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Abstract

Allergy is a hypersensitivity reaction mediated by specific antibody-mediated or cell-mediated immunologic mechanisms

and clinically manifested as atopic eczema, allergic rhinoconjunctivitis, or asthma. During the recent decades there has

been an increase in allergy prevalence, which is attributed to changes in environmental factors. The so-called “hygiene

hypothesis" suggests that a lack of exposure to microbial stimulus early in childhood is a major factor involved in this trend.

This provides a rationale for using probiotics tomodify the gut microbiota and thereby shaping the immune response of the

host, especially in infancy. Most success has been obtained in primary prevention of atopic eczema. A limited number of

studies also provided evidence for a beneficial effect of different probiotics in the management of allergic diseases (atopic

eczema, allergic rhinitis). However, choice of probiotic strains as well as timing of the intervention are important variables.

The exact in vivo mechanism of probiotics in shaping the immune response still needs to be determined. Future studies

should use uniform criteria for diagnosis and symptom scoring of atopic diseases andmay identify the genes predisposing

to allergic disease. There is encouraging evidence that specific probiotics can become valuable tools in the prevention and

management of allergic diseases. J. Nutr. 140: 713S–721S, 2010.

Characteristic features of allergies

Allergy is defined as a hypersensitivity reaction mediated by
specific antibody-mediated or cell-mediated immunologic mech-
anisms, the clinical manifestation of which is called allergic
disease. The term hypersensitivity describes objectively repro-
ducible symptoms or signs initiated by exposure to a defined
stimulus at a dose tolerated by normal (i.e. nonallergic) persons

(1). The progression of infant allergy to atopic diseases such as
atopic eczema, allergic rhinoconjunctivitis, and ultimately
asthma is becoming increasingly common and is now referred
to as the pediatric allergic march. This is contributing to the so-
called epidemic of allergic or atopic diseases that have become
more frequent in theWestern world over the past several decades
(2). Eczema refers to a chronic or relapsing itchy skin inflam-
mation with typical lesions and locations. Eczema is called
atopic if it is associated with IgE demonstrated either by positive
skin prick tests or elevated antigen-specific IgE antibodies (1).
Allergic rhinoconjunctivitis causes nasal and ocular immuno-
logically mediated hypersensitivity symptoms, such as itching,
sneezing, increased secretion, and nasal blockage (1). Asthma
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is a chronic inflammatory disorder of the airways, which is
associated with airway hyperresponsiveness that leads to recur-
rent episodes of coughing, wheezing, breathlessness, and chest
tightness. Asthma resulting from immunological reactions is
called allergic asthma (1). The mechanisms leading to the
increased incidence of allergic diseases are not fully understood
but are known to involve genetic factors as well as complex
interactions between the host and allergen exposure as well as
other environmental stimuli such as the intestinal microbiota
and infectious agents (3) (Fig. 1).

Sensitization to allergens derived from food, pollen, house
dust mite, etc. is thought to be a prerequisite for initiating the
allergic march. This initial phase is characterized by an acute
transient inflammatory immune response associated with the
production of allergen-specific IgE antibodies and the influx of
activated T cells and other effector cells, e.g. eosinophils and
mast cells at the site of allergen exposure (4). In the case of
respiratory allergies, continuous allergen exposure and addi-
tional triggering factors (e.g. infections, smoking, pollution, and
exercise) are contributing to the perpetuation of the inflamma-
tion in the mucosa and submucosa. This chronic inflammatory
stage is orchestrated by type 2 T helper (Th2)11 cells. The Th2
cells produce cytokines such as interleukin (IL)-4, IL-5, IL-9, IL-
13, and IL-31 that regulate both production of allergen-specific
IgE and tissue inflammation characterized by the influx of
eosinophils/mast cells and activated CD4+ T-cells (5). The
ongoing tissue damage due to eosinophil degranulation products
and subsequent remodeling of the mucosa in the case of
respiratory allergies further contribute to severity of the disease
and the development of irreversible tissue damage (4). As the
mechanisms explaining the increasing prevalence of allergic or
atopic diseases in developed countries have yet to be fully
elucidated, causal therapy is not an option and current research
is focused mainly on primary prevention strategies to avoid the
onset of the allergic march; some studies also target reduction of
allergic symptoms.

There is increasing interest in the role of regulatory T cell
(Treg) populations in preventing the sensitization to allergens
(3,6–8). Treg are a diverse group of cells that are important in
the development of immunological tolerance and comprise the
naturally occurring, thymically derived CD4-CD25 Treg that
express high levels of the transcription factor Foxp3 and the
antigen-specific Treg, which can be induced in vitro and in vivo
under particular conditions. The antigen-specific Treg secrete
antiinflammatory cytokines such as IL-10 and/or transforming
growth factor-b and can potentially suppress IgE production
and Th1/Th2 proliferation (7). There is increasing evidence that
dendritic cells in the mucosa of the intestine and airways play a
role in the differentiation and/or expansion of Treg in vivo,
thereby limiting T cell-mediated responses and regulating
mucosal tolerance (9). Recent studies indicate that allergen-
specific Treg responses may be compromised in allergic diseases
that are characterized by an imbalance between allergen-specific
Treg and Th1 and Th2 cells (10–12). The mechanisms of
tolerance induction and the development of Treg seem to be very
complex and depend on many factors, such as the nature and
dose of the antigen as well as frequency and route of exposure
(5). Moreover, the role of Th17 cells in allergic inflammation is
largely unknown (13). There is mounting evidence that the gut
microbiota acquired during the early postnatal period is
required for the proper development of Treg, of which several

subtypes with distinct cytokine secretion pattern have been
described (14).

