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Abstract 

Objectives  To explore the characteristics of the gut microbiota and metabolites in infants with perianal abscess com-
pared with healthy infants, thereby providing a reference for treating perianal abscess in infants.

Methods  The gut microbiota of 19 infants with perianal abscess and 21 healthy infants were compared using 16S 
rRNA gene sequencing. Metabolite compositions were compared between a subset of 16 infants with perianal 
abscess and 8 healthy infants.

Results  Both groups showed significant differences in the abundance of the genera Ruminococcus (P = 0.002) 
and Parasutterella (P = 0.004). Five metabolic pathways, namely, steroid biosynthesis, one-carbon pool by folate, syn-
thesis, secretion, and action of the parathyroid hormone, cholesterol metabolism, and tuberculosis, were significantly 
enriched. Three metabolites, namely, calcidiol, dihydrofolic acid, and taurochenodesoxycholic acid, were involved 
in these enriched pathways.

Conclusion  The study revealed significant differences in the composition of the gut microbiota and metabolites 
between healthy infants and those with perianal abscess, suggesting a potential association between the gut micro-
biota and infantile perianal abscess.
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Introduction
Perianal abscesses are predominantly caused by anal 
gland infections, which spread upward and downward, 
leading to acute or chronic suppurative inflammation 
[1]. If not treated promptly, perianal abscesses may also 
cause systemic infections [2, 3]. In medical practice, the 
predominant approach for managing perianal abscesses 

in adult patients is through the procedure of incision and 
drainage [4]. However, the management of infant peria-
nal abscess remains contentious. Since 1998, studies have 
indicated that perianal abscess in infants, with a male 
predominance (> 93.6%), is a time-limited, self-limiting 
condition [5, 6]. These studies reported that nonsurgical 
treatment of infant perianal abscess was safe and effec-
tive. Our previous research also showed that conservative 
treatment of infants with perianal abscess results in an 
overall high success rate of 90.3% (139/153) [7].

The gut microbiota is of particular importance for the 
maintenance of human health. The gut microbiota has 
both a protective and trophic role influencing several 
homeostatic processes of the host organism, e.g., tissue 
trophism, immune balance, metabolic activity, neuro-
endocrine function, etc. [8, 9]. In the context of medical 
research, dysbiosis of the gut microbiota is recognized 

*Correspondence:
Wanbin Yin
jyfyywb@126.com
Xiangjun Xu
jun8011jun@163.com
1 Department of Anorectal Surgery, Affiliated Hospital of Jining Medical 
University, Jining 272029, China
2 Department of Hematology, Affiliated Hospital of Jining Medical 
University, Jining  272029, China

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12866-025-04020-5&domain=pdf


Page 2 of 11Wang et al. BMC Microbiology          (2025) 25:333 

as a contributing factor to a range of diseases. These 
include digestive system disorders, metabolic diseases, 
inflammatory bowel disease, irritable bowel syndrome, 
and autoimmune diseases [10, 11]. Previous studies have 
shown that gastrointestinal diseases are frequently asso-
ciated with alterations in the diversity and abundance of 
the gut microbiota. This correlation suggests that indi-
vidual microorganisms or the gut microbiota community 
as a whole may contribute to the development and pro-
gression of gastrointestinal diseases [12]. A recent study 
on the gut microbiota of adults with perianal abscess 
reported significant differences in the gut microbiota 
between healthy individuals and patients with perianal 
abscess, identifying Bilophila as a biomarker for the dis-
ease [13].

The intersection of microbiomics and metabolomics is 
an area with potential for optimization. Despite numer-
ous reports on integrative multiomics in adults, data on 
children remain scarce. To our knowledge, no study has 
assessed changes in the gut microbiota and metabolites 
in infants with perianal abscess. Our study is the first to 
report significant differences in the gut microbiota and 
metabolite composition between healthy infants and 
those with perianal abscess. The gut microbial commu-
nity in infants is dynamic and influenced by several fac-
tors, including the method of childbirth, feeding method, 
nutritional status, and the use of antibiotics [14, 15]. 
However, the gut microbiota in breastfeeding infants is 
relatively stable. We applied microbiome genomics and 
fecal metabolomics to understand changes in the gut 
microbiota and metabolites in infant perianal abscess and 
analyzed the related KEGG pathways. By assessing the 
abundance and diversity of the microbiota, we elucidated 
the role of the gut microbiota in the development and 
progression of infant perianal abscess, thereby providing 
reference values for personalized treatment with preci-
sion medicine.

