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Original article

Synbiotics use for preventing sepsis and necrotizing
enterocolitis in very low birth weight neonates:

a randomized controlled trial
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"Neonatology Unit, Zeynep Kamil Maternity and Children’s Training and Research Hospital, University of Health Sciences, Istanbul, Turkey; “Neonatology Unit, Koc

University School of Medicine, Istanbul, Turkey

Background: Probiotics and prebiotics have strain-specific
effects on the host. Synbiotics, a mixture of probiotics and
prebiotics, are proposed to have more beneficial effects on the
host than either agent has alone.

Purpose: We performed a randomized controlled trial to
investigate the effect of Lactobacillus and Bifidobacterium
together with oligosaccharides and lactoferrin on the develop-
ment of necrotizing enterocolitis (NEC) or sepsis in very low
birth weight neonates.

Methods: Neonates with a gestational age <32 weeks
and birth weight <1,500 g were enrolled. The study group
received a combination of synbiotics and lactoferrin, whereas
the control group received 1 mL of distilled water as placebo
starting with the first feed until discharge. The outcome mea-
sures were the incidence of NEC stage =2 or late-onset culture-
proven sepsis and NEC stage =2 or death.

Results: Mean birth weight and gestational age of the study
(n=104) and the control (n=104) groups were 1,197+235 g
vs. 1,151+269 g and 29+1.9 vs. 28+2.2 weeks, respectively
(P>0.05). Neither the incidence of NEC stage =2 or death, nor
the incidence of NEC stage =2 or late-onset culture-proven
sepsis differed between the study and control groups (5.8%
vs. 5.9%, P=1; 26% vs. 21.2%, P=0.51). The only significant
difference was the incidence of all stages of NEC (1.9% vs.
10.6%, P=0.019).

Conclusion: The combination of synbiotics and lactoferrin
did not reduce NEC severity, sepsis, or mortality.

Key words: Necrotizing enterocolitis, Sepsis, Synbiotics, Very
low birth weight infant

Key message

Question: Can synbiotics, a combination of probiotics and
prebiotics enhance beneficial effects in host more than either
agent administered alone?

Finding: The combination of Lactobacillus and Bifidobac:
terium together with oligosaccharides and lactoferrin did not
decrease the incidence of necrotizing enterocolitis or sepsis.

Meaning: As probiotics and prebiotics have strain-specific
effects on the host, different combinations can be investigated
for necrotizing enterocolitis or sepsis prophylaxis in future.

Introduction

Necrotizing enterocolitis (NEC) is characterized by dysbio-
sis of intestinal microbiota, barrier disruption, and exaggerated
inflammation.? Systemic translocation of pathogen micro-
organisms to blood stream can occur when the barrier function
of the gut is impaired. Preterm neonates have dysbiosis in gut
microbiota secondary to antibiotic use, mode of delivery, and
colonization from the hospital environment. Unfortunately,
current strategies to manage NEC are insufficient.

Functional foods are hope to reduce these diseases due to
ability to modulate the composition and function of the intestinal
microbiota.’® Probiotics inhibits attachment of pathogenic
bacteria competitively, decreases their colonization and translo-
cation, and shifts the intestinal ecological balance from a po-
tentially harmful microflora to one that is beneficial to the host.”)
Prebiotics stimulate the activity of probiotics.? Although the
Cochrane collaboration encourages the use of probiotics, there
isn’t sufficient evidence to change the practice.” Synbiotics, a
combination of probiotics, and prebiotics, allow an increased
function of exogenously administered probiotic microorganisms
as well as providing substrate for endogenous commercial
bacteria.! Lactoferrin, a prebiotic component in human milk,
was reported to decrease late-onset sepsis (LOS) and NEC in
low quality studies.?)

A combination of these agents should enhance more bene-
icial effects than when either agent is administered alone. Lately,
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Graphical abstract. Relative risk of synbiotic administration.

the use of multistrain formulations are on the rise all around the
world.®? However, the host’s response to different combination
of synbiotics is variable." Therefore, we aimed to evaluate the
combined effect of Lactobacillus and Bifidobacterium together
with oligosaccharides and lactoferrin on the development of
NEC or LOS in very low birth weight (VLBW) neonates.

