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Abstract The aim of previous research into the causes of allergic diseases, including asth-
ma was mostly to identify potential risk factors in the environment. No major risk factors
have been identified, however. Over the past 10 years, focus has, therefore, more been di-
rected towards protective factors that could enhance the development of tolerance to aller-
gens which were previously encountered early in life, but are now lost in modern affluent
societies. In particular, the role of childhood infections has been discussed, but so far these
studies have not been conclusive. Recent epidemiological studies and experimental re-
search suggest that the microbial environment and exposure to microbial products in infan-
cy modifies immune responses and enhances the development of tolerance to ubiquitous
allergens. The intestinal microflora may play a particular role in this respect, as it is the
major external driving force in the maturation of the immune system after birth, and ani-
mal experiments have shown it to be a prerequisite for normal development of oral toler-
ance. Recent studies have shown differences in the composition of the microflora between
healthy and allergic infants in countries with a high and low prevalence of allergies and
between healthy and allergic infants within such countries. These differences are apparent
within the first week of life and thus precede clinical symptoms. The use of live microor-
ganisms that might be beneficial to health has a long tradition and the safety is well docu-
mented. Very recently, several prospective intervention studies, modifying the gut flora
from birth have yielded encouraging results and may suggest a new mode of primary pre-
vention of allergy in the future.
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Introduction

It is almost generally accepted that there is a pronounced increase in the incidence and
prevalence of allergic diseases in many countries, at least during the last 40-50 years and
probably well before that. It is also generally accepted that the development of asthma and
other allergic diseases is strongly influenced by genetic components. As the human geno-
type would not have changed appreciably over a short time period, the search for the caus-
es of the allergy epidemic has focussed on environmental factors. Initially, the search was
more or less limited to identifying risk factors, but recent research has shifted attention
from triggers of sensitisation and factors provoking allergic disease to factors that may
programme the initial susceptibility to allergic diseases. This shift in focus from “Why do
people develop allergy?” to “Why are we not all allergic?” is largely a consequence of in-
creased understanding of how immunity develops after birth. Allergic diseases are now
seen by many as a result of a prolonged period after birth with an immature immune sys-
tem and as a consequence of decreased immune stimulation. Current search for risk factors
emphasises the absence in modern society of factors that might stimulate the immune sys-
tem, allowing it to develop protective responses, but also to establish appropriate control
of these responses.

It has been suggested that modern living is associated with too little microbial stimula-
tion early in life and that allergic disease and autoimmune disease could be regarded as a
consequence of a “microbial deprivation syndrome” [58]. According to this hypothesis,
microbes are essential for the development of a normal immune regulation. In this chapter,
particularly the possible role of the intestinal flora in the modulation of immune responses
to allergens and subsequent development of asthma and allergy are discussed. Other envi-
ronmental influences early in life, in particular as related to infection and other microbial
pressure, are briefly summarised.

Environmental risk factors

For a long time, allergen exposure early in life was considered to be a major risk factor for
the development of asthma and other allergic diseases and the search for risk factors was
concentrated on exposure to, for instance, egg and milk products, animal dander and house
dust mites. Consequently, recommended preventive measures for many years included
promotion of exclusive breast-feeding, removal of furry pets, and use of mattress covers
[56]. Convincing research data, however, supported none of these recommendations. If
anything, the exposure to inhalant allergens has decreased during the last decades, while
the prevalence of allergies has continued to increase. Furthermore, there are no interven-
tion studies showing that reduced exposure to allergens has a significant impact on the de-
velopment of asthma and allergic disease, although such measures may reduce the inci-
dence of sensitisation early in life [25].

Several studies in recent years have provided evidence that low exposure to allergens
may in fact increase the risk for manifest allergic disease by delaying the development of
tolerance early in life. Hesselmar et al. [26] reported in 1999 that keeping a pet during the
first year of life was associated with less, and not more, allergic asthma and positive skin
prick test reactions to cat at 11 years of age, even after controlling for possible selection
bias. These observations have since been confirmed in several subsequent studies in Eu-
rope and USA [55, 59, 74]. In another study of pet ownership early in life, it was observed
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that pet ownership in the first 2 years of life seemed to offer some protection against sensi-
tisation to pollen and that the inverse association between current pet ownership and sensi-
tisation and hayfever symptoms was partly due to the removal of pets in families with sen-
sitised and/or symptomatic children [3]. This observation suggests that any protective ef-
fect of exposure to pets early in life may be explained by mechanisms that are not antigen
specific, e.g. by increased exposure to microbial products from the pets.

