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Applications for single-cell RNAseq in 
immunology 
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Figure 1. (Key Figure): Single Cell RNA-Sequencing Analysis Outline
The standard workflow of single cell RNA-sequencing (scRNA-seq) studies begins with 
isolation of single cells; followed by library generation and high throughput RNA 
sequencing. Multiple computational and bioinformatics tools exist for quantifying gene 
expression. In general, these tools report the amount of reads that are associated with a 
specific gene, typically normalizing for gene length and library size. Before gene expression 
quantification, it is important to perform quality control analyses, including filtering for 
reads quality and eliminating cells with overall low library size. After quantification, batch 
effect, dropout effect and amplification bias should also be considered in normalizing 
scRNA-seq gene expression data (see Figure 2). Ultimately, scRNA-seq data can be 
subjected to dimensionality reduction algorithms to reveal different cell subpopulations, 
potentially infer their developmental trajectory during a dynamic process, and, if applicable, 
use sequencing data to identify their adaptive receptor sequence to assess questions of 
clonality and specificity. See Box 1 for an example of a typical processing pipeline.
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Material and Methods 
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• Blood samples from 10 COVID-19 patients
Early recovery stage (ERS) à time to neg. PCR < 7 days

Late recovery stage (LRS) à time to neg PCR > 14 days

• Preparation of single cell libraries bioinformatic processing with

Seurat v3 in R (integration, dimensional reduction, clustering, 

differential gene expression .. ) 

• GO – Term analysis and KEGG pathway analysis (Metascape

webtool) 

• TCR/BCR V(D)J sequencing and analysis

• Cell – cell interaction analysis
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Study design and analysis of single immune cell profiling
in COVID-19 patients. 
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Distribution of NK and T, B, and myeloid cells in the blood
of convalescent patients with COVID-19. 
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Differences in gene expression for the three main clusters 
between groups
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Myeloid cell subsets and their states in the blood of
convalescent patients with COVID-19
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Top DEGs between COVID-19 patients and HCs in 
CD14++ monocytes. 
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GO BP enrichment analysis of the DEGs of CD14++ 
monocytes upregulated in COVID-19 patients. 
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Characterization of T and NK cell responses in the blood
of recovered COVID-19 patients
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Top DEGs between COVID-19 patients and
HCs in CD4+ T cells
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Characterization of single-cell B cells in COVID-19 
patients
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GO BP enrichment analysis of the DEGs of MPB cells
between the COVID-19 patients vs. the HCs. 
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Expanded BCR clones and biased usage of VDJ genes 
observed in the COVID-19 patients

16

Clone 
(n=2)

maximum

pe
rc

en
ta

ge
 o

f e
xp

an
de

d 
cl

on
es

 (n
≥2

)

4/5

0/5

1/5

pe
rc

en
ta

ge
 o

f m
ax

im
um

 c
lo

ne
s

ERSHC LRS

b

d

UMAP_1

U
M

A
P

_2

UMAP_1

U
M

A
P

_2

UMAP_1

U
M

A
P

_2

a

c

ERS

LRS

e

f

Non-clonal
Clonal

Non-clonal
Clonal

Non-clonal
Clonal

Clonal B cells versus Non-clonal B cells 

Down Up

The heatmap of V-J gene in the IGH of ERS group 

count

Fig. 6 (See legend on next page.)

Wen et al. Cell Discovery �����������(2020)�6:31� Page 13 of 18

Clone 
(n=2)

maximum

pe
rc

en
ta

ge
 o

f e
xp

an
de

d 
cl

on
es

 (n
≥2

)

4/5

0/5

1/5
pe

rc
en

ta
ge

 o
f m

ax
im

um
 c

lo
ne

s

ERSHC LRS

b

d

UMAP_1

UM
AP

_2

UMAP_1
UM

AP
_2

UMAP_1

UM
AP

_2

a

c

ERS

LRS

e

f

Non-clonal
Clonal

Non-clonal
Clonal

Non-clonal
Clonal

Clonal B cells versus Non-clonal B cells 

Down Up

The heatmap of V-J gene in the IGH of ERS group 

count

Fig. 6 (See legend on next page.)

