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ABSTRACT
INTRODUCTION: Meta-analyses of randomised trials have 
shown that probiotics reduce the risk of necrotising en
terocolitis (NEC) in preterm infants. However, the generalis-
ability of these results, particularly for the most preterm in-
fants, remains unresolved. Hence, we wanted to evaluate 
the benefit of implementing prophylactic use of probiotics 
as standard care in infants younger than 30 weeks of ges
tation.
METHODS: Two three-year periods were compared. The 
first period was prior to a policy change. In this period no 
probiotics were used. The second period featured routine 
administration of probiotics (bifidobacillus and lactobacil-
lus) once daily by nasogastric tube from the third day of life. 
The main outcome: NEC grades 2 and 3 were assessed in a 
blinded fashion from a clinical abstract and available X-rays.
RESULTS: A total of 381 infants treated before the change 
of policy were compared with 333 infants treated after the 
policy change had been introduced. There was no statistic
ally significant change in NEC (odds ratio (OR) = 0.75, p = 
0.34, 95% confidence interval (CI): 0.43-1.30). The OR for 
death was 0.92 (p = 0.55, 95% CI: 0.62-1.40). Unexpectedly, 
symptoms of NEC appeared earlier in the latter period (me-
dian six versus 14 days, p = 0.004). No side effects and no 
blood cultures with lactobacillus or bifidobacterium were 
observed.
CONCLUSIONS: This historically controlled study did not in-
dicate that probiotics had a significant effect on NEC. We 
continue our practice, but larger cohort studies or meta-
analyses of such studies are needed to confirm previous 
beneficial findings in randomised trials.
FUNDING: none.
TRIAL REGISTRATION: Clinicaltrials.gov NCT01670916.

Necrotising enterocolitis (NEC) is a serious complication 
in neonatology, affecting mainly preterm infants [1]. The 
clinical presentation of NEC varies from feeding intoler-
ance and mild-moderate abdominal symptoms to severe 
illness with necrosis of large parts of the intestine asso
ciated with a high mortality despite intensive care and 
surgery. There is good evidence from meta-analyses that 
probiotics reduce the risk of necrotising enterocolitis in 
preterm infants [2-4]. Despite the evidence, there has 
been a reluctance to generalise positive results and rec-
ommend routine prophylaxis – especially in high-risk in-

fants [5, 6]. Limited internal validity (bias) or limited  
external validity of randomised trials, particularly for  
the most preterm infants with the highest risk for  
NEC, have occasionally been cited as reasons that may 
explain a lack of similar beneficial effects in daily clinical 
settings [7].  

We decided to implement a policy of routine pro
biotics at Rigshospitalet, Denmark, in 2010 and to com-
pare results before and after the policy change. This  
was done before [8, 9], but our comparison would be 
with a clinical setting with a relatively high proportion  
of extremely preterm infants and universal use of hu-
man milk. We thus addressed some of the reservations 
with respect to the published randomised controlled  
trials and meta-analyses [3]. Our hypothesis was that we 
would find a reduction in NEC of the same magnitude as 
was reported in meta-analysis of randomised trials.

METHODS
The Neonatal Unit at Rigshospitalet is the tertiary centre 
for Eastern Denmark with a total of 25,000 annual deliv-
eries. All preterm deliveries before 28 weeks of gesta-
tion are centralised to Rigshospitalet. Pregnant women 
with a range of pregnancy complications are also re-
ferred to Rigshospitalet. Thus, our infants with a gesta-
tional age of 28 weeks or above often present intrauter-
ine growth restriction or other risks. Most very preterm 
infants are discharged to one of six step-down neonatal 
units once they are stable on nasal continuous positive 
airway pressure and have reached a postconceptional 
age of at least 28 weeks. 

Our policy was to give probiotics once a day to all 
infants who had completed less than 30 weeks of gesta-
tion, starting from the third day of life. If the infant had 
1 ml of milk per meal or more probiotics were added, 
otherwise not. This means that probiotics were not 
started or discontinued when feeds were withheld, e.g. 
whenever there was suspicion of NEC, and were re
started as soon as feeds again reached 1 ml per meal. 
The plan was that probiotics should be continued until 
discharge from hospital. Thus prophylaxis was supposed 
to continue in the local units; but due to insufficient de-
livery of probiotics to these units, this was not always 
possible. The policy was initiated on 1 March 2010.