When analyzing results of past and ongoing clinical trials
performed with probiotics, it should be kept in mind that allergy
is a complex and multifactorial disease whose outcome is
strongly influenced by a complex interplay among the host, in
particular its genetic background, the status of the immune
system and intestinal microbiota, and the environment (Fig. 1).
The effects of probiotic preparations thus must be analyzed in
this complicated context.

Rationale for use of probiotics in allergy

The steep increase in allergy prevalence during the last decades
has been attributed to changes in environmental factors. There is
solid evidence from epidemiological studies that Western-type
living conditions, e.g. reduced consumption of fermented food,
substantial use of antibiotics and other drugs, and increased
hygiene, are inversely associated with the rise in allergic diseases.
The so-called hygiene hypothesis thus suggests that a lack of
exposure to microbial stimulus early in childhood is a major
factor involved in this trend (3,15–20).

Recent studies further indicate that certain characteristics of
farming, such as farm milk consumption and frequent stay in
animal sheds, may be especially protective against the develop-
ment of allergic diseases (21–23). Anthroposophic lifestyle is
characterized by biodynamic agriculture, ample use of organic
foods and restrictive use of vaccinations, antibiotics, and
antipyretics. Fecal microbiota of both anthroposophic and
farm children diverge significantly from that of children with
other lifestyles, pointing to the importance of the gut microbiota
in the development of allergic disorders (24,25).

The gastrointestinal tract of the newborn baby is sterile. Soon
after birth, however, it is colonized by many different microor-
ganisms. Colonization is complete after ~1 wk, but the numbers
and species of intestinal bacteria fluctuate markedly during the
first several months of life (26). The composition of the gut
microbiota differs between healthy and allergic infants and in
countries with a high and low prevalence of allergies (27–31).
Mode of delivery, either vaginal or through caesarean section,
also has a major impact on early colonization patterns of the
infant gut (32). The main changes associated with allergic trait

FIGURE 1 Extrinsic and intrinsic factors contributing to the devel-

opment of allergic diseases. Allergy is a complex and multifactorial

disease, the clinical expression of which is determined by the interplay

between host (genetic background and maternal-fetal interaction) and

environmental influences on gut microbiota, mucosa, and epithelia,

the nervous system, and the immune system.

11 Abbreviations used: IL, interleukin; Th2, type 2 T helper; Treg, regulatory T cell.
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are less frequent colonization with lactobacilli and lower counts
of bifidobacteria (27–30). These gut microbiota alterations are
apparent within the first week of life preceding clinical symp-
toms, thus suggesting their causative role in allergic disorders
(29,30). These differences have even been recorded during
pregnancy in the vaginal flora of mothers of children who
develop asthma during early childhood (33,34). A recent
prospective study from 3 European birth cohorts found,
however, no differences in gut microbiota by culture-dependent
analysis of fecal samples among infants developing or not
developing atopic eczema and food allergy (32). On the
contrary, a subgroup analysis of the cohort by cultivation-
independent techniques indicated a significantly lower diversity
in the gut microbiota of 1-wk-old neonates who later manifested
atopic eczema than in neonates remaining healthy during the
first 18 mo of life (35), highlighting once more that classical
microbiological plating techniques are inappropriate for exten-
sive characterization of the gut microbiota. Similarly, less diverse
microbial communities were found among 5-y-old allergic
children than among nonallergic children by using another
culture-independent technique (36). The same study demon-
strated that Bifidobacterium catenulatum/pseudocatenulatum
prevail in nonallergic children. On the contrary, this particular
bifidobacterial species was associated with atopic eczema in a
nested case-control study conducted in a different age group,
country, and disease population (37), highlighting the complex-
ity of the situation. As the immune modulation properties of
bacteria seem to be distinctly strain specific, it cannot be ruled
out that the nature of the immune response induced by a specific
strain plays a more important role than its classification.

Even though the microbiota hypothesis may not conclusively
explain all observations and does not provide specific guidance
on how to limit the allergy epidemic, it does provide a strong
framework and rationale for using probiotics to modify the gut
microbiota and thereby shaping the immune response of the
host, especially in infancy. In addition, probiotics might also be
considered for treatment of subjects already suffering from
allergic disease on the basis of their immune modulation
properties. This approach has typically been followed in trials
aimed at reducing symptoms of respiratory allergies.

Expectations about developing probiotics to prevent or treat
allergic diseases should remain realistic and consistent with the
complexity of the studied situation, including the time point of

disease progression (Fig. 2). However, even a partial but
reproducible reduction of symptoms or decrease in the risk of
allergy onset would correspond to an important contribution to
the management of allergic manifestations.

Effects of probiotics in clinical studies of

allergic diseases

Including the first publication in 1997, over 25 randomized,
double-blind, placebo-controlled clinical trials have been con-
ducted to study the effects of various probiotics on treatment
and prevention of allergic diseases. In total, almost 3000
individuals (including those in placebo groups) have participated
in these studies so far (Table 1) (38–68). This subject has been
covered thoroughly in 3 recent reviews and 1 metaanalysis
(37,69–71). Even though these reviews partly diverge in their
conclusions, the consensus is that the evidence is stronger for
prevention of atopic disease than for treatment of atopic eczema
and that the probiotic approach certainly deserves to be further
explored. In the case of food allergy, there is definitely a need to
find alternative solutions to the currently recommended eviction
diet (allergen avoidance). Of note, a systematic review of
treatment trials of allergic rhinitis/asthma has been published
recently (72).

