Data S5: Compositional Analysis of CITE-seq Data, Related to
STAR Methods

Related to STAR Methods: CITE-seq: composition analysis.
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Composition analysis

Composition analysis of cell types

Frequency of cell types out of total PBMCs by clinical category
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1: Cell type frequency by clinical category. The box plots show the median and the first and third quartiles; whiskers

show 1.5 x the interquartile range above and below the box. Cell types are ordered alphabetically. Related to STAR
Methods: CITE-seq: composition analysis.
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2: Cell type PCA and association tests. (A) PCA plot for all clinical categories. Percentage of variance explained by each
PC is shown in the brackets. (B) Loadings of cell types on PC1 from analysis including all clinical categories. (C)
Association test between top PCs and source (clinical category), age, sex, and sample pool for all clinical categories. (D)
PCA plot for hospitalized COVID-19. Percentage of variance explained by each PC is shown in the brackets. (E)
Loadings of cell types on PC1 from analysis of hospitalized COVID-19 cases. (F) Association test between top PCs and
clinical, demographic and experimental variables for hospitalized COVID-19 cases. Significance tested using Benjamini-
Hochberg-corrected ANOVA. Related to STAR Methods: CITE-seq: composition analysis.

Clinical_radiological_thromboembolus



Cell types - edgeR differential abundance analysis

A Differential abundance analysis - Cell type level B Covariate analysis - all clinical categories
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Abbreviations: B: B cells; HSC: haematopoietic stem (and progenitor) cells; MNP: mononuclear phagocytes; NK: natural killer
cells; PB: plasmablasts; PLT: platelets/CD34- megakaryocyte progenitors; T: T cells

C Covariate analysis - hospitalised COVID-19
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3: Cell type differential abundance analysis. (A) Cell type differential abundance analysis between clinical categories,
controlling for age, sex and sample pool effects. (B) Cell type covariate analysis for source (clinical category), age, sex
and sample pool for all clinical categories. (C) Cell type covariate analysis for clinical, demographic and experimental
variables for hospitalized COVID-19 cases. Significance tested using Benjamini-Hochberg-corrected ANOVA. Related to
STAR Methods: CITE-seq: composition analysis.




Composition analysis of major cell subsets

Frequency of major subsets out of total PBMCs by clinical category
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4: Maijor cell subset frequency by clinical category. Box plots show the median and the first and third quartiles; whiskers
show 1.5 x the interquartile range above and below the box. Major subsets are ordered alphabetically. Related to STAR
Methods: CITE-seq: composition analysis.
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5: Major cell subset PCA and association tests. (A) PCA plot for all clinical categories. Percentage of variance explained
by each PC is shown in the brackets. (B) Loadings of major subsets on PC1 from analysis including all clinical
categories. (C) Association test between top PCs and source (clinical category), age, sex, and sample pool for all clinical
categories. (D) PCA plot for hospitalized COVID-19. Percentage of variance explained by each PC is shown in the
brackets. (E) Loadings of major subsets on PC1 from analysis of hospitalized COVID-19 cases. (F) Association test
between top PCs and clinical, demographic and experimental variables for hospitalized COVID-19 cases. Significance
tested using Benjamini-Hochberg-corrected ANOVA. Related to STAR Methods: CITE-seq: composition analysis.




Maijor subsets - edgeR differential abundance analysis

A Differential abundance analysis - Major subset level
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C Covariate analysis - hospitalised COVID-19
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6: Major cell subset differential abundance analysis. (A) Major subset differential abundance analysis between clinical
categories, controlling for age, sex and sample pool. (B) Major subset covariate analysis for source (clinical category),

age, sex and pool for all clinical categories. (C) Major subset covariate analysis for clinical, demographic and

experimental variables for hospitalized COVID-19 cases. Significance tested using Benjamini-Hochberg-corrected
ANOVA. Related to STAR Methods: CITE-seq: composition analysis.




