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Abstract
Objective

Immunoglobulin A vasculitis (IgAV) is the most common form of vasculitis in childhood. Emerging evidence indicates
 that gut microbiota plays a key role in the pathogenesis of IgAV. However, the factors linking gut microbiota to the 

onset and progression of IgAV are poorly understood. We aimed to demonstrate that the presence of a specific dysbiosis
in patients with IgAV contributes to the onset of IgAV.

Methods
We transplanted gut microbiota from human donors with IgAV or healthy controls (HCs). The changes in gut microbiota 
and serum indexes of the recipient mice were detected, and the IgAV-associated bacteria were determined by integrating 

the results from the mouse sequence data analysis with the human sequence results.

Results
55 amplicon sequence variants (ASVs) specific to IgAV children were detected in the recipient IgAV microbiota (rIMb) 

mice, and 35 ASVs specific to healthy children were detected in the recipient healthy microbiota (rHMb) mice. Gut 
microbiota in rIMb mice differs from that in rHMb mice. Alcaligenaceae could discriminate rIMb from rHMb mice, 
while its abundance was decreased in rIMb compared to rHMb (p<0.05). In children with IgAV, the abundance of 

Burkholderiaceae (Alcaligenaceae accounted for 99.7%) at the family level was significantly lower compared to HCs, 
which can be used to distinguish children with IgAV from HCs, and the constructed receiver operating characteristic 
(ROC) curve had an area under the curve (AUC) value of 0.766. In addition, the rIMb group had a markedly higher 

interleukin (IL)-17A and IL-21 level than those in the rHMb group. The Spearman correlation analysis indicated 
significant correlations between the relative levels of these pro-inflammatory cytokines, 

IgA and alterations of gut microbiota.

Conclusion
IgAV is characterised by disturbances of gut microbiota composition and an imbalance in inflammatory cytokines. 

The manipulation of gut microbiota could be a possible way to prevent and manage IgAV.
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Introduction
Immunoglobulin A vasculitis (IgAV), 
the most common form of vasculitis 
in childhood, is characterised by in-
flammation in small vessels caused by 
perivascular deposition of IgA1-dom-
inant immune complexes (1, 2). Pa-
tients with IgAV exhibit variable clini-
cal symptoms, including non-thrombo-
cytopenic palpable purpura, abdominal 
pain, arthritis/arthralgia, and renal 
involvement (3). Although the precise 
pathogenic mechanisms of IgAV have 
yet to be fully elucidated, several stud-
ies have highlighted the significance of 
gut microbiota in its pathogenesis (4-
8). However, the factors connecting gut 
microbiota to the onset and progression 
of IgAV are poorly understood.
Abnormal IgA1 glycosylation, result-
ing in the production of galactose-
deficient IgA1 (Gd-IgA1), underlies 
the pathogenesis of IgAV (9). Never-
theless, the source and mechanisms of 
Gd-IgA1 production remain unclear. 
Previous studies have demonstrated 
that the circulating Gd-IgA1 in IgAV 
patients partly originated from the mu-
cosa (10-12). Additional evidence sug-
gests that gut microbiota participate in 
the regulation of IgA synthesis. Spe-
cifically, gut microbiota contributes to 
increasing IgA production, and micro-
bial infections in the intestine promote 
the class switch of naive B-cells to IgA 
antibody-secreting cells, via both T-
cell-independent and T-cell-dependent 
pathways (13). Thus, it can be inferred 
that gut microbiota is implicated in the 
pathogenesis of IgAV by activating the 
intestinal mucosal immune system and 
eventually participating in the regula-
tion of IgA synthesis.
In this study, we aimed to demonstrate 
that a specific dysbiosis in patients 
with IgAV contributes to disease onset 
by using a murine model transplanted 
with human gut microbiota.

Materials and methods
Human faecal samples collection
The study protocol was approved by 
the Ethics Committee of 900th Hospi-
tal of PLA Joint Logistic Support Force 
(NO: 2019-009). All subjects had given 
written informed consent. All the hu-
man data were derived from our pre-

vious study (8). The inclusion criteria 
for IgAV were based on previous litera-
ture (3, 14). In total, 16 IgAV subjects 
(relapsing IgAV) and 23 healthy con-
trols (HCs) were recruited from 900th 
Hospital of PLA Joint Logistic Support 
Force, the Fujian Provincial Maternity 
and Children’s Hospital, Fujian Pro-
vincial Hospital, and Fujian Medical 
University Union Hospital (Table I). 
Participants who were treated with an-
tibiotics, immunosuppressors, proton 
pump inhibitors, chemotherapy, and 
radiotherapy within 2 weeks before 
faecal collection, and who were with 
allergic rhinitis, allergic asthma, aller-
gic cough and other diseases that could 
affect the results of the study were ex-
cluded. The middle part of stools from 
each subject was collected with dis-
posable sterile containers and stored 
at -80℃ before sequencing (strictly 
adhered to the national standard: GB/T 
41908-2022).

