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Very early-onset inflammatory bowel disease (VEO-IBD) is a distinct subtype

of inflammatory bowel disease (IBD) characterized by onset before the age of

6 years, and patients often exhibit more severe clinical features. Interleukin 10

receptor alpha (IL10RA) is a hotspot mutation in the Chinese population and is

associated with a poor prognosis closely linked to the onset of IBD. However,

limited knowledge exists regarding how the IL10RA mutation influences the

host microbiota and its role in disease development. We employed 16S rRNA

sequencing to conduct a comprehensive assessment of microbial changes in

di�erent types of IBD, employed database to thoroughly examine the influence

of Bifidobacterium in IBD and to demonstrate a potential positive e�ect exerted

by Bifidobacterium breve M16V (M16V) through a mouse model. The study

demonstrated a significant reduction in the abundance and diversity of the gut

microbiota among children with IL10RA mutations compared to those with

late-onset pediatric IBD and nonmutated VEO-IBD. Furthermore, the analysis

identified genera capable of distinguishing between various types of IBD, with the

genus Bifidobacterium emerging as a potential standalone diagnostic indicator

and Bifidobacteriummay also be involved in related pathways that influence the

progression of IBD, such as the biosynthesis of amino acids and inflammation-

related pathways. This study corroborated the e�cacy of Bifidobacterium in

alleviating intestinal inflammation. The impact of IL10RA mutations on VEO-

IBD may be mediated by alterations in microbes. M16V demonstrates e�cacy

in alleviating colitis and holds promise as a novel microbial therapy.
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1 Introduction

Inflammatory bowel diseases (IBDs), which encompass Crohn’s

disease, ulcerative colitis, and an unspecified subtype, are

chronic immune-mediated intestinal disorders (Agrawal et al.,

2021). Global epidemiologic trends demonstrate an increasing

incidence and prevalence of IBD (Ng et al., 2017), which

is influenced by environmental, genetic, immunological, and

intestinal microecological factors (Abbas-Egbariya et al., 2022;

Khalili et al., 2018; Peloquin et al., 2016). However, the exact

pathogenic mechanism remains elusive. Pediatric-onset IBD

(PIBD), which affects children, presents with distinct challenges,

with differences in growth, development, and clinical severity

compared to adult-onset cases (Oliveira and Monteiro, 2017).

Recent advancements in sequencing technology have demonstrated

a unique phenotype in children under 6 years of age, which is

known as very early onset IBD (VEO-IBD) and which is often

characterized by severe clinical manifestations (Hall and de Zoeten,

2023; Uhlig et al., 2014). Genetic factors are strongly associated

with VEO-IBD, with 80 single gene mutations identified to date

(Sharifinejad et al., 2022; Uhlig et al., 2021). IL10, which is crucial

for intestinal homeostasis, offers protection from intestinal injury

and limits the development of colitis (Zegarra Ruiz et al., 2022).

Mutations in IL10 and its receptor gene are clearly associated with

VEO-IBD. A large cohort study suggests that a lack of IL10 or

IL10 receptors can lead to severe colitis in newborns, which can

be life-threatening and accompanied by multiple extraintestinal

manifestations (Huang et al., 2017).

Although genetic factors are significant in the development

of VEO-IBD, the incidence and prevalence of this condition

are escalating, indicating an influence from environmental and

microbial factors on its development (Kuenzig et al., 2022).

Numerous studies have established a significant correlation

between the gut microbiota and IBD (Lloyd-Price et al., 2019;

Ekstedt et al., 2024), with some studies suggesting that the gut

microbiotamay serve as one of the primary driving factors (Nishida

et al., 2017; Kostic et al., 2014). During the first few years of

life, microbial communities exhibit inherent characteristics of

reduced diversity, immaturity, and rapid fluctuations, which are

closely aligned with the concurrent development of the immune

system (Subramanian et al., 2015; Bokulich et al., 2016). Research

has demonstrated the multifaceted influence of the intestinal

microbiota on IBD across various age groups. This influence

involves the presence of pathogenic microbial communities and

immune dysregulation directed against commensal microbiota,

ultimately resulting in dysbiosis within the microbial community

structure (Haberman et al., 2014; Olbjørn et al., 2019). Previous

studies have demonstrated that both germ-free mice and germ-

free IL-10 knockout mice fail to develop colitis, thereby confirming

the role of the microbiota in the initiation and progression

of inflammation. Additionally, the transplantation of feces from

colitis mice to healthy mice can cause healthy mice to also develop

colitis (Arnauts et al., 2022; Wang et al., 2019). But there are

few studies related to gut microbes in children with either VEO-

IBD or IL10 receptor-deficient IBD, as well as its underlying

mechanisms. This study investigated the relationship between

microbial ecological imbalance and intestinal inflammation in

children with VEO-IBD and IL10RA mutations in IBD patients.