How do these findings relate to numerous previous studies, showing that high-level al-
lergen exposure early in life is associated with an increased incidence of sensitisation to
those allergens [25, 77]? It was long assumed that sensitisation early in life is a risk factor
for disease. This has not been shown in any studies, however. Thus, previous suggestion
assuming a relationship between early appearing sensitisation to allergens and subsequent-
ly developing asthma and allergy should not be taken as evidence for allergen avoidance
in early life as a means for primary prevention of disease. While exposure to allergens in
early life may enhance an early appearing temporary sensitisation [25, 77], it may con-
versely also enhance the induction of tolerance and thus protect against allergic disease as
indicated by prospective studies [33, 40]. It is reasonable to conclude that such allergen
exposure is probably not a major element, either in the prevention of allergy, or as a risk
factor.

Exposure to tobacco smoke is a health hazard in infancy and early childhood, including
an association with respiratory disease [18, 69, 70]. The relationship with allergic disease,
including allergic asthma is less clear, however, and it seems unlikely that parental smok-
ing, either before or immediately after birth increases the risk of allergic sensitisation in
children in a major way [71].

Other factors related to the quality of the indoor environment and environmental pollu-
tion have been suggested as significant risk factors for the development of asthma and oth-
er allergic diseases. While they undoubtedly trigger symptoms in individuals who have al-
ready developed such diseases, there is little to support that any of these environmental
factors actually cause development of disease. The British epidemiologist David Strachan
summarised the results of previous studies as “Evidence relating asthma risk to fumes
from gas cooking, and to allergens from dust mites and household pets remains confused
and controversial. It is unlikely that trends in either outdoor or indoor air pollution have
contributed substantially to the rise in prevalence of asthma and allergic disease in recent
decades.” [68]. There are no subsequent studies warranting a revision of that conclusion.

Respiratory tract infections and allergy

Starting at birth, the newborn infant encounters myriads of microbes and other infectious
agents, and sometimes this results in an infectious disease. For many years, all kinds of
infectious diseases were seen as potential triggers of allergy. However, the Canadian pae-
diatrician John Gerrard observed in 1976 [21] that the prevalence of allergy was low in the
Metis community in Northern Canada, while the prevalence of infections was high. He
suggested that atopic disease is the price paid by some members of the white community
for their relative freedom from diseases due to viruses, bacteria and helminths. In 1989,
Strachan [66] reported that the risk of allergic diseases was lower with increasing number
of siblings. This formed the basis of the ‘hygiene hypothesis’, according to which siblings
are a surrogate measure of early life infections, which were suggested to protect against
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allergic diseases. Since then, over 20 studies have confirmed an inverse relationship be-
tween sibship size and allergy [15, 67]. These studies do not provide any evidence for a
protective role of infections, however, as it is equally possible that the relationship is a
consequence of altered maternal immunity induced by multiple pregnancies [53]. In turn,
an altered immunity in the mother has an impact on her offspring and may influence the
development of allergy [8].

There are only a few studies directly investigating the effect of local mucosal infec-
tions, and they have shown conflicting results. I1li and colleagues [31] found a protective
effect of minor infections on asthma at 7 years, whereas Nafstad and colleagues [49] found
that common colds in the first 6 months of life, as well as other self-reported respiratory
infections, were associated with an increased risk of asthma at 4 years of age. An analysis
of a possible association between respiratory infection and asthma is complicated by the
fact that they may share common genetic and environmental determinants.