Animal experiments
All animal experiments were approved 
by the Ethics Committee of the 900th 
Hospital of PLA Joint Logistic Sup-
port Force (no.: 2020-73). The specific 
pathogen-free (SPF) mice were bred in 
the Laboratory Animal Center at 900th 
Hospital of PLA Joint Logistic Support 
Force. All mice were maintained at an 
ambient temperature of 20℃-26℃, 
and humidity of 40–70%, at a cycle of 
12 hours light & 12 hours dark, and had 
free access to the autoclaved rodent 
diet and autoclaved water.
To prepare the faeces for faecal micro-
biota transplantation (FMT), five sam-
ples from children with IgAV (relapsing 
IgAV) and five samples from HCs were 
selected and mixed at equal weights. 
All five children with relapsing IgAV 
exhibited palpable purpura and renal 
involvement. Then we diluted a mixed 
human faecal sample (1 g) in 10 mL of 
saline and filtered through a filter mesh 
to remove residues. The faecal material 
was centrifuged for 3 min at 5000 rpm, 
and 200 μL of the supernatant was in-
troduced by gavage into each recipient 
mouse. Mice were handled once every 
day for 3 days. Faecal samples were 
collected before and 7 days after FMT, 
and immediately stored at -80℃. Sera 
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were obtained via cardiac puncture on 
day 7 following the FMT.

IgA and cytokines analyses
Levels of IgA, B cell activating factor 
(BAFF), interleukin (IL)-1β, IL-6, IL-
17A, IL-21, and tumour necrosis factor-
alpha (TNF-α) in the sera of mice were 
measured by Mouse IgA ELISA Kits 
(MULTI SCIENCES, China), Mouse 
BAFF ELISA Kits (MULTI SCIENC-
ES, China), Mouse IL-1β ELISA Kits 
(MULTI SCIENCES, China), Mouse 
IL-6 ELISA Kits (MULTI SCIENCES, 
China), Mouse IL-17A ELISA Kits 
(MULTI SCIENCES, China), Mouse 
IL-21 ELISA Kits (MULTI SCIENC-
ES, China), and Mouse TNF-α ELISA 
Kits (MULTI SCIENCES, China).

Faecal DNA extraction, polymerase 
chain reaction (PCR) amplification, 
and 16S rRNA gene amplicon 
sequencing
Total genomic DNA samples were ex-
tracted using the OMEGA Soil DNA 
Kit (M5635-02) (Omega Bio-Tek, 
Norcross, GA, USA), following the 
manufacturer’s instructions, and stored 
at -20℃ prior to further analysis. The 
quantity and quality of extracted DNAs 
were measured using a NanoDrop 
NC2000 spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA) 
and agarose gel electrophoresis, re-
spectively.
PCR amplification of the bacterial 
16S rRNA genes V3-V4 region was 
performed using the forward primer 
338F (5’-ACTCCTACGGGAG-
GCAGCA-3’) and the reverse primer 
806R (5’-CGGACTACHVGGGT-
WTCTAAT-3’). Sample-specific 7-bp 
barcodes were incorporated into the 
primers for multiplex sequencing. The 
PCR components contained 5 μL of 
buffer (5×), 0.25 μL of Fast pfu DNA 
Polymerase (5 U/μL), 2 μL (2.5 mM) 
of dNTPs, 1 μL (10 uM) of each For-
ward and Reverse primer, 1 μL of DNA 
Template, and 14.75 μL of ddH2O. 
Thermal cycling consisted of initial de-
naturation at 98℃ for 5 min, followed 
by 25 cycles consisting of denaturation 
at 98℃ for 30 s, annealing at 53℃ for 
30 s, and extension at 72℃ for 45 s, 
with a final extension of 5 min at 72℃. 