Materials and methods
Study subjects
Among the infants visiting our hospital between May 
2022 and August 2022, 19 infants with perianal abscess 
were categorized into Group A, while 21 healthy infants 
visiting the Department of Child Health were categorized 
into Group B.

The inclusion criteria for the abscess group were infants 
with perianal abscess or healthy infants. The exclusion 
criteria for this group were preterm infants, infants with 
significant physiological defects, those with a history of 
congenital diseases, and those treated with antibiotics or 
metabolism-related drugs within the last three months.

Ethical review and informed consent
The parents of all infants included in the study were 
informed about the benefits and risks by the research-
ers before they agreed to participate in the study by sign-
ing an informed consent form. The study was reviewed 
and approved by the Medical Ethics Committee of the 
Affiliated Hospital of Jining Medical University [approval 
number:NO.Y(2021)16].

Sample collection and processing
About 200 mg of fresh feces was collected from the 
infants in sterile fecal collection tubes. These samples 
were placed into 2 mL cryogenic vials that had been pre-
labeled and tested for low-temperature storage, immedi-
ately immersed in liquid nitrogen, and then transferred 
to an ultralow temperature freezer at –80 °C until further 
analysis. A total of 40 samples were transported on dry 
ice to the laboratory of Shanghai Ouyi Biomedical Tech-
nology Co., Ltd., for sequencing analysis.

DNA extraction and 16S rRNA gene amplification
DNA was extracted from the fecal samples using the 
MagPure Soil DNA LQ Kit (Magen, Room 502, No.16 
Lianpu Street, Huangpu District, Guangzhou City) 
according to the manufacturer’s instructions. Genomic 
DNA was extracted and used as the template for PCR 
amplification of the bacterial 16S rRNA gene. The ampli-
fication was carried out using barcode-specific primers 
and the high-fidelity Takara Ex Taq enzyme. The V3-V4 
variable regions of the 16S rRNA gene were amplified 
using the universal primers 343 F (5’-TAC​GGR​AGG​CAG​
CAG-3’) and 798R (5’-AGG​GTA​TCT​AAT​CCT-3’). The 
PCR products were analyzed by agarose gel electropho-
resis, purified using AMPure XP beads, and subsequently 
subjected to a second round of PCR amplification. Fol-
lowing another purification step with AMPure XP beads, 
the final amplicons were quantified using the Qubit 
dsDNA Assay Kit (Thermo Fisher Scientific, USA).

Bioinformatics and data analysis
The sequencing was conducted by Shanghai OE Biotech 
Co., Ltd. (Shanghai, China) using the Illumina NovaSeq 
6000 platform. Raw sequencing data were generated 
in FASTQ format. Paired-end reads were processed 
using Cutadapt software to detect and remove adapter 
sequences. After trimming, paired-end reads were fil-
tering low quality sequences, denoised, merged and 
detect and cut off the chimera reads using DADA2 with 
the default parameters of QIIME2 (2020.11). At last, the 
software output the representative reads and the ASV 
abundance table. The representative read of each ASV 
was selected using QIIME2 package. All representative 
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reads were annotated and blasted against Silva database 
(Version 138) using q2-feature-classifier with the default 
parameters.

To assess sequencing depth, random subsampling was 
performed to evaluate the number of species represented 
in the sequences. A rarefaction curve was constructed 
based on sequencing depth and observed species richness 
to determine whether the dataset sufficiently reflected 
species diversity within the sample pool.Microbial com-
munity diversity was analyzed using QIIME2 software, 
with alpha diversity indices, including ACE (Abundance-
based Coverage Estimator), Chao1, and Shannon indices, 
used to assess species richness and evenness. Beta diver-
sity was evaluated using Principal Coordinates Analysis 
(PCoA). To identify and compare differentially abundant 
genera between the two groups, a t-test was performed, 
with P < 0.05 considered statistically significant.

