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Abstract: Objective: The risk factors and role of mother‒child gut microbiota in pediatric inflammatory bowel disease (PIBD) 
remain unclear. We aimed to explore the clinical risk factors associated with PIBD, analyze the characteristics of gut microbiota 
of children and their mothers, and examine the correlation of the microbial composition in mother‒child pairs. Methods: We 
conducted a case-control study including children with PIBD and their mothers as the case group, as well as healthy children 
and their mothers as the control group. Questionnaires were used to collect information such as family illness history and 
maternal and early-life events. Fecal samples were collected from the children and mothers for microbiota 16S ribosomal RNA 
(rRNA) sequencing to analyze the composition and its potential association with PIBD. Results: A total of 54 pairs of cases and 
122 pairs of controls were recruited. A family history of autoimmune disease and antibiotic use during pregnancy were associated 
with an increased risk of PIBD, and a higher education level of the father was associated with a decreased risk of PIBD. 
Children with PIBD and mothers exhibited different gut microbiota compared to healthy children and mothers. Similarities were 
observed in the gut microbiota of mothers and children in the same groups. Some bacterial biomarkers of mothers discovered in 
this study had the power to predict PIBD in their offspring. Conclusions: PIBD is influenced by maternal risk factors and has 
unique gut microbiota characteristics. The mother‒child gut microbiota is closely related, suggesting the transmission and 
influence of the gut microbiota between mothers and children. This study highlights the potential pathogenesis of PIBD and 
provides a basis for developing targeted interventions.
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1 Introduction 

Inflammatory bowel disease (IBD) is a chronic 
inflammatory disorder of the gastrointestinal tract, 
including two main forms: Crohn’s disease (CD) and 
ulcerative colitis (UC). It is widely recognized that IBD 

is associated with a complex interplay between genetic 
susceptibility, environmental factors, and microbial 
dysbiosis, all of which contribute to dysregulated 
immune responses (le Berre et al., 2023; Dolinger 
et al., 2024). IBD can occur at any age, with disease 
onset under 17 years defined as pediatric IBD (PIBD) 
(Nameirakpam et al., 2020). Approximately 25% of 
patients with IBD have PIBD, and its incidence and 
prevalence continue to increase globally (Nameirakpam 
et al., 2020; Kuenzig et al., 2022). Studies have shown 
that patients who develop IBD during childhood have 
more severe disease courses and a higher risk of com‐
plications compared with adult patients (Bouhuys 
et al., 2023). Therefore, it is imperative to identify the 
risk factors that may affect PIBD and to explore its 
pathogenesis.
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Compared with adult IBD, PIBD is thought to 
be more influenced by maternal and early-life events 
due to lower cumulative exposure to environmental 
factors after birth (Jezernik et al., 2020). Various pre‐
natal, perinatal, and postnatal determinants, such as 
maternal diet, antibiotic exposure, delivery mode, feed‐
ing pattern, and weaning time, have been reported to 
modulate the risk of developing IBD (Piovani et al., 
2019; Velosa et al., 2022). However, the specific mech‐
anisms of these associations are still poorly understood, 
and one hypothesis is that the effects are mediated 
by alterations in the gut microbiota of both mothers 
and offspring.

The gut microbiota exerts a significant influence 
on the occurrence and development of IBD. Multiple 
studies have reported alterations in the microbial com‐
position and the presence of specific strains in stool 
and colon samples from patients with IBD (Pittayanon 
et al., 2020). There are many sources of the gut micro‐
biota, and one important source is the maternal micro‐
biota, which is vertically transmitted to offspring, thus 
determining the first colonizers in the human diges‐
tive system (Wang et al., 2020). Mother-to-infant micro‐
bial transmission takes place from the beginning of 
pregnancy to a very long time after delivery and is 
influenced by various intrinsic and extrinsic factors, 
including a set of prenatal, perinatal, and postnatal 
factors mentioned above (Xiao and Zhao, 2023). Per‐
turbations of a mother’s gut microbiota may be associ‐
ated with poor development of the offspring’s im‐
mune system, leading to persistent and long-term sus‐
ceptibility to certain diseases (Koren et al., 2024). 
However, little is known about whether microbiota-
sharing between mothers and offspring persists over 
much longer periods of time and whether it is associ‐
ated with disease development. To the best of our know‑
ledge, no studies have investigated the gut microbial 
compositions of IBD mother‒child pairs or evaluated 
the correlation between them.

Consequently, the present study aimed to investi‐
gate the clinical risk factors linked to PIBD and to 
analyze the gut microbiota profiles of both affected 
children and their mothers. By adopting a case-control 
study design, we hoped to unravel the interplay between 
genetic, environmental, and microbial factors that con‐
tribute to the development of PIBD and explore poten‐
tial microbial biomarkers to predict IBD in children.

2 Methods 

2.1 Study design and population

This was a multicenter case-control study. Between 
July 2022 and December 2023, eligible children with 
a confirmed diagnosis of PIBD were recruited from 
pediatric outpatient clinics and wards of Peking Uni‐
versity Third Hospital and Children’s Hospital Capi‐
tal Institute of Pediatrics in China. Controls were ran‐
domly selected from the same hospitals (individuals 
without PIBD or other gastrointestinal diseases).

The inclusion criteria were as follows: (1) child‑
ren under 17 years old; (2) a diagnosis of PIBD con‐
firmed by doctors based on a combination of clinical, 
endoscopic, radiological, and histopathological crite‐
ria; and (3) mothers who cooperated with the ques‐
tionnaire and signed an informed consent form (child‑
ren over eight years old also needed to sign an informed 
consent form). The exclusion criteria were as follows: 
(1) children with any serious physical or mental illness 
other than PIBD; (2) mothers with any serious physical 
or mental illness during the preconception, pregnancy, 
or lactation period; and (3) mothers or children with a 
history of antibiotic, probiotic, or prebiotic use within 
the previous three months.

2.2 Questionnaire and fecal sample collection

The following information was extracted from 
both the case and control groups using standardized 
questionnaires administered by trained investigators: 
demographics such as age, gender, and living environ‐
ment; family-related factors such as having siblings, 
passive smoke inhalation, family history of PIBD and 
autoimmune disease, and parental education level; and 
specific details related to the mother’s preconception, 
pregnancy, or lactation periods, including medication 
history and any past illnesses. Additionally, we in‐
quired about the early-life experiences of the children, 
focusing on feeding patterns and antibiotic use. For 
the case group, we also collected detailed information 
on their PIBD.

