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groled, w3k, 471 AA AA e 7 A I $9
QA ghol:, A7) WA ARE 1A AR, 48 AR, [ 48 Ao pARM, 1
A7} 1002 olFagle) A : HEgle
of Ak WA o)%Ho AWsE fFPolu, I 73
WA ol%5o] Ay

5205 WA A, AAF FA= HAA AA @gE B TR dS 2l 485t
%

Aol sl maAlAel eja)

—|~
o2
LO‘E
rlr
£
oft
o
k1
oft o oft
oft
~
>
0%

(Tt oo rr

2
2
=)
[t
o 2
BN
)
jalS
X
=
2
N
T
ol
ol
Q
riet
Y
S
S
Ll
o
o}
ofr
ol
s
K
o
N rlo
riet
R
=2
=
ofr
ol
Q
o
T
iy,
ol
i,
do

A<

T
A A dof W2, 7] 549 dolE §3¥2 A7 dolH (demographic data), 933 FrE A3
(medical comorbidities), 944 dlo]€] (clinical data) = 232 do]E (laboratory data)®l 47FA 7}
IY 2 FAAH,

T

A7) 91484 dolE] (demographic data)® #AF U] (patient age), A
blood pressures), ©]¢k7] ¥t (diastolic blood pressures), A8
temperature), A& A4 (body mass index)e] 77}A dHolE H3& E3ts}

(sex), #%7] ¥t (systolic
(heart rate), A& (body

S P

)

7] olskd 4k A3k (medical comorbidities)< ¥ (hypertension), YW (diabetes mellitus), A%
A (heart failure), &% A3 (cardiovascular disease), A4 (asthma), " A1 2AF (chronic kidney
disease), WA #21A ¥ A3k (chronic obstructive pulmonary disease), WHd I+ 3 (chronic liver
disease), A7} W9 #3¥ (autoimmune disease), Al (dementia), <4 T (malignancy), LAl
(pregnancy) 2 941 4= (pregnancy weeks)2] 127}4] dlo|¥ §3& E3hslar,

7] 444 dlolH (clinical data)© 2E (fever), 713 (cough), A AA (
(myalgia), & (fatigue), 1%% (sore throat), 3*% (rhinorrhea), & =% (shortness of breath),
E (vomiting), AA} (diarrhea), 7% (headache) 2 ]2 W3} (altered consciousness)®] 137}A] ©lo]¥ -

5O TEhs
g& xgsta,

sputum production), 5

1 ol

71 g dolE (laboratory data):® FE=FZEW (hemoglobin), 3FIvtEAZ  (hematocrit), WA+
(white blood cell count), HZ (lymphocyte) ¥ &A% 4= (platelet count)®] 57F#] dlo]l¥ 3 X3+

o 5 .
9 A olo] HEw, £ 20 A o] me WHe, 1] AL APsd Aol EAaEA o R mF Fu
g 47) QY Ao oSt 94 wE B o ETFAn, P FFE FEol 7] A1 WA @& oyl
FEAol ALg TRsd Bae] EASE A%, 37 B BRE V) 10U B BRE 446w, 4] 23R
5ol 47] AF QA @ vl AL 4] FRAUA AG JFsd Wl EASA 2t AT, A B4 B
FE 97 9w 34 B4 ERE 248 5 A

QAN el W, A% Al geln, 47 A FAE 9 FA, Y FA, 8o FFE OF 5y
of A Wwel, Holw shpel TzANE FFsn, $ET ® 20 A o] B WYL FYFES 74
d A4 37} AgE 5 Aok

QAN ool mEE, AFY TRadd dold, FEE w29 A4 o] hE WS FPRES T,
AR A5 s AF A 1S AFY 2Pl A3E 5 Ak

=38 dHe) vt AAl del mebd ARt 3 dloly st M A fkx)
g

= 1=
S EAET. = 3] AA dellM, dak A= dE A, =9 AA
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olH. o
A5 =

of thsle] wig] A2AHH E49 doly #3
off oJste] 98 W=t}

g AA de w2, g7 Heo oy §32 AFEA ool (demographic data), &EA R A3
(medical comorbidities), A4 d®lo]E] (clinical data) = 232 do]E (laboratory data)®l 47FA 7}
IYR FAAEIL

A7) 91484 dlolE (demographic data)® #AF o] (patient age), A
blood pressures), ©]¢k7] ¥t (diastolic blood pressures), A8
temperature), A& X4 (body mass index)2] 77} dHolE H3& E3ts}

rir

gl

of

(sex), #%7] ¥t (systolic
(heart rate), A& (body

4y ik

Rl

)

7] oty 4k A3k (medical comorbidities)< 8 (hypertension), YW (diabetes mellitus), A%
A (heart failure), &% A% (cardiovascular disease), A4 (asthma), " A7 AZ (chronic kidney
disease), WH4 #H A ¥ A3 (chronic obstructive pulmonary disease), %Hd 2+ A3+ (chronic liver
disease), A7} W9 A3 (autoimmune disease), Al (dementia), 4 T (malignancy), LAl
(pregnancy) 2 941 4= (pregnancy weeks)2] 12744 dlo|¥ #3& Eglslar,

371 4744 dlolEl (clinical data)x ¥E (fever), 713 (cough), A% A4 (sputum production), <%
(myalgia), Y& (fatigue), ¢1%% (sore throat), 3% (rhinorrhea), & <% (shortness of breath), -
E (vomiting), A} (diarrhea), 7% (headache) % 2]2] W3} (altered consciousness)®] 137}A] dlo]¥ -

5.0 &=
J& xgsta,

71 g folE (laboratory data):™ FEZZW (hemoglobin), 3IvtEAZ  (hematocrit), WA
(white blood cell count), ®~* (lymphocyte) % A 4= (platelet count)®] 57}4] dHlolE #3& X3
g = .

$302 WA, AR AAE Bee] FZE A% md F YY) 25 delHt
7] Aol st TEAM olstel AP, U

& s AN A AgPosd AA
AReA Rahol ARl walo] EASA B AS 530

A A el wEE, 3] Bee] FFE oF mae Yy] Beo doly §3 F Y Ei Aol |ust]
2Rt A4E 9 FFE UYL FEL UFAES FAHD, ] Bie FFE A5 o] U $4
9l vie 4, 4] AMe mde ) 24 delert A8 sbed Holw st FEE % wal
FARE S 20k MY Be FFE A% 299 £ Qo 9 A4 oo mEw, 4] B 35 4%
o] Ug $4 290t 74 FFE oS mde] AR B w9lol mebd A4E etk 9 A4 dlol w
W, 7] B5o] FEE o5 R i $H #9E Pt B, FLt B9, F- 29, Lo 299 #A
R

QAN ool mER, 7] Bie FEE oF U Lt 29, FLt 29, B w9, Pl 29 1Ay

47] Pl RE2 A7) B doly fdo 23E = 37704 HolE #¥e BT ARESES AN

A7) F-L+ BEle 177H4] dloly f8& AMSSIES A5, 7] 17714 Hole F32 7] {ﬁlf%‘zju o] o]
E] (demographic data)ell ¥3%H+= 7714 dlolg +&, 7] A8 do]g (laboratory data)o] ¥3t%+= 57}
A dHeole 3, 3% % (shortness of breath), I8¢t (hypertension), X"l (dementia), T=H

(diabetes mellitus) % ]2 W3} (altered consciousness)E X g3},

A7) - mEle 7] 3774 el %3 F 7] 284 delee] £FHE 574 dole §3& A 32
A dold §8E AHgRES T,

=]
A7) F-L- BEe 117HA] dloly F38& AMSSIES 45, A7) 117HA4 "ol F32 7] 134 do]
Bl (demographic data)el X3%H+= 77F4 dolg £38, & 2@ (shortness of breath), 3¢t
(hypertension), X} (dementia) % @ (diabetes mellitus)S X33 &= Qit}.

S303 ©AlCNA, Ak A= HA e Rl 7] 5o HelHE HEste] Y] sl it FrF A4
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WA TTE ol FES AV Aol shte] ZEAMe oste] AbEdt.

