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Abstract 

Background: Postoperative recurrence (POR) remains a major challenge for patients with Crohn’s disease (CD). Gut microbial 
dysbiosis has been reported to be involved in the pathogenesis of POR. This study aims to investigate the relationship between fecal 
microbiome and endoscopic recurrence in patients with CD after ileocolonic resection.

Methods: This is a cross-sectional study. Fecal samples were collected from 52 patients with CD after surgical intervention from 6 to 
12 months before endoscopic examination. Endoscopic recurrence was defined as Rutgeerts score � i2. The microbiome was 
analyzed by sequencing the V3–V4 hypervariable regions of the 16S rRNA gene.

Results: A total of 52 patients were included and classified into POR (n¼ 27) and non-POR (n¼ 25) groups. Compared with the non- 
POR group, the POR group had a significantly lower community richness (Chao1 index: 106.5 vs 124, P¼0.013) and separated microbial 
community (P¼ 0.007 for Adonis, P¼ 0.032 for Anosim), combined with different distribution of 16 gut microbiotas and decrease of 
11 predicted metabolic pathways (P<0.05). Lactobacillus and Streptococcus were identified to closely correlate to non-POR (P< 0.05) 
after controlling for confounding factors. Kaplan-Meier analysis indicated that the patients with higher abundance of Streptococcus 
experienced longer remission periods (P< 0.01), but this was not for Lactobacillus. The predicted ethylmalonyl-coA pathway related to 
increased amount of succinate was positively correlated with Streptococcus (r> 0.5, P< 0.05).

Conclusions: The characteristic alterations of fecal microbiota are associated with postoperative endoscopic recurrence in patients 
with CD; particularly, high abundance of Streptococcus may be closely related to endoscopic remission.
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Introduction
Crohn’s disease (CD) is a chronic, relapsing inflammatory disor-

der of the gastrointestinal tract that mostly affects ileocecum [1]. 

Ileocolonic resection is often required in patients with severe 

complications, such as intestinal stricture, fistula or perforation 

[2]. However, surgery for CD is rarely curative, and nearly 65% 

of patients experience postoperative recurrence (POR) [3]. 

Ileocolonoscopy is usually performed to diagnose endoscopic re-

currence according to Rutgeerts score (RS) system [3, 4]. Usually, 

RS � i2 is considered to have endoscopic recurrence [5, 6]. The 

current guidelines indicate that postoperative prophylactic medi-

cation for patients with CD should follow the risk stratification of 

recurrence [7, 8]. The factors related to high risk of recurrence 

include active smoking, penetrating disease, history of perianal 

diseases, prior intestinal resection and extensive bowel lesions. 

Thiopurines and/or anti-tumor necrosis factor (TNF)-a agents 
should be used after surgery for these high-risk patients [9, 10]. 
However, the reason for POR has not been clarified yet [11].

The gut microbiota, as an important environmental factor, 
has been considered to involve in the pathophysiological mecha-
nism of POR [12–14]. The previous study has reported that 
patients with POR of CD harbored a reduced microbial diversity 
and depletion of some members of Firmicutes phylum, such as 
Faecalibacterium, Coprococcus, Blautia and Lachnospira [15]. The de-
creased abundance of Faecalibacterium prausnitzii in CD resected 
ileal mucosa can predict a higher risk of endoscopic recurrence 
6 months after surgery [13]. Most studies focused on the relation-
ship between mucosa-associated microorganisms and recur-
rence, with less research on the role of fecal microbiota in 
recurrence, although fecal specimens are easier to obtain. In this 
study, we aimed to characterize the fecal microbial spectrum 
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associated with POR in patients with CD, and to provide possible 
clues to underlying microbial patterns in pathophysiology 
of POR.

