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Abstract

Background The prevalence of food allergies (FA) has been steadily increasing over 2 to 3 decades, showing diverse
symptoms and rising severity. These long-term outcomes affect children’s growth and development, possibly linking
to inflammatory bowel disease. However, the cause remains unclear. Previous studies reveal that early infancy sig-
nificantly impacts FA development through gut microbiota. Yet, a consistent view on dysbiosis characteristics and its
connection to future allergies is lacking. We explored how early-life gut microbiota composition relates to long-term
clinical signs in children with FA through longitudinal research.

Methods We employed high-throughput 165 rDNA gene sequencing to assess gut microbiota composition in early-
life FA children in southern Zhejiang. Follow-up of clinical manifestations over 2 years allowed us to analyze the impact
of early-life gut microbiota dysbiosis on later outcomes.

Results While the diversity of gut microbiota in FA children remained stable, there were shifts in microbiota abun-
dance. Abundant Akkermansia, Parabacteroides, Blautia, and Escherichia-Shigella increased, while Bifidobacterium

and Clostridium decreased. After 2 years, two of ten FA children still showed symptoms. These two cases exhibited
increased Escherichia-Shigella and reduced Bifidobacterium during early childhood. The other eight cases experienced
symptom remission.

Conclusions Our study suggests that FA and its prognosis might not correlate with early-life gut microbiota diversity.
Further experiments are needed due to the small sample size, to confirm these findings.
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Background
In our prior investigation, we determined that the
reported prevalence of food allergy (FA) among chil-
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dren aged 3 to 6years in Wenzhou was 12.86% [1]. This
underscores a substantial occurrence of FA in this area.
However, there remains an absence of research regarding
the gut microbiota of FA-afflicted children in Wenzhou.
The gut microbiota, which resides within the human
gastrointestinal tract, plays a pivotal role in maintain-
ing overall host well-being. By the age of 3years, the
human gut microbiota becomes established. Notably,
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studies [2, 3] have demonstrated that an imbalance in the
gut microbiota prior to the age of 3years is linked to an
elevated likelihood of developing allergic diseases later
in life. Nonetheless, there exists no consensus regard-
ing the connection between early-life dysbiosis and the
subsequent prognosis of allergic conditions. This study
employs 16S rDNA gene amplicon sequencing to delve
into the diversity and composition of gut microbiota
among both FA-affected and healthy children in Wen-
zhou. Over a span of 2years, we will track clinical mani-
festations to discern the influence of early-life changes in
FA-related gut microbiota on clinical outcomes.

Materials and methods

Materials and reagents

The QIAamp® DNA stool mini kit was procured from
Qiagen (Hilden, Germany). The NanoDrop 2000 spectro-
photometer was sourced from Thermo Scientific (USA).
The agarose gel DNA purification kit was obtained from
Qiagen (Chatsworth, CA, USA). The TruSeq " DNA sam-
ple preparation kit was acquired from Illumina Inc. (San
Diego, CA, USA). The RNA iso  Plus reagent was sup-
plied by Takara (Dalian, China). Screw cap fecal contain-
ers were purchased from Sarstedt (Germany).

Patients

This study included 20 children. From September 2019 to
March 2020, 9 children diagnosed with FA by immunolo-
gists were recruited from the Immunology Outpatient
Clinic. An additional child was enrolled from the Pedi-
atric Gastroenterology Ward at The Second Affiliated
Hospital of Wenzhou Medical University. Eligible par-
ticipants were children aged 0 to 3years with immunol-
ogist-diagnosed FA. Food hypersensitivity was defined
as experiencing at least one specific symptom (such as

Table 1 Clinical characteristics of the allergic diseases in 10 children
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gastrointestinal symptoms, rash, urticaria, swelling of
lips/eyes, itchy eyes/nose, cough, and wheezing) cou-
pled with sensitization to food allergens indicated by IgE
antibody levels >0.35 kUA/L [4]. Among the 10 children,
each presented distinct clinical symptoms of FA (refer to
Table 1). Allergic symptoms were mitigated upon avoid-
ance of corresponding allergenic foods or transition to
a completely amino acid-free formula. An additional
10 non-food allergic children of matching age and gen-
der were recruited from the local community. All FA-
affected children adhered to allergen avoidance or used
an entirely amino acid-free formula. After a two-year
interval, we reevaluated the clinical manifestations of 10
FA-diagnosed children. This study was carried out fol-
lowing the principles of the Declaration of Helsinki (2013
revision). Ethical approval was granted by the Institu-
tional Review Board at The Second Affiliated Hospital of
Wenzhou Medical University, and parental consent was
obtained for all participating children.

