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Abstract: Recent studies have confirmed immunomodulatory

and anti-inflammatory properties of probiotics. There are

clinical evidences suggesting that probiotics and prebiotics

treatment is effective and had a protective effect in the

development of atopic dermatitis and the mechanism may be

related to local effect on the gastrointestinal tract. About the

effect of probiotics on the allergic airway response, the beneficial

effects seem to be strain specific, and other studies will be needed

to understand the mechanisms involved. Recent data suggests

that probiotics may have immunomodulatory effects on vaccine

responses, but the significance and clinical relevance of this need

to be determined too.
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A llergic diseases have increased significantly in recent
years in all western countries and the cause of this

increase should be sought between changes that have
taken place in the environment and lifestyle. In the early
ages of life, a reduction in the intestinal microbial
colonization, resulting in improvement of health condi-
tions, is one of the most accredited hypotheses in explaining
this phenomenon. Microbial exposure is important in the
development of allergic disease. Reduced exposure to
infectious organisms is strongly associated with allergic
sensitization that is uncommon in children who spend their
childhood on a farm. This may reflect increased exposure to
specific bacterial products such as endotoxin lipopolysac-
charide. The protective effect of microbial exposure against
allergic disease may be the greatest in early life. Intestinal
microbiota promote both intestinal mucosal barrier func-
tions and immune development.

Bacterial intestinal flora plays an important role not
only in the maturation of humoral responses, especially

the IgA, but also in the polarization of the immune
system by promoting the development of TH1 or TH2
cytokines. The TH2 ‘‘allergic’’ phenotype is associated
with an increased production of IgE and eosinophils,
whereas TH1 immune response mainly induces a function
of intracellular killing.

The underlying mechanisms are not completely
clear and probably for these reasons the role of probiotic
has been emerging in the last year.

PROBIOTICS AND PREBIOTICS IN THE
PREVENTION OF ALLERGIC DISEASES
Primary prevention is the possibility of preventing

the beginning of allergic disease in high-risk children. In a
recent study1 in evaluating the cumulative effect of
probiotic intervention during the first 7 years of life, we
reexamined the study cohort at the age of 7. In 159
mothers who were randomly assigned to receive placebo
or Lactobacillus rhamnosus strain GG daily for 4 weeks
before expected delivery and after delivery, Lactobacillus
GG or placebo was taken postnatally for 6 months.
Children completing the 2-year follow-up were invited to
the 7-year follow-up visit.

The cumulative risk for developing eczema during
the first 7 years of life was significantly lower in the
Lactobacillus GG group than in the placebo group.
Atopic sensitization was similar between the groups,
suggesting that the preventive effect on eczema was not
IgE-mediated.

In another double blind, randomized, placebo-
controlled trial2 the aim was to prevent eczema and
sensitization in infants with a family history of allergic
disease by oral supplementation with the Lactobacillus
reuteri. In 232 pregnant women with allergic disease,
L. reuteri were given to gestational week 36 until delivery.
The newborn continued with the same product from birth
until 12 months of age and were followed-up for another
year. The results showed that the cumulative incidence of
eczema was similar but the L. reuteri group had less IgE-
associated eczema during the second year. SPT reactivity
was also less common in the treated than in the placebo
group, significantly so for infants with mothers with
allergies, 14% versus 31% (P=0.02). Wheeze and other
potentially allergic diseases were not affected.

In conclusion, no preventive effect on infant eczema
occurred in this study and there was less IgE-associated
eczema at 2 years of age in infants receiving L. reuteri.Copyright r 2008 by Lippincott Williams & Wilkins
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The different results between this and the Kallio-
maki trial raise questions over whether different probiotic
strains might have different properties for an effect on
allergic diseases.

On the other hand, Taylor et al3 recruited 231 high-
risk newborn babies of women with an allergy and gave
either Lactobacillus acidophilus or placebo daily for the
first 6 months of life. Children were assessed for atopic
dermatitis (AD) and skin prick tests (SPTs) at 12 months
of age. The proportion of children with SPT+AD was
significantly higher in the probiotic group. At 12 months,
the rate of sensitization was significantly higher in the
probiotic group and the presence of Lactobacillus at
6 months of age was associated with the increased risk
of subsequent cow’s milk sensitization. Besides the use of
a different bacterial strain, this study design differed from
Abrahamsson’s study and the Finnish study in that the
mothers were not supplemented with probiotic during
pregnancy. The results may therefore suggest that the
supplementation with probiotic to the mothers in late
pregnancy is of crucial importance.