Management of eczema and atopic
eczema by probiotics
To date, randomized clinical trials of probiotics in allergic
diseases have mostly focused on children with eczema and atopic
eczema. These definitions have recently been revised by an
international expert group as described above (1). In many of the
studies published before the revision of the nomenclature,
different definitions have been used, making direct comparisons
between the studies difficult (Table 1). Probiotic strains and
doses have also varied considerably between the studies.
Lactobacillus rhamnosus GG is the strain that has been most
studied. The first studies with this strain suggested a therapeutic
effect both in eczema and atopic eczema (38,39), whereas the
most recent reports show an effect only in patients suffering
from atopic eczema (41) or no effect at all (44–46). In
conclusion, most of the studies have been conducted in small
numbers of patients and results have varied considerably, even
with the same strain. This may be due to differences in the

FIGURE 2 Sequence of events in the develop-

ment of asthma. Priming living conditions leading to

allergen exposure which, dependent on genetic and

maternal factors, cause sensitization and symptoms

of asthma. Following these initial acute inflamma-

tory reactions, continuous allergen exposure leads

to worsening of clinical symptoms, including airway

remodelling. The window of successful intervention

with probiotics is probably during the early stages of

the disease, i.e. before exposure to allergens.
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clinical set-up (different target populations, countries, and
intervention schemes and, importantly, additional treatments
such as topical treatment or feeding hydrolyzed infant formulae)
but also, and this should be stressed, different probiotic
preparations or formulations. Thus, at present, a specific
probiotic strain cannot be recommended for the general treat-
ment of eczema or atopic eczema.

Management of allergic rhinitis and
asthma by probiotics
Apart from a small trial with Lactobacillus acidophilus in adult
asthmatics (47), a Finnish study with allergic marathon runners
using Lactobacillus GG (55) and an Italian study with children
between the ages of 2 and 5 y supplemented with Lactobacillus
casei DN-114 001 (54), all the other randomized, placebo-
controlled clinical trials of probiotics in respiratory allergic
diseases (48–53,56) have been conducted in teenagers and adults
with allergic rhinitis (Table 1).

A few studies suggest that certain probiotic strains (B.
longum BB536, L. paracasei Lp33, and L. acidophilus L92) may
alleviate symptoms of patients and improve their quality of life
(49–52). The only strain with an antiinflammatory effect,
Lactobacillus casei strain Shirota (56), offered no relief of
symptoms in another trial (53). The Italian study found that
Lactobacillus casei DN-114 001 supplementation decreased the
number of rhinitis episodes in children with allergic rhinitis (54).
However, these episodes were reported by parental diary only
and their cause (i.e. viral or allergic) was not studied. Other
methodological shortcomings mean that firm conclusions can-
not be drawn about the possible therapeutic effects of probiotics
in these studies. These flaws include small study populations, use
of nonvalidated symptom scores, and no reporting of the
possible use of antiallergic medications during the study period.
Additional comments on these studies can be found in the review
of Vliagoftis et al. (72).

Preventive studies for atopic disease
From a theoretical point of view, it would be an ideal situation if
probiotics could be used in the prevention of allergic diseases.
Therefore, it is not surprising that there are several ongoing
preventive trials to be completed during the next few years (69).
To date, the results of 8 prospective preventive studies with
different Lactobacillus or Bifidobacterium strains (or mixture)
in children at high risk for allergic diseases have been published
(57–59,62–66). In addition, 1 trial was conducted with a
mixture of 4 probiotic strains and prebiotic galactooligosac-
charides (60,61) (Table 1). The hallmark Finnish study demon-
strated that administration of L. rhamnosus GG for 1 mo before
and 6 mo after birth was associated with a significant reduction
in the cumulative incidence of eczema during the first 7 y of life
(57–59). There were no preventive effects on atopic sensitization
and onset of respiratory allergic diseases. A subgroup analysis of
the cohort found that maternal probiotic supplementation
during pregnancy and breast-feeding increased the immunopro-
tective potential of breast milk, as assessed by the amount of
TGFb2 in the milk, and decreased the risk of developing atopic
eczema during the first 2 y of life (73). The Finnish study
conducted with a mixture of 4 probiotics and prebiotics reported
a similar although not so distinct preventive effect on eczema
and atopic eczema (60). This effect, however, lasted up to the age
of 5 y only in children delivered by caesarean section (61).
Nevertheless, in a very recent German study, Lactobacillus GG
supplementation was not associated with a decreased risk of
eczema but with an increased risk for recurrent ($5) episodes of

wheezing bronchitis during the first 2 y of life (64). Two recent
studies with different lactobacilli also produced conflicting
results. Use of Lactobacillus reuteri ATCC55730 for 1 mo
before and 12 mo after birth was associated with a reduced risk
of atopic eczema during the second year of life. This probiotic
strain also reduced atopic sensitization among infants from
allergic mothers (63). On the contrary, administration of
Lactobacillus acidophilus LAVRI-A1 during the first 6 mo of
life did not reduce the risk of atopic eczema and increased the
risk of atopic sensitization in high-risk children (62). In a
preventive study in high-risk babies, 2 different probiotic
preparations were compared and it was found that supplemen-
tation with Lactobacillus rhamnosus HN001, but not Bifido-
bacterium animalis subsp lactis HN019, substantially reduced
the cumulative prevalence of eczema by 2 y (65). A mixture of 3
probiotics strains, Bifidobacterium bifidum W23, Bifidobacte-
rium lactis W52, and Lactococcus lactis W58 selected in vitro,
was used by Niers et al. (68) for primary prevention of allergic
disease. Probiotics were administered 6 wk prenatally to
mothers of high-risk children and to their offspring for the first
12 mo of life. Although cumulative incidence of atopic eczema
and IgE levels were similar in both treated and placebo groups,
the parental reported eczema was significantly lower during the
first 3 mo of life in infants receiving probiotics. The preventive
effect on the incidence of eczema was reported to last for 2 y and
seemed to be established during the first 3 mo of life. Of note, a
recently published Swedish study demonstrated that adminis-
tration of Lactobacillus casei F19 during weaning significantly
reduced the incidence of eczema, indicating that proper timing
of the probiotic intervention is a critical factor (67). This study
also supports the notion that there is more than a single window
of opportunity to manage allergic diseases.

