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Can we predict future allergies from our
infant gut microbiota?
Expert Rev. Respir. Med. 9(6), 667–670 (2015)

The ability to predict allergic disease at
an early age has many benefits to our
society. From the time of the first cul-
tured-based studies conducted in the
1990s, the gut microbial ecosystem dur-
ing infancy continues to be interrogated
to better understand what predisposes
some but not other infants to develop
allergic disease. This testing had been
advanced by gene sequencing technolo-
gies that permit the detection of a
broader range of microbes in the human
body than culture methods. Hence, more
complete assessment of gut microbial
communities during infancy enhances
our ability to identify gut microbiome
biomarkers which can predict future
allergic disease. Such biomarkers also
have the potential to reduce the over-
diagnosis of food allergy, and subsequent
stress for the child and family.[1,2]
According to several small European

cohort studies,[3,4] reduced gut micro-
bial diversity and abundance of genus
Bacteroides by 1 month of age are early
prognostic indicators of atopic dermatitis.
Lowered microbial diversity at this age
and 1 year later in infants born to
women with a history of asthma has
also been associated with a higher risk of
allergic sensitization by age 6.[5] In the
KOALA birth cohort study of 1000
infants, colonization with Clostridium dif-
ficile at 1 month predicted atopic sensiti-
zation at age 2.[6] By 18 months of age,
Nylund et al. also observed greater abun-
dance of Clostridium clusters, as well as
lowered Bacteroides spp. abundance in
toddlers subsequently diagnosed with
atopic dermatitis.[7] Two cross-sectional
studies have observed gut dysbiosis in
infants with confirmed food allergy. At
the phylum level, Ling et al. reported
higher Firmicutes (of which Clostridium
are members) and lower Bacteroidetes

abundance among 5-month-old infants
with food allergy, yet no difference in
overall microbiota diversity.[8] In the
Thompson-Chagoyan et al. study, infants
with confirmed cow’s milk allergy were
more frequently colonized with
Clostridium coccoides, lactobacilli and
other cultured anaerobes, but had lower
counts of bifidobacteria and enterobac-
teria.[9,10] Especially among infants
with cow’s milk allergy, fecal lactate levels
(produced by lactobacilli) were positively
correlated with concentrations of bifido-
bacteria and negatively correlated with C.
coccoides.
Two recent studies have contributed

further evidence on the predictive value
of the gut microbial composition of
infants.[11,12] In a general population
cohort study, Azad et al. also found that
lower gut microbial species richness in
166 infants, determined from Illumina
sequencing of the V4 region of the 16S
ribosomal gene, predicted a positive skin
prick test to milk, egg or peanut at age 1.
Sensitization to food allergens is common
during early life, affecting up to 28% of
preschool children.[13] While 66–90%
of infants outgrow their sensitization to
egg and milk, respectively, and prevalence
rates drop to around 2% by age 5,[14,15]
food-sensitized infants are twice as likely
to experience the “atopic march” to con-
ditions such as atopic dermatitis, allergic
rhinitis and asthma.[16] Thus, predicting
food sensitization in 1-year-old children
has clinical value. A necessary condition
for utilizing gut biomarkers such as
microbial species richness to predict ato-
pic disease is their evaluation in the
breast-fed as well as in the non-breast-
fed infant. This is because the early gut
microbiota of breast-fed infants is nor-
mally less diverse than formula-fed
infants.[17] Indeed, lowered species
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richness at 3 months in the Azad et al. study also predicted food
sensitization among breast-fed infants who had been vaginally
delivered and were antibiotic free.[12]
Consistent with the allergy literature,[3,7,8] Azad et al.

observed a reduction in the abundance of Bacteroidaceae in the
gut of 3-month-old infants who developed food sensitization
9 months later.[12] Members of this family stimulate mucin
production which is required to maintain an intact gut micro-
biota–mucin barrier.[18] As shown in a fecal transplantation
experiment in mice, a gut microbiota abundant in Bacteroides
spp. prevents the development of milk allergy.[19] In the Azad
et al. study, food-sensitized infants had an elevated ratio of
Enterobacteriaceae/Bacteroidaceae abundance both at 3 and at
12 months of age, and this association was independent of
reduced microbial species richness.[12] The link between prior
and concurrent elevations of the Enterobacteriaceae and food
sensitization is a novel finding. Others have reported a similar
association for atopic dermatitis among caesarean-delivered
infants [20]; higher abundance of Enterobacteriaceae in gut
microbiota has been observed among schoolchildren with var-
ious atopic conditions.[21] In contrast, Abrahamsson et al. and
Ling et al. found Proteobacteria (the phylum containing
Enterobacteriaceae) to be less abundant in atopic infants.[3,8]
Contradictions such as these are likely a function of taxonomic
resolution since both studies found specific genera within the
Proteobacterial phylum, including the Enterobacteriaceae genus,
Escherichia/Shigella and Escherichia coli, to be elevated in allergic
disease.
Food sensitization is common in infants with atopic derma-

