


Fig. S1 (A), schematic showing the overall study design. The scRNA-seq was applied to whole 
blood cells across three conditions and the output data were used for expression analyses. (B), 
Timeline of the course of disease for 11 patients infected with SARS-CoV-2 enrolled in our 
study. 

  





 

Fig. S2. (A) Violin plots showing expression of HLA-DRA by different cell clusters. (B) Violin 

plots showing the expression of CD163 by different cell clusters. (C) Absolute cell number 

counts in the blood from healthy, mild, and severe patients (D) UMAP plot showing the 

expression of S100A8 and S100A9 by neutrophils and monocytes. (E) Violin plots showing 

expression of S100A8 (up) and S100A9 (below) by neutrophils in different groups of patients. 

Asterisks on figures indicate statistical significance as follows: ****, P < 0.0001. 

  



Fig. S3 



 

Fig. S3 Protein-protein interaction networks of significantly up-regulated pathways (adjusted P-

value <0.05) in neutrophils from mild COVID19 patients compared with that from healthy 

controls. Color bar indicates fold change of genes between groups.  
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Fig. S4 GO pathways significantly enriched in up-regulated genes in every neutrophil 

cluster. 

  





 

Fig. S5 (A) Heatmap of neutrophil cluster size in every sample.  (B) Proportional change 

of neutrophil clusters during COVID19 progression. * p < 0.05 
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Fig. S6 GSEA analysis of significantly different GO pathway gene sets in selected 
neutrophil clusters from COVID19 patients compared with that from healthy controls. 
NES, normalized enrichment score. 

  



translation
peptide biosynthetic process

amide biosynthetic process
cellular macromolecule biosynthetic process

peptide metabolic process
cellular amide metabolic process

organonitrogen compound biosynthetic process
response to biotic stimulus

response to external biotic stimulus
response to other organism

biological process involved in interspecies interaction between organisms
cellular protein metabolic process

defense response to other organism
cellular macromolecule metabolic process

response to cytokine
inflammatory response

defense response
macromolecule biosynthetic process

cellular biosynthetic process
cellular nitrogen compound biosynthetic process

protein metabolic process
organic substance biosynthetic process

biosynthetic process
response to organic substance

immune system process
response to external stimulus

leukocyte activation
immune response
response to stress

lymphocyte activation
gene expression

regulation of response to external stimulus
carbohydrate derivative binding

nucleotide binding
nucleoside phosphate binding

purine ribonucleoside triphosphate binding
small molecule binding
ribonucleotide binding

purine ribonucleotide binding
purine nucleotide binding

ion binding
anion binding

catalytic activity
ATP binding

adenyl nucleotide binding
adenyl ribonucleotide binding
transcription regulator activity

hydrolase activity
innate immune response

regulation of immune response
immune effector process

positive regulation of immune response
response to organic cyclic compound

response to abiotic stimulus
response to bacterium

response to lipid
response to endogenous stimulus

regulation of cell activation
positive regulation of immune system process

regulation of cell population proliferation
cell population proliferation

regulation of leukocyte activation
regulation of transcription by RNA polymerase II
immune response−regulating signaling pathway

regulation of immune system process
transcription by RNA polymerase II
regulation of lymphocyte activation

cell activation
cellular response to organic cyclic compound

response to oxygen−containing compound
cellular response to endogenous stimulus

membrane organization
head development

positive regulation of response to stimulus
positive regulation of transcription by RNA polymerase II

response to organonitrogen compound
nervous system development

locomotion
generation of neurons

endocytosis
response to nitrogen compound

reproduction
reproductive process
neuron differentiation

cellular response to organic substance
negative regulation of cell population proliferation

regulation of cell cycle
regulation of cell migration

positive regulation of cellular biosynthetic process
response to hormone

plasma membrane bounded cell projection organization
positive regulation of nitrogen compound metabolic process

regulation of cell motility
cell projection organization

regulation of cellular component movement
cell cycle

neurogenesis
cell motility

localization of cell
regulation of locomotion

positive regulation of biosynthetic process
response to growth factor

movement of cell or subcellular component
cellular response to stress
animal organ development

cellular response to oxygen−containing compound
cell development

cellular developmental process
structural molecule activity
signaling receptor binding

RNA binding
regulation of cellular biosynthetic process

regulation of biosynthetic process
RNA biosynthetic process

nucleic acid−templated transcription
regulation of RNA metabolic process

regulation of transcription, DNA−templated
transcription, DNA−templated

regulation of nucleic acid−templated transcription
regulation of RNA biosynthetic process

regulation of nucleobase−containing compound metabolic process
regulation of macromolecule biosynthetic process

RNA metabolic process
nucleic acid metabolic process

positive regulation of transcription, DNA−templated
positive regulation of RNA biosynthetic process

positive regulation of nucleic acid−templated transcription
nucleobase−containing compound biosynthetic process

positive regulation of nucleobase−containing compound metabolic process
positive regulation of RNA metabolic process

positive regulation of macromolecule biosynthetic process
vesicle−mediated transport

cell surface receptor signaling pathway
homeostatic process

heterocycle biosynthetic process
response to chemical

metal ion binding
cation binding

cellular catabolic process
catabolic process

regulation of response to stimulus
regulation of cell death

1 4 6 7 9
Cluster

G
O

−1

0

1

2

NES

−log10(Adjusted.Pvalue)

2

4

6

8



 

Fig. S7 GSEA analysis of significantly different GO gene sets in selected neutrophil 
clusters from severe COVID19 patients compared with that from mild COVID19 
patients. 
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