Fecal samples were collected from both children 
and their mothers in the case and control groups using 
stool nucleic acid collection and preservation tubes 
containing DNA preservation solution (Norgen, ON, 
Canada) after guidance by trained personnel. Follow‐
ing collection, the samples were immediately stored 
at −80 °C in a freezer.
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2.3 Fecal 16S rRNA amplicon sequencing

After the fecal samples were thawed, we extracted 
the total microbial DNA using the QIAamp PowerFecal 
Pro DNA Kit (QIAGEN, NRW, Germany) and mea‐
sured the DNA concentration. We amplified the V3-V4 
hypervariable region of the bacterial 16S ribosomal 
RNA (rRNA) gene using primers 5'-CCTAYGGGRB
GCASCAG-3' (forward) and 5'-GGACTACNNGGG
TATCTAAT-3' (reverse). The polymerase chain reac‐
tion (PCR) products were purified using magnetic 
beads and mixed at the same concentration. Finally, we 
detected the complementary DNA (cDNA) and re‐
covered the target bands.

2.4 Data statistics and fecal microbiota sequencing 
analysis

Descriptive statistics were used to summarize the 
general demographic characteristics of all participants. 
Continuous variables were reported as medians and 
interquartile ranges, and the Mann-Whitney U test was 
used to compare the two groups. Categorical variables 
were analyzed in terms of number and percentage 
(n, %), and the Chi-square test was used to compare 
the two groups. We conducted binary logistic regression 
analyses to identify risk factors associated with PIBD. 
Each variable underwent univariate analysis first, and 
the candidate variables with P<0.05 in univariate analy‑
ses were chosen for inclusion in the multivariate model. 
The results were expressed by odds ratios (ORs) and 
95% confidence intervals (95% CIs). All statistical 
analyses were performed using SPSS software version 
26.0 (SPSS Inc., IL, USA). Statistical significance was 
set at P<0.05.

After library construction and qualification, we 
performed sequencing using the NovaSeq 6000 plat‐
form (Illumina, CA, USA). After trimming barcodes 
and primer sequences, we assembled the data using 
Flash (V1.2.11) (Magoč and Salzberg, 2011), filtered 
it using fastp (V0.23.1) (Bokulich et al., 2013), and 
removed chimeras after comparison with the SILVA 
database (Edgar et al., 2011). Next, denoising was 
performed using the DADA2 module of QIIME2 
(V202202) software to generate amplicon sequence 
variants (ASVs). Phylogenetic analysis of species was 
conducted using the QIIME2 software with the SILVA 
138.1 database (https://www.arb-silva.de). Normaliza‐
tion was performed on the sample with the lowest data 
volume, and α-diversity and β-diversity were calculated. 

We used the Wilcoxon test to examine α-diversity and 
intragroup β-diversity, and used permutational multi‐
variate analysis of variance (PERMANOVA) to test 
intergroup β-diversity. We then created a Venn diagram 
with a threshold of occurrence frequency >10% in each 
group. Linear discriminant analysis (LDA) effect size 
(LEfSe) analysis was used to identify statistically dif‐
ferent bacteria between the two groups, with a thresh‐
old of lg(LDA score)>3 (Segata et al., 2011). Phylogen‑
etic investigation of communities by reconstruction of 
unobserved states 2 (PICRUSt2) was used to predict 
metabolic pathways of the gut microbiota (Douglas 
et al., 2020), which were then statistically analyzed 
using a non-paired t-test. Fast expectation-maximization 
for microbial source tracking (FEAST) was employed 
to trace the sources of the gut microbiota (Shenhav 
et al., 2019). Abundance matrices were plotted at the 
ASV level. We used the Spearman correlation test to 
calculate the correlation between different ASVs and 
clinical variables and conducted random forest analysis 
using the random forest (V4.7-1.1) R package. Receiver 
operating characteristic (ROC) curves were plotted 
using the pROC (V1.16.2) R package, and cluster analy‐
sis was performed at the genus level to determine the 
gut type of each sample (Arumugam et al., 2011).

3 Results 

3.1 General demographic characteristics of the 
study population

A total of 176 mother‒child pairs were recruited 
for the study, including 54 cases and 122 controls. The 
demographic characteristics of the patients with PIBD 
and the controls are shown in Table 1. In the case 
group, there were 18 UC (33.3%), 28 CD (51.9%), 
and 8 unclassified IBD cases (14.8%). There were no 
significant differences in age, gender, place of birth, or 
living area between the two groups. Table S1 presents 
the disease classification, severity, and laboratory test 
results for the PIBD group.

3.2 Clinical risk factors for children with IBD

The variables associated with PIBD are shown in 
Table 2. Our univariate analyses revealed that a family 
history of autoimmune disease (unadjusted OR, 6.90; 
95% CI, 1.75–27.14), antibiotic use during pregnancy 
(unadjusted OR, 10.44; 95% CI, 2.14–50.98), and 
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antibiotic use during lactation (unadjusted OR, 6.12; 
95% CI, 1.15–32.63) were associated with an increased 
risk of PIBD. Conversely, a higher education level for 
either the mother (unadjusted OR, 0.45; 95% CI, 0.23–
0.87) or the father (unadjusted OR, 0.31; 95% CI, 0.15–
0.61) was correlated with a reduced PIBD risk. Upon 
incorporating these factors into our multivariate model, 
we determined that a family history of autoimmune 
disease (adjusted OR, 5.62; 95% CI, 1.21–26.10), anti‐
biotic use during pregnancy (adjusted OR, 5.54; 95% 
CI, 1.01–30.41), and a higher education level of the 
father (adjusted OR, 0.34; 95% CI, 0.14–0.84) re‐
mained statistically significant factors.

3.3 Differences in the gut microbiota between 
children with IBD and healthy children

We randomly chose 18 mother‒child pairs from 
both the case and control groups, and their fecal sam‐
ples underwent 16S rRNA amplicon sequencing. In the 
subsequent results, we defined the groups as IBD-C 
(children with IBD), IBD-M (mothers of children with 
IBD), H-C (healthy children), and H-M (mothers of 
healthy children).