Wen et al. Cell Discovery �����������(2020)�6:31� Page 13 of 18

B1
B2
B3
B4

a

c

UMAP_1

U
M

A
P

_
2

MME IL4R CD38

CD27 MZB1 IGHA1

d

f
FOS, IGHA1, IGHG1, IGHM, JCHAIN, IGKC, IGLC2, JUN, NFKBIA, S100A8, XBP1

IGHA1, IGHA2, IGHM, JCHAIN, S100A8, S100A9

CD38, MIF, MZB1
JUN, POLR2L, ZFP36

LMAN1, P4HB, SSR4, XBP1, PDIA4, PDIA6, ERLEC1

MIF, P4HB, PSME2

JUN, PPIB, S100A9

LGALS1, NFKBIA, PRDX4

g h

e

b

Down Up
MPB: ERS vs HC

Up in MPBs of ERS

B1: naïve B

B2: memory B

B4: plasma B

B3: immature B

IL4R IRF1

Naive Memory Plasma Immature Naive Memory Plasma Immature

Naive Memory Plasma Immature Naive Memory Plasma Immature

Naive Memory Plasma Immature Naive Memory Plasma Immature

MZB1 CD38

IGHG1 IGHA1

3

2

1

0

E
x
p
re

s
s
io

n
 l
e

v
e
l

3

2

1

0

E
x
p
re

s
s
io

n
 l
e
v
e
l

4

3

2

1

0

E
x
p
re

s
s
io

n
 l
e
v
e
l

4

2

0

E
x
p
re

s
s
io

n
 l
e

v
e
l

3

2

1

0

E
x
p
re

s
s
io

n
 l
e

v
e
l

3

2

1

0

E
x
p
re

s
s
io

n
 l
e

v
e
l

HC
ERS

Fig. 5 (See legend on next page.)

Wen et al. Cell Discovery �����������(2020)�6:31� Page 11 of 18



17

Clone 
(n=2)

maximum

pe
rc

en
ta

ge
 o

f e
xp

an
de

d 
cl

on
es

 (n
≥2

)

4/5

0/5

1/5

pe
rc

en
ta

ge
 o

f m
ax

im
um

 c
lo

ne
s

ERSHC LRS

b

d

UMAP_1

UM
AP

_2

UMAP_1

UM
AP

_2

UMAP_1

UM
AP

_2

a

c

ERS

LRS

e

f

Non-clonal
Clonal

Non-clonal
Clonal

Non-clonal
Clonal

Clonal B cells versus Non-clonal B cells 

Down Up

The heatmap of V-J gene in the IGH of ERS group 

count

Fig. 6 (See legend on next page.)

Wen et al. Cell Discovery �����������(2020)�6:31� Page 13 of 18



18

Clone 
(n=2)

maximum

pe
rc

en
ta

ge
 o

f e
xp

an
de

d 
cl

on
es

 (n
≥2

)

4/5

0/5

1/5

pe
rc

en
ta

ge
 o

f m
ax

im
um

 c
lo

ne
s

ERSHC LRS

b

d

UMAP_1

UM
AP

_2

UMAP_1

UM
AP

_2

UMAP_1

UM
AP

_2

a

c

ERS

LRS

e

f

Non-clonal
Clonal

Non-clonal
Clonal

Non-clonal
Clonal

Clonal B cells versus Non-clonal B cells 

Down Up

The heatmap of V-J gene in the IGH of ERS group 

count

Fig. 6 (See legend on next page.)

Wen et al. Cell Discovery �����������(2020)�6:31� Page 13 of 18



19

a b

c d
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Fig. 7 Cell-to-cell communication among immune cells in the COVID-19 patients. a T cell-monocyte interactions, B cell-monocyte interactions,
B cell-T cell interactions, and monocyte-T cell interactions in the ERS COVID-19 patients. b DC-T cell interactions, DC-B cell interactions, and T cell-B
cell interactions in the LRS COVID-19 patients. c, d Schematics illustrating the key innate and adaptive immune cell functional alterations and main
differences in cell-cell communications in the ERS (c) and LRS (d) COVID-19 patients.
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ERS LRS

Given are expression scores of cytokines and 
respective receptors on pairs of cells between 
different cell types. 

In ERS: 
adaptive signals involved in
monocyte activation, inflammatory signalling

IL1β, CSF1, IL6, and CSF2 may be associated 
with cytokine storm. 

In LRS: 
DC ligands were predicted to interact B and 
T cell receptors involved in cell proliferation 
and the production of antibodies 
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schematics illustrating the key innate and adaptive immune cell functional alterations and
main differences in cell-cell communications in the ERS (1) and LRS (2) COVID-19 patients. 



Summary
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• Identified a hyper-inflammatory response in ERS patients

• Unique signatures of myeloid, NK and T, and B cells and pin- pointed
the changes in the epitopes of TCR and BCR 
à Offering promising opportunities for developing immunotherapies
using vaccines and neutralizing antibodies

• Propose CD14+ IL1β+ monocytes to become an important detection
marker for monitoring COVID-19 disease recovery

• ERS patients who recovered less than 7 days have a lower ratio of T and
NK cells, and these patients’ T cells express higher levels of
inflammatory genes, such as JUN, FOS, JUNB, and KLF6 



Conclusion
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• This study provided the first immune atlas of patients who have
recovered from COVID-19 

• Identified adaptive immune dysregulation after discharge

• Longitudinal studies of recovered patients in a larger cohort might help
to understand the long term consequences of the disease
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Thank you for your 
attention 