PCR amplicons were purified with Va-
zyme VAHTSTM DNA Clean Beads 
(Vazyme, Nanjing, China) and quanti-
fied using the Quant-iT PicoGreen ds-
DNA Assay Kit (Invitrogen, Carlsbad, 
CA, USA). After the individual quan-
tification step, amplicons were pooled 
in equal amounts, and pair-end 2×250 
bp sequencing was performed using 
the Illlumina NovaSeq platform with 
NovaSeq 6000 SP Reagent Kit (500 
cycles) at Shanghai Personal Biotech-
nology Co., Ltd (Shanghai, China).
Microbiome bioinformatics were per-
formed with QIIME2 2019.4 with 
slight modification according to the 
official tutorials (https://docs.qiime2.
org/2019.4/tutorials/). Briefly, raw se-
quence data were demultiplexed using 
the demux plugin following by primers 
cutting with cutadapt plugin. Sequenc-
es were then quality filtered, denoised, 
merged and chimera removed using the 

DADA2 plugin. Non-singleton ampli-
con sequence variants (ASVs) were 
aligned with mafft and used to con-
struct a phylogeny with fasttree2. Tax-
onomy was assigned to ASVs using the 
classify-sklearn naïve Bayes taxonomy 
classifier in feature-classifier plugin 
against the gg_13 Database.
Sequence data analyses were mainly 
performed using QIIME2 and R pack-
ages (v3.2.0). The taxonomy composi-
tions and abundances were visualised 
using MEGAN and GraPhlAn. Venn 
diagram was generated to visualise 
the shared and unique ASVs among 
samples or groups using R package 
“VennDiagram”, based on the occur-
rence of ASVs across samples/groups 
regardless of their relative abundance. 
Taxa abundances at the ASV levels 
were statistically compared among 
samples or groups by MetagenomeSeq. 
Random forest analysis was applied to 

Table I. Clinical characteristics of the human subjects.

Characteristics	 IgAV	 HCs	 p-value

Sample size	 16		  23		  -
Female, n (%)	 10	 (62.5%)	 10	 (43.5%)	 0.709
Age, median (IQR)	 6.0	 (5.0~9.0)	 9.0	 (6.2~11.4)	 0.097

IgAV: IgAV patients; HCs: healthy controls.

Fig. 1. Venn diagrams representing the colonisation of donor ASVs in the recipient mice.
A: 55 ASVs specific to IgAV children (grey circle) were detected in the rIMb mice (the blue circle 
represents the mice before being colonised with IgAV microbiota, and the orange circle represents the 
mice colonised with IgAV microbiota after 7 days). 
B: 35 ASVs specific to healthy children (grey circle) were detected in the rHMb mice (the blue circle 
represents the mice before being colonised with healthy microbiota, and the orange circle represents 
the mice colonised with healthy microbiota after 7 days).
IMb: IgAV microbiota; HMb: healthy microbiota; rIMb: recipient of IgAV microbiota; rHMb: recipient 
of healthy microbiota.
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discriminating the samples from differ-
ent groups using QIIME2 with default 
settings. Nested stratified k-fold cross 
validation was used for automated hy-
perparameter optimisation and sample 
prediction. The number of k-fold cross-
validations was set to -2.

Statistics
Statistical analysis was performed us-
ing SPSS v. 24.0 (SPSS, Chicago, IL, 
US) and R (v. 4.1.2). Data were ana-
lysed for homogeneity of variance and 
normal distribution. The independent 
sample t-test was used for compari-
son between groups for measurement 
data obeying normal distribution and 
satisfied homogeneity of variance, all 
expressed as ( x̄± s). Mann-Whitney 
U-tests were performed for the data 
that failed to meet normal distribution 
or homogeneity of variance, all pre-
sented by median (interquartile range 
[IQR]). The counting data was tested 
using chi-square test. p-values <0.05 
were considered to indicate statistical 
significance.

Results
Transplantation of human microbiota 
from children with IgAV and healthy 
children to recipient mice
To determine whether the human gut 
microbiota can be transmissible to 
mice by FMT, faecal matter from chil-
dren with IgAV and healthy children 
was transplanted to SPF mice. Mice 
colonised with IgAV microbiota (IMb) 
and healthy microbiota (HMb) were 
labeled as recipient IMb (rIMb) and 
recipient HMb (rHMb), respectively. 
Mixed faeces rather than single faeces 
from 5 children with IgAV or 5 healthy 
children were used to ensure the homo-
geneity. A total of 6,932,568 sequences 
were obtained from 64 samples, with 
6,059,747 sequences after denoising 
by DADA2. On average, 94,683 se-
quences per sample were acquired and 
were shown to have a mean sequence 
of 418bp (range, 15–435bp). Venn dia-
grams were generated to visualise the 
establishment of the donor ASVs in 
mice, which revealed the specific gut 
microbiota of humans could colonise 
the intestinal tract of mice (Fig. 1). 55 
ASVs specific to IgAV children were 

detected in the rIMb, and 35 ASVs spe-
cific to healthy children were detected 
in the rHMb.