Fecal sample collection

Parents or guardians of the 20 participants received
a screw cap fecal container (Sarstedt, Germany) and
a sealed plastic bag with labels. Once collected, a
researcher transported the fecal samples on ice to the
laboratory within 2hours, where they were stored in
—80°C freezers. These fecal samples were obtained from
both early-life FA and non-FA children.

16S rDNA gene amplification and sequencing

Total DNA was extracted from thawed fecal samples
using the QIAamp® DNA stool mini kit according to
the manufacturer’s instructions. The extracted DNA was
stored at —20°C for subsequent Illumina Miseq sequenc-
ing analysis. The V3-V4 region of the 16S rDNA genes

Patient Sex Age(M) Symptom Total Ig E (IU/ml) Specific Ig E (k UA/L) Eosinophils
1 F 17 cough 589.2 milk 6.37 0.507x10°
2 M 31 atopic eczema, angioneurotic edema  246.7 milk 23.2, egg 6.3 0467 x10°
3 F 13 Diarrhea, atopic eczema 674.3 milk 31.1, egg 1.27 0.063x10°
4 M 14 Diarrhea, atopic eczema 7942 milk 42.3 1.034x10°
5 M 3 Vomit, atopic eczema 4523 milk 8.7, egg 5.7 0.965x 10°
6 M 5 diarrhea 872.3 milk 7.34 0.765x10°
7 M 14 atopic eczema, dysphoria 4315 milk 16.7, egg 64.3, crab 55.5, shrimp 61.3, soybean ~ 0.27x 10°
9.06
8 M 9 atopic eczema 3424 milk 18.9, egg 22.3 0.578x10°
9 M 14 atopic eczema, diarrhea 970.5 milk 6.92, egg 70.8, shrimp 28.8, crab 33.3, wheat 1.882%10°
Hypoproteinemia, 14.1, peanut 5.38, soybean 6.75
anemia
10 F 25 atopic eczema, dysphoria 960.7 egg 15.6, milk 4.30, nuts > 100 0.364x10°
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was amplified from diluted DNA extracts using primers
341F (5'-CCTAYGGGRBGCASCAG-3") and 806R (5'-
GGACTACNNGGGTATCTAAT-3"). The PCR products
were purified using an agarose gel DNA purification kit.
An amplicon library was created with the TruSeq" DNA
sample preparation kit. The sequencing was performed
using Illumina MiSeq sequencing (2% 300bp; Hangzhou
Gubhe Information and Technology, Zhejiang, China).

Sequence analysis

Raw sequence data from 16S rDNA Miseq sequencing
were demultiplexed and quality-filtered using quantita-
tive insights into microbial ecology (QIIME) (version
1.17). Operational taxonomic units (OTUs) were clus-
tered at a 97% similarity cutoff using UPARSE (version
7.1) and chimeric sequences were identified and removed
using UCHIME [5]. The phylogenetic affiliation of each
16S rDNA gene sequence was determined using the RDP
Classifier (http://rdp.cme.msu.edu/) against the SILVA
(SSU119, https://www.arb-silva.de) 16S rDNA database
with a confidence threshold of 70% [6]. We performed
a-and P-diversity calculations and taxonomic commu-
nity assessment. a-diversity metrics included rarefaction
analysis, number of sequences, observed OTUs, Ace and
Chao richness estimators, and Shannon and Simpson
diversity indices, analyzed using MOTHUR [7]. Nonmet-
ric multidimensional scaling (NMDS) plots based on the
Bray—Curtis distance metric were used for B-diversity
visualization [8]. Furthermore, we compared relative
genus-level abundances between the two groups, consid-
ering genera with levels exceeding 1% within total bacte-
ria as predominant for comparison.

