
Role of probiotics in food hypersensitivity
Erika Isolauria, Samuli Rautavaa, Marko KalliomaÈ kia, Pirkka Kirjavainenb and
Seppo Salminenb

The definition of probiotics has evolved concomitant with a

resurgence of research interest in host-microbe crosstalk. The

original definition stated that the live active culture beneficially

affects the host by improving its intestinal microbial balance,

while current conceptions are based on target- and site-

specific effects of clearly defined strains. The establishment of

normal microbiota in the intestine represents a key process

whereby the intestinal milieu is kept disease-free as it performs

its dual function: mounting an inflammatory response to

pathogens and maintaining hyporesponsiveness to innocuous

antigens. Probiotic therapy is based on this concept of a healthy

well-balanced gut microbiota. The probiotic performance of

strains differs, however. Different bacteria have clearly defined

adherence sites and immunological effects and divergent

effects in the healthy versus inflamed mucosa. Hence,

notwithstanding recent demonstrations of the important

immunoregulatory potential of the healthy well-balanced gut

microbiota, current probiotic research is directed towards

identification of specific strains with anti-allergenic potential.
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Introduction
The dilemma of host immune defence is to generate an
effective response to pathogens maintaining unrespon-
siveness to antigens in food and the normal host
microbiota. The phenomenon termed `oral tolerance' is
crucial in avoiding local and peripheral in¯ammatory
responses to ubiquitous antigens [1]. Could allergies be
ascribed to a lack of such physiological anti-in¯ammatory
processes?

There are data to suggest that the prevalence of atopic
diseases (i.e. atopic eczema, allergic rhinoconjunctivitis
and asthma) has increased over recent decades through-
out the industrialized world [2]. These conditions are
associated with the generation of T-helper (Th)2-type
cytokines, including interleukin-4, interleukin-5 and
interleukin-13, which promote immunoglobulin E pro-
duction and eosinophilia [3]. The Th2-skewed immune
type may be balanced by cytokines that are secreted by
Th1, Th3 and T regulatory cell 1 cells, partly as a result
of stimulation by the gut microbiota [4.,5.,6±9].

In general, the `hygiene hypothesis' of allergy implies
that recent advances such as improved sanitation and
lifestyle changes, including the declining family size, in
Western societies have reduced the extent of microbial
exposure [10]. Infectious disease in early childhood may
in fact prevent allergic disease. An important criterion for
such a bene®cial sequel is that the infection also be
prevalent in developed countries, because the majority
of infants, even those genetically predisposed to atopy,
are still spared from atopic diseases. Moreover, exposure
should occur very early, because the ®rst expression of
the atopic immune responder type frequently occurs
within the ®rst few months of life [11]. The establish-
ment of the gut microbiota in providing an initial and
massive source of microbial stimuli may be a good
candidate `infection'. Delayed compositional develop-
ment of the normal intestinal microbiota has indeed
been shown to hinder the maturation of host defence
mechanisms in the gut in early infancy, when exposure
to novel allergenic challenges in diet and environment
continues, thereby carrying a potential risk for atopic
disease [12,13].

The rationale underlying probiotic therapy in allergic
diseases is, in the simplest terms, to provide a microbial
stimulus for the host immune system by means of
cultures of bene®cial live micro-organisms that are
characteristic of the healthy infant gut microbiota.
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However, there are more unresolved issues than
resolved ones in probiotic therapy. How is food allergy
related to the emergence of the atopic responder
phenotype? What are the targets of probiotic therapy in
the allergic/at-risk host? What are probiotics to date and
what are the speci®c probiotics of the future?

Exposure, sensitization and hypersensitivity:
still an open sequence of events
The increased prevalence of allergic disease in indus-
trialized countries cannot be explained by novel emer-
ging allergens sensitizing the host in addition to the
traditional dietary allergens and aeroallergens. Rather, it
would appear that environmental changes more directly
shape the immune responder type of the host during a
critical period of life [14.]. The ubiquitous allergens may
thus act as recipients of the altered immunological
responses, and not as their cause.

