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Abstract

Background: Oligosaccharides may support postnatal immune development by influencing the constitution of
gastrointestinal microbiota. This prospective, double-blind, randomised, placebo controlled trial investigated the effect
of a specific prebiotic mixture of short chain galactooligosaccharides (scGOS) and long chain fructooligosaccharides
(IcFOS) on microbiota and immune biomarkers during the first six months of life in high risk infants for allergies fed a
formula based on intact cow’s milk protein.

Methods: If formula feeding was started, the infant was randomly assigned to one of two cow’s milk formula
groups (0.8 g/100 ml scGOS/IcFOS or maltodextrine as control). The faecal microbiota of the scGOS/IcFOS and
control groups was analysed. In a subgroup blood was collected at the age of six months for serum biomarkers. A
reference group consisted of 90 exclusively breast fed infants up to six months of age.

Results: In both the prebiotic group and control group a total of 51 infants completed the study. The scGOS/IcFOS
supplementation was associated with a significantly higher number of faecal bifidobacteria and lactobacilli counts
compared to controls, accompanied by significantly lower pH values in the faeces. In the serum, the scGOS/IcFOS
group showed a trend towards a decrease in total IgE levels as well as a trend towards a decrease in the percentage
of children with elevated (>15 kU/l) IgE. There were no differences found in kappa Ig-fLC and lambda Ig-fLC between
the two groups.

Conclusions: scGOS/IcFOS administration significantly influences the composition of bifidobacteria and
lactobacilli. There were some observations with respect to the immune parameters which need further investigation.

Keywords: Oligosaccharides; Bifidobacteria; Lactobacilli; Ig-fLC;
IgE
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Background

In Italy, as in many European countries, the feeding of an infant
formula based on hydrolysed cow’s milk protein is recommended for
infants with a family history of atopy or allergies [1]. However, studies
analysing the preventive effect of hydrolysed formula in comparison
to formula based on intact cow’s milk provide only limited evidence
that feeding with hydrolysed formula reduces allergies in infants and
children [2]. Consequently, other strategies than the avoidance of
nutritive antigens are under discussion [3]. Such new strategies may
include the modification of intestinal microbiota as an important
factor for early modulation of the immune system leading to a lower
susceptibility for allergy development early and later in life.

Recently, Moro et al. reported a significant reduction in the
cumulative incidence of atopic dermatitis at 6 months [4] and 2 years
of age [5] in high risk infants for allergies fed an extensively hydrolysed
formula supplemented with prebiotics (scGOS/IcFOS in a ratio 9:1 at
a concentration of 0.8 g/100 ml) in comparison to infants fed the same
formula but supplemented with a placebo. This was accompanied by a
plasma antibody profile that was suggestive for a lower susceptibility
to allergy development [6]. This was in line with experimental data
obtained in mice with this scGOS/IcFOS mixture, indicating its

immune modulatory capacity in both respiratory as well as food and
skin allergic reactions [7,8]. In addition to the traditional biomarkers
for allergy, such as IgE which predicts and is associated with atopic
dermatitis in at least 60% of the atopic dermatitis cases, Ig-fLC was
analysed as well. Recent data indicated the high relevance of both IgE
as well as Ig-fLC in both atopic dermatitis and allergy to cow’s milk
proteins [9].

In this first explorative study it was investigated whether the
immune modulatory capacity of a specific scGOS/IcFOS mixture can
influence the occurrence and severity of atopic dermatitis, microbiota
composition, serum antibody and Ig-fLC profiles in high risk infants
for allergies fed a formula based on intact cow’s milk protein, in
contrast to the current recommendation to feed these infants infant
formulas based on hydrolysed cow’s milk protein.
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Subjects and Methods
Study population

The study has been performed in the Clinica Mangiagalli, University
Medical School of Milan and in the “V. Buzzi” Children’s Hospital-
ICP of Milan from March 2005 until March 2008. The study protocol
was approved by the Ethic Committees of both participating hospitals
and written informed consent was obtained from each family before
enrolment in the study. According to the policy of the two hospitals
breast feeding was strongly recommended to each mother. The parents
were informed about the study at discharge from the maternity unit
and were asked to contact the hospital if they started formula feeding.
In the formula groups, mixed feeding (breast feeding and formula
feeding) was accepted until the sixth week of life provided that the start
of formula feeding was before the end of the second week of life. In
cases where the mother continued partial breast feeding for more than
six weeks the infant was excluded from the study.