Detection of metabolites using gas chromatography‑mass 
spectrometry (GC–MS) and liquid chromatography‑mass 
spectrometry(LC–MS)
A total of 60 mg of fecal sample was placed into a cen-
trifuge tube, 600 µL of extraction solution was added, 
and grinding, vortexing, low-temperature ultrasonic 
extraction, and low-temperature centrifugation were 
performed. Then, 150 µL of the supernatant was trans-
ferred to a glass derivatization vial, and the sample was 
dried using a centrifugal concentrator.Subsequently, 80 
µL of methoxyamine hydrochloride in pyridine solution 
(15 mg/mL) was added to the glass derivatization vial, 
and the mixture was incubated in a shaking incubator at 
37 °C for 60 min for oximation. After removing the sam-
ple, 50 µL of BSTFA derivatization reagent and 20 µL of 
n-hexane were added along with 10 µL of each of the 10 
internal standards, and the reaction was performed at 70 
°C for 60 min. The sample was then left undisturbed at 
room temperature for 30 min before proceeding to GC–
MS metabolomic analysis.

Of the fecal sample, 60 mg was placed into a centrifuge 
tube, 600µL of extraction solution was added and the 
sample was ground, vortexed, subjected to low-temper-
ature ultrasonic extraction, and subjected to low-tem-
perature centrifugation. Then, 150 µL of the supernatant 
was aspirated using a syringe, filtered through a 0.22 µm 
organic phase syringe filter, and transferred to an LC 
autosampler vial. Finally, the sample was stored at –80 °C 
until use for LC–MS metabolomics analysis.

Observe the overall distribution between samples and 
the stability of the entire analysis process through princi-
pal component analysis (PCA). Orthogonal Partial Least-
Squares-Discriminant Analysis (OPLS-DA) was utilized 
to distinguish the metabolites that differ between groups. 
Variable Importance of Projection (VIP) values obtained 

from the OPLS-DA model were used to rank the over-
all contribution of each variable. T-test was further used 
to verify whether the metabolites of difference between 
groups were significant. Differential metabolites were 
selected with VIP values greater than 1.0 and p-values 
less than 0.05.

Results
Study subjects
A total of 40 male infants, including 19 infants with peri-
anal abscess and 21 healthy infants, were included in this 
study. Baseline characteristics were similar between the 2 
groups (Table 1).

Statistics and distribution of sample ASVs
A total of 1209 ASVs were collected. Based on the results 
of the ASV clustering analysis and the research require-
ments, the number of shared and specific ASVs across 
different samples (groups) was analyzed. These data were 
then visualized as a flower plot (Fig. 1).

A sharp rise in the rarefaction curve indicated insuffi-
cient sequencing depth, necessitating an increase in the 
sample size. A relatively flat curve indicated that the sam-
ple size was sufficient for data analysis (Fig. 2).

Sample community structure distribution
The community structure was primarily used to pre-
sent the overall microbial composition, showing domi-
nant microbial groups, among others. This structure 
was represented across seven levels of classification, 
with phylum and genus being the most commonly used. 
Microbial abundance is depicted as bar graphs, with the 
four dominant phyla being Proteobacteria, Firmicutes, 

Table 1  Clinical characteristics of the infants. IQR, internal 
quartile range

Characteristics Group A (n=19) Group B (n=21) P value

Male sex, n (%) 19 (100%) 21 (100%) 1.000

Age of presentation, 
median (IQR)

46 (35, 63) 43 (42, 48) 0.568

Height, median (IQR) 58 (56, 62) 58 (56, 59) 0.694

Weight, median (IQR) 5 (4.5, 7.0) 5.2 (5.0, 5.8) 0.968

Stool frenquency n (%) 0.056

< 5 10 17

≥5 9 4

Mode of delivery 0.987

Vaginal birth 9 10

Cesarean section 10 11

Mode of feeding 0.796

Mixed feeding 8 8

Breast milk 11 13
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Actinobacteria and Bacteroidetes (Fig.  3A). The top ten 
genera were Escherichia-Shigella, Klebsiella, Bifidobacte-
rium, Clostridium_sensu_stricto_1, Bacteroides, Entero-
bacter, Citrobacter, Streptococcus, Enterococcus and 
Collinsella (Fig.  3B). The top 15 genera and their rela-
tive abundances in each sample individually is shown in 
Fig. 3C.