First, we compared the α-diversity of the gut micro‐
biota between the IBD-C and H-C groups and found a 
significantly lower level of α-diversity in the IBD-C 
group, as shown by the Shannon index, Chao1 index, 
observed ASVs, and Simpson index (Figs. 1a, 1b, and 

S1a). Principal coordinates analysis (PCoA) based on 
Bray-Curtis distance revealed that the gut microbiota 
of the IBD-C and H-C groups could be clearly distin‐
guished (Fig. 1c), and the IBD-C group exhibited 
higher β-diversity within the group (Fig. S1b), indicat‐
ing lower similarity between samples. Furthermore, we 
conducted LEfSe analysis at the phylum, genus, and 
ASV levels to explore differences between the two 
groups. Among eight shared phyla, Proteobacteria and 
Fusobacteriota were significantly enriched in the IBD-C 
group (Figs. S1c‒S1e). Among 102 shared genera, the 
IBD-C group showed the highest LDA effect sizes for 
Escherichia-Shigella and Enterococcus, while the H-C 
group exhibited the highest LDA effect sizes for Faecali‑
bacterium and Subdoligranulum (Figs. 1d‒1g). Obser‐
vations at the ASV level indicated that, besides some 
differential genera, potential species with alleviating 
effects on IBD, such as Bacteroides (species unknown 
1), Bifidobacterium adolescentis, and Blautia obeum, 
showed significantly lower abundance in the IBD-C 
group (Figs. S1f and S1g). Further prediction of func‐
tional differences in the gut microbiota between the 
two groups using PICRUSt2 revealed a series of dif‐
ferent metabolic pathways. The Entner-Doudoroff path‐
way and certain amino acid synthesis pathways were 
enriched in the IBD-C group, while pathways such as 
NAD salvage and N10-formyl-tetrahydrofolate synthe‐
sis were depleted. Additionally, pathways involved in 
the synthesis of potentially pro-inflammatory com‐
pounds, such as menaquinol and taxadiene (a precur‐
sor of paclitaxel), were enriched in the gut microbiota 
of the IBD-C group (Fig. 1h).

We also conducted a comparison of the gut micro‐
biota between children with CD (CD-C) and UC (UC-C) 
subtypes, which revealed no significant differences 
in α-diversity, community composition, or β-diversity 
between these two groups (Figs. 2a‒2c and S2a‒S2f). 
Both CD-C and UC-C were notably distinct from the 
healthy controls (H-C) (Fig. 2c). Nonetheless, the LEfSe 
analysis of the IBD subtypes showed that the Sutterella 
and Ruminococcus torques group exhibited the great‐
est LDA effect size in the CD-C group, whereas the 
Ruminococcus gnavus group and Veillonella had the 
greatest LDA effect size in the UC-C group (Figs. 2d 
and S2g). Moreover, to account for potential differences 
between pediatric patients with active and remitting 
phases of IBD, we compared the gut microbiota of 
children with active IBD (IBD-C-A), children with 

Table 1  Demographic characteristics of the study population

Characteristics

PIBD subtype

CD

UC

Unclassified IBD

Age (years)

Gender

Male

Female

Place of birth

Beijing

Other

Living area

Urban area

Rural area

PIBD 
(n=54)

28 (51.9%)

18 (33.3%)

8 (14.8%)

12.00 
(10.75–14.00)

26 (48.1%)

28 (51.9%)

32 (59.3%)

22 (40.7%)

45 (83.3%)

9 (16.7%)

Controls 
(n=122)

11.00 
(10.00–13.00)

58 (47.5%)

64 (52.5%)

82 (67.2%)

40 (32.8%)

102 (83.6%)

20 (16.4%)

P value

0.060

0.941

0.308

0.964

The values are expressed as number (percentage), except ages which 
are expressed as mean (range). PIBD: pediatric inflammatory bowel 
disease (IBD); CD: Crohn’s disease; UC: ulcerative colitis.
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remissive IBD (IBD-C-R), and H-C. The results indi‐
cated that the α-diversity in IBD-C-A was significantly 
lower than that in H-C, while no significant differences 
were observed between IBD-C-R and H-C (Figs. 2e 
and S2h). The stacked bar plot results demonstrated that 
the gut microbiota composition of IBD-C-R patients was 
more similar to that of H-C than to that of IBD-C-A 
patients (Figs. 2f and 2g). PCoA revealed a significant 
difference between IBD-C-A and H-C, with a higher 
explained variance than that of IBD-C-R (Fig. 2h). The 
β-diversity of the IBD-C-A group was significantly 
higher than those of the other two groups using Bray-
Curtis distance (Fig. S2i). At the genus level, the 
LEfSe analysis results indicated enrichment of Fae‐
calitalea, Flavonifractor, and Colidextribacter in the 

IBD-C-R group, while Streptococcus and Clostridium 
sensu stricto 1 were enriched in the IBD-C-A group 
(Figs. 2i and 2j).

3.4 Differences in the gut microbiota between 
mothers of children with IBD and mothers of 
healthy children

We further examined the gut microbiota compo‐
sition in mothers of children with IBD and healthy con‐
trols. The α-diversity of the gut microbiota showed 
no significant differences between the IBD-M and 
H-M groups in the Shannon index, Chao1 index, ob‐
served ASVs, or Simpson index, although there was a 
decreasing trend in the IBD-M group (Figs. 3a, 3b, and 
S3a). PCoA based on the Bray-Curtis distance revealed 

Table 2  Clinical risk factors for pediatric inflammatory bowel disease

Variables

Personal history for children

Antibiotic use

Appendectomy or tonsillectomy

Family-related factors

Having siblings

Passive smoke inhalation

Family history of IBD

Family history of autoimmune diseases

Education level of mother

No degree

Bachelor’s degree or above

Education level of father

No degree

Bachelor’s degree or above

Prenatal, perinatal, and postnatal factors

Preconception antibiotic use

Preconception body mass index

<18.5

18.5–23.9

≥24.0

Antibiotic use during pregnancy

Age ≥35 years at delivery

Premature delivery or birth asphyxia

Cesarean section

Breastfeeding

Refrigerated breast milk feeding

Lactating antibiotic use

Postnatal depression or anxiety

PIBD* 
(n=54)

45 (83.3%)

1 (1.9%)

26 (48.1%)

22 (40.7%)

2 (3.7%)

8 (14.8%)

26 (48.1%)

28 (51.9%)

26 (48.1%)

28 (51.9%)

