

[image: image1]
Comparison and Analysis of Gut Microbiota in Children With IgA Vasculitis With Different Clinical Symptoms












	
	ORIGINAL RESEARCH
published: 07 January 2022
doi: 10.3389/fped.2021.800677






[image: image2]

Comparison and Analysis of Gut Microbiota in Children With IgA Vasculitis With Different Clinical Symptoms

Meng Li1†, Xiaoming Wang1†, Xingjie Lin1, Xiuju Bian2, Rui Jing3, Andrew Frelinger4* and Aijun Zhang1*


1Department of Pediatrics, Qilu Hospital of Shandong University, Jinan, China

2Department of Pediatrics, The Fifth People's Hospital of Jinan, Jinan, China

3Department of Pediatrics, The People's Hospital of Weifang, Weifang, China

4Dana-Farber/Boston Children's Cancer and Blood Disorders Center, Harvard Medical School, Boston, MA, United States

Edited by:
Ozgur Kasapcopur, Istanbul University-Cerrahpasa, Turkey

Reviewed by:
Rabia Miray Kisla Ekinci, Ministry of Health, Turkey
 Sezgin Sahin, Istanbul University-Cerrahpasa, Turkey

*Correspondence: Andrew Frelinger, Andrew.Frelinger@childrens.harvard.edu
 Aijun Zhang, zhangaijun@sdu.eud.cn

†These authors have contributed equally to this work

Specialty section: This article was submitted to Pediatric Rheumatology, a section of the journal Frontiers in Pediatrics

Received: 27 October 2021
 Accepted: 18 November 2021
 Published: 07 January 2022

Citation: Li M, Wang X, Lin X, Bian X, Jing R, Frelinger A and Zhang A (2022) Comparison and Analysis of Gut Microbiota in Children With IgA Vasculitis With Different Clinical Symptoms. Front. Pediatr. 9:800677. doi: 10.3389/fped.2021.800677



Background: Henoch-Schönlein purpura, now called immunoglobulin A (IgA) vasculitis, is a common autoimmune disease in children, its association with gut microbiota composition remains unknown.

Methods: The collected cases were divided into three groups: G1 group of simple skin type, G2 group with no digestive tract expression, G3 group of mixed digestive tract, and C group of healthy children. The fecal samples of each group of children were collected and the sequencing data was processed and analyzed. The dilution curve reflected the reasonableness of the amount of sequencing data.

Results: The number of species composition sequences in the G1, G2 and G3 groups was lower than that in the C group, especially for the G2 and G3 groups. The four most abundant bacteria were Bacteroidetes, Firmicutes, Proteobacteria and Actinobacteria. The relative abundance of Proteobacteria in the G2 and G3 groups was significantly higher than that in the G1 and C groups, while the relative abundance of Actinobacteria was significantly reduced, and the relative abundance of Actinobacteria in the G1 group was lower than that in the C group. Principal component analysis of the UPGMA clustering tree and each group of samples showed that the microbial community composition of the same group of samples was similar.

Conclusions: The abundance of intestinal microbes in children with IgA vasculitis is lower than in normal children. Bacteroidetes, Firmicutes, Proteobacteria and Actinobacteria are the four most abundant bacteria in the intestinal flora of children. Proteobacteria and Actinobacteria are associated with organ involvement in IgA vasculitis.
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INTRODUCTION

Immunoglobulin A (IgA) vasculitis, is a systemic vasculitis that is common in pediatrics. It occurs mainly in children between 3 and 10 years of age. Children with mild conditions have only purpura, and some with severe symptoms which could have multiple affected systemic organs, including skin, gastrointestinal tract, joints and kidneys. The incidence of IgA vasculitis with mixed syndromes has been increasing recently (1). The long-term or repeated use of steroids and immune-suppressants, especially for children with gastrointestinal and renal involvement, can easily lead to infection, electrolyte imbalance, and a series of complications that seriously affect their quality of life (2). Therefore, how to effectively prevent and reduce the occurrence of allergic purpura involving vital organs in children is very important.