Concerning probiotics plus prebiotic in primary
prevention, Kukkonen et al4 randomized 1223 pregnant
women carrying high-risk children and gave a probiotic
preparation or a placebo for 2 to 4 weeks before delivery.
Their infants received the same probiotics plus galacto-
oligosaccharides (GOS) or a placebo for 6 months.
Results showed at age 2 years that: (a) probiotic plus
prebiotic treatment compared with placebo had no effect
on the cumulative incidence of any allergic disease; (b)
IgE-associated (atopic) diseases tended to occur less
frequently in the probiotic plus prebiotic group; (c)
eczema occurred less frequently in the probiotic plus
prebiotic group; (d) probiotic plus prebiotic treatment
more pronouncedly reduced the incidence of atopic
eczema; (e) probiotic plus prebiotic treatment compared
with placebo had no effect on sensitization at 2 years. In
human milk, oligosaccharides are an important factor
that promotes an intestinal flora that is dominated by
bifidobacteria and lactobacilli.5

Moro et al6 investigated the effect of a prebiotic
mixture of GOS and long chain fructo-oligosaccharides
on the incidence of AD during the first 6 months of life in
formula-fed infants with a high risk of atopy. Two
hundred fifty-nine infants were enrolled at risk for atopy
in a prospective, double blind, randomized, placebo-
controlled trial. Results showed that the cumulative
incidence of AD during the first 6 months of life was
significantly reduced by supplementation of a hypoaller-
genic formula with GOS/fructo-oligosaccharides. Prebio-
tic supplements were associated with a significantly higher
number of fecal bifidobacteria compared with controls
but there was no significant difference in lactobacilli
counts.

Prebiotics might modulate the postnatal develop-
ment of the immune system by altering intestinal flora.
The results of this study do not allow conclusions to be
drawn about the mechanism of the effect that was
observed on AD.

The relationship regarding the intestinal microflora
and the development of immediate type hypersensitivity
to food allergens were investigated by Kendler et al7 in
children with eczema/dermatitis. In this study, there were
no differences in the composition of intestinal microflora
in children with food allergy and in children without food
allergy.

PROBIOTICS IN THE TREATMENT
OF ALLERGIC DISEASES

The use of probiotics in the treatment of allergic
disease has been widely investigated by several studies
principally for AD therapy, but also for food allergy,
allergic rhinitis, and asthma.

Brouwer et al8 had the aim of evaluating the clinical
and immunologic effects of supplementation of a hydro-
lyzed formula with 2 probiotic strains of bacteria on
symptoms of AD in infancy. To do so, they conducted a
randomized, double blind, placebo-controlled study and
after 4 to 6 weeks of baseline and double-blind, placebo-
controlled challenges for diagnosis of cow’s milk allergy,
infants less than 5 months old with AD received a
hydrolyzed whey-based formula as placebo or supple-
mented with either L. rhamnosus or Lactobacillus GG for
3 months. Results showed that the Scoring Index Atopic
Dermatitis (SCORAD) decreased significantly in all
treatment groups (P<0.0001). The change in SCORAD
is not affected by the use of probiotics. No significant
changes in sensitization and in cytochine production
(eosinophil X protein in urine, fecal a-1-antitrypsin, IL-4,
IL-5, and IFN-g by polymorphonuclear leukocytes after
polyclonal stimulation) were observed. In practice, the
results indicate that oral supplementation with these
probiotic bacterial strains will not have a significant
impact on the symptoms of infantile AD.

The severity of AD may influence the outcome;
milder AD seems to be more responsive to the effects of
probiotics than more severe disease.9

On the contrary, Sistek et al10 examined the effect of
L. rhamnosus and Bifidobacteria lactis on established AD
in children. Children with current AD were allocated to
receive probiotics or placebo. SCORAD score was
assessed at baseline, 2, and 12 weeks after starting
treatment and 4 weeks after treatment was discontinued.

There was a significant improvement in AD at 12
weeks only in food-sensitized children who had been
treated with probiotics but not in children who had been
sensitized to environmental allergens. These effects were
not sustained 1 month after treatment ceased. These data
suggest that the beneficial effect of probiotics in AD may
probably be related to local effects on the gastrointestinal
tract.

PROBIOTICS AND THE IMMUNE
RESPONSE IN INFANCY

Activation of the innate immune system by micro-
bial stimulation seems to be critical for normal immune
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maturation, and thus this concept could be very
important for inhibiting allergic-immune responses.

To assess innate immune function after a supple-
mentation with probiotic, Taylor et al11 recruited 231
allergic, pregnant women into a randomized, controlled
trial. The infants received either L. acidophilus or placebo
daily for the first 6 months of life. Functional responses to
toll-like receptor (TLR) were assessed using ligands for
TLR2 (Pansorbin) and TLR4/CD14 (lipopolysaccharide)
and measuring cytokine responses in the supernatants.
The results showed that probiotic supplementation with
L. acidophilus did not alter early innate immune responses
in this population who were at high risk of developing
allergic diseases.

