families.

METHODS
We analyzed prospectively collected data on 6075 deaths among 22,248 live births, 
with gestational ages of 22 0/7 to 28 6/7 weeks, among infants born in study hos-
pitals within the National Institute of Child Health and Human Development Neona-
tal Research Network. We compared overall and cause-specific in-hospital mortal-
ity across three periods from 2000 through 2011, with adjustment for baseline 
differences.

RESULTS
The number of deaths per 1000 live births was 275 (95% confidence interval [CI], 
264 to 285) from 2000 through 2003 and 285 (95% CI, 275 to 295) from 2004 
through 2007; the number decreased to 258 (95% CI, 248 to 268) in the 2008–2011 
period (P = 0.003 for the comparison across three periods). There were fewer pulmo-
nary-related deaths attributed to the respiratory distress syndrome and bronchopul-
monary dysplasia in 2008–2011 than in 2000–2003 and 2004–2007 (68 [95% CI, 
63 to 74] vs. 83 [95% CI, 77 to 90] and 84 [95% CI, 78 to 90] per 1000 live births, 
respectively; P = 0.002). Similarly, in 2008–2011, as compared with 2000–2003, 
there were decreases in deaths attributed to immaturity (P = 0.05) and deaths com-
plicated by infection (P = 0.04) or central nervous system injury (P<0.001); however, 
there were increases in deaths attributed to necrotizing enterocolitis (30 [95% CI, 
27 to 34] vs. 23 [95% CI, 20 to 27], P = 0.03). Overall, 40.4% of deaths occurred 
within 12 hours after birth, and 17.3% occurred after 28 days.

CONCLUSIONS
We found that from 2000 through 2011, overall mortality declined among extreme-
ly premature infants. Deaths related to pulmonary causes, immaturity, infection, and 
central nervous system injury decreased, while necrotizing enterocolitis–related deaths 
increased. (Funded by the National Institutes of Health.)
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We could not identify a cause of death for the 
13.7% of infants whose cause of death was classi-
fied as “other,” despite attempts to further charac-
terize this group of infants. Also, we could not 
determine the frequency of withdrawal or limita-
tion of intensive care and its effect on changes in 
mortality. In addition, we did not adjust for mul-
tiple comparisons of cause-specific mortality, 
which increased the likelihood that some signifi-
cant differences in cause-specific mortality over 
time may have been the result of chance. Finally, 
Neonatal Research Network centers may not be 
representative of other tertiary, large neonatal in-
tensive care units, and this may limit the general-
izability of our findings.

In conclusion, from 2000 through 2011, rates 
of death overall — and specifically, deaths at-
tributed to immaturity or pulmonary causes 
(bronchopulmonary dysplasia and the respirato-
ry distress syndrome) and those attributed to or 
complicated by infection or CNS injury — de-
creased among extremely premature infants, while 

deaths attributed to necrotizing enterocolitis in-
creased. Our findings underscore the continued 
need to develop and implement strategies for re-
ducing the potentially lethal complications of pre-
mature birth.
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Cause and Timing of Death According to 
Gestational Age

Immaturity was most commonly identified as 
the cause of death for infants born at 22 or 23 

weeks of gestation; most of these infants died 
within 12 hours after birth and were not intubated 
in the delivery room (Table 3, and Table S7 in the 
Supplementary Appendix). In contrast, deaths 

Variable 2000–2003 2004–2007 2008–2011 All Years P Value

Total live births 7440 7684 7124 22,248

Total deaths 2043 2193 1839 6075

Overall mortality rate per 1000 live births (95% CI)† 275 (264–285)‡ 285 (275–295)‡ 258 (248–268) 273 (267–279) 0.003

Cause-specific mortality rate per 1000 live births 
(95% CI)†§

Congenital anomalies 16 (13–19) 14 (12–17) 13 (10–16) 14 (13–16) 0.31

Respiratory distress syndrome 65 (60–71)‡ 69 (63–75)‡ 56 (51–62) 64 (60–67) 0.02

Bronchopulmonary dysplasia 18 (15–21) 15 (13–18) 12 (10–15) 15 (13–17) 0.09

Pulmonary: respiratory distress syndrome plus 
bronchopulmonary dysplasia

83 (77–90)‡ 84 (78–90)‡ 68 (63–74) 79 (75–82) 0.002

Infection 22 (19–25) 24 (21–28) 19 (16–22) 22 (20–24) 0.20

Necrotizing enterocolitis 23 (20–27)‡ 29 (25–33) 30 (27–34) 28 (25–30) 0.04

CNS injury¶ 7 (5–9) 11 (9–14) 10 (8–13) 9 (8–11) 0.21

Immaturity 86 (80–93)‡ 81 (75–88) 81 (75–88) 83 (79–87) 0.04

Other 37 (33–42) 40 (36–45) 34 (30–39) 37 (35–40) 0.20

Deaths complicated or caused by infection —  
no. per 1000 live births (95% CI)†

55 (50–61) 62 (57–68)‡ 45 (41–50) 54 (51–58) 0.001

Complicated by infection∥ 33 (30–38)‡ 38 (34–42)‡ 26 (23–30) 33 (30–35) 0.004

Caused by infection** 22 (19–25) 24 (21–28) 19 (16–22) 22 (20–24) 0.20

Deaths complicated or caused by CNS injury —  
no. per 1000 live births (95% CI)†

31 (27–35)‡ 28 (25–32) 24 (20–28) 28 (25–30) 0.003

Complicated by CNS injury†† 24 (21–28)‡ 17 (14–20) 13 (11–16) 18 (17–20) <0.001

Caused by CNS injury‡‡ 7 (5–9) 11 (9–14) 10 (8–13) 9 (8–11) 0.21

Postnatal age at death in days — median (IQR) 3 (1–17) 3 (1–20) 3 (1–17) 3 (1–18) >0.99

Time of death — no./total no. (%) 0.72

0 to 12 hr 837/2043 (41.0) 845/2192 (38.5) 771/1838 (41.9) 2453/6073 (40.4)

>12 hr to 28 days 867/2043 (42.4) 940/2192 (42.9) 763/1838 (41.5) 2570/6073 (42.3)

>28 days 339/2043 (16.6) 407/2192 (18.6) 304/1838 (16.5) 1050/6073 (17.3)

Autopsy performed — no./total no. (%) 460/1960 (23.5) 489/2077 (23.5) 331/1746 (19.0) 1280/5783 (22.1) 0.001

*  CI denotes confidence interval, and CNS central nervous system.
†  Comparisons were adjusted for center, gestational age, birth weight, sex, race, multiple gestation (yes vs. no), and whether small for ges-

tational age (yes vs. no). A total of 288 patients (1.3%) with missing data for variables in the regression model were excluded. For cause-
specific mortality estimates, all live births were considered at risk. Unadjusted confidence intervals were obtained with the use of the exact 
(Clopper–Pearson) method. Reported P values indicate the results of a test for differences in mortality among all three periods. Relative 
changes in mortality and P values from pairwise comparisons among the three periods are provided in Table S8 in the Supplementary 
Appendix.

‡  P<0.05 for pairwise adjusted comparisons with the 2008–2011 period.
§  Thirty deaths coded as having an unknown cause are not included.
¶  Centers added in 2011 were combined for center-adjusted comparisons of CNS injury because of the small number of events.
∥  This category includes the following subcauses: respiratory distress syndrome with infection, bronchopulmonary dysplasia with infection, 

necrotizing enterocolitis with sepsis, and severe intraventricular hemorrhage with sepsis.
**  This category includes the following subcauses: suspected sepsis and proven sepsis.
††  This category includes the following subcauses: respiratory distress syndrome with severe intraventricular hemorrhage and bronchopul-

monary dysplasia with CNS injury.
‡‡  This category includes the following subcauses: severe intraventricular hemorrhage and severe intraventricular hemorrhage with sepsis.

Table 2. Overall Causes of Death among Extremely Premature Infants, 2000–2011.*
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premature, VLBW, and ELBW infants. The classic form of 
NEC affects between 5 percent and 15 percent of infants 
weighing  ! 1,500 g at birth. More than 90 percent of infants 
who develop NEC are premature, and, of those, ELBW and 
those  ! 28 weeks gestation are the most susceptible. 2–6  

 The severity of NEC was fi rst classifi ed by Bell and col-
leagues, 7  and universally accepted defi nitions are outlined 
in the Bell and Modifi ed Bell Staging Criteria. 8  Necrotizing 
enterocolitis occurs when at-risk infants develop intestinal 
injury, which permits bacteria and bacterial by-products to 
cross the mucosal barrier and disseminate to the bloodstream 
via the lymph system, resulting in sepsis, shock, multisystem 
organ failure, and potentially death. When medical treat-
ment fails, approximately 20 to 40 percent of infants show 
progressive disease and require surgical intervention. 3,9–11  
Furthermore, those with more severe NEC have mortality 
rates between 15 and 34 percent, and, for those who require 
surgery, that rate is as high as 50 percent. 6,12  Newborns 
fortunate enough to survive severe disease, however, do 

not do so without ill effects. Survivors are at risk to develop 
short- and long-term complications including short bowel 
syndrome, intestinal failure, intestinal strictures, impaired 
growth, nutritional defi cits, and neurodevelopmental and 
neurocognitive defi cits. In addition, families of survivors and 
society overall must address long-term physical and emo-
tional health and disease-associated morbidity. Necrotizing 
 enterocolitis is a signifi cant part of newborn intensive care for 
preterm, VLBW, and ELBW infants, and, rather than treat-
ment,  prevention is the ultimate goal. 

 Necrotizing Enterocolitis Prevention Strategies 
 Because the incidence of NEC among fetuses is low, it is 

believed to be a postnatal disease infl uenced by both pre-
natal and postnatal factors (Figure 1). Protective strategies 
include using standardized feeding protocols 13 ; maintain-
ing preterm, VLBW, and ELBW infants nothing by mouth 
during times of hematologic, cardiovascular, or intestinal 
instability 1,14 ; administering expressed maternal or donor 

FIGURE 1 ■  Factors that influence colonization of the gastrointestinal increase risk for necrotizing enterocolitis in birth weight infants. 
This diagram provides a summary of some of the more common prenatal, perinatal, and postnatal contributing factors that 
increase the risk of necrotizing enterocolitis among preterm and low birth weight infants. Several of the risk factors are 
interrelated and combine to place infants at increased risk to develop disease.
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(p= 0.298). Similarly, at 6 weeks of age, bacterial alpha-diversity,
after accounting for exposures, remained distinct between earlier
and later GA infants (p= 0.014). Bacterial phylogenetic relatedness
differences between earlier vs. later GA infants at 6 weeks of age,
after adjusting for exposures, were marginally statistically
significant (p= 0.088, Fig. 4b).
Additionally, when comparing moderate-late premature infants

to term infants, there were no apparent differences in bacterial
alpha-diversity after adjusting for exposures and age (p= 0.764),
though the number of moderate-late premature compared to
term samples was small (n= 16 compared to n= 174 after
omitting samples missing exposure data). Bacterial phylogenetic
relatedness differences at 6 weeks were not evident between
moderate-late and term infants after accounting for exposures (p

= 0.354). The abundance of Pantoea was statistically significantly
greater in moderate-late premature infants compared to term
infants after adjusting for exposures and age (p= 0.034), but there
were no other statistically significant differences in bacterial
abundance between these two groups of infants. These results
indicate that moderate-late premature infants most likely have a
community structure that more closely resembles term infants.

Analysis of corrected gestational age in premature infants
Corrected gestational age was defined at gestational age at birth
+ day of life at time of sample collection. We compared bacterial
composition in premature infants born at different gestational
ages when they were at similar corrected gestational ages at time
of sample collection (Supplemental Figure S2). Although
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infants also enrolled in the NHBCS. Inclusion criteria for the cohort
of infants hospitalized in the NICU were appropriate size for
gestational age (AGA) and ≤14 days of age at the time of
enrollment. We excluded infants with major anomalies, such as
trisomies, other genetic syndromes, and clinical syndromes. Major
birth defects such as gastroschisis, complex congenital heart
disease, or renal anomalies were excluded. Infants had a length of
stay in the NICU between 29 and 174 days. Three infants in the
NICU had sepsis, none had necrotizing enterocolitis, and five had
bronchopulmonary dysplasia. A subset of these infants have been
previously studied.8,17 The NHBCS is a prospective longitudinal
large epidemiological cohort study of pregnant women and their
children.18,19 Pregnant women aged 18–45 in New Hampshire are
enrolled at ~24–28 weeks of gestation. Inclusion criteria for
mothers include having a singleton pregnancy, a private drinking
well at home, and no plans to move. We included infants with no
noted congenital abnormality. Gut microbiome data on a large
proportion of these infants has been previously described.20

Infant exposures
Data was collected on the following exposures: newborn antibiotic
exposure (antibiotics given during the first days after birth while in
hospital), delivery mode (vaginal delivery or Cesarean section),
and breastmilk exposure (still consuming breastmilk at time of
sample collection) (Table 2). Antibiotic administration data was
abstracted from the infant’s hospital medical record. For infants
hospitalized in the NICU, delivery and breastmilk feeding
information was also abstracted from the medical record; for
NHBCS subjects, these exposures were ascertained by telephone
follow-up questionnaires with mothers. Additional exposure data
was collected for the premature infants in the NICU, such as
antibiotic exposure on day of sample collection and exclusive
breastmilk feeding at time of sample collection (Table 3).

