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Objective: The primary objective of this review is to discuss the rationale for and applicability of probiotics as part of the
nutritional approach to the prevention and management of allergic disease.

Data Sources: This review represents a synthesis of recent literature published in the fields of probiotics, nutrition, and allergic
disease.

Study Selection: The expert opinions of the authors were used to select the relevant data for the review.
Results: The hygiene hypothesis suggests that allergic disease may arise from a lack of counterbalancing microbial exposure

at an early age. Thus, the initial compositional development of gut microbiota is considered a key determinant in the development
of both the immune responder phenotype and the normal gut barrier functions. A wide range of data documents the specific
actions of selected probiotics. The regulatory role of probiotics in allergic disease has been demonstrated as improving the clinical
course or preventing the development of atopic eczema in infants given a probiotic-supplemented diet. In addition, certain types
of fatty acids and antioxidants have been proposed for protective effects against the development of allergy and to diminish the
inflammatory response in allergic disease. ..

Conclusions: The increase in the prevalence of allergic disease during the past decades is likely to be explained by changes
in the environment, including reduced microbial exposure and altered food consumption. Scientifically composed functional
foods containing probiotics and other functional components offer a nutritional strategy for both the prevention and the
management of allergic disease. Further research is needed to characterize the gut microbiota and to clarify the mechanisms of
action that control specific physiologic processes not only in the evolution of allergic disease in at-risk populations but also in
the management of allergic diseases.
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INTRODUCTION
Approximately 20% of the population in western countries
have some type of allergic disease, and no reversal of this
increasing trend is expected. Atopic eczema, allergic rhinitis,
and asthma constitute the most common chronic diseases of
childhood. Despite the pronounced hereditary element in
allergic disease, genetic factors are unlikely to explain the
increased emergence of the atopic-type immune responsive-
ness to environmental antigens.

The rapid increase in allergic disease is likely to be related
to the events in early life, when the immune responder
phenotype is consolidated. As a result of improved hygiene,
reduced family size, vaccination, and antimicrobial medica-
tion, the pressure of microbial stimulation through infectious
diseases has declined. Indeed, the demonstration of an inverse
association between infections early in life and atopy repre-
sents a substantial advance that has led to renewed scientific
interest in the hygiene hypothesis concept introduced by
Strachan I more than a decade ago.

An important source of microbial exposure is the estab-
lishment of the gut microbiota influencing the maturation of
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the gut-associated lymphoid tissue.2 Recently, investigators
noted that differences in the neonatal gut microbiota precede
the development of atopy.] Indeed, the modification of the
gut microbiota by means of probiotics induces beneficial
effects that may reduce the risk of allergic disease.4

In addition to microbial exposure, nutrition of the infant
may be an important determinant in the development of
allergic disease. Evidence for programming by early nutrition
has been suggested in animal studies as well as in epidemi-
ologic studies linking markers of early nutrition to risk of
chronic diseases (allergic disease, atherosclerosis, diabetes,
hypertension, and obesity) in adulthood.5.6 Thus far, however,
the dietary approach in attempts to prevent and treat allergy
has focused on elimination diets as the first sensitizing anti-
gens are derived from dietary proteins. A modern approach
against allergic disease would be a nutritional management
capable of preventing or depressing allergic inflammation.
Such an approach could be based on the administration of
probiotics. In addition, nutrients such as specific fatty acids
and antioxidants could potentially be included in the dietary
strategy for prevention and management of allergic disease.

Future research should clarify the mechanisms of probiotics
and specific nuuients to control physiologic processes in the
evolution of allergic disease in at-risk populations or in the
management of allergic disease. Characterizing the mechanisms
of actions of these dietary compounds will facilitate the devel-
opment of functional foods with immunomodulatory properties.
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ALLERGIC DISEASE
Allergic disease arises from an altered internal cytokine en-
vironment that directs immune T cells to differentiate into
allergy-promoting T helper (TH)2 cells.7 TH2-skewed immu-
nity to ubiquitous environmental antigens regulates the de-
velopment of enhanced interleukin (IL)-4 and IL-S synthesis,
the continuity of which might lead to increased production of
immunoglobulin (Ig)E, eosinophilia, and atopic disease.

