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Abstract We aimed to determine the effects of enteral
supplementation of a prebiotic mixture of neutral and acidic
oligosaccharides (scGOS/IcFOS/pAOS) on the faecal
microbiota and microenvironment in preterm infants. Fur-
thermore, we determined the influence of perinatal factors
on the development of the faecal microbiota. In a rando-
mised controlled trial, preterm infants with gestational age
<32 weeks and/or birth weight <1,500 g received enteral
supplementation of scGOS/IcFOS/pAOS or placebo
(maltodextrin) between days 3 and 30 of life. Faecal micro-
biota, as measured with fluorescent in situ hybridisation
(FISH), and microenvironment [short-chain fatty acids
(SCFAs), pH, slgA] were measured at four time points:
before the start of the study and at days 7, 14 and 30 of life.
In total, 113 preterm infants were included. Enteral supple-
mentation of the prebiotic mixture increased the total bacte-
ria count at day 14 (Exp 3.92; 95 % confidence interval [CI]
1.18-13.04, p=0.03), but not at day 30 (Exp 1.73; 95 % CI
0.60-5.03, p=0.31). There was a trend toward increased
bifidobacteria counts. There was a delayed intestinal colo-
nisation of all bacteria. Enteral supplementation of the pre-
biotic mixture decreased the faecal pH (Exp 0.71; 95 % CI
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0.54-0.93, p=0.01) and there was a trend toward increased
acetic acid compared to the placebo group (Exp 1.09; 95 %
CI 0.99-1.20, p=0.10). There was no effect on sIgA (Exp
1.94; 95 % CI 0.28-13.27, p=0.50). Antibiotics decreased
the total bacteria count (Exp 0.13; 95 % CI 0.08-0.22,
p<0.001). Enteral supplementation of a prebiotic mixture
of neutral and acidic oligosaccharides increases the postna-
tal intestinal colonisation. However, the extensive use of
broad-spectrum antibiotics in preterm infants decreased the
growth of all intestinal microbiota, thereby, delaying the
normal microbiota development.

Introduction

The intestinal microbiota plays a pivotal role in the suscep-
tibility of preterm infants for serious infections [1]. In pre-
term infants, intestinal colonisation is delayed compared
with term infants [2]. The use of broad-spectrum antibiotics
on the neonatal intensive care unit (NICU) further delay the
intestinal colonisation [2]. The intestinal microbiota com-
municates extensively with the intestinal immune system,
leading to metabolic and immunologic reactions by the
epithelial cells and the underlying lymphoid cells; this is
called the bacterial-epithelial ‘cross-talk’ [3]. To improve
the outcome of preterm infants, modulating the intestinal
microbiota with oligosaccharides early in life may be an
important target. Over 200 human milk oligosaccharides
have been identified, with significant variability in the com-
position of human milk oligosaccharides between individu-
als over time [4]. Human milk oligosaccharides pass
unabsorbed and undigested through the small intestine into
the colon, where they are fermented by resident bacteria to
yield the main end products: short-chain fatty acids (SCFAs)
and lactic acid [5]. By fermentation of human milk oligo-
saccharides, the intestinal microbiota creates a specific
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microenvironment with a lower pH, which supports the colo-
nisation of fermentative bacteria (e.g. lactobacilli and bifido-
bacteria) and is less favourable for Enterobacteriaceae and
other potential pathogenic species [6, 7]. Specific dietary milk
oligosaccharides such as short-chain galacto-oligosaccharides
(scGOS) and long-chain fructo-oligosaccharides (IcFOS) are
used to substitute the functions of human milk oligosaccharides
to stimulate a specific microbiota composition and activity [5].
In previous studies in preterm infants, the supplementation of
neutral oligosaccharides increased the growth of bifidobacteria
and lactobacilli and decreased the growth of pathogens in the
intestine [6].