titis.[22] While this may reflect genetic predisposition, impaired
skin barrier function in atopic dermatitis is posited to increase
cutaneous absorption of food allergens.[23] There is evidence
for maternal–infant transmission of gut E. coli.[24] Infants of
mothers with atopic dermatitis (who are at genetic risk for
atopic dermatitis) are born with meconium that is enriched for
Enterobacteriaceae.[25] It is conceivable then that the
Enterobacteriaceae can be transmitted in utero and that higher
abundance of gut Enterobacteriaceae soon after birth is an early
biomarker for atopic dermatitis and subsequent food sensitiza-
tion. Of note, the Enterobacteriaceae/Bacteroidaceae ratio in the
Azad et al. study was elevated fourfold among 1-year-old infants
with food sensitization,[12] making it a robust biomarker for
future food allergy and the atopic march.
What is the predictive value for gut biomarkers in infants

already at risk for allergic sensitization? The new publication
of a high-risk (for allergy) cohort study by West et al. deter-
mined gut microbial composition and diversity with 454
pyrosequencing at ages 1 week, 1 month and 12 months in
infants (n = 10) who developed IgE-associated eczema and in
those who remained free of allergic symptoms at 2.5 years of
age (n = 10).[11] While mothers whose infants developed IgE-
associated eczema had lower diversity of Bacteroidetes
(p = 0.04) in their fecal samples, this dysbiosis was not evident
in their newborn infants. At 1 week of age, however, the
relative abundance of gut Ruminococcaceae was lower among

neonates who eventually developed IgE-associated eczema
compared to controls (p < 0.005). Of note, a reduction in
the abundance of Ruminococcaceae at age 1 was five times
more likely among food-sensitized infants in the Azad et al.
study, independent of birth method, breastfeeding and anti-
biotic exposure.[12] Like the Bacteroidaceae and bifidobacteria,
the Ruminococcaceae are able to degrade fiber [26] and are
present more often in weaned or formula-fed infants.[27]
They are also readily detected in breast-fed infants, depending
on the oligosaccharide content of breast milk.[28] Similar to
the Thompson-Chagoyan findings, West et al. found the
diversity of the phylum Actinobacteria (to which the bifido-
bacteria belong) to be lower in 1-year-old infants with IgE-
associated eczema compared to controls.[11]
Are gut microbial associations with innate system respon-

siveness, namely the release of pro-inflammatory cytokines
(such as IL-6 and TNF-α), a hallmark for future allergic
disease? In parallel to that of the gut microbiota, the innate
immune system and production of pro-inflammatory cyto-
kines via Toll-like receptor (e.g., TLR-4) stimulation evolves
from birth throughout infancy.[29] Gut microbiota modulate
systemic innate immunity cytokines in infants [30]; associa-
tions between these two systems signal the degree of micro-
bial-induced immune deviation toward an allergic profile.
West et al. related gut microbiome profiles of neonates at
1 week and 1 month in relation to peripheral cytokine
responses to TLR-2 and TLR-4 stimulation at 6 months of
age.[11] One week after birth, the relative abundance of
Ruminococcus was inversely correlated with TLR2-induced
levels of serum IL-6 (r = −0.567, p = 0.042) and TNF-α
(r = −0.597, p = 0.032); there was also an inverse association
between the abundance of the Proteobacteria and TLR4-
induced TNF-α levels (r = −0.629, p = 0.024). These relation-
ships persisted at 1 month of age, with strong inverse associa-
tions between the relative abundance of Enterobacteriaceae and
TLR4-induced TNF-α levels, and of Enterobacteriaceae abun-
dance and serum IL-6.
The consequences of parent and physician decision-making

regarding birth choices and infant feeding practices should
not be underestimated regarding their impact on gut micro-
bial development in the infant and future allergic disease.
Deficiency of Bacteroidetes in gut microbiota soon after
birth is a predictable outcome of caesarean delivery, which
can persist throughout infancy.[31–33] Cessation of breast-
feeding soon after birth deprives the infant of breast milk
oligosaccharides, a favorite food source for bifidobacteria and
Bacteroides species.[34] While human gut microbiome
research holds much promise toward identifying biomarkers
of disease, it is early days yet. A taxonomic marker that works
well in Canada and Finland may not work well in Germany
or the USA. Continued investigation is necessary to confirm
which core “deviations” of infant gut microbial colonization
and function are important to the development of food
allergy and allergic disease, and which present novel targets
for intervention.
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