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1. INTRODUCTION

1.1. Background information

FZH-19(COVID-19) w2 SARS—CoV-2¢] tjgt o A}
a4 A RT-PCR, HolgA {fHAAE AARtew
ZA 7= W] HAEE E8l ARl 9etAl o] Fo Xtk (Earnest et al.,
2022). IEY-19 A Al A AqAFE AAsteE 3 Cycle
Threshold values, &3] Ct values® 9ZAAAE= FAF ot} Ct
valuest 42 T35S 2 &4 AXHES W 54 99X gk(threshold)
oo E AFEo nolHA Hds - F S WA HAY SF
AtelE & Yrlete] wpolgf A F-Sf(viral load) $F ¥H]#H gt (Tom
MR, Mina MJ, 2020). Z24Y—-19 XE7]EL] Ct values %A 93
we 2 JIEHE ¥4 fF¥A(target gene) 9F AFE AH| 9 ol =
1Este] 71E A A} AASEE 158k gho] EAjsith

Ct valuesv IZEW-19 A94 2 787 Aol o= A3
So] v A3t (Aranha et al., 2021; Marks et al., 2021), 5§

o[ o\

|| EQL'

1
ol

A5

e Aol AA Azt whet AW vpo]l g A FehrE Zolmel whel 1
Zrol AAE= AZgS wrl Ct valuesye o]g%E nlolg] A Rals)
vl E Eohe A, AdA/AE Y e AR, a8 Z2Y-19 Add
Ao S W VEEHE ter A4 &8o] Jhssithe 530
AT ol EFHER <] FREYU-19°04 FF B3 Al A4
st Ct values® F8&Adel #sE AFs0] AAMAZRCE 13
o] F

o]z 11 It (Waudby et al., 2021; Rodriguez et al., 2021).
ganlare Z2UY-19 ool 200949 AF EF° U o
real—-time PCRS U7EE HF3 o|F A%KsiA TdH
ggaigtt. gitel MAlelA 7 wE Srm ' JEE A F et
FzU-199]  AEFsA W o+ AT (elF
stk Aol sk o Al A &St ‘FRuyblol Y AAST-19  HARA
Ak AF” & T3 sdels Z2U19 B 27|HE AR, BE
% 4 %*}7]401]7\1 /\153'5} AA HARARS] Ct ovalues S %
"

- s o)



AbgE o], dAHE EAS SolstE e AlRE oo F
2021; Suh et al., 2020) WA} Ao 571 A1 1 9o o=, Aay
Sof #E A o] Fojx A gt

»e;

29t G ¢ 953 2 7 disdsEE dAAR o=
FEUW19 A 2715 E AR F7S 2 B AA] S (time —varying
reproduction number, Rt)el] &]&a| 231 It} (Tizzoni et al., 2022;
Hoque et al., 2022). Rtate Adol= 1Mo &7} F7F SRS 4
W o lleA YEE AR, I o] 1S5 9o F30]
A= otk ey Rt 42 dFY v|wte s Fo]7] ofH i (Lin
et al., 2022), 1 9 % A A #AAAFEE 79

2 oballop 7 st
FAo] NVsIER(FES 5, 2021 AAE 5, 2020) iR X
To® FX #ATF gFete] AT zAt AURE o] FojA A AE AT
o5 agAol Astdrh Fehx] e g e Ad 9@ QY
F59 9] - 5% 9 APAES =Y 4 oERE Rt dAE Hed
F e MR AER Y Z2u-19 A F2 o9 F w¥S

A dar) it
T B A AAFES fst Ct values® 84S Al B
EEZ3 =9 FAo]1 (Hay et al., 2021), Ct values X = 83}

19 3 s dF3 AFEo] FAFor  Fs]
o]Fojx]aL Ut} 1 F v oS5 ATgelA Ct value’} Nowcasting
52 Rt} A3teto] &3 g o5 RS Hsts JEHE &892 F
ASS HETH(Lin et al., 2022; Khalil et al., 2022; Alizon et al., 2022).
BoAdFodE Ct values X7} Rte} 28 #AdH=E gelof

FolwA sreuhs Fel AQstl, Red @AE Red 9
AEYS FAstnd HArk olF Fal Adel Bed gEws

FEU}-19 A kA o= 3o A2 AEE Ct valuese &
Ve s AAlSkaLAF s T

1.2. Systematic review
Ct values® &% FZY-19 BYUHY 9 o5 AT+ &S

AE Ry fste] AAA £ 11 (Systematic Review) & 333t
AAAD wd 2 HA FEFE RSyl 8 20209 2€HE

"2- A L)) &



20229 99¥Y 309474 S F Al W2 Al7](2021d 11€¥ 304, 20229
39 319, 2022¢d  9€ 31l AAH  olFoHTE.  IA
database (DB) &= PubMed, MedLine, Cochrane Library, Embase®
AR 7l database(DB) &  KISS, RISS, KOREAMEDE
ARt A A AHgd A il AY e ts
2t} (Table 1) (Figure 1).

=l DBellA 693, =2 DBelA 11,8798 34 F 11,9482
o] AMAHUL} o] F FEH =E 4697HS AAZ T AZ
yes st FAd #d Qe =% 4,2129, FAVL
( 2,805HM& 122
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2~ (Variants of Concern, VOCs) 38, Athd A7), AFhad <,
Fe A3z AYst9d(Appendix table A). &9
s 23 2 supplementary filesollA] & £ gl

T2 e AAE B uFZ Ay & 36705 A

T
-
o

o T - Ho off B O
rir

ke

I Jo W B i o oo

O]
-

oy, b
I
5 2
>

2
N
N
o,
Y2tz
9
2
v
0
ol
Hl
N
N
3
>,
i
1

z
ol
Q
<
o
[
D
)]
mlm
of
ot
kU
ku
T
—
©

Ay
o

Ao F
46.3%) 0.2 7} ek
119 (13.4%), #HAF

et
.
o

[-‘L\ o

w

8\

o,
o
Ir
=)
_OL
)
N
z
1o,
au!
W :
A
o,
(ol
Qoo

—
S

)
~ T
—

~

—

;S
e

L
__)&I

re
-

ﬂ

)
3
SR
S}

R
avy
re
-
fo

>~
>
totr
1%
2

Do e e

o,

et oft L
N N
(@)}
)
S
w
]
o,
2
=
(m
(ol
(@
oo
e
3
©
-
[
1o
e
4
N
N
(L
O
]
I
o

0
Foold Alel FEEAA, 61W(T4.4%) 9] AF7F AR
El =7F oA ®o] mpolE{ A
27 (2.4%) ° =3&F3A .
= Ct values 7|¥F ZZ4Y—-19 #H Forecasting
2 ) x3l7] 93k thZ % (Table 2) S 2 &to] AF7|3T,
2 EF o, At <l dE o, 2ARAAL

N80 8

>
off o L 41 4l

>
N
] A R
ftlo N » o
= Y o
Bl oo
g, diiA
8
H‘l [-401[
2
i
g |0
-
rlr
o

e 2
_O,
jus)
=
o
v



UHE 2 Ct valuesE &8t AS5A o disl] Al=skqltt. Ct valuesE
o] &35t A ALY {AW P A5 L AAE JhssbH (Hay et al,
2021; Andriamandimby et al., 2022; Walker et al., 2021), A+ A¥+=
At 3 4 dF Ao 53 F2Y-199 A4 A3 (55 Ay E,
AFEE)  oSe]l 6dolTh Alat 3l ¢ oS AFelA AREE
WHES 4 248 A3 A77F 29 (Yin et al., 2021; Phillips et
al., 2022) % &4 F45 AHES A57F 39 (Lin et al., 2022; Khalil et

al., 2022; Alizon et al., 2022)0|9lo AA FHS& E3 o= A9}
FAE B3 dF Ay Zolrl EAlETh AF FH Ay

Ct values®t Al &x
F4 Ays 79 ol AAkE T

5o Aol

Ct values”}

T |
A A 4] A 1F Az, Wo] wpold A T AVIE EFE
AT FF9 Ct values wXE g3 F2Y-19
|5 (Forecasting) 77} wvlatH, AREst 4 7|9 we} o5
(e}

Aol AoE U 9 S Ol E AT VD S
=] Ct values Hl°|H=Z AHZH F
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Table 1. Search terms used in national/international database

International DB Keyword (Search date: until Sep 30th, 2022)
#1 TI, AB : "surveillance" OR "monitor®™ OR "model*" OR "trajectory” OR “predict"t OR “forecast*"§

42 TI, AB : "PCR™] OR "antigen™]] OR "cycle threshold" OR “Ct values" OR “RdRp"t OR "viral load" OR “reproduction
number"} OR “biomarker”f OR “Cq values"s

#3 Tl, AB : "Coronavirus" OR "COVID-19" OR “covid" OR "SARS-CoV-2"
International DB > PUBMED, MedLinef], Cochrane Library§, Embase

National DB Keyword (Search date: until Sep 30th, 2022)

#1 Z=£: surveillance | monitor | monitoring | model | modeling | trajectory | predict | forecast§ | ZA| | 2LIHE | 2 H |
=5 | o5t
e —

40 Z=:PCRY | antigeny | cycle threshold | Ct values | RdRpz | viral load | reproduction numbert | biomarkert: |
ST HIO|E 2E | HIO|HA Bl =2 | 24 EAjd 4t | HEO| 201 | Ctgf

#3 ZEE: Coronavirus | COVID-19 | covid | 2 2L} | H}O|2{ £ | SARS-CoV-2

National DB > KISS, RISS, KOREAMED

+: 2021/11/30 0|5 ZA40f =74

1: 2021/11/30 O] HA0| L2t X| $ES
§:2022/3/31 0|2 A0 =7+

1: 2022/3/31 O| = AA{0f| Zotx|X| &S

5 A 2Ty 8



[ Sereening ] {ldentiﬁcation}

)

Eligibility

Records identified through
national DB searching (n = 69)

RISS (n=16)
KoreaMed (n=13)
KMBASE (n=40)

