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ESI Table 1 Scoring of disease activity index
Score Weight loss (%) Stool consistency Occult blood or gross bleeding
0 None Normal Negative
1 1-5
2 5-10 Loose stool Hemoccult positive
3 10-15
4 > 15 Diarrhea Gross bleeding

Note: Disease activity index = (combined score of weight loss, stool consistency, and occult blood or gross bleeding)/3

ESI Table 2 Grading of histopathology of colon tissues
Score Severity of inflammation Depth of injury Crypt damage
0 None None None
1 Slight Mucosa Basal 1/3 damaged
2 Moderate Mucosa and submucosa Basal 2/3 damaged
3 Severe Transmural Only surface epithelium intact
4 – – Entire crypt and epithelium lost

Note: The histological score for each rat was a sum of the score of severity of inflammation, depth of injury, and crypt damage.

ESI Table 3 Selected preclinical and clinical studies reporting a significant 
increase in gut Akkermansia muciniphila in relation with disease

Study Country Disease 

model/disease

Characteristics of subjects and 
sample size

Sequencing method

Rodent models

Zhou et al. 

(2023)1

China Dextran sulfate 

sodium (DSS)-

induced ulcerative 

colitis (UC)

6–8 weeks old female C57BL/6 mice;
6 UC and 6 control

16S rRNA (V3-V4 region);

Illumina HiSeq 2500;

Paired-end 250 bp /300 bp

Lu et al.

(2023)2

China DSS-induced UC 5 weeks old male C57BL/6 mice;
8 UC and 8 control

16S rRNA (V3-V4 region);

Illumina Miseq PE300

Gao et al. 

(2023)3

China DSS-induced UC 8 weeks old female C57BL/6 mice;
6 UC and 6 control

16S rRNA (V3-V4 region);

Illumina MiSeq PE300

Jiang et al. 

(2022)4

China DSS-induced UC 7 weeks old male C57BL/6J mice;
5 UC and 5 control

16S rRNA (V3-V4 region);

Illumina NovaSeq;

Paired-end 250 bp

Huang et al. 

(2022)5

China DSS-induced UC 4–5 weeks old male C57BL/6N mice;
8 UC and 8 control

16S rRNA (V3-V4 region);

Illumina;

Paired-end 2 × 250 bp

Huang et al. China DSS-induced UC 8 weeks old male C57BL/6J mice;
15 UC and 15 control

16S rRNA (V3-V4 region);
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(2022)6 Illumina NovaSeq 6000

Hu et al. 

(2022)7

China DSS-induced UC 6–8 weeks old male C57BL/6 mice;
6 UC and 6 control

16S rRNA (V3-V4 region);

Illumina Miseq PE300

Humans

Jangi et al. 

(2016)8

USA Multiple sclerosis 60 patients and 43 healthy subjects 16S rRNA (V4 region);

Illumina MiSeq; 

Paired-end 2 × 150 bp

Cekanaviciute 

et al. (2017)9

USA Multiple sclerosis 71 patients and 71 healthy subjects 16S rRNA

Zhang et al. 

(2020)10

China Parkinson’s 

disease

63 patients and 137 healthy subjects 16S rRNA (V4 region);

Illumina HiSeq PE250

Tan et al. 

(2021)11

Malaysia Parkinson’s 

disease

104 patients and 96 healthy subjects 16S rRNA (V3-V4 region);

Illumina Hiseq 2500
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ESI Fig. 1 Design of animal trial. Twenty-four 8-week-old specific pathogen-free 
male Wistar wild-type rats were randomly divided into three groups: control, Dextran 
sulfate sodium (DSS), and probiotic groups (n = 8). All rats were acclimatized to the 
animal house environment for seven days before the trial. The rat colitis model was 
induced by administering DSS in their drinking water (DSS and probiotic groups) ad 
libitum for seven days. After that, rats in the control and DSS groups were daily 
gavaged with 2 mL sterile saline for 14 days, while rats in the probiotic group were 
daily gavaged with 2 mL sterile saline containing probiotic Lactiplantibacillus 
fermentum F6 (4 × 109 CFU/day) for 14 days.



ESI Fig. 2 Alterations of the gut microbial composition in rats with colitis. 
Significant differentially abundant bacterial taxa between the control and Dextran sulfate sodium 
(DSS) groups at the (A) phylum, (B) class, (C) order, (D) family, and (E) genus levels; evaluated 
by Wilcoxon rank-sum test.



ESI Fig. 3 Alterations of the gut microbial composition in colitis rats after the 
probiotic intervention. Significant differentially abundant bacterial taxa between the Dextran 
sulfate sodium (DSS) and probiotic groups at the (A) phylum, (B) class, (C) order, (D) family, and 
(E) genus levels; evaluated by Wilcoxon rank-sum test.



ESI Fig. 4 Interconnectedness of the gut microbiota of the control group based on the 
Spearman correlation algorithms. The node size represents the mean relative abundance of each 
bacterial taxon (arranged clockwise in descending order of abundance along the circle), and the 
node color indicates phylum. The red and blue lines between nodes represent negative and positive 
associations, respectively. Only correlations with absolute values of correlation coefficients above 
0.6 and P values less than 0.05 were shown.



ESI Fig. 5 Distribution of MetaCyc pathways encoded by the gut microbiota of the control, 
Dextran sulfate sodium (DSS), and probiotic groups. The upper half circle represents the three 
treatment groups, while the lower half circle represents the overall composition of the MetaCyc 
pathways across all groups.



ESI Fig. 6 Differences in gut microbiota-encoded MetaCyc pathways between the control and 
dextran sulfate sodium (DSS) groups. Differentially abundant MetaCyc pathways between the 
control and DSS groups are shown. Significant differences were evaluated by Wilcoxon rank-sum 
test.



ESI Fig. 7 Distribution of intestinal Akkermansia muciniphila in the fecal metagenome of the 
control, Dextran sulfate sodium (DSS), and probiotic groups. Statistical differences in the 
relative abundance of Akkermansia muciniphila between groups were evaluated by Kruskal-Wallis 
test followed by Wilcoxon rank-sum test. *P < 0.05 and NS (not significant).


