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B Aol e YR plates Yol AFstgitt He U3 #A|ASH
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r
4,
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wash buffer7} 3= == A 73} o}
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H
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L
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et 18-25C9 A&l 30%3F 7tk ©olF 100 pLel stop
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Target Clone Conjugate Catalog number
CD3 Mouse, UCHT1 BV510 563109
CDh4 Mouse, RPA—-T4 BB515 564419
CD8 Mouse, SK1 PerCP 347314
CD69 Mouse, FN50 BV605 562989
CD137 Mouse, 4B4—-1 BV711 740798
IFN— 7y Mouse, B27 PE—-Cy™7 557643
IL—2 Mouse, 5344.111 APC 341116
TNF -« Mouse, Mab11 PE 557068
IL—4 Rat, MP4—-25D2 BV421 566274

A 2xdd aaT 3o

Heparin vacutainer (Becton Dickinson, NJ, USA) el &3l g
7HA AL v 22 dAR Exgd g4t s Feetith

WA 50 mL tubeo] N7} complete medium(RPMI 1640, 10%

fetal bovine serum, 10 mM HEPES, 2 mM L-—glutamine, 100 U/L
penicillin/streptomycin, 50 uyM 99% B —mercaptoethanol &%) <
1:1%2 43tk Ficoll tubee] 3143 deS 3 tubed Hth 20 mLA
= €3t o]% 1800 rpmellA 2021t 20CellA] break offdh AEHI =
A= SATH

dS 7 mL 7FF HEln @9F+5E F8ske] 50 mL tubeol

3 o i =
14 A 8-t i



Y3, complete mediume 30 mL7FA APtk ©]% 1500 rpmolA
5+-%F break onstil AoA A E QT ATHES HE

complete medium 10 mLE& Y3 600 rpmolA 5%7F break ondt

Oft

AHE AoA AR E st oAl ASdS WElal complete
medium 1 mLZ A|XE Egit}h

Dxgol G- 10 uL, phosphate buffered saline 80 uL, trypan

blue 10 yLE 42 H, ©] & 10 yLE hemocytometer®] %74 AE

5 Atk AlE FE A

rir

Zo} 1500 rpmollA 57t break ondk
BHE AR dAdREE Sdn AlE F Ae HHe] Eud
5X10° cells/mL7} ¥ %% freezing medium(CellBanker2, Zenoagq,
Fukushima, Japan)< ¥ 3 1 mL%® Z} cryotubed] #F3to] —70T 2]

AawAe] Basksiv

. & A=

Ao Bade xdY S5 Ao wEA =ola, 15
mL tube®] complete medium 10 mLE Y1 1 mL 33 o]&3}o]
=Ql dxd W5 &k o]F 1500 rpmeollA 5387F d4lielE

st H, ASAS WY g5 dS Fo] complete medium 1 mLE

Uxgol G- 10 ulL, phosphate buffered saline 80 uL, trypan

blue 10 yLE 42 H, ©] & 10 yLE hemocytometer®] %74 AXE
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F= AT °o]% 1500 rpmelA 523 A=A AP E sk,

culture medium (5% fetal bovine serum + 1%
penicillin/streptomycin) &  F7}38}¢3 10°  cells/mL7} 5=
8495t et

AAE FACS tube® H7|aL o3k 22 2 Ul 7HA 2eA
2443k gt kel

e F7F

—_

ii. of¥E AlxzmEUYUwHlolgA-2  whole spike @¥el
PepTivator® SARS—CoV—-2 Prot_S Complete (Miltenyi

Biotec, Bergisch Gladbach, Germany) (©]% whole spike
Agl® ¥%7])E 2uL/mL 5% F7}

iii.  oF¥¥ ApAFEUMtolH A -2 3l PepTivator® SARS—
CoV—2 Prot_S B.1.617.2 wild—type reference (Miltenyi
Biotec) (°]% WT Agl.® %7))E 2 uL/mL 52 F7}

iv. 9E wWo] AlAFTEuupolglA-—2 el PepTivator®
SARS—CoV—2 Prot_S B.1.617.2 Mutation Pool(Miltenyi
Biotec) (°]3 Delta AgC.% %7])E 2 uyL/mL 552 F7}

&9 7} Al, Brilliant Blue 515-anti—human CD4 (clone RPA—

T4) 3A (BD Biosciences, San Jose, CA, USA) 5 pyL/mL%} anti—

human CD28/CD49d A (clone 1L293/L.25, BD Biosciences) 5
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Biosciences) 5 pyL/mLE F7}slth. ZF tubecll ®mFA|EF 4A]7F &2

BD GolgiPlug® (brefeldin A) 1 pyL/mL, BD GolgiStop® (monensin)

0.67 uL/mL (B BD Bioscience) & % 7}3F T}

o} AZ ) AfolEF G4
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HjeFst FACS tubel] AMENS 1500 rpmlE 535 <%F A=A
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*0]5 13 phosphate buffered salines o] 10° cells/mL7} &=
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LIVE/DEAD (Thermo Fisher Scientific, Waltham, MA, USA) 2
uL/mLE F7}etal Apgale] AbeolA 30%%t
rpme. =
18N (BD cytofix/Cytoperm™, BD Bioscience) 250 pLE 37}3l1L
2pgsto] 4TCe 2087 F3AT

o]% oA 1500 rpmOo=Z 53t
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=, 1X M &AH LN (BD Perm/Wash™, BD Bioscience) 2 mLE F7}st1