We used a Danish, commercially produced combin
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ation of bifidobacilli and lactobacilli (Bifiform capsules 
containing Bifidobacterium lactis BB12 1 × 108 and 
Lactobacillus rhamnosus GG 1 × 109). Two capsules were 
opened and the contents dissolved in the milk the infant 
was given. Bifidobacterium lactis has been assessed in 
two randomised trials [10, 11] and Lactobacillus rham-
nosus GG in one trial [12]. Several randomised trials 
have used a combination of bifidobacterium and lacto-
bacillus but have utilised other strains [3].

Data collection and classification of the grade  
of necrotising enterocolitis
Data collection took place in the following periods: from 
1 December 2006 to 30 November 2009, and from 1 
March 2010 to 28 February 2013. The analysis included 
the data of all infants with a gestational age of less than 
30 weeks who were admitted to the Neonatology De-
partment during the first three days of life. During the 
period from November 2009 to March 2010, the use of 
probiotics was introduced in an unsystematic way, and 

for that reason this period was excluded from analysis. 
Permission to use data from the clinical records was ob-
tained from the National Board of Health (3-3013-
399/1/) and the Danish Data Protection Agency (2007-
58-0015/30-0979). According to Danish law, permission 
from the Research Ethics Committee was not required. 
The study was registered with clinicaltrials.gov 
(NCT01670916).

A first step to identify infants with suspected or 
confirmed NEC diagnosis was to identify all infants 
whose case record was labelled with this diagnosis. 
Furthermore, we considered the fact that metronidazole 
is used as standard treatment for NEC or suspected NEC. 
Therefore, all patients who had received a prescription 
of metronidazole were identified via electronic prescrip-
tion and drug administration records. Cases with metro-
nidazole prescribed prophylactically before surgery (e.g. 
for congenital abdominal malformation) were excluded.

A neonatologist abstracted clinical data from the 
records of the infants identified by these two mechan
isms. The clinical data covered the period from admis-
sion to Rigshospitalet to first discharge from our unit,  
either to a step-down unit or home. Abdominal X-rays 
from the admission period were collected, sorted by day 
of birth, numbered consecutively, and labelled by day of 
life by a secretary. During a single session, all cases were 
reviewed blinded to year of birth (group assignment). 
The review was done by a panel that consisted of a 
paediatric radiologist, a paediatric surgeon and a neo
natologist who did not abstract the clinical data.

The cases were classified as:
0.	 X-ray showing a normal distribution of air in the 

bowel and metronidazole given for less than seven 
days.

1. 	 X-ray showing varying intestinal calibre, mild 
dilatation, or mild ilius or normal X-ray, but 
metronidazole given for seven days or more

2. 	 X-ray showing significant dilation, segmentation of 
bowel loops, collapsed loops, penumatosis or 
ascites.

3. 	 X-ray showing pneumperitoneum or portal venous 
gas, or surgery showing perforation or necrosis.

4. 	 X-ray showing pneumoperitoneum; or surgery 
showing perforation but stable clinical condition, 
normal CRP, and no signs of NEC on X-ray or at 
surgery (focal intestinal perforation).

5. 	 Other intra-abdominal pathology as defined by 
X-ray or surgery (such as intestinal atresia, malrota-
tion or perforation of the oesophagus or stomach).

Thus, the classes 1 to 3 above correspond to NEC grade 
1 to 3, whereas the classes 4 and 5 were not considered 
NEC. NEC grade 2 + 3 was defined a priori as the primary 

TablE 2

Multiple logistic regression of the risk of necrotising enterocolitis grade  
2 + 3.

Odds ratio (95% CI) p-value

Probiotics, yes/no 0.78 (0.43-1.39) 0.39

Birth weight, per 100 g 0.68 (0.56-0.81) < 0.000001

Gestational age, per week 0.90 (0.74-1.11) 0.34

CI = confidence interval.

