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Extended Data Fig. 1 | Immunologic and virologic profiling in the 2020/2021 
cohort. a-c, Neutralizing antibody (NAb) titers and pooled peptide Spike-specific 
IFN-g responses against SARS-CoV-2 WA1/2020, Delta and BA.1 at < 30 days (a), 
90-180 days (b), and >180 days (c) after SARS-CoV-2 infection in the CC and the LC 

groups. d, Viral reads count for multiple viruses in the CC and LC groups.  
Group comparison is performed using the two-sided Mann-Whitney tests.  
Medians (red bars) shown for each group. For all plots P > 0.05 is considered  
not significant.
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Extended Data Fig. 2 | T cell dysfunction in the LC group. a, Scatter plots 
showing the correlation of T cell activation, PD-1 signaling and CD8 T cell 
exhaustion with JAK_STAT and JAK1 signaling pathways in the LC group at  
90-180 days after infection. The gray shadow covers the 95% confidence interval. 

b, Correlation plot between T cell responses and neutralizing titers for WH,  
Delta and Omicron variants and top pathways in the LC group. Circles show 
Spearman rank correlations (ρ); size scales with |ρ| and color encodes the  
two-sided t test p value. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Extended Data Fig. 3 | Persistent proinflammatory pathways in the 2020/2021 cohort. Heatmap showing the median ratio ssGSEA score shown as the LC/CC ratio 
(row-normalized) for each pathway at <30 days (LC, N = 6; CC, N = 5), 30-100 days (LC, N = 7; CC, N = 4), 100-200 days (LC, N = 22; CC, N = 5) and 200-365 days  
(LC, N = 22; CC, N = 6).
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Extended Data Fig. 4 | Acute inflammation is associated with long Covid in 
the 2020/2021 cohort. a-b, Dot plots showing the upregulated enriched blood 
transcriptomic pathways (a) and genes (b) increased in the LC group compared to 
CC at < 30 days post infection. c-d, Same as a-b for plasma proteomics pathways 

(c) and plasma markers (d). e, Bar plot showing the top key transcriptomic 
pathways identified by random forest analysis. The pathways are ranked in 
descending order of importance with respect to the accuracy of the model.  
f, same as e for the top key proteomics pathways.
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Extended Data Fig. 5 | Persistent upregulation of JAK_STAT and IL-6 pathways 
in the 2023/2024 cohort. a-b, Bar plots showing the number (X axis) and the 
proportion (next to each bar) of medication history and preexisting conditions 
in the LC and CC groups. c-d, Rank for leading genes in the IL6, JAK_STAT and JAK1 

pathways in the LC group at 90-180 (c) days and after 180 days (d) post infection. 
The x-axis represents each gene’s rank in the gene list, while the y-axis shows the 
corresponding GSEA rank metric score.
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Extended Data Fig. 6 | Plasma level of additional cytokines in the LC and the 
CC groups. a,b, Plasma level of additional cytokines measured by ELISA (a) and 
Mesoscale Discovery (MSD) (b) in LC (N = 19), CC (N = 13), and uninfected controls 

(N = 13); red horizontal bars indicate group medians; P values were assessed two-
sided Kruskal–Wallis tests with post-hoc pairwise comparisons used Dunn’s test 
with Bonferroni correction. P > 0.05 is considered not significant.
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Extended Data Fig. 7 | Random forest model in the combined 2020/2021 and 2023/2024 cohorts. Receiver Operating Characteristic (ROC) curves and area under 
the curve AUC showing the performance of random forest models trained on selected pathways at 180-365 days post infection.

http://www.nature.com/natureimmunology


Nature Immunology

Article https://doi.org/10.1038/s41590-025-02353-x

Extended Data Fig. 8 | Sex differences in the combined 2020/2021 and 
2023/2024 cohorts. a, Dot plots showing the upregulated enriched blood 
transcriptomic pathways upregulated (red gradient) or downregulated  
(blue gradient) in the female LC group (N = 29) compared to female CC (N = 14) at  

90-180 days post-infection. b-c, Pathway’s sample-level score (ssGSEA) 
comparing female (F) to male (M) in LC (b) and CC (c) groups. Group comparison 
is performed using the two-sided Mann-Whitney tests. Medians (red bars) shown 
for each group. For all plots P > 0.05 is considered not significant (ns).
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