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Abstract: Over the last decade, there has been a growing interest in
the use of probiotics for allergic diseases. In the last years, some
studies showed a significant improvement for atopic eczema by the
administration of probiotics during pregnancy and postnatally.
About food allergy, probiotics administration seems to be effective
in the management of food allergy symptoms but has no effect on
the prevention of sensitization. In the international literature, there
are few studies that evaluated the probiotic effect on allergic rhi-
nitis, and authors reported that probiotics might have a beneficial
effect in AR by reducing symptom severity and medication use.
Another major potential benefit of probiotics has been suggested in
patients with asthma. On this topic, several studies have been
carried out using different probiotics and the results have not been
univocal. Indeed, probiotics seems to be able to offer protection
about common cold and respiratory infections in healthy and
hospitalized children.
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The United Nation’s Food and Agricultural Organ-
ization and the World Health Organization define

Probiotics as “live microorganisms which when adminis-
tered in adequate amounts confer a health benefit on the
host.”1 The beneficial effects of probiotics on gastro-
intestinal diseases, inflammatory diseases in particular,
have long been known.

Recently, a great deal of literature has been published
demonstrating the health effects of probiotics in the treat-
ment of inflammatory diseases affecting other organs too.

PROBIOTICS AND ALLERGIC DISEASES
Over the last decade, there has been a growing interest

in the use of probiotics for allergic diseases.2,3 The reason
for this lies in the discovery of the major immune-modu-
lating role played by gut microbiota in the gastrointestinal
tract, lactobacilli and bifidobacteria, in particular. Some
studies have shown that allergic children in Estonia and
Sweden are less often colonized with lactobacilli (P<0.01),

as compared with the nonallergic children in the 2 coun-
tries.4 Current evidences seem to point to a different com-
position of gut microbiota between children with and
without allergic diseases.5

Application of nonpathogenic probiotic bacteria dur-
ing early infancy might protect from allergic disorders.6–9

PROBIOTICS AND ATOPIC ECZEMA
About atopic eczema, Kalliomaki et al10–13 adminis-

tered Lactobacillus rhamnosus GG (LGG) prenatally to
mothers who had at least 1 first-degree relative (or partner)
with atopic eczema, allergic rhinitis (AR), or asthma, and
postnatally for 6 months to their infants. During the second
year of follow-up the incidence of atopic eczema in the
probiotic group was half that of the controls. This benefi-
cial effect did not persist until the fifth year of follow-up. In
another study, Wickens et al14 showed that prenatal sup-
plementation with LGG reduced the cumulative prevalence
of eczema by about 50% as compared with placebo.
Instead, Bifidobacterium lactis showed no effect on pre-
vention of eczema or of atopy.

As far as treatment is concerned, a recent study by
Gore et al15 assessed the effect of dietary supplementation
of Lactobacillus paracasei and B. lactis in 208 infants aged 3
to 6 months with eczema. Three months after the beginning
of the study, eczema severity decreased significantly over-
time both in the probiotics and the placebo group.

To confirm the efficacy of different species of pro-
biotics, Wu et al16 compared the effects of Lactobacillus
salivarius plus fructooligosaccharide (symbiotic) with fruc-
tooligosaccharide alone (prebiotic) in 60 children (2 to 14 y
old) with moderate to severe atopic dermatitis. At 8 weeks,
the scoring atopic dermatitis, a clinical tool for assessing the
severity of atopic dermatitis, were significantly lower in the
treatment group than those of the controls treated with
only placebo. Also, eosinophil cationic protein levels were
significantly reduced in the treatment group at 8 weeks as
compared with 4 weeks.

In 2012, a meta-analysis17 collecting studies published
between 2001 and 2009 assessed the impact of probiotics
intake on the development of atopic dermatitis and showed a
significant risk reduction for atopic eczema in children aged 2
to 7 years by the administration of probiotics during preg-
nancy. However, this effect was only significant for lactobacilli,
but not for a mixture of various probiotics bacterial strains.

PROBIOTICS AND FOOD ALLERGY
Regarding the use of probiotics in food allergy, in a

very recent study Zuercher et al18 investigated the intrinsic
antiallergic potential of the Lactococcus lactis NCC 2287
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strain in mice that were sensitized at weekly intervals with
ovalbumin plus cholera toxin orally for 7 weeks. Results
showed that oral administration of L. lactis NCC 2287 is
effective in the management of food allergy symptoms but
has no effect on the prevention of sensitization. In the mice
that had been given L. lactis, there was a significant
decrease in relative expression levels of Th2 cytokines,
interleukin (IL)-13, and associated chemokines CCL11
(eotaxin-1) and CCL17 (TARC) in the ileum. No effect was
observed in the jejunum. On the basis of these results, these
authors consider L. lactis NCC 2287 effective for the man-
agement of allergic symptoms. This underlines that certain
probiotic strains may be “specialized” in modulating dif-
ferent phases of the allergic response.19 Of course, these new
results will have to be confirmed in a human model.