TablE 1

Clinical data for all infants with gestational age < 30 weeks admitted to 
the Department of Neonatology at Rigshospitalet during the first three 
days of life in the two three-year periods: before and after introduction 
of routine probiotics as prophylaxis against necrotising enterocolitis.

Control 
group

Probiotic 
group p-value

Total, N 381 332

GA, mean ± SD, wks 27.1 ± 1.7 27.1 ± 1.6 NS

GA < 28 wks, % 62.7 68.7 NS

Birth weight, mean ± SD, g 935 ± 381 939 ± 333 NS

Death before discharge, n (%) 66 (18.1) 54 (16.2) 0.55

NEC classification, n

    0 24 23 NS

    1   6 16 0.02

    2 19   7 0.03

    3 15 16 NS

    4 (FIP)   2   5 NS

    5 (other pathology) 11 11 NS

    NEC grade 2 + 3, n (%) 34 (8.9) 23 (6.9) 0.34

FIP = focal intestinal perforation; GA = gestational age; NEC = necrotising 
enterocolitis; NS = non-significant; SD = standard deviation.
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outcome of the analysis. Descriptions of abdominal 
ultrasounds were considered (if performed and avail
able). The classifications 1, 2, and 3 are quite similar to 
Bell’s modified grades [13].

Finally, the records of the infants who developed 
NEC in the period after the introduction of probiotics 
were checked for prescription and administration of pro-
biotics.

Data analysis and statistics
The primary outcome was NEC grade 2 + 3 and the sec-
ondary outcome was survival to first discharge. The odds 
ratios and 95% confidence limits were calculated (SPSS 
statistics 17.0). 

The power analysis was based on the following esti-
mates. The risk of necrotising enterocolitis (grade 2 + 3) 
in infants with a gestational age below 30 weeks is about 
10% in our department. The latest meta-analyses found 
a 50% risk reduction in necrotising enterocolitis in the 
probiotics group [5]. Based on an annual admission of 
150 infants, a comparison of two three-year periods 
should be able to detect a reduction from 10% to 5% at 
the 5% significance level and with a power of 80%.

The t-test and chisquared with Yates correction 
were used for direct comparison between the two  
periods. Multiple logistic regression using period (pro
biotics yes/no), gestational age in completed weeks, and 
birth weight as predictors were used to explore the pos-
sibility that a change in case load could have influenced 
the comparison for NEC 2 + 3 (primary outcome). The 
postnatal age of first symptoms of suspected or con-
firmed NEC was transformed logarithmically to achieve a 
normal distribution, and this age was compared be-
tween the groups using a t-test and multiple linear re-
gression with birth weight, gestational age and NEC 
grade as supplementary independent variables.

Trial registration: clinicaltrials.gov NCT01670916.

RESULTS
A total of 714 infants were included in the analysis: 381 
before the introduction of probiotics and 333 after. The 
mean birth weight was 935 ± 381 g and the mean GA 
was 27.1 ± 1.7 weeks and did not significantly differ be-
tween the groups (Table 1). Of these, 155 infants had a 
diagnosis of NEC and/or a prescription of metronidazole 
for acute illness.

A total of 57 infants were classified as NEC grade  
2 + 3: 34 before the introduction of probiotics and 23  
after. The difference between the incidences in the two 
periods was not statistically significantly different: odds 
ratio (OR) 0.75 (p = 0.34, 95% confidence interval (CI): 
0.43-1.30). A total of 120 infants died before first dis-
charge: 66 before the introduction of probiotics and 54 

after. The difference in mortality between the two 
groups was not statistically significant: OR 0.92 (p = 0.55, 
95% CI: 0.62-1.40).

Multiple regression analyses (Table 2) did not 
change the OR for NEC grade 2 + 3 significantly com-
pared with the simple relation to probiotics. 

Probiotics were not prescribed or not administered 
in five of the 23 cases of NEC. This means that they did 
not get any probiotics before NEC developed although 
they should have per protocol. Furthermore, eight of the 
23 cases of NEC had symptoms of NEC before the third 
day of life. Symptoms of NEC grade 1 to 3 appeared at a 
median age of 14 days (interquartile range: 8-23 days) in 
the first group and at a median age of six days (inter-
quartile range: 4-8 days) after introduction of probiotics 
(p = 0.004) (Figure 1). This difference was not affected 
by correction for the effects of gestational age, birth 
weight or NEC grade, or by limiting the comparison to 
NEC grade 2 + 3 (p = 0.016).

