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Immune cell profiling of patients with COVID-19 with mild, severe
and prognosis states revealed by single-cell RNA sequencing

WANG Zheng*, ZHANG Qian-yue*, SONG Huai-dong”
(Department of Molecular Diagnostics and Endocrinology ,Shanghai Ninth People's Hospital ,School of Medicine,
Shanghai Jiao Tong University,Shanghai 200011, China )

[ Abstract] Objective ~ To construct single-cell transcription landscape of peripheral blood
mononuclear cells (PBMCs) of patients with mild, severe and prognosis states of corona virus disease 2019
(COVID-19) , and to analyze the relationship between disease progression and host immune response.
Methods Single-cell RNA sequence (scRNA-seq) data of healthy controls and for severe, mild, early
recovery stage and later recovery stage PBMCs of patients with COVID-19 were obtained from public
databases. After the cells were clustered according to the expression profile of each cell, the cell subtypes of
each cluster were determined according to the known cell markers, and the proportion of each cell subtype
was counted. The differentially expressed genes of each cell subtype were analyzed. Results After quality

control, the 115 334 PBMCs were classified into 22 cell subsets. Among them, CD14+ monocytes,
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inflammatory monocytes, naive B cells and intermediate memory B cells significantly increased in PBMCs
of severe patients. The proportion of proliferative CD8+ T/NK cells significantly increased in T cells of
severe patients. XCL1+NK cells significantly decrease in PBMCs of severe patients. The proportion of
cDC2 cells and pDC cells were significantly increased in PBMCs of recovery patients. With the remission
and recovery of the disease, the proportion of NK cells in PBMCs increased gradually. The genes related to

leukocyte activation and immune regulation were upregulated in both disease stage and recovery stage.

202243 H,49(2)

Conclusion
prognosis states of COVID-19 varied greatly.
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A: UMAP projection of the 115 334 single cells from healthy controls (HC) and patients in mild, severe, early recovery and later recovery
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stages shows the formation of 10 clusters with the respective labels. Each dot represents a single cell colored according to the cell types. B: Violin
plots shows the expression distribution of selected canonical cell markers in the 10 clusters. The rows represent selected marker genes and the
columns represent clusters with the same color as in A.
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Fig1 Single-cell transcriptional landscape of PBMCs in HC and COVID-19 patients
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A: UMAP projection of the healthy control (HC) , mild, early recovery stage (ERS) and later recovery stage (LLRS) conditions. Each dot

corresponds to a single cell colored according to cell types.B: Bar plot shows cell compositions at a single sample level colored according to cell
types. C:Proportion of each cell type derived from severe (n=5) ,mild (n=5),ERS (n=5) ,LRS (n=5) and HC (n=5) samples colored according
to cell types. Error bars represent T + 5. for 5 HDs and 20 patients. ‘""P<C0.05, ¥ P<C 0.01, by two-sided unpaired Dunn’s (Bonferroni) test.
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Fig 2 Differences in cell composition of PBMCs in COVID-19 patients with mild and severe and prognosis states
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A': UMAP projection of monocytes, DC cells and NK cells. Each dot corresponds to a single cell colored according to cell type. B: Violin plots

shows the expression distribution of selected canonical cell markers in the clusters in A. The rows represent selected marker genes and the columns

represent clusters with the same color as in A. C: Proportion of cell clusters of PBMCs in A in different clinical conditions. " P<<0.05, ’P<C0.01,

by two-sided unpaired Dunn’s (Bonferroni) test. D: Enrichment analysis of DEGs are highly expressed in the monocytes cells of diseased group

compared with healthy controls. GO terms are labeled with name and ID, and sorted by -log,, (P) value. A darker color indicates a smaller P

value. The top 20 enriched GO terms are shown. E: Gene enrichment analysis is similar to D, but for DC cells. F: Gene enrichment analysis is

similar to D, but for NK cells.
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Fig 3 Proportion and transcriptome characteristics of congenital immune cell subsets
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A :UMAP projection of T cells. Each dot represents a single cell colored according to cell types. B: Violin plots show the expression distribution

of selected canonical cell markers in the clusters in A. The rows represent selected marker genes and the columns represent clusters with the same

color in A. C: Proportion of T cells of cell clusters in A in different clinical conditions. ‘" P<C0.05, “P<C0.01, by two-sided unpaired Dunn’s

(Bonferroni) test. D: Enrichment analysis of DEGs are highly expressed in the T cells of diseased group compared with healthy controls. GO terms

are sorted by —log,, (P) value. A darker color indicates a smaller P value. The top 20 enriched GO terms are shown. E: Gene enrichment analysis

of recovery group compared with healthy controls.
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Fig4 Proportion and transcriptome characteristics of T cell subsets
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A: UMAP projection of B cells. Each dot represents to a single cell colored according to cell type.B: Violin plots shows the expression

distribution of selected canonical cell markers in the clusters in A.The rows represent selected marker genes and the columns represent clusters with

the same color as in A.C: Proportion of B cells of cell clusters in A in different clinical conditions. Wp<0.05, ¥P<<0.01, by two-sided unpaired

Dunn’s (Bonferroni) test.D: Proportion of PBMCs of cell clusters with statistical differences in different clinical conditions.E : Enrichment analysis

of DEGs are highly expressed in B cells of diseased group compared with healthy controls. GO terms are labeled with name and ID, and sorted by

-log,, (P) value.A darker color indicates a smaller P value. The top 20 enriched GO terms are shown.F : Gene enrichment analysis similar to D, but

of recovery group compared with healthy controls.
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Fig5 The proportion and transcriptome characteristics of subsets of B cell
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