Records identified through
International DB searching (n = 11,87g)
«  Pubmed (n=5,173)
+ MedLine (n=1,199)
+ EMBASE (n=5,495)
+ Cochrane Library (n=12)

Y

Records after duplicates removed
(n =4,697)

Y

Records screened
(n=7,251)

[

Included

Full-text articles assessed for eligibility
(n=234)

Y

Records excluded based on title and abstract
(n =7,017)

+ Not relevant to topic (n= 4,212)

+ Ineligible intervention (n= 2,8035)

Studies included in qualitative synthesis
(n=82)

v

Full-text articles excluded (n = 152)
+ Ineligible outcome (n = 130)
+ Ineligible publication type (n = 22)

Y

+ Prediction/Estimation study (13.4%)

+  Wastewater/sewage-based study (17.1%)
+ Clinical study (46.3%)

+  Genomic study (8.5%)

+ Diagnostic study (7.3%)

+  Sociological study (7.3%)

Figure 1. Flow diagram of literature and selection criteria

LR

]
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Table 2. Comparison with previous forecast studies

ALt CT value
o
Authors dofmtolei 2 | 7713k 9] study | target Ct value o3 W E
#a =% 14 o)A
sample gene
; N oho] A9 o 2= Eak Azl
o ¥ v o | RaRp N | ot valve medion @& 179 g2 9% A 4 el gig | ST ENALATE SR AR
. . N Hol& ARATE T 484 £4,
Skarzynski, M. Ct values| £21gko] 166 015 4%, 214 ol el Agury | o ° FWATE §U HIY 24
2021 N o X N1 o)A | E7} otehE BEo| HAF Hore genome-based predictive
algorithm
COVID-19 #tel M &4 CTE Hafl E¢ld 8 A A= Ct } A N AME T
ingterg, E. X X X NE | alies) d84E BA3, T AN ARS Agstel Aye | T oo od AAESBE
2022 RdRp 22 298 45 SEEE
o T Jeekly-av alues + B FHA 9 7
Phllhg;.zzm [ P X X E N2 Weekly-average Ct wnléeﬁ i]j;:]—?—qiﬂ A 9 7h G AYE AR
Lin, Y. - .
209 X X S E Now-casting SERR 2%, EpiNow2
Khaill. A 2mojghe] &9ARArE BT 4aA
;012'2 ’ X v v NA Now-casting 4, RNN(Recurrent Neural Network)
models
Hay, . A. b . “ NL N2, Ctarel 2933 e various SEIR mode]%;nnthematmal model
z idemic SEAF o) 28 2= o)
2021 ORFlab 3l epidemic F4 45T F A& population-level viral load distributions
Barry, M. X X X E RT-PCR Ct & IMV(invasive mechanical o 22 HARY, T
2022 ventilation )2} AHEES] o5 W52 AT F dE 27 2¥ FF=g
. o E. N, Ct valueZ} ¥-& of o] Hue F7Hg& HYon, Ct . ", .
AndnamandJTby. 5. F. X X o ORFlab, | value® o] 23} 7lolo] 2l o] & Azat Alzke] Qg o 2o GAM(Generalized additive modeling),
202 o s st Ag AR SER model
M‘;g"zé > X X v NA Ct value medion @< 6-7Y log2 Rtgtsh dlsto] Qe 857128, ARIMA model
Walker, A. S. P X . N, S, Ct valueZ o &3 A GArE 38 2 A2 Zmojete] &4 TE T duA
2021 ORFlab THeA L Ehel &4, median(quantile) regression
- ion 2o Eo = Ao @A =B
The proposed model P Y . RdRp Ct value median 2 5% lag Y2 ¥¥ 257 &7 #5 w4887, FDL model($-3+4 2 58)

(current study)

422 5 98

5 4 2T 8t



1.3.Study objective

AT Hx= ooy 2o 1A Z24Yy-19 3 A7 Ct value
AAE BEXE T3] Rte Ct valueE Hlw3tal, Ct valueZ} AA A4t
& AST 7 AeA AAHoRE 5. O vs, ZEU-19
T A7 Ct value® &83 24 F Fo] that AALD 4
e S5 AR 9" AA, $2 F4 IMe BT &8st
RO AaE Fa 7HE o S5Ee] =& A ZElslt



2. METHODS

2.1. Study design

o]

Z AT GtoA #E A9 Hi Z3HSTROBE)
Aol wet 38¥ 1 FA31E i

O

Study site
Exdedbistl A A A (Fx FA A e 25 39
et AAL e S 7 P o7 FHsle] 2020 29 79 ~ 20214

12€  3197kA  oF 2dzt digw=re] F 1827 =7 ¥
AAAE7IHA F33d A =9 iy Z2Y-19 JAd AH(F2 -
19 73 oAbgkat, 7l A JAEF5A, Ee ddEY dAHo=
Aty 3 24-19 real—time RT PCRS A& st 3419 o)F7| &) &
° 2 3kt

Specimen collection and testing

—
—
N

==

3|ALe] HRIE . AE(SD vpolA4lA, SML  AYEZ,
247, vlo] @Yo},  wHlo] 9 A, wHlo] e Fol, A A,
o, WAMF, ixi‘ﬂ}oliw) = o] && A Al E AT
Ate Z2Y-19  F-38A(Real-time RT-PCR) FHAME
%41 RT-PCR ZT2EZFS A¥aAuids WHOS A=
2 E FdxE A AAl(screening test), RdRp A& &<l
confirmatory test)® A}&3st=  2vA s dugEs

22 B AfoaE Ct value RARpES t3E Ct value® E4]

53

o 2

o

1o
sy

N
i

o, N
S

]_

+

. £ E

e g ol
Ey)

>~
ol

?R

282} (Confirmed case)= YAFSA el #AIQe] IS 93
AN 2] wel 7w wax 7o)l Sa® A2 ouEd, =
ATolM = & T At & Solgh= Z
S5 AlQlstal Al g3 @A gh)RE 3 Sk g o ekt

rﬁ
¥
2



Z24-19 3 A7 &

AT oA L3ksk <=3 A7y AW-A15H A7Z (2022, 2.
17.) =g COVID—19 &z 2@ = ®Hyx»E 7]Fo 7

A7+ 2020d 19 20€%E 8¥€  11d7bAolH, A27]+=
2020 8¢ 12¢%¥H 11€ 12¢, A37]& 20209 11€ 1344H
2021 79 647HA, A471= 20219 79 7AREE 2022d9 1€
194 7kA] o) &l &gkt

2.2. Data source
YA GA A3 2 U-19 FAHZE I AR

20209 29 79 ~ 20219 129 3147HA tiskRlvg Al st
AE FEuutolel s i H Ao Wike ‘IR AT AT -
19 A R Ad AP e wEl Z2Y-19 A HAE S8t
d== A5E AHEEiTh &9 = A5 2 o L]
etk o) gts 2 8 A mAle d7ket 1A AR AR A2

As AoE Fadll ARE AL HAIE, AANL, 718 R, 9F,

A AATIE AR, AA 57, 24542 Ct value, SEAEo 3t
WS X35t AFR-SE 25+ JJQ2AEA R AAE e

A& E R ofAo}dFA COVID-19 dataset

Aqetem ofAoFA T4 (SNUAQC) 9] ofrlotx]el A1 AlE] (ARIC)
S oA o]f  Tled  FAE ARJA U FZEY-19
2} 2 (‘USABLE KOREA DATA: COVID_KOREA”) 2, 20204 29 74
~ 20213 12€ 3149714 AW & 3 2855 FE3510] ARSI

Our World in Data COVID-19 dataset

Our World in Data &#|o]x|o)|A o] & 753t &7/ Az <A

-10 - A =TH



AEY-19 AE=E, 2020d 2€ 219 ~ 20219 12€ 3147HA

ges Az 4o AR @ FESe] gl

2.3. Sample size
Ao W AHA AY AL e 2Eu@igure 2). F
884,853719 IEU-19 ¢ Ad AR} Am T AFE HA=Z

1
Zxol obd B 314,886%1, ¥ #dE A FAHAFOIE 4
I g

£ 34648747 dHE 1-100A=
stgsle] 21,9267 AASATE wAE o R Ct value: g
d BE S A EE AMEE A JEE o

3 )
T e AF 73518 Al7Ee] HFAOR  489,133%10] w4
EFE AT

A, AFERA, FAASEEHE], HAAFHTS], RdRp ©]2]9
Ct value WFo|% missing®] AR, o83 A=S BEF 2HAst4
eslel fradt sample size?b #HelAl &0 “Ct valuel #EE
gt dATEEE ANG kel ddn. aRlEE ofnsh
455 9A FH, 7 ®Age] mE Ct value ¥XEF #lste 4
Al 7 Aol EAleks A5 Alglstal 483t

- 11 - ,-?2—-! -':,3'- 1_]|



All COVID-19 positive samples in South Korea
between February 2020 and December 2021

(n= 884,853)

h 4

Withdrawal (n=338,421)
- existing confirmed case (n=314,886)
- Suspected false positive case (n=23,535)

h J

Inadequate samples (n=56,564)
- Ctvalue RdRp data missing (n= 34,638)
- Not between 1 and 100 years old (n=21,926)

A

y

Eligible

samples

(n=489,133)

h 4

Assay data missing (n= 735)

Figure 2. Flow diagram of sample selection
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2.4. Statistical analysis

Descriptive statistics for diagnostic test results

A Ao 29dE A oY HAY WEHAN AyE dHow
gketsly]  flall AwkAb Ayl b wgre] i YesA % 4
JHzZE AAETE AR 1A AR, A5 AR W AR
Ar AoE AE5Y WFs B £ 2FHAHSD), 47917 (25%, 50%,
75%% JeEhu HEY HEE dE 9 JAERZ YeERITh o8 Ct
values® #3325 & woll dotalr] 918 violin plot= AF&-SFAT.