During pregnancy, the internal milieu is polarized away
from cell-mediated immunity (THI-type) toward humoral
immunity (TH2-type) to protect the developing fetus.s Thus,
the TH2 responder phenotype is universal at an early age, and
a substantial overlap in the concentrations of IL-4 and IgE
antibodies prevails at an early age between infants in whom
atopy will subsequently develop and those in whom it will
not.7.9 Rather than being a simple consequence of a TH2-
polarized responder type, allergic disease could hence be
ascribed to a lack of physiologic countenegulatory processes.
Such signals are required for priming of the host-protective
mechanisms and for redirecting of the pol<irized immunologic
memory to a healthy balance. Transforming growth factor
(TGF)-I3-secreting immunomodulatory T cells (TH3 cells),
are one good candidate for this objective because both THI
and TH2 responses are downregulated by TGF-I3.'O

The host's major and primary microbial stimulation occurs
along with the establishment of the gut microbiota. II Inves-
tigators have hypothesized that exposure to the commensal
microbiota may be a key modulator of the immune system
against atopy and atopic diseases. Thus, reduction of the risk
of atopic diseases may be possible by modulation of the gut
microbiota toward a normal balance.

PROBIOTICS-BASE FOR FUNCTIONAL FOODS
Healthy Gut Microbiota
The human intestine is a complex ecosystem, in which the
body interacts with ingested food and the microbiota present.
The normal intestinal microbiota have been estimated to
consist of more than 400 different species of microbes. 12The
composition of gut microbiota changes along the gastrointes-
tinal tract and with the health status and age of the host. The
metabolic activity of the normal intestinal microbiota is
equivalent to that of the liver, our body's metabolically most
active organ. Therefore, the composition and activity of the
intestinal microbiota clearly influence the health of the host.

The colon is the most heavily colonized part of the gas-
trointestinal tract, with 1010to 10" microorganisms present
per gram of colonic contents and a considerable concentration
on the mucosa. The major genera in the colon are Bacillus,
Bacteroides, Bifidobacterium, Clostridium, Eubacterium, Fu-
sobacterium, Peptostreptococcus, and Ruminococcus.13 A
complex balance exists between the microbe populations and
the host. Some genera or specie,S of these genera may have a
potentially detrimental effect on the host. Organisms with
proteolytic activity, such as Clostridium, Peptostreptococcus,
and Bacteroides, may produce ammonia, phenolic com-
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pounds, and amines. In contrast, Bijidobacterium, Eubacte-
rium, and Lactobacillus are mainly saccharolytic and produce
short-chain fatty acids, which are an important energy source
for the intestinal epithelium.'4 Therefore, healthy gut micro-
biota would preferably consist of large numbers of saccharo-
lytic and reduced numbers of proteolytic microbes.

Several studies have indicated that infants with allergic
disorders have an aberrant composition of intestinal micro-
biota; the levels of clostridia are increased, and Bifidobacte-
rium levels are reduced.3.ls.16In addition, the Bifidobacterium
flora of infants with allergy consist mainly of B. adolescentis,
which is characteristic of adults. 17 Further, the properties of
bifidobacteria isolated from the gastrointestinal tract of
healthy infants differ from those isolated from infants with
allergic disease. IS These data support the hypothesis that
modification of the intestinal micro biota of infants with al-
lergic conditions may aid in the management and prevention
of allergy.

Origin and Desirable Properties of Probiotics
Two approaches can be used to increase the number of
health-promoting microbes within the intestinal miciobiota.
Substrates that specifically stimulate the growth and activity
of these microbes already present in the intestine, in partic-
ular, bifidobacteria, can be consumed (prebiotics), or selected
strains of beneficial microbes can be consumed (probiotics).
Cunently, the health benefits of specific probiotics are better
known than those of prebiotics.'9

Because probiotics need to exert their effects in the intes-
tine, most pro biotic strains have been isolated from human
intestinal contents. Some strains have also been isolated from
raw milk, dairy products, or other sources. Because probiotics
are generally required to be viable at the time of consumption
and to remain viable and active in the intestine, specific
properties are considered highly desirable for the strains used
(Table 1). In addition to the desirable properties listed in
Table 1, other characteristics of probiotics can, be useful.
These features usually relate to the mechanisms of action of
the specific health effects ascribed to a probiotic.20 Also of
considerable importance, the characteristic properties of each
probiotic should be safeguarded at the time of isolation. To
guarantee scientifically proven health effects, rigorous qual-
ity control criteria must be established for evaluating the
strain characteristics and keeping them unchanged or original
during industrial processing.21