An analysis of the possible relationship between severe or systemic infections early in
life and development of asthma and allergic disease lies beyond the scope of this review.
While respiratory infections are established as major triggers of bronchial obstruction and
wheezing in infancy, their role for subsequent asthma and allergy is controversial. It is rea-
sonable to conclude, however, that severe respiratory syncytial (RS) virus infections in in-
fancy are associated with an increased risk for both asthma and sensitisation to inhalant
allergens [64]. It is probable that there is a cause relationship, although it has not yet been
excluded that genetic propensity for asthma and allergy is associated with increased sus-
ceptibility to RS virus bronchiolitis.

Matricardi et al. [43, 44] studied the prevalence of allergic disease and sensitisation to
inhalant allergens among military personnel in relation to serological markers of previous
infections. Interestingly, there was an inverse relationship between respiratory allergy and
the presence of antibodies against infections transmitted through the oro-faecal route, such
as toxoplasmosis, hepatitis A and H. pylori, but no relationship with antibodies against
agents transmitted through the respiratory tract, i.e. measles, mumps, rubella, chickenpox,
cytomegalovirus, and herpes simplex virus. These observations are interesting in the light
of current interest in the role of the gut microflora on the development of asthma and aller-
gy (c.f. below).

There are several possible explanations for the lack of direct evidence for a protective
role of infections and the outcome of numerous other studies merely suggesting it, based
on indirect markers, such as presence of older siblings [67], early day care, farm residence
[57] and keeping furry pets [26]. Firstly, these variables could be markers of other micro-
bial stimulation that does not result in clinically apparent disease, yet enhancing the matu-
ration of the immune system. Furthermore, as discussed above, the sibling effect may arise
in utero and exposure to high doses of allergens may stimulate tolerance.

In this respect, the current controversy regarding breast-feeding and the development of
asthma and allergy is of interest. While a protective effect was reported in several earlier
studies [7], most recent studies have reported negative effects of breast-feeding on allergic
diseases [22], although it reduces wheezing in infants [17], which is mostly caused by in-
fections. This variation over time could be due to variation in selection bias, as the recom-
mendation to breast-feed to prevent allergy may have altered the characteristics of the
women who breast-feed; alternatively, breast-feeding may have become a risk factor for
allergic diseases in recent years because it prevents infections early in life [4, 23]. Further-
more, there were previously pronounced differences in the composition of the gut micro-
biota between breast-fed and formula fed infants [16]. These differences are not nearly as
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prominent with the use of modern humanized infant formulae [61]. Thus, any protective
effect of breast-feeding in the past may have been a consequence of an ecological effect
on the gut microbial flora (c.f. below).

Stimulation by microbial products

Exposure to various microbial products early in life has been suggested to explain the low
prevalence of allergy among children of farmers [41, 57] and the reported inverse relation-
ship between levels of endotoxin house dust and prevalence of allergy [13, 20, 76]. In the
study by Bottcher et al. [13], however, an inverse relationship between positive skin prick
tests and endotoxin levels in house dust was only observed in Sweden, but not in Estonia,
where the endotoxin levels were generally higher and the prevalence of allergy is low.
This study indicates that endotoxin may not be directly related to protection against aller-
gy, but rather it may be a surrogate marker for other factors.

It was also suggested by one study that exposure to mycobacteria and BCG vaccina-
tions may protect against allergy [63], but not by several subsequent studies [2, 72]. The
role of BCG and other vaccinations, including the possible influence of vaccine adjuvants
on the development of asthma and allergy, was recently reviewed [24]. It was concluded
that none of the currently used vaccines has a major impact on the development of allergic
disease, either in protection or as risk factors.

Microbial ecology

The biological and medical communities increasingly realise that the microflora of the
large gut may have important roles in both human health and disease. The perspective of
the human colon in health and disease is by no means a new concept; already a century
ago, the Russian scientist Elia Metchnikoff indicated the clinical importance of the host
colonic microflora. He also suggested that certain live microorganisms might promote
health. Despite this, there was for many years modest interest in this concept among re-
searchers and it is only over the last 10 years that microbial ecology has again become a
major research area. It is now generally accepted that the bacterial microflora of the hu-
man gut is an integral component of the host defence system.