Distribution patterns of Ct values in Korea

A7t #7 AZel Ctvalued BEL Amstr] 919
FAEH setste] #4 olWe) AZH el @

Q
A9 adEZE I ZEU-19 f9 A7E Qg
) %

NN
Mz
F
lf
0

M xR
e

g
Q

O A

©
%t
N

A WAA a2z s 73 A7 Ct value, Rt w35 H] W 3}FSI T},
Ct valuex= X&AAL 71Q1 A& T (weekly) & & st
median #t%, Rt Our World in Data &71At50llA 42 A Rt <
T (weekly) 2 T3 k& AFESIITE olE &3] Ct value’l Rtg)
el o5& vkgk 7kx7F leAl, v o= Al7]el o o5 &80
EoA AZtA 0w gRlskgith
= 7 AA 222 F3 A7]E Ct value, AlF &2 F7)
W] WA R Ash/est Al71E EAISEIT. Ct value
N AdsE 9 (daily) 2 T3 median 72, Al &4
&l ofAlolA A (SNUAC) F7hAbR oA 2 L Alaf
25 AMEsGIth o] I¥EZE Ct value?t Al &
AN+ B¥F=

AZEJA], FGYH Ffo] wWgge] wet

~

aggregated)

5 by
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Forecasting the number of newly confirmed cases based on the
Ct values

A A BE OdEE Fa &Ad Rto] @A Cte] At

ol % Ct valued AHA od=8HS

At TAH E4s AFsATE. Ct valueZt 2A AlAE

< A FRlstr] fE Alat g3l FE 5T o,

K F oA 24 Ve ARESRlTh S

£ &}l Distributed Lag Model (A X FEEZ R &)
[DLM] o] .

WA A (static) F4 710 e AY

Ct valuel time lagE Fo THHF Al

71 sl ASEEA G o] Alxfel wE Adjusted R—

sqaure #t3 39 AL WHstE F]lsto] Az Wge]| wE gt

A shetatgich. RHelM AA(ime gt A ATE E

&
£
o
>
=
i

2
1l
[t
o
=
A2
rir
off
)

dynamic) F74 7]¥<!

DLM= AHgste] Azba wFe] wE avdg AAsty, 9@A7A9)

AN FAZE(lagged variables)S o] &3F0]  FE5H (o) i
HESH 7)) yvE dSshe 4 F4 7ot (Hamilton, 1994). AAIE
Az e 39 95 T2  ARIMAX 53 (Autoregressive
Integrated Moving Average Exogenous Model) ©.2 $3 % =], 3|
R SR SEEFY] AAPESTE 2gH 9 WeER XT)
EAstE 2otk (UEsh, 2020). 2 AFY HAH A Ct values?
AAZE LW HAgLe] S§WFel E3EHI FEHUTFE A F31 7R
TAHEEE AT Fete AAE A E¥A  DLM

gt on, 548 thest 2.

yv,=a+Bx +px_ +B.x,_,+-+px_, +¢, t=n+l..T

o

AR TS frEsAl it 4 DLME AR (Finite

- 14 - jr—'! & 1_-_“



X

ot o

Distributed Lag model; FDL modeD©] #®t} & <+
A AEA A Hus 98 FdT AR 1498 Y
s em®, DLM 24 odel  ARkE AAs] 9
W2 #EA (Cross—Correlation Function analysis, CCF) 2 3] 3}4]
Aottt FAA FAAST By T A5 S (impact propensity, impact
multiplier) &, W5 @A gho] FHHF AA gloll vA=
a¥E guidth FAAF B By, .. Bt AAdTTER, SHHESFY
HA grol FEHHATF A el A= 2 (SHWTY dAA #hol
TEAF v el wA = a2y E vsith. mebA SHRAEFTL
@Gl W W FEHS Be vk 9
271 a3 (Long Run Propensity (LPR)) &= ald A|x7FA] 9] BE S5
AR ( Bo+Bisfr +...t Bn) =, FT5(total propensity) Z%
E¥tt(Jenkins, & Box, 1976). A13H4] W] wE &3xE 78k
7479 (Stationarity) & &x3at7] 9l APd AP SE Augmented
Dickey—Fuller test(ADF) 7]'H& ARE3SH @9 A (Unit root
test) S 3+ F B]GA AAES 21 W 9 A (Differencing) &
&3l % AALE WEketo] A2 X EsEiTt.

T ORY BSF Ct valuew A 9l AdE A
5

ToAA A7), 3 A7), A7), #1371, Al47]) el
A

2 AWt o= Aol A dFe] A HYEA Y

AL |
At FHQe=A] duslr] 93t A A S % Breusch—-Godfrey test
719S AME-3F 2714 A A (Autocorrelation test) S 438 o}
A AE FAEgHCE Fositta AEsR o,
o

STATAMA 17) 2 S}
Ethics Statement

This study was approved by Seoul National University
institutional review board (IRB No. E2206/004—-001).
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3. RESULTS

3.1. Descriptive statistics for diagnostic test results

Bl mEE AT o AAY AwgAr duE dAwnsown
sotalz] glal vzl Aol 7 W] o 7|&EA E(Table

E AT

AAZIE, A58 2 A ot A¥E= T 489,13379 A
A4 T tFEQ 446,65371(91.32%) ©] HAPAEZ 7] ol A,
42,48071(8.08%) 0] S]m7]H#eA  o]FolFltt. AA AMH A/EE
TRE Ay NEEEATE 202,32871(41.36%) 0= 7HE %9k, ohS
FYURE A7)E7F 147,5037(30.16%), A3 A 7}
56,01771(11.45%), FAFAA7E 375110 (7T.67%) 22 1 HE
o, 7FF AL X HApgLE 287l ARG gy o=
A I 9 o mHe aAAe g Few, g3l FAAE A
AFA /A A }= Zol7t EAsY, A7 HS 42.054], 4E5E
27y 264 (25%), 424 (50%), 594 (75%) At AEHS
2451477 (50.12%) 0] B4, 223,7417(45.74%)0] AR o7 FAlo]
OFZF ¥ @Skt

71Ee] #dE A= s 2k AHEE AW EE @Al
293,00471(59.90%) 0.  Axks dA AHAEla, o SfEe
ko] @ Al2-o] 97,25071(19.88%), SDH}o] @ Al &7}
75,6647 (15.47%), @I Aol 9ol 22,0491 (4.51%) 0.2 1 FHE
olgitt.  #fHx  FZHAM|= CFX96 Real-time PCRo] 79

TE(99.16%) AT A ALE-E Qo HA <] THE=
Q1 FZ = (NPS/OPS) o] 246,72271(50.44%) 0.7 7}4 o] AFEE Qa1
Urﬂi%l H] Q1 F =2 (NPS) ©] 224198 7 (45.84%), o]

3,949 (2.85%) A0 2 tfF-& AFE-E ),
Ct valueo] #&H%E A¥+= Ct value E, RdRp, N9 X = 3 79

==

ylorst 4= Q1= violin plots %3] YeERW Y (Figure 3). Violin plot
AY WE 244 (Kernel Density Curve) & box plotS 3% Hejl2 ¢
W A&5E dolg e X5 Felag gel wE 74 By A
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dolg = dA F4E RoleEtes AFo] dthHintze, J. L., &
Nelson, R. D., 1998). Violin plot< %—H Al 7}A] Ct valueZ} RS
HlZ=ek 2 JEE AYH, el 10-20 Afele F=2 w@o] EE3h=
54 sk dEE A

Zy AHA A3 W4 H Ct ovalued AAIE BX IHEE
Appendix BellA] 18k 4= Qi
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Table 3. Descriptive statistics for diagnostic test results of samples

N (%)

thﬁ-}l) Median (25" 75" percentiles)

B4R T# 185,133 (100.00)
HAHEET 446,653 (91.32)
e e ol 42 480 (8.68)
ANAR A= 420,133 (100,007
¢ 517 (0n11)
b | 147.503 (30.16)
g ARG (0.14)
R 277 {0.06)
#+5 12,524 (2.56)
o 2.151 (0.44)
o H 1.910 (0.39)
-k 37.511 (7.67)
ikl 202,328 (41.36)
i 158 (0.03)
Gk S6.017 (11.45)
A 25 (0.01)
A5 4,037 (0.83)
= 5 167 (0.03)
4 1.255 (0.26)
5% 22.064 (4.51)
- o103 T 22559 (22473 — 22619)
[2L.08.19] [21.10.06] ([21.07.12) — [21.12.05])
L] 489,133 [;5-[“_?:” 42 (26 - 59)
a4 489,133 (100.00)
i 245.147 (50.12)
o 223.741 (45.74)
Missing 20,245 (4.14)
A7 = =4} 480,133 (100.00)

5D Hhol 24
SMLAIY =g]
LR
Ly
dia] 2 e}
H|--:h'|9_ J.-|'|-_E—
dpo] 2 Feof
ek
R R b
WA E
o] 2.9
#34 5834

Applied Biosystems
7300 Fast Real=time
PCR

Applied Biosystems
7500 Real-time PCR

CF¥96 Real=time PCRE
cobas G300/8300

75.664 (15.47)
113 {0.02)
95 (0.02)
2653 (0.05)
g6 (0.01]

97.250 (19.83)
13 (=i.01]

293.004 (59.900
254 (0.05)
360 (0.07)

22,049 (4.51)

489,133 (100.00)

74T (D.13)

2.357 (0.52)

485,046 (99.16)
263 (0.03)
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40

30

20
1

10

N (%) Mo pMedian (25" 75" parcentiles)
Missing 520 {0.12)
HYER 180,133 (100.00)
BALC ] T3] ol 2.4 348 1 (=01}
NPA(H 21 FER) B (=001
NPS(H[2I F=H) 224,198 (45.84)
NPS/AOPS 246,722 (50.44)
OPSIFAF=Th 77 (0.02)
TA(F &) f (=010
mE 13.949 (2.83)
E} 7 (=001}
Missing 4,165 (0.85)
Ct valus E 448,912 21.18 20006 (15.91 - 26.29)
(£ 652
Ct value RdRp 489,133 21.77 20.58 (16.42 - 26.97)
(£ 6.61)
Ct valua N 293,545 21.60 20,52 (16.17 - 26.92)
(£ 6.73)
Ct value OREFlab i} ni no observations
observations
Ct value 5 1] no no observations
l:lh»s-:natlnnb
*Data are mean (+5D), median (2 ‘Jnrn(i]
Juw_ﬂiﬂwd ORF1sb or S gene.

b

ctE

ctRdRp

ctN

Figure 3. Violin plot of Ct value E, RdRp, and N
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3.2. Distribution patterns of Ct values in Korea

Time series distribution graph of Ct values RdARp and
Reproduction rate (Figure 4)

Ct valueZ} Rt} vlus] oS5 ®ksk 7R 7F leA] Felstr] ¢
F2U-19 /F3 A7 Ct valuel] +X 5 Rt(FFAFAF) 9 §
|9 Tz 2 YERdt Ct valued & #HE® 2
P71 98l d-HEE  ARgsto], o] W
T5) 2zt dEsshe FHE Wk

AA A71elA Rtek Ct value®l @i FHl& Hlsh Eeks
W22, Ct valueZ7b AER At o5 AxRZ €84 7tsAS .