Changes in the gut microbiota were analyzed to explore the

relationship between microbial ecological imbalance and intestinal

inflammation in children with IBD. Additionally, beneficial

bacteria that may play a positive role in future research are

identified to provide new therapeutic options.

2 Materials and methods

2.1 Diagnostic and inclusion criteria

In this study, we recruited two PIBD cohorts, VEO-IBD and

late-onset IBD (LO-IBD), from Ruijin Hospital, Shanghai, between

January 1, 2019, and December 31, 2022. We also recruited a group

of healthy control (HC) subjects who were carefully matched by age

across the VEO-IBD group. It should be noted that all participants

and guardians who were enrolled provided informed consent. The

enrollment followed the specific inclusion and exclusion criteria,

which are provided in the follow.

The inclusion criteria included: (1) Participants must be aged

between 0 and 18 to be eligible. (2) Each patient diagnosed with

IBD underwent a complete physical examination, gastrointestinal

endoscopy, pathology and radiological imaging, and the diagnosis

was ultimately confirmed by three or more pediatricians. The

diagnosis was made according to the Porto criteria (IBD Working

Group of the European Society for Paediatric Gastroenterology,

Hepatology and Nutrition, 2005). (3) The control group was a

healthy control population. (4) The participants and guardians

were willing to cooperate in the collection of fecal samples

and basic and clinical information. The exclusion criteria

include: (1) medication history of antibiotics, probiotics, and

immunosuppressants within 1 month before enrollment; (2)

significant changes in dietary habits within 6 months before

enrollment; (3) inability to cooperate or unwillingness to cooperate

with this study. None of the children received any IBD-related

treatment. The protocol was approved by the Institutional Review

Board of Ruijin Hospital, Shanghai Jiao Tong University School

of Medicine.

VEO-IBD is children with IBD between the ages of 0 and 6-

years-old; LO-IBD is children with IBD between the ages of 6

and 18-years-old. Children diagnosed with VEO-IBD underwent

further categorization through whole-exome sequencing into

IL10RA-mutated and non-IL10RA-mutated groups.

Clinical data pertaining to the participants, including age, sex,

weight, height, Body Mass Index (BMI), and laboratory findings

[including C-reactive protein (CRP) and erythrocyte sedimentation

rate (ESR)], were collected. We calculated height and weight

Standard Deviation Score (SDS) based on age and sex, using survey

data on the physical development of children in nine cities in China

after taking height and weight measurements for all participants

(Capital Institute of Pediatrics, The Coordinating Study Group

of Nine Cities on the Physical Growth and Development of

Children, 2018). Symptoms of illness were extracted from the

medical records. Disease activity in children was scored accordingly

after sample collection by using the Children’s Inflammatory

Bowel Disease Activity Index, which includes the Pediatric Crohn’s

Disease Activity Index (PCDAI) and Pediatric Ulcerative Colitis

Activity Index (PUCAI) (Hyams et al., 1992; Turner et al., 2009).
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2.2 Sample handling and 16S rRNA gene
sequencing

All participants are required to provide a minimum of 3 g of

stool sample. These samples were collected from the children’s

daily excretions, selected from the mid-ribs of the samples, and

ensured that the samples selected did not contain urine. Samples

are to be collected in a sterile specimen collector provided

by the investigator in advance. After collection, the samples

must be promptly transferred to a −80◦C ultra-low temperature

cryogenic freezer for storage within 4 h. The collected samples were

subjected to DNA extraction by using an E.Z.N.A. kit. The DNA

concentration and purity were determined by using a NanoDrop

2000 spectrophotometer, and DNA quality was verified via 1%

agarose gel electrophoresis. The concentration of all of the samples

was kept above 50 µg/µl, and 10 ng of extracted DNA was split for

16S rRNA.

Total DNA extraction and PCR amplification were performed

according to a previously described protocol (Wang et al.,

2021). Briefly, an E.Z.N.A. R© soil kit (Omega Biotek, Norcross,

GA, USA) was used for DNA extraction. The primers 338F

(5
′
-ACTCCTACGGGGAGGCAGCAG-3

′
) and 806R (5

′
-

GGACTACHVGGGGTWTCTAAT-3
′
) were used for PCR

amplification of the V3–V4 variable region. Subsequently, Illumina

MiSeq platform (Illumina, San Diego, USA) standard operating

procedures were followed for analysis, and the purified amplified

fragments were utilized to construct PE 2∗300 libraries. Sequencing

was conducted using the IlluminaMiSeq PE300 platform (Shanghai

Meiji Biomedical Technology Co., Ltd.).

2.3 Bioinformatics analysis for interaction
between host transcriptome and
microbiota

We gathered 78 RNA-seq datasets and related 16S rRNA

data to investigate the functions of Bifidobacterium. The RNA-seq

database for pediatric IBD (project accession number E-MTAB-

5464) was obtained from the European Bioinformatics Institute

(EBI) at https://www.ebi.ac.uk/gxa/experiments/E-MTAB-5464.