Gut microbiota in rIMb mice 
differed from that in rHMb mice
After FMT, the differences in the bacte-
rial community structure were evident 
in recipient mice (Fig. 2 and Supple-
mentary Table S1-S3). At the phylum 
level, the relative abundance of Firmi-
cutes in rIMb was higher than that in 
rHMb. In contrast, the relative abun-
dance of Bacteroidetes, Proteobac-

teria, and Actinobacteria were lower 
than those in rHMb, with the difference 
in Actinobacteria being considered sig-
nificant (p<0.05). At the family level, 
Lactobacillaceae was more abundant 
in rIMb compared with rHMb, while 
the abundances of S24-7, Helicobacte-
raceae, Lachnospiraceae, Rikenellace-
ae, Coriobacteriaceae were decreased 
in rIMb compared with rHMb. The 
difference in Coriobacteriaceae abun-
dance between these two groups was 
considered significant (p<0.05). At the 
genus level, the relative abundance of 

Fig. 2. Comparison relative taxa abundance between rHMb and rIMb.
A: Relative abundance of dominant phylum in the rHMb and rIMb. B: Relative abundance of dominant 
family in the rHMb and rIMb. C: Relative abundance of dominant genus in the rHMb and rIMb.
rIMb: recipient of IgAV microbiota; rHMb: recipient of healthy microbiota.
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Fig. 3. Microbial signatures of discriminating 
rIMb and rHMb from each other at the family 
level.
A: Random Forests analysis identified 10 bacteri-
al families used to differentiate rIMb from rHMb. 
B: Relative abundance of 10 bacterial families in 
rIMb and rHMb at 7 days after FMT.
rIMb: recipient of IgAV microbiota; rHMb: re-
cipient of healthy microbiota; ns: no significant 
difference. 
Significance was accepted at p<0.05.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

Fig. 4. Microbial signatures of discriminating 
rIMb and rHMb from each other at the genus 
level.
A: Random Forests analysis identified 10 bacte-
rial genera used to differentiate rIMb from rHMb. 
B: Relative abundance of 10 bacterial genera in 
rIMb and rHMb at 7 days after FMT.
rIMb: recipient of IgAV microbiota; rHMb: re-
cipient of healthy microbiota; ns: no significant 
difference.
Significance was accepted at p<0.05.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Lactobacillus in rIMb was higher than 
that in rHMb, while the relative abun-
dance of [Prevotella], Allobaculum, 
Desulfovibrio, Adlercreutzia were low-
er than those in rHMb. The difference 
in Adlercreutzia abundance between 
these two groups was also considered 
significant (p<0.05).

Gut microbiota biomarker for 
discriminating rIMb from rHMb mice
To identify microbial signatures for 
discriminating rIMb from rHMb, we 
used a supervised machine learning 
technique, called Random Forests, 
to identify discriminative bacterial 
families and genera between the two 
groups. Furthermore, Random Forests 
also assigned an importance score to 
each predictor (15, 16). The Random 
Forests analysis showed that Alca-
ligenaceae played a key role in the 
pathogenesis of IgAV (Fig. 3-4). We 
identified 10 bacterial families used 
to differentiate rIMb from rHMb (Fig. 
3A), and eight of them presented a de-
creased abundance in rIMb compared 
to rHMb. Specifically, the abundance 
of Alcaligenaceae (importance score = 
0.180) (Table II) and Coriobacteriace-
ae (importance score = 0.146) (Table 

II) was significantly lower in rIMb than 
in rHMb (p<0.05) (Fig. 3B). Moreover, 
we also identified 10 bacterial genera 
that can differentiate rIMb from rHMb. 
Compared to rHMb mice, the rIMb 
mice were characterised by 7 decreased 
genera (Fig. 4A), whereas Adlercreut-
zia (importance score = 0.129) (Table 
III) and Sutterella (importance score 

= 0.073) (Table III) were the two most 
significant contributors among these 
(p<0.05) (Fig. 4B).

Validation of IgAV-associated 
bacteria in human samples
To assess the newly identified micro-
bial biomarkers above, a relative abun-
dance analysis for the differential 10 

Table II. The importance score of Random 
Forests analysis at the family level.