$304 AN, AR FAE= FEol HAH WA
7] Holw kel ZeAMel o3
A g ol 7ol ;
sfo] 10U A} ¥RE et $305 @ 1_% e,
dstel Awk WA Bx LHE At S g

S305 ©AlA A, AR} FA = Fx}el

ARE 47 4™ ) gus 1

unit, ICU) &2 5ok dwk W4 (general ward) &2 &7F2 FAHIL, 7] gEo] A7 A€ A @& ol
olm FEAAO AFE JFsw WAl EASHE 49, A7 B BRe TR 84 BR 2491, )
stEol 7] AAE dA w vitelAY Y] SEAdl ARE Thedt WAdel EAskA ¥ A5, 7] @At
BHE QN WA 84 BRe 29" 4 A

A A ool mE, A ARl QlelA, Y] AR AAE dE A, &9 AA, 5] $5E

o] Ae W&, Holk she] ZTrAAMES IIFetal, Awdt = 39 AAl o

4 A el w2, Y mRadel Sold, 4 59 AN ol e gue SAHES A,
AFE BE S A oAl /158 AFY Zzagel Awd & vk
= 4t ] 94 E}%ﬁi} AAl dEd g FTE dF BAs A7) 98 XGBoostol 7]HHeE JAAA EE

OJAFAA Ed] (decision tree)E ¥ (classification)9} 3 # (regression)’} EF 7Fedk Ak g 24

% shvoltt.

YU AE F28 d318]E (gradient boosting algorithm, GBM)2 AFZA E=w (decision tree)E 7|WHO

2 3 7|4 85 (machine learning) E@o|t, IYUAE JF 28] dugFe ALY e &7 84S 79

sk F 9l ASEYelH, dSRFP JHE UHE F B2y AL &= dagFold.

XGBoost (extreme gradient boosting)© &%, AF-ZQ 7|5 o] ol ojA IYJE F28] dagFe

WMy daglFoltt. XGBoostw YAMAA Ed F2yE 9k na&9 g vhsek VASE VMo, VIE 9

AMAA Eg g 7dke] 7HEY 22 S Ho] gofst BofolA AEE I 9t XGBoostE QAMEA E

2 HFE 7Y T VR, gAEA EYE AT o BE A 7S AFEsH] ditel Azl w2t

o] dtt.

XGBoost:= WH A& st&, 87 S$=7F wE7] il GBM tiv] w2 $3IA7HS zhe=vh, B3, XF GBME

A5 AA7 A7l fley, XGBoostw AA HAF} Al Vs eR A WS Ak, =3, XGBoost
CART(Classification and regression tree) UGS RS AL&3lo] EFel A GAoA Holdt oF AT

=
T
2 W,

oeh, AWE g volel % AR A9 slA FdH 2
g odelEl R oolm A sl COVID-19 Bael AH BFHI A% P % PEe Avs) 9
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oin

2019 1 z21} vlole] A~ AW (coronavirus disease 2019, COVID-19)¢] AAIAQ F3& o8 x|2=Hd] A
NE FHS T3 o, A 7S AAEE st 930 2 A ERE AY A A asH
5]

Felol A7elch. 5601 el kel At vlolHE ALgle] XGBoostE AME

) B Al2E P

o] 0.979] AUROCE 2443 oS 2ds /g, oF 2do i A Ao H88 udHstd, & &
Yol dF 24l oqF ATS FASIHA WEY B4 74 VER 45 2dS fAFe, me, 2 E9
S BF YA # 5E 2AT 95 Aay £ fAEHE B¢ A AIGES HAFE £ UEF gt
2t 79 AHE oA AMEE AIYE d 53k olal oWIE AEHeld RAS At 2 = COVID-19
o &% ATt A 2 A8 &FE BAEY] s 7 ok 2 AxAo A ok 7t FgE 5 dSS

A7) (Introduction)

2019 1 z21} wlol#] A~ AW (coronavirus disease 2019, COVID-19)¢] W& MAAS &34, =, Wy

(pandemic)S doezion, 2021 d 4 € @A AAAHCR 150,110,310 H2] = 2 3,158,792 1§ Al

27 AT COVID-192 A3 =& #EE, 5 2 44 4 APYES A ol

= Rdolt). oo et g2 AA ®A7]F (World Health Organization, WHO)] 7leo]l= glele nE =

7V EE BE AAE 2T 95 A 5 divleta 3 B ZREZS 7AE s d@ddh 9

AL, WHOS] 7hel= 2}l 7} Ao oigh Wy o] FAll diste] HEAA g 74« v
e} d

FYR Aol BHste] A3 A EEe op)d W, T4 o8 % AW o] we dHH 2A=UL 7
A Ade Aol s T AA B4 BF 20 Bastd. AN, Sxe] dFE A58 skl A
g5 Qe A3 mde AAd Anst 5 AE A% ARS AT 5 vk oleld dS mde 54 A9y
B7h el 2He WE WY ope o A4 Egol B 4 i B AW 2AEH B S5 AT
slok @tk o8 Hol, A 717 BeW A o5 AWo] ¥ BAE 2o AZHA PP} ol
gA% nrh 43902 RUHYSD on A4 Ad FFe golal & & Ak, BA, 4% mde A
A 5 e Bk il Wl me AFaok shvl, Aol AE BANMSE Bol AFE WEE AHgatol
NG AN} Bk, G5, B4 94 B wae] el ool We S 54 A4 AsHe ATehs
e Aae AR A mgel @ 4 gtk A, AAl mele FA £ Dol ol sl A4 Ex w7}
Gl A9 gAS nslol Brh. (OVID-19% tRRe] SvbelA o)m Qzehe] sl welo] Sirk. uhel
A, AQ MR AEE pelstn AA2 Q93 9F At Bed aAE pEsks 24 s 99 A
e on Az g 29U 5 A

COVID-19 $48 EAAoZ BF/ As) SRS o5 maEo] Arut. oejd naEe nEe o 4
e nagch, Tel, oed mase AN dwE Asde B g delHd gd oF, vy g
4 A 4ol U AT, dolH BEA AEAel Yo Pam al owe AVt A Fod gow
A, &AL A9 Bgol Fow AW FFE dF o] o B R A @he Ak mEse] A4 7
d hede AR 5 dedE BPaw FAE AN, AQ AL 1HD E ARdd AT
COVID-199] wetell A 714 S el m B4 59 AvEes A Beek 2t FHE9, ol m
5o HAES b HitE 17 doldE A 8% 2 ARdeld muys ge i 4% mui A%

B 2909 A7e] 5 Al ARG, WA, ¥ FUAL (VD19 AT BFRAI] A% A9 SHo] sl
71 A5 REs s A SRR v 24, B =4 71 dF RdE Vv s AAH 54 A
3 (o] 3

o
(recursive feature elimination, RFE) 7]%S Al&sle] A% A2l
Me 74 2 /o, vpxgtez | B 9492 At of AYdA a&FQd AY &8s
olHlE A& o)A (discrete event simulation, DES) 7]|&& AF&3te] 2-¢d 7 2dS /L3y,
oA M F HIE RE2 of Ax®H 888 fX|tHA A AMTYES =

wiete d 2 7HA7F g Aol

f
)

g,
1o
v}
oS
ro
11
>
2
et
=
a
it

3% A3 2Ug QY] 99 9 25E 9 EFeooly 25
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£8 2 < (Ethical statement)
=]

Boatgo] At WYY d9s] (2020-0883-001)9F AW (Korea disease control and prevention
agency, KDCA) EZAREA91913] (20201120_4a)2] <91 % okt BE AT AAE 1946 W A7) A
2008 A 77Ets =7

$x} F5.E (Patient cohort)

£ FUAL 2020 @ 4 WA TS B 5F7] SFT Z2Y vlol el i HIRlE / AT WE Ee

bl AAE ARgste] AAZE AL FRkaA ANES (polymerase chain reaction, PCR)SZE 231% 5628

gol Fate] 18HA dlolE, 144A dHolH, A3 deoly B AW A V)5S FFHoE AN

tlolEl = KDCACIA F38ta T4 o= g drt. dojgrolzd= A EE YU A8E
o 5

[eX
¢

g] H\H T =] E]TZ]_
gk ghxle} COVID-199] $FfH5 o2 AFES Sxrt Xt 48 T8 7182 A 24 A o 1HES Fa
T e dg A A e s A 2 Syl F5A0l Aot €SS HolEZF FEtE dxtE Al9He] HF
M IS EE 5601 H (99.5 %))k,