Mechanisms of Action of Probiotics
Many different mechanisms have been proposed for the ac-
tion of probiotics. Modification of the composition and ac-
tivity of the intestinal microbiota has always been one of the
main aims of the use of probiotics. The beneficial effects of
probiotics are likely to be related to their reinforcing the
ability ofmicro biota to compete with and resist colonization
by potential pathogenic microbes. We have demonstrated that
Gram-positive species have been less frequent within pre-
dominant cultivable aerobic microbiota in the feces of infants

ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY



Table 1. Specific Desirable Properties for Probiotic Microorganisms

Property

Resistance to pancreatic enzymes, acid, and bile
Adhesion to the intestinal mucosa

Human origin
Documented health effects
Safe

Good technologic characteristics

with atopy than in healthy infants,'6 Gram-positive bacteria
have been reported as potent inducers of TH I cytokines IL- 12
and interferon-y.22 These results warrant further studies on
the role of Gram-positive species, among other probiotics, in
reducing the risk of allergic disease in infants. Improved
colonization resistance can be obtained through competition
for mucus, mucosal binding sites and nutrients, and possibly
through the production of antimicrobial substancesY At the
same time, this enhanced colonization resistance of the nor-
mal microbiota will limit the permanent establishment of the
probiotic in the intestine. Probiotics will usually disappear
from the intestine 1 or 2 weeks after discontinuation of
consumption.24 Changes in the composition and activity of
the intestinal microbiota may also modulate enzymatic activ-
ity in the lumen. For example, a reduction in urease activity
will also decrease the exposure of the intestinal mucosa to
ammonia.25

Effects on the composition and activity of the intestinal
microbiota are not the only known mechanisms of actions.
Probiotics may also improve the processing of dietary anti-
gens in the intestine. Enzymes derived from Lactobacillus
rhamnosus strain GG have been observed to contribute to the
degradation of antigens, a process that renders them less
allergenic and downregulates the inflammatory response.26 L.
rhamnosus strain GG has also been noted to reverse the
disturbed uptake of antigens during mucosal inflammation.27

Specific pro biotic strains have been found to improve
intestinal mucosal barrier function. The production of short-
chain fatty acids from the metabolism of the consumed pro-
biotics may satisfy the energy requirements of the intestinal
epithelium and thereby improve the functioning of the epi-
thelial cells. Some lactobacilli and bifidobacteria have been
shown to be able to enhance the production of IgA.28.29This
activity strengthens the gut mucosal barrier because IgA will
complex with antigens and hence inhibit their penetration
through the epithelium. In contrast to IgG, an IgA-antigen
complex does not elicit an inflammatory response, and be-
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Benefit

Survival of passage through the intestinal tract
Immune modulation
Exclusion of pathogens
Enhanced healing of damaged mucosa
Prolonged transient colonization (?)
Species-specific interactions with the host
Proposed health effects are "true"
No health risk to consumer or environment
No transfer of antibiotic rei stance
Strain stability
Neutral or positive contribution to flavor of product

(when included in a fermented product)
Viability in product; good shelf life
Production in large scale
Oxygen tolerance

cause IgA is relatively resistant to proteases, it is well adapted
to its function in the intestine.3D IgA-antigen complexes ace
also more readily taken up by Peyer patches, where they
stimulate the production of IgA (and IgM) and thus further
contribute to the immune exclusion of antigens. An increased
uptake of antigens through Peyer patches may also lead to a
reduced secretion of IgE, eosinophil activation, and, conse-
quently, alleviation of the atopic inflammation. Indeed, Lac-
tobacillus casei strain Shirota has been observed to inhibit the
production of IgE in mice." However, Kalliomaki et al4
failed to note a reduction in IgE in infants at risk for allergy
who were fed probiotics, although less atopic eczema devel-
oped than in the control subjects. This finding confirms the
previous reports demonstrating that exposure to antigens (or
sensitization) does not necessarily lead to the development of
atopic disease. J2 Therefore, different regulatory mechanisms
are likely to determine whether sensitization will lead to
atopy.