Data accumulating from recent research corroborate for
such a view. First, exposure to allergens that sensitize the
host immune system may not necessarily induce allergic
disease. For dust mite allergens, earlier data indicated a
dose±response link between exposure and clinical
symptoms [15]. Such a connection is no longer obvious,
although differences between allergens clearly exist. Lau
et al. [16 ..] from the Multicentre Allergy Study Group in
Germany evaluated pulmonary function and bronchial
hyperresponsiveness in 645 of a cohort of 1314 children
followed from birth. Sensitization to indoor allergens such
as house dust mites (as assessed by speci®c immunoglo-
bulin E), but not the level of exposure to these allergens,
was shown to be associated with asthma, wheeze and
increased bronchial responsiveness. Second, Platts-Mills
et al. [17] identi®ed a modi®ed Th2-type response,
characterized as an immunoglobulin G and immunoglo-
bulin G4 antibody response (which does not confer
increased risk for asthma), on exposure to cat allergen but
not on exposure to mite allergen. Similarly, production of
anti-in¯ammatory interleukin-10 (another modi®ed Th2-
type function) consistently accompanies infection with
helminth parasites, and infected children manifest less
atopy [18]. These data imply that eradication of allergens
from the early environment may not suf®ce to resolve the
increasing problem of allergic disease. More important
may be promoting factors that reinforce an anti-in¯am-
matory, potentially tolerogenic type of immune response
in order to assimilate potentially allergenic challenges.
Such factors would need to exert their effects at an early
age.

Physiologically, immune responses early in life are
predominantly of the Th2-type because of the immu-
nological balance that prevails in utero [19]. According to
a recent study [20] this Th2 bias may, at least in part, be
due to the large amounts of interleukin-13 produced by

neonatal CD8+ T cells. Interestingly, however, it has
been observed that neonatal Th2 responses, including
the production of interleukin-13 [21] and interleukin-4
[22], are actually lower in infants who develop atopic
disease than in those who remain healthy. It has been
suggested that healthy infants exhibit an age-dependent
decline in Th2 responses during the early postnatal
period, whereas infants who develop atopic disease with
initially lower Th2 responsiveness are characterized by a
converse pattern [22]. It would thus appear that
increased production of Th2 cytokines is the result of
defective immune regulation associated with the devel-
opment of atopic disease, rather than a direct cause of
such development.

Probiotics: extending the hygiene hypothesis
New approaches in the ®ght against allergies are clearly
called for, the target being the persistence of the allergic
responder pattern beyond infancy and not given aller-
gens in the environment. Establishment of the gut
microbiota commences immediately after birth [23,24],
thus providing timely counter-regulatory signals against
sustained Th2-skewed immunity.

The predominant faecal organisms by the end of the ®rst
week of life have been reported to comprise bi®dobac-
teria, bacteroides, clostridia, enterobacteria and strepto-
cocci. Breast-fed infants harbour a natural predominance
of bi®dobacteria, with speci®c strains present, whereas
formula-fed infants have a pro®le that is more complex
and similar to the adult microbiota, with enterobacteria,
lactobacilli, bacteroides, clostridia, bi®dobacteria and
streptococci [25]. After weaning, the composition gradu-
ally develops to resemble that of the adult. In adults,
anaerobes dominate with high numbers of bacteroides,
eubacteria, peptostreptococci and often bi®dobacteria
and with totals of 1011±1012 colony-forming units/g
faeces [24]. With further ageing the numbers of
lecithinase-negative clostridia and peptostreptococci
further increase and those of bi®dobacteria decrease
[24]. New methodology may reveal greater numbers of
microbes and as yet unidenti®ed microbes in different
parts of the gastrointestinal tract.

The indigenous bacteria have sometimes been classi®ed
as potentially harmful or health promoting (Table 1).
Probiotics have been selected from members of the
normal healthy intestinal microbiota, most of them
belonging to genera Lactobacillus or Bi®dobacterium, but
new probiotic microbes from other species and genera
have recently been introduced.

Scientific validation of probiotics: from
colonization to specific mechanisms
The original de®nition of `probiotic' stated that the live
active culture bene®cially affects the host by improving
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its intestinal microbial balance, while current concep-
tions are based on target- and site-speci®c effects of
clearly de®ned strains.