FHF 9 Ayl Aol (Covariates and outcome definition)

kAl =89 <1784 dlol¥] (demographic data), 982 %ut A3t (medical comorbidities), UAF dlo]
E] (clinical data) ¥ A3d2A dlo]8 (laboratory data)E =4 7o AR&3IT),

ol 84 dlolE (demographic data)i: A} vro] (patient age), A (sex), F%7] €< (systolic blood
pressures), ©|¢¥7] @< (diastolic blood pressures), A8t (heart rate), <> (body temperature), |2
2k %]4= (body mass index)® 77}A dlol8 &S ¥33ct.

olstx Fut A3 (medical comorbidities)e ¥} (hypertension), BxxH® (diabetes mellitus), AH¥#
(heart failure), X383 A3t (cardiovascular disease), 2l (asthma), YHA A1 ZA3$ (chronic kidney

disease), WA A #H ZHA3F (chronic obstructive pulmonary disease), %HA

Fi

2% (chronic liver

o

disease), A7} W X‘fﬂ (autoimmune disease), X" (dementia), <A % (malignancy), Al
(pregnancy) @ Al F4= (pregnancy weeks)?] 12714 dlo]E] #3-& E3H3ict,

A2 dlo]E (clinical data)x ¥ (fever), 7% (cough), 249 AA (sputum production), &%

(myalgia), ¥ = (fatigue), ©1%% (sore throat), 3% (rhinorrhea), & =% (shortness of breath),
E (vomiting), A} (diarrhea), 7% (headache) ¥ <9]2] W3} (altered consciousness)®] 137} Hlolg

¢ T

[}

284 dolg (I aboratory data)E S EZF=ZW (hemoglobin), &PEAZ (hematocrit), M 4= (white
blood cell count), H2ZF (lymphocyte) B FAF 4 (platelet count)®] 5714 dHo|8e F3& L33t
Ag = 499 F AW 9N =% M4 (clinical severity score, (SS)E &3 o] BEFHUY: g% A
g gl (D), &5 AT AN 2k 2HE 9lS (2), HIAS o83 4k 8W (3), €& vaaE AMET
2k 8F (1), ¥ "EA B (5), HFA Y] (6), ALY = AxFE o&d AV Ad (7)), F5 8). &
W o] Aol A €SS = 59 AHolE A MAdS 9 AARNZF A A% (WHO Ordinal Scale)®] A <ejeh
H]5=8lt}h (comparable).

23 (Results)

2z} EAE (Patient characteristics)

(3
o
o,

ol
—_/
N

ok o] thokal AA o B fE FELE o 2ds ] 93t £d FIITE 9 TT-olY IF
Ee @“3751 EAS AFEY. F 5330 ¥ (95.2 99 A= I 5% H4 (clinical severity score,
CS)7F 6 wwro g2 H-FZF Z3S vekd WA 271 8 (4.8 9 A= CSS7F 6 olFo A FF AFS

bt
T 62 B owe] Toe A4 d5e fE FEE 45 29g Ader] A% 29 8 4% =4 498 24
s},

EA EA (Statistical analysis)
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[0129]

[0131]

[0132]

[0133]

[0135]

[0136]

[0137]

[0139]

[0140]

[0142]

[0143]
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29 7]t (Model development)

e LR B XGBoostE AHEsle] 71 5ol £2 oS RES MYy, 2 Wy e 5037 W(89.9 %

o &7k dHolHE ARgstel Fd B WA AT o F7F ASE A 564 W (111 99 FE-ok ATES

436}0% A AZEHAG. LR Bl = 2674 e $x} do F&® Wb XGBoost EEOME EE 3
AolE17} ety HolHE Agstes 549 ojfdoz AHEH 3= FAE datr] A& 10 W

X} AZ (10-fold cross-validation)< AR&3te] AXEE AT E%]. ke R X2 (R program)9] 7|

(caret) 7|AE AR&3ste] F = ATt

29 Ax (Model performance)

v
N
S
>~
o))
N,

-

ﬂVL
o,
olf
N

A g dFs7] 8 53 71€7] ¥2¥ (extreme gradient boosting, XGBoost) ¥ ZX| ¥ 3]
(logistic regression, LR)E A}&-3it}.

% 68 =3, XGBoost ¥ LR Ewe] wx HIFHE F47] s 5EA 99 (area under the receiver
operating characteristics, AUROC)S Z}Z} 0.97 (95 % A1Z] %t [confidence interval, CI] : 0.96-0.97)
2 0.94 (95 % CI : 0.91-0.96) %UTh (p = 0.04). XGBoostw REE 4% FANA RS 7M. ¥ AL
XGBoost7} 4 7He] CSS A=NMQIESOA LRE s7tgem 1 5 2 /W7F SAHe® fosivhs HS esto
XGBoost RElS 7|5 Rdz2 Mugc),

29 Hlw (Model comparison)

XGBoost & E]Fel stols wEhv|EE 10 Wil wxl #H3F (10-fold cross-validation)®} &7 tast ag|l=
HAS ALgste] AUROCE HUlgtsles 43t F2d dolHE tAsAY 5EA4S Addsie A 22
A2 (preprocessing) "HE AMESIA] &1 B ASS vy,

A% AUROC, 7%, PPV 2 NPVE RQ pROC F7|AE AFL3le] 90 % Eo]AolA] AXHAL. A =49
2,000 7Rl wtEw AlE3lE RE 2~E (bootstra W g ALgske] AREEIT. 2l A
D a)u o A K E ~E WS A8t ALt

i 8
o1r
2
o
2
=
o 3

T 72 B oage] gofdt AA B mE T3 oS Rdd Ui 7 oS wgo AlEE g (shapley
value, SHAP value)& EA|SITH, FA|F oz T 7& Zhzbe] EAT SHAP 5 Alole] A (relationships
between each feature and SHAP values)E =A|3HC},

T 72 ZF Aol mEl Felo] ALEE dlojE el A $Hxte] SHAP gt WER= 8oF FXolvh. RdolA] e
G 7 7R BA (A B A S AlGetal Ve BES EE AR EE BE 5S4 diEl Hol A
e, SHAP %k ZF o] ddf SHAP @& Hrstel AME y F9 54 Fard e &9 &2 FA 9. x
o A fAe B9 dF Y0 vXE TS o, B Ao ew d #e dvEhiaL =
E & YeEbde 34 A2 =4 g (missing value)s HERITE

= | et 2+ o5 W4 ¥ AE2] 3k (shapley
SHAP %5 Alole] #A (relationships between each

= 82 o] (age), ¥ET (lymphocyte), A% (platelet), A& A4 (body mass index), dWfEAZ
(hematocrit), %72 (shortness of breath), ™ (sex), AL (body temperature), A8} (heart rate) 5
A9l 9 7l F8 EAe dig SHAP #E°] JEEE EAIST. 7t adxe BEo d3d g 7 549 A%
S YeERdth, x & W i3S YE3Z y 2 SHAP @S YERdth. H3de mdlo] oSl digk 549
Ay dFE Ve

v 2 e tggt A dEdd e FFE oS 2] 9] 1071 dF Wgd uig AA 5 4
A SHAP %S =AY, Aoz, &= 9+ 3%} EA SHAP 3% (patient-specific SHAP plots)<S EA]
9ol Al 3+t SHAP gtell whel zF M Fxjol ] =97F wiAZ &9 10 7] 54 2l o= 4%

=)

o ot Jm

, o] thgt SHAP ZF& o] (age), BET (lymphocyte), %7FH% (shortness
of breath)o] o] Wao R oF EFgo| Add &S vITeE AL 2oFErt. a8y, W3 (white blood
cell, WBC) <=, 3|vl==a 3 (hematocrit), 3= =24 (hemoglobin), AZAFHF A4 (body mass index)+ GOz
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[0152]

[0154]

[0155]

[0156]

[0158]

[0159]

[0161]

[0162]