Family	 Importance score

Alcaligenaceae	 0.180
Coriobacteriaceae	 0.146
Erysipelotrichaceae	 0.055
[Paraprevotellaceae]	 0.042
Dehalobacteriaceae	 0.038
Desulfovibrionaceae	 0.034
Bifidobacteriaceae	 0.031
Enterobacteriaceae	 0.030
Prevotellaceae	 0.027
Pseudomonadaceae	 0.025

Table III. The importance score of Ran-
dom Forests analysis at the genus level.

Genus	 Importance score

Adlercreutzia	 0.129
Pediococcus	 0.107
Sutterella	 0.073
Lactobacillus	 0.046
Desulfovibrio	 0.040
Selenomonas	 0.040
[Prevotella]	 0.032
Dehalobacterium	 0.029
Streptococcus	 0.028
Coprobacillus	 0.026

Fig. 5. Relative abundance of 10 bacterial families in IgAV patients and HCs.
Significance was accepted at p<0.05. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns means no 
significant difference.
IgAV: children with IgAV; HCs: healthy controls.

Fig. 6. The ROC curve of Burkholderiaceae.
ROC curves showed that Burkholderiaceae enabled discriminating IgAV patients and HCs from each 
other, with high diagnostic accuracy (AUC=0.766).
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bacterial families screened in mice was 
performed in human samples. Totally, 
16 children with IgAV and 23 HCs 
were recruited from our previous study 
(8). The detailed clinical characteris-
tics of these subjects were presented 
in Table I. There were no significant 
differences in age or sex between the 
two groups. The box plot showed that 
the abundance of Burkholderiaceae in 
IgAV subjects was significantly lower 
at the family level compared with HCs 
subjects (Fig. 5), while that of Erysip-
elotrichaceae and Enterobacteriaceae 
were enriched in IgAV subjects (due to 
the difference in the annotation system, 
the bacteria categorised under Alca-
ligenaceae families like Sutterella and 
Parasutterella were classified as Burk-
holderiaceae in human samples). 
To identify and quantify the diag-
nostic potential of Alcaligenaceae in 
IgAV, receiver operating characteristic 
(ROC) curves were performed. It was 
found that Burkholderiaceae could 
be used to discriminate IgAV subjects 
from HCs subjects, with high diag-
nostic accuracy (area under the curve 
[AUC = 0.766]) (Fig. 6). Meanwhile, 
the specificity and sensitivity were 
91.3% and 62.5%, respectively. In ad-
dition, we also observed that Sutterella 
and Parasutterella accounted for the 
highest fraction of the Burkholderiace-
ae in human subjects, with the total of 
the two accounting for 99.7% of IgAV 
subjects and 99.9% of HCs subjects, 
respectively (Fig. 7).

Analysis of the serum index levels 
in rIMb mice and rHMb mice
Compared to the rHMb group, the rIMb 
group had significantly higher levels of 
serum IgA, BAFF, IL-17A, and IL-21. 
In contrast, the rIMb group had mark-
edly lower levels of serum TNF-α, IL-
1β, and IL-6 than those in the rHMb 
group. The differences in the levels of 
IL-17A and IL-21 between the groups 
were statistically significant (p<0.05) 
(Fig. 8).

Correlation analysis between 
gut microbiota and serum indexes
The potential correlation between the 
gut microbiota and serum indexes in-
cluding IgA, BAFF, IL-1β, IL-6, IL-

Fig. 7. The composition 
of Burkholderiaceae in 
human subjects.
A: The composition of 
Burkholderiaceae in fae-
ces of children with IgAV. 
B: The composition of 
Burkholderiaceae in fae-
ces of healthy children.

Fig. 8. Serum indexes levels exhibited by rIMb mice and rHMb mice.
rIMb: recipient of IgAV microbiota; rHMb: recipient of healthy microbiota. Significance was accepted 
at p<0.05. *p<0.05.
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17A, IL-21, and TNF-α were analysed 
(Fig. 9). The results showed that the 
abundance of Lactobacillus was nega-
tively correlated with IL-1β (r=-0.59, 
p=0.008) and IL-6 (r=-0.52, p=0.023). 
The abundance of [Prevotella] was 
positively correlated with IL-6 (r=0.82, 
p<0.001), and IL-6 was also positive-
ly correlated with the abundance of 
Adlercreutzia (r=0.60, p=0.006) and 
Streptococcus (r=0.60, p=0.007). The 
abundance of Pediococcus (r=-0.58, 
p=0.009) and Selenomonas (r=-0.59, 
p=0.008) was negatively correlated 
with IL-β. Moreover, the abundance 
of Sutterella was positively correlated 
with IL-1β (r=0.47, p=0.041), nega-
tively correlated with IgA (r=-0.57, 
p=0.011), but not significantly corre-
lated with IL-17 (r=-0.21, p>0.05) and 
IL-21 (r=-0.07, p>0.05). There was no 
significant difference in the correlation 

between the serum IgA level and the 
abnormal levels of cytokines in recipi-
ent mice (Fig. 10).