1. Brilliant Violet (BV) 510-anti—human CD3 (clone CHT1)
A, BV605-anti—human CD69 (clone FN50) @A,
Brilliant Ultra Violet (BUV) 395-anti—human CD137

(clone 4B4—1) @A, phycoerythrin—indotricarbocyanine

(Cy7)—anti—human interferon (IFN) — y (clone B27) &4,

allophycocyanin—anti—human interleukin(IL) -2 (clone
5344.111) &4, phycoerythrin—anti—human tumor

necrosis factor(TNF)—a (clone Mabll) A (25 BD

Biosciences) &= 1 uL#® F7}s8la, BV421-anti—human IL—

4 (clone MP4-25D2) @A (BD Biosciences)+ 0.5 uLA

peridinin chlorophyll protein complex—anti—human CD8

(clone SK1) &4 (BD Biosciences) 10 uyL® F7}s%th.

i. BVE A" A o] A= Eol7] Slsl 4 tubecl

Brilliant Stain Buffer(BD Biosciences)E 50 pL#

18 ] 2 1'.]



F7Fsgieh.

o]Z 1X AHELEN 2 mLE F7F3 FH 1500 rpmlZ 5EEeh

staining buffer (1X phosphate buffered saline, 1% fetal bovine serum,

0.09% sodium azide)E 100 pLA Yo s & FAXEAE

Al 88kt
A& vt} compensations 93] compensation tubeE WHESITH
Z} 3o o3t tubex compensation beads(UltraComp eBeads,

Thermo Fisher Scientific)S 3 W&

-

ot

i, 779 g

o

_4

GEEFAE ot Frksidlv. Adds FdeA BVS510-anti—
human CD3 (clone CHT1) #x|, BV605-anti—human CD69 (clone
FN50) &), BUV395-anti—human CD137 (clone 4B4-1) &,
Cy7-anti—human IFN—y (clone B27) 34|, allophycocyanin—anti—

human IL—2 (clone 5344.111) 3¥A|, phycoerythrin—anti—human

TNF—a (clone Mabll) 3¥A(EF BD Biosciences)™ 5 upL#

BV421-anti—human IL—4 (clone MP4—-25D2) 34 (BD

Biosciences) = 2 uL, peridinin chlorophyll protein complex—anti—

human CD8 (clone SK1) & (BD Biosciences)+ 20 yLE ARt}

Unstained tubet @¢E& F7FskA] &2 tubeclAl 1/10& EolA
fla=a44=

A ZEA4E FACSymphony  system(BD  Biosciences) &
19 "':l"'\-_ﬂ -kl- 1 i



o] &3}, A& A= Flowjo software(version 10.7.1; TreeStar,

Ashland, OR, USA) & o]&3]A F293}%t}.

2k Al EAY Huks 7

-

B

S Elsto] X

Forward scatter © side scatter®

i
"

Y& gatingstaL, o]F Ao} Ql= AE
Aol 9l AE F CD3Y, CD4" T =9 CD3", CD8" T HEZF-&
S4sta Zbzte A thA] CDE9'CD1377°¢l CD4™ T H2F9 CD8" T

HIZFE F4359Arh CD69, CD1379] tidt ¥ 71Fe & ExfelA

TAsHA Aotk A3 gating strategy ] WA ASE 19 2]

HSo]AQl whgE HWAS] fs Fd A=E @ AL
AIMTCD4* T "=39 AIM'CD8" T =, Alo]E7el A
CD137*CD4" T ¥=7¢ CD137°CD8" T #HZF EHoAq g
A=S A @ AAY dY "EZ g B&S wjA ARSI TH38].

A wkel sl A Adws 0e=r AAsgin. Aol

oo
1o
[-‘U.‘.
il
i
0
il
L
©

AtiaFZupto] g A—20] FolAl PIZ G uh

SogY NFFTH FFT AN music
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a8 2. ArrFEUHO|HA-2 ¥ T FXT 9 ALJEFR Y T
X FRAS f% FAIEREAY gating strategy

- E ERr |
; d
- Wl
—_— —_— —_— :
FSC-A SRC-A Live/Dead near-TR
')
: :
=] = 3
. I 2
c g
CD3BVSL0 CD137 BUV3es

CIY BYGOS

CDI3TBUV3OS

TFN-f PE-Cy7 IL-2 APC L4 Bvan

CIH PerCP
CDGY BVA0S

CDIBVELD CD137BUVI9S

T GEE-

CTH? BYVGDS

CINATBUVISS

IFMN-¢ PE-C¥T IL-2APC TNF-uPE . IL-4 BY421

A48 W4E Mann—Whitney U A2 F o+ 7+ xpo]9
FoAdS Hr7Estay WFd W4+ Chi—squared test B+ Fisher?
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NJo
Nfo

0.10 w[RFo]SIEA

el P ghol

o

S|
&

FTE P gkol 0.05 vkl 3% &7

Figs)

Ay
e i

SPSS statistics,

o
—

o] 7}

s

2

sheieh.

°o]-&

=
=

version 26.0 (IBM Corp.)
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o] 133#(563.2%) ATH(ZH 1).