The intestinal tract performs many different functions. In addition to absorption and di-
gestion, it is also the body’s largest organ of host defence. Part of the intestinal mucosal
barrier function is formed by a common mucosal immune system, which provides commu-
nication between the different mucosal surfaces of the body. The total mucosal surface
area of the adult human gastrointestinal tract is up to 300 m?, making it the largest body
area interacting with the environment [28]. It is colonised by over 10'* microorganisms,
weighing over 1 kg and corresponding to more than ten times the total number of cells in
the body (Fig. 1). More than 500 different species have been recognised, each of them
comprising numerous strains. So far, less than 50% of the species in the gut flora have
been identified.

The gastrointestinal tract of the newborn baby is sterile. Soon after birth, however, it is
colonised by numerous types of microorganisms [16, 46, 47]. Colonisation is complete af-
ter approximately 1 week but the numbers and species of bacteria fluctuate markedly dur-
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Gut microbiota- large and continuous
microbial pressure in continuous dynamic interaction
with the host

Host 1012 cells

Stomach, duodenum 1081 microbes

Jejunum, ileum 1089 microbes

Colon 1024 microbes

Fig. 1 The gut flora is predominantly located in the colon, where the numbers may be tenfold higher than
the number of cells in the body

ing the first 3 months of life. Interactions between bacteria and their hosts can be viewed
in terms of a continuum between symbiosis, commensalism and pathogenicity [29]. The
mammalian intestinal epithelium effectively performs its physiological functions in a mi-
crobe-rich environment, while the microbes thrive amidst efficient host defences [52].
Thus, there is a continuous interaction between the microbial flora and the host, compris-
ing a dynamic eco-system that, once established, is surprisingly stable under normal con-
ditions. Environmental changes, e.g. a treatment period with antibiotics, only temporarily
change the composition of the microflora.

Microbiota and immune function

The gut flora is thus the quantitatively most important source of microbial stimulation and
may provide a primary signal for driving the postnatal maturation of the immune system
and the induction of a balanced immunity [29]. As microorganisms have been present
throughout the evolution of man, this has taken place in close interaction with the microbi-
al environment. There is mounting evidence that commensal microbes acquired during the
early postnatal period are required for the development of tolerance, not only to them-
selves, but also to other antigens [14]. For example, Th2-mediated immune responses are
not susceptible to oral tolerance induction in germ-free mice [73]. Oral tolerance was in-
duced after the introduction of components of the normal microflora.
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It is recognised that interaction with microbes, especially the normal microbial flora of
the gastrointestinal tract, is the principal environmental signal for postnatal maturation of
T cell function (in particular the Th1 component) [27]. Recognition of these signals is me-
diated by a series of TOLL-like receptors expressed on cells of the innate immune system,
and other receptors such as CD14, and it is noteworthy that a polymorphism in the CD14
gene has recently been associated with high IgE level [5].

Rook and Stanford [58] suggested two major syndromes that could be the result of in-
adequate microbial stimulation early in life. One was inadequate priming of T helper cells,
leading to an incorrect cytokine balance. The second suggestion was a failure to fine-tune
the T cell repertoire in relation to epitopes that are cross-reactive between self and mi-
croorganisms. The authors coined the expressions “input deprivation syndrome” and “une-
ducated T cell regulation syndrome”. This hypothesis was supported by comparative glob-
al studies showing that not only allergy, but also type-1 diabetes and celiac disease are as-
sociated with a “Western life style” [65]. Thus, modern society is associated with an in-
creasing incidence of immunologically mediated diseases, considered to be mediated by
both Th1- and Th2-type immune mechanisms. The simultaneous increase in the incidence
of both Thl-mediated autoimmune diseases and Th2-dependent allergies can not be ex-
plained merely by an imbalance between the two arms of immunity. Rather, an immuno-
logical explanation for the increase would focus on the role of immune regulation of both
Thl- and Th2-type immunity and the induction of tolerance early in life. This seems to be
largely mediated in the microenvironment of the mucosae and adjacent lymphoid tissues
[50, 51].