Inclusion criteria were: healthy, term infants (gestational age 37-42
weeks), with a normal birth weight (> 10 percentile for gestational age
according to the WHO growth charts), infants whose mother had to start
formula feeding due to lack of sufficient amounts who were not older
than two weeks of age when entering the study, at high risk to develop
an atopic disease (both parents or one parent and one sibling with
manifest atopic symptoms of hay fever, asthma or atopic dermatitis).
Exclusion criteria were: infants with known congenital diseases or
chromosomal abnormalities, cardiac, respiratory, gastrointestinal or
other systemic diseases, severe brain disease and study pre-feedings of
the infants which could interfere with the study (e.g. non-cow’s milk
based formulas, hypo-allergenic formulas, probiotic formulas), infants
with actual or previous illnesses which could interfere with the study.

Trial design

The study was a double-blind, placebo-controlled, randomized
prospective study with parallel group design. Enrolment was started
at the infants’ age of two weeks. On enrolment infants were randomly
allocated to receive scGOS/IcFOS or control formula for six months.
The composition of both formulas was similar and based on intact
cow’s milk protein with a whey/casein ratio of 60:40 (Table 1). The test
formulas were supplemented either with a mixture of scGOS/IcFOS
(ratio 9:1; concentration 0.8 g/100 ml or with the same quantity of
maltodextrine as control). Randomization of the formula groups was by
means of a random numbers table and the blinding was maintained by
coding the two trial formulas with the suffix “N” or “O” to the product
name. The allocation of the two blinded formulas to the individual
infants was performed by persons not involved in the study (hospital
pharmacy). Both the investigators and the infants’ parents were blinded
to the formulas. The infants received the starting formula until the age
of six months. No solid foods were allowed before the fifth month of
infants’ age. The total treatment period started on day of enrolment and
lasted up to the completed six months of infants’ age. Both formula and
breast fed infants were fed ad libitum. The infants underwent follow up
visits at one, three and six months. During the visits the parents were
interviewed for nutrition history and the appearance of skin symptoms.

Growth parameters

For all infants, growth parameters were measured at birth and at
each study visit. Body weight was measured by a scale with an accuracy
of + 5 g. Recumbent length was measured on a Harpenden stadiometer
to the nearest 1 mm. The head circumference was measured using a
non-stretch measuring tape to the nearest 1 mm.

Atopic dermatitis examination

During the visits at one, three and six months of age the infants’
skin was examined and screened for symptoms of atopic dermatitis.
According to the recommendation by Harrigan and Rabinowitz [10]
and Muraro et al. [11] the infants’ skin was examined in the face,
skull facial and/or extensor part of the extremities. Additionally, the
appearance of pruritus and duration of the symptoms of at least four
weeks has been used as basis for the diagnosis of atopic dermatitis. The
intensity of the alteration of the skin was scored by the SCORAD index
as recommended by the European Task Force on AD [12,13].

Fecal sample collection and microbial analyses

During the visits at one, three and six months of age a fresh sample
of stool was obtained in the scGOS/IcFOS and control groups for pH
measurement and microbiological analysis. By request of the Ethic
Committees no faecal samples have been obtained from the breast fed
reference group. The samples were homogenised in a cryoprotective
transport medium as previously described [14]. For identification of
bifidobacteria and lactobacilli commercially available selective media
were used as described previously [14]. The numbers are presented as
colony forming units (CFU)/g stool. The pH was measured using a pH
meter equipped with a glass capillary.

Formula: scGOS/IcFOS |Control
Fat (9) 3.6 3.6
Carbohydrates (9) 7.2 8.2

- Lactose (9) 7.2 7.2

- scGOS/IcFOS 9:1 (g) 0.8 0

- Maltodextrine (g) 0 0.8
Protein (9) 15 1,5
whey/casein ratio 60/40 60/40
Minerals (g) 04 0.4
-Na (g) 0.02 0.02
-K (mg) |82 82
-Ca (mg) 66 66

- Mg (mg) 5.2 5.2
-P (mg) |42 42
-Cl (mg) 53 53
-J (Mg) 10 10
-Cu (mg) 0.04 0.04
-Zn (mg) 0.5 0.5
-Mn (mg) |0.01 0.01
Vitamins

