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Summary

With the advent of the hygiene hypothesis, probiotics have provided an avenue of hope in
curbing the allergic epidemic. The initial enthusiasm has been tempered by recognition of the
inherent complexities of this approach. This review examines the current clinical evidence
and practical issues in using probiotics and related products, for the prevention and treatment
of allergic disease. So far, probiotics have shown more promise, albeit limited, in the primary
prevention of allergic disease rather than in the treatment of established disease. These effects
have largely been limited to the prevention of early childhood conditions such as eczema,
with no consistent effects on other allergic outcomes. There is emerging evidence that clinical
effects may be strain specific, but again these findings have been inconsistent. While there
have been several meta-analyses to examine probiotics in both the prevention and the
treatment of allergic disease, these have been hampered by significant heterogeneity between
studies, including wide variations in the strains used, the methods and timing of
administration and the age and assessment of allergic outcomes. In any case, these have also
become outdated by a series of new studies published in the last year. Although it is not yet
clear exactly how the growing number of new studies will modify the results of meta-
analyses, it is likely that these will add yet further heterogeneity that will continue to make
interpretation of pooled data difficult. At this stage, the effects of prebiotics, synbiotics and
postbiotics are even less clear. Thus, while there is little doubt that microbiota modulate
immune development and can prevent the allergic phenotype, the optimal way of achieving
this is far from clear. Given the current level of evidence, it is not appropriate to recommend
prebiotics/probiotics/synbiotics or postbiotics as a part of standard therapy or for the
prevention of any allergic conditions. Further studies are needed to address the growing
speculation that supplementation with a single probiotic strain may be oversimplistic and that
approaches that have a more global effect on colonization may be warranted.

Introduction

tolerance in the context of preventing and treating
allergic diseases.

Gut microbiota are an integral part of the gastro-
intestinal system, playing an essential role in the devel-
opment of both local immune maturation and systemic
immune programming. Complex symbiotic relationships
have evolved between the human host and gut micro-
flora to the evolutionary advantage of each. Disruption
of this balance has been implicated in many disease
processes, including local gastrointestinal disorders
(such as necrotizing enterocolitis, irritable bowel syn-
drome and inflammatory bowel diseases) as well as the
epidemic rise in systemic immune diseases (autoimmu-
nity and allergy) [1]. This review focuses primarily on
strategies aimed at promoting colonization and immune

The vast and complex intestinal ecosystem contains
> 10" microorganisms, at least 10 times the entire num-
ber of cells in the human host, with a huge potential for
local and systemic influence. These effects appear to be
most critical during early infancy when colonization is
first established and patterns of immune response are
evolving. Over the first months of life, there is an
enormous transition from the ‘sterile’ in utero environ-
ment to reach full microbial colonization. During the
same period, the functionally immature neonatal immune
system must also develop to achieve a complex and finely
regulated balance between host defence and immune
tolerance. It is now clear that this normal immune
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homoeostasis is dependent on gut microflora and may be
influenced by differences in colonization patterns. Animal
studies under germ-free conditions demonstrate that oral
tolerance cannot be induced in the absence of gut micro-
biota [2, 3]. Although restoration of full-immune function
and oral tolerance can be achieved by providing normal
intestinal microbiota, this is age-dependent and cannot be
achieved in mature animals [3]. These observations firstly
highlight the pivotal role of gut microbiota in the devel-
opment of the immune system, and secondly illustrate the
importance of the timing of microbial exposure.

In humans, a range of environmental factors can lead to
wide individual variations in early colonization patterns,
which then tend to persist throughout life. It has been
proposed that the environmental changes responsible for
the epidemic rates of both autoimmunity and allergic
disease may be mediated, at least in part, through changes
in early colonization [1, 4]. It was therefore highly logical
to investigate the potential of pre- and/or post-natal
dietary supplements to favourably modify the gut micro-
biota for disease prevention. With >400-500 different
bacterial species, each with a multitude of strains, and the
enormous heterogeneity of this microbiome between in-
dividuals, there is growing speculation that supplementa-
tion with a single probiotics strain may be oversimplistic
and that approaches that have a more global effect on
colonization may be warranted.