If indeed microbes were essential for normal development of immunity, what microbes
would be expected to be essential for this process? It would seem unlikely that the postna-
tal maturation of a balanced immune system would be driven primarily by pathogens, i.e.
by stimuli that are potentially harmful to the host. From an evolutionary point of view, it
is more likely that non-pathogenic microorganisms that have been present through the evo-
lution of our immune system drive the process. The gut microbiota is an obvious place to
search for such microorganisms.

Gut flora and allergy

The wide variations in allergy prevalence between different countries and the fact that the
prevalence has increased considerably over the last 40—50 years and the role of the micro-
flora in the development of immunity in infants, have led to the suggestion that variations
in patterns of microbial colonisation of the gastrointestinal tract, linked with lifestyle and/
or geographic factors, may be important determinants of the heterogeneity in allergy prev-
alence throughout the world [27]. Over the past few years, differences have been docu-
mented in the composition of the intestinal microflora between healthy infants in countries
with a low and a high prevalence of allergy [1, 61, 62] and between allergic and non-aller-
gic infants in both environments [9]. These studies indicate that an imbalance in the gut
flora and differences in the indigenous intestinal flora might affect the development and
priming of the immune system in early childhood. This in turn could affect the risk for
allergy. The fact that differences are present before any clinically manifest disease [10,
34] would indicate that the differences between allergic and non-allergic children are not
secondary phenomena. Although all the studies conducted so far confirm differences in
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the composition of the gut flora, no particular protective or potentially harmful bacterial
species can yet be identified. This is not surprising, given the enormous number of micro-
bial strains and the complicated ecology of the gut flora.

There are at least three recent studies in which differences in the composition of the gut
flora were observed between allergic and non-allergic infants. In one study, the counts of
Staphylococcus aureus were higher and the prevalence of Bacteroides and Bifidobacteria
were lower in allergic children at 2 years [9]. This was confirmed in a subsequent study,
which, in addition, showed that the allergic infants had higher counts of clostridia up to
3 weeks, but not later [34]. A higher prevalence of colonisation with Clostridium difficile
in allergic infants at 12 months was originally suggested in a considerably larger study,
using an indirect method [12]. In that study, various microbial metabolic products were
determined in stool specimens from healthy and allergic infants. The advantage with this
approach over conventional bacteriological methods is that information is obtained about
metabolism and ecology. When analysing the levels of short-chain fatty acids, which are
products of microbial metabolism, isocaproic acid was only detected in stool samples from
allergic infants, while the levels of isobutyric acid were higher in healthy children. The
former fatty acid strongly indicates colonisation with C. difficile and the later findings in-
dicate the presence of a lactic acid-producing gut flora.

Observed differences in the composition of the gut flora between allergic and healthy
infants are not limited to species. The composition of the Bifidobacterium [54] and Lacto-
bacillus [48] flora also differ between the two groups. Although the significance of these
differences is unknown, they are interesting as these species are consistently linked to pro-
biotic properties and differences in the Bifidobacterium flora between allergic and non-al-
lergic infants is the only consistent finding in all clinical studies so far.

It is not conclusively known whether the differences between allergic and non-allergic
infants are primary or secondary to disease. In two recent prospective studies, however,
less bifidobacteria were detected during the first weeks of life in babies who developed
allergy during infancy [10, 34]. Furthermore, colonisation intensity during the first week
of life was lower in babies who developed allergy during the first year of life [10] and mi-
croflora-associated characteristics, such as the levels of short-chain fatty acids, differed
between the two groups at 3 weeks (but not later during infancy) [34].

Recently, it was shown in a population-based cohort comprising 3,000 children and
their mothers that vaginal colonisation with staphylococci during mid-pregnancy was asso-
ciated with asthma during the 5th year of life in the children [odds ratio 2.2; 95% confi-
dence intervals (CI) 1.4-3.4] [6]. Staphylococci are not part of the normal vaginal flora,
which is normally dominated by lactic acid bacteria. The findings are interesting as the
vaginal flora is the first microbial environment that the infant comes in contact with during
the birth process.

