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Oral microecological dysregulation has been shown to be associated with various immune system 
disorders. Henoch-schonlein purpura (HSP) is an autoimmune small vessel inflammatory disease 
in children of uncertain etiology, and studies have suggested that streptococcal infection may be 
an influential factor in its development. However, the relationship between oral microecological 
dysregulation and HSP has not been clearly studied so far. In this study, an epidemiological survey 
on the oral health status of children with HSP was investigated in this paper, and collected dental 
plaque from four groups of children for 16SrDNA high-throughput sequencing to analyze the 
composition and changes of oral microbial diversity among different groups. The results showed 
that the oral health status of children with HSP was poor, except for the incidence of caries 
in the 5-year-old group, the caries rate and dmfs/DMFS in the 3,4 and 5-year-old groups were 
higher than the same age in the fourth Chinese Oral Health Epidemiological Survey. Moreover, 
the development of HSP is accompanied by disturbances in the oral microbiota; a decrease in 
the number of Firmicutes which producing butyric acid may be closely associated with the 
development of HSP; changes in the abundance of Streptococcus and Neisseria may be a risk factor 
for the development of HSP.

1. Introduction

The oral cavity can be defined as the external connection to the respiratory and digestive tracts. Under normal physiological 
conditions, there is a dynamic balance between oral microecology and the host. While the oral cavity provides a special environment 
for the growth and reproduction of various microorganisms [1], there are various interactions between microbial communities in 
the oral cavity, including nutritional competition, synergism, antagonism, and virulence factors [2], which can keep the oral mi-

croorganisms healthy under normal physiological conditions. However, the ability of the oral microecology to maintain homeostasis 
is limited, and disruption of this balance can cause oral or systemic diseases under the action of certain factors such as physical, 
chemical, host factors, and similar [3]. Oral microflora does not only have an important role in the development of oral diseases 
such as periodontal disease [4] and oral cancer [5] but is also closely related to systemic diseases such as cardiovascular diseases, 
rheumatoid arthritis [6], and tumors [7–9], which have a significant impact on human health.
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Henoch-schonlein purpura (HSP) is an IgA-mediated systemic small vessel vasculitis with a predilection for the skin, gastroin-

testinal tract, joints, and kidneys. It is the most common form of systemic vasculitis in children [10]. A patient was classified as HSP 
in the presence of purpura or petechiae (mandatory) with lower limb predominance plus one of four criteria: (1) abdominal pain; 
(2) histopathology (IgA); (3) arthritis or arthralgia; (4) renal involvement. [11]. In recent years, the incidence of HSP has increased, 
with approximately 90% of affected children being < 10 years of age, with a mean age of 6 years, about 30%-50% of children 
develop different degrees of renal injury within 4-6 weeks of the onset of the disease. Although most of the children have a favorable 
prognosis, 1%-17% of children with HSPN develop chronic kidney disease or end-stage renal disease [12]. While the etiology of HSP 
remains unclear, studies have shown that HSP may be associated with infections, vaccinations, pollen, mosquito bites, food, drugs, 
and immune factors that cause it [13,14]. Many reports have shown that infections, especially hemolytic streptococcal infections, 
may be potential predisposing factors for this disease [15,16], while 30% of children with HSPN had group A hemolytic streptococcal 
antigen (nephritis-associated plasmin receptor, NAP1r) deposition in the glomerular tract. However, in other types of nephritis, the 
NAP1r deposition rate was only 3%, thus indicating that group A hemolytic streptococcal infection is an important predisposing 
factor for HSP [17].

When the oral micro-ecological balance is disrupted, oral diseases such as dental caries tend to appear. Based on certain immune 
abnormalities in HSP patients, dental caries as a potential source of infection continuously stimulates the organism to produce 
corresponding antibodies. Also, the antigen and antibody are combined to form soluble circulating complexes, which are deposited 
in the renal basement membrane and aggravate renal damage [18]. In their study, Ioue et al. examined 40 children with HSP, finding 
severe oral diseases, especially caries (70%) and apical periodontitis (5%), where the infected lesions were treated with antimicrobial 
therapy and root canal therapy. In 31 patients with HSP, dental treatment resulted in complete healing of HSP without nephritis 
or recurrent episodes, and all patients with HSP achieved clinical remission [19]. This suggested that caries correlates with renal 
damage in children with HSP [20]; however, no study reported whether the change in oral microflora diversity is related to the 
development of HSP disease in children.