Rationale and history of pre/probiotics in allergic disease

Allergic disorders such as asthma, eczema, rhino-con-
junctivitis and food allergies have dramatically increased
in the last 40 years, becoming the most common chronic
childhood diseases in industrialized countries. Although
the environmental changes that are responsible for this
epidemic have not been clearly defined, one of the most
appealing explanations, as proposed by Gerrard et al. [5],
has been the reduction in general microbial exposure
during early childhood, with parallel changes in commen-
sal flora [6]. Epidemiological associations between declin-
ing microbial exposure and allergic disease have been
supported by animal models demonstrating that early
exposure to both pathogenic [7, 8] and non-pathogenic
microbial products [9] either prevents or modifies allergic
responses. The specific immuno-protective effects of gut
microflora are likely to be mediated through multiple
pathways within (and potentially beyond) the gut-asso-
ciated lymphoid tissue (GALT), the largest immune organ
of the human host. This includes effects on local IgA
production, induction of tolerogenic dendritic cells and
regulatory T cell populations with the production of
immunomodulatory cytokines such as IL-10 and TGF-f
(as reviewed by Prescott and Bjorkstén [10]). Although
these mechanisms are still not well understood, they
appear to collectively inhibit local inflammation, improve

gut integrity, and thereby reduce the risk of inappropriate
systemic immune responses.

Apparent differences in perinatal colonization patterns
with both the level of industrialization and the subsequent
allergic outcomes [11, 12] provided a strong rationale for
intervention studies designed to modify immediate post-
natal colonization and prevent allergic disease. The logical
approach for preventing allergic disease, first used by the
Isolauri group in Finland, was to give probiotics in preg-
nancy and the early post-natal period [13]. A reported 50%
reduction in infantile eczema was cause for great initial
enthusiasm, and this has been followed by a series of studies
using different strains under different conditions and in
different populations (as summarized below). The same
group was also the first to report a benefit on the treatment
of early allergic disease [14]. Although the findings of many
subsequent studies have been inconsistent and disappoint-
ing, the novel concepts behind this approach remain
important, and the limitations of the existing strategies
may likely lie in our limited understanding of the complex
enteric ecosystem. It may be premature to dismiss these
strategies as inherently oversimplistic while our knowledge
of the vast, yet intricate, interactions in the gut is still so
limited. Indeed, while supplementing with a few selected
probiotic strains may be insufficient, further research in this
field remains important.

In addition to the recent enthusiasm for probiotics,
there has also been a growing interest in prebiotics, based
on the concepts that changing the substrate for bacterial
growth may have a more generalized effect on coloniza-
tion than merely adding single probiotic strains. Again,
while initial studies have been promising [15], this
approach is still under investigation.

Finally, it must be remembered that despite the tantaliz-
ing notions behind the hygiene hypothesis, we have still
not ascertained definitively the extent to which disrup-
tions in colonization are responsible for the allergic
epidemic. However, even if other more powerful environ-
mental forces are ultimately found to be responsible for
the allergy epidemic, ways of promoting optimal enteric
conditions for immune development may still be a useful
strategy in the face of other environmental pressures.
Further research is needed to understand events during
early immune development as, if anything, these strate-
gies are likely to be more successful in early life before
colonization and immune phenotype are established.

Definitions

Probiotics have been defined as live microorganisms that,
when administered in adequate amounts, confer a health
benefit to the host [16].

Prebiotics are non-digestible, fermentable food ingre-
dients that can affect the host by selectively stimulating
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the growth and activity of bacteria in the colon and
improve host health.

Synbiotics are a combination of probiotics and prebio-
tics. In this combination the prebiotic substrate could
promote survival of both the probiotic organism and other
‘favourable’ endogenous species.

Postbiotics are the biologically active by-products of
probiotic cultures (i.e. short-chain fatty acids produced by
bacterial fermentation such as butyrate), which can be
added to health supplements. At this stage, there have
been too few studies in allergic disease to warrant a review
of postbiotic products specifically.