Allergy animal models: what can we learn

from them?

Although there is a general consensus that probiotic effects have
to be demonstrated in human trials conducted in the final target
population, research in the allergy area may still benefit from
preclinical work performed in animal models (Table 2). The
number of available probiotics strains, the range of allergic
manifestations, and the uncertainty about the best window of
intervention (i.e. prenatal, neonatal, weaning, early childhood,
adult) often hampers the decision to directly proceed with a
clinical intervention study. In addition, the increasing ethical
constraints may limit the possibility to perform human studies,
especially in infants, without preclinical data. Moreover, it is
unlikely that a single strain or a combination of specific strains
will protect against all manifestations of the allergic syndrome at
different periods of life.

Different animal models, including guinea pigs, monkeys,
dogs, rats, and mice, and numerous sensitization protocols to
food, contact, and aeroallergens are used to establish an allergic/
asthma-like phenotype. They have been used as tools in an
attempt to provide insights into the relationship between
microbiota and/or intervention with probiotics to prevent or
manage allergies. Rodent models have been widely used to gain
further knowledge of the mechanisms leading to tolerance
induction or allergy onset. Many of the immune cells and
mediators involved in the development of allergy and hypersen-
sitivity reactions in humans have a counterpart in experimental
animals. As mentioned above, the interaction of the developing
immune system with the microbiota seems to play a decisive role
for the generation of appropriate immune responses later in life.
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However, animal studies have mostly been performed in young
adult mice with administration of probiotics starting around
weaning. Interestingly, recent papers have begun to investigate
the impact of different intervention windows, i.e. comparing
perinatal and postnatal treatment (74,75).

Recommendations and gaps in human

trials with probiotics in preventing and

managing allergy

The current evidence summarized above suggests that certain
probiotic strains may play a role in the prevention and
management of atopic disease. To consolidate these observa-
tions, additional studies are needed where the following points
should be considered carefully: 1) Diagnosis of atopic diseases
should be based on uniform criteria in different studies and
clusters of subpopulations should be identified. 2) Genotyping of
study patients in relation to different genes predisposing to
allergic diseases may help to find patients that might especially
benefit from probiotic intervention. For example, 2 independent
mutations in the gene encoding the epidermal protein filaggrin
have been shown to be strong predisposing factors for childhood
eczema (76). Of note, these same mutations have recently been
demonstrated to be associated not only with eczema-associated
asthma susceptibility but also with asthma severity independent
of eczema status (77). More generally, any means to better
stratify or select defined subpopulations of subjects (e.g. patients
with food allergy as a separate group) would help in clarifying
the potency and limits of probiotic interventions against allergic
diseases. 3) Symptom scores of allergic diseases in different
studies should be similar and thoroughly validated. 4) Antial-
lergic and other medications such as antibiotic use should be
closely monitored and reported, as well as other possible
confounding factors, including living conditions (rural vs.
urban, siblings, pets, weaning habits, etc.).

The following knowledge gaps have been identified: 1)
Effects of different probiotic strains or combinations thereof
on different intervention windows should be studied and
compared. 2) Despite numerous data coming from in vitro and
animal studies, mechanisms of probiotic action in clinical studies
remain to be elucidated. More studies such as the one conducted

by Roessler et al. (78) to examine the effect of probiotics on the
immune system of different types of populations should be
initiated. 3) In addition to atopic sensitization, other objective
markers of allergic diseases are lacking. It should, however, be
pointed out that atopic sensitization is considered more likely a
marker rather than a definite causative factor for allergic
respiratory diseases and atopic eczema, and its central role in
allergic diseases has been at least partly brought into question
lately (79–81). Therefore, more specific and better markers
based on pathogenesis of these disorders are urgently needed.

Conclusions
After a decade of clinical research in the field of allergy and
probiotics, no general recommendations for their use in clinical
practice can be given. There are a few clinical trials with
outstanding findings but also some studies reporting negative
results. To date only a limited number of strains have demon-
strated benefits, mostly in the area of preventing allergic
diseases. It should be kept in mind, however, that this area of
research is relatively new, as the first probiotic intervention trial
dates back to 1997 (38). The current state of the art most
probably reflects the inherent complexity of the allergic syn-
drome, the difficulty in taking confounding factors into account
(69), the varying characteristics and potentials of different
probiotics strains, and the still-insufficient understanding of how
specific probiotics may counteract different types of immune
dysfunction found in allergic diseases in vivo. Better alignment
of clinical designs as suggested above would help to render
results of studies conducted with different strains, possibly in
different populations and at different time points of disease
progression, more comparable. This would allow us to reduce
controversy in the area and promote rapid progress in this
promising field while allowing to perform metaanalyses on
adequate data sets. Keeping in mind realistic expectations and
the recommendations proposed above and by other experts, we
postulate that in the future, probiotic strains properly selected for
specific allergic manifestations in well-defined target populations
might become an efficient tool in the fight against allergic diseases.
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Basis for studying probiotic interventions in mouse models
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sensitization protocols and large number of mice

Head-to-head comparison of performance of new candidate strains Difficulty in comparing similar models from different laboratories

Possibility to conduct dose-response curves Mouse microbiota differs substantially from the human one

Investigation of different time windows for intervention Extrapolation of effective probiotic dose to humans

Dissect key signaling pathways for tolerance induction by probiotics

(mechanistic studies)

Difficulty to link clinical symptoms to biological/immunological markers (in some models,

no individual correlation between all markers), in particular IgE levels. In this respect,

similar situation in humans.

