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Gut microbiota of food allergic children was ana-
lyzed by high throughput 16S rRNA gene sequenc-
ing. Signs of gut dysbiosis, which is likely associated
with gut inflammation, was observed in children
with food allergies. For example, decreased abun-
dance of genus Akkermansia but increased abun-
dance of Veillonella was found in children with food
allergy in comparison with healthy control children.

Key words: gut dysbiosis; food allergy; high
throughput 16S rRNA gene sequencing

The gut microbiota plays many important roles in
host’s immunity and metabolism as evidenced by stud-
ies using germ-free and gnotobiotic animals.1) In the
past decade, the role of the intestinal microbiota in
many diseases has been elucidated. For example, many
studies suggest an altered composition of the intestinal
microbiota, or gut dysbiosis, as a possible cause of
allergic diseases.2) Caution should be taken, however,
when considering the implication of these results for
other allergies such as food allergies, as these studies
focused mostly on atopic diseases.3–5) To the best of
our knowledge, to date there are only five studies that
have assessed the composition of the gut microbiota in
children with food allergies using high throughput
sequencing techniques, and all demonstrated abnormal-
ity in their gut microbiota.6–10) Nonetheless, the num-
ber of these studies is thought to be too small to draw
unequivocal conclusions. In addition, the age of the
experimental subjects was likely a limiting factor too.
Indeed, the age of infants who had their gut microbiota
analyzed in four of these studies was less than
16 months, an age at which children are usually still
lactating. The gut microbiota of lactating children is
considered to be “immature”, i.e., with microbial taxa
that are very different from those found in the gut
microbiota of children consuming foods other than
milk.11) This immature condition of the microbiota

likely impeded the acquisition of information needed to
assess gut dysbiosis.6–8,10)

A high prevalence of atopic diseases and food aller-
gies are still observed at 5 years of age.12) The age of
children used in the remaining study of the five experi-
ments mentioned above was 2–8 years.9) Thus, we
believe its experimental protocol is worth being
assessed but only after adjustment of certain parame-
ters. For example, the study in question used 27f as
primer, which is known to be unsuitable for amplifying
Bifidobacteria due to sequence miss-matches.13) More-
over, the pyrosequencing method used in the study is
known to be less accurate than the widely used Sanger
sequencing method.14)

In the present study, to assess a possible relation of gut
dysbiosis with food allergies, children aged 18 months to
6 years and found to be allergic to foods were enrolled.
Their gut microbiota was analyzed using less biased uni-
versal primers 341F and 805R for 16S rRNA gene and a
MiSeq platform as the analytical method, which was
based on the Sanger sequencing method.
The experimental protocol for this study was

approved by the ethics commission of Shiga University
of Medical Science (Approval Number: 23-104).
Informed consent was obtained from parents of all
eight infants whose samples were used in this study.
Four children severely affected by food allergies, which
were diagnosed by clinical symptoms and using a
serum allergen specific IgE test, were enrolled in this
study. In addition, four healthy children at similar age
as that of allergic children were used as control. Infor-
mation of all infants are listed in Table 1. All children
were vaginally delivered at full-term (>37 weeks of
gestation) and mixed-fed, except for one control child
who was breast-fed. No antibiotic treatment was
imposed on any of the infants for at least a month prior
to sample collection.
Freshly evacuated feces were aseptically collected

into sterilized containers (stool carry: atect, Osaka,
Japan) and kept at −20 °C during collection. Next,
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within 24 h after evacuation, the fecal samples were
transported to our laboratory and stored at −80 °C until
further use.

16S rRNA sequencing using a MiSeqTM system
(Illumina, San Diego, CA) was conducted according to
a previously described method.15) PCR amplification of
16S rRNA V3-V4 region was conducted using primers
314F and 805R. Processing of sequencing data includ-
ing quality filtering, chimera check, OTU definition,
and taxonomy assignment was carried out using
QIIME,16) USEARCH,17) and UCHIME18) exactly as
previously described.15) Statistical difference (p < 0.05)
in the weighted UniFrac distance calculated by QIIME
was evaluated using Wilcoxon’s rank sum test. The rel-
ative abundance of bacterial genus between groups was
analyzed by White’s non-parametric t-test, which is a
method developed to compare bacterial abundance.19)

Frequency of bacterial genus was statistically analyzed
by Pearson’s chi-square test using R software (ver.
3.3.2; https://www.r-project.org/).