Summary of evidence of pre/probiotic supplements in the
prevention of allergic disease

The most ambitious but most cost-effective strategies to
tackle the growing burden of allergic disease centre on
primary prevention. As the allergic phenotype is often
expressed within months of life, prevention strategies
must be targeted in pregnancy and/or the immediate
post-natal period. In the absence of accurate allergy
predictors, these strategies have been generally directed
at children perceived to be at a ‘high risk’. High-risk
infants are usually characterized by a positive family
history of allergic disease. Research for better preventive
measures needs to go hand in hand with research on better
methods for predicting allergic disease.

Current evidence for probiotics in allergy prevention

To our knowledge, there are at least 17 randomized-
controlled trials (RCT) and two meta-analyses examining
the role of maternal and or infant probiotic supplementa-
tion for primary allergy prevention. These are summarized
individually in Tables 1a and b, and include five studies
cited in previous meta-analyses [13, 17-20], eight new
studies published in the last 2 years [21-28] (Table 1a) and
a further four studies that are, to our knowledge, still in
progress (Table 1b). There have also been several follow-
up publications to previous studies [29, 30]. As noted,
there is considerable heterogeneity in virtually all aspects
of these studies, including the strains used, the timing of
administration, the duration of administration, the meth-
od of probiotic delivery and the outcome measures.

Most of the current studies looked primarily at early
outcomes of allergic disease such as eczema and IgE-
mediated food allergy. Half of these have shown some
reduction in the development of eczema, but there was
little evidence of this in the remaining studies (Table 1a).
The majority of studies have shown no reduction in
sensitization, food allergy or allergic disease in general
(Table 1a). At present, long-term outcomes such as allergic
rhinitis (AR) or asthma have not been satisfactorily
assessed.
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Lactobacillus rhamnosus strains have featured heavily
in existing studies, most notably in the studies document-
ing a beneficial effect on eczema reduction, particularly
the LGG strain [13, 19, 28], but also other L. rhamnosus
strains [24]. However, other studies using L. rhamnosus
strains have not shown any reduction in infant allergic
disease or sensitization [17, 22, 23, 25, 29]. Although
some have shown no overall benefits there was some
reduction in allergic outcomes in subgroups born by
caesarean section [29] or those with maternal sensitization
[25]. Similarly, one earlier study also found a benefit
(reduced sensitization) with Lactobacillus reuteri in a
subgroup with maternal sensitization, although there was
no overall benefit [20]. One new study has reported a
beneficial effect of a combination of Lactobacillus lactis,
Bifidobacterium infantis and Bifidobacterium bifidum,
with a significant reduction of eczema [26], while another
study has shown clear differences in efficacy between two
species [24].

The duration of treatment has also varied quite sub-
stantially. The majority of studies included a pre-natal
treatment period, typically for 4-6 weeks, but the period
of post-natal supplementation has ranged from 1 month
[21] to 2 years [24]. It has been proposed that, in addition
to strain differences, antenatal supplementation may also
explain differences between studies, as this is a feature of
studies showing a benefit [13, 19, 24, 25, 26, 28] compared
with those that did not [18, 23]. Animal studies with
probiotics show antenatal effects [9], but the effects of
maternal probiotics on cord blood immune responses are
conflicting [31, 32], and a specific study to address this is
still in progress (Tang et al., Table 1b). Only one newly
reported Swedish study has specifically examined the
effects of probiotic supplementation (Lactobacillus F19)
during the weaning period (4-13 months of age) and
found an impressive 50% reduction in eczema [27].