Discover key immune players in tolerance induction/allergy onset and leverage to human

studies; take advantage of genetically modified mice lines

Predictive value not truly established

Clarification of the immune modulation capacity of an antiallergy candidate

Identification of the active compounds of the probiotic strains

Analyze the impact of the genetic background

Long-term observations remain short in time

Obtain approval of ethical committee for human trials.
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Literature Cited

1. Johansson SG, Bieber T, Dahl R, Friedmann PS, Lanier BQ, Lockey RF,
Motala C, Ortega Martell JA, Platts-Mills TA, et al. Revised nomen-
clature for allergy for global use: report of the Nomenclature Review
Committee of the World Allergy Organization, October 2003. J Allergy
Clin Immunol. 2004;113:832–6.

2. Holgate ST. The epidemic of allergy and asthma. Nature. 1999;402:B2–4.

3. Prioult G, Nagler-Anderson C. Mucosal immunity and allergic re-
sponses: lack of regulation and/or lack of microbial stimulation?
Immunol Rev. 2005;206:204–18.

4. Bloemen K, Verstraelen S, Van Den Heuvel R, Witters H, Nelissen I,
Schoeters G. The allergic cascade: review of the most important
molecules in the asthmatic lung. Immunol Lett. 2007;113:6–18.

5. Larche M. Regulatory T cells in allergy and asthma. Chest. 2007;
132:1007–14.

6. Xystrakis E, Boswell SE, Hawrylowicz CM. T regulatory cells and the
control of allergic disease. Expert Opin Biol Ther. 2006;6:121–33.

7. Akdis M, Blaser K, Akdis CA. T regulatory cells in allergy: novel
concepts in the pathogenesis, prevention, and treatment of allergic
diseases. J Allergy Clin Immunol. 2005;116:961–8.

8. Hawrylowicz CM, Jarman ER, Guida L, O’Hehir RE, Lamb JR. T-cell
receptor peptides that inhibit the T-cell response to allergen induce
transforming growth factor-beta 1 production. J Allergy Clin Immunol.
1996;97:707–9.

9. Akbari O, Stock P, DeKruyff RH, Umetsu DT. Mucosal tolerance and
immunity: regulating the development of allergic disease and asthma.
Int Arch Allergy Immunol. 2003;130:108–18.

10. Akdis M, Verhagen J, Taylor A, Karamloo F, Karagiannidis C, Crameri
R, Thunberg S, Deniz G, Valenta R, et al. Immune responses in healthy
and allergic individuals are characterized by a fine balance between
allergen-specific T regulatory 1 and T helper 2 cells. J Exp Med. 2004;
199:1567–75.

11. Ling EM, Smith T, Nguyen XD, Pridgeon C, Dallman M, Arbery J, Carr
VA, Robinson DS. Relation of CD4+CD25+ regulatory T-cell suppres-
sion of allergen-driven T-cell activation to atopic status and expression
of allergic disease. Lancet. 2004;363:608–15.

12. Karlsson MR, Rugtveit J, Brandtzaeg P. Allergen-responsive CD4
+CD25+ regulatory T cells in children who have outgrown cow’s milk
allergy. J Exp Med. 2004;199:1679–88.

13. Schmidt-Weber CB, Akdis M, Akdis CA. TH17 cells in the big picture of
immunology. J Allergy Clin Immunol. 2007;120:247–54.

14. Ostman S, Rask C, Wold AE, Hultkrantz S, Telemo E. Impaired
regulatory T cell function in germ-free mice. Eur J Immunol. 2006;
36:2336–46.

15. von Mutius E, Martinez FD, Fritzsch C, Nicolai T, Roell G, Thiemann
HH. Prevalence of asthma and atopy in two areas of West and East
Germany. Am J Respir Crit Care Med. 1994;149:358–64.

16. Prescott SL. Allergy: the price we pay for cleaner living? Ann Allergy
Asthma Immunol. 2003;90:64–70.

17. Wickman M, Lilja G. Today, one child in four has an ongoing allergic
disease in Europe. What will the situation be tomorrow? Allergy.
2003;58:570–1.

18. Alm JS, Swartz J, Lilja G, Scheynius A, Pershagen G. Atopy in children
of families with an anthroposophic lifestyle. Lancet. 1999;353:
1485–8.

19. Floistrup H, Swartz J, Bergstrom A, Alm JS, Scheynius A, van Hage M,
Waser M, Braun-Fahrlander C, Schram-Bijkerk D, et al. Allergic disease
and sensitization in Steiner school children. J Allergy Clin Immunol.
2006;117:59–66.

20. Schaub B, Lauener R, von Mutius E. The many faces of the hygiene
hypothesis. J Allergy Clin Immunol. 2006;117:969–77.

21. Wong GW, von Mutius E, Douwes J, Pearce N. Environmental
determinants associated with the development of asthma in childhood.
Int J Tuberc Lung Dis. 2006;10:242–51.

