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ABSTRACT: The first months of life represent a critical period for
the maturation of the infant’s immune system and, thus, a window of
opportunity for measures to reduce the risk of disease. We hypoth-
esized that specific probiotics might promote mucosal immunologic
maturation in formula-fed infants. The numbers of cow’s milk–
specific and total IgA-secreting cells were measured at 3, 7, and 12
mo of age in a double-blind placebo-controlled study of 72 infants
with early artificial feeding. The infants consumed infant formula
supplemented with specific probiotics (Lactobacillus GG and Bi-
fidobacterium lactis Bb-12) or placebo during the first year of life.
Further analyses of the serum concentrations of the IgA-inducing
cytokine TGF-�2 and the soluble innate microbial receptor sCD14
were conducted. The numbers of cow’s milk–specific IgA secreting
cells were significantly higher in infants receiving probiotics com-
pared with those receiving placebo (p � 0.045, ANOVA for repeated
measures). At 12 mo of age, the serum concentrations of sCD14 were
1479 pg/mL [95% confidence interval (CI) 1373–1592] in infants
receiving probiotics and 1291 pg/mL (95% CI 1152–1445) in infants
receiving placebo (p � 0.046). Administration of the probiotics
Lactobacillus GG and Bifidobacterium lactis Bb-12 at the time of
introduction of cow’s milk in the infant’s diet results in cow’s
milk–specific IgA antibody responsiveness that may be the result of
increased production of sCD14. (Pediatr Res 60: 221–224, 2006)

The first months of life represent a critical period when the
infant’s immature immune system is exposed to a vast

variety of microbial and dietary antigens as the intestinal
microbiota is established and oral intake of new foods begins.
The immunologic consequences of these early contacts appear
to be decisive in the development of adequate and appropriate
immune responsiveness. Cross-talk with commensal micro-
organisms in the intestine results in production of immuno-
globulin (Ig)A antibodies (1), which provide protection by
binding and excluding microbial and dietary antigens on the
mucosal surfaces. Transforming growth factor (TGF)-� is the
initial trigger for IgA production (2) and, indeed, expression
of TGF-� is directly correlated with the mucosal IgA antibody
response (3).
Infants with limited exclusive breast-feeding appear to ex-

hibit heightened morbidity due to increased risk of infectious

(4,5) and atopic disease (6). This may be explained by the fact
that breast milk contains several factors, including nutrients,
antimicrobial agents, IgA antibodies, TGF-�, and the innate
microbe receptor soluble (s)CD14, which may contribute ben-
eficially to the immunologic maturation and well-being of the
infant (7–9). In addition, breast milk contains viable lactoba-
cilli (10) and factors that promote the growth of bifidobacteria
in the infant’s intestine (11,12). These microbes may modulate
host immune responses by processing luminal antigens and by
directly stimulating the mucosal immune system. We there-
fore hypothesized that specific probiotics, providing a micro-
bial stimulus, might promote the mucosal immunologic mat-
uration in formula-fed infants. To test this hypothesis, we
assessed the development of IgA-secreting cells and serum
concentrations of sCD14 and TGF-�2 during the first year of
life in a randomized, double-blind, placebo-controlled study
of infants who required infant formula before the age of 2 mo.

METHODS

Subjects and study design. The present investigations were conducted as
a part of a double-blind, placebo-controlled trial evaluating the efficacy and
safety of infant formula supplemented with probiotics in promoting infant
health. The sole inclusion criterion for the study was the need for artificial
feeding before the age of 2 mo. Infants with chronic disease were excluded
from the study.

The trial was primarily designed to assess the effects of probiotic supple-
mentation in reducing the risk of infectious disease in infants devoid of the
recommended 6 mo of exclusive breast-feeding. The limitations of the study
include firstly that no conclusive data were available at recruitment concern-
ing the primary endpoints in infants who were not exclusively breast-fed,
upon which reliable power calculations could be based. Secondly, due to the
baby-friendly hospital initiative and the strong policy of promoting breast-
feeding, which is of utmost importance in well-baby clinics, advertising the
study with formula supplementation at an early age was not considered
acceptable by the authors. Consequently, information regarding the study was
given only when the need of formula was imminent. All families who
contacted the research personnel during the recruitment period between
September 2000 and May 2002 were assessed for eligibility. One infant with
cleft palate was excluded from the study.