In addition, Taylor et al12 determined whether
probiotic dietary supplementation in the first 6 months
of life could modify allergen-specific and vaccine-specific
immune responses in 231 pregnant women with a history
of allergic disease and positive SPT. The results show that
administration of L. acidophilus was associated with
significant attenuation of IL-10 responses to tetanus
antigen at 6 months of age compared with the placebo
group.

In conclusion, probiotics did not show any con-
sistent effects on allergen-specific responses but these
findings suggest that probiotics may have immunomodu-
latory effects during this ‘‘critical early window.’’

PROBIOTICS IN ALLERGIC
AIRWAY INFLAMMATION

Actually, there have been few reports of therapeutic
effects of oral probiotics outside the gastrointestinal tract.
Forsythe et al13 investigated the effect of 2 probiotic
organisms on the response to antigen challenge in a
mouse model of allergic airway inflammation. In doing
so, an ovalbumin-sensitized asthma model in TLR9-
deficient mice was used. Animals received live, heat-killed,
or irradiated L. reuteri, Lactobacillus salivarius, or
equivalent isolated L. reuteri DNA via gavaging for 9
consecutive days before antigen challenge. After antigen
challenge, airway responsiveness to methacholine, influx
of inflammatory cells to the lung and cytokine levels in
bronchoalveolar lavage fluid were assessed.

The results showed that cytokine levels were
significantly increased in bronchoalveolar lavage fluid
after ovalbumin challenge compared with saline-chal-
lenged animals. Treatment with L. reuteri significantly
attenuated the increase in the tumor necrosis factor,
monocyte chemoattractant protein-1 (MCP-1), IL-5, and
IL-13. Treatment with either heat-killed or irradiated
L. reuteri also significantly attenuated the increase in
MCP-1, tumor necrosis factor, and IL-5 after antigen
challenge but did not significantly alter levels of IL-13.

In conclusion, L. reuteri but not L. salivarius also
decreased allergen-induced airway hyperresponsiveness.
These responses were dependent on TLR9.

Oral treatment with live L. reuteri can attenuate
major characteristics of an asthmatic response in a mouse

model of allergic airway inflammation. Oral treatment
with specific live probiotic strains may have therapeutic
potential in the treatment of allergic airway disease.

Xiao et al14 evaluated the effects of oral adminis-
tration of Bifidobacterium longum on Japanese cedar
pollinosis (JCP) that affects nearly 1 in 6 Japanese during
the pollen season. In a randomized, double blind,
placebo-controlled trial, 44 JCP subjects received
B. longum or placebo for 13 weeks during the pollen
season. Recording daily subjective symptoms and self-
care measures, comparison of subjective symptom scores
indicated significant decreases in rhinorrhea, nasal
blockage, itching, and sneezing in the B. longum group
compared with the placebo group.

In addition, Xiao et al15 had also demonstrated in a
randomized, double-blind, placebo controlled trial, where
40 subjects with a clinical history of JCP were given
yoghurt either containing B. longum (BB536 yoghurt) or
without BB536 (placebo yoghurt) at 2� 100 g/d for 14
weeks during the pollen season. Yoghurt supplemented
with BB536 significantly alleviated eye symptoms com-
pared with placebo yoghurt. Although no statistically
significant differences were detected, nasal symptoms such
as itching, rhinorrhea, and blockage, as well as throat
symptoms. BB536 tended to suppress the decreasing
blood levels of interferon-g and the increasing blood
eosinophil rates. A significantly higher interferon-g level
was observed for the difference from baseline at week 4
and a decreased trend in the difference from baseline
levels of JCP-specific IgE levels was also observed at week
4 in the BB536 group. In conclusion, intake of BB536-
supplemented yoghurt may relieve JCP symptoms,
probably through a modulating effect on the TH balance.

CONCLUSIONS
Recent studies have confirmed immunomodulatory

and anti-inflammatory properties of probiotics. There
is clinical evidence that suggests that probiotics and
prebiotics treatment is effective and had a protective effect
in the development of AD. The mechanism maybe related
to a local effect on the gastrointestinal tract.

Regarding the effect of probiotics on the allergic
airway response, in ovalbumin-sensitized mice, L. reuteri
induced significant attenuation of inflammatory cell influx
to the lung and airway responsiveness to methacholine.
These beneficial effects seem to be strain-specific and
other studies will be needed to understand the mechan-
isms involved.

Finally, recent data suggest that probiotics may
have immunomodulatory effects on vaccine responses but
the significance and clinical relevance of this need to be
determined too.

In summary, probiotics are likely to play a part in
the management of allergy in children but further studies
are necessary to define their role more precisely.
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