Quality control of probiotics

Selection of probiotics is from the healthy human
intestinal or mucosal microbiota as the primary source,
with added emphasis on survival in the gut, acid and bile
stability, and temporary colonization of the mucosal
surfaces in the intestinal tract. Quality control measures
include strain identi®cation and purity assessment using
modern biotechnological tools. Adhesion must be
assessed using at least two independent test systems,
for instance adhesion to human intestinal mucus and
human intestinal tissues [26,27]. Other tests include
adhesion to Caco-2 cells, platelet aggregation, and
comparison with other dairy and human strains [26,28].
Some probiotic strains adhere better to the small
intestine, whereas some bind speci®cally to different
parts of the large intestine [26]. It is likely that strains
also adhere differently in healthy versus damaged
mucosa [29], and even closely related probiotics have
been shown to possess different in-vitro properties [26];
this may also explain differences in clinical effects.

The criteria applied in probiotic selection have formed
the basis for safety assessments and evaluation of clinical
ef®cacy, and these properties therefore must be pre-
served during all stages of manufacturing and processing
[30]. However, it has recently been demonstrated [31]
that strains with lower total in-vitro binding capacity may
still effect highly competitive exclusion of pathogens or
harmful bacteria in vivo, indicating a need for further
characterization of adhesion properties to develop
preclinical selection methodologies for candidate probio-
tic strains.

Colonization is not mandatory for probiotic effect

Adherence and colonization are considered important for
probiotic action, but long-term intestinal colonization
may only be possible during very early infancy and
immediately after birth [32]. No proof of a need for
colonization has been reported and probiotics mostly
reside only transiently in faecal samples from humans

following dietary intake. Transient colonization may be
important in the case of, for example, acute diarrhoea
because unbalanced intestinal microbiota in such condi-
tions can be corrected by brief probiotic intervention
[33].

In general, many probiotic effects are unlikely to be
related to the intestinal microbiota changes indicated by
faecal cultures. Micro-organisms that directly interact
with the intestinal mucosa are obscured by faecal ¯ora
and thus are poorly characterized. Therefore, ef®cacy
veri®ed in human clinical studies is more important than
plain `colonization'. Detection of ingested probiotics in
faeces indicates that the strain is able to survive passage
through the intestinal tract, but is no indication of
adherence or colonization [34]. For immune regulation,
adherence properties may be required [35]. In fact,
colonization and the immunomodulatory effects of
probiotics may be mutually exclusive; sporadically
intruding micro-organisms may elicit speci®c responses
in the gut-associated lymphoid tissues [36]. Once
adopted by the normal microbiota, their potential to
stimulate an immune response may be abolished,
because oral tolerance mechanisms have been shown
to apply to the resident microbiota as well [37]. This
hypothesis is supported by earlier ®ndings on the clinical
ef®cacy of inactive probiotics without any immune-
enhancing effect [38,39].

What are the probiotics to date and what are the

specific probiotics of the future?

Probiotics have thus far been selected according to very
few criteria and the old de®nition of `probiotic', whereas
the spectrum of probiotic action is in fact rather universal
(Table 2) [40±45]. New criteria include local attachment
to intestinal mucosa (e.g. in the small intestine) and
documented clinical ef®cacy (e.g. in the treatment and
prevention of atopic disease). New probiotics can be
produced by exposing the micro-organism to sublethal
stress such as acidic conditions or heat, in order to
improve survival in the gastrointestinal tract and improve
tolerance to stress, and thereby to provide the organism
with improved competitiveness against pathogens in the
intestinal milieu [46]. Probiotic ef®cacy may also arise
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Table 1. The important characteristics of intestinal colonization

Characteristic Comment

Normal intestinal biota The complex collection and balance of micro-organisms that normally inhabit the healthy
gastrointestinal tract, fulfilling a role in host nutrition, physiology and control of the
immune system

Establishment of gut microbiota Establishment of the gut microbiota is a stepwise, well controlled process that occurs
during the first years of life

Balance between harm and benefit An individual balance exists between potentially harmful and health-promoting strains
(an individually optimized healthy gut microbiota)

Balance between normal microbiota and immune system A critical balance exists between the normal microbiota and the immune system of the
host; tolerance to the healthy balanced gut microbiota is generated and maintained



from the use of genetically modi®ed bacteria that exhibit
improved or added functional properties. These include
probiotics engineered to produce anti-in¯ammatory
cytokines [47]. Although no such new probiotics or
starter cultures are yet available in food, basic research is
active in the ®eld. Consequently, the probiotic concept
is rapidly evolving. The updated probiotic de®nition
(Table 2) includes speci®c probiotic properties to be
exploited in the development of disease-speci®c pro-
phylactic and therapeutic interventions.