Complementary 16S rRNA sequencing data from the same

research study were acquired from the EBI, with the study

identification number PRJEB6663. To discern variations in the

microbial expression profiles, we employed t-tests for statistical

inference. The diagnostic efficacy of Bifidobacterium populations

was rigorously appraised utilizing the framework of ROC curves.

Subsequently, the identification and functional interpretation

of differentially expressed genes, as well as the enrichment

analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG)

pathways, were conducted employing the robust computational

tools provided by the R programming environment, specifically the

limma and clusterProfiler packages.

2.4 Processing of mouse model samples
and measurement of inflammatory factors

We administered drinking water to three groups of 8-week-

old SPF wild-type C57BL/6 mice. Bifidobacterium breve M16V

(M16V), which is a classical Bifidobacterium, was selected as

our primary choice. The specific grouping scheme comprised the

normal drinking water group, the 3%DSS-administered group, and

the 3%DSS+M16V-administered group, withM16V administered

at a dose of 2 × 108 CFU/day. The modeling period lasted for 7

days, and on the 8th day, samples were collected and processed

from the three groups of mice. Weight changes, colon length,

and disease activity index (DAI) scores were assessed. Colon

tissues were harvested for pathological histological section analysis,

followed by tissue scoring. The collected data were subsequently

subjected to statistical analysis. Colon samples were collected from

the mouse model, and the colon protein was obtained as previously

described (Wang et al., 2023). The total protein concentration was

quantified by using a BCA assay (Thermo Fisher Scientific, MA,

USA). All of the samples were diluted to a uniform concentration

for further examination. Using a 10-plex magnetic bead-based

immunoassay kit (Bio-Rad, CA, USA), the following cytokines were

quantified: IL-10, IL-12, CXCL1, IFN-gamma, TNF-alpha, IL-1

beta, IL-2, IL-4, IL-5, and IL-6. The Bio-Plex 200 systemwas utilized

for the analysis of the kit according to themanufacturer’s directions.

The results were analyzed by using a Luminex instrument.

2.5 Analysis of data

Categorical variables are displayed as frequencies along with

their respective percentages. Continuous variables are expressed

as the mean accompanied by the standard deviation. Fisher’s

exact test is suitable for cases with sample size N < 40 or

theoretical frequency t < 1. To compare continuous variables

between two groups, the Mann–Whitney U-test was utilized.

Spearman correlation analysis was conducted to evaluate the

correlation between variables. Multiple tests were adjusted by

using the conservative Bonferroni correction. A two-tailed P-

value of <0.05 was considered indicative of statistical significance.

In the bioinformatics analyses, alpha diversity metrics and beta

diversity were computed by using bray curtis distances and

visualized through principal coordinate analysis (PCoA) by using

the open-access online tool known as the Majorbio Platform.

The comparison between the two samples was conducted using

the Kruskal-Wallis test for significance assessment. Correlation

analyses and Receiver Operating Characteristic (ROC) analyses

were conducted by using the heatmap package in R, the pROC

package, and the ggplot2 package to evaluate the diagnostic value

of the identified indicators (Robin et al., 2011).

3 Results

3.1 Clinical data characterizing the patients
and the controls

A total of 32 children diagnosed with VEO-IBD, 32 children

with LO-IBD, and 15 healthy children were enrolled in the study.

We conducted exome sequencing to identify mutation information

for all VEO-IBD children. IL10RA mutations were identified

in 16 patients, as detailed in Table 1. In line with our study’s

objectives, we provided detailed clinical information for children

across the IL10RA mutation, non-IL10RA mutation, LO-IBD and
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TABLE 1 Mutation information for children with VEO-IBD∗.

Patient Gene Variant (allele 1) ACMG (P/LP) Variant (allele 2) ACMG (P/LP)

1 IL10RA c.301 C>T P c.301 C>T P

2 IL10RA c.299 T>G P c.301 C>T P

3 IL10RA c.191 A>G LP c.537 G>A P

4 IL10RA c.493 C>T P c.301 C>T p

5 IL10RA c.301 C>T P c.537 G>A P

6 IL10RA c.350 G>A P c.493 C>T P

7 IL10RA c.301 C>T P c.436delC P

8 IL10RA c.301 C>T P c.537 G>A P

9 IL10RA c.421 G>A P c.537 G>A P

10 IL10RA c.109G>T LP c.301 C>T P

11 IL10RA c.301 C>T P c.537 G>A P

12 IL10RA c.302G>A LP c.349C>T P

13 IL10RA c.299 T>G P c.569T>G LP

14 IL10RA c.537 G>A P c.537 G>A P

15 IL10RA c.299 T>G P c.299 T>G P

16 IL10RA c.299 T>G P c.299 T>G P

∗Where the gene information not shown is for children with non-mutated VEO-IBD.