[0164]
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= rdo] A9 107H oS WMol digk AA v-F
, 2 3z} 54 SHAP =3 (patient-specific SHAP plots)%
Algteh, = 10014 o SHAP Ztoll whel 7 W& Ehxlol]l tis] =$17t Uﬁﬁ{ 49110 7 542 R o5

rﬂ

108 Hxsid, AA T35l obd A disk SHA ZEL2
=241 (hemoglobin)o] &2 Waoz oF
¢+ (systolic blood pressure)% Oﬁﬂfli 714

2 Yo| (age), HBET (lymphocyte), A%
9o A 9 PYE AS YEd
3]

o g, 557 3

29 34 7154 (Model interpretability)

ke Z)AIEE Bdls |4 Etr] flste]l AlEEl F7F AW (shapley additive explanations, SHAP)©]
th. SHAPE= 7} ©lole]e] A& %k (shapley value)S 7|Wro @ Z8o] dwhy F&FS nx=4] Altst
gl5olth, SHAPO uwp=wW o]l YIS 4= CSS > 69 A8 Fomo gt 7 F23 938 2o
W] Ao Wk = 7ol uek dvk. yol (age), ®©ET- (lymphocyte), d4% (platelet), A4
(body mass index), 3|P}EAZ (hematocrit) E Au4 (heart rate)T T35 % oS v]AEH<]
Eblth, & 88 FxatH, HAFAHS Hee wRHgA FETS F

21 9 =
Zeo) g 2t 549 AAA 4G ololE SPE o ZE FFEe] U 2 wiel 81 54

R R
B
52
e

off 12 o XN 2 1% i o

AsE dolgl sHEAdA d= 7153 A% (Predictive performance under limited data availability)

o3}, F+L+ Ede 232 folg7t ¥ A 29 (full models with laboratory data)e]th. F+L- 2&e 2
A dole7l ¢l AA =d (full models without laboratory data)olt}. F-L+ R&le 234 dolgr} gl
= 729 29 (reduced model with laboratory data)o]th. F-L- Rd& AFA dgolgr) gl Zid »d

(reduced model without laboratory data)e]t}.

AAA EA 7+ (recursive feature elimination, RFE)E 7]+ EAS /Aty 98] 3= doew Azt
tolE 7F8A StellA Ase]l HEEJATE. AIROC 0.97 (95 % CI : 0.96-0.97)& 37 7 WS4 (YA W 32 7K
oF A WM 5 /) E BF ¥3e= V) Rl Ait),

T 11S 2 e OUs A dEd mE TR S Rl T A¥A ¥ E x2ge 2d (FALt model) 9
AUROC (area under the receiver operating characteristic)E =AI$HT}. A SR T 112 RFE J&A] &
9 A%59] W3} (the change of model performance when applying RFE)E EA]3t}. &= 1104 A#H A T4
(recursive feature elimination, RFE) A #4e Ai+= AUROC (area under the receiver operating
characteristic)®] #HAANA AAHT. 2 IJAEE 7FF 2 £9)9 5o iy & Hdo HJ5& e
LiA=H

T 112 AP AFs 239 mEle] AIRCE AT RFE= 5 He] A3 WaE Eske] 37
%WFJ FLt AECIM = olet. 3 s whmol] A Filt R 37 7o Wel dis] T wwl, F-L+

& 17 7§ WE ARgste] FHEAT

o

T 128 2 dHe] gofst AA oEd mE SR G5 2d 5 A dsbE Z]ﬂ 2 (F+L-)9] AUROC
(area under the receiver operating characteristic)E EA|3IC}, FA|Z o2 | 12 RFE H&A] 29 45
¢] ®W3} (the change of model performance when applying RFE)E E/\]fﬁq. = 12914 AN EA A

(recursive feature elimination, RFE) A A ZHI= AUROC (area under the receiver operating
characteristic)®] oA AAEUAY. 2+ IJNE= 7P @& £H9 EAo] #4d F 2do AFS e
EUi=

& 12 AP WEE AQR 2Ee] ARICE =AIFTH. RFE:= 5 719 A W7t Al9jd 32 /o] Wss
TAE F+l- AEo] el FAEA. A HA vhEoA F+- 2L 32 sfo] W s Ty wd F-L- &
9o 11 /e |45 ALEsle] FEE Y.

T 13 B o] tokst AA] o E

2 o = F 4
AP WEE A 2D (Lo tiste] A% ae Agel mE 4%
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[0166]

[0168]

[0169]

[0171]

[0172]

[0174]

[0175]
[0177]

[0178]

[0179]

[0180]

[0182]

[0183]

[0185]
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6°)
o,

=11 E X 138 #Fxs) s g wi7hA] FAA o2 wmete] F-L+ RElo] A
HJTh. FH+ 2Ee wizkes} —5—0]—\:— E5F 90 % oS 2yt 1oy, AdiHez v A odF @
(positive predicted value, PPV)2 JRC T RXe Byl o] Ao JFTFS v A &
ATk 7hgdck. 17 e W= éiﬂ F-L+ =9 o] Foll A Wiz 88 %, PPV 31 %%
Gk, F-L+ 2d& oJd3] AUROC, ¥WIZtE, & (negative predicted value, NP
V2 B8t LR 2Ee 5713,

E

i

o
u

T 129 % 13% Fzsid, B E9Ud2 32 U9 ¥M4E XFste Fl- EdolA 0.95 (95 % CI @ 0.94-
0.96)9] AUROCE AT, As 4= 21719 W47 449 u7x] EAX o2 nuste] F-L- 2do] YAE

= e E Edge] gge A ded mE A4 Sk o5 2l s =AY

¢

Fl- % F-L- 2 7470 90 %9] 31 5ol saolM WaE 84 % 2 81 45 @AM, = 1= 49

2 ONPYVol tH3F AFAIZE B E @ oF3lt}. AUROCY £83 Aol A dHolHr dAY e e dAA 24l

(F+L+ 2 F+LH) 3 294 dole7l dAY & gl 2429 e (F-L+ 2 F-L-) 250 #EEg e, o&

A8 golg e gt AL udt (ZF p < 0.01).
u}

5 155 B outgo] gofsl A dEe wE 47 5% dF Y ¥ 343 over-fitting)S WA E] ¢
@ A% Ade =AY

HA 3 (over-fitting)& BA7] A8 &=-ok ¥ o] AE diF] U 714 EdAS AFIrE. FLt+ 2
F+L- 229] AUROCE= ZHZF 0.958 (95 % CI : 0.924-0.991) 2 0.943 (95 % CI : 0.901-0.985)°] o™ =z}
T A7 FAAeRE FH(indifferent) Pt (47 p = 0.663 % p = 0.889). F-L+ P F-L- 229 AUROCE
Z+7F 0,949 (95 % CI @ 0.906-0.990) 2 0.941 (95 % CI : 0.903-0.978)c] o mwal HE ZAFst EAHo=
o8t 2Fol7t ¢ldth (statistically indifferent) (242} p = 0.541 ¥ p = 0.950). = 156&= =2k H3H 2
o} ook | A 7o FHee RE Rdlo] Holx g dolHel iy drtst ke Ads TS Bos

T 16 B 2o thakdt AX] g mE FEE o= 2dd st ANH EA 7HA (recursive feature

elimination, RFE)E A&3}7] 913t o5 W42 ¢4

it
H
>
o,
O

% 14 ¥ % 162 RFES] 7 ©Alo A xpAgk Axtel d8ld wgE AlFg.

W4 7Z+A (Variable elimination)

RFE 7152 B2 o5 Wg7h 4adis o 29 A §4 Wes @rishs b ARH Ik, RFES Filt 29
(A384 delg7h gl A 2)¥ Fl- 2 (A34 dHolH7h gl AA =)o s3=dd. o A
F-L+ 2 P-L- BEe W5 57F 7 AS b7bd] 2&E9lom, AIRCE 7H AA ey vlad o A4
°l& HolA ekt

SHAPE Abgstel wdlo] Uld FREE JlEoR 27 A, v L Avgy 2L g SHol U &
A vhAtH REES WEG duitt by e 29)e] B4ol gasy wde] AMF (re-fit) Hom e
10 A WA AFe Agetel BAE. HaE BUE ARCY Aot FAM fFode melq g Wl 5

b Axska AROA AdEE A

)
2

4 M) BF RA2 BHES WA ] Y EE-ok IZER AATHAY. B #A H B T
S 72t R ZE% (R program)®] ZHZ (caret) ¥ 7]A] 2 SHAPforXGBOOST 7|14 & A A

29 34 7154 (Model interpretability)

F+L+ =dS 343}~

3 2 FLUL B TAEE 2l Al AdS AlEeks SHAPE AR
J I‘ET 0:1 i]'x}' %Xé Lio E"_}E/\A

E]’- S =70 X © o = 78 SHAP 7@4\‘% @74]5}' "