Composition analysis of minor cell subsets

Frequency of minor subsets out of total PBMCs by clinical category
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Abbreviations: B: B cell; cDC: classical dendritic cell; cMono: classical monocyte; cyc: cycling; DN: CD4/CD8 double negative T cell; DP: CD4/CDS8: double positive T cell; GDT: gamma delta T cell; hi: high; HSC:
haematopoietic stem (and progenitor) cell; iNKT: invariant NKT cell; INT/int: intermediate; atient; MAIT: mucosal associated invariant T cell; MEM: memory; mito: mitochondrial; ncMono: non-classical
monocyte; neg: negative; NK: natural killer cell; PB: plasmablast; pDC: plasmacytoid dendritic cell; PLT: platelet/CD34- megakaryocyte progenitor; prolif: proliferating; TCM: T central memory; TEFF: T effector;
TEM(RA): T effector memory (CD45RA re-expressing); TREG: T regulatory cell; RET: reticulocytes

7: Minor cell subset frequency by clinical category. Box plots show the median and the first and third quartiles; whiskers
show 1.5 x the interquartile range above and below the box. Minor subsets are ordered alphabetically. Related to STAR
Methods: CITE-seq: composition analysis.
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F PCA association test - hospitalised COVID-19
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8: Minor cell subset PCA and association tests. (A) PCA plot for all clinical categories. Percentage of variance explained
by each PC is shown in the brackets. (B) Loadings of minor subsets on PC1 from analysis including all clinical
categories. (C) Association test between top PCs and source (clinical category), age, sex, and sample pool for all clinical
categories. (D) PCA plot for hospitalized COVID-19. Percentage of variance explained by each PC is shown in the
brackets. (E) Loadings of minor subsets on PC1 from analysis of hospitalized COVID-19 cases. (F) Association test
between top PCs and clinical, demographic and experimental variables for hospitalized COVID-19 cases. Significance
tested using Benjamini-Hochberg-corrected ANOVA. Related to STAR Methods: CITE-seq: composition analysis.




Minor subsets - edgeR differential abundance analysis

A Differential abundance analysis - Minor subset level B Covariate analysis - all clinical categories
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C Covariate analysis - hospitalised COVID-19
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9: Minor cell subset differential abundance analysis
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. (A) Minor subset differential abundance analysis between clinical

categories, controlling for age, sex and sample pool. (B) Minor subset covariate analysis for source (clinical category),
age, sex and pool for all clinical categories. (C) Minor subset covariate analysis for clinical, demographic and

experimental variables for hospitalized COVID-19 cases. Significance tested using Benjamini-Hochberg-corrected
ANOVA. Related to STAR Methods: CITE-seq: composition analysis.
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Composition analysis of T and natural killer cell clusters

Frequency (%)
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Frequency of clusters out of total T and natural killer cells by clinical category (2)
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Frequency (%)

Frequency of clusters out of total T and natural killer cells by clinical category (3)
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Frequency (%)

Frequency of clusters out of total T and natural killer cells by clinical category (4)
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Frequency of clusters out of total T and natural killer cells by clinical category (5)
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Frequency of clusters out of total T and natural killer cells by clinical category (6)
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Methods: CITE-seq: composition analysis.