Different parts of the probiotic, generally Gram-positive,
cell have been observed to be able to modulate the immune
system. Cell wall material-in particular, peptidoglycan33 and
teichoic acids34- but also cytoplasmic contents,35.36 have
been suggested to elicit immune reactions. This finding could
relate to the presence of nucleic acids in the bacteria. The
feeding of relatively large amounts of probiotic bacteria also
implicates the feeding of large amounts of nucleic acids,
inasmuch as bacteria can consist of up to 50% nucleic acids
by dry weight. Infants fed nucleotide-fortified cow's milk-
based infant formula have been shown to have higher specific
antibody titers to Haemophilus influenzae and diphtheria
toxoids than infants fed unfortified formulaY In another
study,38 however, no differences were seen between antibody
titers in infants fed soy-based formula versus nucleotide-
supplemented soy formula. These studies did not mention
specific oligonucleotides, although unmethylated CpG
dinucleotides present in the bacterial DNA have been ob-
served to affect the immune system.39.4DCurrently, whether
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certain strains of probiotics contain more CpG motifs, and
hence would be more immunomodulatory, than others is not
known. This possibility certainly warrants more attention in
the future.

The precise mechanisms behind the immunomodulating
activity of probiotics are still basically unknown. Adhesion to
the intestinal mucosa is thought to be of major importance.34

Close contact of the probiotics with the intestinal mucosa
allows for benign translocation, which may lead to an en-
hanced interaction of the probiotics and the intestinal immune
system. This interaction will stimulate nai"ve T cells to dif-
ferentiate to TH I cells under the influence of interferon-y,
IL-2, and IL-12, whereas the development of TH2 cells is
downregulated under the influence of antagonistic activity
toward IL-4. The results of the shift in T cell differentiation
from TH2 to THI are a reduced production of IgE and an
increased secretion of IgA, which in turn lead to a reduced
allergic response.41 Species of the intestinal microbiota and
probiotics may also influence the differentiation toward TH3
cells. To date, however, few investigative studies have fo-
cused on this process. .

PROBIOTICS-REGULAR OR
ALTERNA TIVE MEDICINE?
Fermented foods have long been consumed by humans; in
particular, fermented dairy products have had a persistent
reputation for promoting health. Many of these proposed
health benefits were based on anecdotal reports. With the
increasing interest in functional foods during the past decade,
the interest in probiotics has also increased.

Many probiotic preparations are sold in health stores as
dietary supplements for self-medication. Unfortunately, a
substantial number of these preparations do not contain the
stated microbes or at least do not contain them in the declared
amountsY Further, the health claims made for some of these
products have not been substantiated by scientific evidence.
As a consequence, the use of probiotics has often been
considered in the realm of alternative medical practices.

Nevertheless, several companies, particularly in the dairy
industry, have cooperated with research institutes to perform
thorough scientific research on specific probiotic strains. The
amount of documentation from well performed clinical, ani-
mal, and in vitro studies is increasing and suggests that
selected probiotic strains indeed have specific beneficial
health effects.2o We believe that clinical trials of the same
standards as those required for pharmaceutical agents will
expand and increase the acceptance of probiotics for the
treatment and the prevention of selected diseases. In the
future, evidence-based studies may support the use of specific
probiotics and confirm their health effects.

DIET-DAMAGE OR PROTECTION IN
ALLERGIC DISEASE?
The environmental determinants underlying the increasing
incidence of allergic diseases include changes in the western
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diet composItiOn during the past decades. Because dietary
antigens may cause allergic inflammation, the role of the diet
in allergic disease has been focused primarily on proteins.
During the neonatal period, when the intestinal barrier func-
tions are immature, antigens obtained from breast milk, infant
formula, or solid foods may lead to an inflammatory re-
sponseY Thus, the dietary approach in attempts to prevent
and treat allergy has centered on elimination diets.

Results of various elimination procedures, with dietary
restrictions alone or in combination with some other environ-
mental control measures, have been inconclusive regarding
the prevention of allergic diseases, as reviewed by Zeiger.44

Especially in long-term prevention of allergic disease, elim-
ination diets during pregnancy and breast-feeding have
proven unsuccessful. The advantage afforded by elimination
diets seems to be in the silencing of specific allergic inflam-
mation induced by an offending food, not in the primary
prevention of the allergic disease.4) Elimination diets may
place affected infants at a constant risk for inadequate nutri-
tion.46 Further, dietary antigens may actually protect from
allergic disease because they may induce tolerance to anti-
gens rather than prevent sensitization.47 Recent studies' on the
immunomodulatory properties of fatty acids and antioxidant
properties of certain nutrients, including ascorbic acid, a-to-
copherol, l3-carotene, selenium, and zinc, have shown that
food not only is a source of dietary antigens causing sensiti-
zation but also may contain protective factors.

Increasing available evidence suggests that dietary lipids,
especially long-chain polyunsaturated fatty acids, regulate
immune function and therefore contribute to the development
and severity of symptoms of allergic disease. Mediators
synthesized from dietary polyunsaturated fatty acids en-
gage in immune regulation and may thus influence atopic
sensi tization.