- Vit. A (ug) 60 60

- Vit. B1 (mg) |0.04 0.04
- Vit. B2 (mg) 0.12 0.12
- Vit. B6 (mg) |0.04 0.04
- Niacine amid (mg) 0.7 0.7
-Vit. C (mg) |8 8

- Vit. D3 (ug) 1 1
-Vit. E (mg) 0.6 0.6

- Biotin (mg) |0.001 0.001
- Ca-D-pantothenate (mg) 0.4 0.4

- Vit. K1 (ug) 0.003 0.003
- Folic acid (ug) 10 10

- Vit. B12 (ug) 0.2 0.2
Osmolarity (mOsmol/l) 280-290 280-290
Energy content (kcal) 67 7
Standard solution (%) 13 13

Table 1: Composition of the study formulas.
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Serum sample collection

In a subgroup of 63 infants from the scGOS/IcFOS and control
groups, parents allowed obtaining 0.5 ml blood at the age of six months.
By request of the Ethic Committees no serum samples have been
obtained from the breast fed reference group. The blood was collected
in a test tube and centrifuged (1300 RCF for 10 minutes). The separated
serum was immediately frozen and stored at -80°C until analysis.

Serum total and 3-lactoglobulin-specific IgE and IgG4

For measurements of total IgE and IgG4 as well as 8-lactoglobulin-
specific IgE and IgG4 in serum the ImmunoCAP 100" system, an
automated allergy-testing system from Phadia AB (Uppsala, Sweden),
was used [15]. For total and 8-lactoglobulin-specific IgG4, the serum
samples were pre-diluted a 100 times in specific IgA/IgG sample
diluent. The tests were performed according to the manufacturer’s
instructions, total and specific IgE results are expressed in kKU/L, total
and specific IgG4 in mgA/L. Total and specific IgE antibody values >
0.35 kU/L and total and specific IgG4 antibody values > 0.07 mgA/L
were considered positive.

Degranulation of RBL cells with human receptor (RBL-Heia-
2B12 Cells)

The a-chain of human Fce receptor type 1 (hFceR1) complex was
transfected into the rat basophilic leukaemia (RBL) cell line RBL-
2H3 to establish the stable transfected cell-line RBL-hEIa-2B12, a
kind gift of Dr. Teshima, Japan [16]. The functional degranulation
capacity of RBL-hEIa-2B12 cells in response to stimulation with cow’s
milk allergens was tested as well as a functional readout for IgE as
described previously [17]. In short, RBL-hEIa-2B12 cells (1x10°/well)
were sensitized with 5 pg/ml human purified IgE or with serum of the
individual participants (1:50). Cells sensitized with human purified
IgE were stimulated with anti-human IgE antibody (5 ug/mL) for 1
hour and served as maximum amount of release. Cells sensitized with
serum were stimulated with milk powder (1 ug/mL) for 1 hour. The
3-hexosaminidase activity released into the medium was determined
by a fluorescence assay using 4-methylumbelliferyl-N-acetyl-a-D-
glucosamine as a substrate. The $3-hexosaminidase activity released
into the medium is expressed as a percentage of maximum amounts
of release.

Serum immunoglobulin free light chain

Total kappa and lambda immunoglobulin-free light chain (Ig-fLC)
serum concentrations were determined using an ELISA adapted from
Abe et al. [18]. In short, plates were coated o/n with goat-anti mouse
IgG (4 ug/mL), blocked for 1 hour (RT) and subsequently incubated
with mouse-anti human kappa or lambda Ig-fLC (1 pg/mL; Fk-C8 or
FA-G9) for 1 hour. After incubation with different dilutions of serum
samples and standards for 1 hour, plates were incubated with HRP-
labelled goat F(ab’),-anti human kappa or lambda Ig-fLC (1:20.000) for
1 hour. Finally, TMB substrate was added and the enzymatic reaction
was terminated by adding 0.9 M H_SO,. Between incubation steps, wells
were washed three times with PBS-T (0.1% tween-20). Per sample, at
least three data points were used to calculate the concentration.