Are there targets for probiotic therapy in
allergic disease?
Notwithstanding extensive scienti®c effort, fundamental
issues in infant allergic disease, particularly food
hypersensitivity, remain unresolved, the result being
inconsistent and inadequately supported practices. Pro-
biotics may provide a new treatment and prevention
modality for some allergic disorders, but should not be
added to the already lengthy list of fashionable,
`omnipotent' cures without scienti®c evidence. Current
probiotic research has improved our understanding of
allergic disease, and such work may uncover certain
speci®c processes as targets for probiotic therapy (Fig. 1
provides a summary of targets of probiotic therapy in
prevention and treatment of allergic disease). Future
probiotics based on such insights will have more
thoroughly clari®ed mechanisms to control speci®c
physiological processes either in the evolution of allergic
disease or in their dietary management. Thus far, active
research work in experimental animal models and well-
documented clinical studies have provided valuable
back-up in the pursuit of this objective.

Antigen processing and gut barrier functions

Degradation of antigens is a necessary initial step in
controlling in¯ammatory responsiveness to dietary anti-
gens [48±50]. Most antigens encountered are already
processed when they contact the mucosal surface.
Proteases of speci®c strains of the intestinal microbiota
contribute to the processing of food antigens in the gut
and modify their immunogenicity in vitro and in vivo.
This processing has been linked with the potential to
generate peptides with suppressive effects on lympho-

cyte proliferation in healthy persons. Caseins degraded
by probiotic bacteria-derived enzymes have further been
shown to modulate cytokine production by anti-CD3
antibody-induced peripheral blood mononuclear cells in
atopic infants with cow milk allergy [51±53].

The gut microbiota are believed to form an important
component of the gut barrier. Such a notion is supported
by the demonstration that the capacity to generate
immunoglobulin A-producing cells increases progres-
sively in response to intestinal antigenic stimulation,
particularly the establishment of the gut microbiota; this
also occurs in humans [12,54]. Consequently, the
compositional development of the gut microbiota and
their impact on the development of atopy and atopic
disease has been evaluated. Intestinal microbiota from
infants at high risk for atopic diseases were recently
analysed by conventional bacterial cultivation and two
culture-independent methods [13]: gas±liquid chromato-
graphy of bacterial cellular fatty acids and quantitative
¯uorescence in-situ hybridization of bacterial cells.
During the neonatal period the bacterial cellular fatty
acid pro®le in faecal samples differed signi®cantly
between infants that developed and those that did not
develop atopy, and on ¯uorescence in-situ hydridization
atopic infants were found to have more clostridia and
tended to have fewer bi®dobacteria in their stools than
did nonatopic infants. The observation was subsequently
supported by a binational study that utilized traditional
plate culture methods [55], which additionally reported a
higher prevalence of lactobacilli and a lower prevalence
of enterococci in atopic infants. Those ®ndings indicate
that a controlled stepwise colonization process is needed
for the maturation of human immunity to a nonatopic
mode.

During mucosal dysfunction caused by immaturity, but
also secondary to in¯ammation or hypersensitivity
reactions, the normal pattern of antigen handling is
impaired; this possibly evokes aberrant immune re-
sponses, leading to sensitization [50,56]. Probiotic
performance has been shown to manifest in normal-
ization of increased intestinal permeability and improve-
ment in the barrier functions of the intestines [50,57],
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Table 2. The definition of probiotics: the history behind the current proposition

Definition Reference

Specific bacteria in yoghurt fermentation balance intestinal microflora [40]
Substances excreted by one protozoan to stimulate the growth of another [41]
Substances that have a beneficial effect on animals by contributing to the balance of the intestinal flora [42]
Live microbial feed supplements that beneficially affect the host animal by improving the intestinal microbial balance [43]
Mono- or mixed cultures of live micro-organisms that, when applied in humans, affect the host beneficially by improving the properties

of the indigenous microflora [44]
Live microbial food ingredients that are beneficial to health (efficacy and safety scientifically documented) [45]
Specific live or inactivated microbial cultures that have documented targets in reducing the risk of human disease or in their nutritional The present

management review



also contributing to the capacity of speci®c strains to
dampen in¯ammatory responses in the gut.