Materials and methods
Study population
This is a single-center cross-sectional study. A total of 84 consec-
utive confirmed diagnosis of patients with CD who underwent 
ileocolonic resection were recruited from July 2017 to December 
2019 at Shanghai Tenth People’s Hospital of Tongji University 
(Shanghai, China). All patients provided a stool sample before in-
testinal preparation at 6–12 months after surgery before ileocolo-
noscopy. The inclusion criteria for patients included (i) age 
>17 years, (ii) CD-related ileocolonic resection and mesenteric re-
section with side-to-side stapled anastomosis; (iii) ileocolono-
scopy performed by experienced endoscopists from 6 to 
12 months after surgery; and (d) endoscopic results included at 
least two images of ileocolic anastomosis, new terminal ileum 
and the whole colon. Endoscopic reports of patients were con-
firmed by agreement of another two blinded inflammatory bowel 
disease specialist based on these complete recorded images. The 
patients who received antibiotics, prebiotics or probiotics in 
3 months before sample collection were excluded [16]. The other 
exclusion criteria included perianal or upper gastrointestinal sur-
gery, colonic or intestinal stomy, intestinal dysplasia or cancer, 
active colon inflammation, and/or active perianal lesions.

POR was defined as RS i2 (>5 aphthous ulcers or larger anasto-
motic lesions), i3 (diffuse ileitis) or i4 (large ulcers, narrowing or 
diffuse inflammation). Non-POR was defined as RS i0 or i1 [4, 17]. 
Fifty-two patients were enrolled in the study eventually, includ-
ing 27 cases in the POR group and 25 in the non-POR group 
(Figure 1). Azathioprine and infliximab were used from 2 to 
4 weeks after surgery. Azathioprine is used as 1.0–1.5 mg/kg per 
day. Infliximab was regularly administered intravenously at a 
dose of 5 mg/kg body weight at 0, 2 and 6 weeks and then every 
8 weeks until the first postoperative endoscopic examination.

The study protocol was reviewed and approved by the 
Institutional Ethics Committee of the Shanghai Tenth People’s 
Hospital of Tongji University (SHSY-IEC- 4.1/20–34/02). All the 
patients were informed of the study purpose and provided writ-
ten informed consent in accordance with the Declaration of 
Helsinki of 1975.

Sample collection and DNA extraction
A total of 52 samples from each patient were collected at the first 
fecal discharge in the morning before intestinal preparation for 
ileocolonoscopy and immediately stored at −80�C until use. All 
DNA extraction and sequencing procedures were performed by 
Realbio Genomics Institute (Shanghai, China). Fecal DNA was 
extracted according to the ‘Godon’ method [18] using the 
QIAamp Fast DNA Stool Mini Kit (Qiagen; Hilden, Germany). DNA 
concentrations were quantified with a NanoDrop ND-2000 spec-
trophotometer (Thermo Fisher Scientific; Shanghai, China), and 
the quality was assessed by agarose gel electrophoresis.

16S rRNA gene sequencing
After DNA quality control, 16S ribosomal RNA (rRNA) 
gene sequencing was performed. The V3–V4 region of 16S rRNA 
gene was amplified by polymerase chain reaction (PCR) with 
universal primers 341F (50-CCTACGGGRSGCAGCAG-30) and 806R 
(50-GGACTACVVGGGTATCTAATC-30) using the KAPA HiFi 
Hotstart ReadyMix PCR kit. Specifically, sequencing adapters and 
barcodes were added to the 5’ end of universal primers for PCR. 

Then, the qualified PCR products were quantified by Qubit and 
pooled in equal concentration to construct sequencing libraries, 
which then further sequenced on the Illumina NovaSeq platform 
to generate 250 bp paired-end reads according to a standard se-
quencing protocol.

Bioinformatics analysis of sequencing data
Raw fastq reads were analyzed using the Quantitative Insights 
into Microbial Ecology 2 (QIIME2) platform [19]. Demultiplexing 
of sequencing reads removes the primers, barcode sequences, 
errors and low-quality reads according to the following criteria: 
(i) reads were removed when the average quality score was < 30; 
(ii) reads were discarded if ambiguous N bases were present; and 
(iii) reads not between 220 bp and 500 bp from the raw data. After 
trimming low-quality bases from the de-multiplexed reads, the 
merged overlapping paired-end reads were denoised by filtering 
and correcting Illumina amplicon sequencing errors using the 
Divisive Amplicon Denoising Algorithm 2 plugin implemented in 
QIIME2. Finally, amplicon sequence variants (ASVs) were 
obtained and quantified for each sample.

Taxonomic categories from the phylum to genus levels were 
assigned using a pre-trained Naive Bayes classifier (25 points) 
and the q2-feature-classifier function from QIIME2. The classifier 
was trained against version 132 of the SILVA database. After tax-
onomic categories of assignment, ASVs table was analyzed by 
Calypso software (V8.84; http://cgenome.net/calypso/) [20]. Taxa 
with an average relative abundance below 0.01% and over 95% 
zeroes were removed. Furthermore, samples with less than 3,000 
sequence reads were also removed. Reads were rarefied to the 
minimum 8,614 sequencing reads per sample only for micro-
biome a diversity analysis.