Analysis of sample diversity
The used indices, ACE index (P = 0.014), Chao1 index 
(P = 0.013) and Shannon index (P = 0.03) (Fig. 4), showed 
that the diversity of Group A was significantly lower than 
Group B. This finding suggested that the abundance and 
evenness of microbial communities varied between the 
two groups.

Beta diversity was primarily used to analyze the dif-
ferences in microbial community diversity within and 
between groups. Small intragroup and large intergroup 
variations indicate ideal sample selection. Principal coor-
dinate analysis (PCoA) was performed to provide results 
based on binary jaccard distance matrice. PERMANOVA 
(Permutational Multivariate Analysis of Variance) is 
used to examine differences between groups based on 
the distance matrix. The closer the samples within the 

same group are to each other and the more distinct they 
are from other groups, the better the grouping effect. 
A slight overlap was observed between the two groups 
(Fig. 5). However, a P value of 0.001 confirmed that the 
community composition differed significantly between 
the two groups.

Screening for differentially abundant genera
Among the four dominant phyla Firmicutes was signifi-
cantly lower abundant in the abscess group than in the 
control group (P = 0.015) (Fig. 6B). Statistical analysis at 
the genus level was conducted to select the top 10 gen-
era with different abundances for the analysis of relative 
abundance. In the abscess group, Muribaculaceae, Sphin-
gomonas and Clade_Ia had greater relative abundances 
than did the control group, whereas Faecalibacterium, 
[Eubacterium]_coprostanoligenes_group, Ruminococcus, 
Allobaculum, Parasutterella, Romboutsia and Neisseria 
had lower relative abundances than did the control group 
(Fig.  6A). There were significant differences in the rela-
tive abundance of all these microorganisms, especially 
Ruminococcus (P = 0.002) and Parasutterella (P = 0.004) 
(Fig. 6B).

Fig. 1  Flower plot representing the number of shared and specific ASVs. The number at the core of the diagram represents the number of shared 
ASVs across all samples (i.e., core ASVs). The numbers on the petals indicate the total number of ASVs in each sample minus the number of shared 
ASVs, i.e., specific ASVs
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Screening for differentially abundant metabolites 
and enriched pathways
A total of 107 significantly different metabolites were 
detected, and hierarchical clustering was performed on 
the expression levels of the top 50 metabolites sorted 
by VIP scores (Supplementary Figure  S1). Among 
these, nine metabolites, including norlinolenic acid, 
zymosterol, ketoleucine, creatine, L-asparagine, tau-
rochenodesoxycholic acid, 4-imidazolone-5-propionic 
acid, calcidiol and dihydrofolic acid were enriched in 
metabolic pathways. Analysis of the top 10 enriched 
metabolic pathways revealed that Steroid biosynthesis, 
One-carbon pool by folate, Parathyroid hormone syn-
thesis, secretion and action, Cholesterol metabolism 
and Tuberculosis were the five pathways with signifi-
cant enrichment of the metabolites (Fig. 7A), indicating 
that these pathways changed significantly in the abscess 
group compared with the control group. In these dif-
ferential metabolic pathways, calcidiol, dihydrofolic 
acid, and taurochenodesoxycholic acid were the three 
metabolites exhibiting significant enrichment. The 
three metabolites were significantly lower abundant in 
the abscess group than in the control group (Fig. 7B).