HCgroups. Specifically, Table 2 presents the comprehensive clinical

data, symptoms, and laboratory parameters for all three IBD groups

and the HC controls. Our analysis demonstrated that children

with IL10RA mutations were diagnosed at a significantly younger

age than those without mutations (P = 0.0012). Additionally,

children with IL10RA mutations exhibited markedly higher levels

of inflammatory markers, including CRP and ESR, compared to the

non-mutated group, with significant disparities in PCUAI/PCDAI

scores. Clinical symptoms, including perianal lesions and fever,

were more prevalent among children with IL10RA mutations

than among those in the nonmutated group. These findings

collectively suggest that children harboring the IL10RA mutation

exhibit greater disease activity and severity than those without

the mutation.

3.2 Characterization of gut microbial
diversity

Upon analyzing the gut microbiota in stool samples from

children in comparison with the HC group, we observed reduced

gut microbial alpha and beta diversity in both the VEO-IBD and

LO-IBD groups. The Shannon indices were 1.94 ± 0.90 for VEO-

IBD, 2.35 ± 0.54 for LO-IBD, and 2.66 ± 0.50 for HC children

(Figure 1A). Furthermore, the microbial diversity in children with

IL10RA mutations was lower than that in non-IL10RA mutations,

showing Shannon indices of 1.60± 0.90 for IL10RAmutations and

2.29± 0.79 for non-IL10RA mutations, respectively (Figure 1B).

Analysis of beta diversity, which was measured as the

bray curtis distance of the operational taxonomic unit (OTU)

community structure, demonstrated that the microbiota of the HCs

was more tightly clustered, thus indicating greater similarity in

their microbial profiles. Conversely, microbial profiles in children

with IBD showed alterations across all of the samples, particularly

in VEO-IBD. Moreover, we found significant P-values within the

groups as well, with the P-value between the VEO-IBD group and

the IBD group being 1.23e-13, the P-value between the IBD group

and the HC group being 0.004382, and the P-value between the

VEO-IBD group and the HC group being 9.328e-13 (Figure 1C).

The microbiota of children with IL10RAmutations showed greater

heterogeneity compared to that of non-mutated VEO-IBD patients

(Figure 1D).

3.3 Changing relationships of microbial
structural groups

In the analysis of the fecal microbiota, we observed a rapidly

expanding proportion of Proteobacteria and a significant decrease

in Actinobacteria in children with IBD compared to those in

the HCs (Figure 2A). The percentage of Proteobacteria increased,

while the percentage of Actinobacteria decreased in the IL10RA-

mutant VEO-IBD group (Figure 2B). These findings indicated

that changes in Proteobacteria and Actinobacteria may be closely

associated with IBD. At the genus level, Bacteroides, Escherichia-

Shigella, Veillonella, Enterococcus and Bifidobacterium were the

five genera with the greatest changes observed among the groups.

The proportion of Bifidobacterium, which is an Actinobacteria,

was markedly reduced (Figure 2C). Further comparison between

the two VEO-IBD groups and the healthy group revealed it was

found that Bifidobacterium was less prevalent in the IL10RA

group compared to the non-IL10RA group (Figure 2D). We
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TABLE 2 Clinical data characterizing the patients and the controls.

VEO-IBD LO-IBD P2 HC P3

IL10RA
mutation

Non-IL10RA
mutation

P1

Samples 16 16 NA 32 NA 15 NA

Age (year) 1.25± 0.74 2.75± 1.57 0.0012 12.7± 21.9 <0.001 2.1± 1.51 0.5189

Sex (boy/girl) 10/6 10/6 >0.999 20/12 >0.999 5/10 >0.999

Weight-SDS −0.66± 1.50 0.19± 2.49 0.4677 −1.03± 0.88 0.1357 NA NA

Height-SDS −0.86± 2.90 0.56± 3.37 0.2242 −1.13± 1.42 0.3142 NA NA

BMI (kg/m²) 15.06± 1.98 15.48± 1.54 0.3414 16.15± 2.43 0.1606 NA NA

Disease activity

CRP (mg/L) 46.60± 27.33 6.92± 9.32 <0.0001 12.43± 29.21 0.0068 NA NA

PCDAI/PUCAI score 40.44± 16.26 15± 10.21 <0.0001 35.39± 14.62 0.0655 NA NA

ESR 19.38± 14.32 13.06± 15.56 0.0070 15.13± 11.79 0.4085 NA NA

Clinical manifestation

Stomach 12.50% 31.25% 0.3944 75.00% <0.001 NA NA

Diarrhea 93.75% 68.75% 0.1719 50.00% 0.0169 NA NA

Hematochezia 87.50% 68.75% 0.3944 25.00% <0.001 NA NA

Perianal lesions 68.75% 12.50% 0.0032 12.50% 0.0219 NA NA

Fever 75.00% 37.50% 0.0076 47.00% 0.8029 NA NA

P1 value for the comparison between IL10RA mutation group and non-IL10RA mutation group, P2 value for the comparison between VEO-IBD group and LO-IBD group, P3 value for the

comparison between VEO-IBD group and HC group, SDS standard deviation score based on age and sex. CRP, C-reactive protein; PCDAI, pediatric Crohn’s disease activity index; PUCAI,

pediatric Ulcerative Colitis activity index; ESR, erythrocyte sedimentation Rate.

focused our analysis at the genus level and discovered through

linear discriminant analysis (LDA) that the genus Bifidobacterium

was significantly underrepresented in the VEO-IBD group, as

illustrated in Figure 2E. These findings suggest that Bifidobacterium

could be a significant factor in the development or progression

of IBD.