The development of the metagenomics program has led to the discovery of the interrelationships and effects of the gut with its microbial flora, and providing how different community compositions affect various states of human health at all ages, from infancy to old age (3). We hypothesized that children with IgA vasculitis who have intestinal involvement would have altered fecal microbial flora than the ones without intestinal involvement. Moreover, whether IgA vasculitis patients without intestinal involvement would have intestinal flora that was not significantly different from that of healthy controls is still unknown. To explore the intestinal flora differences of children with IgA vasculitis involving different organs, the study aimed to establish a clearer picture of the differences among children with different types of IgA vasculitis, and identify whether healthy fecal microbiota could potentially be used for the clinical treatment of IgA vasculitis.



MATERIALS AND METHODS


Patients
 
IgA Vasculitis Patients With G1-G3 Group

The G1-G3 group was composed of children with IgA vasculitis. They were selected from the hospitalized children at Department of Pediatrics of Qilu Hospital of Shandong University from Octobor 2017 to September 2019.

G1 patients are accord with the criteria as the following: (a) clinical symptoms and physical signs consistent with the diagnostic criteria (4) for IgA vasculitis; (b) no abnormality of the joints, gastrointestinal tract, or urine detecting during examination; (c) in the acute stage of the disease, systemic treatment including the application of corticosteroids has not been started yet; and (d) no antibiotics or microecological preparations have been used in the past month. Fecal samples from children with IgA vasculitis and meeting this enrolment criteria (n = 20) were collected in sterile centrifuge tubes and stored at −78°C. Notably, 15 of the 20 subjects had other symptoms of IgA vasculitis within 6 months after being selected.

G2-G3 patients are cellected according to the following criteria: (a) clinical symptoms and physical signs consistent with the diagnostic criteria for IgA vasculitis; (b) presentation of joint or gastrointestinal symptoms or signs or of abnormal urine; (c) in the acute stage of the disease, systemic treatment has not been started yet; (d) exclusion of other possible factors that can lead to joint, gastrointestinal, or urinary abnormalities; and (e) no antibiotics or microecological preparations have been used in the past month. IgA vasculitis patients meeting this criteria were divided into two groups: those without gastrointestinal symptoms, G2 group (n = 15), and those with gastrointestinal symptoms, G3 group (n = 12). Fecal samples were collected and stored by the methods described above.



Healthy Control Group

The healthy control group (CON) included 15 healthy children who were randomly selected from children's health clinics according to the following criteria: (a) no diarrhea or other gastrointestinal diseases within the previous 4 weeks; (b) no antibiotics or microecological preparations have been used in the past month; and (c) normal results from a routine examination of the stool. Fecal samples were collected and stored by the methods described above.





METHODS

The methods are similar to the previously described method (5, 6), and the modification is as following.


Extraction of Genome DNA

The total genomic DNA was extracted from the sample using the CTAB/SDS (7) method. The concentration and purity of DNA were monitored by separation on a 1% agarose geland diluted to a concentration of 1 ng/μl with sterile water.



Amplicon Generation

The diluted genomic DNA was used as a template; specific primers with Barcode were used according to the selection of the sequencing region; Phusion® High-Fidelity PCR Master Mix with GC Buffer was used. The PCR was performed using efficient and high fidelity enzymes to ensure amplification efficiency and accuracy. Primer corresponding area: 18S V4 area-528F-706R; 16S V4 area-515F-806R; ITS1 area-ITS1F-ITS2; ITS2 area-ITS2-3F-ITS2-4R; 18S V9 area-1380F-1510R.



PCR Product Mixing and Purification

The samples were mixed at the same concentration according to the concentration of the PCR product, thoroughly mixed, and the PCR product was detected by 2% agarose gel electrophoresis, and GeneJET gel (Thermo Scientific) was used. The product was recovered.



Library Preparation and Sequencing

The library was constructed using the NEB Next® UltraTM DNA Library Prep Kit for Illumina Library. Qubit quantification and library detection were performed on the constructed library. After passing the test, the MiSeq was used for sequencing on the machine.




DATA ANALYSIS


Sequencing Data Processing

The raw data obtained by the Illumina MiSeq/HiSeq sequencing platform has some low quality data that will interfere with the final result. Therefore, it is necessary to preprocess the offline data before further analysis. The specific processing steps are as follows: Data splitting, PE Reads stitching, Tags filter and Tags to chimera sequences. The PE Reads splicing is performed with the application of FLASH (V1.2.7, http://ccb.jhu.edu/software/FLASH/) (8) to split the data for the reading of each sample. Raw Tags are also the stitching sequences obtained.



