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Supplementary Figures
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Comparison of gut microbiome composition and microbiome function in different clusters.

Comparison of (A) diversity (Shannon index) (Two-sided Wilcoxon rank-sum test) and (B) PCoA plot
illustrating multi-biome diversity in the two clusters (Cluster 1, n=63; Cluster 2, n=70) (PERMANOVA,
Adonis test, p < 0.001). The circles indicate the cluster of centroids. (C) Microbiome function profiling
of patients with COVID-19. Volcano plot showing the effect size log2 fold change (x-axis) and
significance (y-axis) of the levels of function between the two clusters. (D) The urea cycle pathway
(Log 10 relative abundance) was positively correlated with detected blood urea levels. Error bands
reflect the 95%Cl. R and P values were calculated by two-sided Spearman Correlation. (E) The blood
urea level was significantly higher in Cluster 1. Differences between groups were evaluated by the
two-sided Wilcoxon rank-sum test. In A, E, the horizontal line in the boxplot indicates the median value.
Box plot lower and upper hinges correspond to the first and third quartiles, upper and lower whiskers

represent the highest and lowest values within 1.5 times the interquartile range.
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Comparison of positive duration and viral load in respiratory and stool samples of COVID-19 patients

(A) Vial shedding duration in respiratory samples and (B) viral load in stool samples of patients in
Cluster 1 was significantly higher than in Cluster 2 (Cluster 1, n=63; Cluster 2, n=70). In A-B, the line in
the boxplot indicates the median value. Box plots lower and upper hinges correspond to the first and
third quartiles, upper and lower whiskers represent the highest and lowest values within 1.5 times the
interquartile range. (C) Positive and negative numbers of SARS-CoV-2 in baseline stool samples

detected by RT-gPCR from COVID-19 Patients (n=79).

evaluated by the two-sided Wilcoxon rank-sum test

Differences between groups in A-C were
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Supplementary Fig. 3 Urea cycle in different clusters. (A) The relative abundance of urea cycle in
Cluster 1 and Cluster 2 (Cluster 1, n=63; Cluster 2, n=70). Differences between groups were
evaluated by the two-sided Wilcoxon rank-sum test. (B) Schematic diagram of urea cycle showing
the enzymes involved and intermediate metabolites. (C) Relative abundance of involved enzymes in
Cluster 1 and Cluster 2 (Cluster 1, n=63; Cluster 2, n=70). Differences between groups were
evaluated by the two-sided Wilcoxon rank-sum test. (D) Contribution of microbes to the relative
abundance of K01940 (argininosuccinate synthase). Differences between groups were evaluated by
the two-sided Wilcoxon rank-sum test. In A,C, the horizontal line in the boxplot indicates the median
value. Box plots lower and upper hinges correspond to the first and third quartiles, upper and lower
whiskers represent the highest and lowest values within 1.5 times the interquartile range.
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Supplementary Fig. 4 Comparison of metabolite pathway and detected levels in two clusters (Cluster

1, n=63; Cluster 2, n=70), and correlations between pathways and detected metabolites of (A-C) acetic
acid. (D-F) L-isoleucine biosynthesis, (G-H) L-isoleucine degradation, and (I-K) L-arginine. In A,C,D,G,I
K, differences between groups were evaluated by the two-sided Wilcoxon rank-sum test. The
horizontal line in the boxplot indicates the median value. Box plots lower and upper hinges correspond

to the first and third quartiles, upper and lower whiskers represent the highest and lowest values
within 1.5 times the interquartile range. In B,E,H,J, error bands reflect the 95%CI. R and P values were
calculated by two-sided Spearman Correlation.
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Supplementary Fig. 5 Longitudinal analysis of gut microbiota diversity in patients with COVID-19 at
baseline, 3-month follow-up and 6-month follow-up in subjects of Cluster 1 (A) (Cluster 1, n=56 for
baseline, n=38 for 3-month, n=42 for 6-month) and Cluster 2 (B) (Cluster 2, n=70 for baseline, n=37
for 3-month, n=37 for 6-month). In A-B, the horizontal line in the boxplot indicates the median value.
Box plots lower and upper hinges correspond to the first and third quartiles, upper and lower whiskers
represent the highest and lowest values within 1.5 times the interquartile range. Differences between
groups in A-B were evaluated by the one-sided Wilcoxon rank-sum test. Principal Coordinate Analysis
(PCoA) (PERMANOVA, Adonis test) of multi-biome of patients at baseline, 3-month follow-up, and 6-
month follow-up in subjects of Cluster 1 (C) and Cluster 2 (D). Shannon diversity (E) (One-sided
Wilcoxon rank-sum test) and PcoA (F) (PERMANOVA, Adonis test) of gut microbiome composition of
subjects without PACS in Cluster 2 at baseline, 3-month follow-up, and 6-month follow-up (n=24 for
baseline, n=24 for 3-month, n=24 for 6-month).
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Supplementary Fig. 6

Correlations between viral shedding duration and top 10 contributors (A-J) for the prediction model.

Error bands reflect the 95%CI. R and P values were calculated by two-sided Spearman Correlation.
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Supplementary Fig. 7 Network analysis of the interactome of COVID-19 patients (A) Venn diagram
summarizing the observed interactions of the multi-biome. (B) Summary table listing network
characteristics of Cluster 1 and Cluster 2, highlighting the total number of detectable microbes in each
network and the total number of interactions. Total and overlapping number of interactions in two
clusters. (C) Summary of the positive or negative association numbers between bacteria, fungi and
viruses in two clusters. Visualization of interactome interactions between the taxa of bacteria, fungi
and viruses in Cluster 1 (D), and Cluster 2 (E). Colored circles represent microbes and lines represent
their associated interactions. Circle size (degree) reflects the number of direct interactions for a given
microbe. Circle border thickness represents calculated stress centrality for each microbe, while color
depth reflects the betweenness centrality (the ‘influence’) of the microbe in the network. (F)
Microbial network graphs in clusters centering on the Ruminococcus gnavus node. Microbes directly
interacting with Ruminococcus gnavus are colored to reflect positive (red) or negative (blue)
interactions.