2 (3.7%)

5 (9.3%)

40 (74.1%)

9 (16.7%)

8 (14.8%)

7 (13.0%)

5 (9.3%)

27 (50.0%)

48 (88.9%)

13 (24.1%)

5 (9.3%)

3 (5.6%)

Controls* 
(n=122)

112 (91.8%)

3 (2.5%)

50 (41.0%)

55 (45.1%)

  0

3 (2.5%)

36 (29.5%)

86 (70.5%)

27 (22.1%)

95 (77.9%)

8 (6.6%)

18 (14.8%)

89 (73.0%)

15 (12.3%)

2 (1.6%)

15 (12.3%)

3 (2.5%)

59 (48.4%)

118 (96.7%)

44 (36.1%)

2 (1.6%)

17 (13.9%)

Unadjusted

OR (95% CI)

0.45 (0.17–1.17)

0.75 (0.08–7.36)

1.34 (0.70–2.55)

0.84 (0.44–1.60)

6.90 (1.75–27.14)

1

0.45 (0.23–0.87)

1

0.31 (0.15–0.61)

0.55 (0.11–2.67)

1

1.62 (0.56–4.66)

2.17 (0.59–7.85)

10.44 (2.14–50.98)

1.06 (0.41–2.78)

4.05 (0.93–17.60)

1.07 (0.56–2.03)

0.27 (0.07–1.00)

0.56 (0.27–1.16)

6.12 (1.15–32.63)

0.36 (0.10–1.30)

P value

0.101

0.804

0.377

0.593

0.006

0.018

0.001

0.457

0.373

0.242

0.004

0.902

0.062

0.841

0.051

0.119

0.034

0.119

Adjusteda

OR (95% CI)

5.62 (1.21–26.10)

0.79 (0.32–1.94)

0.34 (0.14–0.84)

5.54 (1.01–30.41)

4.10 (0.66–25.24)

P value

0.028

0.602

0.020

0.049

0.132

* The values are expressed as number (percentage). PIBD: pediatric inflammatory bowel disease (IBD); OR: odds ratio; CI: confidence interval. 
Statistically significant results are shown in bold (P<0.05). a Variables with P<0.05 in univariate analyses were included in the multivariate model.
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Fig. 1  Characteristics and functions of the gut microbiota in children. (a) Shannon index of the gut microbiota in healthy 
children (H-C) and children with inflammatory bowel disease (IBD-C). (b) Chao1 index of the gut microbiota in the 
two groups. (c) Principal coordinates analysis (PCoA) of the gut microbiota in the two groups based on Bray-Curtis 
distance, with ellipses representing 95% confidence intervals (CIs). (d) Venn diagram at the genus level showing 
overlapping and unique components in the two groups. (e) Stacked bar chart of the top 10 abundant genera. (f) Different 
genera with lg(LDA score)>3 and P<0.05 in the two groups. (g) Cladogram of different genera in the two groups, 
with each ring representing a taxonomic level (from phylum to genus) and the diameter of each circle representing its 
relative abundance. (h) Relative abundance (with 95% CIs) of the top 15 different functional pathways in the gut microbiota 
of the two groups. The error bar indicates the standard deviation (n=18). ASV: amplicon sequence variant; LDA: linear 
discriminant analysis.
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Fig. 2  Gut microbiota characteristics of children with IBD (for different subtypes or disease stages). (a) Shannon index 
of the gut microbiota in children with CD (CD-C) and children with UC (UC-C). (b) Chao1 index of the gut microbiota in 
both groups. (c) Principal coordinates analysis (PCoA) of the gut microbiota in CD-C, UC-C, and healthy children (H-C) based 
on Bray-Curtis distance, with ellipses representing 95% confidence intervals (CIs). (d) Different genera with lg(LDA score)>3 
and P<0.05 in CD-C and UC-C patients. (e) The Shannon and Chao1 indexes of the gut microbiota in H-C and children 
with active IBD (IBD-C-A) or remissive IBD (IBD-C-R). (f) Stacked bar chart of the top 10 abundant phyla. (g) Stacked bar 
chart of the top 10 abundant genera. (h) PCoA of the gut microbiota in IBD-C-A, IBD-C-R, and H-C based on Bray-Curtis 
distance, with ellipses representing 95% CIs. (i) Different genera with lg(LDA score)>3 and P<0.05 in the IBD-C-A and 
IBD-C-R groups. (j) Cladogram of different genera in the IBD-C-A and IBD-C-R groups, with each ring representing a 
taxonomic level (from phylum to genus) and the diameter of each circle representing its relative abundance. ASV: amplicon 
sequence variant; CD: Crohn’s disease; IBD: inflammatory bowel disease; LDA: linear discriminant analysis; UC: ulcerative 
colitis.

1001



|    Journal of Zhejiang University-SCIENCE B   2025 26(10):995-1014

Fig. 3  Characteristics and functions of the gut microbiota in mothers. (a) Shannon index of the gut microbiota in mothers 
of healthy children (H-M) and mothers of children with inflammatory bowel disease (IBD-M). (b) Chao1 index of the gut 
microbiota in the two groups. (c) Principal coordinates analysis (PCoA) of the gut microbiota in the two groups based on 
Bray-Curtis distance, with ellipses representing 95% confidence intervals (CIs). (d) Venn diagram at the genus level, 
showing overlapping and unique components in the two groups. (e) Stacked bar chart of the top 10 abundant genera. 
(f) Different genera with lg(LDA score)>3 and P<0.05 in the two groups. (g) Cladogram of different genera in the two 
groups, with each ring representing a taxonomic level (from phylum to genus) and the diameter of each circle representing 
its relative abundance. (h) Relative abundance (with 95% CIs) of the top 14 different functional pathways in the gut 
microbiota of the two groups. The error bar indicates the standard deviation (n=18). ASV: amplicon sequence variant; 
LDA: linear discriminant analysis.
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that the gut microbiota of the IBD-M and H-M groups 
was not significantly distinguishable (Fig. 3c). The 
IBD-M group exhibited higher β-diversity within the 
group, as calculated by the Bray-Curtis distance and 
weighted UniFrac distance (Fig. S3b). LEfSe analysis 
indicated some significant differences at the phylum, 
genus, and ASV levels. Among the ten shared phyla, 
the abundance of Actinobacteriota was significantly 
reduced in the IBD-M group (Figs. S3c‒S3e). Among 
the 113 shared genera, Megasphaera and Clostridioides 
were predominant in the IBD-M group, whereas Blautia 
and UCG 002 (belonging to Oscillospiraceae) were 
more prevalent in the H-M group (Figs. 3d‒3g). At the 
ASV level, species such as Bacteroides dorei, Para‐
bacteroides merdae, Blautia (species unknown), and 
Bifidobacterium longum were significantly diminished 
in the IBD-M group, while species such as Bacteroides 
fragilis and Clostridiales bacterium CCNA10 were sig‐
nificantly enriched (Figs. S3f and S3g). Furthermore, 
using PICRUSt2 to predict functional differences in the 
gut microbiota between the two groups revealed that 
pathways enriched in the IBD-M group were often 
those involved in degradation pathways of organic com‐
pounds, such as γ-aminobutyric acid (GABA) and chitin 
derivatives, while the synthesis pathways of certain 
amino acids and nucleotides were depleted (Fig. 3h).