22. Ege MJ, Frei R, Bieli C, Schram-Bijkerk D, Waser M, Benz MR, Weiss
G, Nyberg F, van Hage M, et al. Not all farming environments protect

against the development of asthma and wheeze in children. J Allergy
Clin Immunol. 2007;119:1140–7.

23. Bieli C, Eder W, Frei R, Braun-Fahrlander C, Klimecki W, Waser M,
Riedler J, von Mutius E, Scheynius A, et al. A polymorphism in CD14
modifies the effect of farm milk consumption on allergic diseases and
CD14 gene expression. J Allergy Clin Immunol. 2007;120:1308–15.

24. Alm JS, Swartz J, Bjorksten B, Engstrand L, Engstrom J, Kuhn I, Lilja G,
Mollby R, Norin E, et al. An anthroposophic lifestyle and intestinal
microflora in infancy. Pediatr Allergy Immunol. 2002;13:402–11.

25. Dicksved J, Floistrup H, Bergstrom A, Rosenquist M, Pershagen G,
Scheynius A, Roos S, Alm JS, Engstrand L, et al. Molecular finger-
printing of the fecal microbiota of children raised according to different
lifestyles. Appl Environ Microbiol. 2007;73:2284–9.

26. Fanaro S, Chierici R, Guerrini P, Vigi V. Intestinal microflora in early
infancy: composition and development. Acta Paediatr Suppl. 2003;91:
48–55.

27. Bjorksten B, Naaber P, Sepp E, Mikelsaar M. The intestinal microflora
in allergic Estonian and Swedish 2-year-old children. Clin Exp Allergy.
1999;29:342–6.

28. Watanabe S, Narisawa Y, Arase S, Okamatsu H, Ikenaga T, Tajiri Y,
Kumemura M. Differences in fecal microflora between patients with
atopic dermatitis and healthy control subjects. J Allergy Clin Immunol.
2003;111:587–91.

29. Kalliomaki M, Kirjavainen P, Eerola E, Kero P, Salminen S, Isolauri E.
Distinct patterns of neonatal gut microflora in infants in whom atopy
was and was not developing. J Allergy Clin Immunol. 2001;107:
129–34.

30. Bjorksten B, Sepp E, Julge K, Voor T, Mikelsaar M. Allergy develop-
ment and the intestinal microflora during the first year of life. J Allergy
Clin Immunol. 2001;108:516–20.

31. Penders J, Thijs C, van den Brandt PA, Kummeling I, Snijders B, Stelma
F, Adams H, van Ree R, Stobberingh, EE. Gut microbiota composition
and development of atopic manifestations in infancy: the KOALA Birth
Cohort Study. Gut. 2007;56:661–7.

32. Adlerberth I, Strachan DP, Matricardi PM, Ahrne S, Orfei L, Aberg N,
Perkin MR, Tripodi S, Hesselmar B, et al. Gut microbiota and
development of atopic eczema in 3 European birth cohorts. J Allergy
Clin Immunol. 2007;120:343–50.

33. Benn CS, Thorsen P, Jensen JS, Kjaer BB, Bisgaard H, Andersen M,
Rostgaard K, Bjorksten B, Melbye M. Maternal vaginal microflora
during pregnancy and the risk of asthma hospitalization and use of
antiasthma medication in early childhood. J Allergy Clin Immunol.
2002;110:72–7.

34. Penders J, Thijs C, Vink C, Stelma FF, Snijders B, Kummeling I, van den
Brandt PA, Stobberingh EE. Factors influencing the composition of the
intestinal microbiota in early infancy. Pediatrics. 2006;118:511–21.

35. Wang M, Karlsson C, Olsson C, Adlerberth I, Wold AE, Strachan DP,
Martricardi PM, Aberg N, Perkin MR, et al. Reduced diversity in the
early fecal microbiota of infants with atopic eczema. J Allergy Clin
Immunol. 2008;121:129–34.

36. Gore C, Munro K, Lay C, Bibiloni R, Morris J, Woodcock A, Custovic
A, Tannock GW. Bifidobacterium pseudocatenulatum is associated with
atopic eczema: a nested case-control study investigating the fecal
microbiota of infants. J Allergy Clin Immunol. 2008;121:135–40.

37. Stsepetova J, Sepp E, Julge K, Vaughan E, Mikelsaar M, de Vos WM.
Molecularly assessed shifts of Bifidobacterium ssp. and less diverse
microbial communities are characteristic of 5-year-old allergic children.
FEMS Immunol Med Microbiol. 2007;51:260–9.

38. Majamaa H, Isolauri E. Probiotics: a novel approach in the manage-
ment of food allergy. J Allergy Clin Immunol. 1997;99:179–85.

39. Isolauri E, Arvola T, Sutas Y, Moilanen E, Salminen S. Probiotics in the
management of atopic eczema. Clin Exp Allergy. 2000;30:1604–10.

40. Rosenfeldt V, Benfeldt E, Nielsen SD, Michaelsen KF, Jeppesen DL,
Valerius NH, Paerregaard A. Effect of probiotic Lactobacillus strains in
children with atopic dermatitis. J Allergy Clin Immunol. 2003;111:
389–95.

41. Viljanen M, Savilahti E, Haahtela T, Juntunen-Backman K, Korpela R,
Poussa T, Tuure T, Kuitunen M. Probiotics in the treatment of
atopic eczema/dermatitis syndrome in infants: a double-blind placebo-
controlled trial. Allergy. 2005;60:494–500.

42. Weston S, Halbert A, Richmond P, Prescott SL. Effects of probiotics on
atopic dermatitis: a randomised controlled trial. Arch Dis Child.
2005;90:892–7.