T and natural killer (NK) cell clusters - PCA

A B PC1 - all clinical categories
02~ T cluster with increased abundance in PC1 Abbreviations: cyc:
10 1 Proliferating CD4+ T effector cell cluster 3 (CD4.TEFF.prolif.3) cycling; cytox: cytotoxic;
DN: CD4/CD8 double
negative; DP: CD4/CD8
54 double positive; GDT:
a i gamma delta T hi: high;
2 , 0.0 int: intermediate; lo: low;
& ( I3 MAIT: mucosal
- 0 \ % associated invariant T;
z \ g mito: mitochondrial; neg:
8 \ . S negative; NK: natural
& \\ killer; prolif: proliferating;
54 -0.2 fesp: responsive; TCM: T
\ central memory; TEFF: T
AN effector; TEM(RA): T
¢ A T and NK clusters with decreased abundance in PC1 effector memory
-10 . ) B CD4+ T effector memory cells (CD4.TEM) (CD45RA re-expressing);
- / CCD45RA+ CD8+ T effector memory cell cluster 3 (CD8.TEMRA.3) Th: T helper; TREG: T
— ~0.4- regulatory
T T T L U e e e e e e e e e L e e e N
- B N NN g BN E s E R NN MO0 EMO YN m NN mC N E NN ¥ AN SN
e i " O R R L e R L
PC1 (15.65%) B 82872 ,353 39588358 8 8P 00/ 2B 20 L BB/ W EERO 72922 222
] fragr 2E2 2P OCE2ANs 0320 2220 ERR AN S R EC 2L EBZRESERNE]
B855¥shactezs: abby B205080z58E5 00k 0053238080530 023°858385R°
-+ Healthy COVID_community =288 :9% 888 BQ:E gg £ 833*°:§3§Z; zx ;8350 88%555 ;§55E§§
< g z
COVID_IP_mild Flu_IP 38%% 388 935 8 8 £8 3§ 38585 8 8288 288E8E Z°E8Z
P L °g °g £03 o & o zgz © Sozg °0%z5g ga 0
COVID_IP_severe Sepsis_IP v} z z ° 3 § g8 59 ] 38 88
] 2E Z
- COVID_IP_critical = ° oL 8 a
¥ < > [}
z <
&
3
C PC2 - all clinical categories D PCA association test - all clinical categories
T an NK clusters with increased abundance in disease
0.2 Proliferating CD8+ T effector cell cluster 3 (CD8.TEFF.prolif.3)
Proliferating CD8+ T effector cell cluster 2 (CD8.TEFF.prolif.2)
Proliferating CD8+ T effector cell cluster 1 (CD8.TEFF.prolif.1) Source
»
2 II
£ 004 II IIIIIII
8
8
3
-02
T and NK clusters with increased abundance in health
W CCL5+ CD8+ mucosal associated invariant T cells low for cytotoxicity markers cluster 1 (MAIT.CD8.CCL5.cytox_lo.1)
CCL5+ CD4/CD8 double-negative mucosal associated invariant T cells low for cytotoxicity markers cluster 1 (MAIT.DN.CCLS.cytox_lo.1)
rrrrrrrrrrrrrrrrrrrrrrrr1r1rrrr1r1r1r1rr1r1r 110t 1T 1T 1T T T 1T 1T T T T T i i T 1T i T 1T 1T 1T 1T
N C? NN BN S ONT BT Em TR NN BON Em S - QN LN E ¥ O m R NS ND e e E N
EESEFos g SWEWEE §2 1 £EES -8z L SElaeErcTEix sz E £9 8 s S
922523999993&‘ B R N R A R R R R
SRt e F EE A 8SESF0EZ8ER 2585288558082 U0EZn0EE E< 38053288
et <=8032vs-t8ra<0bE223FE50282 B0 25580588v8225:3223%
HEPEUOaUEFEEl w3Znob 08U 23 330 3008 229 HEZ £PE0®2°284a0E084x
SEEsEosszELe O° dax OEm-Z8°% 8683 © 5 8% 298 532 gogd585033
g88dgxdamEzgx 3 cg8§g E o 8 3] Q S e 88 o808 00O
0000RZ00k 53 2 o0 S8e Z Z E E o0 $0 O zw
3] 28 ) 5% o8 8 s 3 b4 3 88 TN QN QD
X 8o > o Q a3 38 > EQ 000000000
“ 8 <] o 8 sE codaoaoaaaa
3 ¥ s =3
z =
5
[