Although there have been two meta-analyses on pro-
biotics for allergy prevention, these are difficult to inter-
pret [33, 34]. These generally only included data from the
first five studies published [13, 17-20] and are therefore
already outdated, with seven new studies [22-28] and at
least two follow-up studies [29, 30] reported since. One
earlier study was also not included [21]. Both systematic
reviews found that probiotics reduce the risk of eczema,
but found no effect of probiotics in preventing any other
allergic outcome including allergic sensitization and food
allergy. The analysis by Lee et al. [33] has been criticized
[35] for including the data from the Isolauri study three
times over [13, 36, 37], and amplifying the effect. A
number of other methodological issues have been raised,
including the outcome measures used [35]. The systematic
review by Osborn and Sinn [34] in 2007 was generally
more robust, and also appears to have included the
Isolauri data more than once. Nevertheless, their conclu-
sions were more conservative, indicating that although
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there was a reduction in clinical eczema in infants, this
effect is not consistent between studies, and they advised
caution in view of methodological concerns of a number
of included studies. This systematic review is currently in
the process of being revised. At this stage, few studies
have assessed the long-term effects on asthma and re-
spiratory allergic disease, but those that have, have found
no effect [29, 37].

Both these meta-analyses identified the marked hetero-
geneity between studies and the need for more definitive
studies. However, we have previously questioned the role
of the meta-analyses method in this setting where the
interventions are diverse and not necessarily comparable
[10]. With at least four more studies in progress (Table 1b),
this will remain an ongoing issue as these systemic
reviews are revised.

Current evidence for prebiotics in allergy prevention

Non-digestible, fermentable oligosaccharides are of inter-
est because of their capacity to selectively favour
colonization with favourable microflora, particularly bi-
didobacteria [15, 38]. This could theoretically have more
global effects on colonization than adding single strains.
Commercial preparations include polydextrose, fructo-
oligosaccharides, galacto-oligosaccharides and mixtures
of these. Although these prebiotics can be added to infant
formula, these unfortunately do not exactly replicate the
unique prebiotics in human breast milk.

So far, the studies in allergy prevention are limited.
There has really only been one study specifically designed
to assess the effects of prebiotics on allergy prevention
[15, 39]. This Italian study by Moro, Arslanoglu and
colleagues enrolled 259 infants at a high risk of allergic
disease and assigned them to a formula containing either
a placebo or a prebiotic mixture of 90% short-chain
galacto-oligosaccharides (GOS) and 10% long-chain fruc-
to-oligosaccharides (FOS), designed to resemble human
milk. Mothers and infants were only recruited into the
study if they decided not to breastfeed and the average age
of the first feed was around 11 days in each group. At both
3 and 6 months of age, there was a significant increase in
colonization with bifidobacteria (in the 206 children
completing follow-up) and a significant decrease in the
cumulative incidence of eczema at 6 months of age in the
GOS/FOS supplementation group compared with the pla-
cebo group [15]. A further follow-up assessment has been
reported for this population at 2 years of age, although
this was limited to approximately half of the original
population (n=134), showing a significant reduction in
the cumulative incidence of eczema, recurrent wheezing
and allergic urticaria compared with the control group
[39]. Furthermore, the prebiotics intervention group also
had a smaller number of upper respiratory tract infections,
fever episodes and courses of antibiotic therapy [39].
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Other allergic disease or food hypersensitivity outcomes
were not reported.

The only other study to address this issue was designed
to examine the effects of prebiotics on infant growth and
stool consistency, but this was not in a population at risk
of allergic disease and eczema was only assessed as a
secondary adverse event with few details provided [40].
They examined the effect of two different combinations of
prebiotic ingredients, polydextrose, GOS and lactulose, at
two different intake levels, and noted that eczema was
more common in one prebiotic group than the control
group, but tended to be lower in the other. In the Cochrane
systematic review that combined these studies, no effect
was found but this may have been due to differences in
infant risk, prebiotic formulation and measurement of
eczema [41]. Essentially, more studies are needed.