The aim of this study was to investigate the effect of oral microbiota imbalance on HSP in children by using an oral epidemiological 
survey and high-throughput sequencing of oral microorganisms.

2. Results

2.1. Survey on the oral health status of children with allergic purpura

A total of 185 children with HSP diagnosed by the Department of Pediatric, General Hospital of Ningxia Medical University 
between March 2020 and October 2021 were collected, including 95 males and 90 females. The number of cases, the incidence of 
dental caries, and dmfs/DMFS in each group are shown in Fig. 1. The age of HSP patients was mainly 3-5 years old, and there were 
141 cases of dental caries (48 cases in the 3-year group, 52 cases in the 4-year group, and 41 cases in the 5-year group), accounting 
for 76.22% of the total number of cases. Detailed analysis showed that the incidence of dental caries in the 3-5 years old HSP children 
was 65.23% for females and 64.89% for males (𝑝 > 0.05), revealing no significant difference in gender.

As shown in Fig. 2, the incidence of dental caries in children with HSP was 55.34% in the 3-year-old group, 67.63% in the 
4-year-old group, and 69.94% in the 5-year-old group. The caries rates in children with HSP in the 3- and 4-years old groups were 
higher than the results reported by the fourth Chinese oral health epidemiological survey (50.8% in the 3 years old group and 63.6% 
in the 4 years old group [21]). However, the incidence of caries in 5-year-old HSP children was lower than that in the fourth National 
Oral health epidemiological survey (70.90% [21]); no significant difference was observed.

The dmfs/DMFS of HSP children aged 3-5 years were 4.87 in females and 4.94 in males (𝑝 < 0.05), revealing no significant 
difference between males and females. As shown in Fig. 2, dmfs/DMFS of HSP children were 3.60 in the 3-year-old group, 4.29 in 
the 4-year-old group, and 5.22 in the 5-year-old group, which was higher than the results reported by the fourth Chinese Oral Health 
Epidemiological Survey (2.28 in the 3-year-old group, 3.40 in the 4-year-old group and 4.24 in the 5-year-old group) [21] (𝑝 < 0.05); 
the observed differences were statistically significant.

2.2. Analysis of oral microbial diversity in children with HSP and healthy children

2.2.1. Basic information on species

We performed high-throughput sequencing of 16SrDNA on all samples using the Illumina MiSeq platform. Finally, we acquired 
2937080 high-quality valid sequences with an average length of 423 bp, after which OTU clustering was performed with a coverage 
index higher than 99.9% and similarity control at 97%, and a total of 1892 OTUs were obtained. The classification statistics yielded 
21 phyla, 32 orders, 68 phyla, 126 families, 263 genera, and 1892 species.

2.2.2. Alpha diversity analysis

The Tukey test was used for two-way comparisons between groups L1, L2, L3, and L4. A comparative plot of observed species 
between groups is shown in Fig. 3a. Compared with the L2 group, the Ace (Fig. 3b), Simpson index (Fig. 3c) and Chao1 (Fig. 3d) 
of the L1 group were smaller, and the Shannon index (Fig. 3e) was larger, indicating that caries may decrease the oral microbial 
richness based on HSP. Likewise, the trends of these indexes were consistent when comparing the L1 and L3 groups, thus showing 
that the oral microbial richness of children with caries decreased compared with the healthy population. There was no statistically 
2

significant difference between the three groups compared above (𝑝 > 0.05).
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Fig. 1. The incidence of dental caries, and dmfs/DMFS in HSP children. The gray bars indicate the number of children with HSP at each age, and the yellow lines 
show the dmfs/DMFS of children with HSP at each age., and the red lines present the incidence of dental caries of children with HSP at each age.