Statistical analyses
Clinical data of patients were analyzed by SPSS software (SPSS 
v.20.0 for Windows; SPSS; Chicago, IL, USA), and microbiota data 
were analyzed and visualized by R software (V3.6.3; https://www. 
R-project.org/). Categorical variables are presented as absolute 
numbers (percentage), and continuous variables are described as 
the median (interquartile range, IQR) or mean ± standard devia-
tion (SD). The two groups were compared by chi square tests for 
categorical variables, and Mann–Whitney U test or Student’s 
t-test was used for continuous variables. Chao1 index and 
Shannon index were used to calculate a diversity. b diversity was 
calculated based on the unweighted UniFrac distance by princi-
pal coordinate analysis (PCoA) using the PCoA function in the ape 
R-package [21]. The permutational multivariate analysis of vari-
ance (PERMANOVA) was used to test the difference of b diversity 
by the Adonis function [22]. The nonparametric analysis of similari-
ties by Anosim function was used to evaluate homogeneity be-
tween the two groups [23]. PICRUSt analysis could be used to 
predict the potential functions of gut microbiotas based on 
MetaCyc database. The P values were corrected for all the multiple 
comparisons by controlling the false discovery rate using the 
Benjamini–Hochberg method with a target rate of 0.25 for q values.

The process of differential analysis at different taxonomic 
levels was performed by using Wilcoxon rank-sum test. A super-
vised comparison of the microbiota between the POR and non- 
POR group was conducted via linear discriminant (LDA) and 
effect size (LEfSe) analyses [16]. A logarithmic LDA score cutoff of 
2.0 was set to identify important taxonomic differences between 
the POR and non-POR groups. To identify microbial taxa associ-
ated with the clinical factors, we employed linear mixed model 
to perform per-feature tests (https://huttenhower.sph.harvard. 
edu/maaslin2) [24]. The clinical characteristics were set as fixed 
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effects. Cumulative rate of non-POR was estimated by the 
Kaplan–Meier analysis. All P values < 0.05 were considered statis-
tically significant.

Results
Clinical characteristics between patients with 
POR and non-POR
A total of 52 fecal samples from 52 patients with CD and ileoco-
lonic resection were collected for microbial analysis. The clinical 
characteristics between the POR (n¼27) and non-POR (n¼25) 
groups are shown in Table 1. Factors including age, disease dura-
tion, current smoker, surgical types, surgical indications, postop-
erative medications and laboratory results had no significant 
differences between the two groups (P> 0.05). Male patients were 
more likely to be in the non-POR group than in the POR group 
(76.0% vs. 44.4%, P¼0.020).

Alteration of fecal microbiotas between CD 
patients with POR and non-POR
The alterations of fecal microbiotas between these two groups 
were analyzed. Regarding phylogenetic (a) diversity, the Chao1 
index in the POR group was significantly lower than that in the 
non-POR group, which suggests that the patients with POR had a 
poor community richness (106.5 vs. 124, P¼ 0.013, Figure 2A). 
Meanwhile, the Shannon diversity in the POR patients also had 
the decreased tendency (2.518 vs. 2.910, P¼ 0.165, Figure 2B). Beta 
diversity showed a markedly separated distribution of fecal mi-
crobial community between the POR and non-POR groups 
(P¼0.007, Figure 2C). Multivariate analysis demonstrated a sig-
nificant difference in the microbial structure between the two 
groups (P¼ 0.032, Figure 2D).