3.4 Correlation of clinical data with
samples and the diagnostic value of ROC
curves

By analyzing the correlation among clinical data, microbes, and

children diagnosed with IBD, we observed a stronger correlation

between PCDAI/PUCAI scores and the type of IBD in the children.

Most children with VEO-IBD exhibited higher scores than children

with LO-IBD (Figure 3A). Further examination of the correlation

between microbes and clinical data demonstrated a predominantly

negative correlation between inflammatory markers (CRP, ESR and

DAI) and Bifidobacterium, which aligned with our expectations

and suggested a likelihood of dysbiosis among children with

IBD (Figure 3B). ROC curve analysis was employed to further

evaluate the differential microbes and explore their diagnostic

value for IBD. The five most abundant genera (Bacteroides,

Escherichia-Shigella, Veillonella, Enterococcus and Bifidobacterium)

were included in the optimal classification model. We isolated

the genera to pinpoint the most effective diagnostic marker

through binomial logistic regression analysis. Bifidobacterium

showed considerable diagnostic potential in both models (IBD

group and HC group, VEO-IBD group and HC group). The

area under the curve (AUC) was 0.88 for the IBD model (95%

CI: 0.78–0.97, P = 0.001, cutoff value: 0.0028) and 0.91 for the

VEO-IBD model (95% CI: 0.82–1.0, P = 0.001, cutoff value:

0.0076; Figures 3C, D). This suggests that the Bifidobacterium

genus could be a valuable microbial marker for distinguishing in

diagnostic models. In addition, an additional functional prediction

analysis, performed on the microbial variations within our cohort,

suggests that Bifidobacterium may contribute to the pathogenesis

of IBD primarily through its impact on some metabolism-related

pathways (Figure 3E). The result suggests that Bifidobacterium

may be involved in disease progression by influencing metabolic

pathways or metabolites, and this finding is supported by other

studies (Marteau et al., 2001).

3.5 Multi-omics analysis reveals the
alleviating e�ects of Bifidobacterium
on IBD

A total of 78 RNA sequencing datasets were obtained after

stringent filtration and control for subsequent analysis. The collated

differential gene dataset is presented in Table 3. The detailed

procedure of the study is shown in Figure 4A. We confirmed

the significance of the difference in Bifidobacterium expression

between PIBD and the control group (Figure 4B). Analyzing the

performance curves of the subjects also demonstrated diagnostic

significance, boasting an AUC of 0.8 (95% CI: 0.0047–0.008,

cutoff value: 0.0025; Figure 4C). A set was downloaded from the

European Bioinformatics Institute (EBI) database and analyzed

to identify the differentially expressed genes (|logFC|> 1 and
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FIGURE 1

Alpha and beta diversity of the gut microbiota. (A) Shannon index of gut microbes in three subgroups (VEO-IBD, LO-IBD, and HC). (B) Shannon

indices of gut microbes in two subgroups (IL10RA-mutant VEO-IBD and non-IL10RA-mutant VEO-IBD). (C) PCoA plots of bray curtis distances of the

gut microbial community structure in the three subgroups. (D) PCoA plots of bray curtis distances of the gut microbial community structure in the

two subgroups. VEO-IBD, Very early-onset IBD group; LO-IBD, late-onset IBD group; HC, Healthy children group; non-IL10RA, non-IL10RA mutant

VEO-IBD. *P < 0.05, **P < 0.01, ***P < 0.001.

adjust P < 0.05). Visual mapping of the differential genes also

revealed the presence of up-regulated genes (label in red) and

down-regulated genes (label in blue) and identified Bifidobacterium

in the KEGG pathway, which may be involved in the disease

process primarily through its involvement in certain inflammatory

pathways and calcium signaling pathways (Figures 4D, E). Previous

studies have precisely shown that the calcium pathway is closely

related to the intestinal mucosal barrier, and damage to the

intestinal mucosal barrier induces colitis, thus further highlighting

the close association between microbes and colitis (Engevik et al.,

2019).

3.6 The role of Bifidobacterium M16V in
mouse models

We administered different treatments through the drinking

water to three groups of mice, totaling 12 mice (Figure 5A).