Mo

il

PN
— L

1172 (46.8%),

Mo

o

=

-

7)7ko] 1}

1 744

0.002), CCI

4

Al H-H

1t

A71) 7)3k0] o

911, 1.0 [0.0—2.0] = 2.0 [1.0—3.0], P

B

£
NEWS-2
QS

911, 2.0 [0.0—3.0]

=]
2

[AF

Chikn

’

i

o

e
<
=
A
Mo

<
C

=
Mﬁ

714

=

R

o}

P < 0.00D)

[0.0—1.5],

o 0.0

71 A ol

A= 3l

o

o

P < 0.001).

52.7% i 32.0%,
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1% 70.7% W) 47.2%, P< 0.001).

LIPS
RN

fant

o

T

&

o
o

® 3).

71Zko]l B ke

1 744

[e)
F
fay

4

7170l S AN

1 744

[e)
F
fay

i

A EA .

BNT162b2

70.9%7}

o

il

o 1.0 [0.0—2.0], P < 0.001),

911, 3.0 [2.0—4.0]

Foab

<9

)
HA

A1, 219 [171—309] ©f 204 [178—

240], P =0.004).
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E 2. 9 HFAF & I2U19 X9 718 E4
ERS AR EREE=, P
(n=188) (n = 250)
L}o] 44 (36-56) 61 (45-71) <0.001
w3 90 (47.9) 116 (46.4) 0.760
A A A 23.5 (21.0-26.0)  24.2 (21.5-26.8) 0.014
At e ddd7t# 3.0 (0.0-5.0) 1.0 (0.0-2.0) <0.001
713 ()
ALY H 9e9d 5.5 (3.0-7.0) 4.0 (2.0-7.0) 0.007
7HAl 717H(D)
%*7] NIH %
5 B 52 (27.7) 129 (51.6)
TeT 101 (53.7) 92 (36.8)
T, s 35 (54.5) 29 (11.6)
B
NEWS—2 2.0 (1.0-3.0) 1.0 (0.0-2.0) 0.002
SOFA score 1.0 (0.0-1.0) 0.0 (0.0-1.0) 0.123
714 Ag
CCI 0.0 (0.0-1.5) 2.0 (0.0-3.0) <0.001
=Ry 33 (17.6) 84 (33.6) <0.001
=25 23 (12.2) 52 (20.8) 0.018
v A A g 1 (0.5) 8 (3.2) 0.085
WY A3 3 (1.6) 10 (4.0) 0.142
Rhd = 2 7d = 4 2 1 (0.5) 3(1.2) 0.638
2] 11 (5.9) 7 (2.8) 0.111
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NAES Qe

w2} 43}

713

fols
o
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)

o|X
oy
g2,
dlo

x7] A= = 38.0C

27] G474}

W /mm®

U/L

=LefobEld Z]utobAl,

U/L
CRES | mg/dL

3 (1.6)
3 (1.6)
0 (0.0)
13 (6.9)
2 (1.1)
12 (6.4)

99 (52.7)

12 (6.4)
13 (6.9)
107 (56.9)
20 (10.6)
16 (8.5)

47 (25.0)

4,175
(3,138-5,285)
28.0 (19.0-36.4)

13.6 (12.8-14.6)
172 (140-233)
0.4 (0.3-0.5)

251 (197-328)

77 (55-138)

2.28 (0.61-4.94)

9 (3.6)
15 (6.0)
3(1.2)
25 (10.0)
2 (0.8)
11 (4.4)

80 (32.0)

11 (4.4)
11 (4.4)
121 (48.4)
10 (4.0)
34 (13.6)

31 (12.4)

4,990
(3,730-6,250)
25.5 (17.6-34.5)

13.3 (12.4-14.3)
200 (144-245)
0.4 (0.3-0.6)

210 (173-270)

72 (53-110)

1.53 (0.34-4.97)

0.203

0.022

0.263

0.256

> 0.999

0.357

<0.001

0.357

0.252

0.077

0.006

0.097

0.001

0.002

0.110

0.120

0.021

0.010

<0.001

0.630
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Adobeld, mg/dL 0.72 (0.58-0.91)  0.77 (0.63-0.91) 0.063

Ct #t 18.6 (14.7-23.8) 18.5 (14.8-23.6) 0.862
(RdRp gene) *
FH X-ray ol 133 (70.7) 118 (47.2) < 0.001

9 HES n (B Ex FHAT AHRERMDE 277

* Ct 39 3¢ JsxAAl 7158 &2 A9 oz ZAL 718l wet
O£ RT-PCRkitZ A|3H.

NIH, National Institutes of Health; NEWS, National Early Warning
Score; SOFA, Sequential Organ Failure Assessment; CCI, Charlson
Comorbidity Index; Ct, cyclic threshold; RdRp, RNA dependent RNA

polymerase.
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E 3. YAREHFTH QALAH]FTTAN Z2UH19 A9 7|2 B4
ERS ERER AGAHEFTE P
(n=117) (n=133)

L}o] 53 (42-60) 69 (58-76) < 0.001
w3 54 (46.2) 62 (46.6) 0.942
A A A 23.8 (21.1-26.6)  24.4 (22.0-27.2)  0.412
A e dAd7t# 1.0 (0.0-5.0) 0.0 (0.0-1.0) <0.001
71ZH(Q)
S/ dRE Qledd 5.0 (3.0-8.0) 3.0 (1.0-5.0) <0.001
7H4 713H(%)
%*7] NIH %%

55, BF 53 (45.3) 76 (57.1)

T 48 (41.0) 44 (33.1)