OUT Cluster and Species Annotation

All of the Effective Tags sequences of all samples were clustered using Uparse software (Uparse v7.0.1001, http://drive5.com/uparse/) (9), providing clustering with 97% and 95% consensus sequences to become OTUs results, whichpurpose is to study the compositional diversity information of the species of the sample. A sequence in the same OTU is considered to be a sequence derived from one of the same taxon as the hypothetical taxon. When Uparse constructs OTUs, it selects the sequence with the highest frequency according to its algorithm principle, and uses these RDP Classifier and GreenGene database for species annotation analysis to study the phylogenetic relationship between OTUs and uses KRONA for species identification. The results of the annotations are visualized. Based on the species annotation, the number of sequences for each sample at each classification level is calculated, and the sequence of species constitutes a histogram.

To facilitate further study of the phylogenetic relationships of OTUs and the structural differences of major flora between different samples (groups), phylogenetic relationship data for the first 10 genera of OTUs corresponding to the maximum relative abundance were selected and combined with each OTUs. Relative abundance and species annotation confidence for representative sequences, the results of the integration can visualize the diversity of the species composition of the study. According to the type labeling and abundance information of all samples of the genus level, select the top 35 abundance genus and its abundance information in each sample to draw a heat map, and collect clusters from the difference between the classification information and the sample to identify Focus on more species or samples in the study sample. Select the phylogenetic relationship data of the OTUs corresponding to the top 10 relatives of the largest relative abundance and the relative abundance information of their corresponding OTUs to achieve vertical clustering of samples at the OTUs level to examine the differences between different samples or Similarity.



Alpha Diversity

Alpha Diversity is used to analyze community diversity within a sample and includes three indicators: dilution curve, species richness, and community diversity. The sample complexity index was calculated and plotted using Qiime software (Version 1.7.0). The Rarefaction Curve is used to indicate whether the amount of sequencing data of the sample is reasonable and indirectly reflects the richness of the substance in the sample. It is a curve obtained by randomly extracting a certain amount of sequencing data from a sample to calculate the number of species they represent, based on the number of species and the amount of data. In the dilution curve, when the curve tends to be flat, it means that more data will only produce a small amount of new OTU, indicating that the amount of sequencing data is reasonable.



Beta Diversity

Principal Component Analysis (PCA) is a method for dimensionality reduction of multidimensional data and the most important elements and structures in the data by applying variance decomposition (10). It was applied to reduce the dimension of the original variables using the QIIME software package (V1.7.0, http://qiime.org/index.html) (11). It can reflect the difference of multi-dimensional data on the two-dimensional coordinate map, and the method of selecting the two coordinate axes that can reflect the difference between samples is selected from the PCA results. The closer the sample is in the PCA plot, the more similar its community composition is. UPGMA (Unweighted Pair-group Method with Arithmetic Mean) is a commonly used cluster analysis method in environmental biology. It requires a transformation from the distance matrix to a new set of orthogonal axes, where the maximum variation factor is represented by the first principal coordinate, the second maximum is represented by the second primary coordinate, and so on (12). UPGMA clustering is a hierarchical clustering method that uses average links and can be used to interpret the distance matrix (13).



Statistical Processing

The measurement data were expressed as mean ± standard deviation (x ± s), the rank data were analyzed by rank sum test, and analyzed by SPSS 20.0 software. The mean comparison between the two groups was performed by t-test, and the mean of the count data was compared. The Dunnett-t test was used for multi-sample multiple comparison. The Wilcoxon rank sum test was used for grade data. The overall rate was compared by χ2 test. P < 0.05 was considered statistically significant. Differences in individual abundance between the two groups were confirmed using Metastats software (http://metastats.cbcb.umd.edu/) (14, 15). LEfSe (http://huttenhower.sph.harvard.edu/galaxy) was used for quantitative analysis of biomarkers in different groups. The purpose of this method is to analyze data on the number of species much higher than the number of samples to determine the statistical significance, bio-identity and effect size estimates predicted biomarkers (16, 17). In order to determine the difference in microbial communities between the two groups, ANOSIM (18) and MRPP (multi-response permutation procedure) (19) were performed based on the Bray-Curtis distinct distance matrix.