Of human milk oligosaccharides, approximately 80 % are
neutral and 20 % are acidic [5]. Specific acidic oligosacchar-
ides can be derived from pectin (pAOS). pAOS are able to act
as receptor analogs and inhibit the adhesion of pathogens on
the epithelial surface [5]. Recently, we found that enteral
supplementation of a prebiotic mixture of specific neutral
oligosaccharides (scGOS/IcFOS, 9:1) and acidic oligosac-
charides (pAOS), if given in sufficient amounts, decreased
the incidence of serious infections, especially endogenous
infections [8]. We hypothesise that the previously found lower
endogenous infection rate in preterm infants receiving a pre-
biotic mixture with neutral and acidic oligosaccharides may
originate from an improved microenvironment of the gastro-
intestinal tract with increased numbers of bifidobacteria and
lower numbers of potentially pathogenic bacteria. Therefore,
the aims of our study were to measure the effect of enteral
supplementation of this type of prebiotic mixture on the faccal
microbiota and microenvironment, reflected by SCFAs, lac-
tate acid, pH and secretory IgA (sIgA) [9-12]. In addition, we
determined the influence of perinatal factors on the develop-
ment of the faccal microbiota in preterm infants.

Methods
Subjects

Infants with gestational age (GA) <32 weeks and/or birth
weight (BW) <1,500 g, admitted to the level III NICU of the
VU University Medical Center, Amsterdam, the Netherlands,
were eligible for participation in the study. Exclusion criteria
were: infants with GA >34 weeks, major congenital or chro-
mosomal anomalies, death <48 h after birth and transfer to
another hospital <48 h after birth. The medical ethical review
board of our hospital approved the study protocol. Written
informed consent was obtained from all parents.

Randomisation, blinding and treatment

The infants were randomly allocated <48 h after birth to
receive either enteral 80 % scGOS/IcFOS (9:1) and 20 %
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pAOS or placebo powder (maltodextrin), as previously
described [8]. The randomisation code was broken after
data analysis was performed. Prebiotic mixture and pla-
cebo powder (maltodextrin) were prepared and packed
under nitrogen environment in sachets (Danone Re-
search, Friedrichsdorf, Germany). During the study pe-
riod, prebiotics and placebo powder were monitored for
stability and microbiological contamination. Supplemen-
tation of the prebiotic mixture or placebo was adminis-
tered in increasing doses between days 3 and 30 of life
to 1.5 g/kg/day to breast milk or preterm formula (with-
out oligosaccharides). When infants were transferred to
another hospital before the end of the study, the proto-
col was continued under the supervision of the principal
investigator (E.A.M.W.).

Enumeration of faecal microbiota by fluorescent in situ
hybridisation

Faecal sample preparation and fluorescent in situ hybrid-
isation (FISH) analysis were performed as previously
described [13], with minor modifications. All seven of
the probes used, normally representing the major groups
of micro-organisms in term infants, were commercially
synthesised and 5'-labelled with Cy3 (Biolegio BV, Nij-
megen, the Netherlands) (Table 1). For total cell counts,
slides were counterstained with 4’,6-diamidino-2-phenyl-
indole (DAPI). Slides were counted by an automated
Olympus AX70 epifluorescence microscope. The per-
centage of labelled bacteria per sample was determined
by counting all cells and all labelled bacteria in the same
field with a DAPI filter set (SP100) and CY3 filter set
(41007), respectively (Chroma Technology Corp., Brat-
tleboro, VT, USA).

pH measurements

Faecal samples were collected in sterile tubes and stored at
—20 °C until analysis. Prior to analysis, faecal samples were
thawed in ice water and the pH was measured directly, as
previously described [14].

SCFA and lactate analysis

Lactate and the SCFA acetic, propionic, n-butyric, isobuty-
ric and n-valeric acids were measured as previously de-
scribed [14].