At the final experimental endpoint, significant differences were

observed. Comparison of the colon histopathology of the

three groups of mice demonstrated that the M16V-treated

colitis mouse model exhibited milder manifestations of colitis,

with less infiltration of inflammatory cells, thus suggesting a

positive effect of M16V on colitis according to tissue scoring

(Figure 5B). We recorded the trend of body weight changes in

the three groups of mice and performed significance tests on

the differences between the groups. Furthermore, we calculated

DAI scores for the three groups of mice to evaluate the severity

of colitis. Moreover, the DAI decreased after treatment with

M16V, thus indicating that M16V supplementation improved

intestinal inflammation (Figure 5C). Quantitative analysis of

ten factors demonstrated that among them, five inflammatory

factors (CXCL1, IL-1 beta, IL-12, IL-5, and IL-10) exhibited

a decreasing trend after the administration of M16V. This

finding suggested that M16V can alleviate colitis by inhibiting

inflammation (Figure 5D). It provides scientific evidence for
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FIGURE 2

Structure and relative abundance analysis of the gut microbiota. (A) Percent community abundance at the phylum level of the gut microbiota in the

three groups. (B) Percent community abundance at the phylum level of the gut microbiota in the two sub-groups. (C) Comparison of the five most

variable microbes of gut microorganisms in the HC, LO-IBD and VEO-IBD subgroups. (D) Comparison of the five most variable microbes of gut

microorganisms in the HC, non-IL10RA and IL10RA subgroups. (E) The LDA results were compared between VEO-IBD patients and HCs (LDA score >

4). VEO-IBD, Very early-onset IBD group; LO-IBD, late-onset IBD group; HC, Healthy Children group; non-IL10RA, non-IL10RA mutant VEO-IBD.

the further clinical application of Bifidobacterium M16V in the

treatment of IBD.

4 Discussion

4.1 Gut microbiota analysis in pediatric IBD
patients

In this investigation, fecal specimens from three distinct

cohorts of children (including VEO-IBD, LO-IBD, and HC

patients) were subjected to comprehensive analysis to elucidate

alterations in the gut microbiota. Our findings underscore a

spectrum of intestinal microecological perturbations evident

in pediatric patients with IBD, predominately characterized

by a decrease in microbial abundance and diversity. This

observation aligns with prevailing research (Li H. et al., 2022)

and is accompanied by a notable reduction in beneficial probiotic

Bifidobacterium, which play pivotal roles in immunomodulation,

cytokine homeostasis, and maintenance of mucosal integrity

(Belkaid and Harrison, 2017). Notably, these alterations were

more conspicuous in the VEO-IBD subgroup. Moreover,

our investigation demonstrates discernible dissimilarities and

heightened heterogeneity in the microbial profiles of children
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FIGURE 3

Relationships and functional predictions between the microbiota and ROC curve analysis of diagnostic indicators. (A) Correlation analysis between

clinical data of children with VEO-IBD and those of children with LO-IBD. (B) Correlation analysis between clinical data and the top 20 genera. (C)

ROC curves of the model were evaluated by using five major genera separately for identifying IBD patients and HC patients, optimal cuto� value for

Bifidobacterium is 0.0028. (D) ROC curves of the model were evaluated by using five major genera separately for identifying VEO-IBD patients and

HC patients, optimal cuto� value for Bifidobacterium is 0.0076. (E) Functional pre-diction analysis between children with IBD and HCs. ROC,

Receiver Operating Characteristic; VEO-IBD, Very early-onset IBD group; HC, Healthy Children group.

harboring mutations in the IL10RA gene; this suggests a

potential exacerbation of intestinal microecological imbalances

attributable to this genetic variation. Specifically, the prevalence

of Bifidobacterium, a key microbial genus, was significantly lower

in the VEO-IBD group compared to the other groups. This

finding indicates a possible association between Bifidobacterium

abundance and the pathogenesis of IBD, suggesting that its

reduction could have profound implications for disease

progression. Furthermore, our study uncovered increased

heterogeneity within the microbial profiles of children with

IL10RA gene mutations, suggesting that genetic variations may

further exacerbate intestinal microecological imbalances.
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TABLE 3 Di�erentially expressed gene matrix.