=5

T 172 2 g bgdd A dSed mE Al o5 A 784 st gt AP E AlEdel s A
7l 9% 92 22 BART. AR, ® 17 At N B ALHS 53 0VID-19 $AE o
8 Aol gFehs e welFe thelo e,
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AE =AY 7H8A oA FHe A EF (Optimal triage under limited resource availability)

2 FUFY o7 Ao &5 wet 24T 5 e HH9 A BF AA S Aosr] fa o]t ol
Al B ol (discrete event simulation, DES)ES 3 gitt. 172 DESE Fagtol]l ojA AA AlEF ]

E
A 93 EReE BAGY

F ot
o pu

H
rob

179] AA] dolA FF& CSS7F 6 o] A5 AHSt}. PiveintT oL oS Edo 93t A F
ZTE7F 6 oY &S ousie, FAHoR ) JY 7 F A CSSUF HU 6 oo o2 H &S
ougit}, = 179 AA] ool dA Fk (threshold)E CSS7F 6 ool o]2A & FEQ Poeriy/t A 014

e

EX A # ol FTE dF FES /IR #xE &9 JHgAdd whet F¥A A (intensive care unit,
, ICU7F 2183 5 gle AEoAY A 3% oS &80l 54 oA it v

g AP ICUA #xle] AbgS el 11

ol4¥ gxleo] AbgS yehdch 111 73 Abg

H 3o AMgS YEeRdL

AL ARgst AAEE = (((F AR 5/ (F 24 ) = (0 58 AR 5 + 11 58 A=
g At =)/ (F A F) )S HAas & F .

o] wE #x F AEUN)AS A 3 AA B FY AdE e =S

A 2 22 §<9 (patient influx)S %=A13T. = 18L& 3h=to A COVID-192] AHH
A4 el wig gdw wAE A4S Yehdo,

5 18914 H1, H2, H3, H4%& d=rollA]l COVID-199] YA #x} 9 AU E Z=Agth, A 9AL4 34 f

ol AlUbE] e H1, H2, H3 2 H4el sl AbdELS 247 0.1, 0.01, 0.04 2 0.249] AA oA Hxsh=E o).

-

H
—
lo
e 2

A & A3 (Optimization of threshold)

o]k o|HIE AlEdolAd = 32 #<9 AMA (Discrete events simulation (DES) and patient influx
generation).

AlE ol AS 938 simmer R W7|A]E ALE3le] AstE o8 AYolA (F AFEA 42) / (F 84 9H)E ALE
A ES FHAsele 49 A e 2] 938 DESE S,

&= 185 Fxahd, 2020 & 2 URH 2021 | 2 9 Afojel]l e 4 7bA COVID-19 HAHH AAH A FU A
U2l e (HL, H2, H3, HH)E At&ste] AlEdoldS S dTt.

T 19% B owkg o] thokgt AAl B wE 7)Ex 73 A A A4 (basic reproduction rate) (RO)o| 7|Wkgh
71 2 9 AUE e E =S, FAF R E 195 34 59 (patient influx)S =A]3HC).

T 19% SIR AlEdEolAS o] &3 71 2 §Y Avged mE FHASE EASY. & 19¢ 712 ZEAA
2 214~ (basic reproduction rate) (RO)O| 7]¥H3k 714k 3k} f-9d3t o v SAIE YeEbdY. ROE A
Abg ZF A9EE AEE FAE UERIY. ROZE 1RY I ey e] 34
2 AuEchs oujth, ROte] Al 409, W22 0.4~0.90]9

14

Q.
2L
—
o
=2
)
2
aui
il
~
>
o
—
o
S
ox
o

T 198 Fxsd, 7o 3x 59 Alvgl e dA AUt 23975 A (susceptible), #EAF (infected),
352} (recovered) 9 Al oz A% SIR 22 (FYE7FsAF (susceptible) - #EAF (infected) - & &5A}
(recovered) model)< AR&38Fo] AAEH AT

AW BAYS 9 8 Byo|t}, SIR BN E 55 A T(S), R, IETR)S
B3tk &, S 'Susceptible number' 2 7+ 7Fsd Abgre] 'Infectious number'=
A9 gzl 2 YE™, RS 'Recovered(or immune) number'® AWM O RRE 3|Ed Fxp (EE, AYS

FE UEerdth, old mal, AW S>I[->RO HAS Fate] el FAAEUTIIF IEEHE FuE
Hoh, SIR Bdo) v WAAS xdshd ot [4284] 2]9F 2},

it
T
o,
=
K
fr
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[0214]

[0216]

[0217]
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[0220]

[0221]
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[0224]
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ds/dt = - -S- I/N

dl/dt = B -S-I/N - y -1

drR/dt = y - I

(=84 2]o4 B #AEECL, yv IEEL, St 7Y 7t AEY Folx, I+ #AE AR
Foli, R I &5E Alge] ol t—E A]Z_Mﬂ N=S(t)+I()HR()o)ar LA E F AF 5 el
N=S(t)+ 1 (t)+R (OHE ANE AA A= F=oq B&FE A JALE 22 F99 58,654 (H4)=S

e w 60,0002 2AEAJT. 1(0)Z R(0)2 47 63 002 nAEHAT. == Ho 3E A|7te] 20.1
dol7] wol FEE y2 0.06= AAHAT. FAE B2 AR T2 RO (712 AN A=) ghell whgk
A 0.75914 5 Alole] WLl A #xl Fde UG, wjd Q= T Fxle] 42 SIR RAFHA AT},
dd 3R A= HA GAE A FY TS oz wElE o] dd =2 Agke] FASA AL AL

T 202 AA dlolEolA BEEE Ao BE (E AT A9, 5HH)E ufgoR TP AlEGAS %
3xte] BX (6%HH)S REJS W, V] T XU gEX Ze8 Holy] A% aHZE Y. F35<
(severe) A7} AAQ] 4.8%0]aL W Ygo] T2y wiid] 7t Exwo AL MEgoz APHJr;. A&
el 191 A 3 (Kernel function)S ©]-&3te] & UX (density)E FAHIUTE. #359 HoHEY X
ZHRE WG B EAS FASPT. E 209 2 Zd thste], yE=E FF UXE (density)E YERRIL, x
%2 logits (log + odds)®A F521 (severe) FHE P2 %S o log (P / (1-P))ell sidgtet.

&5 AA (Probability generation)
7 2Z% Bgo A¥A 38 By Y] 93
of-fold & Ax4E HAYC. Ag=

ndo] Axnz A3, F9Aeh AY dx 5
3 IR AZHE Sy, AY 2 gg=
4 FZo] obd Ao e Bz FyHle
g2 Flm F2E A,

o] wxal 7= (10-fold cross-validation)®] out-
oA F2 s FAA /\}%3 & 3ke] FtL-
< AH&ske Ak A9
HE ARS8k A

2

A
| EE BEe 3% dolH §

= 202 out-of-fold MZolA TF E TFo] ofd A9 oF &5 Fxst YHE oF g5 X5 Yed

o},

A EFold Auale & MA (Simulation scenario and settings)

AA gk o] EES UMK ExbE IUE hlEH SxbE U9 578 Tl wet gdsit. AFE A=
AA gk wiwke] SEE Fxtel A AWk WEow ket A BHauw ATt Aol whebA, Icuoﬂ AE T
oF AR F5 FA7F AMGE FEL 0.5072 AAEIYL ICU 2ol Abded g5 0.9900 2 AAHAT, 2
ZU0L2 FF AU ofd A= ICU Y97 TAgle]l AEFH Aolgka 7P, 4 AMGS Al 7HA 73
o7 FRENAYG. “FF7 o®E FREI ICUR o)FHAoY AMYeE 73 (I §8); “$37 22 27543
o} ICU o]-& E7FE Q13 TF #FAVF AFEshe A4 oA Ao §8 (I §3); R $F A7 " F
T'oR AR BFEHA Ak WEow ofFd F Apdete x4 ER A @ dEA AP 739 (11T #+3).