Correlation analysis of differential microbiota 
and metabolites
Using Pearson correlation analysis of significantly dif-
ferent microbiota and metabolites between groups, the 
relationships between the top 100 microbial and metab-
olite pairs with the highest absolute correlation coeffi-
cients were visualized as a correlation network diagram 
(Fig. 8). If there were fewer than 100 pairs, all pairs were 
used. In the network diagram, nodes showing more con-
nections with other nodes had a greater impact. Parasut-
terella was associated with 26 metabolites, showing the 
most connected nodes (Fig. 8). This finding indicated its 
important role in the development and progression of 
infant perianal abscess.

Discussion
This study analyzed the changes in the gut microbiota 
of healthy subjects and children with perianal abscess 
through 16S rRNA gene sequencing. The classification 
and composition of the gut microbiota varied signifi-
cantly between the two groups. Among the four domi-
nant phyla, Firmicutes was significantly lower abundant 
in the abscess group than in the control group. At the 

Fig. 2  Rarefaction curves constructed using sequence numbers and species. Each curve represents a sample, with the horizontal axis showing 
the depth of random sampling (i.e., the number of sampled sequences) and the vertical axis showing the index values. Groups A and B are 
represented by blue and red curves, respectively
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Fig. 3  A The top 4 predominant bacteria at the phylum level:Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes; B The top 15 genera 
and their relative abundances in both groups; C The top 15 genera and their relative abundances in each sample individually

Fig. 4  Analysis of the three alpha diversity indices:the ACE index, the Chao1 index and the Shannon index between the two groups
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genus level, a total of 10 gut microbial genera were vali-
dated, which could differentiate the healthy infants from 
the infants with perianal abscess. Ruminococcus (R. 
gnavus) and Parasutterella had the most significant dif-
ferences in abundance. Therefore, R. gnavus and Paras-
utterella might be used as potential biomarkers for the 
diagnosis of infant perianal abscess.

R. gnavus is a prevalent human gut symbiont and early 
colonizer of the infant gut that persists throughout adult-
hood. It is one of 57 bacterial species that occurs in more 
than 90% of individuals, with a median abundance of 
0.1% across populations [16]. Although this bacterium 
is typically a beneficial component of the normal micro-
biota, recent findings have linked it to a growing number 
of intestinal and extraintestinal diseases [17]. Bile acid 
metabolites have been implicated in the role of R. gna-
vus not only in inflammation and metabolic disorders 
but also in the development of neurological or psycho-
logical disorders [18]. The comparison of the functional 
differences in the gut microbiota between healthy infants 
and those with perianal abscess revealed that calcidiol 
is involved in the enrichment of the steroid biosynthesis 
pathway, and taurochenodeoxycholic acid participates 
in the enrichment of the cholesterol metabolism path-
way. This finding highlights the role of bile acids in the 

development and progression of infant perianal abscess. 
However, we did not observe a direct correlation between 
R. gnavus and bile acid metabolites. This does not rule 
out the possibility that R. gnavus may influence bile acid 
metabolism through other pathways, necessitating fur-
ther confirmation.

The abundance of Parasutterella, another genus whose 
abundance significantly differed between the two groups, 
was closely related to the abundance of differentially 
abundant metabolites according to correlation analysis. 
This genus is a member of the healthy fecal core micro-
biome in the human gastrointestinal tract [19]. The rela-
tive abundance of this bacterium has been associated 
with various host health outcomes, such as inflammatory 
bowel disease, obesity, diabetes and fatty liver disease 
[20, 21]. Research has demonstrated that Parasutterella 
produces succinate as a fermentation end product and 
affects the metabolism of purines, tryptophan and bile 
acids. We also observed that Parasutterella had varying 
degrees of correlation with the above metabolites. Some 
studies have indicated that the accumulation of extra-
cellular succinate leads to its increased uptake by mac-
rophages, which activates a proinflammatory response 
and the release of cytokines, resulting in chronic inflam-
mation [22]. Other investigators reported that the 