As the differences in the composition in the intestinal flora between allergic and non-
allergic infants were present already before any manifestations of disease, perhaps even in
the microenvironment during birth, the studies indicate that they are primary. It should be
remembered, however, that the studies do not prove that any particular bacteria are either
beneficial or harmful, as the observed differences could be a consequence of other, un-
known, differences.
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Probiotics and allergy

Probiotics are increasingly marketed and used as health promoting agents. Most of them
are lactic acid producers, mostly Lactobacilli and bifidobacteria. These species are com-
mensal bacteria common to the gut of all mammals studied, as well as of various non-
mammalian vertebrates [37]. The safety in infants, including newborn babies, and in heal-
thy and immunocompromised people is verified by numerous clinical studies, in which up
to 10! were given [11]. Needless to say, formal documentation of safety is limited to such
bacteria that are used as probiotics and marketed commercially.

The claims for clinical efficacy are so far only confirmed by a limited number of con-
trolled studies, however, and for a few conditions, including shorter duration of infectious
gastroenteritis and prevention of diarrhoea associated with treatment with antibiotics [19,
30, 75]. Recent clinical trials, however, lend support to the concept that the intestinal mi-
croflora may actually have an important role in the immune regulation to allergens and
not merely be coincidentally associated with allergic manifestations. Studies even suggest
that live microorganisms could in the future be used for the treatment of allergy, or even
the prevention of disease. Unfortunately, none of the studies is conclusive, as the study
groups were mostly small and the observation period short and important controls were
missing. Ongoing and future studies, meeting the same criteria as those used for docu-
menting efficacy of pharmaceutical drugs, will help define the role of probiotics in clinical
routine practice.

The first report was published in 1997 and showed a modest reduction of skin symp-
toms in infants with atopic dermatitis after 1 month of treatment with a strain of L. rham-
nosus [42]. A reduction in the levels of the inflammatory markers TNF-o and a1-AT in
faeces was noted in the 13 infants receiving lactobacilli in addition to an extensively hy-
drolysed formula, but not in the 14 babies receiving only hydrolysed formula. The obser-
vation period was only 1 month, however, and there was no effect on systemic immune
responses.

Since then, at least three other treatment studies have been conducted with this and oth-
er probiotic strains. In a small controlled study from the same Finnish group as the initial
study, 27 infants who manifested atopic eczema during exclusive breast-feeding and who
had no exposure to any infant or substitute formula were weaned to extensively hydrolysed
whey formula with or without lactic acid-producing bacteria [32]. After 2 months, a signif-
icant improvement in skin condition occurred in patients given a B. lactis or Lactobacillus
strain with the hydrolysed formula. However, the severity of the eczema was modest at
the onset, the study groups were small and the follow-up period was short, making it diffi-
cult to draw any definite conclusions from the study.

Supplementation with a Bifidobacterium strain was assessed in a third randomised
study from Finland, comprising 21 infants with early onset atopic eczema. Although a
beneficial effect on symptoms was not proven in the study, the data indicate that bifi-
dobacteria supplementation may modify the gut microbiota [38].

In a Danish double-blind placebo-controlled crossover study, two Lactobacillus strains
(L. rhamnosus and L. reuteri) were given in combination for 6 weeks to children with
atopic dermatitis [60]. The mean age of these children was over 5 years, i.e. they were
considerably older than the infants reported in the other three studies. After active treat-
ment, 56% of the patients improved, as compared to 15% in the control group (P=0.001).
Although the extent of the eczema decreased significantly, this was the case for the total
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‘scoring atopic dermatitis’ (SCORAD) index only in atopic children with elevated IgE lev-
els and a positive skin prick test. Furthermore, in the latter group of patients, the levels of
eosinophil cationic protein decreased amongst those treated with lactobacilli.

Although all the four studies summarised above indicate a beneficial effect of lactic
acid-producing bacteria, the question of clinical efficacy remains open, since the study
groups were small and, apart from the modest effect on eczema, the clinical and immuno-
logical outcomes differed. In particular, the studies diverged with regard to outcome in pa-
tients with defined IgE-mediated disease.