=%, A% 16 (13.7) 13 (9.8)
7] F5%

NEWS—2 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.300

SOFA score 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.462
WA FH7

BNT162b2 83 (70.9) 52 (39.1)

AZD1222 25 (21.4) 66 (49.6)

Ad26.COV2.S 2 (1.7) 8 (6.0)

mRNA-1273 7 (6.0) 2 (1.5)

WA E, 71E 0 (0.0) 5 (3.8)
714 Ag

CCI 1.0 (0.0-2.0) 3.0 (2.0-4.0) <0.001

=Ry 26 (22.2) 58 (43.6) <0.001

& A=t 8]



2 21 (17.9) 31 (23.3) 0.298
i R R, 3 (2.6) 5 (3.8) 0.727
Bk, 2 (1.7) 8 (6.0) 0.110
REAd o) 4w A g 1 (0.9 2 (1.5) > 0.999
A4 2 (1.7) 5 (3.8) 0.453
i EA i, 6 (5.1) 3 (2.3) 0.312
THg A4 8 1 (0.9 14 (10.5) 0.001
FA 0 (0.0) 3 (2.3) 0.250
B 11 (9.4) 14 (10.5) 0.835
et 0 (0.0) 2 (1.5) 0.500
ol A A AHE- 3 (2.6) 8 (6.0) 0.184
VARG S 51 (43.6) 29 (21.8) < 0.001
7 5%
27 As 6 (5.1 5 (3.8) 0.599
n]z} A& 5 (4.3) 6 (4.5) 0.927
713 66 (56.4) 55 (41.4) 0.017
THETY 6 (5.1) 4 (3.0 0.522
8 A= 11 (9.4) 23 (17.3) 0.069
%7] AL = 38.0C 17 (14.5) 14 (10.5) 0.338
7] A AL
W& /mm® 4,650 5,180 0.066
(3,480-6,075) (4,110-6,618)
HIF % 24.4 (17.5-34.5)  25.7 (17.7-35.1)  0.994
Fw e, g/dL 13.3 (12.5-14.2)  13.3 (12.2-14.2)  0.197
g4, x 10%/mm® 203 (148-253) 197 (157-245) 0.967
& WFW, mg/dl 0.4 (0.3-0.6) 0.5 (0.3-0.6) 0.252
29 A Et I



Ak BEaas, 219 (171-309) 204 (178-240) 0.004
U/L
A eted 7IvketA], 71 (53-110) 74 (55-110) 0.274
U/L
CHE-g- &, mg/dL 1.84 (0.33-5.70)  1.24 (0.35-4.08)  0.076

Adobeld, mg/dL 0.70 (0.60-0.86)  0.81 (0.68-0.97) 0.016

Ct #t 19.3 (14.7-24.7)  18.3 (15.0-23.2)  0.257
(RdRp gene) *
B X-ray o4 61 (52.1) 57 (42.9) 0.143

9 HES n (D) Ex FHAT AHERMNE 277

* Ct @9 A% JeAA el 71598 3 A9 oz FAAL 7|#el w
O£ RT-PCRkitZ A|3H.

NIH, National Institutes of Health; NEWS, National Early Warning
Score; SOFA, Sequential Organ Failure Assessment; CCI, Charlson
Comorbidity Index; Ct, cyclic threshold; RdRp, RNA dependent RNA
polymerase.

EREE

o}«N

oA MARFIHG AdrAsE Qe @7 d
Wokth (3% 4, nasal prong, 30.8% o 16.8%; facial mask, 0.0% U
0.4%; high flow, 2.7% © 2.8%; mechanical ventilator, 1.6% Tt}
1.2%; P = 0.008). e #WAnHFIoA 3570] AALATE
Qok= AEla, 9 AR AMRARE Q&AW 1639 FolAM =
31 (20.3%) 0] At2nARE Qste FTom IPsAdth(ad 3.
HASAHFTANE dY AE 139o] AARAREE Q3 JEHIS L,
A Al Akhe el gld 120W FellAdE 139 (10.8%) 9]

AR RE Qe dHE ST
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E 4. WAHFAR B2 219 #9 X7 @ dHEH
e R R Bt R in WA F P
(n=188) (n = 250)

SolA =
gl A ] = 66 (35.1) 54 (21.6) 0.002
S A} B 76 (40.4) 58 (23.2) <0.001
=S E A 20 (10.6) 16 (6.4) 0.110
St A 72 (38.3) 53 (21.2) <0.001

A AR EFHN a2 T 0.008
AR E 8 Sle 122 (64.9) 197 (78.8)

Nasal prong 58 (30.8) 42 (16.8)

Facial mask 0 (0.0) 1 (0.4)

High flow 5 (2.7) 7 (2.8)

Mechanical ventilator 3 (1.6) 3 (1.2)

A AP 0 (0.0) 1 (0.4) > 0.999

A& 717 D) 8.0 (7.0-10.0) 9.0 (7.0-11.0) 0.676

%O #HES n ) B U+ AHEHESDZE ®7]F. Regdanvimab
(CT-P59; Celltrion Inc., Incheon, Korea)©] 3+ZoA AlLd Y3t
GEEIA LS.