A Ael HAd & V== 504 V) Aoz AT, AF 7 ExE A6

ot

7] -HOH ] Atk v BXEFE ARSI, FEA A A Hr ¥ Ve vy BEE ALEACH, A
gk :ﬂ—x}g,] 73*‘?*, P Wil W = 1.54838, H|E w7l W4 = 0.13310]3, FEAA F7HEARATFALE
(intensive care national audit and research center, ICNARC)ell AAlE ARELIG WS 2 A T4 3714
AE AFREES] A9, 4 il WS = 0.8904, HIE wiUl WG = 0.0477 o)Avk. 49 VIRE, ARG 2 A4
FTE FE9 EXLH@OﬂH LA 7 Q' oA (outliers)ol tigh AndS B8y fla 7 A {F-Yel

gal A= te Az AFdelde 20 3 v

gl v AAl dgel wE A A @3 F9) AvEleddA 5 Ao A gEl
g TAG, AR R & 212 ohdt Al oA 7 9l =
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[0237]

[0239]
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Axshd AgE} 74 B4 FYol U@ A QA g ek, = 218 QA ghol W oAb a7

e AA A B {F9 AdE oA TR dde] A gEol
o}

FARoR, ® 228 7 QA @AM AP S FI 4z w2 A

death subtype at each threshold)E A3}, x & ¢ y F2 2 A @A (AHE
Y 78 ) / (F FA 5 )R AN " F Ao sk 7 Al 59 F389 74 ]SS UERdTh = 22
= 9AE BA fFdel w2 2 QA gl A AFE SHe FE EE EslE AP ES B4

T 228 Fzxed, AMYED A we #AE Al 7HA £33 AP Abele] AE AR ANE 4 dn. B &
Pe1e I F38 A H&S HUssldA 34 A (intensive care unit, ICU) oA AbgEa & (I 3 A
WE = 50.7 9ol It HE (11 38 2 111 73 APEE = 99.0 D REY W] "o Hai AFGER ooz
= AR S s

T 232 B dHe odst AA dEd w2 3A GAE 33 £9 AlvEl H HA A gE, F45E A
e, AhE APTES ZARY. FAFeR) B 232 xR AlEFHelAY

HXsld Z3} (optimized
9 =

5} |
results of patient triage simulation)® =A|ZIc}. & 238 HARE Ak He dold A=

A% QA g 2 AN AGE 45 FAS 2

KeN
o, o7IA, &2 FdEe] 47 Sk EHetth. e, H1d H3 = HAE Wk AL 73, F
o Lo ]

§AAF A= (basic reproduction rate) (RO)ol| 7]wkak
of W AlgEe I EE TAgt, pFAHoR, =&
2 HAstd AMEEY ZF A FYdd digk A9

A4 97 ol 0.02014 0.66 AR, 7H7ke] HashE A}
. 7 Rool W A4 <7 3k 2 AsshE ARES RS O
7C:>] o

T 25% B U] gokst AAl oEed wE Vx g9 AI8A A4 (basic reproduction rate) (RO)el 7]HESH
7Hdel #al §9 AU LA FEE dwte] dA FE wE AMY 34 73 HE ol AgEY =

FAReZ, ® 255 7+ AA elA A Y 73
death subtype at each threshold)& E=A]dt}, x =& A4 7S Yegxz
A ‘PF—

9 48 )/ (F B ) HE AL A F Rl A 2t A 39 4 &S e, = 25
£ bgel B4 R0 WE 7 A @A AP B9 fF A RaE ARES BAR

B &9 7 Rool i@ A A @ R AasE ARES R0 W 2 grol H B HF A ¢ 2 AR
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[0245]
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[0251]
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[0254]

[0255]

S=S01 10-2505749

£ 2 AP A & UL WS 10U £ F7h IR A IV A% ARE 37 el )
3ok

= 258 Fxehd, 11 74 # 9 10T AP R0ool 1.5 & wf HZH dA ghollM Abge] 33.7 %5 A7
< 2

vbE | Roo] 10 U W 95.2 %E AR, RO ghol ¥ ICU &77F S7keke ARl T357 e s A
FIx (dE B9, =2 32 &7 94 @ AA) JAde] &) nAHAY. wEkA, A @S 2gskd AL
YES A WA g3 A TEH AR e 2 FE5 AY 35 o #¥S 2E ¢ Ay, ey,
ole1dt 3ol A Fx} EF AA @S SUHA7IE ICU =8 Ao Ayl FolxwHA ICU &322 Huy &
L& A8t AbgEo] Yolxlth

% 268 B o] thokst AAl dE wE 7% 73 A4 A4 (basic reproduction rate) (RO)o| 7]wkgk
73] 22k §9 AlUEle E HA Al gE, HAstd AMEE, 2A4aE AMYES TAg.

FAFor, T 262 A EF AlEyolMe HAslE ZI} (optimized results of patient triage
simulation) & EAISTH. X 262 7] X} f-9< AlgHEHold AiE LA g,

A7 B BF QA @ ol F-L 2
index)) st lag ) vhehvh o448 AHEE A}
of ol AARY FAONA 4.7 % ~ 20.8 %, 7P
Ao w A4 QA gt A5 el Aol Agiel.

o
o

0.013 ¢l 7]& #4 A4 (J-A4*) (Youden Index (J-
E3 BE YA 2 e mde] Histd AVEE T
& 24 dA-3A HAk. RO kol

ol

o

T 26 Fxsd, RO kel AYUAA =2 2k §9 A (RO = 10)dA A &FS ek g5o=
Q3] ICU 9 F-o A (1T 738 2 III 3 AMg)o] =2 AujAo] o] (X 2594, RO = 10), ICU A =7}
AbgEo] nAE oS A3

T 27 B U bifst AA dEd mE 77 A JAME 32§ Adge 2 7x AEA8E A
(basic reproduction rate) (RO)e| 7|9kt 7}de] 3z} f-9) Alvele ¥ FHZF AA &, HAsd A1dE, 7

a2 AMEES EAIRH.

% 269 @k, RO ghol AVAA e B4 F9 Adele R0 = 1004 A9 S kushs FEom
Q8] ICU <)ol A (11 /% 2 11 3 Aol Fw=2 Aujge] 5o (= 2594, R0 = 10), ICU A7

EE
XGBoost arel%& ALgstel COVID-19 kAl Bbel HuE QA SUPE e 45 % wag 5
B 4y FFE Ad] 9L AL Jlel Wae B4 54 4 A AT, 1 0F, RES A

[s}
& b g, mHmton, Awd o
=
T

Pt Bde SR 54e wa 4% % Emooky M4 BRI 0978 Eaeh: AR He

19k, CALL, COVID-GRAM, ABC-GOALS % 4C AM4E <4 (Mortality Score)E E38HsE COVID-19 3hx}2]

whH=o

A oFstel thgh o] dS EAS 0.77914 0.91744] v A5 A E Hugot. B RddE 45 3
dns fA37] f8 A¥A dels (laboratory data), 5% AF4A ¥3}%E (peripheral oxygen saturation)
T WARA 84 A3 (radiographic findings)E& X$Hst 54 g dlo]g 7t B, F3g, dolgrt F&
Aoz & W 2l AFso] o= HAE/A fFAHEAE AW FFE oS5 HAYdA obx] dAsA AFHA
FTH. @] Filt Rdo] AAR adAo R FPYES B 902 A" Ed(reduced model)o] 17
2 AFA dolHrt REASR e AFdE Ade AEESE FATS g1t gad 2] FHe Hol
A ¢ dlolgel gt dntsl sheAdERE ofuE) AlgkE dloly #FANAY AL JheAdE EFsTE A7) A
Agh $hA} = C0VID-199] 8 FAALel B E ZHA4E RA Fl+ Rdo] 3zt 93-S wuh dgatA AT
stk w7k Vit e w9t BE EEA 27] A E5e] &8 ¢ vt ad REe 393 3xE fg
ZIAA Q1 EF7] HOICUY 22 Add Ads a&402 sty A3 Ad Aok FAANA 53] /&
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k1