A171= 2020 1€ S9lfs) =3 @S AlFeR iy, As
A AHA #-E B gRVH, FuAAE 5 ch
17158 gmsit. o] Aj7]el &3 > Fo AAAFEIE AHA
$A35.7%)  olglon S (26.9%),
HAFUA7.6%), A AAHF 1,406%W(9.6%) «OoZ(FEF T,
2022) #AA=E voto] #F HYW A[7]ejny. o] A[71¢ Rtg} Ct
valueE Hlaua] ®H, 17] T8k o]deol&= Rt A5 tiAlzZ 93 #d
18 93& AHE fAet de-ctes wigstes FHE Btk Ct
value H3t viral load7} tiAlZ W& L (Ct value>25) (Aranha et al.,
202D) = fFAsHEAN s —o}ﬂ" RH5 8l 63131‘“— eIt 17] Rl
o] Fofl= Ct value®} Rt &F 17
e (Ct valued —5}aa
Ct value®} Rt7} wll-¢& f-AFst f’qEH%

e

A

)

z
o K
ol

kil

S

M
Yo
=2
)
_IR

) = ’\]ﬂi Gkt = gl

A27le i FuAA B =Y A3 o8 Aqfi B FPE
Aol v WA AVIE guidth o] A7]e] X S F8
AAR=27E AGHABEY(55.9%), AGARSAHS(18.3%), #ARAE
ZAFE (14.5%) o2 (A% &, 2022) 17l w&l a4 =7}
potm A 9kL- A7t 14.5%= 7 Al7]olth o A[7]1€] Rtg} Ct
valueE vlwal X, Ct value’} viral load’} tiAlZ =& ZH(Ct
< A717F

value<25)S FAsk= ® B3] Rt 94 #d 1HT
tha Aok wEbA] o] A7|AE Ct value®t Rt FE)
- 20 - 2] £-1



= TEAS SR wAAAA, JgEUE, FuAE T
Aol o WA A7]E gusith. o] A7) gzl Y FL
dAE7E AL (38.2%), A HFH(B45%), HABE
FAE(225%) wOoE (PR S, 2022) 271 wlE] HAAEI}
ot A ok AF7F 225%% Y5 F7FE Al7]olth o] A171¢] Rtg)h
Ct values ¥laws] B, Ct value S A Qlshd viral load”}t
< #(Ct value=25)S A3} Aow 17], 2719 nlsj
viral load”7} ¥ =2 %k (Ct value o} 19 He] Rte <A
171, 27]°l ‘ﬂéﬂ*ﬂ A2 FA 1ellA AA WEol §luk. webA o
Al71e M= Ct value®} Rt @E kol x}o]7} FslstAl &) sttt
A471= =AW ot T XA dgo] A&HEHoH,

A

\A rH Fl[‘ to
w
N
P
r&

AupdEd &3 A, 9E, euaE S dHolulolg Ao &3 1l
Atz A w7 S AVIE 9 uu} o] A|71e] BHA AL
T2 UAAERI AQASIAEF(46.4%), FAAE ZAE(32.8%)

>

Ay

o

A = v

AAHEA (18.6%) TOZ (I 5, 2022) FARS PR L W RS PA
1o ASI) 3289 U Z7EH9Le Ba ol o 7AAR9

41 &2

HAE A5t 39 & 19 =2 7
Al7leltt. o] Al719] Rteb Ct valueEd ¥lws] RW, Ct values
load7} A17]HH A&HAHorE Friste] I o= AVHETE F&
#(Ct value=20)= Aot FEHE drh ¥ Rt 37]f vlaiA =
Aol O A3 9A #}d 18Y AR =& @S FAsHHRE o)+
A2 A 1A ZA Aol Ut
AR 471704 A B Fx F
T, 2022), 9 BRI gotEA e A
At e oS AZE AREEH= Rte.
gr@strlel SAE Holw, @ BE7F spote A o= Aert ST

et o] FAZE B gEetA felent. 53] A37], 47104 43k
f33 At g F7 g5etd A7I7E 2 SAESl=dE Rt
e WEo] kA ol o= &3l e AdE wkdskAl Rsta
UL & 5 Uk o= AZolA Rte] A W AL ’éy AP =7}
gfotulA] ¢kom st Fo] Erbsdtthe Ay dWAdEdet v
Ct value® A9, dA4A F5/3tete] FEj7t Rest HH—‘% ApsbE A
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Figure 4. Time series distribution graph of Ct value RdRp and Reproduction rate (by week)
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Time series distribution graph of Ct value RdRp and number of
newly confirmed cases (Figure 5)

P4 Ctvalue’k Rish vlaste] 2ha b3 welsh A %7t 8
gtk e gHAstel, Ul AA A FE 2T 5 9L,
WA opgel wWagel weh 9FL wiA FAT DLt Aot

— flsj =
Z2Y-19 53 A17] H Ct valuel &3

U= AIZIE HERAT

A7 Fshs HS G99 20209 3€ 229%FE AP
Zste AYF7I/AE 2995EH  (FREIASE WYgxA Al
AFatm, FE J9 49 20¥5FH dF A &g 54¢9 7dHH
AlgE A & AT Fo W] AAMEo] kel Eo] gt}

A271e G HS FAL, 20209 8¥ 28YUHE AP
A F7] 2594 73 FE IS 10¥€ 11938 AgE AgF7)
1dAR &3] Fo W o] wrgHo Utk

A371e Fes HS AL, 20209 12¢€ 8YUFE A
A F7] 25GAE AN 9 SHTGxRA AA, 202149 149 495FE
AleE At 5AOIIATFA A, 29 269FE AYHFT Al
sidatr, F& dde 27]eA olojH2 2020d 10¥ 114%H
A AgFr] 1HAZ £31/2021d 49 18o] s = A

0%
it

[e)
I=7 AUHET 70% S sidsty, 5 d92 11€9

9} Ct value #= Hlustd

defl Ct valueZ7} WA stehstes AEFS
AgF7] A3t T wAAdAs Aspetd, At g

GgFo] HAgH7] ol Ct value #kol W 5

BEEAT Wd®E ATy GAE st wo]  wolg At
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Figure 5. Time series distribution graph of Ct value RdRp and number of newly confirmed cases (by date)
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3.3. Forecasting the number of newly confirmed cases based on
the Ct values

3.3.1. Static model: Simple Linear regression model

F2UY-19 53 A71¥ Ct value® Rt, A5+ A Ao BRI =
gt A3 Ct valueZ} Rtol wls] thf3 Al7]o] wE WL o)
o

SAFEI G 3, AA A FAA wrAe] B¥oly HwIEe wL Ct
value?] ol w}e A B8 B0 s A e

= lagoﬂ/ﬂ vTJ st 1 T 114

lag(Alzb) ol Al 7H8 st oS A& Hlth(Figure 6, Table 3).

119 lag oldel= Hak o5 Addeol F7tstthzl, 119 lags
ZIFo R o] RHE o5 Aol Ak Faskdlh

11., & 160¥)E yto=

A5 A8t A3 Fd(lagh) S AQst EE lagelA Fostsla 1
Z 99 lagellA 71 st oS5 AYES Rt (Figure 7, Table 4).
9 lag oldell&= Ak A5 Aol Srketthrl, 99 lags VAo E
o|lFHH = oS5 Aol A FFastqltt.

A27] (2020.08.12.-2020.11.12., F 799) = oz EA4S
AP A3 Fd(lagd) S AQ3t BE lagold Fosdr 1 F 54

lagollA 7FHg 743t o5 A 8-S Bt (Figure 8, Table 5). 54 lag
ojdel= Ak o= AWHol Frtstvirl, 59 lagE VAo E
o|FHE = oS AW o] HaidteE FolE BHATHEY lag Al9)).

A37] (2020. 11. 13. — 2021. 07. 06., F 222¥9)E o=
wAS s Ay, 199 249 lags Zi]S’J?} B lagelA felskoiar
1 % 144 lagollA 7FE Ast o5 AWE S Bt (Figure 9, Table
6). 149 lagZ7tA] AHH R oS5 dydo] F }'5}1_(801 lag Al<2])
Fde Bl

F~ _12&_1
o

off

- SR



A47] (2021. 07. 07. - 2021. 12. 31. & 1649 E thHo=
s st A7 1497 249 lagEs AQst ZE 2
% 10¥ lagelA 714 ek o5 A% es B3tk (Figure 10, Table
7). 2#v 39 lag oldele= A o5 AWEol Frtethrl, 3d
lagE 71ACo=Z  o]FFHE o5 AwWyo] Hide  FolE
RAT10Y lag A9)).