3.5 Clinical risk factors for the variation in 
children’s and mothers’ gut microbiota

Through PERMANOVA analysis, we found that 
the fathers’ education level exerted the most signifi‐
cant influence on children’s gut microbiota. Moreover, 
perinatal maternal antibiotic use, encompassing pre‐
conception, pregnancy, and lactation periods, poten‐
tially contributed to variations in children’s gut micro‐
biota (Fig. 4a). The results from PERMANOVA indi‐
cated that preconception body mass index (BMI) and 
perinatal antibiotic use significantly influenced the 
variations in mothers’ gut microbiota (Fig. 4b).

3.6 Enterotype analysis of mother‒child pairs in the 
case and control groups

In addition, the gut microbiota of both children 
and mothers was analyzed for enterotypes, resulting 
in classification of the four groups into two entero‐
types (Fig. 5a). Enterotype 1 was distinguished by 
a high abundance of Bacteroides and Faecalibacte‐
rium, whereas Enterotype 2 featured a predominance of 

Escherichia-Shigella and Enterococcus (Figs. 5b and 
5c). Notably, only the IBD-C group exhibited both en‐
terotypes. Among children with IBD presenting En‐
terotype 2, 40.00% of mothers had a history of perinatal 
antibiotic exposure, compared to just 16.13% among 
those with IBD presenting Enterotype 1, and among 
PIBD sufferers with Enterotype 1, 64.52% of the fa‐
thers had a Bachelor’s degree or above, while no 
fathers had a Bachelor’s degree or above in children 
with Enterotype 2. These findings further indicate that 
mothers’ perinatal antibiotic exposure and familial 
factors may influence the development of PIBD by 
altering the gut microbiota of children.

Fig. 4  Explanation of the variation in children’s and 
mothers’ gut microbiota according to clinical risk factors. 
(a) Permutational multivariate analysis of variance 
(PERMANOVA) was used to calculate the proportion of 
variation in children’s gut microbiota explained by perinatal 
and family risk factors based on Bray-Curtis distance. 
Specifically, maternal perinatal antibiotic use was integrated 
as a variable in the analysis. (b) PERMANOVA was used 
to calculate the proportion of variation in mothers’ gut 
microbiota explained by perinatal risk factors based on 
Bray-Curtis distance. Specifically, maternal perinatal 
antibiotic use was integrated as a variable in the analysis. 
BMI: body mass index.
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3.7 Similarity of gut microbiota characteristics of 
mother‒child pairs

To investigate the similarity of the gut microbio‐
ta between mothers and their children, we first used a 
Venn diagram for observation and found that the num‐
ber of shared ASVs among mothers and children in 
the same group surpassed that among mothers and 
children from different groups (Fig. 6a). Utilizing 
FEAST for microbiota tracing, we discovered that 
89.11% of ASVs for children in the H-C group pos‐
sibly originated from their mothers, whereas 57.80% 
of ASVs for children in the IBD-C group possibly ori‑
ginated from their mothers (Fig. 6b). Notably, despite 
the fact that intergenerational microbiota transmission 
was lower in the case group than in the control group, 
nearly all high-abundance strains were effectively 
shared between mothers and children in both groups 
(Fig. 6c). There were also no significant differences 
in gut microbiota similarity between mother‒child 
pairs in the IBD-C and H-C groups (Fig. 6d). The 
overall microbial composition exhibited significantly 
greater similarity between mothers and their chil‐
dren than between mothers and unrelated children, 

as evidenced by metrics such as Bray-Curtis distance, 
Jaccard distance, and weighted UniFrac distance. 
Additionally, the overall microbial similarity between 
mothers was significantly higher than that between 
children (Fig. 6e).

3.8 PIBD biomarkers of gut microbiota of mothers

We performed Spearman correlation analyses 
between the top 10 differentially abundant ASVs of 
children’s and mothers’ gut microbiota and clinical 
variables. The differential ASVs in children were signifi‐
cantly correlated with multiple clinical indicators. Over‐
all, the pediatric Crohn’s disease activity index (PCDAI)/
pediatric ulcerative colitis activity index (PUCAI) 
showed a positive correlation with Escherichia-Shigella 
and a negative correlation with Faecalibacterium (spe‐
cies unknown 1) (Fig. 7a). In mothers, the differential 
ASVs of the gut microbiota showed a negative corre‐
lation between PCDAI/PUCAI and Parabacteroides 
merdae (Fig. 7b).

Given the correlation between children’s and 
mothers’ gut microbiota and clinical indicators of 
children’s disease, we were further able to identify 
potential biomarkers for distinguishing between the 