In all, 81 infants were randomized to receive infant formula (Enfamil,
Mead Johnson Nutritionals, Evansville, IN) supplemented with either 1 �
1010 colony-forming units of both Lactobacillus rhamnosus (Lactobacillus
GG, American type culture collection 53103, Valio Ltd., Helsinki, Finland)
and Bifidobacterium lactis Bb-12 (Chr. Hansen, Hoersholm, Denmark) or
placebo (microcrystalline cellulose) daily until the age of 12 mo. The inter-
vention was commenced when the need for artificial feeding arose and the
supplemented formula was to be used as the sole infant formula during the
study period. Originally, 38 infants were randomized to receive probiotics and
43 infants to receive placebo. The follow-up was completed by 72 of the 81
(89%) infants enrolled. Thus, altogether nine infants did not complete the
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follow-up: six infants receiving probiotics (of whom two discontinued the
study because of gastrointestinal complaints, one because of the arduousness
of the study, one family found the powdered formula inconvenient, and two
infants were lost to follow-up) and three infants receiving placebo (one
because of gastrointestinal complaints, one because of the arduousness of the
study, and one infant was lost to follow-up). The number of infants with
available blood samples for the determination of serum sCD14 and TGF-b2
concentrations was further limited as a result of difficulties concerning
obtaining samples and storage. All analyses were performed according to the
groups to which the infants were originally randomized. The nine infants who
did not complete the follow-up were excluded from the analyses as were the
infants from whom samples were not available, which may confound the
effects of the original randomization.

The study was found acceptable by the Turku University Central Hospital
Ethical Committee and written informed consent was obtained from the
infants’ parents.

Clinical examination of the infants was performed at scheduled visits at the
start of intervention and subsequently at the ages of 3, 7, and 12 mo. The
diagnosis of atopic eczema was made using the criteria introduced by Hanifin
(13). If cow’s milk allergy was suspected, the diagnosis was confirmed by a
double-blind, placebo-controlled cow’s milk challenge as described in detail
elsewhere (14). Skin prick tests were performed at the ages of 7 and 12 mo.
The tested allergens included banana, potato, carrot, apple, wheat, rice, milk,
egg, cod, soybean, and gliadin. The infant was considered sensitized in case
of one or more positive reaction at either time point.

Determination of the number of immunoglobulin A-secreting cells. The
total number of IgA-secreting cells and the number of cells producing IgA
antibodies directed specifically against cow’s milk allergens (casein and
�-lactoglobulin) were measured using the ELISPOT method as described in
detail elsewhere (15) from blood samples obtained at the ages of 3, 7, and 12
mo. Samples were available from 58, 54, and 63 infants at respective time
points. Briefly, peripheral blood mononuclear cells were isolated using Ficoll-
Paque gradient centrifugation. Isolated cells were washed three times in
Hanks’ balanced salt solution and suspended in RPMI 1640 medium contain-
ing 10% FCS and adjusted to a concentration of 1–2 � 106 cells/mL.

To determine the total number of IgA-secreting cells, the wells were coated
for 2 h at 37°C with rabbit anti-human IgA (DAKO A/S, Glostrup, Denmark)
diluted 1/100 in PBS (pH 7.4), and to detect the number of cells secreting
cow’s milk-specific IgA, the coating was performed with �-lactoglobulin (20
�g/mL) and casein (20 �g/mL) (both from Sigma Chemical Co., St. Louis,
MO). Uncoated binding sites were blocked with 1% BSA (Roche Molecular
Biochemicals, Mannheim, Germany) in PBS (pH 7.4) for 30 min at 37°C.
After washings the lymphocyte suspension was incubated on antigen-coated
flat-bottomed 96-well microtiter plates (Immunoplate RI, NUNC A/S, Rosk-
ilde, Denmark) at 37°C for 2 h. The detection of antibodies secreted during
that time was performed with alkaline phosphatase-conjugated goat antiserum
to human IgA (Sigma Chemical Co.) diluted in 1% BSA-PBS (pH 7.4)
incubated overnight at room temperature, followed by a substrate agarose
overlay and observation of the colored spots.