AN Ayte AZF F49 Axz, FAYAEA BANS ot
3] ofH AlAEe] Ct valueZ} Al9F & 5 71 2 o &3}
gt Ayolry. v AAYE A5 54 A #AY Ct value #o]
2
o)

M

N

s
o) Ct value Zkel 93 % 4 Aty e 54 249 23

w3k AAE o7t )

_og - . H R._I 1_'_” &l



Table 4. Simple Linear regression results on number of newly confirmed cases by lagged Ct value RdRp (by date, all periods)

lag0 lagl lag2 lag3 lagd lag$ lag6 lag7 lag8 lag9 lagl0 lagll lagl2 lagl3 lagl4
Coefficient -0.344*** | -0.351*** | -0.357*** [ -0.358*** | -0.360%*** | -0.363*** [ -0.364*** | -0.365*** | -0.369*** | -0.370*** | -0.371*** | -0.371*** || -0.371*** | -0.370*** | -0.371***
(t) (-27.54) (-29.47) (-30.61) (-30.95) (-31.38) (-31.93) (-31.94) (-32.31) (- 33.00) (-33.31) (-33.39) (-33.47) (-33.34) (-33.03) | (-33.02)
Constant 13.83%9% 14.02¢+* 14.15%% 14:19%%« 14225%* 14.3]%%# 14.32¢¢+ 14.37%%> 14.45%*+ 14.49%+* 14.50%*+* 14:52%** 14.5] *e= 14.49%** | 14.50***
(t) (46.98) (49.83) (51.46) (51.95) (52.55) (53.29) (53.29) (53.79) (54.75) (55.16) (55.25) (55.33) (55.12) (54.66) (54.62)
Observationis 683 682 681 680 679 678 677 676 675 674 673 672 671 670 669
Adjusted 0.526 0.56 0.579 0.585 0.592 0.601 0.601 0.607 0.618 0.622 0.624 0.625 0.624 0.620 0.620
R-squared
% Time lag on Ct value RdARp median
% tstatistics in parentheses
X * p<0.05, ** p<0.01, *** p<0.001

wn | ] w |

@ Farameter Fstimates | € Parameter Estimates
Intercapt = 14. 5168 Intercept = 14, 502
Slope = - 0.3715 Slope = - 0. 3/05
povalue < 0.0001 pevalug < 00001

RIS

o -

@

w | 4

B

o -

Y

w | w | w |

o
N
IS
(=2}
@
5
o
N
IS
)
®
5
o
N
IS
)
®
5

log_new log_new log_new

Fitted values -« IagO‘ ‘ Fitted values - Iag11‘ ‘ Fitted values - Iag14‘

Figure 6. Simple Linear regression graph on number of newly confirmed cases by lagged Ct value RdRp (by date, all periods)
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Table 5. Simple Linear regression results on number of newly confirmed cases by lagged Ct value RdRp (by date, 1** periods)

Fitted values

lag9 ‘

lag0 lagl lag2 lag3 lagd lags lag6 lag7 lag8 lag9 lagl0 lagll lagl2 lagl3 lagl4
CoefTicient -0.0193 -0.0461* | -0.0561* | -0.0560* -0.0621** -0.0701** -0.0712** -0.0780*** [ - 0.0849*** | - 0.0865*** | - 0.0845*** | -0.0857*** | - 0.0826*** | - 0.0819*** | -0.0834***
() (-0.82) (-2.04) (-2.50) (- 2.48) (-2.76) (-3.19) (-3.20) (-3.55) (-3.89) (-3.98) (-3.95) (-4.08) (-4.02) (-4.07) (-4.23)
Constant 4.309%** | 5.065*** | 5.345%** | 5.339%e* 5.504%%+ 5.712%e 5.734%e+ 5.912¢¢¢ 6.095%** 6.124%** 6.055%** 6.070*** 5.968*** 9320 5.958%+
(t) (6.63) (8.12) (8.61) (8.57) (8.86) (9.28) (9.34) (9.73) (10.11) (10.22) (10.29) (10.47) (10.53) (10.68) (54.62)
Observationis 176 175 174 173 172 171 170 169 168 167 166 165 164 163 162
Adjusted - 0.002 0.018 0.029 0.029 0.037 0.050 0.052 0.064 0.078 0.082 0.624 0.625 0.624 0.620 0.620
R-squared
% Time lag on Ct value RdRp median
% t statistics in parentheses
% * p<0.05, ** p<0.01, *** p<0.001
o |
@
o |
® \
| \
3" —
o |
«
w |
= T T T T T
0 2 4 6 8
log_new

Figure 7. Simple Linear regression graph on number of newly confirmed cases by lagged Ct value RdRp (by date, 1°** periods)
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Table 6. Simple Linear regression results on number of newly confirmed cases by lagged Ct value RdRp (by date, 2" periods)

lag0 lagl lag2 lag3 lagd lag5s lag6 lag7 lag8 lag9 lagl0 lagll lagl2 lagl3 lagl4
Coefficient -0.0583% [ -0.0978%** | -0.131*** | -0.138*** -0.140%** -0.144%** -0.126*** -0.113%** - 0.128%** - 0.121%** | - 0.106*** | -0.0980*** -0.0924%** - 0.0649** -0.0531*
t) (- 2.08) (-3.61) (- 5.20) (-5.75) (- 5.94) (- 6.19) (-5.23) (- 4.56) (- 5.40) (-5.29) (-4.57) (- 4.26) (-3.98) (-2.73) (-221)
Constant 6.203*** 7.159%%= 7.968*** | 8.144**%(] 8.186*** 8.288%+* 7.863*** 7,557~ 7.927%*¢ 7.753%** 7:392%> 72119 7.077¢** 6.404%*+ 6.114%**
(t) (9.18) (10.93) (13.04) 3.96) (1432) (14.67) (13.37) (12.46) (13.63) (13.83) (12.98) (12.68) (1233) (10.85) (10.25)
Observations 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93
Adjusted 0.035 0.116 0.221 0.258 0.272 0.289 0222 0.177 0.234 0.227 0.178 0.157 0.139 0.065 0.041
R-squared
% Time lag on Ct value RARp median
% t statistics in parentheses
% * p<0.05, ** p<0.01, *** p<0.001
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Figure 8. Simple Linear regression graph on number of newly confirmed cases by lagged Ct value RdRp (by date, 2" periods)
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Table 7. Simple Linear regression results on number of newly confirmed cases by lagged Ct value RdRp (by date, 3" periods)

lag0 lagl lag2 lag3 lagd lag5 lag6 lag7 lag8 lag9 lagl0 lagll lagl2 lagl3 lagl4
Coefficient -0.0104* | -0.0158 -0.0284 | -0.0372*% | -0.0465** | - 0.0527*** | -0.0578*** | -0.0593*** | - 0.0614*** ||-0.0605*** [ - 0.0706*** [ - 0.0712*** | - 0.0726*** | -0.0768*** | - 0.0806***
(t) (-0.71) (-1.07) (-1.92) (-252) (-3.18) (-3.63) (- 4.00) (-4.09) (-422) (-4.19) (-4.89) (-4.92) (-5.01) (-5.34) (-5.65)
Constant 6.518*** [ 6.639*** | 6.924*** | 7.125%** 7335%%* 74774+ 7.593%¢+ 7.628%** 7.655%** 7.753%%* 7.886*** 7.900%*+* 7931%%* 8.027%** 8.115%%
(t) (19.46) (19.83) (20.68) (21.26) (22.07) (22.68) (23.10) (23.23) (23.02) (13.83) (23.98) (23.96) (24.05) (24.50) (2497)
Observations 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236
Adjusted - 0.002 0.001 0.011 0.022 0.037 0.049 0.060 0.063 0.067 0.064 0.089 0.090 0.093 0.105 0.116
R-squared
% Time lag on Ct value RAdRp median
3 t statistics in parentheses
X * p<0.05, ** p<0.01, *** p<0.001
2 8
Parameter Estimates Parameter Estimates
Intercept = 7. 6747 Intercept = & 1154
Slope = - 0. 0614 slope = - 0. 0BO6
p-value < 0.0001 p-value < 0.0001
8 8

25

20

15

6
log_new

Fitted values

* lag8 ‘
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Figure 9. Simple Linear regression graph on number of newly confirmed cases by lagged Ct value RdRp (by date, 3" periods)
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Table 8. Simple Linear regression results on number of newly confirmed cases by lagged Ct value RdRp (by date, 4™ periods)

lag0 lagl lag2 lag3 lagd lags lag6 lag7 lag8 lag9 lagl0 lagll lagl2 lagl3 lagl4
Coefficient -0.0519 -0.0790 - 02274+ -0.338%** | -0.326*** | -0.281*** | -0.282*** | -0.259*** | -0.258*** | -0.380*** || -0.464*** || -0.432*** | -0.371*** | -0.321*** | -0.273***
(t) (-0.70) (- 1.06) (-3.11) (-4.74) (-4.55) (-3.88) (-3.95) (-3.59) (-3.57) (-5.49) (-7.11) (- 6.56) (-5.55) (-497) (-4.32)
Constant 8.761*** | 9.302*** 12.26*** 14.47%*+ 14.23%+* 13.34%** 13.36*** 12.90*** 12.87%++ 1531 16.98*** 16.35%** 15.14%+* 14.14%+* 13.19%4*
(t) (5.90) (6.23) (8.40) (10.18) (9.95) 9.22) (9.36) (8.95) (8.92) (11.08) (13.04) (1243) (11.33) (10.95) (10.42)
Observations 178 178 178 178 178 178 178 178 178 178 178 178 178 178 178
Adjusted -0.003 0.001 0.047 0.108 0.100 0.074 0.076 0.063 0.062 0.141 0219 0.192 0.144 0.118 0.091
R-squared
% Time lag on Ct value RARp median
% t statistics in parentheses
X * p<0.05, ** p<0.01, *** p<0.001
o o
~ Parameter Estimates ol Parameter Estimates
Intercept = 14, 4685 Intercept = 16. 9786
slope = - 0. 3380 Slope = - 0. 4637
p-value < 0.0001 pvalue < 0.0001
I I

7.5

8
log_new

Fitted values

* lag3 ‘

7.5

8
log_new

8.5

Fitted values

- lag10 |

Figure 10. Simple Linear regression graph on number of newly confirmed cases by lagged Ct value RdRp (by date, 4™ periods)
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3.3.2. Dynamic model: Distributed Lag Model (DLM)