Methods

A prospective, double blinded, randomized, controlled trial
(RCT) was conducted from February 2012, to September
2013, in Neonatal Intensive Care Unit (NICU). The study was
approved by Ethical Committee of Zeynep Kamil Maternity and
Children’s Training and Research Hospital at February 27,2012
(No. 16). This trial has been registered at (www.irct.ir; identifier
number: IRCT2013062710279N3). VLBW infants (gestational
age <32 weeks; birth weight <1,500 g) who survived to start
feeding enterally were eligible for the trial. Infants who had
severe asphyxia (stage III), major congenital anomalies, those
who had fasted =3 weeks, died in the first postnatal 14 days
were excluded.

The recent incidence of primary outcomes was 31% for NEC
or LOS, and 35% for death or NEC in our NICU (NEC alone,
17%; sepsis alone, 19%; death alone, 18%). With the a-error
set at 0.05 and the B-error set at 0.2, and an absolute reduction
in the incidence of either NEC/LOS or NEC/death of 50%, the
number of infants needed to verify our hypothesis was 104 for
NEC or LOS and 92 for NEC or death for each group. Family
withdrawal was 11, and 19 infants died during the first 2 weeks
after enrollment in our previous trial.¥ So we assumed that
nearly 250 infants would be enough to be randomized by using
sequential numbers generated at computer center. The infants
were randomly assigned to the study or the control group after
informed consent was obtained. The allocations were contained
in opaque, sequentially numbered sealed envelopes. The study
group received I1SO-9001 certified combination of synbiotic
and lactoferrin (Probiotic-ATR Nobel, Turkey, 1/2 sachet every
12 hours); whereas the control group received placebo (distilled
water; 1 mL every 12 hours) which were added to breast milk or
formula (Aptamil Prematil Formula, Milupa-AG, Friedrichsdorf,
Germany) starting with the first feed until discharge. The me-

dian duration of synbiotic supplementation and follow-up
period was 36 days. Synbiotic preparation contained 820 mil-
lion Lactobacillus rhamnosus, 410 million L. plantarum, 410
million L. casei, 410 million Bifidobacterium lactis, 383-mg
fructooligosaccharide (FOS), 100-mg galactooligosaccharide
(GOS), 2-mgbovine lactoferrin, and vitamins (25-mg of vitamin
C, 8-mg of vitamin E, 0.5-mg of vitamin B1, B2 and B6). The
dosage of synbiotic supplementation was determined from
previous studies.¥ The preparations, which were kept at room
temperature and away from light and humidity, were added to
breast milk or formula (Aptamil Prematil Formula) starting with
the first feed until discharge. Following instructions from the
sealed envelope, the personnel in the breast milk team mixed the
supplements with distilled water to prepare a 1-mL suspension
and added it to the breast milk or formula before feeding; the
addition of suspension did not change the appearance of the
milk. Thus, the only personnel who knew of the infants’ group
assignments were one of the investigators (GT) and those in
the breast milk team who were not involved in the care of the
infants and data analyses. Minimal enteral feeding (10-20 mL/
kg) was initiated on the first postnatal day if there was no contra-
indication (e.g., severe metabolic acidosis, asphyxia). A daily
increase in the amount of feeding was based on birth weight
(10 mL/kg/day for <750 g, 20 ml/kg/day for 750-1,250 g, and
30 mL/kg/day for 1,250-1,500 g birth weight). Feedings were
withheld if there was gastric aspirate in an amount that was more
than one-half of the previous feeding with abdominal distension
or vomiting. Fortification was started when the enteral feeding
reached 100 ml /kg/day. A fixed dosage (4 g per 100 mL human
milk) of fortifier (Eoprotein, Milupa-AG) was added to the
milk. The infants received total parenteral nutrition until 100
ml/kg/day of enteral feeding was achieved. Infants with a birth
weight below 2 standard deviation were classified as small for
gestational age.!” “Modified Bell Classification” was used to
define NEC, and “Papille Classification” for intraventricular
hemorrhage.'!? Bronchopulmonary dysplasia was defined in
accordance with the definition provided by the National Insti-
tuted of Child Health and Human Development.'® The culture
proven LOS was defined in neonates who had clinical symptoms
and laboratory signs and positive blood culture after 72 hours of
life.