720S Supplement

 at U
stredni Z

em
edelska A

 Lesnicka K
nihovna on June 7, 2010 

jn.nutrition.org
D

ow
nloaded from

 

http://jn.nutrition.org


43. Sistek D, Kelly R, Wickens K, Stanley T, Fitzharris P, Crane J. Is the
effect of probiotics on atopic dermatitis confined to food sensitized
children? Clin Exp Allergy. 2006;36:629–33.

44. Brouwer ML, Wolt-Plompen SA, Dubois AE, van der Heide S, Jansen
DF, Hoijer MA, Kauffman HF, Duiverman EJ. No effects of probiotics
on atopic dermatitis in infancy: a randomized placebo-controlled trial.
Clin Exp Allergy. 2006;36:899–906.

45. Folster-Holst R, Muller F, Schnopp N, Abeck D, Kreiselmaier I, Lenz T,
von Ruden U, Schrezenmeir J, Christophers E, et al. Prospective,
randomized controlled trial on Lactobacillus rhamnosus in infants with
moderate to severe atopic dermatitis. Br J Dermatol. 2006;155:
1256–61.

46. Gruber C, Wendt M, Sulser C, Lau S, Kulig M, Wahn U, Werfel T,
Niggemann B. Randomized, placebo-controlled trial of Lactobacillus
rhamnosus GG as treatment of atopic dermatitis in infancy. Allergy.
2007;62:1270–6.

47. Wheeler JG, Shema SJ, Bogle ML, Shirrell MA, Burks AW, Pittler A,
Helm RM. Immune and clinical impact of Lactobacillus acidophilus on
asthma. Ann Allergy Asthma Immunol. 1997;79:229–33.

48. Helin T, Haahtela S, Haahtela T. No effect of oral treatment with an
intestinal bacterial strain, Lactobacillus rhamnosus (ATCC 53103), on
birch-pollen allergy: a placebo-controlled double-blind study. Allergy.
2002;57:243–6.

49. Wang MF, Lin HC, Wang YY, Hsu CH. Treatment of perennial allergic
rhinitis with lactic acid bacteria. Pediatr Allergy Immunol. 2004;
15:152–8.

50. Peng GC, Hsu CH. The efficacy and safety of heat-killed Lactobacillus
paracasei for treatment of perennial allergic rhinitis induced by house-
dust mite. Pediatr Allergy Immunol. 2005;16:433–8.

51. Ishida Y, Nakamura F, Kanzato H, Sawada D, Hirata H, Nishimura A,
Kajimoto O, Fujiwara S. Clinical effects of Lactobacillus acidophilus
strain L-92 on perennial allergic rhinitis: a double-blind, placebo-
controlled study. J Dairy Sci. 2005;88:527–33.

52. Xiao JZ, Kondo S, Yanagisawa N, Takahashi N, Odamaki T, Iwabuchi
N, Miyaji K, Iwatsuki K, Togashi H, et al. Probiotics in the treatment of
Japanese cedar pollinosis: a double-blind placebo-controlled trial. Clin
Exp Allergy. 2006;36:1425–35.

53. Tamura M, Shikina T, Morihana T, Hayama M, Kajimoto O, Sakamoto
A, Kajimoto Y, Watanabe O, Nonaka C, et al. Effects of probiotics on
allergic rhinitis induced by Japanese cedar pollen: randomized double-
blind, placebo-controlled clinical trial. Int Arch Allergy Immunol.
2007;143:75–82.

54. Giovannini M, Agostoni C, Riva E, Salvini F, Ruscitto A, Zuccotti GV,
Radaelli G. A randomized prospective double blind controlled trial on
effects of long-term consumption of fermented milk containing Lacto-
bacillus casei in pre-school children with allergic asthma and/or rhinitis.
Pediatr Res. 2007;62:215–20.

55. Moreira A, Kekkonen R, Korpela R, Delgado L, Haahtela T. Allergy in
marathon runners and effect of Lactobacillus GG supplementation on
allergic inflammatory markers. Respir Med. 2007;101:1123–31.

56. Ivory K, Chambers SJ, Pin C, Prieto E, Arques JL, Nicoletti C. Oral
delivery of Lactobacillus casei Shirota modifies allergen-induced
immune responses in allergic rhinitis. Clin Exp Allergy. 2008;38:
1282–9.

57. Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri
E. Probiotics in primary prevention of atopic disease: a randomised
placebo-controlled trial. Lancet. 2001;357:1076–9.

58. Kalliomaki M, Salminen S, Poussa T, Arvilommi H, Isolauri E.
Probiotics and prevention of atopic disease: 4-year follow-up of a
randomised placebo-controlled trial. Lancet. 2003;361:1869–71.

59. Kalliomaki M, Salminen S, Poussa T, Isolauri E. Probiotics during the
first 7 years of life: a cumulative risk reduction of eczema in a
randomized, placebo-controlled trial. J Allergy Clin Immunol.
2007;119:1019–21.

60. Kukkonen K, Savilahti E, Haahtela T, Juntunen-Backman K, Korpela R,
Poussa T, Tuure T, Kuitunen M. Probiotics and prebiotic galacto-
oligosaccharides in the prevention of allergic diseases: a randomized,
double-blind, placebo-controlled trial. J Allergy Clin Immunol. 2007;
119:192–8.

61. Kuitunen M, Kukkonen K, Juntunen-Backman K, Korpela R, Poussa T,
Tuure T, Haahtela T, Savilahti E. Probiotics prevent IgE-associated
allergy until age 5 years in cesarean-delivered children but not in the
total cohort. J Allergy Clin Immunol. 2009;123:335–41.