Fig. 2. The incidence of dental caries, and dmfs of HSP children in the 3-5 years old group. The blue bar indicates the caries rate of children with HSP aged 3-5 years, 
the yellow bar shows the caries rate of children aged 3-5 years in the national epidemiological survey; the red line means the dmfs/DMFS of children with HSP aged 
3-5 years, and the gray line represents the dmfs/DMFS of children aged 3-5 years in the national epidemiological survey.

Moor ever, the Ace, Chao1 index, and Shannon index of the L3 group were smaller than those of the L4 group, and the Simpson 
index was larger than those of the L4 group, explaining that the oral microbial richness of children with caries decreased compared 
with that of the healthy population. The same trend results in the L1, L2, and L4 groups suggested that the oral microbial richness 
of children with HSP was reduced compared with healthy children; the observed difference was statistically significant at 𝑝 < 0.05
(Fig. 3).

2.2.3. Beta diversity analysis

A comparative analysis of the microbial community composition of different groups L1, L2, L3, and L4 was performed. PCA 
analysis of the sample at the OTU level is shown in Fig. 4a, with the PC1 axis explaining 6.76% and the PC2 axis explaining 5.2% 
of the overall results. The points that represented the L4 group were more diffuse compared to the other 3 groups, suggesting that 
children with HSP or caries exhibit decreased oral microbial richness and diversity compared to healthy children. Based on Weighted 
Unifrac distance, PCoA analysis indicated that the communities of the four groups of samples significantly differed, and the species 
composition structures were not exactly similar (Fig. 4b). Beta diversity heatmap showed that the coefficient of variation between L1 
and L4, L2 and L4 samples were larger, indicating a greater difference in species diversity between children with HSP and healthy 
children (Fig. 4c). UPGMA clustering analysis was done with the Weighted Unifrac distance matrix (on the left), and the clustering 
results are presented with the relative abundance of species at the Phylum level for each sample (on the right) in Fig. 4d.

2.2.4. Species distribution

The top 5 dominant bacteria phylum in the 4 groups of samples included Proteobacteria, Firmicutes, Fusobacteria, Actinobacteria, 
3

and Bacteroidetes. The top 5 dominant bacteria genus were Neisseria, Streptococcus, Haemophilus, Lautropia, and Leptotrichia spp.
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Fig. 3. Alpha-diversity of oral microorganisms in each sampling methods among four groups. Overall comparison of Alpha-diversity of species among the four 
groups(a), Boxplots show the ACE diversity index (b), the simpson diversity index (c), the chao1 diversity index (d) and shannon diversity index (e) of each sampling 
methods among four groups. (Tukey and Wilcox test, ∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, ∗∗∗ 𝑝 < 0.005).

Fig. 4. Beta diversity of oral microorganisms in each sampling methods among four groups. Scatterplot shows the PCA analysis (a), the PCoA analysis (b), the Beta 
4

diversity heatmap (c) and relative abundance of species in phylum level (d) among four groups.
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Fig. 5. The Species Distribution in each group. Intra- and inter-group distribution of microorganisms in the oral cavity among the four groups of patients at the 
phylum level (a, b). Intra- and inter-group distribution of microorganisms in the oral cavity among the four groups of patients at the genus level (c, d).

At the phylum level (Fig. 5a, b), the L1 group compared to the L2 group indicated that an increase in the abundance of the 
Firmicutes, Bacteroidetes, and a decrease in the abundance of the Fusobacteria, Actinobacteria, and Proteobacteria in the patients 
with dental caries, based on the presence of HSP. A comparison of the L1 group with the L3 group showed an increase in the 
abundance of Fusobacteria, Bacteroidetes, and Actinobacteria, and a decrease in the abundance of Proteobacteria and Firmicutes 
in the oral cavity of patients with HSP under the prerequisite condition of having dental caries. L2 group compared with L4 group 
indicated that, compared with healthy children, an increased abundance of Proteobacteria, Fusobacteria, and Bacteroidetes and a 
decrease abundance of Firmicutes and Actinobacteria in the oral cavity of patient with HSP. A comparison of the L3 group compared 
with the L4 group indicated that, compared with healthy children, an increase in the number of Fusobacteria and Proteobacteria 
and a decrease in the number of Firmicutes, Actinobacteria, and Bacteroidetes in children with dental caries. The abundance of 
Firmicutes was significantly decreased in the L1 and L2 groups with HSP compared with the L3 and L4 groups without HSP.