DISCUSSION
The introduction of probiotics did not result in a statis
tically significant decrease in the risk of NEC or mortality 
in our practice although the relatively broad confidence 
interval overlaps with the confidence intervals found in 
several meta-analyses of the outcome regarding NEC. 

FigurE 1

The age at which first symptoms appear regarding NEC grade 1-3.
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There are a number of reasons for the failure to 
confirm our hypothesis:

1. We obtained less power than expected. A mis-
judgement was made in the power calculation when 
planning the study. All admissions were used for the 
power calculation including readmissions of infants, e.g. 
infants with NEC admitted for reconstructive surgery. 

2. 22% of the cases with NEC grade 2 + 3 did not re-
ceive probiotics at all. This was partly due to inertia of 
clinical practice. 

3. Our infants had a lower mean gestational age and 
a lower birth weight than those included in most ran-
domised controlled trials. It is not clear whether this 
may decrease or increase the prophylactic effect of pro-
biotics. The meta-analyses on probiotics in extremely 
preterm infants, however, are characterised by a lack of 
evidence [3, 14].

4. Unpasteurised maternal milk was used routinely, 
though often frozen and thawed. It is assumed that this 
reduces the risk of NEC although it has not been exam-
ined in randomised studies. In cases of insufficient 
mother’s milk, we supplemented with pasteurised hu-
man donor milk. However, it is less clear if this is signifi-
cantly better than preterm formula for prevention of 
NEC, and as there was no difference in this practice be-
tween the periods, this may possibly “dilute” the bene-
fits of probiotics in our settings.

5. Our definition and grading of NEC was similar, 
but not identical to the modified Bell grades because we 
gave priority to blinding of the diagnostic and grading 
process rather than to giving the panel access to all clin
ical data.  

The most important limitation of the study remains 
that despite of its premeditation and planning, this was 
a historically controlled study. We reintroduced routine 
use of prophylactic indomethacin in infants with a gesta-
tional age below 26 weeks early in 2010. But prophylac-
tic indomethacin is not known to affect the incidence of 
NEC [15], and infants with signs and symptoms of a per-
sistent arterial duct were treated with indomethacin in 
both periods. No other major changes in clinical guide-
lines were made during the study period.

The faster appearance of symptoms of NEC after 
the introduction of probiotics and perhaps the increased 
risk of NEC grade 1 were unexpected and deserve ex
ploration. It is possible that exposure of the “virgin”  
preterm intestine to a relatively large load of bacterial 
antigens may accelerate the gut response to bacterial 
colonisation [16]. Clinical symptoms of NEC may reflect 
an inflammatory response, possibly through activation 
of the TLR4 signalling system [17]. This may happen de-
spite the low pathogenicity of the probiotic strains.

Probiotic prophylaxis – like many other interven-
tions – involves questions of timing, dosage and whether 

“one size fits all”. Should probiotics be given from the 
first feed to establish a benign gut microflora? Of the 23 
cases of NEC grade 2 + 3 in the second period, eight had 
symptoms of NEC before they received the probiotics 
that may have helped them. Probiotics may protect in-
fants with a more robust gut and yet induce NEC in in-
fants with a more vulnerable gut. A small, late dose may 
be inefficient and a higher, earlier dose may be detri-
mental. We will continue to use probiotics as recom-
mended by others [18]. However, while the clinical sig-
nificance of the earlier appearance of symptoms is 
unclear and NEC grade 1 is not a major morbidity, it 
does cause delays in enteral feeding and requires medi-
cation. We will monitor upcoming evidence and plan to 
perform a meta-analysis of non-randomised trials.

In conclusion, we demonstrated a statistically in
significant reduction of NEC grade 2 and 3 (OR = 0.75,  
p = 0.34) without clinically important side effects. We 
will continue the use of probiotics, but there is a need to  
examine the effect by meta-analysis of studies like the 
present study. Unexpectedly, NEC symptoms appeared 
earlier in the latter period. This finding deserves explor
ation.
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