Upon data processing, a total of 205,055 high-quality
sequences (average: 25,632 reads) were obtained and
205 OTUs were defined (singleton removed). Principal
component analysis of weighted UniFrac distance indi-
cated differences in the gut microbiota between food
allergic and healthy children (PC2: p < 0.05, Fig. 1).
The composition of the gut microbiota in food allergic
and healthy children is summarized in Table 2. Abun-
dance of bacterial genus Dorea and Akkermansia was
significantly lower in samples of food allergic children

than in those of healthy control children, while abun-
dance of genus Lachnospira, Veillonella, and Sutterella
was significantly higher (p < 0.05) in food allergic chil-
dren than in healthy children. With regard to frequency,
although genus Sutterella was detected in samples of
all food allergic children, it was found only in samples
from one control child (p < 0.05 by chi-square test). In
contrast, although it was detected in all healthy control
children, genus Akkermansia was rarely detected in
food allergic children (1/4 subjects) (p < 0.05 by chi-
square test). Chao1 index was 106.99 ± 27.43 and
104.86 ± 31.59 in food allergic and healthy children,
respectively. In addition, Shannon index was 3.08
± 0.25 and 3.08 ± 0.35 in food allergic and healthy
children, respectively. The alpha diversity (Chao1 and
Shannon indices) was not different between groups.
Gut dysbiosis of food allergic children, especially

after weaning, has rarely been investigated. In the pre-
sent study, we conducted an experiment to preliminar-
ily assess gut dysbiosis in food allergic children prior
to a larger scale study. Although the number of subjects
in this study was relatively small, it yielded interesting
data on the features of gut microbiota in food allergic
children.
The composition of gut microbiota in food allergic

children was different from that in healthy children.
Interestingly, the gut microbiota of food allergic chil-
dren seems to possess characteristic features that are
common with that of children suffering from Crohn’s
disease (CD). For example, we detected a decrease in
abundance of genus Dorea and Akkermansia and an
increase in abundance of Veillonella, which Lewis
et al.20) also detected in pediatric CD. Similarly, Tana
et al. also reported Veillonella to be significantly higher
in the fecal microbiota of irritable bowel syndrome
patients than in that of healthy, control patients.21)

Although the association of genus Dorea with gut
inflammation remains unclear, Akkermansia has been
suggested to have anti-inflammatory properties.22) In
addition, it was found that Veillonella lipopolysaccha-
rides induce a similarly strong inflammatory response
as Salmonella lipopolisaccalides do.23) Finally, although
it still remains controversial,24) Sutterella wadsworthen-
sis has been suggested as one of the predominant bac-
terial strains in the microbiota of CD patients.25) Taken
together, our results suggest that children with food
allergy may experience gut inflammation, at least to
some extent. An inflamed gut then prevents the estab-
lishment of oral tolerance to food antigens and pro-
motes hypersensitivity to antigens.26) In addition, gut

Table 1. Clinical data from eight subjects in this study.

Subject No. Age Gender Food allergen

Healthy 1 6 years, 7 months Male –
2 4 years, 10 months Male –
3 2 years, 2 months Male –
4 4 years, 1 months Female –

Allergic 1 2 years, 4 months Female Egg, wheat, soybean, sesame, milk
2 6 years, 3 months Female Egg, wheat, sesame, milk, peanut
3 4 years, 3 months Male Egg
4 1 years, 6 months Female Egg, soybean, sesame, milk, shrimp, crab

Fig. 1. Principal component analysis plot of weighted UniFrac dis-
tance for the gut microbiota in food allergic and healthy children.
Notes: Solid triangles indicate data of food allergic children. Solid

circles indicate data of healthy children.
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inflammation also seems to increase gut permeability,27)

which consequently results in higher antigenic loads
from food.28)

In the present work, we demonstrated that gut dys-
biosis, which likely associated with gut inflammation,
occurs in children with food allergy. Based on our
results, we propose that, using larger sample sizes, fur-
ther studies focusing on gut dysbiosis in food allergic
subjects and its relation with gut inflammation are
worth being conducted.
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