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Probiotics, defined as ‘live organisms which, when ad-
ministered in adequate amounts, confer a health benefit
to the host’ [1] have a long history of human use, such as
the ingestion of fermented milk products for health pur-
poses. Commonly used probiotics include Lactobacillus
or Bifidobacterium species, which have effects on the im-
mune system and intestinal barrier function that support
their use in the prevention or treatment of immune-me-
diated disorders [2-4]. It remains poorly understood,
however, how probiotics actually interact with our com-
mensal bacteria. The intestine, particularly the large in-
testine, is heavily colonized and commensal bacteria out-
number human cells by a factor of 10 to 1. The intestinal
microbiota plays a key role in the maintenance of mucosal
health: it helps to metabolize nutrients, produce short-
chain fatty acids required for epithelial metabolism and
has broad-ranging effects on the mucosal barrier, im-
mune function and metabolism [5]. Manipulation of
health by altering the microbiome was first systematical-
ly applied to livestock, where both antibiotics and probi-
otics have been used to promote weight gain [6].

Microbiome and Allergy

The growing prevalence of atopic disease in the devel-
oped world led to the proposition of the hygiene hypoth-
esis by Strachan [7] in 1989, in which he posited that the
rise in atopic disease was due to a decreased childhood

exposure to infections. Although exposure to infections
may be one source of immune education, the most exten-
sive interaction of the human body with microbes occurs
within our own gut, which, in addition to being the site
of greatest bacterial colonization, is also the largest lym-
phoid organ in the body. Over 40 years ago, it was report-
ed that germ-free status resulted in spontaneous allergy
and anaphylaxis to dietary milk in rabbits [8], suggesting
that the microbiota is important for actively suppressing
allergic sensitization and supporting the concept of ‘good
bugs’ that could be used therapeutically. It has been pro-
posed that a change in the constituents of the intestinal
microbiota promotes allergic disease, a concept support-
ed by recent preclinical data [9]. Using culture-based ap-
proaches to studying the human microbiome, there has
been a lack of consistent findings comparing healthy to
atopic infants [10, 11]. However, the vast majority of
commensal bacteria cannot be cultured and are not rep-
resented in such approaches. The development of high-
throughput genomic approaches for quantifying taxo-
nomic units has been used to study stool samples from
atopic infants compared to healthy controls, with a find-
ing of reduced diversity and dysbiosis in allergic disease
[12,13]. Readers are referred to Garn et al. [14] for a com-
prehensive review of the current state of microbiome re-
search in allergic disease. Studies on larger birth cohorts
are needed to definitively answer the question of how
changes in the microbiome precede the development of
atopic disease. Advances in sequencing techniques now
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Fig. 1. It is not yet known how the micro-
biota is altered in those with allergic disease
beyond a reduction in diversity. More re-
search is needed in order to identify, at the
species level, what prevents or promotes al-
lergic disease and to determine how the
balance is altered in allergy. Furthermore,
an understanding of how probiotic treat-
ment influences microbial colonization is
currently missing from probiotics research;
this could shed light on how probiotics
could be most effectively used for the pre-
vention or treatment of allergy.

allow for accurate identification to the species level over
time [15], which will allow for the determination of
whether there are species that prevent or promote the de-
velopment of allergic disease. This ‘good bug/bad bug’
concept is fundamental to the theory of probiotic treat-
ment (fig. 1).

Probiotics and Allergic Disease

Probiotics tested in human trials for the prevention of
allergic disease include Lactobacillus or Bifidobacterium
species or probiotic cocktails, given either postnatally or
prenatally and postnatally. Preclinical studies on mice
have supported an immunomodulatory effect of these
microbes, either in suppressing Th2 responses or pro-
moting Th1 or Treg responses. Human trials have been
associated with variable outcomes in the prevention of
eczema and allergic sensitization. In this issue of Interna-
tional Archives of Allergy and Immunology, Loo et al. [16]
provide 5-year follow-up data on a cohort of 253 Asian
infants at a high risk of allergic disease. Infants were ran-
domized to receive a commercially available milk formu-
la supplemented with Bifidobacterium longum and Lacto-
bacillus rhamnosus, or not supplemented, for the first 6
months of life. In a previous report, after following these
infants up to the age of 12 months, the investigators re-
ported that there was no significant effect of probiotic
treatment on outcomes of eczema or allergic sensitization
[17]. In their current report, based on follow-up of the
cohort yearly up to the age of 5 years, they found that
there was no significant effect of early probiotic use on
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eczema, asthma, allergic rhinitis, food allergy or sensitiza-
tion to dust-mite allergens. An interesting aspect of the
report was that 92% of subjects used probiotics for a pe-
riod of at least 1 year after the age of 2 years, making the
group that had no regular exposure to probiotics up to the
5th year of life very small. This postintervention probi-
otic use was significantly associated with a reduced inci-
dence of asthma and allergic rhinitis. These data suggest
that prolonged use of probiotics may contribute to their
effectiveness.

A recent meta-analysis [18] reported a significant ef-
fect of probiotic use on total IgE and allergic sensitization,
but no effect on asthma or wheeze. However, this was a
finding only in studies that started supplementation pre-
natally. Since the infant microbiome is derived primarily
from the mother, it may be necessary to alter the maternal
microbiome in order to secure significant changes in the
infant microbiome. Alternatively, alterations in the ma-
ternal microbiome could potentially alter factors in breast
milk that could promote immune tolerance. However, in
the absence of information on how probiotic treatment
influences either the maternal or the infant microbiome,
the mechanism of action remains speculative.

Future Directions in Probiotic Research

The concept of the prevention of allergic disease
through manipulation of the gut microbiota is highly ap-
pealing. As emphasized in a recent position paper from
the World Allergy Organization [19], research on probi-
otics is still in its infancy and there is more work that
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needs to be done to evaluate potential efficacy. Future
studies need to consider the impact of probiotic treat-
ment on the microbiome (both maternal and infant).
There are data that feeding Lactobacillus casei can have
significant impact on the infant microbiome [20], but
these changes have not yet been linked to health out-
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