Determination of TGF-�2 and soluble CD14 in serum. Venous blood
samples were drawn, heparinized, and stored for later analysis at the ages of
3, 7, and 12 mo. Serum samples were available from 38 infants (18 infants
receiving probiotics and 20 infants receiving placebo). The concentrations of
TGF-�2 and sCD14 and were measured from thawed sera in duplicate using
commercial sandwich ELISA specific for the molecule (R & D Systems,
Minneapolis, MN). Activation of latent TGF-�2 and all determinations were
made according to the manufacturer’s instructions.

Statistical methods. The baseline data are expressed as means with range.
The �2 test was used in comparisons of proportions between groups. The
results are expressed as geometric means with 95% confidence intervals (CI).
The effect of intervention on the number of IgA-secreting cells and serum
sCD14 and TGF-�2 concentrations during the course of the follow-up were
assessed after logarithmic transformation using ANOVA for repeated mea-
sures. If the ANOVA suggested a difference between groups, further analyses
at each time point were conducted after logarithmic transformation using t
test. A p value of �0.10 was considered statistically significant.

RESULTS

Baseline and clinical characteristics. The baseline and
clinical characteristics of the infants receiving probiotics and
placebo are presented in Table 1. During the 12-mo follow-up,
4/32 (13%) of the infants receiving probiotics and 8/40 (20%)
of those receiving placebo manifested with atopic eczema (p
� 0.40). Cow’s milk allergy was confirmed in 0/32 (0%) of

the infants receiving probiotics and 3/40 (8%) infants receiv-
ing placebo (p � 0.11). The respective proportions of infants
with evidence of sensitization were 2/32 (6%) and 3/40 (8%)
(p � 0.84). None of the infants receiving probiotics and one
infant (3%) receiving placebo was sensitized to cow’s milk (p
� 0.37).

Total and cow’s milk-specific IgA-secreting cells. The total
numbers of IgA-secreting cells at 3, 7, and 12 mo of age were
not statistically significantly different between infants receiv-
ing probiotics and placebo as assessed by ANOVA for re-
peated measures (p � 0.29) (Fig. 1). The respective numbers
of cow’s milk–specific IgA-secreting cells during the same
time are presented in Figure 2 (p � 0.045, ANOVA for
repeated measures).

Concentrations of TGF-�2 and sCD14 in serum. The
differences in the serum concentrations of TGF-�2 at 3, 7, and
12 mo of age (Fig. 3) were not statistically significant between
infants receiving probiotics and placebo as assessed by
ANOVA for repeated measures (p � 0.23).
The serum concentrations of sCD14 in infants receiving

probiotics and placebo at 3, 7, and 12 mo of age are presented
in Figure 4 (p � 0.06, ANOVA for repeated measures). At the
end of the follow-up, the serum concentrations of sCD14 were
1479 pg/mL (95% CI 1373–1592) and 1291 pg/mL (95% CI
1152–1445) in infants receiving probiotics and placebo, re-
spectively (p � 0.046).

Table 1. Baseline and clinical characteristics

Probiotics (n � 32) Placebo (n � 40)

Males 16 (50%) 19 (48%)
Gestational age, mean

(range) (wk)
39.8 (36.7–42.1) 39.9 (35.1–42.3)

Birth weight, mean (range) (g) 3440 (2300–4100) 3540 (2140–4580)
Age at start of intervention,
mean (range) (d)

38 (6–65) 35 (2–59)
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Figure 1. The total numbers of IgA-secreting cells (per 106 cells) in infants
receiving probiotics (white bars) and placebo (gray bars) at 3, 7, and 12 mo
of age. (The bars represent geometric means and the whiskers represent the
95% CI.)
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DISCUSSION