1og, FOR>® “0 *P<0.05 ** P.<0.01 *** P.<0.001

F PC1 - hopitalised COVID-19
N\ 02 |
g - \ 00 IIIIIIII I l | | ..---—____ -
S o | KA T cluster with increased abundance in PC1 .lII
= | [} Proliferating CD4+ T effector cell cluster 3 (CD4.TEFF.prolif.3)
S \ . £
g . 3
\ S g -024
-0.4 - T and NK clusters with decreased abundance in PC1
W CD4+ T effector memory cells (CD4.TEM)
=10 . . . . . CD45RA+ CD8+ T effector memory cell cluster 1 (CD8.TEMRA.1)
-10 -5 0 5 10
PC1(20.07% -0.6 -1
( ) rrrrrrrrrrrrrrrrrrrrrrr o111 1T 11T
COVID_IP_mild U ufsFEY e e U i EbEE e S5 EEEndeEdzzE3d
- S22 g3 =8 23 s £ E 2 g & 58268
COVID_IP_severe S355FE505g683505235 8 ESE03535238 30k =83¢cE8z2¢z 3
) SEGES orB83gdg3zen £ olhi=38 3% EhEFSOF 30y Ok O E O
- COVID_IP_critical Le33FfB8gs opE®%088E0 ZEEDSCORY g&huéag§z§ gxgg
28°°835°2 g2 ¢ §°¢ 8388 °“2g8gg g & B8*7gS
8 2 c8g 2 88 £ g = 86880 88588 g e g
a8 o 9 2 5 3 & a ]
o X 3 =) > 2 o o
g z 8 § S
G PCA association test - hospitalised COVID-19 2 E b
o
Age
Weight
WHO_ordinal l . B .
HO_ordnal oL sempe 11: T and NK cluster PCA and association tests.
Ventilation_status_sample
Source
507 02 (A) PCA plot for all clinical categories. Percentage of variance explained
Sex . . .
poc by each PC is shown in the brackets. (B) Loadings of T and NK clusters on

bersars v PC1 from analysis including all clinical categories. (C) Loadings of T and
Oxygen_status_sample

g NK clusters on PC2 (associated with source as shown in (D)), from

02_Fi02_ratio

Newtophiount analysis including all clinical categories. (D) Association test between top
i PCs and source (clinical category), age, sex, and sample pool for all

Max_temperature_24hrs.

Lmenocyte_count clinical categories. (E) PCA plot for hospitalised COVID-19. Percentage of

Fever_at_sample

Emvicty variance explained by each PC is shown in the brackets. (F) Loadings of T

Deceased

ays_sympon_to._sampe and NK clusters on PC1 from analysis of hospitalised COVID-19 cases.

Days_symptom_admission

Cirical radiological thromboertus (G) Association test between top PCs and clinical, demographic and

CRP_high . . . . . e
53855858825 8018 experimental variables for hospitalised COVID-19 cases. Significance

tested using Benjamini-Hochberg-corrected ANOVA. Related to STAR
oo FoR C2pl 00 - <005~ p 200t P <0001 Methods: CITE-seq: composition analysis.

0.1

17



T and natural killer (NK) cell clusters - edgeR differential abundance analysis

Differential abundance analysis - T and NK clusters

B Covariate analysis - all clinical categories
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12: T and NK cluster differential abundance analysis. (A) T and NK cluster differential abundance analysis between
clinical categories, controlling for age, sex, and sample pool. (B) T and NK cluster covariate analysis for source (clinical
category), age, sex and pool for all clinical categories. (C) T and NK cluster covariate analysis for clinical, demographic
and experimental variables for hospitalized COVID-19 cases. Significance tested using Benjamini-Hochberg-corrected
ANOVA. Related to STAR Methods: CITE-seq: composition analysis.
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Composition analysis of B and plasmablast cell clusters

Frequency of clusters out of total B and plasmablast cells by clinical category
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13: B and PB cluster frequency by clinical category. Box plots show the median and the first and third quartiles; whiskers
show 1.5 x the interquartile range above and below the box. Clusters are ordered alphabetically. Related to STAR
Methods: CITE-seq: composition analysis.
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14: B and PB PCA and association tests. (A) PCA plot for all clinical categories. Percentage of variance explained by
each PC is shown in the brackets. (B) Loadings of B and PB clusters on PC1 from analysis including all clinical
categories. (C) Association test between top PCs and source (clinical category), age, sex, and sample pool for all clinical
categories. (D) PCA plot for hospitalized COVID-19. Percentage of variance explained by each PC is shown in the
brackets. (E) Loadings of B and PB clusters on PC1 from analysis of hospitalized COVID-19 cases. (F) Association test
between top PCs and clinical, demographic and experimental variables for hospitalized COVID-19 cases. Significance
tested using Benjamini-Hochberg-corrected ANOVA. Related to STAR Methods: CITE-seq: composition analysis.
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B and plasmablast (PB) cell clusters - edgeR differential abundance analysis