Gene
name

Log fold
change

Possession
adjusted

Regulation

MIR4429 1.130068 5.98E-05 Up

NEDD1 −1.04241 0.000416 Down

GLS −1.14737 0.000478 Down

RELL1 1.075475 0.001472 Up

SLC6A18 −1.17724 0.001491 Down

SMAD9 −1.01755 0.002078 Down

ETFDH −1.21429 0.003668 Down

KLC4 −1.07548 0.003686 Down

SEPTIN14 −1.01302 0.00371 Down

ZCWPW2 −1.03986 0.003769 Down

PPP1R14C −1.07689 0.004016 Down

CCDC152 −1.39869 0.004222 Down

TNC −1.20926 0.00565 Down

JAKMIP3 −1.81906 0.006016 Down

FAM227B −1.02448 0.006039 Down

PLOD3 −1.4008 0.00643 Down

SURF1 1.235621 0.00652 Up

TMPRSS11E −1.28506 0.006809 Down

TMEM14C −1.06196 0.007438 Down

STC1 −1.04183 0.007731 Down

LHFPL2 −1.47191 0.008567 Down

MIR410 −1.47031 0.009112 Down

SCUBE1 −1.28033 0.009157 Down

TRIM46 −1.15234 0.009232 Down

MIR1296 1.406179 0.009404 Up

ANKRD30A −1.5378 0.009776 Down

MAVS −1.3096 0.010101 Down

ITPRIPL1 −1.02066 0.010203 Down

CHRDL2 −1.04741 0.010297 Down

ZNF827 −1.05006 0.013812 Down

TMEM79 −1.0584 0.015136 Down

TLCD4 −1.04782 0.015305 Down

RNF43 −1.14717 0.016139 Down

NOS2 −1.28675 0.017258 Down

LUM 1.120501 0.017446 Up

ABCA6 −1.08074 0.019595 Down

NEXN −1.28313 0.020055 Down

FBLIM1 −1.04548 0.020159 Down

PBX3 −1.08509 0.021052 Down

ACRV1 −1.49272 0.022134 Down

OLFM4 −1.06287 0.022909 Down

(Continued)

TABLE 3 (Continued)

Gene
name

Log fold
change

Possession
adjusted

Regulation

CNKSR3 −1.24027 0.023759 Down

PEX11A −1.43392 0.024272 Down

TAC1 −1.4266 0.025547 Down

CA7 −1.00543 0.026392 Down

SPATA16 −1.07546 0.030295 Down

LATS2 −1.64178 0.032524 Down

SCAPER −1.87843 0.032564 Down

PYURF −1.16489 0.033367 Down

ARRDC1 −1.24227 0.03338 Down

TPSG1 −1.00867 0.036535 Down

RND2 −1.03246 0.038925 Down

SPMIP9 −1.52054 0.042662 Down

KRT16 −1.00303 0.044288 Down

MIR3921 −1.13894 0.04429 Down

HMG20A −1.82247 0.048526 Down

4.2 The role of genetic and microbial
factors in the pathogenesis of IBD

Building on our findings, we explored the complex relationship

between genetic factors and IBD. Children with early-onset IBD

often exhibit more severe symptoms and a higher dependence

on immunosuppressive drugs (Abraham et al., 2012). Previous

studies have shown that IBD is closely related to genetic factors,

with over 200 loci of variation being identified as linked to

disease development (Uhlig, 2013). IL10 plays a key role in IL10-

mediated signaling to control intestinal inflammation. A deficiency

of IL10 and its receptor can lead to impaired signaling, which

correspondingly leads to the development of VEO-IBD and a

range of clinical signs and symptoms (Mao et al., 2012; Liu

and Anderson, 2014). Recent cohort studies have demonstrated

a negative correlation between the prevalence of single-gene

pathogenicity in IBD patients and the age of disease onset.

The interrelationships between the microbiota, genetic factors,

and environmental factors in the pathogenesis of IBD are extremely

complex. Although a definitive link between classical pathogens

and IBD remains elusive, evidence suggests that the commensal

microbiota plays a pivotal role in IBD pathogenesis. For instance,

studies have demonstrated that Aspergillus can induce colitis in

IL10-deficient mice fed a high-fat diet (Devkota et al., 2012),

thus highlighting the potential influence of specific microbial

strains on disease development. Furthermore, changes in the

composition of the gut microbiota can lead to alterations in

metabolites. Bile salt hydrolases in certain gut bacteria play a

key role in bile acid modification, and impairment of their

enzyme activity alters bile salt metabolism, thus rendering the

bile acid receptor devoid of anti-inflammatory signaling (Duboc

et al., 2013; Cai et al., 2022). Additionally, there are also some
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FIGURE 4

Multi-omics analysis reveals the role of Bifidobacterium on IBD. (A) The workflow of bioinformation analysis in the study. (B) Di�erences in

Bifidobacterium expression in the two groups violin plots. (C) ROC curves were evaluated by using for identifying IBD patients and HC patients,

optimal cuto� value for Bifidobacterium is 0.0025. (D) Di�erential gene volcano plots for di�erent levels of expression in Bifidobacterium. (E) Bubble

diagram of di�erential gene pathways with di�erent expression levels in Bifidobacterium. ***P < 0.001.
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FIGURE 5

E�ect of Bifidobacterium on DSS-induced mouse models and Comparison of the levels of five inflammatory factors between three groups. (A)

Establishment and treatment of mouse models. (B) Bar graph representation of histopathological samples of mouse colon and colonic tissue scores.