A G Ay AALY AAEe TP o2 A4
F49 39 ARz, FAUNAR] WA golsto] ©Es] ofH At
Ct valueZ7t At & 5 7P 2 A5t g datolr]d

g e s FAUAR BE FA AR 53] ofHoh

upebA AL Ct value kol mlEfe] Ct value #ell &S = T Qe

252 54 AADE st 578 F3 AuE At AALE

BA 71 F duel AREERIOML) O 149 ARE F

FS A AEEZ 2 (FDL model) & #8319t}
=

=
7y A8 A AEMoR

[e)
value® &3t A4 &3 F=5 =8 & 15 2 AlAbel
tfal] ot >, 7FE fFos AARE EESEST BE e & 270

A% A3= Appendix DA gelg 4= 9tk
Table 9+ A2 WHFel ost ax&
397 A5 (Coefficients) =, Table 10& 149 A7) &35+ X =, Figure
11elA= A7 fFolsh an34 A5 Kl Alxtel] dfaf YERf ST
AZHA ®Ee] st aiE A & des] 7 A[xpel A 3]
g A, AA AL AlL7]elAM = lagellXl 7H&
A27], A371MA = BEE AlRfelA foskA]  gkgkor,
A lageld 7HE FoskltH(Table 9). ©] A= A
ARG Aol A A3 AALT 7HEs Az F4 F4
A FHoldte AL sdoth, deAYs ARG A
5-1448] AlxfellA 7HE & oSH At oA Ax7E vlad o

X
1o 4y
e
32
Ry
o =

w

e
IS
o, =
L
A}

ol
==

o
EY)
o
Jx
o
O:

¥4 Fgoz  Awdel, AY IRNT WIT 149
AN EHFGAE BE F9 AZIA f28 @9vh(Table 10). 7

¥ =
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FAAER AA 7P FS A5 aHFHAE Hol=A At
A3, AA A7eAE 29 lagZkA, A17]E 1Y lagZbA], A271=
B2E lagollA folskAl &gk, #3719k Al47= 25 39 lagZhAl 78
FIe o= FaHFAAE I (Figure 11). A27]oA4 F235HA]
U2 At U2 A A 27]e sEste 7Izte] Wi Fotd(n =

798 50l A

AFEHOE o Z wdo] & AFHUEA sty A A7) 4w
24s Fa% ARAppendix D), WA A, ALY 2=
AL A gEel Qe J17kstel A1l gl
AN 47)e ARARE AZAEA Fahel Asgwe] sl
aeEE AAG A3 Ausk A3l 4714 A At

arekagich
wpebr] A3718 471004 ERFA = T A7
Fostgdor g Ct valueZt 39 lag”}xl Rt s W Al gzl

7
FE M @ ST T 5 vk
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Table 3. Finite Distribution lag model of the number of newly
confirmed cases by Ct value RdRp (by date)

Total 1" 2™ 3 4"
periods Perinds Periods Periods Periods
lagi - 00167 -00331% - (L0 6 (065 LRSS
(001} (0.01) (0.03) (0.01) (0L03)
lagl SLUTEDE S - (L0471 ** 0.0093 - (L0087 (.0483
(0.01) (0.01) (0.03) (0.01) (0L03)
lag2 - (L0041 00212 - (0223 - 0041 -0 1525
(001} (0.02) (0.03) (0.01) (0L03)
lag3 0.0232%* (i4n3** - (00T - (L0209 -0.0519
(001} (0.02) (0.03) (0.01) (0L03)
lag4 (L0062 - (L0046 0.0056 (005 O0658*
(0.01) (0.02) (0.03) (0.01) (0L03)
lags - 00016 - (L0106 0.0038 (L0E3 0.0393
(001} (0.02) (0.03) (0.01) (0L03)
lagh 0.0180# 00215 0.0350 (021 - 00468
(001} (0.02) (0.03) (0.01) (0L03)
lagT (.0072 Q010 00130 173 (L0438
(0.01) (0.02) (0.03) (0.01) (0L03)
lagh - 00137 - (LO63 - (L0468 150 00679
(001} (0.02) (0.03) (0.01) (0L03)
lag™ - (L0D&] - (L0000 0.0157 (L0065 - 0120 **=
(001} (0.02) (0.03) (0.01) (0L03)
lagll - L0013 Q027 - (L0078 - (L0258 -0.0417
(0.01) (0.02) (0.03) (0.01) (0L03)
lagll - 0L001% -0oniz2 - (ooz7 (L0007 0.0495
(001} (0.02) (0.03) (0.01) (0L03)
lagl2 [ELCTEY L0180 - (U465 (062 [IRNET.5]
(001} (0.02) (0.03) (0.01) (0L03)
lagl3 oy 0018 00473 - 00194 0.0150
(0.01) (0.02) (0.03) (0.01) (0L03)
lagl4 - (L0032 - (22 00051 173 0.0048
(0.01) (0.01) (0.03) (0.01) (0L03)
Cons L1158 (L3046 0.3293 01870 0.0292
(0.0H) (0.33) (0.EE) (0.21) (OLGE)
Observations it 160 T4 222 164
Adjusted (L0549 00577 - (L0495 0.003 0.4974
R-sgquared

# Time lag om Ct value RdRp median
# Coefficients in columns

# Standard error in parentheses
=0 pel S, pel0, v p=alig]
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Table 10. T-test results of linear combinations of estimators

Coefficient standard t P = |t |45% confidence interval|
Error
Total periods - 0004y 00052 - 1.52 0129 |- DO 15, D014
1" -0.0117 00120 - (LSS (3249 |- L0355, 0.011%9)
Feriods
2= - 001346 LT - L35 0.707 |- (LORST, 00534
Periods
3~ - D002 Q0052 - (L) 0371 |- L0264, 00099
Periods
4" - 000110 0053440 - L 077 |- k], O.0661
Periods

# Long Kon Propensity{ LPR) of Tt value RdRp median
# Linear combinations t-test of estimation coefficients:

lagh + lagl + lag? + lag3 + lagd + lag5 + lagh + lagT + lagd + lag + lagl0 + lagl] + lagl? + lagl3 + lagl4d =1
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Cumulatiev Effects of Ct values
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Forecasting the number of newly confirmed cases based on the
Reproduction rate (Rt)

Ct valuesE &&3t 53 HaE
F49 Ays AR FLEHA

4 F 149 A& HEgs
FEHAAREEZEE (FDL modeD)s  &&sisitth. 28 AL A
AP o2 @9 (Unit root) #HAE H AN AAE W A4S
T8kt

AA 717 4 sa2uY-19 F38 A7, 2, 3, 47DER 747
HAste] AIZHA WES AAS RtEg o2 A 3 FE5 oS3
B2HFEAAE Ee Akl di& et & B fd ARE
EEegth 2d AL § AEdE AAEs TSt 34 AdE
AE S leA AT

A ZHA Wge] ost aHE AlAS F wes] ZF AlxpelA 3
ArsE gRlst 43, 2e A719 14, 29 lagelA 7HE Folskia
49 lagHHE F93HA &dtH(Table 11). Ct valuest #4714
AR A E (Adjusted R—squared)o] 7FF =1 #|27] o)A
7HE sk, Rt = HEE Al 27]0A AP d9dy ] s
=L A47]eA 7S okt ol oA EEE vlwst A3l “Rtrh
7 AR7E getE A e A9 FUtEL Fx FUF 55sk A7)
A37], 471014 kel W-go] @ﬂﬂ ol G s AYE vrPstA|
*otal lvhe AS gs st

€4 FAHOE AT, 24 FIAVIEE A P 7Fog o=
BHRFAAAE Hole=A A A3, Ee ATIdAE 1Y lagZbA,

5

M fost oS adFAdAE BAdd(Figure 12). AgEAIC®
A7V o] EAsE A7l AA A7ISE AlL7Ilew, A2, 3,
4710l = X}7] fybo] EAEHA] ekttt ¥ B R AIAA oS Adrt

al Atk Rt gk AAE

2 -
RIEEI) 717&% T3 AAE AolEE Rt AAZFOoF 8Y lagE

= = O~

= = T



Table 11. Finite Distribution lag model of the number of

newly confirmed cases by Rt (by date)

Total 1# 2 ki 4
periods Periods Periods Periods Periods
lagl - 0.9620%%% [ - 0.6698** | - L718a%%* | - 1.5208%%* - LO773*
(0.11) (0.24) (0.33) 0.26) (0.47)
lagl 351120 2. HR348ee 5.6005%%* 49134 %% 3052844
(0.22) (0.46) (0.52) (0.48) (0.93)
lag2 = 33224888 [ _ 27363 | - 52025%%% | -4 A580%%% [ - 3.T7170%%*
(0.24) (0,500 (0.57) (0.50) (1.05)
lag3 0L9R51*** 079949 LoGi4* 1.2846%* 0.8331
(0.24) (0,500 (0.57) 0.49) (1.06)
lag4 -0.1256 - 0.3491 0.0837 - 0.1876 05813
(0.24) (0.49) (0.57) (0.48) (1.06)
lag5 0.1899 05235 - 06621 0.3260 -0.5575
(0.23) (0.48) (0.57) (0.48) (1.06)
lagh -0.1673 - 03181 0.2892 - 03813 - 0.0282
(0.23) (0.47) (0.56) (0.47) (1.04)
lag7 - 0.0156 - 0.0620 0.1029 0.1471 02133
(0.22) (0.46) (0.57) (0.46) (1.02)
lagh 0.1346 00817 0.1224 0.0759 -0.0274
(0.22) (0.48) (0.60) (0.47) (1.04)
lag¥ -02712 - 0.1520 -0.2449 - 0.1236 - 0.0956
(0.22) (0.48) (0.61) (0.47) (1.06)
lagll (1.3410 0.279% 0.3935 0.2222 - 0.0892
(0.23) (0.45) (0.59) (0.47) (1.06)
lagll -0.1242 - 0.023% 0.1089 - 0.3287 03691
(0.23) (0.48) (0.50) (0.47) (1.06)
lagl2 - 02045 -0.3711 - 0.6766 0.2207 -0.3157
(0.23) (0.48) (0.47) (0.47) (1.03)
lagl3 0.3040 4707 04889 -0.0118 0.1168
(0.20) (0.41) (0.41) (0.43) (0.93)
lagl4 - 01504 -0.2222 -0.1525 - 0.0376 - 0.0052
(0.09) (0.19) (0.21) (0.24) (0.46)
_cons - 0.1220%% -0.1348 - (0.1839 - 01314 - 01534
(0.04) (0.0%) (0.12) (0.06) (0.13)
Observations 6635 158 79 222 164
Adjusted 0.4028 03348 0.6834 0.3%32 0.0054
R-squared
# Time lag on Reproduction rate(Rt)
# Coeflicients in columns
# Standard error in parentheses
¥ pe=0L05, *F p<il0L, **F p<0.001
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Cumulatiev Effects of Reproduction rate
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Figure 12. LPR of Rt on newly confirmed cases
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Forecasting the number of newly confirmed cases in the time

of Omicron variants spread
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g2k 7 & FoR UM 2 dTtelM e enaE gat
A71E 5Aste]l Rto} Ct values® &8 %4 F49 AAE A=
vlastel  wo]  mpolE A AYeA Y] oF5¥E dfefstazt
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Figure 13. LPR of Rt on newly confirmed cases in the time of Omicron
variants spread
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4. DISCUSSION