Sample collection
In the NICU cohort, stool samples were collected weekly
beginning with first meconium and ending with hospital
discharge. The samples were collected from diapers using sterile
wooden depressors, transferred to sterile tubes, and aliquoted and
stored at −80 °C. In the NHBCS, the stool samples were collected
at two time points: at time of first stool after passing of meconium
(‘transitional’ stool, 0–3 days of life) and at 6 weeks. Most NHBCS
infants contributed samples at only one of these 2 time points.
Premature infants from NHBCS born at <36 weeks gestation only
contributed 6-week stool, so it was unlikely that they were
hospitalized at time of sample collection. Stool was immediately
frozen at home at −20 °C after collection. Then the stool samples
were delivered in cold pack, thawed to 4 °C, aliquoted in sterile
tubes, and suspended in RNA later. After 24 h in RNAlater in
refrigerator, the samples were moved to −80 °C long term storage.

Sample processing
For the samples from the preterm infants in the NICU, DNA
extraction was performed after thawing of samples using the

Table 1. Subject cohort demographics

# of subjects # of samples GA range

Preterm/NICU Cohort 17 65 24–32 weeks

NHBCS—Preterm 13 13 29–36 weeks

NHBCS—Term 176 189 37–43 weeks

Number of subjects in each cohort and number of stool samples collected.
Premature infants are infants born at a gestational age of less than
37 weeks. Gestational age (GA) at birth for all cohorts combined ranged
from 24–43 weeks.
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MoBio Powersoil bacterial DNA isolation kit (MoBio, Carlsbad,
California), as previously described.17 DNA was extracted from
thawed NHBCS stool samples using Zymo Research’s ZR fecal DNA
MiniPrep Kit, also described previously.20 Both kits include a bead-
beating step. The MoBio kit used 0.7-mm garnet beads, while the
Zymo kit used 0.5-mm high density ceramic beads.

Sample sequencing and data analysis
Sequencing of the V4–V5 hypervariable region of 16S ribosomal
DNA was performed using the Illumina MiSeq platform. Details of
sequencing methods, taxonomic assignment, and data analysis
are described in Supplemental Methods.

RESULTS
Sequencing
After excluding 25 samples due to low read counts, 78 samples
from 30 premature infants and 189 samples from 176 term infants
were evaluated. The range of gestational ages for infants in each
group is shown in Table 1. Sequencing of these samples resulted
in a total of 22,012,483 reads for the 267 (mean: 82443.76, range:
14,002–1,072,107). The dominant bacteria identified in premature
infant stool samples was Enterobacteriaceae, making up 32% of
normalized reads, followed by the genera Clostridium (10%),
Enterococcus (10%), and Veillonella (9%) (Fig. 1a). In term infants,
bacterial genera from the family Enterobacteriaceae were also the
most common, making up 20% of all normalized reads, followed
by Bacteroides (19%), Bifidobacterium (15%), and Streptococcus
(9%) (Fig. 1a). Bacteroides, Bifidobacterium, and Streptococcus made
up only 7, 3, and 2% of total normalized reads among premature
infants, respectively (Fig. 1a).

Bacterial alpha-diversity and abundance differences between
premature and term infants
Bacterial alpha-diversity, which was measured by Simpson’s
Diversity Index (SDI), varied throughout the 6 weeks of life for
individual premature infants with longitudinal stool samples
(Fig. 1b). After adjusting for the effects of exposures, including
delivery mode, newborn antibiotics, and breastmilk exposure at
time of sample collection, there was no significant difference in
the change in bacterial alpha-diversity between term and
premature infants over time (p= 0.054, Fig. 1b). Across all time
points, bacterial alpha-diversity was not statistically significantly
different between term and premature infants after adjusting for
exposures (p= 0.700, Fig. 1c).

Differences in bacterial abundance between premature and
term infants were also assessed. After adjusting for exposures in
addition to age at time of stool sample collection, there were no
statistically significant differences in bacterial abundance between
premature and term infants.

Hierarchical clustering
Hierarchical clustering analysis revealed that premature infant
samples clustered separately from term infant samples, however,
the clustering was not statistically significant (p= 1 for the cluster
containing mostly premature infant samples, Fig. 2a). Moderate
and late preterm infant samples (32 weeks to <37 weeks)
interspersed between the extremely (<28 weeks) and very
preterm (<32 weeks) and term samples (Fig. 2a).

Bacterial alpha-diversity and abundance differences at 6 weeks
At ~6 weeks of age, the difference in bacterial alpha-diversity,
after accounting for exposures, was statistically significant (p=
0.027), with premature infants having lower bacterial alpha-
diversity than term infants at 6 weeks (Fig. 2b). However, there
were no statistically significant differences in bacterial abundance
in premature infants compared to term infants at 6 weeks of age.

Bacterial phylogenetic relatedness differences between premature
and term infants
Bacterial phylogenetic relatedness differences between premature
and term infants were evaluated at the 6-week time point to
address the more mature, established microbiome in both groups.
After adjusting for exposures (but not repeated measures, see
Methods), the difference in phylogenetic relatedness between the
two groups of infants was not significant (p= 0.557, Fig. 3a).

Differences among premature infants by gestational age at birth
To test the hypothesis that gut bacterial community structure
varied with degree of gestational immaturity at birth, we divided
the premature infants into 3 groups: extremely premature infants
(gestational age at birth <28 weeks), very premature infants (GA
≤28 to <32 weeks), and moderate-late premature infants (GA
≥32 weeks). We observed differences in bacterial alpha-diversity
between extremely premature and moderate-late premature, and
between extremely and very premature infants after adjusting for
age and exposures (p= 0.004 and p= 0.011, respectively, Fig. 3b).
We did not find differences in bacterial alpha-diversity between
very and moderate-late premature infants after accounting for
exposures and age (p= 0.697, Fig. 3b). There were differences in
bacterial phylogenetic relatedness at 6 weeks of age between
extremely and very premature infants (p= 0.033) after adjusting
for exposures, but not between very and moderate-late premature
infants (p= 0.138) or extremely and moderate-late premature
infants (p= 0.160).

Earlier gestational age at birth compared to later gestational age
at birth
Given the clustering of many moderate-late premature samples
with term samples, we divided the infants into two groups: those
who had an earlier gestational age at birth (GA < 32 weeks) and
those who had a later gestational age (GA ≥ 32 weeks). Infants
born at a later gestational age had greater abundance of
Streptococcus and Bifidobacterium (p= 0.001, p= 0.001, respec-
tively, Fig. 3c). At 6 weeks of age, after adjusting for exposures,
infants born >32 weeks gestation had greater abundance of
Bacteroides, while earlier GA infants <32 weeks had greater
abundance of Parabacteroides (p= 0.001 and p= 0.005, respec-
tively, Supplemental Figure S1). Across all time points, bacterial
alpha-diversity was greater in later GA infants than in earlier GA
infants, even after adjusting for exposures and age (day of life) (p
= 0.015, Fig. 4a). Bacterial alpha-diversity did not, however,
change differently over time between earlier and later GA infants

Table 3. NICU premature infant cohort exposures

Exposure Frequency

Newborn antibiotic exposure 16/17 subjects (94%)

Antibiotic exposure on day of sample collection 14/65 samples (22%)

Delivery mode (# C-sections/total) 13/17 subjects (76%)

Breastmilk exposure at time of sample
collection

61/65 samples (94%)

Exclusive breastmilk feeding at time of sample
collection

15/65 samples (23%)

Newborn antibiotics are antibiotics given to the infants in the first few days
of life. A stool sample was considered to have antibiotic exposure if
antibiotics were administered on same day as sample collection. Delivery
mode was either a C-section (Cesarean section) or a vaginal delivery.
Breastmilk exposure at time of sample collection was if the child was
receiving breastmilk at time of stool collection. A stool sample was
considered to belong to an infant who was exclusively fed breastmilk if no
milk fortifier or formula was given before or on day of stool sample
collection.

The premature infant gut microbiome during the first 6 weeks…
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Abstract

Very low birth weight infants (VLBWIs) are at high risk for inflammatory diseases including necrotizing
enterocolitis (NEC) or neonatal sepsis, which are primary causes of neonatal mortality. The intestinal microbiota
plays an essential role in maintaining local immune homeostasis and enhancing the intestinal barrier in preterm
infants; however, appropriate intestinal colonization with normal flora after birth is interrupted by immature
gastrointestinal tract, intestinal mucosal damage, insufficient nutrient transport, or formation of abnormal intestinal
flora due to the use of antimicrobials in VLBWIs. Large randomized controlled trials and meta-analyses have
highlighted the potential benefits of the clinical use of probiotics on NEC or neonatal sepsis for immunologically
immature VLBWIs. However, standardized guidelines for the optimum strain, combination of strains, dosage, timing,
and duration of probiotics are unknown for the routine application of probiotics in VLBWIs. Here, we review the
results of previous studies on the effects of probiotics in preventing morbidity, NEC, or neonatal sepsis in VLBWIs
with the administration of single-strain or multi-strain probiotics. Future clinical trials should address the safety of
each probiotic strain and the potential efficacy of strain combinations for the routine use of probiotics in preterm
infants.

The key findings of the manuscript: This study reviewed the focus on the efficacy of probiotics for the
prevention of sepsis and necrotizing enterocolitis in preterm infants weighing less than 1,500 g at birth according to
single-strain probiotics or multi-strain probiotics.

Keywords: Infants; Probiotics; Inflammatory

Introduction
In recent years, the survival rate of very low birth weight infants

(VLBWIs) has increased due to rapid developments in medical
technology. Despite such improvements, resulting complications
including necrotizing enterocolitis (NEC) and neonatal sepsis, which
are prevalent diseases in the neonatal intensive care unit (NICU), are
the primary cause of neonatal death and adverse long-term
neurodevelopmental outcomes [1]. Because the gastrointestinal tract
makes up a large portion of the body surface area, it is most often
exposed to various antigens and microbes that can cause damage to
the intestinal mucosal barrier. Infants with a weak immune system are
often later diagnosed with neurodevelopmental deficits after surviving
treatment for an infection [2]. The formation of an intestinal mucus
membrane with normal flora in the intestine after birth is important
for maintaining normal physiologic homeostasis. Typical growth of the
intestine is stalled in VLBWIs, who require neonatal intensive care and
are susceptible to intestinal mucosa damage from the formation of
intestinal flora, insufficient nutrient transport due to an incomplete
gastrointestinal (GI) tract, insertion of a nasogastric tube, or formation
of abnormal intestinal flora due to the use of antimicrobials [3].
Furthermore, other necessary treatments can destroy the normal
intestinal mucus membrane, allowing invasive infection to proceed.

Although minimizing invasive treatment is the optimum solution to
reduce the possibility of complications in VLBWIs, preventing the
abnormal establishment of intestinal pathogenic bacteria that can

cause postnatal sepsis or NEC is also a method of reducing the
complications of infection. Despite high morbidity and mortality rate
in preterm infants due to frequent occurrence of NEC, effective
treatment has not been suggested. Recently, growing evidence has
indicated that the intestinal flora plays a pivotal role in brain
development affecting future cognitive functioning and behavior
through brain-gut communication [4]. Here, probiotics, which have a
beneficial effect on health, have been suggested as a method to
establish positive changes in the intestinal flora of the host [5,6]. It is
increasingly clear that probiotics lower the incidence of NEC and the
infant mortality rate [7-9]. This review aims to introduce formation
and establishment of gut microbiome at birth as well as its role in
preterm infants with NEC and sepsis by comparing effectiveness of
single strain and multi-strain probiotics supplement.