Measurement of sIgA response by ELISA

slgA was measured by specific enzyme-linked immuno-
sorbent assay (ELISA) assays, as previously described

[9].
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Table 1 Sequences of the probes used for FISH analysis

Probe Sequence from 5’ to 3’ end Specificity Remarks
Bac303 CCAATGTGGGGGACCTT Most Bacteroidaceae and Prevotellaceae,

some Porphyromonadaceae
Bif164-mod CATCCGGYATTACCACCC Bifidobacterium spp. Modified from Bif164
Chis150 TTATGCGGTATTAATCTYCCTTT Clostridium histolyticum group Applied together with Clit135
Clit135 GTTATCCGTGTGTACAGG Clostridium lituseburense group Applied together with Chis150
Ecl1531 CACCGTAGTGCCTCGTCATCA Subset Enterobacteriaceae (E. coli, Shigella,

Salmonella, Klebsiella)
Erec482 GCTTCTTAGTCARGTACCG Eubacterium rectale—Clostridium coccoides group
Lab158 GGTATTAGCAYCTGTTTCCA Lactobacillus—Enterococcus group

Nutritional support

Parenteral and enteral nutrition was introduced at our NICU
according to clinical evidence-based guidelines [8].

Statistical analysis

The sample size was based on sample size calculations for
the primary outcome of the trial. Normally distributed and
non-parametric data are presented as means [+ standard
deviation (SD)] and medians (ranges), respectively. Patient
and nutritional characteristics were compared with Student’s
t-test, Mann—Whitney U-test, Chi-square test or Fisher’s
exact test, as appropriate. Generalised estimating equations
(GEE) were used to compare changes in the faecal micro-
biota and microenvironment over time between the groups.
In additional GEE analyses, adjustments were made for
chorioamnionitis, GA, BW, mode of delivery, Apgar score
at 5 min <6, exclusively breast milk feeding, stay at an
NICU or general hospital ward, serious endogenous infec-
tion, postnatal antibiotic treatment (<48 h preceding the
sample) and necrotising enterocolitis (NEC).

The effect of perinatal factors on the development of the
intestinal microbiota was analysed by GEE. A natural log-
arithm transformation was performed in not normally dis-
tributed variables. All statistical analyses were performed on
an intention-to-treat basis. A two-tailed p-value <0.05 was
considered to be significant. SPSS 17.0 (SPSS Inc., Chi-
cago, IL, USA) was used for the data analysis.

Results

Between May 2007 and November 2008, 113 preterm
infants were entered into the study. The baseline patient
and nutritional characteristics were not different in the pre-
biotic mixture (n=55) and placebo group (n=58) [8]. Faecal
samples were collected at 43.8+26.5 h (¢=0) after birth, at
postnatal days 7.4+0.9 (#=1), 14.1+0.8 (#=2) and 30.0£0.7

(¢=3). The percentage of missing faecal samples was not
different in both groups: on average, at =0, 18 %; at =1,
16 %; at t=2, 13 %; and at =3, 12 %. The main reasons for
missing samples were death or exclusion before the end of
the study period, no faecal sample available or too small a
sample size of faecal sample.

Faecal microbiota

The faecal colonisation increased at =3 in both groups (Exp
35.41; 95 % confidence interval [CI] 15.82—79.24, p<0.001)
(Fig. 1). Enteral supplementation of the prebiotic mixture
enhanced the increase of postnatal faecal colonisation from
t=0to =2 (Exp 3.92; 95 % CI 1.18-13.04, p=0.03), but not
to =3 (Exp 1.73; 95 % CI1 0.60-5.03, p=0.31) compared with
the placebo group (Fig. 1). Adjustment for potentially con-
founding factors (see Methods) did not change the result of the
primary analysis. Therefore, we only report the results of the
primary analysis.