Role of synbiotics in allergy prevention

So far, only one, albeit large, study (n = 1223) has assessed
a synbiotic mix in the context of allergy prevention.
Kukkonen et al. [19] used a prebiotic (GOS) in combina-
tion with three different probiotics. This was administered
to mothers for 2-4 weeks before delivery and then to the
infant for the first 6 months post-natally. At 2 years of age
(n=925), there was a reduction in eczema, particularly
atopic eczema, in the synbiotic group. There were no
effects on other allergic outcomes or sensitization,
although IgE-associated (atopic) diseases tended to occur
less frequently in the probiotic group [19]. However, a
recent follow-up of this population at 5 years of age did
not show any difference in the cumulative incidence of
eczema, atopic eczema, sensitization, AR and asthma
between the treatment and the placebo group [29].

Summary of evidence of pre/probiotics in the treatment of
established allergic disease

It may be argued that once both colonization and the
allergic phenotype are established, the therapeutic poten-
tial of these interventions may diminish or at least may be
less effective than at younger ages when there is more
inherent plasticity. For these reasons, most treatment
studies have been in infancy and early childhood.

The role of probiotics and prebiotics in eczema

The therapeutic effects of probiotics have been best
studied in infants with atopic dermatitis. At least 13
studies have been published in more than a decade (Table
2). To our knowledge, there are three more RCT currently
ongoing to further examine probiotics for the treatment of
eczema as well (Murray and colleagues, Goossens and
colleagues, and Land and colleagues. as summarized by
Lee et al. [33] and Boyle et al. [42]). Again, there is marked
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heterogeneity between studies. Most have used probiotic
species alone, but two studies have used synbiotics
[43, 44]. None has examined prebiotics alone. The study
populations have varied significantly in the baseline
severity of eczema (Table 2), and study sizes have differed
widely from 15 [44] to 230 participants [45]. Almost all
studies have given probiotics orally, but it is noteworthy
that one study used a topical lysate of a non-pathogenic
gram-negative bacterium (Vitreoscilla filiformis) and ob-
served a significant reduction in Scoring Of Atopic
Dermatitis Severity Index (SCORAD) and in cutaneous
Staphylococcus aureus colonization, compared with the
placebo group [46].

L. rhamnosus strains have been most widely used, but
the duration of intervention in all studies varied from 4
weeks to 6 months. In most studies, SCORAD has been
used as the primary measure for determining eczema
severity. To our knowledge, only two studies have re-
ported a reduction in SCORAD with probiotic supplemen-
tation [47, 48]. One of these used the L. rhamnosus strain
(LGG) [48] and the other used an Lactobacillus fermentum
strain [47]. Several other studies have reported effects on
quality-of-life measures although these were not standar-
dized [49, 50].

Several authors have performed meta-analyses on these
studies [33, 42, 51]. The recent Cochrane systematic re-
view by Boyle et al. [42] found no evidence that probiotics
are effective for the treatment of established eczema, but
emphasized the problems with heterogeneity and the
quality of some studies. However, a further review by
Michail et al. [51] described that probiotic treatment
showed a small but significant difference in improvement
in SCORAD score. These contrasting conclusions between
meta-analyses [42, 51] are the result of differences in the
inclusion criteria, definitions and outcome measures ex-
amined. However, while a three-point difference in the
SCORAD score reported by Michail et al. [51] might be
statistically significant, the clinical relevance is doubtful.
Thus, at present, there are insufficient data to support pre-
or probiotics as effective treatments for eczema.

The role of probiotics in the treatment of allergic
respiratory disease

Asthma and AR tend to affect older individuals with more
established bowel flora and more established patterns of
immune response, and there has been some anticipation
that the benefits of probiotics in these conditions may be
more limited. This may be reflected by the relative paucity
of good studies in this area. Vliagoftis et al. [52] recently
undertook a systematic review of all RCT that studied
probiotics for the treatment of AR and asthma. Yet again,
marked heterogeneity was a confounding feature. For the
studies that were collectively examined for asthma treat-
ment, there were no apparent benefits of probiotics

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 39 : 1801-1814

[53-56] (as summarized by Vliagoftis et al. [52]). For AR,
the use of probiotics was associated with lower symptoms
scores and medication use in many of the studies. How-
ever, the wide variation and lack of standardization in the
assessment methods, study protocols and population
characteristics made the collective data difficult to inter-
pret. The main conclusion was that while the data suggest
a beneficial effect of probiotics in AR, this is not con-
clusive and more studies are needed [52]. At present, there
is insufficient evidence to support probiotics for treatment
of either AR or asthma.