WaAln ] EF A AR EE Q3= S o Bwd AT
A= Ayz WA HFZLoA  wARHFTRO FAPAH 2}
AL EFES Fobke B ¢ Wkt dAlE FoF W 3w
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WAV ETNM MAHETRL BROHAANPET o WA PET

38.3% H 21.2%, P < 0.001). SAAHGTIoAAM =

]I

MARRYETEG  QArize] W AYoV(RASANET o

r
OP

RALFHEE, A5 PRI, 100 [8.0—-11.0] © 8.0 [6.0—
10.0], P<0.00D), A& M55 Q8= &4 vl&E oF & 3k Apel7t

SAATFGE 5). ABA ARl AME F & 3 7T ApolE Ho|A

skt
39 3. RANEET SASAAFTAN 94 A % 99 F Ba
o7
Number of patients according to oxygen requirement at admission
Number of Ambient air | Low-flow High-flow Invasive
et (UV/FV) | (Uv/FV) |(@UV/FV) |(@UV/FV)

P . Ambient air | 122/ 107

according to

oxygen Low-flow 27/ 10 31/10

requirement Highflow | 3/1 12 2/0

during

hospitalization Invasive 1/1 0/1 L/0

Death 0/1

UV, unvaccinated, ®A1v)AE; FV, fully vaccinated, WA AR ZL.
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WASARFZNAN ZE2UF19 39 X8

&2
H BARZHST WHASAHFTT P
(n=117) (n=133)

SolA &
A H] 2 27 (23.1) 27 (20.3) 0.595
g Apr] ER = 29 (24.8) 29 (21.8) 0.577
TS E A 4 (3.4) 12 (9.0) 0.071
St Al 25 (21.4) 28 (21.1) 0.952

Bd A EHY AL 0.797
AR E 8 SlE 90 (76.9) 107 (80.5)

Nasal prong 22 (18.8) 20 (15.0)

Facial mask 1 (0.9) 0 (0.0)

High flow 3 (2.6) 4 (3.0)

Mechanical ventilator 1 (0.9) 2 (1.5

A AP 0 (0.0) 1 (0.8) > 0.999

A 713H(D) 8.0 (6.0-10.0) 10.0 (8.0-11.0) < 0.001

®Y =<

n (%) T

= 294 (AHEEY)E 278 Regdanvimab

(CT-P59; Celltrion Inc., Incheon, Korea)©] 3+ZoA AlLd Y3t

GEEFANS.

2) 329 5 &

DR

-

B AdAA & ATAEFY o
HEARE 934 S9E BN FF QY



1.04, 95% Al®F3r 1.02—1.07, P = 0.003),

SAk] 2.31, 95% A1E 57k 1.00—5.33, P = 0.049),

(=¥ A 3.18, 95% A%k 1.14—8.85, P = 0.027),

oF
=

als

AMH] 2.99, 95% Al F-7F 1.34—

(4% S4kh] 3.41, 95% A= -3t

A}

6.65, P = 0.007), &% XA o]

ol ATt 13|

1.31—8.89, P = 0.012)°]

&
B

o/

v

FaEats)

19

z1e 9]

Skl 0.35, 95% A1 -1k 0.15—0.79, P = 0.011).

o
To
)
{Jo
N_.o

W

olo
)

FATH(GGE 7).

S

Sxpel A A

5

iy

Jo

0

3}A]

o
a

Hosmer—Lemeshow A4 P < 0.06%

g A

P =

A7 2.43—167.66,

95%

20.16,

o,

!
oF

—_

0

T
Hr
o7

e

NJo
Nfo

0.005) ]
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% 6. 9APE 0 0PF Z2UH9 BN 5 A9 AR

W Severe Non—progression g A % B4
progression (n=319) OR (95% CD) P 20R (95% CD) P
(n=55)
L}o] 61 (47-71) 50 (38-64) 1.03 (1.01-1.05) 0.002 1.04 (1.02-1.07)  0.003
= 28 (50.9) 143 (44.8) 1.28 (0.72-2.26) 0.404
AAZF A5 23.9 (21.0-26.2)  24.0 (21.3-26.6)  0.98 (0.92-1.06) 0.655
AGARE JAL7HA 1.0 (0.0-4.0) 1.0 (0.0-4.0) 0.96 (0.86-1.08) 0.491
(D)
SR ARE  g9d7tA 4.0 (2.0-6.0) 4.0 (2.0-7.0) 0.97 (0.89-1.06) 0.520
717 (Y
zx7] F5%
NEWS—2 1.0 (1.0-2.0) 1.0 (0.0-2.0) 1.34 (1.09-1.63) 0.005  1.11 (0.86-1.43)  0.428
SOFA %< 0.0 (0.0-1.0) 0.0 (0.0-1.0) 1.60 (1.18-2.19) 0.003
WA A A
13] o]iFo WAl HE 24 (43.6) 197 (61.8) 0.48 (0.27-0.86) 0.013  0.35 (0.15-0.79)  0.011
kA HE 13 (23.6) 107 (33.5) 0.61 (0.32-1.19) 0.149
714 Ag
x:x_'i O_ 1 I= .xj"i
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2.0 (1.0-4.0)
15 (27.3)
14 (25.5)
0 (0.0)

0 (0.0)
1(1.8)

3 (56.5)

3 (56.5)
5(9.1)

0 (0.0)
11 (20.0)
1(1.8)

6 (10.9)
16 (29.1)

3 (56.5)
2 (3.6)
35 (63.6)

1.0 (0.0-3.0)
80 (25.1)
42 (13.2)
8 (2.5)

12 (3.8)

3 (0.9)

13 (4.1)

7 (2.2)

10 (3.1

3 (0.9

26 (8.2)

3 (0.9)

15 (4.7)
140 (43.9)