To further detect characteristic microbial signature in patients 
with POR of CD, LEfSe analysis at genus level was performed. 
Notably, only Flavonifactor genus was enriched in the POR group, 
while 15 genera enriched in the non-POR group, especially 
Lactobacillus and Streptococcus genera becoming the two top 
enriched taxa in the non-POR patients (LDA score > 2, P< 0.05,  
Figure 2E). Besides, the patients with non-POR of CD still harbored 
an increased abundance of Stomatobaculum, Lachnoanaerobaculum, 
Oribacterium, Catonella, Streptophyta, Lautropia, Olsenella, Atopobium, 
Corynebacterium, Ezakiellla, Porphyromonas, Leptotrichia and 

Eubacterium genera. We further performed Wilcoxon rank-sum 
test on the top 20 gut microbiota at the genus level and identified 
12 differential genera between the two groups (P< 0.05, Figure 2F). 
Consistent with the LEfSe analysis, Flavonifractor is the only micro-
bial genus with higher abundance in the patients with POR than 
in non-POR (P¼ 0.03, Figure 2F). Another 11 increased genera in 
non-POR patients were Streptococcus, Lactobacillus, Atopobium, 
Leptotrichia, Oribacterium, Stomatobaculum, Eubacterium, 
Lachnoanaerobaculum, Corynebacterium, Olsenella and Streptophyta 
(P<0.05, Figure 2F). Taken together, the alliterated fecal microbial 
compositions may be associated with the endoscopic outcome in 
patients with CD after surgery.

To determine specific intestinal microbial taxa that indepen-
dently contributed to POR, we adjusted age, sex and postopera-
tive medications using MaAsLin2 to exclude the influence 
of confounding factors, and the results showed that Lactobacillus 
(b coefficient¼−3.44, P¼0.001) and Streptococcus (b coef-
ficient¼−2.34, P¼0.004) were closely correlated to non-POR 
(Figure 3A and B).

We further investigated the relationship of these two genera 
(Lactobacillus and Streptococcus) with recurrence. According to the 
median relative abundance of Lactobacillus and Streptococcus, the 
patients were classified into the low abundance group and the 
high abundance group. The patients in high abundance of 
Streptococcus group (n¼ 26, relative abundance: 0.899%–38.717%) 
had a longer period to maintain disease remission compared 
with those in low abundance group (n¼ 26, relative abundance: 
0.0463%–0.748%, P<0.010, Figure 4A). However, there was no sig-
nificant difference of non-POR rate for Lactobacillus (high abun-
dance group, n¼ 27, relative abundance: 0.031%–70.950%; low 
abundance group, n¼ 25, relative abundance: 0–0.027%, 
P¼ 0.400, Figure 4B). We further validated this results in two 
independent cohorts [5] and found that Streptococcus was 
significantly reduced in resected tissues of patients who devel-
oped POR (Table 2). This finding indicates that the depletion of 
Streptococcus in feces may play an important role in POR of 
patients with CD.

Functional prediction of gut microbiotas between 
CD patients with POR and non-POR
The results of PICRUSt showed 11 metabolic pathways were sig-
nificantly depleted in the POR group compared with the non-POR 

Figure 1. Patient flowchart of the study. Fifty-two patients with CD were divided into POR group (n¼ 27) and non-POR group (n¼25). CD ¼ Crohn’s 
disease, POR ¼ postoperative recurrence.
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Table 1. Comparison of clinical characteristics between patients with and without POR

Characteristic Non-POR group (n¼25) POR group (n¼27) P-value

Clinical parameter
Sex, n (%) 0.020

Male 19 (76.0) 12 (44.4)
Female 6 (24.0) 15 (55.6)

Age at surgery (mean ± SD), years 39.4 ± 11.6 39.4 ± 14.2 0.993
Disease duration of CD (mean ± SD), months 18.2 ± 12.7 19.4 ± 10.4 0.647
Time between surgery and colonoscopy (mean ± SD), months 9.9 ± 3.2 10.4 ± 2.7 0.441
Prior bowel resection, n (%) 2 (8.0) 6 (22.2) 0.252
Previous penetrating diseases, n (%) 10 (40.0) 16 (59.3) 0.165
Active smoking at resection, n (%) 11 (44.0) 7 (25.9) 0.171
Type of operation, n (%) 0.404

Ileocecal resection 8 (32.0) 5 (18.5)
ileocolonic resection 17 (68.0) 22 (81.4)

History of perianal diseases, n (%) 6 (24.0) 7 (25.9) 0.873
Surgical indications, n (%) 0.336

Failure of drug therapy 5 (20.0) 2 (3.6)
Obstruction 14 (56.0) 15 (55.5)
Perforation 6 (24.0) 10 (37.0)

Granulomas in the resection specimen, n (%) 13 (52.0) 17 (63.0) 0.575
Medical prophylaxis after surgery, n (%) 0.400