General issues, limitations and challenges

This remains an important ongoing area of research, in
terms of both the safety and the effectiveness of probio-
tics. Probiotics are generally considered safe in the
community where they are widely available and
often considered as supplements to existing therapies.
Long-term safety data from primary prevention studies
using post-natal probiotics and prebiotics showed no
differences in side-effects in the treated children [57].
However, in the context of treating children with
established allergic disease, there are some reports of
serious adverse effects (anaphylaxis) in milk-allergic
children as a result of contamination with cow’s milk
proteins [58]. It is not uncommon for commercially
available probiotics to be contaminated with cow’s milk
protein [58, 59] and for milk-allergic children to show
sensitization to these probiotics [59]. Clinicians should
promote awareness of these risks. More research is needed
to provide a clearer message on the benefits (if any) and
limitations of probiotics, to avoid potentially unnecessary
use.

As we have indicated previously [10], a variety of
factors contribute to the conflicting findings between
studies. We propose that, as with any environmental
exposure, the effects of probiotics are likely to vary
according to a range of host and environmental factors.
The same factors may explain benefits in sub-popula-
tions (i.e. such as different effects according to maternal
phenotype, delivery method and infant phenotype).
Some of these observations may reflect clinically rele-
vant benefits that are obscured when data are pooled.
Host factors include differences in genetic predisposi-
tion to allergic disease (across multiple loci), specific
polymorphisms in microbial recognition pathways that
may influence effects and susceptibility to colonization.
A range of environmental influences may have second-
ary effects on colonization including maternal flora,
delivery method, feeding practices and weaning diet,
antibiotics, general microbial burden and other immu-
nomodulatory influences. Finally, differences in the
probiotic supplement such as the strain, dose, viability,
timing/duration and method of administration may
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result in differences in clinical effects. All these varia-
tions underpin the difficulties in performing and inter-
preting meta-analyses.

Future directions

Cohort studies are slow and expensive and generally
only able to examine one or two variables. Ideally, these
could be more cost effective if coordinated through an
international consortium. Such studies need to be under-
taken in tandem with detailed mechanistic studies that
advance our still limited concepts of oral tolerance. It is
important for future studies to also examine the effects
of microflora in the context of other complex environ-
mental changes, which are also likely to modify allergic

propensity.

Conclusions

At present, based on the currently available evidence,
probiotics, prebiotics or other microbial products are
not indicated in the standard treatment or the primary
prevention of allergic diseases. For primary prevention,
initial meta-analyses suggest a benefit of probiotics in
reducing the development of eczema, but not other
allergic outcomes. However, at least some of these
effects may have been exaggerated by methodological
approaches [35], and do not include the effects of an
equal number of more recent studies. Prebiotics (and
synbiotics) may play a potential role in allergy preven-
tion but at this stage more studies are needed. For
treatment of established disease, meta-analyses have
generally concluded that probiotics do not reduce
symptoms of eczema or asthma and the effects on AR
are inconclusive. These meta-analyses (of treatment or
prevention studies) do not exclude the effects of se-
lected strains in selected subgroups of patients, as
suggested by a number of studies. While heterogeneity
may be problematic when combining data, it may
provide clues for understanding the optimal context
for these strategies and suggest directions for further
research.

The present strategies of modulating colonization are
restricted by a still limited understanding of the complex
gut microbiome, including the ‘optimal’ patterns of colo-
nization for promoting immune tolerance. Finally, while
there is no doubt that colonization is critical for normal
immune development, the contribution of ‘cleaner envir-
onments’ relative to other complex environmental
changes is not yet clear and a better understanding of
these complex early interactions is also essential. These
will be major challenges and underscore the need for
novel approaches, which are likely to entail interdisci-
plinary collaborations.
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