Enteral supplementation of the prebiotic mixture did not
affect the intestinal colonisation of specific bacterial groups
(Table 2). There was a trend toward increased bifidobacteria
counts after enteral supplementation with the prebiotic
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Fig. 1 Effect of the prebiotic mixture on the intestinal microbiota in
preterm infants. Total percentage of characterised bacteria in the pre-
biotic mixture group (grey bars) and placebo group (white bars). The
bars indicate the median values and the error bars show the interquar-
tile range
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Table 2 (continued)

Day 30

Day 14

Placebo

Prebiotic mixture

Placebo

Prebiotic mixture

17.0 (0.2-44.9)
0.1 (0.0-6.3)
0.5 (0.0-26.0)
0.2 (0.0-8.3)

0.1 (0.0-6.3)
768.0 (8.5-14,334.4)

11.9 (0.1-38.3)
0.2 (0.0-6.3)
0.3 (0.1-20.8)
0.2 (0.0-6.3)
0.1 (0.0-6.3)
1,185.1 (13.5-7,616.7)

11.3 (0.1-31.5)

0.7 (0.1-30.3)
0.2 (0.0-6.3)
0.3 (0.1-19.1)

Propionic acid

0.2 (0.0-6.3)

Isobutyric acid
Butyric acid

0.2 (0.0-24.5)
0.2 (0.0-6.6)

0.2 (0.0-6.3)
1,403.0 (6.9-10,160.6)

0.2 (0.0-6.3)

0.2 (0.0-6.3)
1,166.7 (1.8-23,594.1)

Isovaleric acid

Valeric acid

slgA (ng/g)

Data are presented as means [+ standard deviation (SD)] and medians (ranges)

Half of the detection limit is for faccal microbiota 4.5x10° total count, for SCFAs 0.05 mmol/l, except for propionic acid 0.09 mmol/l, for sIgA 2.5 ug/g

ND not detectable

0.01
? Total count per gram of wet weight faeces

H*p=

mixture. As the results of specific bacterial groups in both
groups were not different, the data of both groups were
combined in order to analyse the role of perinatal factors
on the development of the faecal microbiota (Table 3). Anti-
biotics delayed faecal colonisation, especially at day 30
(Table 4).

Faecal microenvironment
Faecal pH

The faecal pH decreased from =0 to /=3 in both groups
(Exp 0.62; 95 % CI 0.51-0.76, p=0.001). Enteral supple-
mentation of the prebiotic mixture enhanced the decrease of
the faecal pH from /=0 to =3 compared with the placebo
group (Exp 0.71; 95 % CI 0.54-0.93, p=0.01) (Table 2).

Faecal sIgA

The faecal sIgA increased from =0 to =3 in both groups
(Exp 31.36; 95 % CI 9.15-107.53, p<0.001). There was no
effect of enteral supplementation of the prebiotic mixture on
the faecal sIgA (Exp 1.94; 95 % CI 0.28-13.27, p=0.50)
(Table 2)

Faecal SCFAs and lactate

Both D-lactate and L-lactate increased from =0 to r=3 (Exp
2.30; 95 % CI 1.35-3.92, p=0.002 and Exp 2.27; 95 % CI
1.32-3.90, p=0.003, respectively). Enteral supplementation
of the prebiotic mixture had no effect on D-lactate (Exp
1.50; 95 % CI 0.70-3.22, p=0.30) and L-lactate (Exp
1.55; 95 % CI 0.70-3.46, p=0.28).

The total SCFAs increased from =0 to =3 (Exp 2.62; 95
% CI 1.95-3.53 p<0.001). Acetic acid was the major SCFA
in both groups at all time points. There was a trend towards

Table 3 Factors influencing the total faccal bacteria count

Total bacteria count p-value
Gestational age (weeks) 1.08 (0.92—-1.27) 0.36
Birth weight <10th percentile 0.37 (0.20-0.67) 0.001
Caesarean section 0.54 (0.31-0.95) 0.03
Stay at a general hospital 18.54 (10.23-33.61) <0.001
Exclusive breast milk feeding 10.22 (6.79-25.77) <0.001
Antibiotic treatment® 0.13 (0.08-0.22) <0.001
Serious endogenous infection 0.42 (0.21-0.85) 0.02

Data indicate the effect of a factor on the total faecal bacteria count
(generalised estimating equations [GEE]). The effect can be interpreted
as follows: in case of infants born via caesarean section, the total
bacteria count is 0.54 (95 % confidence interval [CI]) times as high
as infants born by vaginal delivery