RESULTS


Patient Characteristics

Firstly, 20 children were selected for the G1 group, but 15 of the 20 subjects had other symptoms of IgA vasculitis within 6 months after being selected. Therefore, only 15 samples were included in the statistical analysis of the G1 group. The average ages of the G1 (n = 15), G2 (n = 15), G3 (n = 12), and healthy controls (C group, n = 15) were 5.1 ± 1.3 y, 5.4 ± 0.9 y, 6.3 ± 1.1 y, and 4.9 ± 0.7 y, respectively. The ratio of male to female is 1:1.14, 1:1.50, 1:0.71, and 1:0.88. There were no significant differences in age and gender among the three groups (t = 1.42, p > 0.05).



Intestinal Microbiota Diversity Among Children With Different Types of IgA Vasculitis

We used Illumina high-throughput sequencing to perform multiple pyrosequencing of the V4 hypervariable region of the 16S rRNA gene to characterize the bacterial lineage present in the fecal microbiota of all sample (20). We generated a data set consisting of 1,868,876 filtered 16S rRNA gene sequences, and the mean (±SE) of each sample was 32787.30 ± 3686.54 sequences (Figure 1, Table 1). According to the statistics of the patients' organ involvement (Table 2), children with IgA vasculitis with gastrointestinal damage have a higher rate of kidney damage. They also have fewer Sequence numbers at each classification level.


[image: Figure 1]
FIGURE 1. Number of gene sequences in each sample. The abscissa is the sample name; the ordinate indicates the number of sequences that are annotated to that level; the top-down color order of the histogram corresponds to the legend's color order on the right.



Table 1. Number of gene sequences in each sample (Figure 1 data supplement form).
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Table 2. Statistical table of organ involvement in children with IgA vasculitis.

[image: Table 2]

More than 10 bacterial phyla were detected in all samples, and more than 92.6% of all samples were found to belong to the four most-populated bacterial phyla. They were Bacteroidetes, Firmicutes, Proteobacteria and Actinobacteria (Figure 2, Table 1). The Relative abundance of predominant intestinal flora in children with IgA vasculitis and healthy controls has been counted (Table 3). Bacteroidetes and Firmicutes were the two most abundant bacteria in all samples. The relative abundances of Firmicutes did not significantly differ in G1, G2, G3 and C groups (43.5, 36.3, 41.3, and 45.3%, respectively, Figure 3A). Similarly, the relative abundances of Bacteroidetes also did not significantly differ by study groups (47.2, 49.5, 45.3, and 38.7%, respectively, Figure 3D). In addition to Bacteroidetes and Firmicutes, the microbial population with a high proportion of abundance in the study population is Proteobacteria and Actinobacteria. The proportion of Actinobacteria in G1, G2, G3 and C groups were 4.8, 1.0, 1.0, and 9.8% (Figure 3B). And the proportion of Proteobacteria were 3.8 and 12.8%, 11.5 and 4.3% (Figure 3C), respectively. The relative abundance of Proteobacteria in the G2 and G3 groups was much higher than that in the G1 and C groups (P < 0.001), while the relative abundance of Actinobacteria was significantly lower than that in the G1 and C groups (P < 0.001). In addition, the relative abundances of Actinobacteria in G1 and C groups were also significantly different. The relative abundance Actinobacteria in G1 group was lower than that in C group (P < 0.001) (Table 1).


[image: Figure 2]
FIGURE 2. Relative abundance of the intestinal flora at the family level in children. The abscissa is the sample name; the ordinate indicates the relative abundance; “Others” represents the sum of the relative abundance of all the orders of the 10 largest phyla with the highest relative abundance (The maximum relative abundance of a phylum in all samples).