We found that probiotic supplementation commenced at the
time of introduction of cow’s milk in the diet was associated
with a significant increase in the number of cow’s milk-
specific IgA-secreting cells during the first months of life,
whereas no significant differences between the groups were
found in the total number of IgA-secreting cells. Previously,
probiotics have been reported to augment antigen-specific IgA
responses during rotavirus infection (16) and after polio vac-

cination (17). According to a recent report (1), interaction with
indigenous intestinal microbes induces protective mucosal
IgA responses in a murine model, which was interpreted to
ensure tolerance to commensal bacteria. The ELISPOT
method applied in this study reliably reflects mucosal immune
responsiveness (15,18) and thus our results may extend this
notion of the role of intestinal microbial stimulation to estab-
lishing tolerance to dietary antigens.
In previous studies, probiotics have been shown to reduce

the risk of atopic eczema but no effects on atopic sensitization
have been reported (19,20).
In accordance with this, probiotic supplementation did not

appear to have an effect on the risk of sensitization to cow’s
milk or other dietary antigens in the present study. The
incidence of atopic eczema did not differ significantly between
the groups. Interestingly, none of the infants receiving probi-
otics developed cow’s milk allergy whereas 8% of the infants
receiving placebo did. The difference was not statistically
significant, however, and it must be emphasized that the study
was not designed to primarily assess the effects of probiotics
on the incidence of atopic or allergic disease.
We suggest that the observed increased IgA production

achieved with probiotics in this and previous studies may in
part be mediated via augmented antigen-specific TGF-� re-
sponses, as the expression of TGF-� correlates with the
mucosal IgA antibody response (3). Moreover, intestinally
induced antigen-specific TGF-�-secreting T cells are distrib-
uted systemically and produce TGF-� upon reactivation (21).
We have previously demonstrated that administration of Lac-
tobacillus GG increases mucosal TGF-�2 concentrations (22)
but the present study failed to demonstrate a probiotic effect
on serum TGF-�2 concentrations. Nonetheless, serum cyto-
kine concentrations display wide variability and reflect muco-
sal immune responses inadequately.
Recently, our understanding of the complex interactions

between commensal, environmental, and pathogenic microbes
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Figure 2. The numbers of cow’s milk-specific IgA-secreting cells (per 106

cells) in infants receiving probiotics (white bars) and placebo (gray bars) at
3, 7, and 12 mo of age. (The bars represent geometric means and the whiskers
represent the 95% CI; the p values correspond to t test after logarithmic
transformation.)
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Figure 3. The serum concentrations of TGF-�2 (pg/mL) in infants receiving
probiotics (white bars) and placebo (gray bars) at 3, 7, and 12 mo of age. (The
bars represent geometric means and the whiskers represent the 95% CI.)
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Figure 4. The serum concentrations of soluble CD14 (pg/mL) in infants
receiving probiotics (white bars) and placebo (gray bars) at 3, 7, and 12 mo
of age. (The bars represent geometric means and the whiskers represent the
95% CI; the p values correspond to t test after logarithmic transformation.)
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and the host has significantly improved. The requirement of
innate immune responses to enteric bacteria in the mainte-
nance of a disease-free state is well established in experimen-
tal animal models (23,24). The role of innate immunity in
recognition of microbes and directing immune responses in
host-commensal crosstalk has gained increasing attention with
the discovery of microbe recognition molecules such as Toll-
like receptors (TLR) and CD14. CD14 is a co-receptor for
TLR, which recognizes structures from both Gram-negative
and Gram-positive bacteria (25,26) and is found in its soluble
form, sCD14, in serum (27). The results from the present
study suggest for the first time that ingestion of probiotics may
affect serum sCD14 in infancy furnishing one mechanism by
which probiotics might exert their effects. An overall trend for
an increase in serum sCD14 concentrations during the first
year of life, which reached statistical significance at 12 mo of
age was observed.
Stimulation of CD14 and TLR2 by microbial products has

been demonstrated to induce TGF-� production in human
colonic cell lines (28) and probiotic strains of lactobacilli have
been reported to induce the development of T cells producing
TGF-� in vitro (29). In addition, there are data to suggest that
CD14 is required for lactobacilli to induce a response (30).
Taken together, these results may be interpreted to suggest
that microbial stimulation in the intestine by probiotics leads
to augmented TGF-�2 responses both systemically and on the
mucosae as a result of enhanced signalling through CD14.
The results of the present study provide insight to the

mechanisms through which probiotics may promote immuno-
logic maturation in infancy. Supplementation with the probi-
otics Lactobacillus GG and Bifidobacterium lactis Bb-12
starting at the time of introduction of cow’s milk in the
infant’s diet increased protective cow’s milk-specific IgA
responses. Our results further suggest that this might in part
have been achieved via stimulation of the innate immune
system through sCD14.
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