<48 h preceding the sample
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Table 4 Effect of broad-spectrum antibiotics on the faecal microbiota

Sample day Infants receiving antibiotics® Total bacteria count p-value
Day 1 85/113 (75 %) 0.87 (0.46-1.67) 0.68
Day 7 35/105 (33 %) 0.56 (0.16-2.02) 0.38
Day 14 41/104 (39 %) 0.25 (.07-0.91) 0.04
Day 30 16/101 (16 %) 0.10 (0.02-0.42) 0.002

Data indicate the effect of antibiotics on the total faecal bacteria count (generalised estimated equations [GEE]). The effect can be interpreted as
follows: at day 7, the total bacteria count is 0.56 (95 % confidence interval [CI]) times as high as infants without antibiotic treatment

<48 h before sampling

increased acetic acid after enteral supplementation of the
prebiotic mixture from =0 to r=3 compared with the pla-
cebo group (Exp 1.09; 95 % CI 0.99-1.20, p=0.10)
(Table 2).

Discussion

In our study, a prebiotic mixture consisting of neutral and
acidic oligosaccharides increased the postnatal intestinal
colonisation, as measured with FISH, until day 14 and
decreased the faccal pH. There was a trend toward increased
bifidobacteria counts and increased acetic acid, and no effect
on the faecal sIgA.

The development of the intestinal microbiota was char-
acterised by large interindividual differences in terms of
both composition and counts. In general, the initial total
bacteria count was low and increased over time, in line with
previous studies using molecular techniques in preterm
infants [15-19]. However, with FISH analysis, we measured
only seven groups among the most common bacterial
groups in neonates. Novel molecular techniques, such as
IS-Pro, will enable to detect almost all types of intestinal
bacteria [20].

Host-, treatment- and nutrition-related factors play a role
in the development of the intestinal microbiota. In our study,
broad-spectrum antibiotics decreased the total bacteria count
of all specific bacteria groups, especially at day 30. This is
in line with previous studies in preterm and term infants [2,
19, 21]. We speculate that the use of broad-spectrum anti-
biotics in preterm infants decreases the growth of all intes-
tinal bacteria, counteracting the beneficial effect of
prebiotics on the growth of (health-promoting) bacteria.
The fact that broad-spectrum antibiotics decreased bacterial
growth especially at day 30 may explain why the increased
intestinal colonisation in the prebiotic mixture group did not
persist till day 30. We hypothesise that the negative effect of
antibiotics on the intestinal microbiota is larger when the
total bacterial count is higher. Antibiotics may also nega-
tively interact with the bacterial—epithelial ‘cross-talk’, and,
subsequently, negatively influence the immune system,

@ Springer

leading to increased risk of NEC or death [22] and the
development of asthma [23].

Furthermore, delivery by caesarean section, birth weight
and stay at a NICU decreased the postnatal total bacterial
count in our study. In term infants, delivery by caesarean
section is associated with less diverse faecal microbiota,
with delayed colonisation with bifidobacteria and Bacter-
oides, and increased numbers of Clostridium difficile com-
pared with vaginally delivery [24]. In preterm infants, the
effect of the mode of delivery is less clear [18, 19]. We
speculate that this is related to low total bacteria count
directly after preterm birth amongst others due to high
maternal antibiotic use. Furthermore, the use of broad-
spectrum antibiotics directly postpartum may counteract
the beneficial effect of vaginal delivery. The mode of deliv-
ery and its effect on early intestinal colonisation may de-
crease atopic diseases later in life [25]. Follow-up of our
cohort of preterm infants is important to determine the
development of atopic diseases.

Increased level of total bacteria count of infants staying at
a general hospital ward may reflect the clinical condition of
the infants, but also that stay at different hospital wards
influences the intestinal colonisation [15].