Anti-inflammatory and antiallergic potential

Initial signals to counter interleukin-4 (and thereby
immunoglobulin E and atopy) and interleukin-5 gener-
ated eosinophilic in¯ammation may stem from compo-
nents of the innate immunity. The Th1-promoting
potential of the healthy gastrointestinal microbiota is
possibly associated with two structural components of
bacteria: the lipopolysaccharide portion of gram-negative
bacteria (endotoxin); and a speci®ed CpG motif in
bacterial DNA, the latter being 20 times more common
in the DNA of bacteria than in higher vertebrates
[58,59]. These structures activate immunomodulatory
genes via Toll-like receptors that are present, for
example, on macrophages, and dendritic and intestinal
epithelial cells [60,61 ..]. Lipopolysaccharide binds to
Toll-like receptor 4 on the cell surface, whereas the CpG
motif must be taken up into the cell by endocytosis
before binding to Toll-like receptor 9 [62,63]. Non-

pathogenic strains of human microbiota have been
demonstrated to affect transcription factors (e.g. nuclear
factor-kB), thus modifying gene expression [63,64 ..,65].

Endotoxin is a potent inducer of interferon-g and
interleukin-12. Higher endotoxin levels have been
found in homes where pets are kept. Keeping a dog or
a cat, or a whole farm, has been shown to contribute to a
lower risk of atopy [66]. Conversely, the homes of
allergen-sensitized infants were shown to contain sig-
ni®cantly lower concentrations of house dust endotoxin
than those of nonsensitized infants [67]. Varying
concentrations of endotoxin in house dust may conse-
quently explain the discrepancies between earlier
reports on exposure to house dust mite and risk of
sensitization and clinical allergy discussed above.

A recent experimental study conducted by Broide et al.
[68] points to the conclusion that the ability of
immunostimulatory bacterial DNA sequences to induce
Th1 may not be essential for the antiallergic effect of a
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Figure 1. Cross-talk between normal gut microbiota and the immune system in the development of allergic disease
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microbial stimulus. The major mechanism by which the
gut-associated lymphoid tissue maintains homeostasis is
via control of cytokine regulation. The hallmark of an
in¯ammatory response is generation of proin¯ammatory
cytokines, including interleukin-1, interleukin-2, tumour
necrosis factor-a and interferon-g. Even in health,
intestinal T cells express activation markers and
spontaneously secrete proin¯ammatory cytokines ±
phenomena that characterize physiological in¯ammation
[69] ± without any adverse health outcome. Healthy
homeostasis in the gut milieu may thus be achieved by
optimizing the balance of proin¯ammatory and anti-
in¯ammatory cytokines and other mediators.

Oral tolerance has been de®ned as the induction of
peripheral unresponsiveness as a result of oral adminis-
tration of soluble protein antigen [4.]. Tolerance may be
achieved through several distinct mechanisms (for
review [5 .]), including generation of a unique subset of
T cells designated Th3 cells. These produce predomi-
nantly transforming growth factor (TGF)-b, and are
believed to be pivotal in the active suppression that
leads to tolerance following exposure to low doses of
antigen. After priming of Th3 cells has taken place in the
Peyer's patches, the gut-originating cells migrate to the
periphery and are capable of suppressing in¯ammatory
responses on reactivation, thus mediating tolerance
systemically [70,71]. With regard to the active immuno-
suppressive elements involved, the de®nition of oral
tolerance has been extended to embrace `. . . any
mechanism by which a potentially injurious immune
response is prevented, suppressed, or shifted to a
noninjurious class of immune response' [5.].

Speci®c strains of the gut microbiota have been shown to
contribute to a Th cell population that is amenable to
oral tolerance induction [72], and to counter allergy by
generation of anti-in¯ammatory interleukin-10 and
TGF-b [5.,7±9]. Normalization of the properties of an
unbalanced indigenous micro¯ora by speci®c strains of
the healthy gut microbiota ± the rationale underlying
probiotic therapy ± may thus be seen more broadly as
restoration of the immunological milieu in the gut, and
not only a colonization resistance-type effect.