Another study on a murine model by Schiavi et al20

evaluated the effect of VSL#3 (a probiotic mix) on the
specific immune responses and anaphylactic reactions
induced by the major food allergen shrimp tropomyosin
(ST). The cytokine production by spleen cell from ST-sen-
sitized mice upon allergen restimulation in the presence of
VSL#3 was analyzed. Next, the effects of oral admin-
istration of VSL#3 on allergen-induced anaphylaxis and
Th2 response in the murine model of food allergy to ST was
investigated by evaluating symptom score and histamine
content in the feces after allergen challenge, antibody
response in serum and feces, and cytokine and transcription
factor expression in the jejunum. The in vitro studies on
mouse spleen cells indicate that the VSL#3 preparation was
able to shift the Th2 response to a Th1/T regulatory-type
profile. Oral therapeutic administration of VSL#3 to ST-
sensitized mice significantly reduces symptom score and
histamine release in the feces after allergen challenge, as
well as specific immunoglobulin (Ig)E response. In the
jejunum, IL-4, IL-5, and IL-13 tissue content was sig-
nificantly reduced, whereas FOXP3 and IL-27 mRNA
expression, IL-10, transforming growth factor beta (TGF-b),
and interferon (IFN)-g tissue content were upregulated.
These results suggest that the oral therapeutic treatment with
the probiotic mixture VSL#3 may have beneficial effects in a
murine model of food allergy, but further studies are needed
in humans.

PROBIOTICS AND AR
In the international literature, there are few studies

that evaluated the effect of probiotics on AR. The first
study that suggests a role of probiotics in children with AR
was published in 2007. The study aimed to investigating
whether the long-term daily (12mo) consumption of fer-
mented milk containing specific Lactobacillus casei may
improve allergic symptoms in children aged 2 to 5 years
with allergic asthma and/or AR.21 The results showed that
children receiving fermented milk containing L. casei had
33% lower occurrence of AR episodes than the control
group. More recently, Koyama et al22 evaluated the effect
of a mixture of L. rhamnosus GR-1 plus Bifidobacterium
adolescentis in 36 subjects with AR over 2 pollen seasons in
a double-blind, placebo-controlled (DBPC) trial. The pro-
biotics did not have any significant effect on quality of life
scores, use of antihistamines, or eosinophil cationic protein
concentration in nasal lavage. However, at the end of the
grass pollen season, serum IL-10 and IL-12 levels were
increased in the probiotic group as compared with the
controls. During the ragweed season, the serum TGF-b

levels were also significantly higher in the probiotic group
than in the controls.

A meta-analysis in 200823 evaluated all the results of
randomized controlled trials (RCTs) studying the effect of
probiotics on AR. Nine of the 12 RCTs that evaluated
clinical outcomes in AR showed an improvement with
probiotics. All the RCTs studying perennial AR showed
lower symptom scores and medication use of probiotics as
compared with placebo. Nine RCTs that reported various
immunologic measurements of allergy found no significant
probiotic effects. The authors reported that probiotics
might have a beneficial effect in AR by reducing symptom
severity and medication use, even if many more good-
quality studies are needed to resolve this issue.

According to the concept of united airway diseases,24

AR and asthma often recognize common mechanisms. For
this reason the study by Chen et al25 assessed the effects of
Lactobacillus gasseri in school children suffering from AR
and asthma. This randomized, DBPC study was conducted
only in school children (aged 6 to 12 y) receiving either
L. gasseri or a placebo daily for 2 months. The results
showed the clinical symptom scores for AR and asthma
decreased in the probiotic-treated patients as compared with
the control. Further, there was a significant reduction in the
TNF-a, IFN-g, IL-12, and IL-13 production by the periph-
eral blood mononuclear cells after the probiotic treatment.

PROBIOTICS AND ASTHMA
Another major potential benefit of probiotics has been

suggested in patients with asthma.26 On this topic several
studies have been carried out using different probiotics, and
the results have not been univocal.