Formation of the Intestinal Microbiota in Preterm
Infants
The GI tract plays a pivotal role as an interface between the host and

the environment. Three important factors for GI immunity include the
intestinal microbiota, gastrointestinal surface protection, and local
immune mechanisms such as gut-associated lymphoid tissue (GALT).
M cells are specialized intestinal epithelial cells in lymphoid follicles
that display a local immune mechanism as an important GALT.
Intestinal microbiota activate the local immune response by interacting
with the host to maintain local immune homeostasis and enhance the
intestinal barrier. In vivo studies have suggested a critical role of the
gut microbiota in secondary lymphoid tissues (Peyer’s patches and
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production of nitric oxide [31]. Increasing immunity through a
controlled immune response and induced cytoprotective responses is
another benefit of probiotics [32,33]. The specific probiotics used in
studies for preterm infants are usually Lactobacillus and
Bifidobacterium, which secrete lactic acid, acetic acid, and butyric acid,
inhibiting the growth of pathogenic microbes [34]. In addition, the

microbiota plays a pivotal role in alleviating stress caused by invasive
and/or antibiotic treatments along with the physical and emotional
stress that result from separation from the mother. Probiotics also
influence the long-term intestinal environment via the brain-gut-
microbiota signaling system [4].

Figure 1: Mechanism of probiotics and the gastrointestinal immune system in newborns.

Although Lactobacilli (L. acidophilus, L. casei, L. rhamnosus GG, L.
reuteri, L. bulgaricus, L. plantarum) and Bifidobacterium (B. bifidum,
B. longum, B. infantis, B. lactis, B. breve) are used as a primary strain
of probiotics, Streptococcus thermophiles and Saccharomyces
boulardii are also employed as strains. To be used as an effective
probiotic, microbes should be non-pathogenic and must reach the
intestine in a live form after direct ingestion. Commonly, combinations
of [L. GG + B. longum], [L. acidophilus + B. bifidum], [L. acidophilus
+ B. infantis], or [L. casei + B. breve] are used. For two or more
mixtures, [B. bifidum (± B. lactis) + B. infantis + L. acidophilus],
[Lactobacillus (acidophilus + rhamnosus GG + casei + plantarum) + B
infantis + Streptococcus thermophilus] or [B. infantis + B. lactis +
Streptococcus thermophilus] are commonly used.

The Effects of Probiotics and Their Prevention of NEC,
Morbidity, and Sepsis in VLBWIs with the
Administration of Single-strain or Multi-strain
Probiotics

Recently, increasing numbers of studies have focused on the effects
of probiotics, and meta-analyses have been performed to identify the
clinical effects of probiotics in preterm infants [35-38]. Although there

are differences among these analyses, a vast number of reports suggest
that supplementation with probiotics prevents NEC and mortality in
preterm infants. Mihatsch et al. [5] conducted a systematic review that
identified the beneficial effects of some probiotics in preterm infants
<37 weeks of gestational age with a significant decrease in the severity
of NEC. Furthermore, a Cochrane Database review that included 37
randomized trials also reported a significant decrease in the risk of
late-onset sepsis following administration of probiotics in preterm
infants; however, these results were only seen when they excluded
studies that had risk of bias [36]. A different Cochrane Database
review of 24 randomized studies showed inconsistent results for
nosocomial sepsis in preterm infants weighing less than 2,500 g at
birth, but the small sample size was inadequate to prove significant
benefit for sepsis [37]. Although the outcome suggested that the
administration of probiotics was related to a decrease in NEC or
mortality rate, there was no significant difference in the incidence of
nosocomial sepsis. The most recent meta-analysis conducted in 2016
amongst 5,033 infants weighing less than 2,500 g and with a gestational
age of 37 weeks also reported significant decrease in severe NEC and
all-cause mortality in a group given a probiotic, but not for a culture-
proven sepsis group [38]. The VLBWIs are predisposed to the
development of dysbiosis of the gut microbiome and are a research
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A B S T R A C T

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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2014	

Mortalidade	
	RR	0,65	(0,52	–	0,81)	

MORTALIDADE	(todas	as	causas)	(n=	5112)	

Analysis 1.3. Comparison 1 Probiotics versus control (all infants), Outcome 3 Mortality.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 1 Probiotics versus control (all infants)

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

1 All causes of neonatal mortality

Al-Hosni 2012 3/50 4/50 2.2 % 0.75 [ 0.18, 3.18 ]

Bin-Nun 2005 3/72 8/73 4.4 % 0.38 [ 0.11, 1.38 ]

Braga 2011 26/119 27/112 15.5 % 0.91 [ 0.56, 1.45 ]

Dani 2002 0/295 2/290 1.4 % 0.20 [ 0.01, 4.08 ]

Demirel 2013 5/135 5/136 2.8 % 1.01 [ 0.30, 3.40 ]

Fern ndez-Carrocera 2013 1/75 7/75 3.9 % 0.14 [ 0.02, 1.13 ]

Kitajima 1997 0/45 2/46 1.4 % 0.20 [ 0.01, 4.14 ]

Lin 2005 7/180 20/187 10.9 % 0.36 [ 0.16, 0.84 ]

Lin 2008 2/217 9/217 5.0 % 0.22 [ 0.05, 1.02 ]

Manzoni 2006 5/39 6/41 3.3 % 0.88 [ 0.29, 2.64 ]

Manzoni 2009 6/151 12/168 6.3 % 0.56 [ 0.21, 1.45 ]

Mihatsch 2010 2/91 1/89 0.6 % 1.96 [ 0.18, 21.19 ]

ProPrems 2013 27/548 28/551 15.5 % 0.97 [ 0.58, 1.62 ]

Reuman 1986 1/15 3/15 1.7 % 0.33 [ 0.04, 2.85 ]

Rojas 2012 22/372 28/378 15.4 % 0.80 [ 0.47, 1.37 ]

Roug˙x00e9˙ 2009 2/45 4/49 2.1 % 0.54 [ 0.10, 2.83 ]

Samanta 2009 4/91 14/95 7.6 % 0.30 [ 0.10, 0.87 ]

Subtotal (95% CI) 2540 2572 100.0 % 0.65 [ 0.52, 0.81 ]
Total events: 116 (Probiotics), 180 (Control)

Heterogeneity: Chi2 = 16.58, df = 16 (P = 0.41); I2 =4%

Test for overall effect: Z = 3.77 (P = 0.00017)

2 NEC related mortality

Bin-Nun 2005 0/72 3/73 14.2 % 0.14 [ 0.01, 2.75 ]

Dani 2002 0/295 2/290 10.3 % 0.20 [ 0.01, 4.08 ]

Kitajima 1997 0/45 2/46 10.1 % 0.20 [ 0.01, 4.14 ]

Lin 2008 2/217 3/217 12.3 % 0.67 [ 0.11, 3.95 ]

0.01 0.1 1 10 100

Favours probiotics Favours control

(Continued . . . )
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Heterogeneity: Chi2 = 16.58, df = 16 (P = 0.41); I2 =4%

Test for overall effect: Z = 3.77 (P = 0.00017)

2 NEC related mortality

Bin-Nun 2005 0/72 3/73 14.2 % 0.14 [ 0.01, 2.75 ]

Dani 2002 0/295 2/290 10.3 % 0.20 [ 0.01, 4.08 ]

Kitajima 1997 0/45 2/46 10.1 % 0.20 [ 0.01, 4.14 ]

Lin 2008 2/217 3/217 12.3 % 0.67 [ 0.11, 3.95 ]
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MORTALIDADE	associada	a	NEC	(n=2755)	

Mortalidade	associada	NEC	
	RR	0,39	(0,18	–	0,82)	

Analysis 1.3. Comparison 1 Probiotics versus control (all infants), Outcome 3 Mortality.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 1 Probiotics versus control (all infants)

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

1 All causes of neonatal mortality

Al-Hosni 2012 3/50 4/50 2.2 % 0.75 [ 0.18, 3.18 ]

Bin-Nun 2005 3/72 8/73 4.4 % 0.38 [ 0.11, 1.38 ]

Braga 2011 26/119 27/112 15.5 % 0.91 [ 0.56, 1.45 ]

Dani 2002 0/295 2/290 1.4 % 0.20 [ 0.01, 4.08 ]

Demirel 2013 5/135 5/136 2.8 % 1.01 [ 0.30, 3.40 ]

Fern ndez-Carrocera 2013 1/75 7/75 3.9 % 0.14 [ 0.02, 1.13 ]

Kitajima 1997 0/45 2/46 1.4 % 0.20 [ 0.01, 4.14 ]

Lin 2005 7/180 20/187 10.9 % 0.36 [ 0.16, 0.84 ]

Lin 2008 2/217 9/217 5.0 % 0.22 [ 0.05, 1.02 ]

Manzoni 2006 5/39 6/41 3.3 % 0.88 [ 0.29, 2.64 ]

Manzoni 2009 6/151 12/168 6.3 % 0.56 [ 0.21, 1.45 ]

Mihatsch 2010 2/91 1/89 0.6 % 1.96 [ 0.18, 21.19 ]

ProPrems 2013 27/548 28/551 15.5 % 0.97 [ 0.58, 1.62 ]

Reuman 1986 1/15 3/15 1.7 % 0.33 [ 0.04, 2.85 ]

Rojas 2012 22/372 28/378 15.4 % 0.80 [ 0.47, 1.37 ]

Roug˙x00e9˙ 2009 2/45 4/49 2.1 % 0.54 [ 0.10, 2.83 ]

Samanta 2009 4/91 14/95 7.6 % 0.30 [ 0.10, 0.87 ]

Subtotal (95% CI) 2540 2572 100.0 % 0.65 [ 0.52, 0.81 ]
Total events: 116 (Probiotics), 180 (Control)

Heterogeneity: Chi2 = 16.58, df = 16 (P = 0.41); I2 =4%

Test for overall effect: Z = 3.77 (P = 0.00017)

2 NEC related mortality

Bin-Nun 2005 0/72 3/73 14.2 % 0.14 [ 0.01, 2.75 ]

Dani 2002 0/295 2/290 10.3 % 0.20 [ 0.01, 4.08 ]

Kitajima 1997 0/45 2/46 10.1 % 0.20 [ 0.01, 4.14 ]

Lin 2008 2/217 3/217 12.3 % 0.67 [ 0.11, 3.95 ]
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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

Mihatsch 2010 1/91 0/89 2.1 % 2.93 [ 0.12, 71.10 ]

ProPrems 2013 4/548 11/551 44.9 % 0.37 [ 0.12, 1.14 ]

Sari 2010 0/110 1/111 6.1 % 0.34 [ 0.01, 8.17 ]

Subtotal (95% CI) 1378 1377 100.0 % 0.39 [ 0.18, 0.82 ]
Total events: 7 (Probiotics), 22 (Control)

Heterogeneity: Chi2 = 2.72, df = 6 (P = 0.84); I2 =0.0%

Test for overall effect: Z = 2.48 (P = 0.013)
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Analysis 1.4. Comparison 1 Probiotics versus control (all infants), Outcome 4 Parenteral nutrition duration

(days).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 1 Probiotics versus control (all infants)

Outcome: 4 Parenteral nutrition duration (days)

Study or subgroup Probiotics Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Dani 2002 295 12.8 (13.9) 290 14.7 (18.7) 1.0 % -1.90 [ -4.57, 0.77 ]

Demirel 2013 135 8.38 (1.27) 136 8.47 (3.41) 20.0 % -0.09 [ -0.70, 0.52 ]

Fern ndez-Carrocera 2013 75 18.75 (12.1) 75 23.25 (20.6) 0.3 % -4.50 [ -9.91, 0.91 ]

Lin 2005 180 14.7 (5.7) 187 13.9 (5) 6.2 % 0.80 [ -0.30, 1.90 ]

ProPrems 2013 548 12.25 (2.6) 551 12.5 (2.9) 70.8 % -0.25 [ -0.58, 0.08 ]

Romeo 2011a 83 6.8 (5.4) 83 13.5 (11.6) 1.0 % -6.70 [ -9.45, -3.95 ]

Romeo 2011b 83 13 (10.5) 83 13.5 (11.6) 0.7 % -0.50 [ -3.87, 2.87 ]

Total (95% CI) 1399 1405 100.0 % -0.25 [ -0.52, 0.03 ]
Heterogeneity: Chi2 = 28.72, df = 6 (P = 0.00007); I2 =79%

Test for overall effect: Z = 1.76 (P = 0.078)

Test for subgroup differences: Not applicable
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NEC	II-III	
	RR	0,43	(0,33	–	0,56)	

NEC	grave	(II-III,	segundo	Classificação	de	Bell)	(n=	5529)	

3.1 All causes of neonatal
mortality

10 4386 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.55, 0.91]

3.2 NEC related mortality 4 2298 Risk Ratio (M-H, Fixed, 95% CI) 0.47 [0.20, 1.09]

Analysis 1.1. Comparison 1 Probiotics versus control (all infants), Outcome 1 Severe necrotising

enterocolitis (stage II-III).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 1 Probiotics versus control (all infants)

Outcome: 1 Severe necrotising enterocolitis (stage II-III)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio

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

Al-Hosni 2012 2/50 2/51 1.02 [ 0.15, 6.96 ]

Bin-Nun 2005 1/72 10/73 0.10 [ 0.01, 0.77 ]