17 (5.3)
19 (6.0)
153 (48.0)

1.26 (1.11-1.44)
1.12 (0.59-2.14)
2.25 (1.13-4.48)

1.95 (0.20-19.10)

1.36 (0.37-4.93)

2.57 (0.64-10.26)

3.09 (1.01-9.42)

2.82 (1.30-6.10)

1.95 (0.20-19.10)

2.48 (0.92-6.70)
0.53 (0.28-0.98)

1.03 (0.29-3.62)
0.60 (0.14-2.63)
1.90 (1.05-3.43)

<0.001
0.730
0.021
0.999
0.999
0.566
0.642
0.181
0.047
0.999
0.009
0.566
0.073
0.042

0.970
0.495
0.034

2.31 (1.00-5.33)

2.17 (0.51-9.24)

3.18 (1.14-8.85)

0.75 (0.18-3.07)

1.60 (0.79-3.23)

0.049

0.294

0.027

0.688

0.188
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TEe 4 (7.3)

T A 2 (3.6)

%7] AL = 38.0C 15 (27.3)
z7] dAHAL

NS 2 (1.9)

(M > 10,000/mm?)

R A 13 (23.6)

(823 < 130,000/mm®)

LDH %5 (> 300 U/L) 21 (38.2)
CHH-g&tel (> 1 mg/dL) 47 (85.5)
Ct # (RdRp gene) 18.4 (14.2-21.4)
F X-ray o4 48 (87.3)

16 (5.0)

45 (14.1)

45 (14.1)

6 (1.9)

37 (11.6)

41 (12.9)
167 (52.4)

1.49 (0.48-4.62)

0.23 (0.05-0.98)

2.28 (1.17-4.47)

1.97 (0.39-10.01)

2.36 (1.16-4.80)

4.19 (2.22-7.90)
5.35 (2.45-11.68)

18.5 (14.7-23.6)  0.98 (0.93-1.02)

141 (44.2)

8.66 (3.80-19.72)

0.495
0.046
0.016

0.414

0.018

<0.001

<0.001

0.316
<0.001

2.10 (0.86-5.13)

1.08 (0.44-2.67)

2.99 (1.34-6.65)
2.07 (0.82-5.22)

3.41 (1.31-8.89)

0.103

0.864

0.007
0.123

0.012

OR, odds ratio; CI, confidence interval, aOR, adjusted odds ratio; NEWS, National Early Warning Score; SOFA,

Sequential Organ Failure Assessment; CCI, Charlson Comorbidity Index; LDH, lactate dehydrogenase; Ct, cyclic

threshold; RdRp, RNA dependent RNA polymerase.
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¥ 7. MANAAAFE 32 U119 AN ==

AW ABAR

H Severe Non—progression SHHZF F24 ThHE 24
progression (n =107) OR (95% CD) P aOR (95% CI) P
(n=13)
L}o] 74 (72-80) 67 (51-75) 1.07 (1.01-1.14) 0.015 1.05 (0.98-1.11) 0.163
= 8 (61.5) 45 (42.1) 2.20 (0.68-7.18) 0.190
AAZF A5 23.1 (22.6-25.5)  24.5 (22.0-27.2)  0.90 (0.76-1.07) 0.236
A RE JAdLd7HA 1.0 (0.0-1.5) 0.0 (0.0-1.0) 0.98 (0.67-1.43) 0.925
717H(Y)
ot R 2.0 (1.0-5.0) 2.0 (1.0-4.0) 0.99 (0.81-1.23) 0.954
dLLd7HA 717 (D)
7] F5%
NEWS—2 1.0 (0.5-2.0) 1.0 (0.0-1.0) 1.25 (0.84-1.87) 0.272
SOFA A+ 0.0 (0.0-2.0) 0.0 (0.0-1.0) 1.50 (0.93-2.42) 0.100
WA HE e
WA A F A 71 (62-122) 66 (43-119) 1.01 (0.99-1.02) 0.416

Al
SEAA 713H (D)
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[-4 (

4.0 (3.0-5.0)
7 (53.8)
4 (30.8)
0 (0.0)
0 (0.0)
1 (7.7)
0 (0.0)
0 (0.0)
3(23.1)
0 (0.0)
2 (15.4)
0 (0.0)
1 (7.7)
1 (7.7)

0 (0.0)
0 (0.0)
8 (61.5)

3.0 (1.0-4.0)
44 (41.1)
24 (22.4)
5 (4.7)

8 (7.5)

1 (0.9)

4 (3.7)

2 (1.9

9 (8.4)
3(2.8)
12 (11.2)
2 (1.9

7 (6.5)
25 (23.4)

5 (4.7)
6 (5.6)
41 (38.3)

1.34 (1.00-1.81)
1.67 (0.53-5.31)
1.54 (0.44-5.43)

8.83 (0.52-150.49)

3.27 (0.76-14.06)

1.44 (0.28-7.29)

1.19 (0.14-10.52)
0.27 (0.03-2.21)

2.58 (0.79-8.41)

0.051
0.385
0.505
0.999
0.999
0.132
0.999
0.999
0.112
0.999
0.660
0.999
0.875
0.224

0.999
0.999
0.117
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R 0 (0.0)
7 s 1 (7.7)

x7] A= = 38.0C 2 (15.4)

Z7] Nzt

ul g 52} 1 (7.7)
(ME > 10,000/mm®)
B N 3 (23.1)