A Differential abundance analysis - B and PB clusters B Covariate analysis - all clinical categories
cs [l Fu_iseosis IIEEE
[ cs | o~
B.NAIVE.IFN.res|
» e . pe
PB.cyc — PP * * _[
PB _ o aw - ° PB.cyc
-2
B.TRANSIT.CD10 — * | B.UNSW.MEM
B.int.2.unsw — * B.TRANSIT.CD10
*P<0.05
B.mitohi.1 — e L% P <0.01 B.NAIVE.IFN.resp
B.NAIVE — ** ** " P<0.001 B.SW.MEM.2
B.NAIVE.CD1o - - =N : Bint2unsw
B.UNSW.MEM B.int.2.early.act/sw.2
B.SW.MEM.1 — @
B.mitohi.1
B.SW.MEM.2 —

B.cyc — * B.NAIVE.CD1c
B.int.2.early.act/sw.1 — ** @ B.NAIVE
B.int.2.early.act/sw.2 — B.cyc

E‘ U‘J ‘-‘) ‘E é ‘Q t/‘) (‘) L‘) (‘) L‘) B.int.2.early.act/sw.1
o o o £ [ 2 [$) o ] 8] )
3 8 & B.SW.MEM.1
»n
(] O

Pool
Age
Sex

@
<4
H
o

)

Abbreviations: act: activated; cyc: cycling; hi: high; int: intermediate; MEM: memory; mito: mitochondrial; PB:
plasmablast; resp: responsive; SW/sw: switched; TRANSIT: transitional: UNSW/unsw: unswitched

w

1

-log,FDR 2_ *P<0.05 ** P.<0.01 *** P.<0.001
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15: B and PB cluster differential abundance analysis. (A) B and PB cluster differential abundance analysis between
clinical categories, controlling for age, sex and sample pool. (B) B and PB cluster covariate analysis for source (clinical
category), age, sex and pool for all clinical categories. (C) B and PB cluster covariate analysis for clinical, demographic
and experimental variables for hospitalized COVID-19 cases. Significance tested using Benjamini-Hochberg-corrected
ANOVA. Related to STAR Methods: CITE-seq: composition analysis.
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Composition analysis of mononuclear phagocyte clusters

Frequency (%)

Frequency of clusters out of total mononuclear phagocytes by clinical category
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16: MNP cluster frequency by clinical category. Box plots show the median and the first and third quartiles; whiskers
show 1.5 x the interquartile range above and below the box. Clusters are ordered alphabetically. Related to STAR
Methods: CITE-seq: composition analysis.
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17: MNP cluster PCA and association tests. (A) PCA plot for all clinical categories. Percentage of variance explained by

each PC is shown in the brackets. (B) Loadings of MNP clusters on PC1 from analysis including all clinical categories.

(C) Association test between top PCs and source (clinical category), age, sex, and sample pool for all clinical categories.
(D) PCA plot for hospitalized COVID-19. Percentage of variance explained by each PC is shown in the brackets. (E)
Loadings of MNP clusters on PC1 from analysis of hospitalized COVID-19 cases. (F) Association test between top PCs
and clinical, demographic and experimental variables for hospitalized COVID-19 cases. Significance tested using
Benjamini-Hochberg-corrected ANOVA. Related to STAR Methods: CITE-seq: composition analysis.
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Mononuclear phagocyte (MNP) clusters - edgeR differential abundance analysis

A Differential abundance analysis - MNP clusters B Covariate analysis - all clinical categories
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18: MNP cluster differential abundance analysis. (A) MNP cluster differential abundance analysis between clinical
categories, controlling for age, sex and sample pool. (B) MNP cluster covariate analysis for source (clinical category),
age, sex and pool for all clinical categories. (C) MNP cluster covariate analysis for clinical, demographic and
experimental variables for hospitalized COVID-19 cases. Significance tested using Benjamini-Hochberg-corrected
ANOVA. Related to STAR Methods: CITE-seq: composition analysis.
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