4.1. Summary of results

71=EA A XWV“} TH I
20-50t 9 &zl A7k 34 Qd gxpe] Ak ool glth. AAl zldt

F|E AFo] Aut oA} AFEEHAT, AL RE HAbA A FHx
SEZHE ARG o, 74]1]E'C AF = (NPS/OPS) o] Hut o)A
AHEE 9Tt Ct value E, RdRp, N-& E5F H]sh F3X P& Hglon,

Zrel 10-20 Atole] = 39t
F 709 Ct value X oFAF 8=
o=
|

of| &
valuesel wld] Al & F7} = /\]7]% 53] *1—;3“3’8}%1
H

48 4 (G AHIARD)H 524 548 (FDL model) & 2833t
T AFIARYFS] AT 5-144 AFRA 7P o SFo] F
Holth @ AGIAEFES 3 52 A5 AW¥el M =2
AZEZE AZTE R ol Apol7h Wk (Al A7 114, A17] 94, A|27]

14, Al47] 109). 23u AAILe] A3EE 7HEskA
ol Axrt s|9BHd TheAdol A, Alat & e W
sAHARJD AA FAL AR S5 o ARMY RE

st g¥E AAStY T4 FAS Fo d5S AL ot AT
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4.2. Comparison with previous studies

FEU-19 3 A7 Ct values VX5 Rt(GAABAIAF) &
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w2t o] 3AE HE WA st ol A AW AT (T
s, 2021 AAE T, 20200004 =l Rto] GO W AARY A
HAZ 27 debEA gkow AT FHol wrlssite 2Adet
A A 83
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4.3. Strengths and Limitations
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4.4. Public health implications
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Spec Women's Hospital robust epidemic monitoring | COVID-192] viral load kineticsoll ] =]z
data: Between 3rd ez WEE 7y Rdd dYsin
April, 2020 and 10th AEdeldd e 2o Ciake] FHay d=E
November, 2020 E8 epidemic ¥4 HAST F v HE
29
COVID-19 W1e] zrodz 53 dald ot
Kennedv-Shaf Simulated Effective for estimation of the | o ¥ & xjol] ojal], & dzof o3t &5 =&t
f:: L YZ-ID‘!? UK NA Relevant NA :;: ?es NA crucial measure of vaccine | Aok . ol & 8 vle]f=gE o) g
» L 22 P efficacy against transmission | 388 5 sl &%, Bad o2 7143 1
7Hgol SIEAE o i HEAE AMTE
Valent, F. ltaly Nasopharingeal Not Between March, | 715 patients NA Associated with severity olg]ole] FaY FHA7] ER S3AE F
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Country

Specimen Type

Variant
Relevan

Length

Population

CT wvalue
largel gene

Main outcome with CT
value

29

2021

swabs

relevant

2020 and September,
2020

FC Melel=ae A9 Aad peel 2o
9= e,

Ct value 20& 71222 %1€ W ¥
wlole] =g 71 Bae 23 HAAA 13
fauc 200 o He Ao B

Magleby, R.
2020

UsA

Nasopharingeal
swabs

Mot
relevant

Between 30th
March, 2020 and
30th Apnl, 2020

678 NP
swab
samples

ORFlab, E

Associated with severity and
death

COVID-19 #1358 Ct value <25, 25-30,
>30 A 7HA 712 L2 W, 7 fde &8s
#ase] 548 o

& ulelg] A~ (Ct value < 25)2 dd,
Fitolfte A EFd, T HEay AE9
Axtade] sisien 7lghial, AbgEe] #Ee

e AeR Hel3.

Boogaens, H.
L F
2021

Belgium

Nasopharyngeal
swabs

Relevant

May, 2021

30 crew
members

ORFlab, N,
S

Associated with seventy and
viral clearance with time

7)o tEH 242 WY S S
A HE Yo 2 CT values} viral
culture® A A% CT valued] w2 o]|F
Foh(dyl 948 CT value®} viral culture
ok e Aptn &l CT value?} $&5E viral
culture GFHo] 2 7] G5 wHy 519
FE o Fezpete A Ed FHel

Yin, N.
2021

Belgium

Nasopharyngeal
swabs

Relevant

Between April 1,
2020 and May 15,
2021

155,049
lests

RdRp, N

Predict future outbreak

W7of %7} £04, Ct valuet COVID-19
F87 8 4238 5 254 8. Civalues
RE @Y 985 29 4H4e B
mebd fad BAAA AL B8 5 UL

Mack, C. D.
2021

UsA

MNasopharyngeal
swabs

Not
relevant

Between 1st August,
2020 and 14th
November, 2020

ORFlab, E

Effective for carly detection
of infection

v|2e) o437 s gates COVID-19
WY BuEwe AA8 g 238 B 27|
FelolH Be Ct valuer} FolEigion,
24 27] BUE Yol g8 PCR A4}
SFEsTHE A o

Miller, E. H.

UsA

Nasopharyngeal

Not

Between March 10,

5467

ORFlab

Associated with mortality

COVID-19 whole] 2ako] Baje] F4f
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CT value