In term infants, combined supplementation of neutral and
acidic oligosaccharides, but not of acidic oligosaccharides
alone, increased the levels of faecal bifidobacteria and lac-
tobacilli [26]. Due to delayed intestinal colonisation and
immaturity of the host immune defence system and in-
creased intestinal permeability, potentially pathogenic bac-
teria may translocate from the intestinal lumen and cause
systemic infections [27]. Therefore, we hypothesise that
especially the combination of neutral and acidic oligosac-
charides may prevent bacterial translocation of potentially
pathogenic bacteria that may cause systemic infections.

In our study, the stool pH decreased after enteral supple-
mentation of the prebiotic mixture. Although the prebiotic
mixture did not increase the total SCFA levels and concen-
tration of lactate acid, there was a trend toward increased
concentration of acetic acid. Acetic acid produced by bifi-
dobacteria improves intestinal defence mediated by epithe-
lial cells and, thereby, protects the host against lethal
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infection [10]. Breast-fed infants have an SCFA pattern
dominated by acetic acid, mainly produced by acid-
producing bacteria, such as bifidobacteria [11]. Butyric acid
is mainly produced by anaerobes, e.g. Clostridium and
Bacteroides species, and may be harmful, contributing to
the pathogenesis of NEC [28]. In term formula-fed infants,
the enteral supplementation of neutral oligosaccharides pro-
duced a faecal SCFA pattern similar to breast-fed infants
[29]. Decreased stool pH and increased acetic acid suggest
an improved intestinal microenvironment which may favour
the ‘bifidogenic’ effect of prebiotic supplementation. Fur-
thermore, we found a trend toward increased levels of
bifidobacteria at day 30 after enteral supplementation of
the prebiotic mixture. These findings may, at least partly,
contribute to the previously found lower infection rate after
enteral supplementation of the prebiotic mixture [8].

sIgA plays a key role in the gastrointestinal defence mech-
anism against dietary and microbial agents, and is influenced
by the intestinal microbiota [12]. High faecal sIgA is associ-
ated with decreased IgE-associated allergic diseases and, in
preterm and term infants, faecal sIgA is higher in breast-fed
than in formula-fed infants [30]. In term formula-fed infants,
the supplementation of neutral oligosaccharides may increase
the faecal sIgA [9, 12]. However, we found no effect of the
prebiotic mixture on the faecal sIgA. We hypothesise that the
absence of this effect may be due to immaturity of the mucosal
surface of preterm infants, suppression of mucosal sIgA pro-
duction by sIgA of breast milk and/or a too low total intestinal
bacteria count to induce the production of sIgA.

Some remarks may be formulated with regard to the
methodology of our study. First, the sample size calculation
was based on the primary outcome of the main trial. There-
fore, the sample size may have been insufficient to detect
significant differences in the intestinal microbiota. Second,
breast milk itself contains neutral and acidic oligosacchar-
ides. Therefore, the effect of enteral supplemented prebiotic
mixture may be less pronounced in preterm infants with
exclusively human milk (60 %) than with exclusively for-
mula (20 %) feeding. However, in additional analysis, ad-
justment for the type of feeding did not change the results of
the primary analysis on the effect of neutral and acidic
oligosaccharides on the intestinal microbiota. Third, as
75 % of our infants received direct postnatal broad-
spectrum antibiotics, enteral supplementation of prebiotics
during a period of 28 days may be too short to have a
significant effect. Furthermore, as the optimal supplementa-
tion dose of 1.5 g/kg/day was reached at 11 days, and the
median age at first endogenous infection was 16 days [8],
the supplementation of prebiotics should preferably be
started directly after birth.

In conclusion, enteral supplementation with a prebiotic
mixture consisting of neutral and acidic oligosaccharides in
preterm infants during a period of 28 days increases the

intestinal colonisation, with a trend toward increased growth
of bifidobacteria. However, the use of broad-spectrum anti-
biotics in preterm infants decreased the growth of all intestinal
microbiota and may negatively influence the normal micro-
biota development and interfere with the bacterial-epithelial
‘cross-talk’ necessary for normal gut development.
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