No 6 (24.0) 4 (14.8)
Yes 19 (76.0) 23 (85.2)

Postoperative medications, n (%) 0.688
AZA or IFX monotherapy 12 (63.1) 18(78.3)
AZA þ IFX 7 (36.9) 5 (21.7)

Laboratory examination at endoscopy, median (IQR)
CRP (g/L) 3.02 (2.29–4.90) 3.50 (3.02–19.33) 0.120
WBC (�1012/L) 4.76 (3.79–5.79) 5.29 (4.41–7.38) 0.096
Hb (g/L) 132.0 (114.25–142.0) 120.0 (112.0–142.0) 0.539
PLT (�109/L) 223.0 (167.0–271.0) 257.0 (198.0–303.0) 0.150
Albumin (g/L) 44.5 (39.25–48.25) 45.0 (42.0–47.0) 0.922

POR ¼ postoperative recurrence, AZA ¼ azathioprine, IFX ¼ infliximab, WBC ¼white blood cells, Hb ¼ hemoglobin, PLT ¼ platelet, CRP ¼ C-reactive protein, BMI ¼
body mass index, IQR ¼ interquartile ranges, SD ¼ standard deviation.

Figure 2. Alterations of fecal microbiotas between patients with POR and non-POR. Alpha diversity was calculated by (A) Chao1 (P¼0.013) and (B) 
Shannon indexes (P¼0.165). (C) Multivariate analysis of variance (Adonis) and (D) nonparametric analysis of similarities (Anosim) based on 
unweighted UniFrac distances demonstrated different microbial structure between patients with and without POR (P¼ 0.007 for Adonis, P¼0.032 for 
Anosim). (E) LEfSe analysis revealed significant microbial signatures at the genus level in the patients with POR (LDA score >2, P<0.05). (F) Significant 
differences at the genus level between the patients with POR and non-POR assessed by Wilcoxon rank-sum test (P<0.05). POR ¼ postoperative 
recurrence, LEfSe ¼ linear discriminant analysis effect size.
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group (P< 0.05, Figure 5A), including P122-PWY heterolactic fer-
mentation, P124-PWY Bifidobacterium shunt, P164-PWY purine 
nucleobases degradation I (anaerobic), PWY-3661 glycine betaine 
degradation I, PWY-5507 adenosylcobalamin biosynthesis I (early 
cobalt insertion), PWY-5647 2-nitrobenzoate degradation I, 
PWY-5741 ethylmalonyl-CoA pathway, PWY-5971 palmitate bio-
synthesis II (bacteria and plants), PWY-6505 L-tryptophan degra-
dation XII (Geobacillus), PWY-7255 ergothioneine biosynthesis I 
(bacteria) and PWY0-41 allantoin degradation IV (anaerobic). 
Further Spearman correlation analysis revealed that Streptococcus 
was positively correlated with three carbon metabolisms, 
including P122-PWY heterolactic fermentation, P124-PWY 
Bifidobacterium shunt and PWY-5741 ethylmalonyl-CoA path-
way (r>0.5, P< 0.05, Figure 5B). Among them, ethylmalonyl-CoA 
pathway has been reported to increase amount of succinate, fur-
ther produces butyrate and ameliorates DSS-induced colitis [25]. 
Consequently, these results indicate that the composition and 
function of the gut microbiota can affect the state of the disease. 
The increased abundance of Streptococcus helps to maintain a 
non-recurrence state after surgery in patients with CD.

Discussion
In this study, we found the characteristic fecal microbiota related 

to POR of patients with CD. Moreover, the enrichment of 

Streptococcus and Lactobacillus were positively associated with 

non-POR status. The high abundance of Streptococcus has close re-

lationship with longer disease remission during the postoperative 

period, and its predicted metabolic pathway ethylmalonyl-CoA 

may reduce intestinal inflammation as previous studies. Our 

findings may clarify a newly potential pathophysiology of POR 

and indicate the specific fecal microbiota as diagnostic bio-

marker for POR.
Until now, only few studies have investigated the associations 

of fecal microbial communities and disease status in patients 

with CD after surgery [15, 26]. Recently, Kathleen et al. [15] found 

an enrichment of Fusobacterium but a depletion of Bifidobacterium 

in feces of POR patients through 16S rRNA gene sequencing- 

based approach. Using genetic analysis GA-map technology, 

another study found a higher abundance of Actinobacteria and 

a reduced abundance of Alistipes in the patients with POR [26]. 