In a murine model of asthma, it has been shown that
the oral administration of LGG or B. lactis, starting from
birth for consecutive 8 weeks, during systemic sensitization
(days 29 to 40) and airway challenge (days 54 to 56) with
ovalbumin, leads to a suppression of all the characteristics
of the asthma phenotype, including specific IgE production,
airway hyperresponsiveness, and pulmonary eosinophilia.
Furthermore, this effect is associated with the suppression
of allergen-induced Th2 responses together with the
induction of TGF-b in the intestine.6 Several studies ana-
lyzed the role of probiotics in the treatment and prevention
of asthma in humans. Recently, Chen et al27 conducted a
randomized, DBPC study in school children (aged 6 to 12)
with mild to moderate persistent asthma and AR. The aim
of this study was to highlight if the daily administration of
L. gasseri A5, for 8 weeks, could improve the of asthma and
AR clinical symptoms and if it had immune-modulating
effects. The results of this study showed significant
improvements in forced expiratory volume in one second
(FEV1), forced expiratory vital capacity, FEV1/forced
expiratory vital capacity (%), and MEF25-75 after the
treatment period in the probiotic group. Moreover, the
response to bronchodilator dilatation test decreased sig-
nificantly in the probiotic-treated group as compared with
the control group (P<0.001); this suggested that probiotic
treatment may decrease airway hyperresponsiveness in
asthmatic children and not only in mice. There was a
statistically significant improvement in daytime asthma and
AR symptoms score and in childhood asthma control test
score only in the probiotic group. About the immune-
modulating effect, after the treatment with L. gasseri, there
was a reduction in the production of Th1-related cytokines
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as IFN-g and IL-12, as compared with the control group.
The decrease in the values of IL-10 before and after the
treatment was not statistically significant in both the
groups.

More recently, we evaluated the effect of oral Lacto-
bacillus reuteri administration (1�108 cfu) on airways
allergic inflammation in 50 children (6 to 14 y old), affected
by mild persistent asthma (Global Initiative for Asthma
step 2) and allergic to house dust mite in a randomized
DBPC study. At the end of the study (after 60 d) the
exhaled breath condensate (FeNO) values showed a sig-
nificant reduction (P=0.045) only in L. reuteri group.
Cytokine examination showed an increase in IL-10 levels
(P<0.05) and a significant reduction in IL-2 levels
(P<0.05) only in the probiotic group. No significant dif-
ferences in FEV1 values and childhood asthma control test
score were found in both groups. Our data show that
L. reuteri (108 cfu) was effective in reducing bronchial
inflammation in asthmatic children.28

PROBIOTICS AND RESPIRATORY INFECTIONS
Probiotics seems to be able to offer protection about

bacterial and viral infections in the gastrointestinal and
respiratory systems.29 Indeed medication by probiotics has
been associated with minor incidence of pneumonia,30 with
a reduction in the number of respiratory infections both in
healthy and hospitalized children.31,32 Probiotics also
reduce the duration of common cold.33 Several data suggest
that respiratory infections contribute to the worsening of
asthma and the development of wheezing.34 Indeed, it has
been suggested that the potential beneficial effect of pro-
biotics in asthma could be also determined by the capacity
of reducing the viral infections in the first years of life.35

The protective effect of probiotics on respiratory infections
may be related to IgA increase36 and through the upregu-
lation of the natural killer cells and macrophages in the
airway mucosa.37,38 In a randomized, DBPC study, Rau-
tava and colleagues administered infant formula supple-
mented with the probiotics LGG and B. lactis Bb-12 or
placebo in infants requiring formula before the age of 2
months. The formula was administered daily until the age
of 12 months. The results showed that 28% infants
receiving probiotics and 55% infants receiving placebo
encountered recurrent respiratory infections in the first year
of age. These data suggest that probiotics may offer a safe
means of reducing the risk of early acute otitis media and
antibiotic use, and the risk of recurrent respiratory infec-
tions during the first years of life.39 Analogous results
emerged from a study conducted on a population of 326
children aged 3 to 5, showing a decrease by >65% in the
incidence of the use of antibiotics and a reduction by
<25% of the days of absence from the school among
children treated with probiotics.40 Further clinical trials are
required to corroborate these results.

CONCLUSIONS
In conclusion these data show that the potential field

of application of probiotics is wide and not thoroughly
clarified. Certainly the international literature has con-
firmed a real beneficial and immune-modulating effect of
probiotics in several allergic and respiratory illnesses. The
efficacy of probiotic interventions seems to be strongly
dependent to the specific strain used and the appropriate

timing. Further, scientific confirmations are required to
include them in the therapeutic plans.
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