k1

H5
Variables Total cohort Train cohort Holdout cohort
(n =5601) (n =5037) (n =564)
M (SD) Missing M (SD) Missing M (SD) Missing P
/n (%) (%) /n (%) (%) /n (%) (%)
Age 0.0% 0.0% 0.0% 0.407
0-9 66 (1.2%) 61 (1.2%) 5(0.9%)
10-19 205 (3.7%) 185 (3.7%) 20 (3.6%)
20-29 1110 (19.8%) 988 (19.6%) 122 (21.6%)
30-39 564 (10.1%) 513 (10.2%) 51(9.0%)
40 - 49 739 (13.2%) 652 (12.9%) 87 (15.4%)
50-59 1141 (20.4%) 1039 (20.6%) 102 (18.1%)
60 - 69 907 (16.2%) 809 (16.1%) 98 (17.4%)
70-79 545 (9.7%) 495 (9.8%) 50 (8.9%)
=80 324 (5.8%) 295 (5.9%) 29(5.1%)
Sex (male) 2310 (41.2%) 0.0% 2073 (41.2%) 0.0% 237 (42.0%)  0.0% 0.726
Pregnancy 19 (0.3%) 0.4% 17 (0.3%) 0.3% 2 (0.4%) 0.5% 1.000
Pregnancy Weeks 0.05(1.1) 0.4% 0.06 (1.1) 0.4% 0.03 (0.5) 0.5% 0.399
Body mass index 21.4% 21.5% 20.9% 0.653
<185 259 (4.6%) 236 (4.7%) 23 (4.1%)
185-229 1854 (33.1%) 1666 (33.1%) 188 (33.3%)
23.0-249 1035 (18.5%) 929 (18.4%) 106 (18.8%)
25.0-299 1045 (18.7%) 938 (18.6%) 107 (19.0%)
=30 207 (3.7%) 185 (3.7%) 22 (3.9%)
Systolic blood pressure 2.5% 2.5% 2.7% 0.600
<120 1306 (23.3%) 1177 (23.4%) 129 (22.9%)
120-129 1138 (20.3%) 1012 (20.1%) 126 (22.3%)
130 - 139 1084 (19.4%) 977 (19.4%) 107 (19.0%)
140 - 159 1418 (25.3%) 1281 (25.4%) 137 (24.3%)
=160 513 (9.2%) 463 (9.2%) 50 (8.9%)
Diastolic blood pressure 2.5% 2.5% 2.7% 0.036
<80 2102 (37.5%) 1878 (37.3%) 224 (39.7%)
80 - 89 1797 (32.1%) 1601 (31.8%) 196 (34.8%)
90 - 99 1056 (18.9%) 971 (19.3%) 85 (15.1%)
=100 504 (9.0%) 460 (9.1%) 44 (7.8%)
Heart rate 85.82 (15.1) 2.3% 85.77 (15.0) 2.3% 8627 (15.4)  25% 0474
Body temperature 36.9(0.6) 0.7% 369 (0.6) 0.8% 37.0(0.6) 0.7% 0.861
Fever 1302 (23.3%) 0.1% 1168 (23.2%) 0.1% 134 (23.8%) 0.0% 0.801
Cough 2331 (41.6%) 0.1% 2103 (41.8%) 0.1% 228 (40.4%)  0.0% 0.575
Sputum 1611 (28.8%) 0.1% 1460 (29.0%) 0.1% 151 (26.8%)  0.0% 0.293
Sore throat 872 (15.6%) 0.1% 779 (15.5%) 0.1% 93 (16.5%) 0.0% 0.565
Rhinorrhea 617 (11%) 0.1% 560 (11.1%) 0.1% 57(10.1%) 0.0% 0.511
Myalgia 920 (16.4%) 0.1% 820 (16.3%) 0.1% 100 (17.7%)  0.0% 0.411
Fatigue 233 (4.2%) 0.1% 207 (4.1%) 0.1% 26 (4.6%) 0.0% 0.650
Shortness of breath 665 (11.9%) 0.1% 608 (12.1%) 0.1% 57(10.1%) 0.0% 0.194
Headache 963 (17.2%) 0.1% 873 (17.3%) 0.1% 90 (16.0%) 0.0% 0.446
Altered consciousness 35 (0.6%) 0.1% 31(0.6%) 0.1% 4(0.7%) 0.0% 0.776
Vomiting 244 (4.4%) 0.1% 210 (4.2%) 0.1% 34(6.0%) 0.0% 0.052
Diarrhea 516 (9.2%) 0.1% 457 (9.1%) 0.1% 59 (10.5%) 0.0% 0.315
Diabetes mellitus 688 (12.3%) 0.1% 620 (12.3%) 0.1% 68 (12.1%) 0.0% 0.916
Hypertension 1198 (21.4%) 0.1% 1087 (21.6%) 0.1% 111 (19.7%)  0.0% 0.323
Heart failure 59 (1.1%) 0.1% 52 (1.0%) 0.1% 7(1.2%) 0.0% 0.808
Cardiovascular disease 179 (3.2%) 0.3% 156 (3.1%) 0.3% 23 (4.1%) 0.4% 0.259
Asthma 128 (2.3%) 0.1% 118 (2.3%) 0.1% 10 (1.8%) 0.0% 0.478
COPD 40 (0.7%) 0.1% 38(0.8%) 0.1% 2 (0.4%) 0.0% 0.428
Chronic kidney disease 55 (1.0%) 0.1% 48 (1.0%) 0.1% 7 (1.2%) 0.0% 0.665
Malignancy 145 (2.6%) 0.1% 134 (2.7%) 0.1% 11 (2.0%) 0.0% 0.386
Chronic liver disease 83 (1.6%) 5.8% 75 (1.6%) 5.7% 8(1.5%) 6.7% 1.000
Autoimmune disease 38 (0.7%) 5.9% 32(0.7%) 5.8% 6 (1.1%) 6.9% 0.365
Dementia 224 (4.2%) 5.9% 203 (4.3%) 5.8% 21(3.7%) 6.7% 0.811
Hemoglobin 13.28 (1.8) 27.2% 1329 (1.8) 26.7% 1321 (1.8) 31.6% 0412
Hematocrit 39.24 (5.0) 27.2% 3926 (4.9) 26.7% 39.09(52) 31.7% 0.558
Lymphocyte 29.15 (11.7) 27.6% 2925 (11.7) 27.1% 2823 (11.0)  32.1% 0.088
Platelet 236697 (82897) 27.1% 236776 26.7% 235943 31.4% 0.856
(82534) (86395)
WBC 6126 (2824) 27.1% 6121 (2841) 26.7% 6167 (2666)  31.4% 0.748
CSS =6 271 (4.8%) 0.0% 242 (4.8%) 0.0% 29(5.1%) 0.0% 0.802
"6
css Model AUROC Specificity Sensitivity Accuracy PPV NPV P
IR 0915 0.901 0.766 0.893 0.300 0.986
(0.882-0941)  (0.891-0.908)  (0.695-0.830)  (0.882-0.905)  (0.270-0.330)  (0.982 - 0.990)
5 0.030
XGB 0.950 0.900 0.882 0.899 0333 0.993
(0.936-0961)  (0.891-0.908)  (0.838-0919)  (0.890-0.907)  (0.312-0.356)  (0.990 - 0.995)
IR 0.938 0.900 0.814 0.896 0273 0.991
(0.911-0959)  (0.888-0.912)  (0.737-0.881)  (0.885-0.907)  (0.246-0.302)  (0.987 - 0.994)
6 0.039
<GB 0.965 0.900 0.905 0.901 0314 0.995
(0.958-0972)  (0.892-0.908)  (0.868-0.942)  (0.892-0.909)  (0.295-0.335)  (0.993-0.997)
IR 0.938 0.900 0.857 0.898 0.259 0.994
(0.903-0963)  (0.888-0.912)  (0.790-0.924)  (0.887-0.910)  (0.234-0.289)  (0.993 -0.997)
7 0.060
<GB 0.966 0.900 0.902 0.900 0.297 0.995
s (0.959-0973)  (0.892-0.909)  (0.862-0.938)  (0.892-0.909)  (0.278-0.318)  (0.993-0.997)
IR 0.940 0.900 0.867 0.899 0.248 0.994
(0.907-0964)  (0.889-0911)  (0.796-0.929)  (0.887-0.909)  (0.223-0.273)  (0.991 -0.997)
8 0.062
<GB 0.968 0.900 0.903 0.900 0.288 0.995

(0.961 - 0.975)

(0.892 - 0.908)

(0.861 - 0.940)

(0.892 - 0.908)

(0.270 - 0.307)

(0.993 - 0.997)

Data are value (95% confidence interval)
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0.963

0.950

Average AUROC

0.940
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Number of variables
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Average AUROC

