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a b s t r a c t

Large-scale biodiversity loss and complex changes in social behaviors are altering human microbial
ecology. This is increasingly implicated in the global rise in inflammatory diseases, most notably the
“allergy epidemic” in very early life. Colonization of human ecological niches, particularly the gastro-
intestinal tract, is critical for normal local and systemic immune development and regulation. Distur-
bances in composition, diversity and timing of microbial colonization have been associated with
increased allergy risk, indicating the importance of strategies to restore a dysbiotic gut microbiota in the
primary prevention of allergic diseases, including the administration of probiotics, prebiotics and syn-
biotics. Here, we summarize and discuss findings of randomized clinical trials that have examined the
effects of these microbiome-related strategies on short and long-term allergy preventative effects e

including new guidelines from the World Allergy Organization which now recommend probiotics and
prebiotics for allergy prevention under certain conditions. The relatively low quality evidence, limited
comparative studies and large heterogeneity between studies, have collectively hampered recommen-
dations on specific probiotic strains, specific timing and specific conditions for the most effective pre-
ventive management. At the same time the risk of using available products is low. While further research
is needed before specific practice guidelines on supplement probiotics and prebiotics, it is equally
important that the underlying dietary and lifestyle factors of dysbiosis are addressed at both the indi-
vidual and societal levels.
Copyright © 2017, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The epidemic rise in allergic diseases and asthma is inexorably
linked to complex environmental and modern lifestyle changes.
Urbanization and global decline of environmental biodiversity are
directly implicated in changes in human commensal microbiota,
which are critical for both normal immune maturation and sub-
sequent immune function. While these global effects are likely to
vary widely across both macro-scale geographic environments and

micro-scale human microbial habitats, there is growing evidence
that ‘dysbiosis’ is a major factor in the global increase in inflam-
matory non-communicable diseases including allergic disease.1e3

The ecological pressures on microbial diversity are multifaceted
and reflect changes in individual exposures such as nutritional
patterns (increased processed foods, less fresh and fermented
foods), sedentary indoor living (vitamin D insufficiency, reduced
nature relatedness and exposure to environmental biodiversity) as
well as the wider social and economic drivers of ‘dysbiotic
drift’.4e6

Thus while it is important to develop strategies for individuals
to restore personal biodiversity for disease prevention, as is the
subject of this review, it is equally important to address the
fundamental drivers of dysbiosis and nutritional supplements must
be viewed in this broader ecological context.7
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The establishment of commensal microbiota in the gastroin-
testinal tract is critical to provide the tolerogenic microenviron-
ment necessary for optimal development of both innate and
adaptive immunity.8 Adverse influences on early colonization may
have long-lasting consequences, exemplified by numerous exam-
ples of early compositional and functional differences in early life
gut microbiota that precede the onset of eczema and asthma.9e20

While it has been logical to explore the role of probiotics,21 pre-
biotics22 and combinations of these (synbiotics) (Table 1), to
favorably modulate gut microbiota, it is also important that such
interventions are considered in tandem with other strategies that
address the perinatal practices and environmental factors that are
contributing to dysbiosis in the first place. Thus, although this re-
view is concerned with the specific impact of prebiotics and pro-
biotics in the perinatal setting, we underscore that, even if effective,
such products are only one aspect of the solutions.

The importance of gut microbiota establishment in the
development of oral tolerance and immune competence

The ambient conditions during initial antigen exposure, typi-
cally when the gastrointestinal immune system is still immature,
are important for the success of oral tolerance. The mechanisms
that initiate and maintain tolerance to dietary antigens are still
being defined, however early microbial exposure appears essential
in promoting an appropriate regulatory milieu during this period of
dynamic development (Fig. 1).23e25 Delivery method, antibiotic
usage, breastfeeding, perinatal environmental factors and
numerous factors that influence maternal microbiota in pregnancy
and lactation are important in this early colonization processes e

many of these now implicated in altered patterns of early coloni-
zation which may predispose to allergy and possible other early
onset NCDs.3 For example, reduced gut microbial diversity and an
elevated Enterobacteriaceae/Bacteroidaceae ratio in early life ap-
pears associated with an increased risk of developing food sensi-
tization and atopic eczema.13,14,26,27 Moreover, gut microbiota
composition at age 3e6 months was recently associated with milk
allergy resolution at 8 years of age.28

New insights into how the gut microbiota influences food al-
lergy have been provided by experimental animal models, clearly
demonstrating that absence of microbiota during a short time in-
terval in early life can result in defects in immune regulation.29

While this extreme microbial depletion does not resemble the
more subtle disruptions observed in humans, it nonetheless in-
dicates that the high microbial content in the gut is crucial for
sustaining the homeostatic host-microbiome relationship and
preventing intestinal inflammation and allergies by inducing
mucosal IgA and regulatory T-cell (Treg) responses.8,25,29,30 The
main mechanisms of induction of oral tolerance are mediated by
Foxp3þ Treg, known to mediate suppressive reactions thus avoid-
ing excessive immune activation.24 IgA, as the most abundant
mucosal immunoglobulin isotype, is important in the establish-
ment of composition of intestinal microbiota31 and may reinforce
oral tolerance by strengthening the mucosal barrier function.32 In
line with this hypothesis, aberrant IgA responses to the gut
microbiota during infancy were recently observed to precede al-
lergy development during the first seven years of life.33

The lack of intestinal microbiota in germ free mice is associated
with a Th2-skewed immune response, with enhanced IgE re-
sponses to food antigens, and/or a defect in mounting proper reg-
ulatory T-cell responses.8,34,35 Thus, an early exposure to microbial
symbionts occurring during certain time windows of develop-
mental plasticity, potentially also during the prenatal period (either
directly or indirectly throughmaternal immunomodulation), might
be beneficial in preventing development of Th2- mediated allergic
disease.36 Preliminary evidence that reduced fecal diversity of
Bacteroidetes in pregnancy is associated with increased risk of
atopic eczema in their young children gives further support for a

Table 1
Definitions.

Probiotics “live microorganisms, which when administered in
adequate amounts confer a health benefit on the host”21

Prebiotics “substrate that is selectively utilized by host microorganisms
conferring a health benefit”22

Synbiotics The combination of probiotics and prebiotics

Fig. 1. Possible prenatal and postnatal mechanisms for induction of oral tolerance. Pro- and prebiotics administration during pregnancy can influence mother's gut microbiome
potentially resulting in transmission of tolerogenic mediators (such as regulatory cytokines, antibodies and growth factors) through the placenta instructing foetal immune system
development. Following vaginal delivery, the newborn's gut acquires the maternal vaginal (including Lactobacillae and Bifidobacterium) and gut (Bacteroides) microbiome favouring
initial microbial colonization. Postnatally, oral administration of pro- and prebiotics together with breastfeeding and high-fibre diet might support ongoing intestinal colonization
by symbiotic bacteria (including Clostridium spp. and Bacteroides fragilis) sustaining the homeostatic host-microbiome relationship. This might in turn prevent intestinal inflam-
mation and decrease susceptibility to food allergies by inducing mucosal IgA and regulatory T-cell (Treg) responses.
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