Fig. 5  Enterotype analysis of the four groups. (a) Gut microbiota of healthy children (H-C) and their mothers (H-M), as 
well as those of children with inflammatory bowel disease (IBD-C) and their mothers (IBD-M), can be classified into two 
enterotypes. (b) Stacked column plot at the genus level for Enterotype 1 and Enterotype 2. (c) Representative genera 
with the highest abundance for Enterotype 1 and Enterotype 2.
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Fig. 6  Degree of similarity between mothers and children. (a) Venn diagram at the ASV level showing overlapping and 
unique components between healthy children (H-C) and their mothers (H-M), as well as between children with inflammatory 
bowel disease (IBD-C) and their mothers (IBD-M). (b) FEAST analysis indicating the transmission ratio of the gut 
microbiota between mothers and children within the same group. (c) Similarity of the gut microbiota between mothers 
and children at the ASV level. (d) Comparison of Bray-Curtis, Jaccard, unweighted UniFrac, and weighted UniFrac 
distances between H-M and IBD-M and their own children. (e) Comparison of Bray-Curtis, Jaccard, unweighted UniFrac, 
and weighted UniFrac distances between mothers and their own children, mothers and unrelated children, and all mothers 
and all children. ASV: amplicon sequence variant; FEAST: fast expectation-maximization for microbial source tracking.
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IBD-C and H-C groups via a random forest approach. 
In the gut microbiota of children, the five ASVs with 
the greatest decrease in the Gini index were Lachno‐
spiraceae bacterium GAM79, Blautia obeum, Blautia 
(species unknown 3), Escherichia-Shigella, and Bac‐
teroides (species unknown 1) (Fig. 8a). In the gut mi‐
crobiota of mothers, the five ASVs with the greatest 
decrease in the Gini index were identified as Blautia 
(species unknown 1), Ruminococcaceae (genus species 
unknown), Bacteroides fragilis, Eubacterium hallii 
group 3, and Enterobacteriaceae (genus species un‐
known) (Fig. 8b).

Next, we compared the abundance of the top five 
potential bacterial biomarkers with the highest mean 

decrease in the Gini index in the gut microbiota of 
children and mothers. Although there was less overlap 
in potential biomarkers between children and mothers, 
eight of ten biomarkers showed a consistent fold-
change of abundance (Fig. 9a), suggesting that mothers’ 
gut microbiota may influence the development of PIBD 
in offspring by modulating the abundance of certain 
bacteria. To investigate this, we constructed ROC curves 
that would show the ability of these eight bacterial 
biomarkers in mothers’ microbiota to distinguish be‐
tween the IBD-C and H-C groups; the highest value for 
the area under the curve (AUC) was 0.8182 (Fig. 9b). 
After performing logistic regression on the biomarkers 
enriched in the H-M group, including Blautia (species 

Fig. 7  Correlations between the gut microbiota of children and mothers and clinical indicators. (a) Correlations between 
the top 10 differentially abundant amplicon sequence variants (ASVs) in children and clinical indicators. (b) Correlations 
between the top 10 differentially abundant ASVs in mothers and clinical indicators. PCDAI: pediatric Crohn’s disease 
activity index; PUCAI: pediatric ulcerative colitis activity index; RBC: red blood cell; Hb: hemoglobin; WBC: white blood 
cell; L: lymphocyte; N: neutrophil; PLT: platelet; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; ALB: 
albumin; FOB: fecal occult blood; FC: fecal calprotectin. * P<0.05, ** P<0.01, *** P<0.001, ASVs vs. clinical indicators.
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unknown 1), Eubacterium hallii group 3, Blautia obeum, 
Lachnospiraceae bacterium GAM79, Blautia (species 
unknown 3), and Bacteroides (species unknown 1), 
as well as the biomarkers enriched in the IBD-M 
group (Bacteroides fragilis and Escherichia-Shigella), 
the ROC curve exhibited an AUC of 0.8687 for the 
H-M-enriched biomarkers and an AUC of 0.7828 for 
the IBD-M-enriched biomarkers (Fig. 9c).

4 Discussion 

To the best of our knowledge, this is the first 
study that explores the gut microbiota composition of 
both children with IBD and their mothers, along with 
their intergenerational correlation. Our findings reveal 
that a family history of autoimmune disease and anti‐
biotic use during pregnancy are positively associated 
with PIBD risk, while a higher education level of the 
father is protective. Compared with H-C, IBD-C ex‐
hibits reduced α-diversity, with enrichment of Proteo‐
bacteria, Fusobacteriota, Escherichia-Shigella, and En‐
terococcus and depletion of Faecalibacterium. IBD-M 
shows an increased abundance of Clostridioides and 
reduced levels of Bacteroides dorei and Parabacteroi‐
des merdae. Functional alterations in the gut microbiota 
were also observed in both children with IBD and 
their mothers. The gut microbiota in the IBD-C group 
exhibits two enterotypes. Intriguingly, the gut micro‑
biota structures of mothers and children within the same 
group exhibit greater similarity. Some potential bacterial 

biomarkers of mothers discovered in this study, such as 
Bacteroides fragilis and Eubacterium hallii, demon‐
strate the ability to predict PIBD in offspring.

Exploring risk factors for PIBD is paramount not 
only for understanding its complex pathogenesis but 
also for identifying individuals at risk who may bene‐
fit from early intervention. In a large meta-analysis 
assessing the impact of different types of prenatal, peri‐
natal, and postnatal exposure on IBD, researchers iden‐
tified prenatal antibiotic exposure, tobacco smoke, and 
early-life otitis media as risk factors associated with 
IBD and breastfeeding as a protective factor for IBD 
(Agrawal et al., 2021). Our findings indicate that a 
family history of autoimmune disease is associated with 
an increased risk of PIBD, consistent with Mari et al. 
(2020)’s finding that first-degree relatives of patients 
with IBD have a higher risk of autoimmune disease, 
which partly reflects the role of family genetic predis‐
position in the development of IBD. In our study, anti‐
biotic use during pregnancy is shown to be another 
risk factor for PIBD. Our previous meta-analysis dem‐
onstrated that antibiotic exposure is associated with an 
increased risk of PIBD and that exposure in the first 
year of life leads to a relatively high risk estimate (Duan 
et al., 2025). Furthermore, antibiotic exposure during 
pregnancy has been reported to affect the risk of PIBD 
in offspring. In a Swedish cohort study, antibiotics 
during pregnancy were associated with very-early-onset 
IBD in children (Örtqvist et al., 2019). Another nation‐
wide study from Denmark found that exposure to ≥3 
courses of antibiotics during pregnancy increased IBD 

Fig. 8  Random forest analyses of the gut microbiota of children and mothers. (a) Amplicon sequence variants (ASVs) 
identified via the random forest method to distinguish healthy children (H-C) from children with inflammatory bowel 
disease (IBD-C). (b) ASVs identified via the random forest method to distinguish mothers of healthy control children (H-M) 
from mothers of children with inflammatory bowel disease (IBD-M).
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risk in offspring (Agrawal et al., 2023). It is biologically 
plausible that antibiotics can change the mother’s gut 
microbiota, which in turn affects the offspring’s gut 
microbiota and immune-system development, increas‐
ing their susceptibility to IBD. A higher education 
level of the father appears to be a protective factor for 

PIBD, and education level is often related to other fac‐
tors that may affect IBD, such as diet, family income, 
and social living environment (Krishna et al., 2020).