(d 2% < 130,000/mm®)

DH 4% (> 300 U/L) 2 (15.4)

@ (> 1 mg/dl) 12 (92.3)

Ct %t (RdRp gene) 18.4 (13.2-21.1)
FH X-ray o4 12 (92.3)

-

of

H

fu

O

oo

2 (1.9)
2 (19.6)
9 (8.4)

6 (5.6)

6 (5.6)

5 (4.7)

52 (48.6)

18.3 (15.0-23.4)
32 (29.9)

0.34 (0.04-2.77)
1.98 (0.38-10.35)

1.40 (0.16-12.66)

5.05 (1.09-23.34)

3.71 (0.64-21.43)

12.69 (1.59-101.08)

0.96 (0.87-1.06)
28.13 (3.51-225.48)

0.999
0.315
0.418

0.763

0.038

0.143

0.016

0.422
0.002

3.34 (0.54-20.75) 0.195

20.16 (2.43-167.66) 0.005

OR, odds ratio; CI, confidence interval, aOR, adjusted odds ratio; NEWS, National Early Warning Score; SOFA,

Sequential Organ Failure Assessment; CCI, Charlson Comorbidity Index; LDH, lactate dehydrogenase; Ct, cyclic

threshold; RdRp, RNA dependent RNA polymerase.
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¥ 8
e fxT (n=22) F21}19 Sup7red P P P

H S (n=79) 57 (n=29)

o], T (AR 62 (47-73) 61 (47-68) 71 (63-78) 0.616  0.006 <0.001
T4, n (%) 19 (86.4) 41 (51.9) 19 (65.5) 0.004 0.091 0.207
A=A, T AR 24.1 (22.3-26.3) 24.0 (21.5-26.2) 0.886
WA F7F, n (%)
obtlmufolgf A HE wiAl 10 (45.5) 39 (49.4) 14 (48.3) 0.745 0.842 0.920
mRNA #21 12 (54.5) 40 (50.6) 15 (51.7)=
WA HE A, n (%)
& HF 22 (100.0) 72 (91.1) 24 (82.8) 0.342 0.062 0.298
i AE 0 (0.0) 7 (8.9) 5(17.2)
B HFAFE ST AAL7HA 55 (48-73)x*x 89 (54-120) 103 (58-157) 0.041 0.054 0.443
717:(Q), T8 (AREH D)
ST AFE A QLA 4 (3-5) 5 (3-6) 0.072
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CCIL, s ARt eD) 2.0 (0.0-4.0) 4.0 (3.0-5.0) <0.001
714 A% n (%)

Ny 7 (8.9) 4 (13.8) 0.481
3 oot 2 (2.5) 0 (0.0) >0.999
H A A AHE 9 (11.4) 6 (20.7) 0.223

%7] 3 S1-1gG A7}, 4.22 (2.46-6.13) 8.28 (5.17-10.25) 4.99 (1.38-9.02) < 0.001 0.591 0.007

T AR D

Ad A7
Al AFE, n (%) 0 (0.0) 2 (6.9) 0.070
g 717 (D), 9 (7-10) 9 (8-12) 0.035
T AR

‘zTd 9 vsST Y P #

olzTH B9t S5 A P

‘ERRE vSFTH I AY P #

« TAEFO] 1A FAF. R WA AFS ohdlxriolda B8 WA, T WA FFS mRNA WAOE AP,
e B2 AFARE ABL7A 7]

CClI, Charlson Comorbidity Index;
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Skth(a® 4A, =9 ST U =3 bS48
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zrd vusds o, FS1-1gG 977 299 nleS el s
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R 911, 0.27% [0.12-0.36%] vs. 0.06% [0.03-0.19%], P

0.036), FFTAN EF Fovist] RFET o E37

==, 99 (AHEEY], 0.27% [0.12-0.36%] vs. 0.02% [0.02—
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Whole spike Agoll thdk AIM® CD4" T AX E&o] Eu7t

2

sowold HESTEEY FovetA WSt (EaEd T o
=33 Hesd, s RHERSL, 0.02% [0.02-0.18%]  vs.
0.06% [0.03-0.19%]1, P = 0.044). F9ou|st =}o]l& RHoJA=
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Whole spike WT Delta
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Ao 19 (FA] 1.07, 95% Al +"%F 1.03-1.12, P = 0.001),
F CCI(zAMH] 1.34, 95% A1# 7%k 1.11-1.63, P = 0.003), %<&

@S1-1gG 97H(EA] 0.85, 95% A1+t 0.76-0.95, P = 0.006) 7}
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29 ER49Y A9A%
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1 2= e B4 hHE B4

OR (95% CD P aOR (95% CD P

L}o] 1.07 (1.03-1.12) 0.001 1.07 (1.01-1.12) 0.014
/Htg
o34 1.00
=@ 1.76 (0.73-4.26) 0.210
A A &FA] 4 1.03 (0.92-1.15) 0.603
WAl F 5
old| x-n}lo] &l A 1.00
g ul Al

mRNA 24l 1.05 (0.45-2.45) 0.920

WAl A Z AL

SRR
P A 1.00
4 AF 0.47 (0.14-1.61) 0.227
WAl JEFLEFH 1.00 (0.99-1.01) 0.485
AP A
713k
CCI 1.34 (1.11-1.63) 0.003 1.01 (0.77-1.34) 0.923
dEEE:
Yt 1.65 (0.44-6.10) 0.456
ERE - 0.999
HoAqgAA  2.03 (0.65-6.32) 0.222
A8