Evaluating clinical manifestation of 10 children with food
allergy after 2-year follow-up

After a period of 2 years, an assessment was conducted on
the children with FA to ascertain the presence of cough,
allergic dermatitis, and diarrhea. The grading criteria
for cough were as follows [9]: Grade I for Mild cough,
Grade II for Moderate cough, and Grade III for Severe
cough. The evaluation of atopic dermatitis was based
on the SCORAD score [10], categorizing the condition
into mild (SCORAD: 0-24 scores), moderate (SCORAD:
25-50 scores), and severe (SCORAD: >50 scores), with
the highest achievable score being 103. Stool consistency
was determined according to the Bristol stool classifica-
tion [11], involving the following categories: 1. Very hard
and lumpy stool; 2. Hard stool with clumps; 3. Stool with
cracks on the surface; 4. Smooth, soft, and sausage-like
stool; 5. Soft stool with distinct edges; 6. Stool without a
defined shape; 7. Watery stool devoid of solid content.
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Statistical analysis

Statistical analysis was conducted using SPSS version
19.0 software. Data with a normal distribution were
expressed as mean *standard deviation (SD), while
non-normally distributed data were presented as the
median. Comparisons between groups were executed
using the two-tailed Student’s t-test for normally dis-
tributed parameters. Additionally, statistical analysis
was carried out using the R statistical framework. Sig-
nificance was determined by a P-value of less than 0.05.
Given the limited sample size, a power analysis was
performed.

Results

Characteristics of children with FA

The 10 children diagnosed with FA exhibited distinct
clinical symptoms, encompassing atopic eczema, diar-
rhea, cough, vomiting, angioneurotic edema, and more
(refer to Table 1).

Gut microbial Beta diversity in children

In principal component analysis, a clear separation in
microbiota composition between FA and non-FA chil-
dren was observed (Fig. 1(A)). Evaluation of bacterial
community characteristics, such as richness, diver-
sity, and evenness, was performed using sequencing
data, considering observed species count, Chaol, ACE,
Shannon, and Simpson indices. Chaol and ACE dem-
onstrated comparable species richness between non-FA
and FA children (Fig. 1(B) and (C)). In contrast, Shan-
non and Simpson indices indicated similar diversity
and evenness of gut microbiota between FA children
and non-FA children (Fig. 1(D) and (E)).

Gut microbial composition in children

The OTU dataset for FA and non-FA children was ana-
lyzed. At the genus level, FA children exhibited sig-
nificantly higher relative abundances of Akkermansia,
Parabacteroides, Blautia, and Escherichia-Shigella,
while Bifidobacterium and Clostridium showed sig-
nificantly lower relative abundances in FA children
(Fig. 2(A) and (B)). On assessing individual FA chil-
dren’s samples, we noted significant increases in Escher-
ichia-Shigella in samples 7 and 8, accompanied by a
noteworthy decrease in Bifidobacterium (Fig. 2(C)).

Clinical manifestation of 10 children with food allergy

after 2-year follow-up

At the conclusion of the 2-year period, all children
reached the age of 3years. Among the 8 FA children,
either no clinical symptoms or mild symptoms were
observed, allowing them to consume relevant allergenic
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Fig. 1 AThe NMDS plot showed that the microbiota composition of FA and NC children were separated. B and C Species richness estimates: ACE
and Chao1 indices. D and E Diversity estimates: Shannon and Simpson indices

foods. However, 2 patients (samples 7 and 8) continued
to experience evident allergic symptoms. This observa-
tion led us to speculate that Escherichia-Shigella and
Bifidobacterium could play substantial roles in the
pathogenesis and development of FA. Importantly, after
the 2-year span, the weight and height of the children
remained largely unaffected (refer to Table 2).

Power analysis

The obtained results revealed that the power values
across 10 tests ranged from 0.78 to 0.93, with an average
power of 0.853. This study’s cumulative statistical power

(determined through post-hoc power analysis) was
deemed satisfactory at 85.3%. The post-hoc power anal-
ysis further confirmed that our tests fulfilled the power
requirement of 0.8.

Discussion

The gut microbiota has long been a focal point in the
investigation of allergic diseases. Identifying potentially
beneficial or harmful bacteria associated with FA holds
immense potential for uncovering preventive meas-
ures and therapeutic targets. Despite reports compar-
ing intestinal flora composition between healthy and
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Fig. 2 A Relative abundance of gut microbiota at genus level; B Comparison of the relative abundance of each bacteria at the level of genus

between two groups; C The relative abundance of gut microbiota of individual samples in the children with food allergy group

FA-affected children, outcomes have remained conten-
tious [12, 13]. This disparity might be attributed to fac-
tors such as subjects’ age, type of food hypersensitivity,

dietary habits, and geographical location.