(C) Graph of body weight changes in mice and DAI score changes in mice. (D) cxcl1; Il-1beta; Il-12; Il-5 and Il-10 between mice with inflammatory

bowel disease and healthy mice. DAI score was calculated by a 0–4 scale based on the following parameters: body weight loss (1, 1%−5%; 2,

5%−10%; 3, 10%−15%; and 4, ≥15%), stool consistency (0, normal; 2, loose stools; 4, diarrhea) and blood in the stool (0, no blood seen; 2, apparent

blood with stool; 4, grossly bloody stool). Body weight change was calculated by subtracting the initial body weight from the final body weight of the

mice. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.
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bacterial metabolism products, such as short-chain fatty acids

(SCFAs), that have the capacity to activate colonic epithelial cells

within NLRP3 inflammatory vesicles, thereby contributing to the

prevention of colitis (Macia et al., 2015). Recent years have seen

an increasing emphasis on the complex interactions between

genetic determinants and gut microbiota. Authoritative research

has established that genetics significantly influence the composition

of gut microbial communities (Lopera-Maya et al., 2022; Qin et al.,

2022), with studies identifying a robust correlation between specific

genes and bacterial abundance (Vich Vila et al., 2018; Bonder

et al., 2016). Emerging evidence suggests that genetic factors play

a crucial role in shaping the development and composition of the

microbiota, thus modulating changes in cell surface glycosylation

and thereby influencing gut microbes (Goodrich et al., 2016;

Kudelka et al., 2020).

Our research revealed a heightened heterogeneity of microbiota

in children with IL10RA gene mutations, indicating the potential

impact of genetic factors on gut microbiota composition. These

findings emphasize the impact of gene-microbiota interactions on

IBD development. Furthermore, our study demonstrates that the

genus Bifidobacterium is significantly underrepresented in VEO-

IBD. Investigations into the correlation between microbiota and

clinical parameters indicate that inflammatory markers, including

CRP, ESR and DAI, are negatively correlated with Bifidobacterium.

This suggests that probiotic interventions may offer promising

therapeutic effects to address these microecological imbalances.

4.3 Therapeutic potential of probiotics and
microbiota modulation

Our research has shown that Bifidobacterium are closely related

to the calcium signaling pathway. The relationship between the

calcium signaling pathway and the intestinal mucosal barrier

implies that Bifidobacterium may be closely associated with

gastrointestinal inflammation (Engevik et al., 2019; Owen et al.,

2016). Thus, research on Bifidobacterium is a field with scientific

promise and potential for clinical translation. M16V is one of the

classes of Bifidobacterium that can be isolated from the gut of

infants and has been referred to as an infantile human-residential

Bifidobacterium in previous studies (Wong et al., 2018). It has been

shown to significantly inhibit Th2 and Th17 lymphocyte subsets,

thus exerting a positive effect on early intestinal sectionalization.

Additionally, there is considerable evidence for its utility in

mitigating atopy and protecting preterm infants from neonatal

necrotizing enterocolitis (Li N. et al., 2022; Wong et al., 2019).

The study found that Bifidobacterium systematically altered gut

microbiota composition in a Treg-dependent manner. This change

enhanced mitochondrial fitness and IL-10-mediated suppressive

functions of intestinal Tregs, contributing to colitis improvement

(Sun et al., 2020). Our study also suggests that Bifidobacterium

M16V can alleviate intestinal inflammation in colitis. Other

probiotics, such as Bacillus subtilis, have been shown to stimulate

T-cell induction, while butyrate-producing species can bolster

(Geirnaert et al., 2017; Atarashi et al., 2011). These findings have

provided an avenue for innovative therapeutic approaches aimed

at harnessing the therapeutic potential of the gut microbiota.

Proposed interventions include the administration of multistrain

probiotics to ameliorate colitis in UC patients (Bjarnason et al.,

2019), as well as the utilization of genetically modified Escherichia

coli strains to enhance intestinal barrier function and confer

resistance against colitis. There are still some risks associated

with microbial therapies, such as probiotic bacteremia and the

transfer of antibiotic resistance genes to the genomes of pathogenic

microorganisms (Nawaz et al., 2011; Arpi et al., 2009). Therefore,

the exploration of microbial therapies remains a promising

avenue for novel therapeutic strategies in the management of

IBD (Praveschotinunt et al., 2019), thus warranting continued

investigation and clinical consideration.

4.4 Study limitations and future directions

Our study had several limitations as an initial effort to develop

a potential modality for microbial therapy. First, the study did not

clarify the causal inference between imbalances in the microbiota

and IBD, and Bifidobacterium M16V was not applied to the

population to demonstrate its efficacy. Future randomized, double-

blind clinical trials with wider patient populations and longer

follow-up times are needed to assess its safety and efficacy. Second,

16S rRNA has limitations, and further studies may be needed

to identify functional or metabolic changes in the microbiota.

Finally, we have not yet elucidated the exact mechanism of

Bifidobacterium in the progression of IBD; moreover, similar to

other flora, Bifidobacterium may be involved in the development

of disease through immune regulation, metabolite effects, and the

modulation of inflammatory factors. Our study in an animal model

provides a basis for its modulation of inflammatory factor release

that is expected to provide a new direction for future research,

which is a direction of our subsequent research that needs to

be refined.
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