%71 & S1-1gG 0.85 (0.76-0.95) 0.006 0.88 (0.77-0.99) 0.037

7}

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; CCI,

Charlson Comorbidity Index;
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Abstract

Delayed humoral and cellular

Immune responses associated with
severe breakthrough COVID—19

Chan Mi Lee
Department of Medicine, Internal Medicine
The Graduate School

Seoul National University

Background: Since the coronavirus disease 2019 (COVID—-19)
pandemic was declared, various types of vaccines against severe
acute respiratory syndrome coronavirus 2 (SARS—CoV—2) have
been developed and rapidly rolled out. Although there have been
reports of breakthrough COVID—19 in individuals vaccinated against
SARS—CoV—2, the clinical features of COVID—19 patients in the
COVID—19 vaccination era are unclear and need to be clarified.
Moreover, little is known about the immune determinants for
breakthrough COVID—19 and risk factors for severe breakthrough
COVID—19. We aimed to determine the clinical implications of

vaccination status during the COVID—19 vaccination era and to
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identify differences in humoral and cellular immune responses
between patients with non—severe and severe breakthrough

COVID—-19.

Methods: To analyze clinical features of COVID—19 patients, we
retrospectively collected and analyzed the clinical data of
hospitalized COVID—19 patients during a Delta variant—dominant
period 6 months after the national COVID—19 vaccination rollout.
The clinical characteristics and risk factors for severe progression
were assessed according to vaccination status.

To analyze immunologic features of breakthrough COVID-19,
we prospectively enrolled hospitalized patients with breakthrough
COVID—-19 (severe and non—severe groups) who were admitted to
Seoul National University Hospital or Boramae Medical Center from
May 2021 to January 2022. Breakthrough COVID—19 was defined
by the presence of symptoms and diagnosis of COVID—19 more
than 14 days after at least one vaccine dose. The uninfected
individuals who were vaccinated at a similar time were enrolled as
controls. Severe cases were defined as those who required oxygen
therapy while hospitalized. An enzyme-—linked immunosorbent
assay for anti—S1 subunit immunoglobulin G (IgG) was used to

evaluate humoral immune response. Following stimulation by wild—
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type and Delta variant antigens, the flow cytometry assessing
SARS—CoV—2—-reactive T cells and cytokine—producing T cells
were performed to evaluate cellular immune response. The humoral
and cellular immune responses were compared in controls and
patients with breakthrough COVID—19 (severe and non—severe

groups).

Results: For the retrospective study, a total of 438 COVID—19
patients were included; the numbers of patients in the unvaccinated,
partially vaccinated and fully vaccinated groups were 188 (42.9%),
117 (26.7%) and 133 (30.4%), respectively. The vaccinated group
was older, less symptomatic and had a higher Charlson Comorbidity
Index at presentation. The proportions of patients who experienced
severe progression in the unvaccinated and fully vaccinated groups
were 20.3% (31/153) and 10.8% (13/120), respectively. Older age,
diabetes mellitus, solid cancer, elevated levels of lactate
dehydrogenase and chest X—ray abnormalities were associated with
severe progression, and the vaccination at least once was the only
protective factor for severe progression. Chest X—ray abnormalities
were the only predictor for severe progression among fully
vaccinated patients.

For the prospective study, a total of 108 breakthrough COVID—

¥ 1 2 11 3
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19 cases admitted within 1 week of the onset of symptoms were
enrolled. The non—severe group included 79 patients and the
severe group included 29 patients. The control group included 22
uninfected individuals who were vaccinated.

Anti—S1 IgG titers were higher in both severe and non—severe
groups than in the control group. The anti—S1 IgG titers within 1
week after symptom onset were significantly lower in the severe
group than in the non—severe group (median [interquartile rangel],
4.99 [1.38—9.02] vs. 8.28 [5.17—10.25], P = 0.007). Antibody
kinetics assessed with serial samples revealed that antibody
responses were delayed in the severe group.

The cellular immune responses were assessed in 10 non—
severe breakthrough cases, 5 severe breakthrough cases, and 10
uninfected vaccinated individuals. Compared with the control group,
the cellular immune response was diminished in breakthrough cases,
particularly in the severe group.

In multivariate analysis identifying risk factors for severe
breakthrough COVID—19, old age (adjusted odds ratio [aOR] 1.07,
95% confidence interval [CI] 1.01—1.12, P = 0.014) and a low
anti—S1 IgG titer in early phase (aOR 0.88, 95% CI 0.77—0.99, P =

0.037) were associated with severe breakthrough COVID—19.
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Conclusions: Although significant proportions of both the
vaccinated and unvaccinated groups progressed to severe COVID—
19, there were significant differences in clinical features and
proportions of severe progression depending on the vaccination. As
the vaccination status is an important factor for predicting severe
progression in COVID—19 patients, vaccination needs to be
assessed as an initial checkpoint, and chest X—ray may be helpful
for predicting severe progression in vaccinated patients.

Severe breakthrough COVID—19 was associated with low
humoral and cellular immune responses in the early phase of
infection. In the vaccinated population, delayed humoral and cellular
immune responses may contribute to severe breakthrough COVID—

19.

Keywords : SARS—-CoV-2, COVID-19, breakthrough infection,
humoral immune response, cellular immune response, antibody,
vaccination, severity

Student Number : 2021—-32846
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