In our study, a post hoc power analysis indicated that
our sample size was sufficient to meet the minimum
requirement of achieving 80% power. Furthermore, the

post hoc power calculation demonstrated that our study
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Table 2 Clinical characteristics of the allergic diseases in 10 children after 2 years
Patient Sex Age(M) Symptom Treatment Body Height (cm)
weight
(kg)
1 F 48 Cough: Grade | Leukotriene receptor antagonists 225 113
2 M 59 Eczema: scoard: 0 Highly hydrolyzed protein formula was fed for6 ~ 17.5 103
There was no recurrence of angioneurotic months, topical moisturizer
edema
3 F 37 Stool grading: 4, atopic eczema: scoard: 0 Highly hydrolyzed protein formula was fed for 1 18 108
year, topical moisturizer
4 M 38 Stool grading: 4 No treatment was given 16 100
atopic eczema: scoard: 0
5 M 36 No vomiting, eczema: scoard:4.5% Breast-feeding, topical moisturizer 17 100
6 M 38 Stool grading: 4 Highly hydrolyzed protein formula was fed for6 16 104
months
7 M 42 Eczema: scoard: 40.5%, no dysphoria Biologics and topical moisturizer 16 98
8 M 43 Eczema: scoard: 49.5% Topical moisturizer and glucocorticoid 15 92
9 M 48 Eczema: scoard: 0 Amino acid formula feeding for half a year, highly 20 110
Stool grading: 4 hydrolyzed protein formula was fed for 1 year
No hypoproteinemia, no anemia
10 F 60 Eczema:scoard: 4.5%, no dysphoria Highly hydrolyzed protein formula was fed for 1 17.5 120

year

achieved an 80% power at a 5% alpha level. Our investi-
gation involved an assessment of the diversity and com-
munity structure of gut microbiota in young infants
with FA and their non-FA counterparts in Wenzhou.
To achieve this, we employed 16S rRNA gene amplicon
sequencing. Similar to findings in other studies [14—20],
our research did not reveal significant differences in
bacterial beta diversity between allergic and non-aller-
gic children. These results suggest that the reduction in
diversity is likely unrelated to allergic symptoms. Our
findings unveiled that sensitized infants were discerned
by higher abundances of Akkermansia, Parabacteroides,
Blautia, and Escherichia-Shigella, as well as lower abun-
dances of Bifidobacterium and Clostridium. Escherichia-
Shigella, identified as an opportunistic pathogen, could
cause severe infections, particularly in individuals with
compromised immune systems. This may elucidate why
severe symptoms like diarrhea and hypoproteinemia
can manifest in certain infants with severe food hyper-
sensitivity. Previous studies, including the one by Ling
et al., observed elevated Escherichia-Shigella levels in FA
infants [21]. Additionally, other researchers found height-
ened Escherichia-Shigella presence in infants with atopic
dermatitis [22]. Collectively, these findings imply that
increased Escherichia-Shigella could serve as an allergy
marker, potentially elevating the risk of FA. Conversely,
Bifidobacterium is a bacterial group renowned for its
health-promoting potential. In our investigation, infants
with FA exhibited low relative abundance of Bifidobacte-
rium. This dearth might contribute to FA development.

Numerous studies have attested to the advantageous
effects of Bifidobacterium in preventing allergic dis-
eases. These anti-allergic effects could arise from Bifido-
bacterium’s role in modulating the intestinal barrier and
immune system. Notably, extracellular polysaccharides
from short Bifidobacterium WBBR04 and Bifidobacte-
rium longum WBLOOL1 bolstered intestinal barrier integ-
rity by attaching to the small intestine lining, thereby
effectively isolating allergens and thwarting FA [23]. Bifi-
dobacterium longum was found to curtail IgE response
and mast cell degranulation. Although sensitizing mark-
ers were unaffected, noteworthy increases were observed
in the expressions of regulatory genes like Forkhead Box
p3 (Foxp3), transforming growth factor-p (TGF-p), and
interleukin (IL)-10 ileum genes, alongside elevated levels
of the kynurenine metabolite [24]. Furthermore, feed-
ing Bifidobacterium longum to FA-afflicted mice led to
diminished IL-17 levels [25].