Fig. 5  The horizontal axis (PC1) and the vertical axis (PC2) represent the two principal coordinates explaining the maximum variance in differences 
between samples. Samples from the same group are marked with the same color, with each point representing an individual sample. Similar 
samples are clustered together
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accumulation of succinate promotes an anti-inflamma-
tory response [23, 24]. Purine-derived metabolites have 
been reported to modulate the responses of immune cells 
and the gut mucosal barrier [25]. A study using a mouse 
DSS-induced colitis model demonstrated that hypoxan-
thine could modulate the energy balance of the intestinal 
epithelium and play a critical role in maintaining intesti-
nal barrier function [26]. Tryptophan plays an important 
role in maintaining the homeostasis of symbiotic micro-
organisms, inhibiting inflammation, and regulating intes-
tinal immune tolerance [27]. Recent data suggest that 
indoles produced through tryptophan metabolism play a 
crucial role in maintaining intestinal homeostasis and are 
intimately linked to intestinal microecology and overall 
human health [28, 29].

In addition to participating in the steroid biosynthe-
sis pathway, calcidiol also contributes to the synthesis, 
secretion, and action of parathyroid hormone, as well 
as the tuberculosis pathway, promoting the synthesis of 
calcitriol. Calcitriol is the active form of vitamin D in 
the human body and exerts immunomodulatory effects 
by binding to the vitamin D receptor (VDR). VDR and 
CYP27B1 are expressed in most immune cells, e.g., T 
and B lymphocytes, monocytes, natural killer cells, and 
dendritic cells [30]. Vitamin D plays a critical role in the 
host’s defense against bacterial, fungal, and viral infec-
tions by stimulating the production of antimicrobial 
peptides (AMPs), which act as endogenous antibiotics 
and are among the body’s first lines of defense [31].

Fig. 6  A Analysis of the relative abundance of the top 10 most abundant species at the genus level; B Relative abundances of Firmicutes, 
Ruminococcus and Parasutterella with the greatest differences in abundance between the two groups



Page 9 of 11Wang et al. BMC Microbiology          (2025) 25:333 	

The final enriched pathway was the one-carbon pool 
of folate, in which dihydrofolic acid participates in the 
production of tetrahydrofolate (THF). THF functions as 
a universal one-carbon receptor. It accepts one-carbon 
units derived from amino acids to form formyl-THF, 
methyl-THF nd methylene-THF, which provide one-
carbon units for purine synthesis, the methionine cycle, 
and the synthesis of thymidylate nucleotides, respec-
tively [32]. The one-carbon pathway plays an important 
role in the methylation of nucleic acids, histones, neuro-
transmitters, phospholipids, proteins, homocysteine, and 
indirectly in the reduction of glutathione (GSH) [33]. The 
metabolism of one-carbon units can regulate the syn-
thesis of nucleic acids, proteins, lipids, and maintain the 
redox homeostasis of the cell. GSH is a low-molecular-
weight antioxidant that is present in nearly all cells and 
limits the impact of oxidative stress on vital cellular com-
ponents such as lipids, proteins and DNA through redox 
reactions [34]. GSH functions as a redox sensor at the 
onset of DNA synthesis by maintaining the nuclear archi-
tecture, providing the appropriate redox environment for 

DNA replication, and safeguarding DNA integrity [35]. It 
is also a key regulator of epigenetic events critical for the 
regulation of cell proliferation and cellular resistance to 
apoptosis [36].

To our knowledge, this is the first study to explore the 
gut microbiota in infants with perianal abscess, providing 
important insights for future research. However, due to 
limitations in sample size and experimental conditions, 
the relationship between the gut microbiota and perianal 
abscess requires further investigation. In future work, we 
plan to address these limitations by expanding the sample 
size and conducting more in-depth studies.

Conclusion
The study revealed significant differences in the com-
position of the gut microbiota and metabolites between 
healthy infants and those with perianal abscess, sug-
gesting a potential association between the gut micro-
biota and infantile perianal abscess.

Fig. 7  A The left graph presents the top 10 enriched metabolic pathways, while the right graph presents the five metabolic pathways 
with significant differences between groups. The red line indicates a P value of 0.01, while the blue line indicates a P value of 0.05; 7 B Three 
metabolites were significantly different between the two groups
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