Demographic and clinical variables were recorded. The pri-
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Fig. 1. Flow diagram of the study.

mary outcomes were stage =2 NEC or culture proven LOS and
stage =2 NEC or death. Secondary endpoints were the time to
reach 100 mL/kg/day of enteral feeding, oxygen dependency
at 36 weeks, mortality before hospital discharge, and duration
of hospitalization. Adverse effects, including sepsis attributable
to probiotic microorganisms, anaphylaxis and diarrhea were
recorded.

Statistical analyses were performed by SPSS ver.13.0 (SPSS
Inc., Chicago, IL, USA). Demographic data were stated as ratio,
mean (+standard deviation), and median (25th percentile-
75th percentile). Dependent and independent variables were
compared by chi-square and Fisher exact test. Independent
samples #-test and Mann-Whitney U-test were used to compare
continuous variables. Results were stated as relative risk ratio
(RR) and 95% confidence interval (CI). All statistical tests were
2-sided, and a P value of <0.05 was considered to indicate
statistical significance.

Results

Flow diagram of the study is shown in Fig. 1. Totally 283
VLBW neonates were admitted to NICU during the study pe-
riod. Finally, 104 infants in each group completed the study.
Demographic characteristics of the infants and clinical charac-
teristics of the mothers did not differ between the groups (Table
1). The infants' clinical variables also did not differ between the
groups, except for the increment rate of minimal enteral feeding

Table 1. Demographic and clinical characteristics of the mothers
and infants

Control group Synbiotic group P

Ve (n=104) (n=104) value
Birth weight (g) 1,151£269 1,197¢235  0.19
Gestational age (wk) 28+2.2 29+1.9 0.10
Cesarean section 94 (90.4) 91(87.5) 0.50
APGAR, 5 minutes, median (range) 7(68) 7(68) 0.59
Male infant 61(58.7) 52 (50.0) 0.21
PROM >18 hr 23(22.1) 19(18.3) 0.49
Preeclampsia 33(31.7) 33(31.7) 1

Prenatal steroid treatment 81(77.9) 85(81.7) 0.49
Small for gestational age 17(16.3) 12(11.5) 0.35

Values are presented as meanzstandard deviation or number (%) unless
otherwise indicated.
PROM, prolonged rupture of the membranes.

(Table 2).

Table 3 shows the outcomes of the study. The only significant
difference was determined in the incidence of all stages of NEC
between the groups (11 [10.6%] vs. 2 [1.9%], P=0.019). The
incidence of stage =2 NEC was 4 (6.7%) in the control group
and 0 in the study group (P=0.13). Only one neonate who
developed stage =2 NEC died (25%), and he was in the control
group. Neither the incidence of stage =2 NEC or death nor
the incidence of stage =2 NEC or culture proven LOS differed
between the groups (Table 3).

Eighteen neonates (17.3%) in the control group and 27 neo-
nates (26%) in the study group developed culture proven LOS.
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Of the microorganisms that grew, 55% were gram positive and
459% were gram negative in the control group and 73% were
gram positive and 27% were gram negative in the study group.
No side effect attributed to the preparation (gastrointestinal
intolerance or sepsis due to probiotics) was observed. However,
towards the end of our study, we noticed that there was a con-
comitant vancomycin-resistant enterococcus (VRE) outbreak
in NICU, but a causal relationship between the use of synbiotic
preparation and this outbreak could not be established.