Previous studies have indicated that PIBD patients 
exhibit alterations in their gut microbiota (Wang et al., 
2021; D'Adamo et al., 2023). In our study, we observed 

Fig. 9  Biomarkers in the gut microbiota of mothers. (a) We selected the top five biomarkers with the highest mean decrease 
Gini coefficient in the gut microbiota of children and mothers separately, resulting in a total of ten biomarkers. These 
biomarkers were further analyzed using the following approach: the average abundance of the biomarkers in mothers of 
healthy children (H-M) was compared with that in mothers of children with inflammatory bowel disease (IBD-M) by 
calculating the ratio. Subsequently, a logarithmic transformation was applied, which positioned the biomarkers enriched in the 
IBD-M group below the x-axis, while the depleted biomarkers were positioned above the x-axis. The same transformation was 
performed for healthy children (H-C) and children with inflammatory bowel disease (IBD-C). If both values of a biomarker 
are located on the same side of the x-axis, this indicates that the biomarker is simultaneously enriched/depleted in the IBD-C 
and IBD-M groups. Eight biomarkers with consistent change trends are presented. (b) Eight biomarkers were selected, 
and ROC curves were used to predict the risk of pediatric inflammatory bowel disease (PIBD) in children. A: Blautia sp. 
unknown 1; B: Eubacterium hallii group 3; C: Bacteroides fragilis; D: Blautia obeum; E: Lachnospiraceae bacterium GAM79; 
F: Blautia sp. unknown 3; G: Escherichia-Shigella; H: Bacteroides sp. unknown 1. (c) Logistic regression analysis was 
conducted for biomarkers enriched in the H-M and IBD-M groups separately to evaluate their ability to predict the risk of 
PIBD in children. ASV: amplicon sequence variant; AUC: area under the curve; ROC: receiver operating characteristic.
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significant changes in the gut microbiota of children 
with IBD, particularly in the populations of Proteo‐
bacteria and Fusobacteriota, which were prominently 
enriched in the IBD-C group. Proteobacteria comprises 
various pathogenic microbiota, such as Escherichia coli, 
Escherichia-Shigella, Vibrio cholerae, and Pseudomo‐
nas aeruginosa, which are often enriched in individ‐
uals with IBD (Mukhopadhya et al., 2012). Notably, 
enrichment of Fusobacteriota, primarily attributed to 
Fusobacterium, is strongly associated with colitis and 
colorectal cancer pathogenesis (Liu et al., 2020; Chen 
et al., 2023). Moreover, we discovered that the IBD-C 
group displayed enriched synthesis pathways for mena‐
quinol and taxadiene, which may contribute to the onset 
of inflammation (Khorsand et al., 2022; Iwamuro et al., 
2023). Conversely, the IBD-C group demonstrated de‐
pleted N10-formyl-tetrahydrofolate biosynthesis, which 
has been shown to have anti-inflammatory effects
(Pathikkal et al., 2022). We also discovered that the 
community compositions of IBD-C-R and H-C are 
more similar than those of IBD-C-A and H-C, and the 
composition of IBD-C-R is enriched with Clostridium 
sensu stricto 1, which has been demonstrated to influ‐
ence IBD activity (Leibovitzh et al., 2022), aligning 
with previous research findings (Chen et al., 2024).

Consistent with our hypothesis, the gut microbiota 
of IBD-M exhibits substantial differences compared 
with H-M, despite both groups being composed of 
healthy individuals. IBD-M is characterized by an in‐
creased abundance of opportunistic pathogens such as 
Clostridioides (Dong et al., 2023), while beneficial bac‐
teria such as Bacteroides dorei (Sun et al., 2023) and 
Parabacteroides merdae (Qiao et al., 2022) are signifi‐
cantly diminished. The functional pathways enriched in 
IBD-M are associated with inflammatory compounds, 
including chitin derivatives (Lee et al., 2014) and 
O-antigen (Lehri et al., 2024), which are known to 
be components of pathogenic bacteria. Derivatives of 
GABA can promote colitis through the GABA recep‐
tor A (Wang et al., 2022). The involvement of these 
specific bacteria in these functional pathways suggests 
vertical transmission that influences the development 
of PIBD in offspring. Additionally, we found that the 
factors contributing to the differences in the gut micro‐
biota between children and mothers may stem from 
the perinatal period or from certain familial factors, 
such as the education level of the father and perinatal 
maternal antibiotic use. These findings align with our 

analyses of risk factors for PIBD, indicating that these 
factors likely participate in PIBD development through 
their impact on the gut microbiota.

We further identified two distinct enterotypes 
within the IBD-C group. Enterotype 1 is characterized 
by a dominance of Bacteroides, while Enterotype 2 is 
characterized by a dominance of Escherichia-Shigella. 
The Bacteroides enterotype in children with PIBD 
is associated with disease remission, whereas the 
Escherichia-Shigella enterotype is associated with dis‐
ease progression (Chen et al., 2024). Additionally, the 
IBD-C group exhibited elevated levels of Enterococcus, 
which can impede intestinal stem-cell proliferation 
through the production of tyramine (Li et al., 2024). 
Interestingly, within Enterotype 2, there are higher 
proportions of mothers with a history of perinatal anti‐
biotic use and fathers with no degree. These findings 
provide supportive evidence for the underlying factors 
contributing to the variation observed in this enterotype.