Discussion
Recent studies have manifested a close 
correlation between the gut microbiota 
and IgAV (4-8). Nevertheless, whether 
the alterations in gut microbiota con-
stitute a cause or a consequence of the 
disease remains unknown. To deter-
mine the role of gut microbiota in the 
pathogenesis of IgAV, the initial step 
involves screening and analysing the 
differential gut microbiota between 
children with IgAV and healthy con-
trols. This will furnish us with prelimi-
nary understandings of the disease’s 
mechanisms (17). Subsequently, an 
animal model of IgAV is indispensable 
for validating these findings. However, 
an acceptable animal model is current-

ly unavailable. FMT is a powerful and 
effective approach for the construc-
tion of human flora-associated (HFA) 
animals (18). Through faecal trans-
plant experiments, we found that some 
specific microbiota, which contribute 
to the synthesis of IgA via intestinal 
mucosal immunity, are involved in the 
pathogenesis of IgAV.
Other researchers have demonstrated 
that this microbiota transplant strate-
gy was beneficial for investigating the 
mechanism of microbiota in disease 
development, including inflammatory 
bowel disease (IBD), autism spectrum 
disorder (ASD), myasthenia gravis 
(MG), obesity, and so forth (19-22). 
Although the strategy of using mixed 
faecal samples for the preparation of 
faecal microbiota suspension might 
pose challenges in terms of stand-
ardisation due to the differences in 
microbial composition among donors, 
which could result in increased vari-
ability in experimental results (23). 
However, multiple donor samples can 
better represent the general popula-
tion’s gut microbiota, which is crucial 
for studies aiming to understand the 
broader implications of gut micro-
biota on health and disease. The use 
of mixed faecal samples from multi-
ple donors can enhance the HFA mice 
model’s ability to represent the com-
plexity of the human gut microbiota 
by reducing the biological variability 
associated with a single donor (24). 
Furthermore, this approach has been 
validated by multiple relevant studies 
(25-27). Therefore, we opted to use 
mixed faecal samples from multiple 
donors, ensuring uniform quality in 
the mixture, to prepare the faecal mi-
crobiota suspension. Since previous 
clinical observations have confirmed 
that relapses in children with IgAV 
are associated with diverse bacterial 
infections (28, 29). Additionally, our 
previous studies have demonstrated 
that there exist differences in the gut 
microbiota among children with IgAV, 
whether it is their first episode or a re-
lapse, and healthy children. Neverthe-
less, the relapsing IgAV group exhib-
its a more pronounced dysbiosis, with 
a notable increase in the abundance of 
Proteobacteria (8). We hold the view 

Fig. 9. Heatmap of correlations between gut microbiota and serum indexes.
Positive correlation is in red, negative correlation is in blue. Significance was accepted at p<0.05.
*p<0.05, **p≤0.01, ***p≤0.001.
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that the gut microbiota of children 
with relapsing IgAV is more repre-
sentative, given that the disease dura-
tion in children with relapsing IgAV is 
usually longer. Here, we compared the 
gut microbiota profiles between the 
mice colonised with relapsing IgAV 
microbiota and those with healthy 
microbiota after FMT. The findings 
revealed that the microbiota composi-
tion of rIMb was substantially differ-
ent from that of rHMb. For example, 
our findings showed that compared 
with rHMb, the relative abundance of 
Actinobacteria was significantly de-
creased in rIMb. 
We further identified a family of bac-
teria that was significantly and specifi-
cally associated with IgAV. Compared 
to rIMb individuals, the family Alcali-
genaceae was enriched in rHMb sub-
jects, suggesting its potential in differ-
entiating rIMb and rHMb, with an im-
portance score of 0.180. Interestingly, 
we found that the Burkholderiaceae 
was also enriched in HCs subjects (the 
family Alcaligenaceae accounted for 
99.9%). Additionally, ROC analysis 