Figure 3. Lactobacillus (A) and Streptococcus (B) were closely correlated with non-POR by microbiome multivariable association with linear models after 
adjusting the confounding factors (P< 0.01). POR ¼ postoperative recurrence.

Figure 4. Kaplan–Meier’s curve showed the proportion of patients with non-POR of CD in different abundance of (A) Streptococcus and (B) Lactobacillus. 
CD ¼ Crohn’s disease, POR ¼ postoperative recurrence.

Table 2. Sterptococcus is significantly enriched in the non-POR group by two independent cohorts

Cohort Order Family Genus Non-POR POR log2 Fold change P.adjust

UNC Lactobacillales Streptococcaceae Streptococcus 0.00487 (n¼ 11) 0.00033 (n¼ 9) −2.31217 0.000061
WashU Lactobacillales Streptococcaceae Streptococcus 0.000533 (n¼43) 0 (n¼ 21) −2.10746 1.96E-11

POR ¼ postoperative recurrence.
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In this study, we found that the abundance of Flavonifactor was 
markedly enriched in the patients with POR, while the 
Streptococcus and Lactobacillus strongly related to non-POR. 
Flavonifractor is a genus which potentially influences oxidative 
stress and inflammatory reaction [27]. Previous results have 
shown the association of Flavonifractor with increased oxidative 
stress and low-grade inflammation in patients with active CD 
[28], which is consistent with our result.

In addition, we found the enrichment of Streptococcus and 
Lactobacillus was positively associated with non-POR. Lactobacillus 
has been confirmed to have anti-inflammatory function in 
patients with CD after induced remission [29, 30]. Administration 
of Lactobacillus is beneficial for alleviating inflammation in post- 
infectious irritable bowel syndrome mouse model [31]. 
Streptococcus has been reported to improve glucose metabolism, 
producing lactic acid and acetic acid, as well as relieving chronic 
inflammation [32]. The high abundance of fecal Streptococcus 
from patients with ileal CD was associated with small intestinal 
mucosal healing [16]. Shahir NM et al. [5] recently also noted a 
common lower abundance of Streptococcus in resected bowel of 
patients with CD who developed POR in two independent cohorts. 
Moreover, we indicated that Streptococcus was positively corre-
lated with the disease remission during the postoperative period, 
indicating the anti-inflammation role of Streptococcus.

Furthermore, we found that Streptococcus was related to the 
functions of three carbon metabolic pathways, i.e. heterolactic 
fermentation, Bifidobacterium shunt and ethylmalonyl-CoA 
pathways. Among them, Bifidobacterium shunt is a unique, ef-
fective central fermentative pathway of bifidobacterial, and can 
product acetate and lactate [33]. Bifidobacterium contributes to 
antibacterial and viral properties, anti-inflammatory properties, 
and immune enhancement, exhibiting antioxidant activity [33]. 
The ethylmalonyl-CoA pathway is an anaplerotic reaction se-
quence in the central carbon metabolism of some gut microbiota. 
Increased ethylmalonyl-CoA pathway may suggest increased 
amount of succinate which can be used to produce butyrate to 
ameliorate the DSS-induced colitis inflammation [25]. These 
findings support the complex impact of gut environment on gut 
microbiota function and interactions between bacterial commu-
nities, as changes in gut microbiota composition and function 
may lead to different outcomes in postoperative CD.

There are some limitations in our study. Firstly, this is a 
single-center study with limited fecal samples, and the baseline 
characteristics had some unbalanced distribution of sex. We 
used multivariate correlation analysis to adjust sex and 

postoperative medication to avoid these potential confounding 

effects. Secondly, all patients included were hospitalized patients 
with relatively severe conditions. There is a certain bias in pa-
tient selection. Thirdly, this study lacks baseline fecal microbiota 

data before treatment to investigate the relationship between 
pre-treatment characteristics of fecal microbiotas and postoper-
ative outcome. And we will investigate the alterations of fecal 

microbiota before and after operation or treatment in the future 
prospective study.

Conclusion
In conclusion, the abundance of Streptococcus is closely related to 
maintain endoscopic remission after surgery in patients with CD. 
The characteristic changes of fecal microbial communities may 

become the potential biomarker for diagnosis of POR.
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