0.920
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30
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%13
Number of F+L+ model F+L- model
variables AUROC P AUROC P
1 0.889 0.000 0.889 0.000
2, 0.931 0.000 0.917 0.000
3 0.934 0.000 0.921 0.000
4 0.946 0.000 0.932 0.001
5 0.948 0.000 0.936 0.008
6 0.951 0.000 0.937 0.009
7 0.953 0.000 0.934 0.001
8 0.959 0.003 0.936 0.007
9 0.956 0.000 0.935 0.000
10 0.957 0.000 0.938 0.007
11 0.958 0.000 0.942 0.137
12 0.957 0.000 0.941 0.043
13 0.961 0.018 0.939 0.014
14 0.962 0.018 0.942 0.087
15 0.962 0.015 0.942 0.063
16 0.962 0.021 0.941 0.015
17 0.963 0.080 0.942 0.108
18 0.964 0.252 0.943 0.051
19 0.964 0.379 0.945 0.435
20 0.965 0.392 0.943 0.024
21 0.963 0.016 0.946 0.556
22 0.964 0.352 0.946 0.640
23 0.964 0.510 0.948 0.551
24 0.963 0.107 0.947 0.988
25 0.963 0.077 0.945 0.517
26 0.961 0.002 0.946 0.693
27 0.964 0.141 0.946 0.305
28 0.962 0.014 0.945 0.437
29 0.963 0.027 0.947 0.672
30 0.963 0.043 0.942 0.004
31 0.963 0.116 0.946 0.686
32 0.963 0.054 0.946 -
33 0.963 0.173 - -
34 0.964 0.378 - -
35 0.962 0.009 - -
37 0.965 - - -
14
Model Numberof -, roc Specificity ~ Sensitivity ~ Accuracy PPV NPV
variables
o - 0.965 0.900 0.905 0.900 0314 0.995
(0.958-0.972)  (0.892-0.909) (0.868-0.042) (0.892-0.908) (0.295-0335) (0.993-0.997)
S - 0.963 0.900 0.884 0.899 0.309 0.994
(0.955-0.971)  (0.892-0.908) (0.839-0921) (0.891-0.907) (0.289-0329) (0.991-0.996)
_— » 0.946 0.900 0.839 0.897 0.207 0.991
(0.936-0.956) (0.891-0.908) (0.793-0.884) (0.888-0.005) (0.276-0319) (0.988-0.994)
B i 0.942 0.901 0.810 0.89 0.201 0.989

(0.931-0.953)

(0.892-0.909)

(0.756-0.860)

(0.888-0.904) (0.270-0.313)

(0.987-0.992)
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EdI5
Number of — -
Model vartables AUROC Specificity Sensitivity Accuracy PPV NPV P
0.958 0.882 0.966 0.887 0.309 0.998
Bl 37 (0.924-0.991)  (0.854-0.908) (0.897-1.000) (0.860-0.911)  (0.262-0.367)  (0.994-1.000) 0603
FLt 17 0.949 0.888 0.966 0.892 0.319 0.998 0.541
. (0.906-0.99)  (0.862-0.914)  (0.897-1.000) (0.867-0.917) (0.270-0.378)  (0.994-1.000) )
F+l- 3 0.943 0.907 0.828 0.902 0.325 0.990 0.8589
(0.901-0.985)  (0.882-0.931)  (0.690-0.966)  (0.878-0.926)  (0.265-0.400)  (0.982-0.998) )
FiL- 1 0.941 0912 0.828 0.908 0.338 0.990 0.950

(0.903-0.978)  (0.890-0.935)

(0.690-0.931)

(0.885-0.931)  (0.274-0.415)  (0.982-0.996)

Data are value (95% confidence interval)

EHI6
Order ‘With laboratory variable Without laboratory variable
1 Age Age
2 Lymphocyte Shortness of breath
3 Platelet Body mass index
4 Body mass index Sex
5 Hematocrit Body temperature
6 Shortness of breath Heart rate
7 Sex Hypertension
8 Body temperature Systolic blood pressure
9 Heart rate Diabetes mellitus
10 White blood cell Dementia
11 Hemoglobin Diastolic blood pressure
12 Hypertension Rhinorrhea
13 Dementia Fever
14 Diabetes mellitus Cough
15 Systolic blood pressure Headache
16 Diastolic blood pressure Sore throat
17 Altered consciousness Altered consciousness
18 Rhinorrhea Malignancy
19 Headache Sputum
20 Cough Myalgia
21 Fatigue Cardiovascular disease
29, Cardiovascular disease Chronic kidney disease
23 Malignancy Diarrhea
24 Myalgia Vomiting
25 Sputum Chronic liver disease
26 Fever Fatigue
27 Chronic kidney disease Asthma
28 Chronic liver disease Heart failure
29 Heait Bl ;};(:Sléc obstructive pulmonary
30 Diarrhea Autoimmune disease
31 Autoimmune disease Pregnancy
32 Vomiting Pregnancy Weeks
33 Asthma N/A
34 Sore throat N/A
35 Chronic obstructive pulmonary disease N/A
37 Pregnancy N/A
37 Pregnancy Weeks N/A

_32_
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EHI7
Total death
Ppegin = 0.5
- . Intended triage Icu . Type | death
Classified as severe patients
Pseverity 2 Threshold =
No available General | Ppea = 0.99
iCU beds ward = ypellideath
Setting threshold
Classified as non-severe patients =
Intended triage G;r:gal Ppeatn =0.99 Type lll death

Pseverity < Threshold

mortality rate

Find the i to

EH18
1,200
Patient volume
800
400
0 m
Jan 2020  Apr 2020 Jul 2020 Oct2020  Jan 2021
Date
H1 H2 H3 H4
Period 17% Feb - 17" Mar 1% Jun - 30% Jul 10% Aug - 8% Oct 13t Nov - 20* Feb
Duration (days) 30 60 60 100
Cumulative patients 8,384 2,802 9.850 58,859
Maximum daily patients 1.062 13 441 1.240

(= maximum height)
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EHI19
6,000
Patient volume
4,000 RO
= 1.9
-2
-4
2,000 - 10
0
0 100 _200 300 400
Duration (days)
RO 15 2 10
Duration (days) 677 416 65
Cumulative patients 34,965 47,802 58,799 59,993
Maximum daily patients
(= WaRi heighD) 198 526 1,980 6,407

EH20

Model: severe

Generated: severe

Density
03

0.2

0.1

0.0

Density Model: non-severe

Generated: non-severe

03

0.2

0.1

0.0

-10 -5 0
Logits

Logits
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oin
]
Jm
9!

0.04

Mortality rate

0.03

0.02

Influx
- H1
- H2
= H3
~ H4

0.00 0.25 0.50
Threshold

0.75

Proportion

0.04
0.03
0.02
0.01

0.00

Proportion
0.04
0.03
0.02
0.01

0.00

0.00 0.25 0.50 0.75 1.00 0.00 0.25
Threshold

0.50 0.75
Threshold

_35_
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E023
0.2
Value
0.1
0.0
0.03
Value
0.02
0.01
0.3
Value
0.2
0.1
0.0
EE2

Optimal threshold

.

Optimized mortality

;

Decreased mortality

\

—_

2

H (historical influx)

3

N

0.04

Mortality rate

0.03

0.02

k\

7

0.00 025

0.50
Threshold

0.75

_36_
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EH25

RO: 1.5

Proportion

0.04
0.03
0.02
0.01

0.00

RO: 10

Proportion

0.04
0.03
0.02

0.01

0.00

KA

0.00

0.5
Value

B

0.04
Value
0.03

0.02

0.18
Value
0.12

0.06

0.25 0.50 0.75

Threshold Threshold

Optimal threshold

\

Optimized mortality

\

Decreased mortality

i

15 2 4 6 g8 10
RO (basic reproduction rate)

_37_
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s=s4

0.047
0.146
0.209
0.061
0.179
0.181
0.068
0.071
0.069

Decreased mortality
0.298

0.022
0.015
0.019
0.031
0.017
0.025
0.032
0.041
0.042
0.042

Optimized mortality

0.1
0.01
0.04
0.24
0.02
0.16
0.39
0.43
0.62
0.66

21

Optimal threshold
5,

40 AL

2)
1

Influx
H1
H2
H3
H4
RO=15
RO=
RO=4
RO=
RO=
RO=10
].i‘} A A
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