Discussion

This study could not demonstrate any reduction in the inci
dence of stage =2 NEC or death nor the incidence of stage
=2 NEC or culture proven LOS with the concomitant use of
probiotics and prebiotics. Well-designed trials of probiotics and
prebiotics in NEC prophylaxis are required due to the hete
rogenity of available trials, and therefore this study is important.
This combination could improve the survival of probiotic orga:
nism, as its specific substrate is readily available for its fermenta-
tion. However, the final effect of the interaction of each com-
ponent of synbiotics on the host is the main question needed to
be answered, as these agents may show additive or antagonistic

Table 2. Postnatal clinical characteristics of the infants

Control group Synbioticgroup P

VR (n=104) (n=104) value
Respiratory distress syndrome 30 (28.8) 16 (15.4) 0.19
Patent ductus arteriosus 6(15.4) 8(7.7) 0.34
Intraventricular hemorrhage 6(15.4) 9(8.7) 0.50
Bronchopulmonary dysplasia 9(8.7) 4(3.8) 0.15
Start on MEF (day) 2(12) 2(1-2) 0.88
Increment of MEF (mL/kg/day) 20 (15-20) 20(20-20) 0.014
% of Breast milk used® 80 (50-90) 90(50-90) 0.76

Values are presented as number (%) or median (interquartile range).

MEF, minimal enteral feeding.

IMedian value of total amount of feeding from breast milk of each neonate
during hospitalization.

Boldface indicates a statistically significant difference with £<0.05.

Table 3. Study outcomes

effects.' Commonly used prebiotics like the ones used in our
study include GOSs and FOSs, which are found in human milk."”
We preferred to administer frequently used probiotic strains,
which were also members of microbiota in healthy neonates,
and were the effective strains in reducing mortality, NEC, LOS
in meta-analyses.' Unfortunately, when we used their combi-
nation, we could not determine these beneficial effects. Cochrane
collaboration supports the use of probiotics due to encouraging
results of RCTs on NEC prophylaxis.'>!” However, these studies
used various strains which have great strain specific variability in
function.”’>' A combination of L. acidophilus and B. bifidum
was reported to be more effective than either probiotic alone
or a multistrain combination.’® Therefore, the meta-analyses
tried to identify strains with great efficacy.” The results showed
reduction in mortality and morbidity only in a minority of
the studied strains or combinations. Also, there was no clear
overlap of certain strains which were significantly effective on
multiple outcome domains.' The authors concluded that these
controversial results could be due to inadequate number or size
of RCT5, or due to a true lack of effect for certain species.'® The
variability of strains or the doses of probiotics used in RCT’s, as
well as the diversity in their underlying mechanisms of action
may explain the contradictory results of RCT’s. Another study,
which evaluated the effect of B. breve on NEC and sepsis also
reported negative results.”) The next hypothesis was that
probiotics containing multiple strains might be the most effective
ones in the prevention of NEC and mortality. The meta-analysis
of Chang et al.?? showed that multiple strains probiotics were
effective. On the other hand, van den Akker et al.'¥ outlined
interesting points at their meta-analyses. Both L. rhammosus
GG and B. lactis Bb-12/B94 appeared to be effective in reducing
NEC. In addition, B. longum BB536 showed a similar trend.
However, both the combination of L. rhamnosus GG with B.
longum BBS536, and the combination of B. lactis Bb-12 with B.
longum BB536 showed no measurable effect. This may reflectan
antagonistic effect of B. longum BB536 together with the other
two strains.'® This antagonism may also explain our negative
results.

The prebiotics can directly promote intestinal cell barrier

Variable Control group (n=104) Synbiotic group (n=104) P value RR (95% Cl)
Time to reach 100 mL/kg/day of oral feeding (day) 10 (7-15) 10 (6-14) 0.23 -

Oxygen dependency at 36 wk PMA 10(9.6) 4(3.8) 0.06 0.37(0.11-1.24)
NEC (all stages) 1(10.6) 2(1.9) 0.019 0.16 (0.03-0.77)
NEC (stage=2) 4(3.8) 0(0) 0.13 0.56 (0.47-0.67)
Late onset culture proven sepsis 18(17.3) 27 (26) 0.17 1.67(0.85-3.27)
NEC (stage=2) or late onset culture (+) sepsis 22(21.2) 27 (26) 0.51 .3(0.68-2.48)
Stage=2 NEC or death 6 (5.8) 6 (5.8) 0.98 0.99(0.30-3.17)
Deaths attributable to NEC (stage=2) 1(1.0) 0(0) 1.000 0.57 (0.49-0.68)
Deaths (all) 3(2.9) 6(5.8) 0.49 2.04(0.49-8.39)
Duration of hospitalization (day) 39 (26-56) 36 (26-52) 0.44 -

Values are presented as median (interquartile range) or number (%).