Braga 2011 0/119 4/112 0.10 [ 0.01, 1.92 ]

Costalos 2003 5/51 6/36 0.59 [ 0.19, 1.78 ]

Dani 2002 4/295 8/290 0.49 [ 0.15, 1.61 ]

Demirel 2013 6/135 7/136 0.86 [ 0.30, 2.50 ]

Fern ndez-Carrocera 2013 6/75 12/75 0.50 [ 0.20, 1.26 ]

Kitajima 1997 0/45 0/46 0.0 [ 0.0, 0.0 ]

Lin 2005 2/180 10/187 0.21 [ 0.05, 0.94 ]

Lin 2008 4/217 14/217 0.29 [ 0.10, 0.85 ]

Manzoni 2006 1/39 3/41 0.35 [ 0.04, 3.23 ]

Manzoni 2009 0/151 10/168 0.05 [ 0.00, 0.90 ]

Mihatsch 2010 2/91 4/89 0.49 [ 0.09, 2.60 ]

Mohan 2006 2/37 1/32 1.73 [ 0.16, 18.20 ]

ProPrems 2013 11/548 24/551 0.46 [ 0.23, 0.93 ]

Rojas 2012 9/372 15/378 0.61 [ 0.27, 1.38 ]

Roug˙x00e9˙ 2009 2/45 1/49 2.18 [ 0.20, 23.21 ]

Samanta 2009 5/91 15/95 0.35 [ 0.13, 0.92 ]

Sari 2010 6/110 10/111 0.61 [ 0.23, 1.61 ]

Stratiki 2007 0/38 3/31 0.12 [ 0.01, 2.19 ]

Total (95% CI) 2761 2768 0.43 [ 0.33, 0.56 ]
Total events: 68 (Probiotics), 159 (Control)
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NEC	grave	II/III	(<1500g	versus	<1000g)		Analysis 3.1. Comparison 3 Probiotics versus control (infants < 1000 g), Outcome 1 Severe necrotising

enterocolitis (stage II-III).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

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

Outcome: 1 Severe necrotising enterocolitis (stage II-III)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio

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

Al-Hosni 2012 2/50 2/51 12.5 % 1.02 [ 0.15, 6.96 ]

ProPrems 2013 10/235 14/239 87.5 % 0.73 [ 0.33, 1.60 ]

Total (95% CI) 285 290 100.0 % 0.76 [ 0.37, 1.58 ]
Total events: 12 (Probiotics), 16 (Control)

Heterogeneity: Chi2 = 0.10, df = 1 (P = 0.75); I2 =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% CI

Al-Hosni 2012 13/50 16/51 15.1 % 0.83 [ 0.45, 1.54 ]

ProPrems 2013 72/548 89/551 84.9 % 0.81 [ 0.61, 1.08 ]

Total (95% CI) 598 602 100.0 % 0.82 [ 0.63, 1.06 ]
Total events: 85 (Probiotics), 105 (Control)

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.96); I2 =0.0%

Test for overall effect: Z = 1.53 (P = 0.13)

Test for subgroup differences: Not applicable
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Analysis 2.1. Comparison 2 Probiotics versus control (infants < 1500 g), Outcome 1 Severe necrotising

enterocolitis (stage II-III).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

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

Outcome: 1 Severe necrotising enterocolitis (stage II-III)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio

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

Al-Hosni 2012 2/50 2/51 1.02 [ 0.15, 6.96 ]

Bin-Nun 2005 1/72 10/73 0.10 [ 0.01, 0.77 ]

Braga 2011 0/119 4/112 0.10 [ 0.01, 1.92 ]

Dani 2002 4/295 8/290 0.49 [ 0.15, 1.61 ]

Demirel 2013 6/135 7/136 0.86 [ 0.30, 2.50 ]

Fern ndez-Carrocera 2013 6/75 12/75 0.50 [ 0.20, 1.26 ]

Kitajima 1997 0/45 0/46 0.0 [ 0.0, 0.0 ]

Lin 2005 2/180 10/187 0.21 [ 0.05, 0.94 ]

Lin 2008 4/217 14/217 0.29 [ 0.10, 0.85 ]

Manzoni 2006 1/39 3/41 0.35 [ 0.04, 3.23 ]

Manzoni 2009 0/151 10/168 0.05 [ 0.00, 0.90 ]

Mihatsch 2010 2/91 4/89 0.49 [ 0.09, 2.60 ]

ProPrems 2013 11/548 24/551 0.46 [ 0.23, 0.93 ]

Rojas 2012 6/176 10/184 0.63 [ 0.23, 1.69 ]

Roug˙x00e9˙ 2009 2/45 1/49 2.18 [ 0.20, 23.21 ]

Samanta 2009 5/91 15/95 0.35 [ 0.13, 0.92 ]

Sari 2010 6/110 10/111 0.61 [ 0.23, 1.61 ]

Total (95% CI) 2439 2475 0.41 [ 0.31, 0.56 ]
Total events: 58 (Probiotics), 144 (Control)

Heterogeneity: Chi2 = 12.32, df = 15 (P = 0.65); I2 =0.0%

Test for overall effect: Z = 5.83 (P < 0.00001)

Test for subgroup differences: Not applicable
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<	1500	g	 <	1000	g	

													RR	

<1500	g	 0,41	(0,31	–	0,56)	

<1000	g	 0,76	(0,37-1,58)	
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NEC	grave	II/III	(<1500g	versus	<1000g)		Analysis 3.1. Comparison 3 Probiotics versus control (infants < 1000 g), Outcome 1 Severe necrotising

enterocolitis (stage II-III).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

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

Outcome: 1 Severe necrotising enterocolitis (stage II-III)

Study or subgroup Probiotics Control Risk Ratio Weight Risk Ratio

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

Al-Hosni 2012 2/50 2/51 12.5 % 1.02 [ 0.15, 6.96 ]

ProPrems 2013 10/235 14/239 87.5 % 0.73 [ 0.33, 1.60 ]

Total (95% CI) 285 290 100.0 % 0.76 [ 0.37, 1.58 ]
Total events: 12 (Probiotics), 16 (Control)

Heterogeneity: Chi2 = 0.10, df = 1 (P = 0.75); I2 =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% CI

Al-Hosni 2012 13/50 16/51 15.1 % 0.83 [ 0.45, 1.54 ]

ProPrems 2013 72/548 89/551 84.9 % 0.81 [ 0.61, 1.08 ]

Total (95% CI) 598 602 100.0 % 0.82 [ 0.63, 1.06 ]
Total events: 85 (Probiotics), 105 (Control)

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.96); I2 =0.0%

Test for overall effect: Z = 1.53 (P = 0.13)

Test for subgroup differences: Not applicable
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Analysis 2.1. Comparison 2 Probiotics versus control (infants < 1500 g), Outcome 1 Severe necrotising

enterocolitis (stage II-III).

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

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

Outcome: 1 Severe necrotising enterocolitis (stage II-III)

Study or subgroup Probiotics Control Risk Ratio Risk Ratio

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

Al-Hosni 2012 2/50 2/51 1.02 [ 0.15, 6.96 ]

Bin-Nun 2005 1/72 10/73 0.10 [ 0.01, 0.77 ]

Braga 2011 0/119 4/112 0.10 [ 0.01, 1.92 ]

Dani 2002 4/295 8/290 0.49 [ 0.15, 1.61 ]

Demirel 2013 6/135 7/136 0.86 [ 0.30, 2.50 ]

Fern ndez-Carrocera 2013 6/75 12/75 0.50 [ 0.20, 1.26 ]

Kitajima 1997 0/45 0/46 0.0 [ 0.0, 0.0 ]

Lin 2005 2/180 10/187 0.21 [ 0.05, 0.94 ]

Lin 2008 4/217 14/217 0.29 [ 0.10, 0.85 ]

Manzoni 2006 1/39 3/41 0.35 [ 0.04, 3.23 ]

Manzoni 2009 0/151 10/168 0.05 [ 0.00, 0.90 ]

Mihatsch 2010 2/91 4/89 0.49 [ 0.09, 2.60 ]

ProPrems 2013 11/548 24/551 0.46 [ 0.23, 0.93 ]

Rojas 2012 6/176 10/184 0.63 [ 0.23, 1.69 ]

Roug˙x00e9˙ 2009 2/45 1/49 2.18 [ 0.20, 23.21 ]

Samanta 2009 5/91 15/95 0.35 [ 0.13, 0.92 ]

Sari 2010 6/110 10/111 0.61 [ 0.23, 1.61 ]

Total (95% CI) 2439 2475 0.41 [ 0.31, 0.56 ]
Total events: 58 (Probiotics), 144 (Control)

Heterogeneity: Chi2 = 12.32, df = 15 (P = 0.65); I2 =0.0%

Test for overall effect: Z = 5.83 (P < 0.00001)

Test for subgroup differences: Not applicable
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<	1500	g	 <	1000	g	

													RR	 							N		

<1500	g	 0,41	(0,31	–	0,56)	 4914	

<1000	g	 0,76	(0,37-1,58)	 	575	
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Sepsis	
	RR	0,91	(0,80	–	1,03)	

Sepsis	(c/	hemocultura	posi+va)(n=	5338)	

(. . . Continued)
Study or subgroup Probiotics Control Risk Ratio Risk Ratio

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

Heterogeneity: Chi2 = 14.67, df = 18 (P = 0.68); I2 =0.0%

Test for overall effect: Z = 6.02 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.2. Comparison 1 Probiotics versus control (all infants), Outcome 2 Culture proven sepsis.

Review: Probiotics for prevention of necrotizing enterocolitis in preterm infants

Comparison: 1 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% CI M-H,Fixed,95% CI

1 Any sepsis

Al-Hosni 2012 13/50 16/51 0.83 [ 0.45, 1.54 ]

Bin-Nun 2005 31/72 24/73 1.31 [ 0.86, 2.00 ]

Braga 2011 40/119 42/112 0.90 [ 0.63, 1.27 ]

Costalos 2003 3/51 3/36 0.71 [ 0.15, 3.30 ]

Dani 2002 14/295 12/290 1.15 [ 0.54, 2.44 ]

Demirel 2013 20/135 21/136 0.96 [ 0.55, 1.69 ]

Kitajima 1997 1/45 0/46 3.07 [ 0.13, 73.32 ]

Lin 2005 22/180 36/187 0.63 [ 0.39, 1.04 ]

Lin 2008 40/217 24/217 1.67 [ 1.04, 2.67 ]

Manzoni 2006 19/39 22/41 0.91 [ 0.59, 1.40 ]

Manzoni 2009 7/151 29/168 0.27 [ 0.12, 0.60 ]

Mihatsch 2010 28/91 29/89 0.94 [ 0.61, 1.45 ]

Millar 1993 0/10 0/10 0.0 [ 0.0, 0.0 ]
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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

ProPrems 2013 72/548 89/551 0.81 [ 0.61, 1.08 ]

Rojas 2012 24/372 17/378 1.43 [ 0.78, 2.63 ]

Roug˙x00e9˙ 2009 15/45 13/49 1.26 [ 0.67, 2.34 ]

Samanta 2009 13/91 28/95 0.48 [ 0.27, 0.88 ]

Sari 2010 29/110 26/111 1.13 [ 0.71, 1.78 ]

Stratiki 2007 0/41 3/36 0.13 [ 0.01, 2.36 ]

Subtotal (95% CI) 2662 2676 0.91 [ 0.80, 1.03 ]
Total events: 391 (Probiotics), 434 (Control)

Heterogeneity: Chi2 = 32.28, df = 17 (P = 0.01); I2 =47%

Test for overall effect: Z = 1.56 (P = 0.12)

2 Any Bacterial sepsis

Al-Hosni 2012 11/50 16/51 0.70 [ 0.36, 1.36 ]

Subtotal (95% CI) 50 51 0.70 [ 0.36, 1.36 ]
Total events: 11 (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 5.10 [ 0.25, 103.60 ]

Subtotal (95% CI) 50 51 5.10 [ 0.25, 103.60 ]
Total events: 2 (Probiotics), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.06 (P = 0.29)

Test for subgroup differences: Chi2 = 1.84, df = 2 (P = 0.40), I2 =0.0%
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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).

A U T H O R S ’ C O N C L U S I O N S

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.
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Abstract: The effect of probiotics on late-onset sepsis (LOS) in
preterm neonates remains controversial. The authors systematically
reviewed the literature to investigate whether enteral probiotic supple-
mentation reduced the risk of LOS in preterm neonates in neonatal
intensive care units.

PubMed, Embase, and Cochrane Central Register of Controlled Trials
were systematically searched for randomized controlled trials (RCTs)
regarding the effect of probiotics in preterm neonates. The primary
outcome was culture-proven bacterial and/or fungal sepsis. The Mantel–
Haenszel method with random-effects model was used to calculate
pooled relative risks (RRs) and 95% confidence intervals (CIs).