At the genus level (Fig. 5c, d), the L1 group compared to the L2 group indicated that, based on HSP, increased abundance of 
Lautropia, and decreased abundance of Leptotrichia, Neisseria, Haemophilus, and Streptococcus was present in patients with dental 
caries. L1 group compared to the L3 group indicated that based on caries, patients with HSP showed increased abundance of 
Neisseria, Lauteropia, and Leptotrichia, and decreased abundance of Haemophilus and Streptococcus. L2 group compared with the L4 
group showed that, compared with healthy children, the presence of HSP may cause an increase in the abundance of Neisseria, 
Lautropia, and Leptotrichia, and a decrease in the abundance of Streptococcus and Haemophilus. A comparison of the L3 group with the 
L4 group indicated that compared with healthy children, caries might induce an increase in the abundance of Neisseria, Lautropia,

and Leptotrichia, and a decrease in the abundance of Streptococcus and Haemophilus. The largest changes in the abundance of Neisseria

and Streptococcus were observed in the L1 and L2 groups with HSP compared with L3 and L4 groups without HSP, with an increase 
in the abundance of Neisseria and a decrease in the abundance of Streptococcus in two groups with HSP.

To further investigate the phylogenetic relationships of species at the genus level, representative sequences of the top100 genus 
were obtained by multiple sequence alignment, as shown in Fig. 6. The top three genus—Neisseria, Streptococcus, and Leptotrichiahad

a high abundance distribution in different samples.

2.2.5. Species similarity analysis

The Venn diagram is shown in Fig. 7. A total of 1892 bacteria strains were detected in the 4 groups, 407 of which were common 
to all 4 groups. These bacteria may constitute the core microorganisms of the oral cavity. The detection of bacterial strains in L1 and 
L2 groups with HSP was much lower than in L3 and L4 groups without HSP, indicating that the oral flora richness was reduced when 
HSP was present. Ten bacterial strains were specific to L1 and L2 groups, which might be closely related to the occurrence of HSP, 
and 23 bacterial strains were specific to L1 and L3 groups, which might be associated with the occurrence of caries.

At the same time, since the symbiotic relationships of microorganisms tend to vary across environments, species symbiotic 
network maps (Fig. 8) allow us to visualize the important role that these dominant microbial may have in maintaining the stability of 
the microbial community structure and function in that environment. Similar to the previous results, the top three genus—Neisseria, 
Streptococcus, and Leptotrichia had a high abundance distribution in different samples, Firmicutes, Proteobacteria, and Actinobacteria 
5

had the highest number of species, with the existence of intensive communication links between many microorganisms. We selected 
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Fig. 6. Phylogenetic tree of the top 100 genera in four groups at the genus level. The colors of the branches and sectors indicate their corresponding phylum, and the 
stacked bar graphs on the outside of the fan ring indicate information on the abundance distribution of the genus in different samples.

Fig. 7. Venn chart of oral microorganisms between different groups.

the top 35 genera in terms of abundance, made heat maps of their functions and their abundance information in each sample, and 
clustered them at the level of functional differences, finding out that they may have a role in metabolism, human diseases, organismal 
6

systems, and cellular processes (Fig. 9).
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Fig. 8. Network analysis among oral microorganisms. Different nodes represent different genera, node size represents the average relative abundance of the genus, 
nodes of the same clade have the same color (as shown in the legend), the thickness of the line between nodes is positively correlated with the absolute value of the 
correlation coefficient of species interactions (red–positive, blue–negative).

3. Discussion

Oral microbial disorders can cause oral diseases or systemic diseases. In fact, numerous studies have shown a significant correla-

tion between immune system diseases and oral microorganisms [22]. Bacteria are the initiating factor of caries, and a large number 
of bacteria such as Streptococcus and Neisseria can be detected at the site of caries [23]. As a source of infection, dental caries may 
cause or aggravate infectious diseases such as infective endocarditis (IE). In the endocardium of patients affected by IE, researchers 
have found caries-associated Streptococcus mutans and observed that caries treatment helps the recovery of IE [24]. In addition, 
bacteria at the site of carious lesions stimulate an immune response in the body, potentially exacerbating allergic diseases [25,26].