Furthermore, we analyzed the association between 
the gut microbial compositions of children and their 
mothers, and the results revealed high similarities in 
the fecal microbiota of mother‒child pairs, especially 
in the control group. This may be the result of a com‐
bined effect of long-term maternal microbial imprint‐
ing throughout pregnancy and microbial transmission 
driven by a shared social environment later in life 
(Valles-Colomer et al., 2023). The mother-offspring 
vertical transmission of microbiota is the earliest and 
most important factor influencing microbial structure in 
infants (Asnicar et al., 2017). Based on metagenomic 
profiling of the microbiome from 25 mother‒infant 
pairs across multiple body sites, Ferretti et al. (2018) 
found that the maternal gut was the largest source of 
colonizing microbiota in the gastrointestinal tract of 
healthy infants. The large number of strains shared at 
birth confirms maternal microbiome seeding of the 
infant’s gut, and in addition, strain sharing remains 
significant in senior individuals, with one study show‐
ing that non-cohabiting mother-offspring pairs still 
share significantly more strains than children do with 
unrelated mothers (Valles-Colomer et al., 2023). This 
is consistent with our finding that the closest micro‑
biome proximity is between mothers and their own chil‐
dren. Emerging evidence indicates that the early colo‐
nized microbiota is an essential driver of a range of 
processes, including development, immunity, and me‐
tabolism, ultimately affecting host health in the long 
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term (Tian et al., 2023). Any factors that affect the ma‐
ternal microbiota can also disrupt optimal microbial 
acquisition for infants, leading to an increased life‐
time risk for various diseases (Martino et al., 2022). 
Based on the above, we propose a hypothesis that per‐
turbation of the maternal gut microbiota during preg‐
nancy due to various factors (such as antibiotic expo‐
sure, mother-to-child vertical transmission of the mi‐
crobiota, and microbial alterations during the critical 
developmental window) is associated with greater sus‐
ceptibility to IBD later in life. Interventions that favor‐
ably modify microbial composition would provide 
opportunities for overcoming microbial imbalances in 
early life, for example, providing probiotic supple‐
ments to mothers (Korpela et al., 2018). In addition, 
the high microbial similarities in mother‒child pairs in 
our findings may be because gut microbes can be co-
acquired due to shared environmental factors. However, 
the cross-sectional nature of the study prevented us 
from elucidating these mechanisms and providing a 
longitudinal view. Additional large cohort studies are 
needed to determine mother‒child pairs in chronologic‑
al order and to evaluate alterations in the gut micro‐
biota of mothers and children mechanistically.

We have identified eight bacterial biomarkers that 
exhibit shared patterns of variation between the case 
and control groups. The typical vertical transmission 
of the gut microbiota underscores the significant pre‐
dictive value of maternal biomarkers for PIBD risk in 
offspring. The function of Bacteroides fragilis, which 
we found to be enriched in IBD-M, has been exten‐
sively studied. A subset of Bacteroides fragilis secretes 
Bacteroides fragilis toxin, known as enterotoxigenic 
Bacteroides fragilis (ETBF), which can disrupt the 
colonic epithelial barrier by cleaving E-cadherin (Sears 
et al., 2014), leading to chronic colitis (Rhee et al., 
2009). Another subset of Bacteroides fragilis acts as a 
commensal microbe, providing metabolic benefits 
(Chan et al., 2019). ETBF reveals a high transmission 
capacity from mother to offspring (Valles-Colomer 
et al., 2023). It establishes colonization within the 
lamina propria and persists into adulthood, further 
antagonizing beneficial bacteria and disrupting intesti‐
nal homeostasis (Hill et al., 2024). Blautia, which 
exhibits decreased abundance in both IBD-M and 
IBD-C, encompasses potentially beneficial bacteria with 
anti-inflammatory properties that improve the host’s 
gut homeostasis, inhibit colonization by pathogens, and 

influence lipid metabolism (Benítez-Páez et al., 2020; 
Liu et al., 2021). The vertical transmission of Blautia 
depends on breastfeeding (Qi et al., 2022). Maternal 
overweight and stress are associated with a decreased 
abundance of Blautia, making offspring more sus‐
ceptible to conditions such as colitis and cognitive 
abnormalities (Sun et al., 2021; Buchenauer et al., 
2023). Eubacterium hallii shows reduced abundance in 
mothers’ and children’s gut microbiota in the IBD 
group. It plays a role in producing butyrate and propio‑
nate, supporting intestinal integrity, and suppressing 
pro-inflammatory factors to prevent intestinal inflam‐
mation (Mukherjee et al., 2020). Eubacterium hallii 
is also recognized as an early producer of butyrate 
in the infant gut (Pham et al., 2016). Additionally, 
Escherichia-Shigella, which is enriched in the IBD-C 
group and exhibits higher abundance in the IBD-M 
group, is a pathogen consistently found in the gut 
microbiota of individuals with disease (Baltazar-Díaz 
et al., 2022; Zhao et al., 2022). It induces colitis by 
penetrating epithelial cells to induce apoptosis in in‐
fected macrophages and release interleukin-1β (IL-1β) 
(Mirsepasi-Lauridsen et al., 2019).

Our study has significant strengths. It serves as a 
pilot study to investigate the microbiota of mother‒
child pairs simultaneously and their relationship with 
the development of IBD in children, filling the gap in 
current research on the maternal gut microbiota and 
subsequent IBD. The study has also identified poten‐
tial biomarkers for PIBD susceptibility, which sug‐
gests that modulating the abundance of bacterial bio‐
markers in the maternal gut microbiota during the 
perinatal period may be an effective preventive strategy 
against disease development in offspring.

However, there were some limitations that war‐
rant discussion for future applications. First, due to the 
low incidence of PIBD and the relatively small sample 
size, clinically stratified analyses based on PIBD sub‐
type and severity were not feasible. Additionally, it was 
challenging to collect fecal samples from mothers and 
children simultaneously, which resulted in insufficient 
data for gut microbiota analyses. Second, as with other 
case-control studies and questionnaire surveys, the re‐
sults are inherently prone to recall bias and should be 
interpreted with caution. Further large-scale cohort 
studies will be necessary. Finally, 16S rRNA sequenc‐
ing cannot provide sequences at a high resolution, such 
as shotgun sequencing.
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5 Conclusions 

Our study identified familial and perinatal risk 
factors for PIBD and elucidated differences in the gut 
microbiota structure, composition, and functionality 
between PIBD children and their mothers and healthy 
controls. These risk factors partially explain the differ‐
ences observed in the gut microbiota. We observed 
remarkable similarities in the gut microbiota between 
mothers and children. The gut microbiota of children 
and mothers is associated with the occurrence and 
severity of PIBD, and mothers’ bacterial biomarkers 
effectively predict PIBD, independently or in combin‑
ation. Our findings suggest a potential intergenera‐
tional influence of the maternal microbiota on IBD 
development in children. Further large cohort studies 
are warranted to determine mother‒child pairs in chrono‑
logical order and evaluate gut microbiota alterations 
in mothers and children mechanistically.
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