Twenty-seven trials were included in our review, and 25 trials
involving 6104 preterm neonates were statistically analyzed. Pooled
analysis indicated that enteral probiotic supplementation significantly
reduced the risk of any sepsis (25 RCTs; RR 0.83, 95% CI 0.73–0.94;
I2¼ 26%), bacterial sepsis (11 RCTs; RR 0.82, 95% CI 0.71–0.95;
I2¼ 0%), and fungal sepsis (6 RCTs; RR 0.57, 95% CI 0.41–0.78;
I2¼ 0%). This beneficial effect remains in very low birth weight infants
(<1500 g) (19 RCTs; RR 0.86, 95% CI 0.75–0.97; I2¼ 18%), but not in
extremely low birth weight infants (<1000 g) (3 RCTs; RR 0.73, 95% CI
0.45–1.19; I2¼ 53%). All the included trials reported no systemic
infection caused by the supplemental probiotic organisms.

Current evidence indicates that probiotic supplementation is safe, and
effective in reducing the risk of LOS in preterm neonates in neonatal
intensive care units. Further studies are needed to address the optimal
probiotic organism, dosing, timing, and duration. High-quality and

adequately powered RCTs regarding the efficacy and safety of the use
of probiotics in extremely low birth weight infants are still warranted.

(Medicine 95(8):e2581)

Abbreviations: CI = confidence interval, ELBW = extremely low

birth weight, Ig = immunoglobulin, LOS = late-onset sepsis, NEC
= necrotizing enterocolitis, NICU = neonatal intensive care unit,

RCT = randomized controlled trial, RR = relative risk.

INTRODUCTION

I n neonatal intensive care units (NICUs), late-onset sepsis
(LOS) arising>72 hours after birth is a frequent complication

of prematurity, and is associated with increased medical costs,
prolonged hospitalization, and significant mortality and mor-
bidity.1–3 Despite the improvements in the quality of neonatal
assistance, the reported incidences of LOS are still dramatically
high.1,2,4 Preterm neonates are indeed highly prone to develop
bacterial and fungal sepsis because of their immature skin/
mucosal barrier and immune response, use of invasive pro-
cedures and devices, use of broad-spectrum antimicrobial
drugs, and exposure to the hospital milieu, which gives rise
to gastrointestinal colonization with pathogens.5–9

Probiotics, defined as live microorganisms, confer health
benefits to the host when administered at adequate doses,10 and
have been suggested to modify the enteric microflora, suppress
the overgrowth and translocation of pathogens in the gut, and
therefore prevent life-threatening infections.11–14 Although
there is no controversy about probiotics reducing the risk of
stage II to III necrotizing enterocolitis (NEC) in preterm
neonates,15–17 the effect of probiotics on LOS remains a highly
live issue. So far, studies reporting the effect of probiotics on
LOS conveyed conflicting results. Furthermore, because of
small sample sizes, these studies were not adequately powered
to detect the effect of probiotics on LOS in preterm neonates.
Thus, to provide the latest and most convincing evidence, we
systematically reviewed the current available literature to inves-
tigate whether enteric probiotic supplementation reduced the
risk of LOS in preterm neonates in NICUs.

METHODS
This systematic review and meta-analysis was conducted

and reported in adherence to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement,18 and the
guidelines of the Cochrane Handbook for Systematic Reviews of
Interventions.19 Because our study was a review of previous
published studies, ethical approval or patient consent was
not required.
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pooled relative risks (RRs) and 95% confidence intervals (CIs).

Twenty-seven trials were included in our review, and 25 trials
involving 6104 preterm neonates were statistically analyzed. Pooled
analysis indicated that enteral probiotic supplementation significantly
reduced the risk of any sepsis (25 RCTs; RR 0.83, 95% CI 0.73–0.94;
I2¼ 26%), bacterial sepsis (11 RCTs; RR 0.82, 95% CI 0.71–0.95;
I2¼ 0%), and fungal sepsis (6 RCTs; RR 0.57, 95% CI 0.41–0.78;
I2¼ 0%). This beneficial effect remains in very low birth weight infants
(<1500 g) (19 RCTs; RR 0.86, 95% CI 0.75–0.97; I2¼ 18%), but not in
extremely low birth weight infants (<1000 g) (3 RCTs; RR 0.73, 95% CI
0.45–1.19; I2¼ 53%). All the included trials reported no systemic
infection caused by the supplemental probiotic organisms.

Current evidence indicates that probiotic supplementation is safe, and
effective in reducing the risk of LOS in preterm neonates in neonatal
intensive care units. Further studies are needed to address the optimal
probiotic organism, dosing, timing, and duration. High-quality and

adequately powered RCTs regarding the efficacy and safety of the use
of probiotics in extremely low birth weight infants are still warranted.

(Medicine 95(8):e2581)
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INTRODUCTION

I n neonatal intensive care units (NICUs), late-onset sepsis
(LOS) arising>72 hours after birth is a frequent complication

of prematurity, and is associated with increased medical costs,
prolonged hospitalization, and significant mortality and mor-
bidity.1–3 Despite the improvements in the quality of neonatal
assistance, the reported incidences of LOS are still dramatically
high.1,2,4 Preterm neonates are indeed highly prone to develop
bacterial and fungal sepsis because of their immature skin/
mucosal barrier and immune response, use of invasive pro-
cedures and devices, use of broad-spectrum antimicrobial
drugs, and exposure to the hospital milieu, which gives rise
to gastrointestinal colonization with pathogens.5–9

Probiotics, defined as live microorganisms, confer health
benefits to the host when administered at adequate doses,10 and
have been suggested to modify the enteric microflora, suppress
the overgrowth and translocation of pathogens in the gut, and
therefore prevent life-threatening infections.11–14 Although
there is no controversy about probiotics reducing the risk of
stage II to III necrotizing enterocolitis (NEC) in preterm
neonates,15–17 the effect of probiotics on LOS remains a highly
live issue. So far, studies reporting the effect of probiotics on
LOS conveyed conflicting results. Furthermore, because of
small sample sizes, these studies were not adequately powered
to detect the effect of probiotics on LOS in preterm neonates.
Thus, to provide the latest and most convincing evidence, we
systematically reviewed the current available literature to inves-
tigate whether enteric probiotic supplementation reduced the
risk of LOS in preterm neonates in NICUs.

METHODS
This systematic review and meta-analysis was conducted

and reported in adherence to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement,18 and the
guidelines of the Cochrane Handbook for Systematic Reviews of
Interventions.19 Because our study was a review of previous
published studies, ethical approval or patient consent was
not required.
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The reason why there was a lack of effect of probiotics on
LOS in the 2 trials,38,49 which were excluded from our meta-
analysis, should be discussed. Of note, there was uneven distri-
bution of infection-related risk factors between study and control
groups. This uneven baseline characteristics between groups
(more infants weighing <750 g or longer duration of umbilical
venous catheterization in the study group) could probably lead to
overturn of the real effects. On the other hand, the pathogens
causing sepsis were most often related to catheter-related infec-
tions in the 2 trials. It is tempting to speculate that probiotics alone
are not capable of preventing the invasive procedures inducing
infections, because the effects of orally administered probiotics
are primarily in the gastrointestinal tract.

Because different probiotic organisms probably have dis-
tinct regulatory effects on the host,60 caution is needed in
interpreting our results. Our study indicated that Lactobacillus
species or a mixture of 2 or 3 species of probiotics may be more
effective in reducing the risk of LOS. A meta-analysis con-
ducted in 2015 also found that Lactobacillus reuteri DSM
17938 could significantly reduce the risk of NEC and LOS.61

To our knowledge, only 1 trial, however, compared the effect of
different probiotic strains on LOS in preterm neonates,45 which
showed no difference between groups. Therefore, future exper-
imental and clinical studies are still needed to characterize the
mechanisms by which specific probiotic organisms influence
the development of LOS.

In our study, we observed that preterm neonates fed
exclusively human milk benefit more from probiotics. It is well
known that human milk contains several substances with
putative anti-infective actions, such as lactoferrin, IgA, IgG,
and IgM, etc.21,62 The feeding of human milk was also associ-
ated with decreased gut permeability,63 which might result in
less translocations of pathogens from the gut and ultimately less
infections.62 On the other hand, human milk promotes the
establishment of beneficial microorganism in the infant gut
by providing several substances, such as oligosaccharides,
which act as favorable substrates for probiotic organisms.38,64

Also in a European cohort, probiotics were reported to prevent
NEC only in preterm neonates fed breast milk not formula.65

Therefore, probiotics and human milk may have synergistic
effects to prevent LOS development. Still, further studies
investigating the influence of feeding formula or breast milk
on the effect of probiotics are needed.

Although none of our included studies reported septicemia
caused by probiotic organisms, several cases of systemic

infections caused by supplemental probiotics have been
reported.66–69 Jenke et al70 also reported Bifidobacterium sep-
ticemia in an ELBW infant under probiotic therapy. Owing to
concerns about the safety issues, studies regarding the efficacy
and safety of probiotics in ELBW infants are scant.71 So, more
studies are needed to establish the safety of probiotics in
preterm neonates, especially in ELBW neonates.71

Several potential limitations should be taken into con-
sideration when interpreting the results. First, although no
statistical heterogeneity was found for the primary outcome,
population characteristics, probiotic regimens (various
organisms, daily doses, time of initiation, and length of
intervention), and type of milk differed across the included
studies. We adopted random-effects model to try to account

FIGURE 3. Funnel plot of trials on probiotics and prevention of
late-onset sepsis.

TABLE 5. Subgroup Analyses for Probiotic Supplementation
in the Prevention of Late-Onset Sepsis

Subgroup
Number of

Studies
RR

(95% CI) I2 (%)

Any sepsis 25 0.83 (0.73, 0.94) 26
Any bacterial sepsis 11 0.82 (0.71, 0.95) 0
Any fungal sepsis 6 0.57 (0.41, 0.78) 0

Birth weight, g
<2500 25 0.83 (0.73, 0.94) 26
<1500 19 0.86 (0.75, 0.97) 18
<1000 3 0.73 (0.45, 1.19) 53

Probiotic organism
Lactobacillus species 6 0.72 (0.50, 1.03) 51
Bifidobacterium species 6 0.78 (0.48, 1.25) 46
Saccharomyces boulardii 3 0.84 (0.58, 1.22) 0
Mixture 10 0.85 (0.73, 1.00) 29

Probiotic dose!

"1# 109 10 0.73 (0.55, 0.98) 38
>1# 109 15 0.85 (0.73, 0.99) 20

Time of initiation
"72 h of age 8 0.73 (0.56, 0.95) 44
At the time of first feed 14 0.89 (0.75, 1.05) 25
When feeds were tolerated 3 0.79 (0.60, 1.03) 0

Duration of interventiony

<6 wk 5 0.88 (0.63, 1.22) 0
$6 wk or to discharge 17 0.79 (0.69, 0.90) 23

Type of milk
HM 5 0.76 (0.63, 0.91) 9
FM 3 0.76 (0.43, 1.33) 0
HM or FM 17 0.87 (0.73, 1.03) 35

Caesarean delivery rate
<median (69%) 11 0.80 (0.69, 0.94) 0
$median 10 0.85 (0.69, 1.06) 45
Not reported 4 0.73 (0.34, 1.57) 65

Risk of bias
Low 10 0.86 (0.75, 0.98) 0
Unclear or high 15 0.78 (0.62, 0.98) 43

All RRs were calculated using random-effects models.
CI¼ confidence interval, FM¼ formula milk, HM¼ human milk

(mother’s milk and/or donor milk).!
One trial (Romeo et al) compared Lactobacillus reuteri (1# 108

CFU/d) with Lactobacillus rhamnosus (6# 109 CFU/d) in separate
groups, and 1 trial (Braga et al) did not report definite probiotic doses.
yDuration of intervention ranged from <6 wk to >6 wk in 3 trials

(Bin-Nun et al, Dilli et al, and Patole et al).
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Abstract: The use of probiotics among very low-birth-weight infants is constantly increasing,
as probiotics are believed to reduce the incidence of severe diseases such as necrotizing enterocolitis
and late-onset sepsis and to improve feeding tolerance. However, despite the enthusiasm towards
these products in neonatal medicine, theoretical knowledge and clinical applications still need to be
improved. The purpose of this review is to give an overview of the most important gaps in the current
literature about potential uses of probiotics in preterm infants, highlighting promising directions for
future research. Specifically, further well-designed studies should aim at clarifying the impact of
the type of feeding (mother’s milk, donor milk, and formula) on the relationship between probiotic
supplementation and clinical outcome. Moreover, future research is needed to provide solid evidence
about the potential greater efficacy of multi-strain probiotics compared to single-strain products.
Safety issues should also be addressed properly, by exploring the potential of paraprobiotics and
risks connected to antibiotic resistance in preterm infants. Last, in light of increasing commercial
and public interests, the long-term effect of routine consumption of probiotics in such a vulnerable
population should be also evaluated.