As discussed above, in healthy individuals tolerogenic
responses are elicited toward the indigenous intestinal
microbiota, and a disease-free state in the gut is
maintained. Interleukin-10 is produced in response to
microbial stimuli in experimental animals, because mice
with defective interleukin-10 production infected with
Helicobacter hepaticus develop Th1-type intestinal in¯am-
mation, whereas normal mice produce interleukin-10
and remain healthy [73]. However, the interplay
between the gut microbiota and the intestinal immune
system is more complex, as demonstrated by the

observation that interleukin-10-de®cient mice have
reduced levels of resident lactobacilli during the
neonatal period; normalizing the number of these
bacteria in the colon prevents development of intestinal
in¯ammation [57]. Furthermore, interleukin-10 de®cient
mice develop an intestinal permeability defect, preced-
ing the development of mucosal in¯ammation due to a
dysregulated Th1-type immune response to normal
enteric microbes [74]. Recently, diminished mucosal
production of TGF-b with concomitant changes in gut
microbiota composition, in particular colonization with
Bacteroides spp., was detected in a murine model of
in¯ammatory bowel disease [75].

Anti-in¯ammatory interleukin-10 responses are elicited
in response to luminal microbiota in humans as well. In
patients with pouchitis (a nonspeci®c in¯ammation of
the ileal reservoir), reduced numbers of lactobacilli and
bi®dobacteria, and an increased number of Clostridium
perfringens in the reservoir microbiota have been
observed [76]. Administration of a probiotic mixture
resulted in a signi®cant increase in the amount of
interleukin-10 in biopsies [77..].

The connection between control of the in¯ammatory
response and the antiallergic potential of speci®c
probiotics is supported by an improvement in the clinical
course of atopic eczema in infants with cow milk allergy
who were given a probiotic-supplemented elimination
diet. In those infants, markers of systemic [8] and
intestinal [78] allergic in¯ammation were signi®cantly
decreased, parallel with enhanced production of anti-
in¯ammatory cytokines.

The preventive potential of probiotics in atopic disease
has recently been demonstrated in a double-blind,
placebo-controlled study [79 ..]. Probiotics administered
prenatally and postnatally for 6 months to children at
high risk for atopic disease reduced, at the age of 2 years,
the prevalence of atopic eczema to half (23%) as
compared with that in infants receiving placebo (46%).
The frequency of atopic eczema in the placebo group of
that study was within the range reported in another
cohort study [80]. Probiotic supplementation in lactating
mothers promoted increased levels of TGF-b in breast
milk, indicating one mechanism by which the risk for
infant atopic eczema may be reduced [81]. The
observation is in accord with a previous report that
linked a low concentration of this anti-in¯ammatory
cytokine with early atopic eczema in the infant [82].
However, probiotic supplementation had no preventive
potential in cow milk allergy. Along the lines of research
on respiratory allergy demonstrating that atopic sensiti-
zation and the development of asthma may be indepen-
dent processes [16 ..], the development of atopy, atopic
disease and food allergy may also be regulated by
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separate mechanisms, or by a complex cascade of inter-
related immunological mechanisms.

Conclusion
The development of probiotic functional foods for the
allergic population requires new criteria for strains that
are appropriate to speci®c indications. The epidemiolo-
gical evidence indicating that early exposure to microbes
is associated with a reduced risk for developing atopy
and atopic disease is ample, and the epidemic of atopic
disease in the industrialized world has been attributed to
reduced microbial contact. Probiotic supplementation
aims to provide safe but suf®cient bacterial exposure in
order to avert deviant immune responsiveness and
immunoin¯ammatory disease.

However, our understanding of the cascade of events
that are involved in exposure, sensitization and hyper-
sensitivity is by no means satisfactory. A more rigorous
understanding of the complex nature of atopy and atopic
disease is needed, because it is likely that distinct
aetiological factors and pathogenetic mechanisms under-
lie the heterogeneous manifestations of the disorders. It
would thus appear simplistic and erroneous to assume
that one mode of prevention or treatment would suf®ce
to counter the plethora of allergic disease. Indeed,
experience gained in clinical trials that assessed the
effects of probiotics in prevention and treatment of
atopic disease is consistent with such a concept;
bi®dobacteria appear to be effective in reversing the
development of atopy, whereas lactobacilli have proved
bene®cial in prevention of atopic disease but ineffective
in protection against cow milk allergy, although both
bi®dobacteria and lactobacilli appear to be effective in
treating the disorder.

In conclusion, rigorous scienti®c effort is required to
elucidate the characteristics of distinct probiotic strains
in different manifestations of atopic and food hypersen-
sitivity disorders, because there appears to be no
universal solution to these complex phenomena.
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