Polyunsaturated n-6 series fatty acids derived from dietary
linoleic acid (18:2, n-6) result in the production of eico-
sanoids, which are thought to have proinflammatpry proper-
ties, whereas n-3 series fatty acids derived from dietary
a-linolenic acid (18:3, n-3) seem to have less potent biologic
functions, even anti-inflammatory properties.48 The most no-
table of these mediators is arachidonic acid (20:4, n-6)-
derived eicosanoid prostaglandin E2 (PGE2). PGE2 results in
increased IgE synthesis attributable to the induction of B-cell
differentiation in the presence of IL-4.49 The effects of PGE2
may also be exerted through IgE-binding receptors. PGE2
reduces the surface expression of these receptors, and the
result is increased synthesis of IgE.50 Indeed, the most fre-
quently reported abnormality in cell fatty acid composition of
patients with atopic disorders has been an imbalance between
n-6 and n-3 series fatty acids?-53 which predisposes the
patients to the adverse effects of PGE2.

Despite their apparent proinflammatory role, n-6 fatty ac-
ids may also contribute to an anti-inflammatory intestinal
environment because antigen stimulation upregulates PGE2

production, which eventuates in suppression of antigen-spe-
cific T cell proliferation in gut-associated lymphoid tissue. 54
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Figure I. Diagram showing that development of an optimal functional
food requires probiotic and nutritional compounds. which target specific
physiologic functions in an effort to enhance health and reduce the risk of
allergic disease.

ing the food product from different ingredients. A new ap-
proach has been used in the development of hypoallergenic
rice. Rice was genetically modified to suppress the expres-
sion of a gene encoding for the l6-kDa allergen.64

Instead of removing allergens from food and the environ-
ment, an alternative approach is to modulate the immune
system and to provide it with sufficient stimulus, inasmuch as
lack of microbial stimulation of the immune system during
infancy has been suggested as a cause of allergic disease. I

Indeed, supplementation of food with selected lactobacilli65
and bifidobacteria66 has been shown to aid in the management
of atopic disease and to reduce the incidence of atopic disease
in at-risk infants; thus, a prophylactic effect is provided.

Prebiotics might also have a similar immunomodulating
effect by increasing the number of endogenous lactobaci.\li or
bifidobacteria. This option, however, has as received little
attention thus fart9 as well as synbiotics, the combination of
probiotics and prebiotics. The hypothesis is that the perfor-
mance of probiotics may be improved by the addition of
prebiotics because certain prebiotics have been shown to
prolong the survival of probiotics.67 This result has not been
demonstrated for all synbiotics.68

In general, the interactions between probiotics and other
functional food ingredients are unknown. Antioxidants such
as ascorbic acid were found not to affect the survival and
performance of probiotics.69 Interestingly, some strains of
Lactococcus, Lactobacillus, and Bifidobacterium have been
found to have antioxidant properties.70.71 Several strains of
Lactobacillus, Streptococcus, Lactococcus, and Propionibac-
teria have also been observed to increase the level of conju-
gated linoleic acid,72 which has some proposed health effects.
In contrast, a combination of probiotics and certain polyun-
saturated fatty acids has been suggested to be detrimental to
probiotics by altering their viability and adhesion proper-

One could postulate that enhanced synthesis of prostaglan-
dins contributes to an anti-inflammatory intestinal milieu
through suppression of TH I-type cytokines, stimulation of
anti-inflammatory IL-IO and TGF-{3, and maintenance of the
IgA environment.

In allergic disease, inflammatory processes result in increased
endogenously generated oxidative stress and impaired ho-
meostasis of oxygen radicals, which may be manifested by
specific urinary markers. 55Both cellular enzyme-based antioxi-
dants and diet-derived antioxidants may counteract the oxidative
stress and may diminish the inflammatory response in allergic
disease.56 Accordingly, antioxidants may be important in imple-
menting the ability of the individual patient to restrain the
inflammatory response and in avoiding injury to tissues. Low
concentrations of plasma antioxidants ({3-carotene, ascorbate,
and a-tocopherol) have been measured in patients with wheez-
ing illness,57 and the low intake of antioxidants has been asso-
ciated with bronchial reactivity and the risk of asthma.5x In
addition, higher dietary intake of vitamin E has been shown to be
associated with lower serum IgE concentration.59 These findings
suggest that antioxidant deficiencies may be associated with
symptoms of allergic disease. Although the potential role of
antioxidants in the prevention of allergic disease is currently
unknown, diet-derived antioxidants may be postulated to have
protective effects.