Statistical Analysis

All analyses were performed using the statistical software package
SPSS 15.0. Normal distribution was tested using the Shapiro-Wilk test
and variances using the Levene test. When the data were normally

distributed and the variances were equal, a two-sample t-test was used
to compare groups. When variances were not equal, the Welch test was
used to compare groups. Comparison of percentages was done by using
a two-sample Pearson Chi-Square test. Values of P less than 0.05 were
considered significant.

Results
Study population

Out of 535 children who were screened, 380 met the entry criteria
and were enrolled in the study. 180 infants were enrolled in the breast
fed reference group and 200 infants were randomized to treatment, 100
in the scGOS/IcFOS group and 100 in the control group. In cases where
the mother continued partial breast feeding for more than 6 weeks
the infant was excluded from the study (n=30 infants in the scGOS/
IcFOS group, n=35 in the control group). Due to 19 drop-outs in the
scGOS/IcFOS group and 14 drop-outs in the control group, 51 infants
completed the study in both the scGOS/IcFOS and control groups. In
the reference group, 90 exclusively breast fed infants up to six months
of age completed the study (Figure 1).

Growth parameters

There were no differences found in weight, length and head
circumference between the formulas and breast fed infants (data not
shown).

Atopic dermatitis and SCORAD

There were no significant differences observed in cumulative
incidences of AD or SCORAD scores between the scGOS/IcFOS (1
month 4.2%; 3 months 20.8%; 6 months 29.1%), control (1 month
15.7%; 3 months 25.5%; 6 months 29.4%) and the breast fed reference
group (1 month 0%; 3 months 22.2%; 6 months 30.0%) (Figure 2).

Fecal counts of Bifidobacteria and Lactobacilli and pH levels

In the scGOS/ICFOS group, a significantly higher number of
bifidobacteria and lactobacilli were found at all time points when
compared to the control group. This was accompanied by significantly
lower pH values in the faeces of the infants fed the prebiotic formula
(Figure 3).

535 screened

Vv
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200 fed formula
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30 continued breast 35 cormnued breast
feedmg

70 at 1 month
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6 others

180 fed breast mik
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90 at 1 month
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65 at 1 month
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51 completers at 6 51 completers at 6 90 completers at 6
months months months.

Figure 1: Flow chart of the study.
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Figure 2: Cumulative incidence of atopic dermatitis at 1, 3 and 6 months of
age in percentages in the group fed a formula supplemented with scGOS/
IcFOS or maltodextrine as control.
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Figure 3: Faecal counts in colony forming units/g stool of bifidobacteria (A)
and lactobacilli (B) as well as pH levels (C) at 1, 3 and 6 months of age. Data
is represented as mean + SD. * p<0.05; ** p<0.01.

Serum total and [-Lactoglobulin-specific Ige/Igg4,
functional degranulation capacity of RBL-Heia-2B12 cells
and immunoglobulin free light chain

In serum, the scGOS/IcFOS group showed a trend towards a
decrease in total IgE levels (scGOS/IcFOS 8.4 kU/L; control 17.2
kU/L; p=0.06) as well as a trend towards a decrease in the percentage
of children with elevated (>15 kU/1) IgE levels (scGOS/IcFOS 13.6%;
control 28.6%; p=0.1) (Figure 4). The concentration of f3-lactoglobulin-
specific IgE was low (<0.35 kU/L) in both groups and showed no
differences (data not shown). When RBL-hEIa-2B12 cells were
sensitized with the serum of the individual participants, none of the
sera was able to induce degranulation of the RBL cells after incubation
with milk powder, indicating an absence of functional cow’s milk-
specific IgE in the sera (data not shown).

No significant differences were found in total IgG4 (scGOS/IcFOS
55.7 mgA/L; control 59.3 mgA/L) and {3-lactoglobulin-specific IgG4
(scGOS/IcFOS 10.9 mgA/L; control 16.9 mgA/L) or in the ratio IgG4/
IgE between the two groups (data not shown).