Keywords: preterm infant; probiotic; human milk; probiotic strain; safety

1. Introduction

Despite continuous improvements in neonatal medicine, prematurity represents the leading cause
of both neonatal and childhood mortality through age five years worldwide [1]. Diseases such as
necrotizing enterocolitis (NEC) and late-onset sepsis (LOS) pose a serious threat for preterm infants,
and are included among the leading causes of morbidity and mortality in this population [2].

There is a growing body of literature directed towards the implementation of preventive measures
which could reduce the incidence and severity of these diseases, possibly leading to an improvement
in neonatal short- and long-term outcomes [3]. Among these interventions, probiotics appear to be
very promising; they have been recently described as living “a golden age” in neonatal medicine [4].

Despite such enthusiasm, it is still difficult to make precise recommendations on the use of
probiotics in preterm infants. Recent systematic reviews and meta-analyses of the literature have
suggested a beneficial role of probiotics for preventing NEC [5–7] and LOS [8,9], and for improving
feeding tolerance by shortening the time to achieve full enteral feeding (FEF) [10,11]; furthermore,
it has been suggested that probiotic administration might lead to a global improvement in neonatal

Nutrients 2018, 10, 1472; doi:10.3390/nu10101472 www.mdpi.com/journal/nutrients
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Abstract

Necrotizing enterocolitis (NEC) affects predominantly preterm infants, who have specific risk factors leading to
intestinal dysbiosis. Manipulations of gut microbiota through probiotics have the potential to prevent NEC.
The aim of this systematic review and meta-analysis was to evaluate the effect of probiotics for NEC prevention in
preterm infants, with a focus on specific strains, microbiological strength of currently available studies, and high-risk
populations.
PubMed and the Cochrane Library were searched for trials published within 4th February 2015. Randomized-controlled
trials reporting on NEC and involving preterm infants who were given probiotics in the first month of life were
included in the systematic review.
Twenty-six studies were suitable for inclusion in the meta-analysis.
Data about study design, population, intervention and outcome were extracted and summarized independently by
two observers. Study quality and quality of evidence were also evaluated.
Fixed-effects models were used and random-effects models where significant heterogeneity was present. Subgroup
analyses were performed to explore sources of heterogeneity among studies. Results were expresses as risk ratio (RR)
with 95 % confidence interval (CI).
The main outcome was incidence of NEC stage ≥2 according to Bell’s criteria.
Probiotics prevented NEC in preterm infants (RR 0.47 [95 % CI 0.36–0.60], p < 0.00001). Strain-specific sub-meta-analyses
showed a significant effect for Bifidobacteria (RR 0.24 [95 % CI 0.10–0.54], p = 0.0006) and for probiotic mixtures (RR 0.39
[95 % CI 0.27–0.56], p < 0.00001). Probiotics prevented NEC in very-low-birth-weight infants (RR 0.48 [95 % CI 0.37–0.62],
p < 0.00001); there were insufficient data for extremely-low-birth-weight infants. The majority of studies presented
severe or moderate microbiological flaws.
Probiotics had an overall preventive effect on NEC in preterm infants. However, there are still insufficient data on the
specific probiotic strain to be used and on the effect of probiotics in high-risk populations such as extremely-low-birth-
weight infants, before a widespread use of these products can be recommended.
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Abstract
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intestinal dysbiosis. Manipulations of gut microbiota through probiotics have the potential to prevent NEC.
The aim of this systematic review and meta-analysis was to evaluate the effect of probiotics for NEC prevention in
preterm infants, with a focus on specific strains, microbiological strength of currently available studies, and high-risk
populations.
PubMed and the Cochrane Library were searched for trials published within 4th February 2015. Randomized-controlled
trials reporting on NEC and involving preterm infants who were given probiotics in the first month of life were
included in the systematic review.
Twenty-six studies were suitable for inclusion in the meta-analysis.
Data about study design, population, intervention and outcome were extracted and summarized independently by
two observers. Study quality and quality of evidence were also evaluated.
Fixed-effects models were used and random-effects models where significant heterogeneity was present. Subgroup
analyses were performed to explore sources of heterogeneity among studies. Results were expresses as risk ratio (RR)
with 95 % confidence interval (CI).
The main outcome was incidence of NEC stage ≥2 according to Bell’s criteria.
Probiotics prevented NEC in preterm infants (RR 0.47 [95 % CI 0.36–0.60], p < 0.00001). Strain-specific sub-meta-analyses
showed a significant effect for Bifidobacteria (RR 0.24 [95 % CI 0.10–0.54], p = 0.0006) and for probiotic mixtures (RR 0.39
[95 % CI 0.27–0.56], p < 0.00001). Probiotics prevented NEC in very-low-birth-weight infants (RR 0.48 [95 % CI 0.37–0.62],
p < 0.00001); there were insufficient data for extremely-low-birth-weight infants. The majority of studies presented
severe or moderate microbiological flaws.
Probiotics had an overall preventive effect on NEC in preterm infants. However, there are still insufficient data on the
specific probiotic strain to be used and on the effect of probiotics in high-risk populations such as extremely-low-birth-
weight infants, before a widespread use of these products can be recommended.
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N	=	6605	

reuteri (RR 0.50 [95 % CI 0.17–1.44], p = 0.20 [Fig. 4a],
and RR 0.69 [95 % CI 0.38–1.26], p = 0.23 [Fig. 4b]). One
study used Lactobacillus sporogenes [34].
The results of all the studies including Lactobacilli

were pooled, except for the study by Sari et al. [34]:
Lactobacillus sporogenes is a species which has not an
international recognition, shows characteristics of both
genera Lactobacillus and Bacillus, and its strains should

be better classified as Bacillus coagulans [60]. Thus,
when the results of studies using Lactobacillus GG and
reuteri were pooled, no significant reduction in the RR
for NEC in the probiotic group was observed (0.62 [95
% CI 0.37–1.05], p = 0.07, Fig. 4c).
Four studies used Bifidobacterium lactis [39, 43,

44, 53], 2 studies Bifidobacterium breve [45, 52] and
1 study Bifidobacterium bifidum [46]. The use of

Fig. 2 Forest plot (2a) and funnel plot (2b) of the included studies. The forest plot shows the association between the use of probiotics and
necrotizing enterocolitis in the overall population of preterm infants. The funnel plot does not show any clear visual asymmetry. M-H:
Mantel-Haenszel method
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Discussion
The results of this systematic review and meta-analysis
show an overall benefit of probiotic supplementation for
the prevention of NEC in preterm infants. These results
are strengthened by the absence of significant statistical
heterogeneity among studies and by the low-risk of pub-
lication bias documented by the funnel plot.
However, despite the overall benefit, it is remarkable

that the 26 studies included in the meta-analysis were
extremely heterogeneous in terms of probiotic strain,
dosage, duration of intervention, and target population.
Furthermore, only few studies documented an effective
colonization of the infants’ gut with the probiotic strain.
Thus, the proposal made by the authors of the recent
Cochrane review of a “change in practice” in the use of
probiotics in preterm infants [11] might require further
investigation.
Currently available literature does not provide any def-

inite conclusion on which probiotic strain should be
used, and which group of preterm infants would benefit
most from a probiotic intervention. It is important to
note that the effect of a live-microorganism used as a
probiotic is strictly strain-specific [61]. In this paper we
aimed to perform strain-specific sub-meta-analyses but
our efforts were weakened by the fact that in very few
studies the same probiotic strain was used. For this rea-
son, we were unable to draw definite conclusions on
which single-strain of probiotics would be more effective

in reducing NEC. When studies using single strains were
pooled according to the probiotic genus, no significant
effect was documented for Lactobacilli and Saccharomy-
ces. This is partially in contrast with the recent Cochrane
review on probiotics and NEC [11], which showed a
beneficial effect of Lactobacilli: this discrepancy appears
to be due mainly to differences in the studies included
in the two sub-meta-analyses. Actually, the present
meta-analysis included the study by Oncel et al. [25],
which was on-going when the Cochrane review was
published, but excluded the study by Manzoni et al. [57],
where probiotics were used in addition to lactoferrin,
and the study by Sari et al. [34], which used a probiotic
product which is not properly a Lactobacillus [60].
The analysis of studies using Bifidobacteria showed a

significant effect of Bifidobacterium breve in reducing
NEC. This is also in contrast with the results of the
Cochrane review; however, the discrepancy is explained
by the inclusion in the present meta-analysis of the re-
cent study by Dilli et al. [44], which appears to drive the
beneficial effect documented for Bifidobacteria. Similarly
to the Cochrane review [11], the analysis of studies in
which more than one strain was used documented a
strong and significant effect of these products in the pre-
vention of NEC. No definite conclusion can be drawn
from these results, even if it could be suggested that fur-
ther research should be focused on mixed rather than
on single-strain products; a potential rationale for this

Fig. 4 Forest plot showing the association between probiotics and necrotizing enterocolitis in the studies which used a single-strain product
containing Lactobacilli ((4a). L. reuteri; (4b). L. GG; (4c). pooled analysis of all the studies using Lactobacilli). M-H: Mantel-Haenszel method
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Abstract

A randomised controlled trial of the probiotic
Bifidobacterium breve BBG-001 in preterm babies to prevent
sepsis, necrotising enterocolitis and death: the Probiotics in
Preterm infantS (PiPS) trial
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4Institute for Women’s Health, University College London, London, UK
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Background: Necrotising enterocolitis (NEC) and late-onset sepsis remain important causes of death
and morbidity in preterm babies. Probiotic administration might strengthen intestinal barrier function
and provide protection; this is supported by published meta-analyses, but there is a lack of large
well-designed trials.

Objective: To test the use of the probiotic Bifidobacterium breve strain BBG-001 to prevent NEC,
late-onset sepsis and death in preterm babies while monitoring probiotic colonisation of participants.

Design: Double-blind, randomised, placebo-controlled trial.

Setting: Recruitment was carried out in 24 hospitals, and the randomisation programme used a
minimisation algorithm. Parents, clinicians and outcome assessors were blinded to the allocation.

Participants: Babies born between 23 and 30 weeks’ gestation and randomised within 48 hours of birth.
Exclusions included life-threatening or any gastrointestinal malformation detected within 48 hours
of birth and no realistic chance of survival.

Interventions: Active intervention: 1 ml of B. breve BBG-001 in one-eighth-strength infant formula
Neocate® (Nutricia Ltd, Trowbridge, UK), (6.7 × 107 to 6.7 × 109 colony-forming units) per dose
administered enterally. Placebo: 1 ml of one-eighth-strength infant formula Neocate. Started as soon as
practicable and continued daily until 36 weeks’ postmenstrual age.

Main outcome measures: Primary outcomes were an episode of bloodstream infection, with any
organism other than a skin commensal, in any baby between 72 hours and 46 weeks’ postmenstrual age;
an episode of NEC Bell stage ≥ 2 in any baby; and death before discharge from hospital. Secondary
outcomes included stool colonisation with B. breve.
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TABLE 4 Randomisation: deviations from protocol by intention to treat

Protocol deviation

Trial group

Probiotic (n= 650) Placebo (n= 660)

Randomisation > 48 hours’ postnatal age, n (%) 1 (0.2) 1 (0.2)

Gestational age < 23+0 weeks, n (%) 0 1 (0.2)

Gestational age ≥ 30+6 weeks, n (%) 2 (0.3) 1 (0.2)

TABLE 5 Data entry form retrieval rates

Form

Retrieval rate

Due Received (% of total due)

Consent form 1315 1314 (99.9)

Form 1: trial entry 1315 1314 (99.9)

Form 2: daily data collection 1315 1310 (99.6)

Form 3: clinical details of baby at transfer, discharge or death 2535 2530 (99.8)

Form 4: abdominal pathology 609 609 (100)

Form 5: SAE/SUSAR 2 2 (100)

Form 6: parental discontinuation or withdrawal 37 37 (100)

Total 7128 7116 (99.8)

Total randomised
(n = 1315)

Allocated to B breve BBG-001
(n = 654)

• Received B. breve BBG-001, 
   n = 649
• Received placebo, n = 0
• Did not receive any 
   intervention,a n = 5

Withdrawals: early permanent 
discontinuation of intervention

(n = 35)

Study withdrawals
(n = 4)c

• Parental request, n = 14
• Clinician recommendation, n = 21

Analysed
(n = 650)

Allocated to placebo
(n = 661)

• Received placebo, n = 656
• Received B. breve BBG-001,b n = 2
• Did not receive any 
   intervention,a n = 3

Withdrawals: early permanent 
discontinuation of intervention

(n = 41)

Study withdrawals
(n = 1)c

• Parental request, n = 14
• Clinician recommendation, n = 26
• No reason given, n = 1

Analysed
(n = 660)

FIGURE 4 Participant flow. a, Of eight babies who received no intervention, seven died within 7 days of birth and
one was transferred on the first day after birth to a hospital without the necessary approvals to administer the
intervention; b, Two babies were incorrectly allocated packs containing B. breve BBG-001 and received that
product throughout their course; c, Five sets of parents, four in the probiotic and one in the placebo group,
withdrew from the trial completely and also withdrew consent for the use of data already collected.