Few studies have explored the impact of gut micro-
biota composition on the long-term clinical outcomes
of allergic diseases in early-life children with FA. Azad’s
research [26] discovered that low species richness in
the gut microbiota of 3-month-old children correlated
with an elevated likelihood of food sensitization at
1year of age. The Canadian Healthy Infant Longitudinal
Development study reported that higher species rich-
ness at 3months of age was linked to a 55% lower risk
of FA at 1year of age [27]. Furthermore, the study noted
that a greater ratio of Enterobacteriaceae/Bacteroida
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ceae or elevated abundance of Bacteroidaceae species
corresponded to a twofold increase in children’s risk of
food sensitization. These investigations mainly focused
on the risk of developing allergic diseases in otherwise
healthy children later in life due to shifts in gut micro-
biota. Our study aimed to assess how gut microbiota
composition influences the prognosis of allergic dis-
eases in early-life children with FA. Among the 10 chil-
dren we studied, 8 exhibited significant symptom relief
after 2years, while 2 continued to experience allergic
symptoms. Notably, in these two cases, the early child-
hood intestinal flora displayed an increased presence of
Escherichia-Shigella and a decreased level of Bifidobac-
terium. The gut microbiota composition in the remain-
ing eight cases differed from those in samples 7 and
8. These eight cases did not show heightened Escheri-
chia-Shigella and reduced Bifidobacterium levels. This
suggests a potential link between the gut microbiota
composition in early life, specifically the presence of
Escherichia-Shigella and Bifidobacterium, and the long-
term prognosis of FA in children. Addressing FA pre-
dominantly involves symptomatic management and
the avoidance of allergenic foods. Children undergoing
this process are at a critical stage of growth and devel-
opment. Inadequate nutritional management during
allergenic food avoidance can lead to growth delays and
other problems, causing varying degrees of malnutri-
tion. Different studies have yielded conflicting results
regarding the impact of FA on growth. While some
indicated growth impairment in FA infants and young
children [28], others found no significant growth effects
[29]. In our study, body growth parameters (weight and
height) fell within the normal range according to World
Health Organization (WHO) growth references. Our
research delved into the impact of early-life gut micro-
biota dysbiosis on long-term clinical outcomes for chil-
dren with FA. We discussed the prevalence of dominant
and deficient bacteria in FA cases, offering a theoretical
foundation for FA treatment. By modulating the domi-
nant bacteria and addressing bacterial deficiencies, we
can potentially devise therapeutic approaches to miti-
gate the enduring effects of FA on children. Neverthe-
less, our study has limitations, including a small sample
size and a lack of fecal samples at the 2-year follow-
up. This prevented us from establishing connections
between early-life microbiota shifts and the resolution
or persistence of allergic symptoms post-follow-up.
Future research will involve enlarging the sample size,
intensifying the monitoring of gut microbiota compo-
sition changes alongside corresponding clinical mani-
festations over a 2-year or longer span. The study will
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further explore the mechanisms underlying the long-
term effects of gut microbiota on children with food
allergies.

Conclusion

In our study, it appears that the presence of FA and its
subsequent prognosis might not be directly associated
with the diversity of gut microbiota during infancy.
However, the need for further confirmation through
additional experiments in the future is evident, as the
current study is limited by its small sample size.

Abbreviations
FA Food allergy

OTUs Operational taxonomic units
NMDS  Nonmetric multidimensional scaling
NC Normal control

Acknowledgements

The authors acknowledge the financial support of National Natural Science
Foundation of China [81803544], Natural Science Foundation of Zhejiang Prov-
ince of China [LY17H070004], Wenzhou Science and Technology Bureau major
science and technology innovation research projects [ZY202201], Wenzhou
Science and Technology Bureau health technology project [Y20210275], Wen-
zhou Science and Technology Bureau health technology project [Y20210006]
and Zhejiang Provincial Clinical Research Center for Pediatric Disease.

Authors’ contributions

XY and WZ designed experiments. HD collected children’s data and feces
specimens. LF and QX performed experiments and XY wrote the manuscript
data analysis. KH, JY and YW contributed reagents/materials/analysis tools.