Table 3. Relative abundance of predominant intestinal flora in children with IgA vasculitis and healthy controls.
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FIGURE 3. Relative abundance of the intestinal flora at the family level in the four groups of children (Firmicutes, Actinobacteria, Proteobacteria, Bacteroidetes). The abscissa is the group name; the ordinate indicates the percentage of abundance of a particular intestinal flora; the column color corresponds to the legend color on the right. (A) Relative abundance (%) of Firmicutes in the intestinal flora of the four groups of children. (B) Relative abundance (%) of Actinobacteria in the intestinal flora of the four groups of children. (C) Relative abundance (%) of Proteobacteria, in the intestinal flora of the four groups of children. (D) Relative abundance (%) of Bacteroidetes, in the intestinal flora of the four groups of children.




16S rRNA Genetic Survey Distinguishes Children With Different Types of IgA Vasculitis

Complete linkage hierarchical clustering divides most of the samples in the G1, G2, G3, and C groups into different clusters (Figures 4, 5). Of course, some of these samples are separated in other groups. However, this individual phenomenon has no significant impact on the analysis and judgment of the resulting trend. Notably, the samples were divided into several clusters. The resemblance between these clusters was low, which indicates that the intestinal microbiotas in these groups are different from one another. We have found a wealth of Bacteroides (Figure 2), in which the Enterobacteriaceae family has the highest relative abundance, in all four groups. We also observed abundant Firmicutes; it was found in all subjects (Figure 2) and this phylum was previously thought to be strictly related to children with other autoimmune diseases (21). The results showed a clear association between different clinical symptoms of IgA vasculitis and gut microbial composition.


[image: Figure 4]
FIGURE 4. Cluster of relative abundance of the intestinal flora at the phylum level in each sample. The left side is the UPGMA cluster tree structure, on the right is the sample at the phylum level of the relative abundance of specie distribution map.



[image: Figure 5]
FIGURE 5. Principal component analysis of different samples at the phylum level. The abscissa and the ordinate represent two principal components, respectively, and the percentage indicates the contribution of the principal component to the sample difference; the same group of samples is represented by the same color dot.




Microbial Richness and Biodiversity

Rarefaction curves (Figure 6) showed a plateau in the number of new observed OTUs when the number of sequences evaluated for each sample was >10,000. Thus, evaluation of >24,000 sequences for each sample ensured that the sequencing data volume was sufficient to reflect the information of most microorganisms present in each sample.


[image: Figure 6]
FIGURE 6. Representative rarefaction curves. The abscissa is the number of valid sequences per sample, the ordinate is the number of operational taxonomic units (OTUs) species observed. Each curve represents a different sample.





DISCUSSION

The major findings of this study are (1) The abundance of intestinal microbes in children with IgA vasculitis is lower than in healthy children, (2) children with IgA vasculitis who present with different organ involvement show distinct patterns of intestinal microbiota, (3) Proteobacteria are increased and Actinobacteria are decreased in patients with IgA vasculitis who present with joint or intestinal symptoms compared to patients with only skin symptoms, (4) similar to other autoimmune diseases, Bacteroidetes, Firmicutes, Proteobacteria and Actinobacteria are the four most abundant bacteria in the intestinal flora of children with IgA vasculitis.

Human intestinal flora are typically composed of about 30 genera and more than 500 kinds of bacteria, which together play an important role in promoting food digestion and synthesizing protein, vitamins, and other nutrients, as well as in resisting the invasion of foreign pathogens and enhancing the immune system (22). The types, numbers, and distribution of normal flora vary due to differences in factors, such as age, race, dietary structure, and lifestyle. And both the structure and number of intestinal flora can be changed by a variety of diseases (23). Cumulatively, human gut bacteria contain more than three million genes, meaning 100 times more than human hosts (24). They have a variety of metabolic functions such as dietary component metabolism, drug detoxification, vitamins and essential amino acids synthesis (25). Different types of bacteria have different abilities in performing a certain metabolic function, that is, a specific microbiota is more effective or less effective in performing certain functions than other microbial groups (26). In recent years, increasingly more studies on perinatal and neonatal intestinal microbes have found that gestational age, delivery mode, and feeding methods each affect the composition of neonatal intestinal flora (27), and probiotics can effectively prevent the occurrence of enterocolitis (28). A variety of autoimmune diseases, such as multiple sclerosis (29) and autoimmune encephalitis (30), have also been confirmed as being impacted by intestinal microbial regulation.