indicated that the Burkholderiaceae 
could serve as a potential biomarker 
for distinguishing children with IgAV 
from HCs, as evidenced by an AUC of 
0.766. Alcaligenaceae is a gram-nega-
tive bacterium that belongs to the phy-
lum Proteobacteria, class Betaproteo-
bacteria, and order Burkholderiales. 
Evidence shows that this bacterium 
contributes to various allergic diseases, 
such as asthma, atopic dermatitis (AD), 
and so forth, yet the mechanisms re-
main unclear (30, 31). Wang et al. (30) 
reported that the relative abundance 
of the Alcaligenaceae family was sig-
nificantly lower in the high-IgE asthma 
(HEA) group compared to the low-IgE 
asthma (LEA) group. The potential 
mechanism was that Alcaligenaceae 
could lead to the imbalance between 
T-helper cell (Th) 1 and Th2 immune 
responses. IgAV is considered to be as-
sociated with allergies. Additionally, 
some evidence suggests that the im-
balance of Th cell differentiation and 
subsequent cytokine dysregulation is 
implicated in IgAV disease (32-34). In 
our study, we found that the abundance 

of Alcaligenaceae was significantly 
decreased in rIMb. This result suggests 
that Alcaligenaceae might be related 
to the pathogenesis of IgAV through a 
complex mechanism, which demands 
further exploration. Moreover, our re-
sults demonstrate that this strategy is 
an effective approach for constructing 
IgAV flora-associated animals.
Sutterella is one of the most vital spe-
cies within the Alcaligenaceae family 
and is associated with the degradation 
of IgA (35, 36). Moon et al. (37) re-
ported that mice characterised by low 
faecal IgA levels were attributed to the 
high abundance of Sutterella within 
the gut microbiota. Through in vitro 
experiments, they also confirmed that 
live bacteria and bacterial lysates could 
degrade both the free and bound secre-
tory component (SC) of IgA, while the 
addition of a broad-spectrum protease 
inhibitor cocktail partially prevented 
SC degradation. Moreover, compared 
with the mice characterised by high 
faecal IgA, the mice with low faecal 
IgA exhibited increased distal colon 
ulceration upon exposure to dextran 
sulphate sodium (DSS)-induced injury 
(37). Thus, these findings revealed that 
Sutterella itself and its lysates were 
associated with the impairment of in-
testinal mucosal immune responses 
through reducing the IgA level in intes-
tinal mucosal and ultimately inducing 
inflammation. Similarly, we observed 
that Sutterella was significantly de-
creased in rIMb, which could be used 
to distinguish rIMb from rHMb (the 
importance score was 0.073). Given 
the IgA-degrading characteristics of 
Sutterella, we hypothesised that the 
IgA level in rIMb increased due to 
the decrease of IgA degradation. In 
this study, we detected higher level 
of IgA in the serum samples of rIMb. 
Meanwhile, we performed a Spear-
man correlation analysis to determine 
the potential correlation between Sut-
terella and serum IgA. Accordingly, we 
found that IgA levels were negatively 
associated with Sutterella in recipient 
mice. Hence, the Sutterella might be 
involved in the pathogenesis of IgAV 
through the IgA degradation pathway. 
It is necessary to note that there was no 
significant difference in the serum IgA 

Fig. 10. Spearman correlation analysis of serum IgA and serum cytokines level.
Positive correlation is in blue, negative correlation is in red. Significance was accepted at p<0.05, 
*p<0.05.
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levels between different recipient mice. 
Thus, further in vitro experiments are 
still required to investigate the mono-
tonic relationships between Sutterella 
and serum IgA levels.
Research on various types of systemic 
vasculitis has demonstrated that specif-
ic cytokines might be intricately linked 
to the onset of these disease onset (38, 
39). Likewise, IgAV is associated with 
dysregulations in the levels of inflam-
matory cytokines, some of which facili-
tate the synthesis of IgA and contrib-
ute to organ impairment, while others 
enhance proinflammatory effects in a 
subset of IgAV patients. Given the sub-
stantial significance of Gd-IgA1 in the 
pathogenesis of IgAV, cytokines capa-
ble of inducing IgA synthesis, such as 
BAFF, IL-17A, and IL-21, are of par-
ticular interest to us (40-43). Further-
more, clinical studies on IgAV have 
suggested that inflammation-related 
cytokines like IL-1β, IL-6, and TNF-α 
could serve as biomarkers for diagnos-
ing IgAV, indicating their partial contri-
bution to the initiation of IgAV. (44-47). 
Observing the variation in the levels of 
these cytokines in the serum of recipi-
ent mice and correlating them with IgA 
and gut microbiota can assist in uncov-
ering the interactions among cytokines, 
IgA, and gut microbiota, and how 
they jointly influence the progression 
of IgAV. To this end, we revealed the 
differences in cytokine levels between 
serum samples from different recipi-
ent mice and conducted a correlation 
analysis with IgA, which might provide 
mechanistic insights into IgAV. For in-
stance, we found higher levels of IL-
17A and IL-21 in the sera of rIMb than 
in rHMb, suggesting the gut microbiota 
profile in children with IgAV affects 
the expression of IL-17A and IL-21 in 
the serum samples of recipient mice. 
Importantly, previous studies have ex-
plored that IL-17 and IL-21 were the 
upstream regulators of IgA synthesis, 
and the two differentially regulated 
intestinal IgA response in a synergetic 
manner (43, 48). IL-17 regulated the 
intestinal IgA response through stimu-
lating the expression of polymeric Ig 
receptor (PIgR) in intestinal epithelial 
cells, whereas IL-21 promoted IgA-
secreting B cells and B cell IgA produc-