Funding

National Natural Science Foundation of China [81803544], Natural Science
Foundation of Zhejiang Province of China [LY17H070004], Wenzhou Science
and Technology Bureau major science and technology innovation research
projects [ZY202201], Wenzhou Science and Technology Bureau health tech-
nology project [Y20210275], Wenzhou Science and Technology Bureau health
technology project [Y20210006] and Zhejiang Provincial Clinical Research
Center for Pediatric Disease.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This clinical study was approved by the Ethics Committee of The Second Affili-
ated Hospital and Yuying Children’s Hospital of Wenzhou Medical University.
All methods were performed in accordance with the ethical standards as laid
down in the Declaration of Helsinki and its later amendments or comparable
ethical standards. Written informed consent was obtained from all participants’
legal guardian.

Consent for publication
Not applicable.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.



Yan et al. Italian Journal of Pediatrics

(2023) 49:148

Received: 10 June 2023 Accepted: 5 November 2023
Published online: 09 November 2023

References

1.

20.

Dai H, Wang F, Wang L, Wan J, Xiang Q, Zhang H, et al. An epidemiological
investigation of food allergy among children aged 3 to 6 in an urban area
of Wenzhou, China. BMC Pediatr. 2020;20(1):220.

Ismail IH, Oppedisano F, Joseph SJ, Boyle RJ, Licciardi PV, Robins-Browne
RM, et al. Reduced gut microbial diversity in early life is associated with
later development of eczema but not atopy in high-risk infants. Pediatr
Allergy Immunol. 2012;23(7):674-81.

Stokholm J, Blaser MJ, Thorsen J, Rasmussen MA, Waage J, Vinding RK,

et al. Maturation of the gut microbiome and risk of asthma in childhood.
Nat Commun. 2018;9(1):141-50.

Mahesh PA, Wong GW, Ogorodova L, Potts J, Leung TF, Fedorova O, et al.
Prevalence of food sensitization and probable food allergy among adults
in India: the EuroPrevall INCO study. Allergy. 2016;71(7):1010-9.

Sun', SuY, Zhu W. Microbiome-metabolome responses in the cecum
and Colon of pig to a high resistant starch diet. Front Microbiol.
2016;7:779.

Amato KR, Yeoman CJ, Kent A, Righini N, Carbonero F, Estrada A, et al.
Habitat degradation impacts black howler monkey (Alouatta pigra)
gastrointestinal microbiomes. Isme J. 2013;7(7):1344-53.

Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Hollister EB, et al.
Introducing mothur: open-source, platform-independent, community-
supported software for describing and comparing microbial communi-
ties. Appl Environ Microbiol. 2009;75(23):7537-41.

Liu H, Hou C, Li N, Zhang X, Zhang G, Yang F, et al. Microbial and
metabolic alterations in gut microbiota of sows during pregnancy and
lactation. FASEB J. 2019;33(3):4490-501.

Bach JR, Saporito LR. Criteria for extubation and tracheostomy tube
removal for patients with ventilatory failure. A different approach to
weaning. Chest. 1996;110(6):1566-71.

Stander S. Atopic dermatitis. N Engl J Med. 2021,384(12):1136-43.

. Yu ZGY, Huang Y. Study on the application of Bristol fecal trait assessment

form in intestinal preparation before colonoscopy in children. Chin J Dig
Endosc. 2019;36(1):25-30.

Candela M, Rampelli S, Turroni S, Severgnini M, Consolandi C, De Bellis G,
et al. Unbalance of intestinal microbiota in atopic children. BMC Micro-
biol. 2012;12:95.

Nylund L, Satokari R, Nikkild J, Rajili¢-Stojanovi¢ M, Kalliomaki M, Isolauri E,
et al. Microarray analysis reveals marked intestinal microbiota aberrancy
in infants having eczema compared to healthy children in at-risk for
atopic disease. BMC Microbiol. 2013;13:12.

Shen X, Wang M, Zhang X, He M, Li M, Cheng G, et al. Dynamic construc-
tion of gut microbiota may influence allergic diseases of infants in
Southwest China. BMC Microbiol. 2019;19(1):123.

Song H, YooY, Hwang J, Na YC, Kim HS. Faecalibacterium prausnitzii
subspecies-level dysbiosis in the human gut microbiome underlying
atopic dermatitis. J Allergy Clin Immunol. 2016;137(3):852-60.