No significant differences were found in the amount of kappa Ig-
fLC (scGOS/IcFOS 8.93 pg/mL; control 9.95 pg/mL) and lambda Ig-
fLC (scGOS/IcFOS 14.02 pg/mL; control 15.57 pg/mL), or in the ratio

lambda Ig-fLC/ kappa Ig-fLC, between the two groups (Figure 5).
Discussion

In the present exploratory study, the effect of dietary modulation
of the intestinal microbiota and immune biomarkers related to atopic
dermatitis was investigated in children at risk for allergies since they all
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Figure 4: Serum total IgE concentration in kU/L (A) and elevated total IgE
in percentages (B), collected at the age of 6 months. Data is represented as
mean +SD.
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Figure 5: Serum kappa-fLC and lambda-fLC in pg/ml, collected at the age of 6
months. Data is represented as individual data points (dots) and mean (line).
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have a family history of atopy. The infants were fed an infant formula
based on intact cow’s milk protein. Although it was realized that the
study was underpowered regarding atopic dermatitis comparisons, the
study was aimed at exploratory comparisons of biomarkers and did
indicate some significant effects as well as some trends. In the study
described by Moro et al. [4], high risk infants for allergies were fed an
extensively hydrolysed formula supplemented with the same prebiotic
mixture as used in the current study. Here, in infants at six months
of age the atopic dermatitis incidence was significantly lower in the
scGOS/IcFOS group compared to the control. In contrast, in this current
study there is only a trend to fewer children with atopic dermatitis-like
symptoms at one month of age. This trend however disappeared over
time at the age of six months. This might be due to the significantly
higher antigenic load in total cow’s milk protein formula. If the total
protein level is higher and thus the antigenic load is higher it might
be more difficult to affect the response by prebiotic administration.
In the case of extensive hydrolysates the antigenic load is much lower
leading to less strong adverse immune reactions and, as a consequence,
a higher sensitivity for prebiotic induced immune modulation. In
future studies with intact cow’s milk proteins in children at risk for
allergies it might be beneficial to add another immunomodulatory
component to the scGOS/IcFOS mixture. Addition of pectin-derived
acidic oligosaccharides (pAOS) to the scGOS/IcFOS mixture in regular
formula containing intact cow’s milk proteins in low-atopy-risk infants
has proven to significantly reduce the occurrence of atopic dermatitis
compared to infants receiving the control formula [19]. Another
promising combination might be a symbiotic mixture, a combination
of prebiotics and probiotics. It was shown that infants with atopic
dermatitis who received a specific synbiotic mixture containing
scGOS/IcFOS combined with Bifidobacterium breve for a period of
three months, had a lower prevalence of asthma-like symptoms and
asthma medication use at one-year follow-up than the placebo group
[20], accompanied with significantly lower levels of cat dander-specific
IgE.

The composition of the bifidobacteria and lactobacilli of the
children fed the specific scGOS/IcFOS mixture was significantly
different, the numbers of both bifidobacteria as well as lactobacilli were
increased accompanied by a significant decrease in pH values of the
faeces. The observed manipulation of bifidobacteria and lactobacilli had
only slightly influenced the immune response with respect to several
biomarkers for the immune system that are well known as predictive
biomarkers for atopic dermatitis and/or allergy to food proteins [21-
24]. In the study described by Moro et al. [4] there was only an increase
in the number of bifidobacteria whereas no significant influence on
lactobacilli counts was observed.

In allergic syndromes, IgE is thought to have a central role in
eliciting immediate hypersensitivity reactions. In this study, IgE
concentrations in the serum samples showed a trend towards a
decrease in the prebiotic group. This observation is in line with the
data found in infants fed the same prebiotic mixture in an extensively
hydrolysed formula. In that study, prebiotic supplementation led to a
significant reduction in the plasma level of total IgE [6]. In the current
study also a decrease in the percentage of children with elevated IgE
(>15 kU/1) [25] was found, although this difference was not statistically
significant. The concentration of 3-lactoglobulin-specific IgE was low
in both groups and did not show any statistical differences. In order to
investigate whether the functionality of the serum IgE was affected, in
vitro degranulation assays were performed. However, none of the sera
was able to induce degranulation of the RBL cells after stimulation with
cow’s milk. It might be that for the detection of specific and functional
IgE the infants are simply too young.