The association of gut microbiota composition with IgA vasculitis and different clinical presentations of IgA vasculitis has not previously been studied. Our study used Illumina sequencing technology to study the composition of the intestinal flora of children with different clinical symptoms of IgA vasculitis and found that the microbial diversity in the feces of patients was high. The results show that more than 92.3% of genes in all samples belong to Bacteroidetes, Firmicutes, Proteobacteria, or Actinobacteria, which is in agreement with a previous study describing these phyla as composing the majority of gut microbiota found in children with other autoimmune diseases. The previous research also reported that the dominant human intestinal flora mainly belonged to the phyla Bacteroidetes and Firmicutes (31, 32), and our study found the same results.

Our study showed that the relative abundance of the gut microbiota in the CON group was higher than that in the IgA vasculitis group. This is consistent with the related research of other researchers (33). By comparing the microbial richness, we found that the abundance of intestinal bacteria was significantly lower in children with IgA vasculitis than in healthy children, and it was higher in children with other clinical manifestations of IgA vasculitis than in those with only purpura. This difference is more pronounced in children with IgA vasculitis who are involved in the gastrointestinal tract, especially in children with IgA vasculitis who have both gastrointestinal and renal damage. Previous work has applied metabolomics to querying the function of gut microbe communities in other autoimmune diseases. Studies of intestinal flora in patients with rheumatoid arthritis have shown that ion diversity in feces in patients with early rheumatoid arthritis (ERA) is significantly lower than in healthy controls (34). At the same time, similar findings are also reflected in other connective tissue diseases. Compared with healthy controls, patients with Sjögren's syndrome have lower metabolic diversity reported in saliva samples (35), and patients with psoriatic arthritis (36) and inflammatory bowel disease (IBD) (37) have lower intestinal microbiota diversity. In addition, studies of dextran sulfate-induced colitis mice have also shown that fecal insulin autoantibodies (IAA) levels are low (38).

Ather et al. reported that segmented Filamentous bacteria can promote the differentiation of Th17, resulting in an increased immune response (39). In our study, although Firmicutes tended to be represented slightly more in the intestinal flora of healthy children than in that of children with IgA vasculitis, these differences were not significant. However, we found significant differences in the abundance of Proteobacteria between healthy children and those with IgA vasculitis. Proteobacteria was not only more represented in the IgA vasculitis groups than in the CON group, but it was also found more frequently in children with IgA vasculitis who had mixed clinical syndromes than in those who had only skin injury. These results suggest that Proteobacteria may be another important group of bacteria that has an important effect on the regulation of immune disorders and on the remission of the associated disease. In contrast, the abundance of Actinobacteria was significantly lower in children with IgA vasculitis than in healthy controls, especially in those with mixed clinical syndromes. However, Bacteroides fragilis, which has been previously implicated in inducing the development of Tregs to suppress immune response (40), did not show the same trends. Therefore, further research is needed to determine whether or not Actinobacteria can affect the activity of immune cells and effectors.

In summary, the dominant human intestinal flora mainly belonged to the phyla Bacteroidetes and Firmicutes. As with several other autoimmune diseases, the incidence and progression of IgA vasculitis is also affected by the composition of gut microbiota. The number and abundance of intestinal microbes in children with IgA vasculitis are low, especially in children with multiple organs involvement including both gastrointestinal and renal damage. Proteobacteria and Actinobacteria may play an important role in the pathogenesis and prognosis of IgA vasculitis. The relative abundance of Actinobacteria was significantly reduced in all affected groups and was lower in children with multiple organ damage. Therefore, Actinobacteria may also be associated with the severity of children with IgA vasculitis. Treatment with active supplementation of this flora in the early stages of the disease may reduce organ damage and reduce the severity of IgA vasculitis. This study also has certain limitations such as small sample size. And no flora intervention therapy had been given because there was currently no suitable targeted flora. Further relevant supplements will be made in the follow-up research. In general, this research provided a new way to describe the pathogenesis of IgA vasculitis and may aid in the future development of microorganism treatments.



CONCLUSIONS

The abundance of intestinal microbes in children with IgA vasculitis is lower than in normal children. Bacteroidetes, Firmicutes, Proteobacteria and Actinobacteria are the four most abundant bacteria in the intestinal flora of children. Proteobacteria and Actinobacteria are associated with organ involvement in IgA vasculitis.
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