RR, relative risk; Cl, confidence interval; PMA, postmenstrual age; NEC, necrotizing enterocolitis.

Boldface indicates a statistically significant difference with £<0.05.
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integrity, and alter the epithelial cytokine expression as probio-
tics.”> Therefore, the impact of prebiotics on NEC or sepsis
prevention has been investigated. Unfortunately, the results of
these limited RCT’s are also confounding.>*** The main action
of prebiotics is the stimulation of the growth and/or activity of
probiotic microorganisms. Therefore, combining the prebiotics
with probiotics in synbiotic formulation was believed to allow
increased function of exogenously administered probiotic bac-
teria, and to provide substrate for endogenous commensal bac:
teria. Selection of specific prebiotic together with probiotics is
a major concern at this point because the effect of prebiotics on
probiotics may depend on their molecular structure.” Another
disadvantage of using combined preparations can be the diffi-
culty to predict the selectivity and specificity of each component
and what the resulting mechanism of action of that combination
will be. There are few studies investigating the effect of synbiotics
in the management of NEC or sepsis.>***?® An RCT, which
used B. lactis and inulin, reported a lower incidence of NEC and
mortality in both the probiotic and synbiotic arms, but no effect
in prebiotic arm. In this study, synbiotics did not have additive
effect compared with the use of probiotics alone. The combina-
tion of ¢, and FOSs reduced the incidence and severity of NEC
in another study.?® Another RCT preferred to use a mixture,
nearly similar to our preparation (8 strains of Lactobacillus,
and Bifidobacterium in combination with FOSs), and did not
show significant improvements in the severity of NEC, sepsis, or
mortality, parallel to our results.® Kadlec and Jakubec?” showed
that prebiotics had a direct effect on the adherence ability of
certain probiotic strains while having no impact on other strains.
Therefore, we should be careful about possible unpredictable
host responses (synergistic, additive, or antagonistic effects) to
synbiotics.

Lactoferrin has anti-inflammatory, immunomodulatory, and
regenerative properties besides it’s prebiotic activity.’? There-
fore, it is reasonable to include lactoferrin alone or combined
with probiotics in prevention of NEC or sepsis. Although lac-
toferrin supplementation with or without probiotics was report
ed to decrease severe NEC in preterm infants in Cochrane
review, the evidence was graded as low-to-moderate quality.?
The optimal dosage of lactoferrin on the prevention of NEC
is not clear.? Manzoni et al.*”® who demonstrated that bovine
lactoferrin supplementation alone or in combination with ¢
reduced the incidence of of death-and/or severe NEC in VLBW
neonates, suggested that dosages should be higher than 100 mg
a day. The low dose of lactoferrin (2 mg) in our manufactured
preparation when compared with the other RCT’s should be
taken into account when interpreting the results of our study.?)

There is always a theoretical risk of probiotic septicemia sec-
ondary to probiotics. there are few reports about Lactobacilli
sepsis.’!) Lactobacillus GG sepsis observed in an extreme pre-
mature infant indicates that caution is required.>”? We did not
observe any adverse events during the trial. However, towards
the end of the study, we observed a VRE colonization outbreak
in our NICU, though no sepsis case was detected.’® Although

the exact mechanism of this outbreak could not be determined,
the resistance gene reservoir hypothesis suggests that commen-
sal bacteria may play a major role in the transfer of antibiotic
resistance to pathogenic bacteria.?® This issue should be in-
vestigated further.

Main limitation of our study is that we can only interpret the
results of combined effect of the mixture as we did not investigate
the sole effect of each component on the incidence of NEC or
sepsis. We also did not perform the stool culture for estimating
the colony counts of Bifidobacteria and Lactobacillus.

In conclusion, the synbiotic mixture we used did not reduce
the incidence of stage =2 NEC or death nor the incidence of
stage =2 NEC or culture proven LOS. As the mechanism of
action of different probiotic species’ vary and is strain-specific,
the effects of one probiotic strain can not be generalized to
others. Further studies should be focused on different mixture
of synbiotics due to the strain specific effects of probiotics, and
complex interactions with each other in the host.
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