Analyzing together the possible roles of fatty acids and
antioxidants in the development of allergic disease, we re-
cently demonstrated that the intake of saturated fatty acids in
breast-feeding mothers was associated with atopic sensitiza-
tion in the infant.60 A cross-sectional study of adolescents in
Taiwan61 recently found that the intake of saturated fatty
acids was associated with an increased risk of asthma, as was
vitamin C intake in the lowest quartile. The challenge in
terms of prevention and management of allergic disease is to
identify and clarify the mechanisms of action of the dietary
factors that may be protective. Well controlled intervention
studies must address the potential effects of different dietary
modifications and supplementation to prevent and treat aller-
gic disease. In the future, probiotics and specific nutrients
may be incorporated into the same products to provide opti-
mal functional foods for patients with allergic disease and
those at risk for such disorders (Fig 1).

FUNCTIONAL FOODS FOR PREVENTION AND
MANAGEMENT OF ALLERGIC DISEASE
Research in functional foods began in the early 1980s in
Japan, and subsequently the concept spread to Europe and the
United States. A food can be regarded as functional if it
satisfactorily demonstrates beneficial effects on one or more
target functions in the body, beyond adequate nutritional
influences, in a way that is relevant to either the state of
well-being and health or the reduction of the risk of a dis-
ease.62 In accordance with this definition and the common
practice of avoidance of allergens, some hypo allergenic foods
have been developed. In these foods, most allergens have
been removed chemically or enzymatically63 or by formulat-
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ties.7) These reports indicate that the properties of new func-
tional food formulations must be carefully evaluated to en-
sure the efficacy of the ingredients in combination with other
components as well.

FUTURE TRENDS
Probiotics and their health-related properties are modified by
the food matrix. The matrix is important for survival in
gastric conditions, but in early infancy, it may also provide
the essence of normal gut colonization for the newborn. In
particular, the fat composition and fatty acid content may
affect the adherence properties of probiotics and facilitate
changes in the early development of infant microbiota. This
influence may already be transmitted by the fat components
and carbohydrate composition present in breast milk. Clearly,
more studies on the nutritional components and their inter-
action with specific probiotics are needed before functional
foods for reducing the risk of atopic diseases can be devel-
oped. On the basis of our studies, the health benefits of
probiotics can clearly be exerted through the mother. In the
light of these observations, the nutrition recommendations for
the pregnant or breast-feeding mother may have to be recon-
sidered. Thus, probiotics and prebiotics, under certain cir-
cumstances or for specific populations at risk for intestinal
diseases, may have to be given to both the pregnant mother
and the newborn. This situation establishes requirements for
extremely careful planning of the food matrix and careful
evaluation of nutritional composition of probiotic products
designed for at-risk populations or patients with allergic
disease.

Our studies have shown that infants at risk for allergy or
already having allergic disease have highly specialized intes-
tinal microbiota, differing especially in content and compo-
sition of bifidobacterial microbiota. During the first years of
life, an adult-type pattern of stable indigenous gut microbiota
is established concomitantly with the development of gut-
associated lymphoid tissue in the most important effector
organ of the adaptive immune system. The successful matu-
ration of the gut mucosal immune system requires constant
microbial stimulus from the developing gastrointestinal mi-
crobiota.

The characteristics of specific bifidobacteria or the stimu-
lation by lactic acid bacteria of the right bifidobacteria in the
intestine during the early life of healthy infants should form
the basis for isolating new and novel strains for future foods
for either treating atopic diseases in infants or reducing the
risk of atopic diseases. Further research is clearly needed on
intestinal colonization at birth and the influence of the moth-
er's diet on breast milk composition and the infant's intestinal
colonization pattern in connection with the protection of
breast-feeding. In addition to new selection criteria for pro-
biotic strains for at-risk atopic populations and nutritionally
designed food matrices, nutrition education for pregnant and
breast-feeding mothers must be planned. With these interven-
tions, excellent possibilities exist for reversal of the increas-
ing trend of occurrence of allergic diseases. The current
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clinical practices, however, should not be modified until
prospective clinical studies have repeatedly proven the ben-
eficial effects of novel functional foods as a part of the
recommended diet. Nevertheless, the use of some scientifi-
cally evaluated functional foods may be implemented in
conjunction with current clinical practices.
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