Immunoglobulin G (IgG) antibodies to food allergens are produced
in both atopic and non-atopic children. IgG antibody responses to
food allergens are observed already at birth and are mainly maternally
derived at that age [26]. The children’s own IgG antibody production
to food allergens peak in early childhood and decline by 8 yr of age.
Allergic symptoms and atopic sensitization are associated with high
levels of specific IgG subclass antibodies to allergens, particularly 1gG4
[27]. Recently it was found that eczematous, food sensitized infants
with high levels of IgG4 and high ratios of IgG4/IgE antibodies to
food allergens were more likely to consume the allergen-containing
food at 4% years than infants with low levels and ratios [28]. It was
also observed that a combination of high cow’s milk-specific IgE and
low cow’s milk-specific IgG4 levels in infants with cow’s milk allergy
confirms that the balance between allergen-specific IgE and IgG4 had
an impact on whether clinical allergy or tolerance develops [29]. In this
study, total and £3-lactoglobulin-specific IgG4 was measured and there
were no differences in concentration of both total and 8-lactoglobulin-
specific IgG4 as well as the ratio IgG4/IgE between the two groups.
These observations are in line with the data found in infants fed the
same prebiotic mixture in an extensively hydrolysed formula where no
effect on total I[gG4 was observed [6].

Tetrameric immunoglobulins (Ig) are produced and secreted by
plasma cells. However, it is well documented that plasma cells also
produce and secrete Ig-free light chain (Ig-fLC) in excess over Ig-
heavy chains [30,31]. Turnover studies in humans demonstrated that
only 60% of synthesized Ig-fLC was incorporated into isotypic whole
Ig and that the remaining fraction was released into serum as Ig-fLCs
[32]. Ig-fLCs are present in normal serum and can further be detected
in urine and cerebrospinal fluid. In several patients suffering from
immunological disorders, an increase in Ig-fLC levels can be detected
[33] and recently it was demonstrated that Ig-fLCs play a pivotal role in
allergic diseases. Ig-fLCs could transfer immediate hypersensitivity-like
responses in mice [34] and blocking of Ig-fLC with a specific peptide
antagonist prevented the development of contact hypersensitivity in
mice [35]. Ig-fLCs were also able to sensitize mast cells [36]. Nasal Ig-
fLC was significantly increased in allergic and nonatopic rhinitis nasal
mucosa [37]. Recently, the high relevance of both IgE and Ig-fLC in
atopic dermatitis [38] as well as allergy to cow’s milk proteins was
substantiated [9]. In this current study, no differences were observed in
the levels of both kappa Ig-fLC and lambda Ig-fLC between the groups.
This in contrast in children receiving scGOS/IcFOS in an extensively
hydrolysed formula, where significantly reduced plasma levels of both
kappa Ig-fLC and lambda Ig-fLC were observed [39].

A role of gut microbiota in establishing equilibrium between Th1
and Th2 immunological responses has been postulated [40]. It is not
yet clear whether gut microbiota and microbial components play a role
in the development and function of regulatory T cells [41]. It is known
that a low diversity in the gut microbiota is seen in children with
atopic dermatitis [42]. The study of Moro et al. showed that changes
in bifidobacteria seem to be linked, at least in part, to changes in atopic
dermatitis [19], which is accompanied by a decrease in IgE [6] as well
as fLC [43], which are both indications for a reduction of Th2-mediated
allergic disorders such as atopic dermatitis. Vos et al. [44] and van’t
Land et al. [45] showed that scGOS/IcFOS was able to stimulate the Th1
response in an influenza vaccination model in mice. These data indicate
that regulatory T cells might play a role in the modulation of immune
responses by modulating the composition of the gut microbiota with
prebiotics.

Interestingly, none of the measured biomarkers indicated any
specific immunological reaction against cow’s milk protein although
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cow’s milk proteins were part of the diet. Furthermore, the use of
intact protein in the group of infants at risk for allergies with or
without prebiotics resulted in a similar cumulative incidence of atopic
dermatitis when compared to the incidence in the breast fed group. The
supplementation of intact cow’s milk proteins to children at risk for
allergies does not seem to evoke a strong reaction against cow’s milk
proteins.

Conclusions

The data of this exploratory study showed that the scGOS/IcFOS
mixture significantly influences the composition of bifidobacteria and
lactobacilli. However, the positive immune effects induced by scGOS/
IcFOS as found in infants at risk on extensively hydrolysed formula
were only slightly detectable in infants fed intact cow’s milk protein
containing formula. There were some observations with respect to the
immune parameters which need further investigation. We hypothesise
that the antigenic protein load is responsible for the less clear effects
of scGOS/IcFOS in this study compared to data from infants fed a
hydrolysed formula.
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