HSP is the most common systemic small vessel vasculitis in childhood. Infection may be a predisposing factor for this disease. 
Also, considering it is a type of autoimmune disease, we pondered whether the development of HSP could be related to oral mi-

croorganisms. Our study showed that the caries rates of children with HSP in the 3 and 4-year-old groups were higher than the 
results reported by the fourth national oral epidemiological survey. The same trend was observed for the Mean dmftin the 3-5 years 
old group of HSP children. Inoue et al. [19] examined the teeth of 40 children with HSP disease, finding that they had severe oral 
disorders, especially caries (70%) and periapical infection (5%). Also, the clinical symptoms of those children with HSP were relieved 
by root canal therapy and antibacterial treatment of the infected lesions. Furthermore, Lai et al. [20] found that the duration of renal 
damage in children with HSPN increased when they also had dental caries. The incidence of nephritis was also significantly increased 
when children simultaneously had HSP and dental caries. Moreover, it was also observed that the treatment of dental caries helped 
7

the recovery of renal damage in children with HSP.
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Fig. 9. Cluster analysis of the relative abundance of oral microorganisms’ functions intra- and inter-groups. The top 35 functions in terms of abundance and their 
informative heatmap of abundance in each sample are shown on the left, and the functional difference clustering analysis is shown on the right.

Similar to previous studies [27], the main genus of oral bacteria was widely present in the four groups of patients in our study; 
however, the oral microbial richness and diversity differed between the four groups, as did the structure of the flora. Compared 
to the healthy controls, both groups with HSP had decreased oral microbial richness degree and diversity, which suggested that a 
disturbing oral microflora accompanies the occurrence of HSP. In the case of oral ecological dysbiosis, the oral pathogenic flora 
may become dominant and inhibit the growth and reproduction of other bacteria, which is consistent with other studies of immune 
system diseases [28]. Compared to healthy controls, children with caries had an elevated abundance of the Proteobacteria and 
decreased abundance of the Firmicutes, which is in line with the findings of Chen et al. [29]. At the phylum level, the Firmicutes 
were decreased in both groups with HSP compared to both groups without HSP. Firmicutes can produce butyric acid [30], which 
protects and repairs the mucosa by increasing the resistance of the epithelium allowing tight junction proteins to localize around the 
cells [31]. In addition, butyric acid induces the development of Treg cells, a reduction in butyric acid that may lead to a decrease in 
the number of Treg cells, ultimately leading to immune imbalance [32]. This may be one of the etiological mechanisms of HSP. At 
the genus level, the largest changes in relative abundance between the groups with or without HSP were Streptococcus and Neisseria. 
Many studies have found that some structures of Streptococcus are similar to body tissues. When they enter the body, the immune 
system misidentifies the body tissues as Streptococcus, thus inducing an abnormal immune response. This, in turn, increases abnormal 
immune complexes mediated by immunoglobulin A, which activates complement and deposits in the wall of small blood vessels, thus 
leading to the development of HSP [33]. In addition, Streptococcus infection can also have a regulatory role by the immune system 
throughout the process of HSP initiation, pathogenesis, and recurrence [34]. Tsolia et al. [35] previously reported two cases of HSP 
due to Neisseria invasive meningitis infection. The clinical symptoms of Neisseria infection are often manifested as skin vasculitis 
and arthralgias, which are similar to those of HSP. This is why it is presumed that Neisseria may be one of the risk factors for the 
development of HSP.

Alpha diversity analysis revealed that HSP might reduce the richness and diversity of oral microflora. The results of PCA analysis 
showed that both HSP and caries might cause a decrease in the abundance and diversity of oral microflora compared to healthy 
children. The Venn diagram showed 10 strains of bacteria specific to the L1 and L2 groups with HSP, which may be closely related 
to the occurrence of HSP. Further testing of these bacteria is recommended to verify our speculation. Network analysis, just as 
functional prediction, gives us some direction as to how the oral microbial environment may be associated with developing many 
diseases.