Although there is as yet little documentation on the superiority of certain strains of lac-
tic acid bacteria that are marketed as probiotics over other similar, wild strains, it seems
reasonable to assume that live microorganisms are more effective than killed bacteria of
the same species. The efficacy of oral supplementation of viable and heat-inactivated pro-
biotic bacteria in the management of atopic disease and their effects on the composition of
the gut microbiota were studied in 35 infants with atopic eczema and allergy to cow’s
milk, who received extensively hydrolysed whey formula with or without viable or heat-
inactivated lactobacilli [39]. The treatment with heat-inactivated lactobacilli was associat-
ed with adverse gastrointestinal symptoms and diarrhoea, while the decrease in the symp-
tom scores among infants treated with viable lactobacilli tended to be greater than for the
placebo group, although not significantly so.

The potentially allergy-preventive effects of probiotics was assessed in a double-blind,
placebo-controlled study comprising 132 infants with a family history of allergy [35]. Lac-
tobacilli or placebo was given to mothers, starting before birth and continuing during
breast-feeding, and was then given to the babies when weaned. At 2 years, the cumulative
incidence of atopic dermatitis was reduced by about 50% in the treatment group, although
there was no effect on sensitisation or serum IgE levels [35], or on the incidence of cow’s
milk allergy, as verified by challenge (6/54 in the placebo group and 11/53 among those
receiving Lactobacilli) [36]. Despite that, the authors concluded that the treatment pre-
vented early “atopic disease”, even when the bacteria were given to the mothers while
breast-feeding and not to their babies.

At 4 years, atopic eczema was defined as relapsing or chronic itchy eczematous lesions
with typical localisation. The 12-month prevalence was 14/53 children receiving lactoba-
cilli, versus 25/54 in the group which received placebo during infancy (relative risk 0.57,
95% CI 0.33-0.97) [36]. In contrast, seasonal allergic rhinitis at 4 years was more com-
mon among the Lactobacillus-treated children, although not significantly so (10/53 versus
5/54). Furthermore, the prevalence of positive skin prick tests was similar in the two
groups. Blinding in the clinical assessment was less than perfect, however, and the preva-
lence of eczema at this age was high.

As summarised above, the hitherto-published studies on lactic acid bacteria in the treat-
ment and prevention of allergy have yielded inconclusive results, although they are en-
couraging. In a very recent Position paper issued by the European Academy of Allergy
and Clinical Immunology, it was concluded that evidence supporting the use of probiotics
in the prevention or treatment of allergy is still preliminary [45]. Several ongoing studies
will hopefully better define the potential of currently marketed lactic acid bacteria in the
treatment or prevention of asthma and allergy. If the efficacy is confirmed, it is reasonable
to suspect that this may be more obvious in, or even limited to infancy and early child-
hood, i.e. before the immune responses to allergens and immune regulatory networks have
been established.
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Conclusions

Although it is still unknown what environmental factors in modern industrialised societies
are responsible for the high and increasing prevalence of asthma and other allergic dis-
eases, epidemiological, clinical and experimental research indicates an important, or even
critical role of the intestinal microflora. Epidemiological studies have reported serological
evidence that oro-faecal infections are associated with fewer allergies, as well as differ-
ences in the composition of the gut microbiota between infants and children with high and
low prevalences of allergies, as well as between allergic and healthy infants and children.
Such differences can be seen also between healthy infants who later will or will not devel-
op allergic manifestations. Treatment studies suggest that eczema in infants and children
might improve with the addition of lactic acid-producing bacteria to the diet. Furthermore,
prospective intervention studies suggest that altering the gut microflora in early infancy
may in fact reduce the incidence of subsequently developing atopic eczema. It is still too
early, however, to recommend lactic acid-producing bacteria or other microbial treatment
for allergy treatment or prevention, as the published studies are inconclusive with regard
to which type of patients would benefit from the treatment, whether there are strain differ-
ences with regard to efficacy, and whether in fact it is indicated in IgE-mediated disease.
Therefore, the results of the clinical studies carried out to date need to be confirmed and
extended. In the meantime, the gut flora and host-microbe interactions in infancy remain
among the most interesting targets for research into the environmental factors influencing
the development of asthma and allergy.
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