METHODS
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Results: In total, 654 babies were allocated to receive probiotic and 661 to receive placebo over 37 months
from July 2010. Five babies were withdrawn; 650 babies from the probiotic group and 660 from the
placebo group were included in the primary analysis. Baseline characteristics were well balanced. There was
no evidence of benefit for the primary outcomes {sepsis: 11.2% vs. 11.7% [adjusted relative risk (RR) 0.97,
95% confidence interval (CI) 0.73 to 1.29]; NEC Bell stage ≥ 2: 9.4% vs. 10.0% [adjusted RR 0.93,
95% CI 0.68 to 1.27]; and death: 8.3% vs. 8.5% [adjusted RR 0.93, 95% CI 0.67 to 1.30]}. B. breve
colonisation status was available for 1186 (94%) survivors at 2 weeks’ postnatal age, of whom 724 (61%)
were positive: 85% of the probiotic group and 37% of the placebo group. There were no differences
for subgroup analyses by minimisation criteria and by stool colonisation with B. breve at 2 weeks.
No harms associated with the interventions were reported.

Limitations: Cross-colonisation of the placebo arm could have reduced statistical power and confounded
results; analyses suggest that this did not happen.

Conclusions: This is the largest trial to date of a probiotic intervention. It shows no evidence of benefit
and does not support routine use of probiotics for preterm infants.

Future work recommendations: The increasing understanding of the pathogenesis of NEC and sepsis
will inform the choice of probiotics for testing and better define the target population. Future Phase III
trials should incorporate monitoring of the quality and viability of the intervention and colonisation rates
of participants; cluster design should be considered.

Trial registration: Current Controlled Trials ISRCTN05511098 and EudraCT 2006-003445-17.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 20, No. 66.
See the NIHR Journals Library website for further project information.
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the results, or preparation of this report. The 
corresponding author had full access to all the data in the 
study and had fi nal responsibility for the decision to 
submit for publication.

Results
Between July 1, 2010, and July 31, 2013, 1315 infants were 
recruited, of whom 654 were allocated to probiotic and 
661 to placebo. Five had consent withdrawn, thus 
650 were analysed in the probiotic group and 660 in the 
placebo group (fi gure 1). On average, 84% (SD 26) of 
planned doses were given to infants in each group. 
Interruptions to the dosage regime were reported for 
416 (32%) infants, 76 of whom discontinued the 
intervention permanently; 14 in each group at the request 
of the parents and 21 in the probiotic group and 26 in the 
placebo group on clinical recommendation.

No microorganism other than B breve was grown from 
the cultured returned sachets. The average number of 
viable organisms per dose decreased during the trial 
from 9·2 to 8·2 log10 CFU.

Baseline characteristics of the infants and details of 
feeds received in the fi rst 2 weeks are similar between the 
two groups (table 1). At 14 days, 1203 (95%) of 1266 infants 
still alive had received maternal breast milk, augmented 
in 53% with either donor breast or formula milk.

There was no evidence of benefi t associated with 
administration of the probiotic for any of the primary 
outcomes. Rates of the primary outcomes did not diff er 
signifi cantly between the probiotic and placebo groups. 
61 infants (9%) in the probiotic group had necrotising 
enterocolitis compared with 66 (10%) in the placebo 
group (adjusted risk ratio 0·93 (95% CI 0·68–1·27); 
73 (11%) infants in the probiotics group had sepsis 
compared with 77 (12%) in the placebo group 
0·97 (0·73–1·29); and 54 (8%) deaths occurred before 
discharge home in the probiotic group compared with 
56 (9%) in the placebo group (0·93 [0·67–1·30]; table 2). 
No diff erential eff ects were identifi ed for any subgroup 
analysis of the three primary outcomes (fi gure 2).

We found no evidence of benefi t for any of the 
secondary outcomes, including other measures of sepsis; 
the proportion of infants with any positive blood culture 
was 29% in the probiotic group and 31% in the placebo 
group. Rates of other major neonatal morbidities were 
similar between the groups (table 3).

Prespecifi ed analyses showed no evidence of any 
diff erences in the age at onset of necrotising enterocolitis, 
which was 30·0 weeks’ postmenstrual age in the probiotic 
group and 30·1 weeks’ in the placebo group, or in its 
severity, for which the number of infants with Bell stage 
3 necrotising enterocolitis was 38 (6%) in the probiotic 
group and 45 (7%) in the placebo. The primary causes of 
death were also similar, with 21 (39%) of 54 deaths in the 
probiotic group and 24 (43%) of 56 in the placebo group 
being attributed either to sepsis or necrotising 
enterocolitis (table 3).

Using culture and molecular methods, colonisation 
status at 2 weeks with B breve was available for 1186 infants 
(94% of those alive). 724 (61%) were positive: 505 (85%) in 
the probiotic group, and 219 (37%) in the placebo group. 
Comparing results by culture alone, the proportion of the 
placebo group colonised had risen from 20·5% at 2 weeks 
to 49% at 36 weeks’ postmenstrual age (table 4).

One or both of the stools collected of 38 (6%) of 611 of 
infants in the probiotic group and 35 (6%) of 619 in the 

Bifi dobacterium breve 
BBG-001 probiotic n=650)

Placebo (n=660)

(Continued from previous page)

Maternal antenatal corticosteroid

Any 580 (90%) 607 (93%)

Started less than 24 h before birth 168 (26%) 167 (26%)

None 65 (10%) 49 (8%)

Missing (n) 5 4

Delivery by caesarean section

Yes 341 (53%) 349 (53%)

No 309 (48%) 310 (47%)

Missing (n) 0 1

Born in the recruiting hospital

Yes 589 (91%) 603 (92%)

No 61 (9%) 56 (9%)

Missing (n) 0 1

Early feeding characteristics

Early enteral feeding‡

Not fed in fi rst 14 days (n) 16 13

Age at fi rst feed, days§

Median (IQR) 3 (2–4) 3 (2–4)

Type of milk received in fi rst 14 days

Any maternal breast milk, n (% of all infants) 602 (93%) 625 (95%)

Exclusive maternal breast milk, n (% of all 
infants)

300 (46%) 306 (46%)

Data are median (IQR), n (%), or mean (SD). Data are complete except where missing data are detailed. *Despite 
complete data for gestational ages and birthweights, there are four missing values for birthweight Z scores, because 
four of the babies were below the reference range of age for any given weight of –0·326 to 23 years. 

†Chorioamnionitis includes all cases for which the mother has a clinical diagnosis in the 24 h before birth. ‡Details of 
early feeds were collected only for the fi rst 14 days after birth. §If fed within 14 days of birth.

Table 1: Baseline and early characteristics

Bifi dobacterium breve 
BBG-001 probiotic 
(n=650)

Placebo (n=660) Adjusted* risk ratio 
(95% CI)

Necrotising enterocolitis† 61 (9%) 66 (10%) 0·93 (0·68–1·27)

Sepsis‡ 73 (11%) 77 (12%) 0·97 (0·73–1·29)

Death before discharge home§ 54 (8%) 56 (9%) 0·93 (0·67–1·30)

Data are n (%), unless otherwise indicated. *Adjusted for sex, gestational age at birth, and randomisation within 24 h 
of birth. Adjustment by centre was excluded because the model did not converge. Allowances for correlations 
between multiple births are accounted for. †Necrotising enterocolitis (Bell stage 2 or 3).9,10 ‡Sepsis is defi ned as 
bloodstream infection with non-skin commensals after 72 h postnatal age and before 46 weeks’ postmenstrual age. 

§Includes three infants who remained on paediatric wards at the time of analysis and are included as survivors; all 
were later discharged home.

 Table 2: Primary outcomes
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ProPREMS	
	
Australia,	n=	1099	
	
Mais	leite	materno	
Menor	incidência	de	NEC	
	
Mistura	de	probió+cos	
	
Resultado	principal:	
Sepsis	–	sem	efeito	
	
Resultado	secundário	
NEC	–	com	redução	significa+va	

PIPS	
	
Reino	Unido,	n=	1310	
	
Menos		Leite	materno	
Maior	incidência	de	NEC	
	
Um	único	probió+co	
	
Resultado	principal:	
NEC,	sepsis	morte	–	sem	efeito	
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Intentional introduction of disease has been rare (3). 
Consequently, the incident identified by Thalassinou and her 
colleagues arouses readers’ interest and inspires speculation.
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To the Editor: Metaanalysis of randomized trials that 
tested different probiotics showed a reduction of ≈50% in 
necrotizing enterocolitis and all-cause deaths in preterm in-
fants (1). Use of probiotics is increasing worldwide (2,3), 
and cases of probiotic sepsis were not reported among 
>5,000 infants in an updated review (1). 

In Norway, a consensus-based protocol recommend-
ing prophylactic probiotic supplementation for preterm in-
fants at highest risk for necrotizing enterocolitis (gestation-
al age <28 weeks, birthweight <1,000 g) was introduced in 
2014. After considering the safety profile, we investigated 
use in preterm infants of a widely used combination of oral 

probiotics (Infloran; Laboratorio Farmacéutico Specialità 
Igienico Terapeutiche, Mede, Italy) that contained 109 Lac-
tobacillus acidophilus (ATCC 4356) and 109 Bifidobacte-
rium longum subspecies infantis (ATCC 15697).

B. longum is a microaerotolerant, anaerobic bacterium 
susceptible to many antimicrobial drugs (Table). This bac-
terium is a rare cause of neonatal infections; until 2015, 
only 2 Bifidobacterium bacteremia cases in premature new-
borns had been reported (4,5).

A total of 290 extremely preterm infants received oral 
probiotics during April 2014–August 2015 in Norway. 
Three patients were given a diagnosis of B. longum bac-
teremia: 2 patients in a neonatal unit in which 17 patients 
were given oral probiotics and 1 patient in a neonatal unit 
in which 31 patients were given oral probiotics (Table).

All 3 infants had respiratory distress syndrome and re-
ceived mechanical ventilation after birth. Enteral feeding 
with human milk was begun on day 1. Oral probiotics (½ 
capsule, 1×/d) were given during the first week of life and 
increased to 1 capsule/day after 4–7 days.

We identified B. longum in blood cultures by using ma-
trix-assisted laser desorption/ionization time-of-flight mass 
spectrometry (Bruker Daltonics, Billerica, MA, USA). 
Whole-genome sequencing (MiSeq, Illumina, San Diego, 
CA, USA) and comparative analysis of nucleotide-level 
variation by using variant cell format in  SAMtools (http://
samtools.sourceforge.net) showed that all 3 blood culture 
isolates and a B. longum strain cultured from an oral probi-
otic capsule were identical.

Patient 1 had sepsis and severe hypotension 8 days af-
ter birth. A blood culture was prepared, and the patient was 
given antimicrobial drugs and vasoactive support. Abdomi-
nal distention, gastric residuals, and feed intolerance de-
veloped the next day, but the patient was cardiorespiratory 
stable. On day 12, abdominal radiographs showed pneu-
moperitoneum. Surgery showed multiple ileal perforations 
and bowel necrosis. Histologic analysis showed classical 
features of necrotizing enterocolitis. The patient received 
an ileostoma and improved after treatment with antimicro-
bial drugs. Blood culture was positive for gram-positive 
rods, which were identified as B. longum. Subsequent clini-
cal course was uneventful.

Patient 2 had apnea, bradycardia, and temperature in-
stability 12 days after birth. A blood culture was prepared, 
and the patient was given antimicrobial drugs. Blood cul-
ture was positive for gram-positive rods, which were iden-
tified as B. longum. Use of oral probiotics was discontin-
ued. The patient recovered rapidly, and subsequent clinical 
course was uneventful.

Patient 3 had sepsis and necrotizing enterocolitis 9 days 
after birth. Ultrasound showed free abdominal fluid. A blood 
culture was prepared, and the patient was given antimicrobi-
al drugs. Surgery showed 2 separate bowel perforations, and 
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We identified B. longum in blood cultures by using ma-
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ter birth. A blood culture was prepared, and the patient was 
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nal distention, gastric residuals, and feed intolerance de-
veloped the next day, but the patient was cardiorespiratory 
stable. On day 12, abdominal radiographs showed pneu-
moperitoneum. Surgery showed multiple ileal perforations 
and bowel necrosis. Histologic analysis showed classical 
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an ileostoma and improved after treatment with antimicro-
bial drugs. Blood culture was positive for gram-positive 
rods, which were identified as B. longum. Subsequent clini-
cal course was uneventful.