62. Taylor AL, Dunstan JA, Prescott SL. Probiotic supplementation for the
first 6 months of life fails to reduce the risk of atopic dermatitis and
increases the risk of allergen sensitization in high-risk children: a
randomized controlled trial. J Allergy Clin Immunol. 2007;119:
184–91.

63. Abrahamsson TR, Jakobsson T, Bottcher MF, Fredrikson M, Jenmalm
MC, Bjorksten B, Oldaeus G. Probiotics in prevention of IgE-associated
eczema: a double-blind, randomized, placebo-controlled trial. J Allergy
Clin Immunol. 2007;119:1174–80.

64. Kopp MV, Hennemuth I, Heinzmann A, Urbanek R. Randomized,
double-blind, placebo-controlled trial of probiotics for primary preven-
tion: no clinical effects of Lactobacillus GG supplementation. Pediat-
rics. 2008;121:e850–6.

65. Wickens K, Black PN, Stanley TV, Mitchell E, Fitzharris P, Tannock
GW, Purdie G, Crane J. A differential effect of 2 probiotics in the
prevention of eczema and atopy: a double-blind, randomized, placebo-
controlled trial. J Allergy Clin Immunol. 2008;122:788–94.

66. Soh SE, Aw M, Gerez I, Chong YS, Rauff M, Ng YP, Wong HB, Pai N,
Lee BW, et al. Probiotic supplementation in the first 6 months of life in
at risk Asian infants: effects on eczema and atopic sensitization at the
age of 1 year. Clin Exp Allergy. 2008;

67. West CE, Hammarstrom ML, Hernell O. Probiotics during weaning
reduce the incidence of eczema. Pediatr Allergy Immunol. 2009;

68. Niers L, Martin R, Rijkers G, Sengers F, Timmerman H, van Uden N,
Smidt H, Kimpen J, Hoekstra M. The effects of selected probiotic
strains on the development of eczema (the PandA study). Allergy. 2009;

69. Prescott SL, Bjorksten B. Probiotics for the prevention or treatment of
allergic diseases. J Allergy Clin Immunol. 2007;120:255–62.

70. Betsi GI, Papadavid E, Falagas ME. Probiotics for the treatment or
prevention of atopic dermatitis: a review of the evidence from
randomized controlled trials. Am J Clin Dermatol. 2008;9:93–103.

71. Caramia G, Atzei A, Fanos V. Probiotics and the skin. Clin Dermatol.
2008;26:4–11.

72. Vliagoftis H, Kouranos VD, Betsi GI, Falagas ME. Probiotics for the
treatment of allergic rhinitis and asthma: systematic review of
randomized controlled trials. Ann Allergy Asthma Immunol. 2008;
101:570–9.

73. Rautava S, Kalliomaki M, Isolauri E. Probiotics during pregnancy and
breast-feeding might confer immunomodulatory protection against
atopic disease in the infant. J Allergy Clin Immunol. 2002;109:
119–21.

74. Blumer N, Sel S, Virna S, Patrascan CC, Zimmermann S, Herz U, Renz
H, Garn H. Perinatal maternal application of Lactobacillus rhamnosus
GG suppresses allergic airway inflammation in mouse offspring. Clin
Exp Allergy. 2007;37:348–57.

75. Feleszko W, Jaworska J, Rha RD, Steinhausen S, Avagyan A, Jaudszus
A, Ahrens B, Groneberg DA, Wahn U, et al. Probiotic-induced
suppression of allergic sensitization and airway inflammation is
associated with an increase of T regulatory-dependent mechanisms in
a murine model of asthma. Clin Exp Allergy. 2007;37:498–505.

76. Palmer CN, Irvine AD, Terron-Kwiatkowski A, Zhao Y, Liao H, Lee SP,
Goudie DR, Sandilands A, Campbell LE, et al. Common loss-of-
function variants of the epidermal barrier protein filaggrin are a major
predisposing factor for atopic dermatitis. Nat Genet. 2006;38:
441–6.

77. Palmer CN, Ismail T, Lee SP, Terron-Kwiatkowski A, Zhao Y, Liao H,
Smith FJ, McLean WH, Mukhopadhyay S. Filaggrin null mutations are
associated with increased asthma severity in children and young adults.
J Allergy Clin Immunol. 2007;120:64–8.

78. Roessler A, Friedrich U, Vogelsang H, Bauer A, Kaatz M, Hipler UC,
Schmidt I, Jahreis G. The immune system in healthy adults and patients
with atopic dermatitis seems to be affected differently by a probiotic
intervention. Clin Exp Allergy. 2008;38:93–102.

79. Williams H, Flohr C. How epidemiology has challenged 3 prevailing
concepts about atopic dermatitis. J Allergy Clin Immunol. 2006;118:
209–13.

80. Flohr C, Weiland SK, Weinmayr G, Bjorksten B, Braback L, Brunekreef
B, Buchele G, Clausen M, Cookson WO, et al. The role of atopic
sensitization in flexural eczema: findings from the International Study of
Asthma and Allergies in Childhood Phase Two. J Allergy Clin Immunol.
2008;121:141–7.

81. Pearce N, Pekkanen J, Beasley R. How much asthma is really
attributable to atopy? Thorax. 1999;54:268–72.

How to assess beneficial effects of probiotics 721S

 at U
stredni Z

em
edelska A

 Lesnicka K
nihovna on June 7, 2010 

jn.nutrition.org
D

ow
nloaded from

 

http://jn.nutrition.org