Genetic network diagrams provide a new perspective for studying community structure and function in complex microbial en-

vironments. Since the symbiotic relationships of microorganisms in different environments are completely different, the species 
symbiosis network diagram can directly show the effects of different environmental factors on microbial adaptations, as well as the 
dominant species and closely interacting species groups in a certain environment. These dominant species and species groups often 
play a unique and important role in maintaining the structural and functional stability of microbial communities in the environ-

ment [36,37]. In the present study, in the symbiotic network mapped after the calculation of correlation indices for all the samples, 
the presence of dense communication links between microorganisms such as Firmicutes, Proteobacteria, Actinobacteria, etc., thus 
may have played a significant role. It also suggests that they are the core microorganisms in the oral flora. Dysbiosis of oral flora 
may promote the occurrence and development of local inflammation in the oral cavity, which may lead to the increase of oral 
epithelial inter-cellular permeability and the destruction of oral mucosal barrier, so that Corynebacterium glabrata or its metabo-

lite lipopolysaccharides can enter into the whole body through the oral mucosal barrier, leading to the occurrence of metabolic 
endotoxemia [38]. This excessive inflammation may further affect the expression and function of important immune-inflammatory 
molecules, Also these bacteria are involved in human diseases, cellularprocesses, metabolism and other functions, which will in turn 
8

have an impact on the occurrence and development of Henoch-Schönlein purpura to some extent.
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The age of the children with HSP included in our study was mainly concentrated around 3-5 years old. Also, as there were a 
small number of cases in the remaining groups, it is suggested to increase the sample size in the follow-up experiment to continue 
the study.

4. Methods

4.1. Survey on the oral health status of children with Henoch-Schonlein Purpura (HSP)

Cases diagnosed with HSP at the Department of Pediatrics, General Hospital of Ningxia Medical University between March 2020 
and October 2021 were included. (Diagnostic criteria meet EULAR/PRS diagnostic criteria for anaphylactic purpura [11]) Basic 
information such as name, age, gender, and contact information of the children with HSP was recorded before the examination. At 
the same time, the oral health conditions of those children were examined and recorded, and the incidence of dental caries and 
decayed, missing, and filled teeth index (dmfs/DMFS) were calculated and analyzed. The DMFS was used to represent the permanent 
tooth, and the dmfs were used to represent the primary tooth. The inspectors were 3 dental practitioners (all of whom had dental 
licenses), who underwent uniform training before the inspection to clarify the inspection content and diagnostic criteria. All 3 
inspectors passed the standard consistency test.

4.2. Analysis of oral microbial diversity in children with HSP and children with caries

To better compare and explore the relationships between caries and HSP, we recollected four groups of cases according to the 
type of disease (10 patients per group): Group L1; patients with both HSP and caries; Group L2: patient with HSP only; Group L3: 
patients with caries only; Group L4: healthy children (neither HSP nor caries).

The exclusion and inclusion criteria are as follows: In L1 group and L2 group, children were clearly diagnosed HSP and hospital-

ized in Department of Pediatrics, General Hospital of Ningxia Medical University. The children were all younger than 14 years old, 
and no other systemic diseases other than HSP were diagnosed. Group L3 and group L4 were children under 14 years old who were 
treated in Stomatological Hospital, General Hospital of Ningxia Medical University without any diagnosis of systemic diseases. None 
of the children had received antibiotics, immunomodulators, or immunoglobulins in the 4 weeks prior to sampling. Children with 
intellectual or physical disabilities who cannot cooperate with the examination, or children or parents who refuse to participate will 
be excluded. There was no statistically significant difference in the gender and age of the patients included in the above groups.