tion by inducing B cell IgA class switch 
recombination (CSR) directly (43, 48). 
However, in our model, the correlation 
between the cytokines and IgA was not 
significant, suggesting that IL-17A and 
IL-21 were not the most predominant 
upstream regulators of serum IgA. 
In addition to the aforementioned, we 
observed a positive correlation between 
the abundance of Sutterella and the se-
rum level of IL-1β in recipient mice. 
This is of special interest as IL-1β is 
a pro-inflammatory cytokine released 
by various immune modulating cells 
belonging to the IL-1 family, which 
causes disruption of the intestinal tight 
junction (TJ) barrier by increasing TJ 
permeability (49). Li et al. (50) ob-
served that dietary resveratrol attenu-
ated colitis symptoms and ameliorated 
colonic tissue damage in DSS-treated 
mice, and even partially ameliorated 
gut microbiota dysbiosis induced by 
DSS. Specifically, resveratrol effective-
ly decreased the abundance of genera 
including Sutterella, and down-regulat-
ed the expression of pro-inflammatory 
cytokines including IL-1β in the colon 
of DSS-treated mice. A Pearson’s cor-
relation analysis indicated a significant 
positive correlation between the abun-
dance of Sutterella and the level of IL-
1β. This indicated that the abundance of 
Sutterella might promote gut mucosal 
inflammation due to an increase in the 
expression of inflammatory cytokines, 
such as IL-1β. Additional evidence is 
available that IL-1β is a potent inducer 
of IgA synthesis. For instance, IL-1β 
knockout (KO) mice show a significant 
decrease in small intestinal IgA cells 
and reduced intestinal IgA levels (51), 
inhibition of IL-1β signalling on intesti-
nal epithelial cells blocks the IgA tissue 
deposition in Lactobacillus casei cell 
wall extract (LCWE) -induced Kawa-
saki disease (KD) vasculitis mice (52), 
and IL-1 receptor antagonist partially 
prevented the progression of sponta-
neously occurring IgA nephropathy in 
mice (53). Together, we deduced that in 
our model, an increase in the abundance 
of Sutterella might affect the expression 
of IL-1β, thereby promoting intestinal 
inflammation and IgA synthesis.
In summary, we identified gut micro-
biota specific to IgAV, and provided 

evidence that disturbances in the gut 
microbiota profile and imbalance in 
inflammatory cytokines might contrib-
ute to the onset of IgAV. Some possi-
ble mechanisms underlying the onset 
of IgAV supported by our data are as 
follows: i) the degradation of IgA was 
reduced by decreasing the abundance 
of IgA-degrading bacteria, including 
Sutterella; ii) the production of IgA 
was enhanced by increasing the potent 
inducer of IgA synthesis, including IL-
1β, IL-17A, and IL-21, which were 
affected by gut microbiota dysbiosis; 
iii) an elevated serum IgA ultimately 
involved in the pathogenesis of IgAV. 
This study provides new insight into 
the pathogenesis of IgAV, and opens 
new possibilities for further exploration 
of gut microbiota-based strategies used 
for the treatment of IgAV.
This study has the following limita-
tions: i) we had only a limited number 
of donors in each group and the inter-
vention period was short. Therefore, 
future studies with more human donors 
are needed; ii) due to the lack of human 
blood samples, human tissue samples, 
and mice tissue samples, how gut mi-
crobiota influences blood signatures 
and tissue injury remains unclear. Fur-
ther studies integrating the faecal and 
blood signatures are valuable for a pro-
found understanding of the microbial 
function in IgAV.
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