Patient 2 had apnea, bradycardia, and temperature in-
stability 12 days after birth. A blood culture was prepared, 
and the patient was given antimicrobial drugs. Blood cul-
ture was positive for gram-positive rods, which were iden-
tified as B. longum. Use of oral probiotics was discontin-
ued. The patient recovered rapidly, and subsequent clinical 
course was uneventful.

Patient 3 had sepsis and necrotizing enterocolitis 9 days 
after birth. Ultrasound showed free abdominal fluid. A blood 
culture was prepared, and the patient was given antimicrobi-
al drugs. Surgery showed 2 separate bowel perforations, and 
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the patient received an ileostoma and colostoma. Histologic 
analysis did not show necrosis or inflammation. Enterococ-
cus faecalis grew in the blood culture obtained on day 9. The 
patient had a complicated clinical course and received pro-
longed mechanical ventilation. However, the patient gradu-
ally tolerated full feeds. Use of oral probiotics was continued.

On day 46, the condition of patient 3 suddenly deterio-
rated; hypotension and metabolic acidosis developed, and 
the patient was again given antimicrobial drugs. A blood 
culture was positive for B. longum. Supplementation with 
oral probiotics was discontinued. The patient recovered 
from the infection, but secondary ileus developed. The pa-
tient had a complicated clinical course until discharge.

Recently, 5 other B. longum bacteremia cases among 
5 preterm infants at 26–31 weeks gestation were reported 
(6,7). All 5 infants had received oral probiotics; 3 had se-
vere gastrointestinal complications, similar to patient 1 in 
our report, and 2 patients were moderately compromised, 
similar to patient 2 (6,7).

We do not know whether Bifidobacterium organisms 
in blood culture for patient 1 were a consequence of in-
testinal necrosis and bacterial translocation or the cause of 
necrotizing enterocolitis. Patient 3 probably had a leaky gut 
that predisposed this patient to bacterial translocation. All 
3 patients were extremely premature (23–24 weeks ges-
tation) and had impaired immune systems, which predis-
posed them to infections with bacteria with low virulence. 
A recently published case of Bifidobacterium bacteremia 
in a 2-year old boy with leukemia highlights impaired im-
munity as a risk factor (8).

Only aerobic blood cultures are prepared for neo-
nates. We detected Bifidobacterium bacteremia by using 

2 automated blood culture systems and aerobic bottles. 
However, the sensitivity of these systems for detecting Bi-
fidobacterium bacteremia is unknown. Thus, the incidence 
of Bifidobacterium bacteremia is theoretically underesti-
mated. Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry improves species detection 
and its use might be 1 reason for the apparently recent 
increase in probiotic-associated bacteremia.

We report that systemic infection with probiotic bactere-
mia might have a severe clinical course in extremely preterm 
infants. Clinical suspicion and appropriate blood culture con-
ditions are essential for proper diagnosis and management.
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Table. Characteristics of 3 extremely preterm infants with Bifidobacterium longum subspecies infantis bacteremia, 2015* 
Characteristic Patient 1 Patient 2 Patient 3 
NICU A B A 
Sex M M F 
Date of onset Apr Jul Sep 
Gestational age, wk 24 23 24 
Birth weight, g 730 500 697 
Mode of delivery Vaginal Vaginal Caesarean section 
Apgar score at 1, 5, and 10 min after birth 4, 5, 5 Unknown, 0, 4 2, 2, 3 
Reason for prematurity Preterm rupture of 

membranes, maternal 
infection 

Sudden preterm rupture of 
membranes, delivery not 
attended by healthcare 

personnel 

Placental abruption 

Age at onset of sepsis, d 8 12 46 
Maximum CRP level, mg/L, <48 h of symptom onset 147 25 242 
Age at discharge, wk 40 41 43 
Weight at discharge, kg 3.3 3.4 3.3 
Bacterial culture medium and conditions BacT/ALERT,† aerobic, 

36qC 
BACTEC Plus,† aerobic, 

35qC 
BacT/ALERT,† aerobic, 

36qC 
Bacterial growth in blood culture, d 2 3 2 
*Patients were given ½ to 1 capsule/day of oral probiotics (Infloran; Laboratorio Farmacéutico Specialità Igienico Terapeutiche, Mede, Italy) that 
contained 109 Lactobacillus acidophilus (ATCC 4356) and 109 B. longum subspecies infantis (ATCC 15697). MICs (mg/L) for antimicrobial drugs tested 
were 0.016 for meropenem, 0.032 for ampicillin, 0.064 for penicillin, 0.064 for piperacillin/tazobactam, 0.250 for cefotaxime, 0.250 for clindamycin, 0.250 
for vancomycin, and 4.000 for ciprofloxacin. All bacterial strains were inherently resistant to aminoglycosides. ATCC, American Type Culture Collection 
(Manassas, VA, USA); CRP, C-reactive protein; NICU, neonatal intensive care unit. 
†bioMérieux (Marcy l’Étoile, France). 
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Abstract: Current evidence supports the use of probiotics in preterm neonates for prevention of
necrotizing enterocolitis, mortality and late onset sepsis. Despite the strong evidence, the uptake of
this intervention has not been universal due to concerns including probiotic sepsis, pro-inflammatory
response and transmission of antibiotic resistance. Critically ill extremely preterm neonates with
potentially compromised gut integrity are at higher risk of probiotic sepsis due to translocation.
In most countries, probiotics are sold as food supplements with poor quality control. The traditional
definition of probiotics as “live microorganisms” has been challenged as many experts have
questioned the importance of viability in the context of the beneficial effects of probiotics. Paraprobiotics
(ghost probiotics), are defined as non-viable microbial cells (intact or broken) or crude cell extracts
(i.e., with complex chemical composition), which, when administered (orally or topically) in adequate
amounts, confer a benefit on the human or animal consumer. Current evidence indicates that
paraprobiotics could be safe alternatives to probiotics in preterm neonates. High-quality pre-clinical
and clinical studies including adequately powered randomised controlled trials (RCTs) are warranted
in preterm neonates to explore this new frontier.

Keywords: infant; newborn; probiotics; review; sepsis

1. Introduction

Despite the recent advances in technology and progress in research, necrotising enterocolitis
(NEC), mortality, late onset sepsis (LOS), and long-term neurodevelopmental impairment (NDI)
continue to remain a major health burden in preterm neonates [1,2]. NEC continues to be major
gastrointestinal emergency in ~7% of preterm very low birth weight (VLBW: Birth weight < 1500 g)
neonates. Mortality is high, up to 20 to 30%, with the highest rate among neonates requiring surgery [3–6].
The morbidity of definite (�Stage II) NEC is significant and includes prolonged hospitalisation,
recurrent infections, long-term dependence on parenteral nutrition, and survival with intestinal failure,
and long-term NDI, especially in extremely low birth weight (ELBW: Birth weight < 1000 g) neonates
needing surgery for the illness [7]. Stey et al. have estimated the cost of treatment of one case of NEC
requiring surgery, close to $400,000 [8].

The World Health Organisation (WHO) defines probiotics as “live microorganisms which when
administered in adequate amounts confer a health benefit on the host.” [9]. Bacteria such as bifidobacteria,
and lactobacilli, and non-pathogenic fungi such as Saccharomyces, are the most common type of
microorganisms used as probiotics. The mechanisms for the benefits of probiotics include gut barrier

Nutrients 2018, 10, 871; doi:10.3390/nu10070871 www.mdpi.com/journal/nutrients



CURSO	DE	VENTILAÇÃO	NEONATAL	
		UNIDADE	DE	NEONATOLOGIA	–	HOSPITAL	DE	SÃO	FRANCISCO	XAVIER	

+	Comentários	finais	

19º	CONGRESSO	NACIONAL	DE	PEDIATRIA	
	

n  Prevenção	NEC		

“	Correct	probio-c	given	to	”right”	babies	at	“right”	-me	may	help,	
but…”		

n  Probió+cos??	–	necessário	mais	estudos!	

n  Maximizar	a	u+lização	de	leite	materno	
n  Minimizar	a	u+lização/duração	dos	an+bió+cos	
n  Estabelecimento	de	protocolos	de	nutrição	
n  Connhececimento	da	situação	local		

n  Incen+var	a	inves+gação:	

	



CURSO	DE	VENTILAÇÃO	NEONATAL	
		UNIDADE	DE	NEONATOLOGIA	–	HOSPITAL	DE	SÃO	FRANCISCO	XAVIER	

+	Probió+cos	na	prematuridade	

19º	CONGRESSO	NACIONAL	DE	PEDIATRIA	
	

Muito		
Obrigada	
	

anaritaprior@gmail.com	



CURSO	DE	VENTILAÇÃO	NEONATAL	
		UNIDADE	DE	NEONATOLOGIA	–	HOSPITAL	DE	SÃO	FRANCISCO	XAVIER	

+	Bibliografia	

19º	CONGRESSO	NACIONAL	DE	PEDIATRIA	
	

n  M.	Hosny	et	al.	Human	Microbiome	Journal	2017;4:14–19	

n  	Costeloe	et	al.	J	Ped	2018;1:1-6	

n  Bahersby	C,	et	al.	Arch	Dis	Child	Fetal	Neonatal	Ed	2018;0:F1–F8.	doi:10.1136/archdischild-2017-313880		

n  Cavallaro	G,	et	al.	Scien+fic	Reports	2017.	7:	13014	|	DOI:10.1038/s41598-017-13465-2		

n  Olsen	R,	et	al.	Neonatology	2016;109:105–112		

n  Ace+	et	al.	Italian	Journal	of	Pediatrics	2015;41:89	

n  AlFaleh	K,	Anabrees	J,	Bassler	D,	Al-Kharfi	T.	Probio+cs	for	preven+on	of	necro+zing	enterocoli+s	in	preterm	infants.	Cochrane	Database	of	
SystemaBc	Reviews	2011,	Issue	3.	Art.	No.:	CD005496.	DOI:	10.1002/14651858.CD005496.pub3.		

n  Lee,	Epidemiology	(Sunnyvale)	2018,	8:1.	DOI:	10.4172/2161-1165.1000339	

n  	Sun,	et	al.	Adv	Nutr	2017;8:749–63;	doi:	hhps://doi.org/10.3945/an.116.014605.		

n  Anderson,	S.	Probio+cs	for	Preterm	Infants:	A	Premature	or	Overdue	Necro+zing	Enterocoli+s	Preven+on	Strategy?	NEONATAL	NETWORK	
2015;	34(2)	83-101	

n  	Deshpande	G,	et	al.	BMJ	Open	2017;7:e017638.	doi:10.1136/bmjopen-2017-017638		

n  Mar+n	A,	et	al.	BMJ	Open	2018;8:e023044.	doi:10.1136/bmjopen-2018-023044		

n  Jacobs	SE,	et	al.	BMJ	Paediatrics	Open	2017;1:e000176.	doi:10.1136/bmjpo-2017-000176		

n  Totsu	S,	et	al.	BMJ	Paediatrics	Open	2018;2:e000256.	doi:10.1136/bmjpo-2018-000256		

n  AlFaleh	K,	Anabrees	J.	Probio+cs	for	preven+on	of	necro+zing	enterocoli+s	in	preterm	infants.	Cochrane	Database	of	SystemaBc	Reviews	
2014,	Issue	4.	Art.	No.:	CD005496.	DOI:	10.1002/14651858.CD005496.pub4.		

n  Gengaimuthu	K.The	Cross	Contamina+on	(Cross	Coloniza+on)	Phenomenon	of	Probio+c	Use	in	Neonatal	Intensive	Care	Units:	Puta+ve	
Mechanisms	and	Clinical	and	Research	Implica+ons.	Cureus	10(5):	e2691.	DOI	10.7759/cureus.2691		

n  Dermyshi	E;	et	al.	The	“Golden	Age”	of	Probio+cs:	A	Systema+c	Review	and	Meta-Analysis	of	Randomized	and	Observa+onal	Studies	in	
Preterm	Infants.Neonatology	2017;112:9–23		

n  Garland	et	al.	The	ProPrems	trial:	inves+ga+ng	the	effects	of	probio+cs	on	late	onset	sepsis	in	very	preterm	nfants.		BMC	Infec+ous	
Diseases	2011,	11:210		

n  Patel	R,	et	al.	Causes	and	Timing	of	Death	in	Extremely	Premature	Infants	from	2000	through	2011.	N	Engl	J	Med	2015;372:331-40.	