Plaque samples were collected from children enrolled in the study between 8 and 10 am. Children were not allowed to brush their 
teeth and gargle and eat or drink water before sample collection. The samples were collected from the tooth surfaces of the right 
lower deciduous molars/permanent molarsand were sequenced by 16SrDNA high-throughput sequencing. The steps are as follows:

The 16SrDNA sequencing technology was used to detect the bacterial plaque flora, and the sequencing platform was Illumina Mi 
Seq2×300 bp. The sequencing process: (1) DNA extraction: add 2 mL of plaque suspension into a sterile centrifuge tube, centrifuge 
at 10 000 r/min (centrifugation radius 10 cm) for 3 min at room temperature, discard the supernatant, and then extract the DNA 
according to the instructions of the kit, and detect the integrity of the extracted DNA by 2% agarose gel electrophoresis. Perform 
DNA amplification. (2) Gene construction: 20 ng of DNA was taken after DNA quantification for DNA library construction, including 
isolation of large DNA fragments, recovery of small DNA fragments, repairing DNA ends, connecting A-joints, connecting the special 
joints of Illumina Sequencing Kit to both ends of the DNA, magnetic bead screening according to the size of the required DNA 
fragments, and PCR amplification of the library for probe hybridization capture and sequencing experiments. (3) Capture of genes: 
the Geneseeq hybridization enrichment probe should be used to enrich and amplify the target gene target of the constructed DNA 
library, including library hybridization and DNA capture probe, cleaning and recycling of the captured library product, binding 
of streptavidin magnetic beads to the captured library, cleaning of the magnetic beads captured library, and removal of the non-

specific binding library. (4) Sequencing: After library capture, according to the kit operating instructions, Illumina high-throughput 
sequencing platform up-sampling, in the Flow cell kit to generate DNA clusters, through the synthesis of a single base after the 
suspension of the cycle of fluorescence detection, synthesis recovery. The 16SrDNA high-throughput test was performed by Novogene, 
Inc.

5. Data analysis

Library construction using TruSeqⓇ DNA PCR-Free Sample Preparation Kit for library construction. Up-sequencing was performed 
using NovaSeq6000. Using Uparse software (Uparse v7.0.1001, http://www .drive5 .com /uparse/)to cluster all Effective Tags of all 
samples, the sequences were clustered by default with 97% agreement (Identity) into OTUs (Operational Taxonomic Units). Chao1, 
Shannon, Simpson, ace indices were calculated using Qiime software (Version 1.9.1), and used R software to conduct the Alpha 
diversity index inter-group variance analysis; Alpha diversity index inter-group variance analysis would be conducted with and 
without parametric tests, respectively, and the Tukey test and the wilcox test were chosen. UPGMA sample clustering trees were 
constructed using Qiime software (Version 1.9.1). PCA, PCoA plots were drawn and analyzed using R software (Version 2.15.3). Beta 
diversity index intergroup variance analysis was performed using R software with parametric and non-parametric tests, respectively, 
and the Tukey test and wilcox test were chosen. Based on the species abundance, the correlation coefficient values (Spearman 
correlation coefficient SCC or Pearson correlation coefficient PCC) were calculated between the genera to obtain the correlation 
9

coefficient matrix. Based on the filtered correlation coefficient values, network plotting was performed using graphviz-2.38.0.

http://www.drive5.com/uparse/
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6. Study limitations

The study has potential limitations. This was a small sample size single-center study; the experiment was carried out in the 
selected population of patients in Ningxia Medical University General Hospital Which may limit the generalization of the findings. 
Meanwhile, our study did not involve the collection of oral health care measures, dietary habits, feeding habits and other information 
of the included patients, and future studies will need to consider more influential factors.

7. Conclusions

In this study, the children with HSP included in this experiment were mainly 3-5 years old. Except for the incidence of dental 
caries in the 5 years old group, the incidence of dental caries and dmfs/DMFS in 3- and 4-years old groups were higher than that in 
the same-age children, as reported by the fourth Chinese Oral Health Epidemiological Survey [21]. The oral health conditions of the 
children with HSP in the 3-5 years old group were poorer.

The oral microorganisms of children with HSP were examined using 16SrDNA high-throughput sequencing technology. The 
occurrence of HSP was accompanied by the disorder of oral microorganisms. The reduction of Firmicutes that produced butyric acid 
may be closely related to the occurrence of HSP. In addition, compared to normal children, the abundance of Neisseria increased and 
Streptococcus decreased in the oral cavity of children with HSP. These results may guide the etiology and treatment of HSP, but the 
related mechanisms need further study.
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