Fieten KB, Totté JEE, Levin E, Reyman M, Meijer Y, Knulst A, et al. Fecal
microbiome and food allergy in pediatric atopic dermatitis: a cross-
sectional pilot study. Int Arch Allergy Immunol. 2018;175(1-2):77-84.
Kennedy EA, Connolly J, Hourihane JO, Fallon PG, McLean WHI, Murray
D, et al. Skin microbiome before development of atopic dermatitis: early
colonization with commensal staphylococci at 2 months is associated
with a lower risk of atopic dermatitis at 1 year. J Allergy Clin Immunol.
2017;139(1):166-72.

Savage JH, Lee-Sarwar KA, Sordillo J, Bunyavanich S, Zhou Y, O'Connor G,
et al. A prospective microbiome-wide association study of food sensitiza-
tion and food allergy in early childhood. Allergy. 2018;73(1):145-52.
Berni Canani R, De Filippis F, Nocerino R, Paparo L, Di Scala C, Cosenza L,
et al. Gut microbiota composition and butyrate production in children

affected by non-IgE-mediated cow’s milk allergy. Sci Rep. 2018;8(1):12500.

Park YM, Lee SY, Kang MJ, Kim BS, Lee MJ, Jung SS, et al. Imbalance of gut
Streptococcus, Clostridium, and Akkermansia determines the natural
course of atopic dermatitis in infant. Allergy Asthma Immunol Res.
2020;12(2):322-37.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 8 of 8

Ling Z, Li Z, Liu X, Cheng Y, Luo Y, Tong X, et al. Altered fecal microbiota
composition associated with food allergy in infants. Appl Environ Micro-
biol. 2014;80(8):2546-54.

Penders J, Thijs C, van den Brandt PA, Kummeling |, Snijders B, Stelma F,
et al. Gut microbiota composition and development of atopic manifesta-
tions in infancy: the KOALA birth cohort study. Gut. 2007;56(5):661-7.
Luo M, Gan M, Yu X, Wu X, Xu F. Study on the regulatory effects and
mechanisms of action of bifidobacterial exopolysaccharides on anaphy-
laxes in mice. Int J Biol Macromol. 2020;165(Pt A):1447-54.

Esber N, Mauras A, Delannoy J, Labellie C, Mayeur C, Caillaud MA,

et al. Three candidate probiotic strains impact gut microbiota and
induce Anergy in mice with Cow’s Milk allergy. Appl Environ Microbiol.
2020;86(21).e01203-20.

LuW, Qian L, Fang Z, Wang H, Zhu J, Lee YK, et al. Probiotic strains allevi-
ated OVA-induced food allergy in mice by regulating the gut microbiota
and improving the level of indoleacrylic acid in fecal samples. Food
Funct. 2022;13(6):3704-19.

Azad MB, Konya T, Guttman DS, Field CJ, Sears MR, HayGlass KT, et al.
Infant gut microbiota and food sensitization: associations in the first year
of life. Clin Exp Allergy. 2015;45(3):632-43.

Bunyavanich S, Shen N, Grishin A, Wood R, Burks W, Dawson P, et al. Early-
life gut microbiome composition and milk allergy resolution. J Allergy
Clin Immunol. 2016;138(4):1122-30.

Robbins KA, Wood RA, Keet CA. Milk allergy is associated with decreased
growth in US children. J Allergy Clin Immunol. 2014;134(6):1466-8.e6.
Berry MJ, Adams J, Voutilainen H, Feustel PJ, Celestin J, Jarvinen KM.
Impact of elimination diets on growth and nutritional status in children
with multiple food allergies. Pediatr Allergy Immunol. 2015;26(2):133-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Early-life gut microbiota in food allergic children and its impact on the development of allergic disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Materials and reagents
	Patients
	Fecal sample collection
	16S rDNA gene amplification and sequencing
	Sequence analysis
	Evaluating clinical manifestation of 10 children with food allergy after 2-year follow-up
	Statistical analysis

	Results
	Characteristics of children with FA
	Gut microbial Beta diversity in children
	Gut microbial composition in children
	Clinical manifestation of 10 children with food allergy after 2-year follow-up
	Power analysis

	Discussion
	Conclusion
	Acknowledgements
	References