Main outcome with CT

; ; o
Authors Country | Specimen Type Rd:evnn Length Population g valne a9
A&7k} ojd ol aleA &9l Ci
2021 lest relevant 2026 and My 30, atients value?} SHE5, 2 Eats) 9 HEz)
v 2020 pet BRo N Algo] ¥gton e EANSES
EFE EHoME s FeHE
Ct value® Foll 915 vle|e]2sks) 2w
FEErt ojd g o] sl Hetatazt .
Bustos. P Nesooharvngeal Not Between March 2, Help to monitor the v & w2 el 2} dgbd & Bglod,
“;‘;; ; Chile asop .a’;“g mle"m 2020 and May 5, | 458 patients | ORFlab SARS-CoV-2 infection in | vbe] 2] 22& Go4) vlwh HE B2} M B4
o v 2020 mild COVID-19 cases | %8 F 15 ool AAP& 715%. 604 o4
AL T4 2 F 2T E WS
78  slE
Los Angeles County2] COVID-19 #d# &
9651332 . WA FEI vHFA, FF DAEA
. Between May 1 T Correlated with the amount .
Griffin, 1. B. > | Los Angeles . . L Hlwe] Bets 9y HFASAH FF
] o o
2001 USA NA Relevant | 2021 a:zngz.luly 25, County ORFlab, N | of viral ;I:EIIT;“E;:{ present, Aol 7o go] AA e BLe HolF Cy
residents Y values 94 AE, 0]3F 24 ¢ Ao @
ato| & EelElA ZE
PCR @AALe] N gene dropout?]tl S, RdRp2]
Wollschlager, 48 o . Ct values} B|w§l& of 7o) W7t B1LT
P Germany | MSPNIEAL | gy NA consecutve | S, RaRp, N [ IO OF VR o) guo) ga9 B9l B1LLT 3217
2021 W samples agnost sample®] 4 Ct valuet 5%} RdRpol & 6-10
=2 e 29
Makov-Assif, Between June lst B . wHeel opd 2 gGabs] A4 Ct values}
M. Istael Nasuph.a?geal INut , | and December 21st 34[’.6:[85 GR'H: 9N, |\ ssociated with severity | AW FFEe] dAAE U EE O
2021 swabs elevan 2020 patien valuels 34, 94, £38 e 2Eg
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Authors Country | Specimen Type Rd:cvan Length Population Rt ae P 29
AP & B9 71Ed g7 HE_UES
ARG gi = F3E Fofen,
A&use BHEYE o F-0g ¥4 =3
el
All positive PCR
test: between 12th Ct value® >30, 20-30, <20 4| 7}#]
Waudby-West Nasal and Not March, 2020 and 1st 1337 5703 F 02 wasisian AldEs Aol
LR UK pharyngeal relevant | MaY» 2020 / all pa'“cms RdRp Associated with mortality | Q157 FUE & Ct values ¥& Ct
2021 swab deaths: between 12th values} HlR @& o] & AMEES Hol:
March, 2020 and A2 Z(HR 2.10) %.
20th May, 2020
Ct value7t QY9 &252] AletE F71s} gt
A el dYUEAEL o s AtET
Bekwian ik Aol 2‘% ‘lil‘é*%‘ fg:}zli E‘;‘gflni
M“;‘;g‘l" A1 Portugal N”"’;:‘,’a’z“g“' m::;m March, 2020 and Ist | 197 patients | ORFlab, E | Associated with mortality Eggiz.ﬂg(iebzﬁbzﬁ;l?}hsg'ﬁ :}";éi i
e AL Holt oz FF.
vlolg| 225} AW FF %, ventilation,
A7 frol st Aol zhobsA] .
COVID-19 # Aol glolA viral load?}
old J&& vjA=A G435 #3A vl gL
Associated with the degree of | vpo|2] 223} el AW FAb 24 ol
Marks, M. S Nasopharyngeal |  Not Between March 17 | . NA risk of transmission and | A#7| 7k 2, 7| M, FESE |, F2AHA
2021 g swabs relevant | and April 28, 2020 e expected time to developing | 5 543 A#4L A% 8 COVID-19
symptomatic COVID-19 | 4 cluster5& o8 AE #A7}
vlo|g 2o ¥& of 23} MY E] ¥& AL
i3t
Kissler, S. M. USA Anterior nares Not Between June 23, 68 i Inform clinical measures and | COVID-19 #a}e]] A AjZbe] w2 viral RNA
2021 and relevant | 2020 and Sep 7, individuals interventions shedding®] #3l§ TAF. 46759 FFAE
4 i
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Vartant : :
- - CT value Main outcome with CT "
Authors Country | Specimen Type Rd;:an Length Population aene e a9k
4o Aite] wE viral concentration
wstE Hodh
viral concentratione H7 3.3Y o]F
oropharvnzeal HH e Ealsiey, Ct values W 223
Psﬂ.-;}l;\g 2020 gh& B9 viral clearances
e FE4AH10.9DAN FE42HT.8Y) o 27
dgix 3] PCR &2 29 ¥ 47} PCR HAe
Ghiate] ke dAlol g g s
A S
First period: between
February, 2020 and olga]el S A gdA, 3742 COVID-19
. ) May, 2020 / second | 8 A71(2020d 2-59, 6-849, 99 - 20214
b mh_fn ”M Italy '; t;u dorar | June, 2020 and I:as | NI, N2 | Associated with sex and age | SF4E& W
o “1’:3;'3) YA | August, 2020 / third e A Wa A7I0A Ctvaluert ALY B e
. period: between | PO Bon(Ha 25.64) o e g,
September, 2020 and A drE o e Ct valued HEHE.
February, 2021
HY&zts} 2 BAE5E& o= Ct value?}
L Naso- and/or Fakst Adhle] sleA & 4
Knudzig:‘ FC. Denmark oropharyngeal rclr:u;nt Mpech qzéngm}j 17 169 NA Predict disease severity Aol A Cr value?} SH&+5 2He =71
swab, or sputum v A4 s 238 #918Ha0R 0.89, 95% CI
(0.81-0.98).
Ct valueE high (<25), medium (25.1-32) and
Garg, K. : Not \ Predict severity and outcomes | low (>32) A 7= vra g8 AlgEn
2021 Tndla NA relevant NA NA N2, E in patients Fore AL BAF Ct values
FEES AGE ERAA do] A& 29,
Pasculli, A ttal Nasopharyngeal Not March 4 to May 31, 283 ES Predict prognosis in Ct values} CT g4 8958 &4 £ 3%
2021 y swab relevant 2020 g COVID-19 patients COVID-19 &akel A 35 o 25E o
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Variant . :
- - CT value Main outcome with CT o
Authors Country | Specimen Type Rdscvan Length Population aene value 89
Egol 2 7 UE.
v 7 ViD= Zlth AME O g
Gentilini, F. Hasupharyngcal Not To exploit the features of 6208 !4 0 IDﬂlQ "_% ”%E: ]%511 EI
201 Iraly foropharyngeal | NA 51 NA Sioital PCR valueE Wlole] = copies/pl) o2 Fatsls
swab ' ¢ 4¢ BUE
Abeysui Ct value, Y7 F(AL), 9 =]
Vunya, G Lanka | Nasopharymeeal | Not May 2020 - s A To predict respiratory | H](NLR)E o] &8 *Ituz-% 438 5
2001 swab relevant April 2021 compromise e A, Ct valuert 19.9 I L %
FH5Ae 41 G0 L FeE 9
Stankiewicz, March 31 to To characterize The e 27]2] COVID-19 viral load& &41517]
H. USA NA Relevant |~ 500 829 NA SARS.Cov.a vl tminciory | 10 FRASE B BAAE Ct value®
2021 uaust <, 2 SARSLON-S vil TRjecton | s g
Ct value®} genome-based predictive
. To rapidly identify which | algorithm® o] && 7167 viral genome®&
Skarzynski, ' ) . Ao alid 2RECE o
M USA NA Relevant 16-Apr-21 NA NI genctic varionis result in | HF22 RY FEET AJTIE 234
202-I ’ P increased virulence or g, Ct values] F9 kel 16.6 o5t HE,
transmission 214 oldel Heno 443 o Fr) e
g0 @43 m3kE.
. ) - . A 4] Ct valuest eGFR, 4H4 E5E
Kurzedet 1| Germany NA Relevant | P 150 MY | gy E fo develop & Simple S50 B | qigje COVID-19 #2be) A& AZeher]
e ¢ ouleomes folg A ugle.
=] ZEl= zlde] gl AE A
To initiate public health 30,000 aU! Axshz A9 s UE%"H q
Deag, ¥ Hong Kon Wastewater | Relevant 2021 June NA NI, E action o thwarl a looming X ¥ routine sewage surveillance® 4,
2022 & o § ' . ® | e el wae B ol 432 4
Delta variant o
A 'ﬂ'
Valley-Omar, ) N Predict Delta variant delta ®o| 799717} CT value?t RT-PCR
Z. South Africa NA Relevant 221 Jao-Aug 191 RdRp prevalence amplification efficiency® ZHEAFITHs #Hd
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Variant . .
- - CT value Main outcome with CT o
Authors Country | Specimen Type Rd;van Length Population taepet. pene e 2%

2022 aotale] el Yol FHEE dFdtaat T
I COVID-19 variant ¥ 2 N, RdEp, S genes
I'robajo-Sanm . . -

S , . Evaluate the analytical target® 2 § Ct values] Hel7} A7]E A&

M Spain A Relevnt NA NA | S RBR N erformance of assays | ol-€3ko] B.1L73} B.L177 #olo| g
d2AEE Ct value B4 74548 el
Evaluate the concordance | Ct valueg] Abubgof ofjgh =d8ks
ml;l;z IR. DR Congo NA m::”;m K'"C ‘115[1‘]22'”3(?2(; 242 N2, E between RT-PCR and geolglel e, CtESF CiN2 @ 5 Abdgd
v ugust 02, 2 serological tests (IgM/gG), | ol et HaE vlA] g slez &g
ekt Ct value 793,479 & #&5
ATHw FEelM Cr valued] HA 2E7}
) : epidemic trend& 5% & A=A & +34
M'ESSQ 8. France NA ml‘:";m i,'ujﬂ? z-ngg 793,479 NA Use Ct d::“': l;‘;n';fd'“l G4 Rt @ T4 d3sglon, R e
v vember epidemic o251 ARIMA 29¢ A28 5 Ct value
229 dg HEE THAD FF oZ80|
e S 3
71 Rt #tell 7|0tet Gal f 2 o 52 15 71
lage] 471t @0 UE. AL A5 &
Lin. Y Not Use Ct value 1o oredict g4stet7] flete 27352 Ct valued
30‘22' Hong Kong NA et NA NA NA d:m" m';f ! o] 48 o2& AT Ct valued] L3}
v epidemic epidemic F&o] Folg A4S AdE
#elaisien, Ct valued #4&8 38 7RE
28 A4 3 oSEe] FAEE S FUF
N ] 82 viral load?] A ALY HaE 4
Tharak, A India Wastewater Mot July 2020 to August NA T'o predict the @Iy surge of A8 o] COVID-19 &8 cbast 72

2022 relevant 2021 pandemic FE

Yuniarti, L. Indonesia NA Naot December 2020 to 286 NE Analyze the association COVID-19 #7le] FEEE 438 o
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Variant . :
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Authors Country | Specimen Type Rd;:m Length Population aene valne 8%
AASe] g A7, 98, 48, 2Hold F
2022 relevant March 2021 between the severity R"ﬂ} o] W& Ct xalue7|' galsse] Ay
Fesl 4ol ke e A
&r samples Ao 2 A &8 RT-qPCRel A
A 4kgk who| 2] A%ka] COVID-19 35} ko]
Amereh, F. Iran Sewage ot Imfn?rp;:rn:be; 2"}Il':' NA N, ORFlab Regular monitorin JREE Lo, 24 dTddudy 2ol
202 M| e | OO ‘ cglar montoing | ggeuct 1-29 ¢4 fAL A3
whhd HaA FEEHAEH J4 Ay 22T
5 ez vy
&4 Ade COVID-19 &= 7k ol 4
. Identifying determinants of | 5=7F Hopsl fEf 22lo] ofsk 94, Ct
e Mol waly | Nesortanmesl ) RO g Mar NA RARp | the COVID-19 tansmission | value® Wseto] 4l 27} dstet Ad4 g
= v in seltings of contagion | #9892 Ct ghol H&2F 571 T{J'ﬁ
Anzt @ 7heAel wrke AE #9E
. . 20200 89¥E 20219 29742 360,000 Fel
Zhy, Y. N Wastenate Not | August 2020 to “ | e series of SARSCOVZ | ieh Al A9AIoIA B4 COVID-19
2022 i VST relevant | February 2021 reutrence 1 viral load® 2% fale] g o 359
s Molzlag E¥ ke A %A
&2 viral loadst Ut &3 +& @7
Proverhio, D. ] Not . ) 8t 9433 o3 RdE ‘Fi’ﬂo}" ol &
2022 Luxembourg Wastewater relevant NA NA NA Predict new cases J]ub6 2 COVID-19 A7 B2} 2 o0
7HEsithe A& Bel
1 August 2020, 21 158 254 Alele] COVID-19 d5 mot s #{& GISE
Barajas-Carrill Nasopharyngeal Not January 2021, 19 I43‘ and> Understand the distribution | o] 88 24 & A1, W92 Ct valued
o, V. Mexico foropharyngeal | | August 2021, and 17 | "0 NA dynamics within a defined | ®F85 2, ol 7oz -"ﬂ'E cF s
2022 swab v January 2022, :ach " geographic ares Adlsle] e A} fEE TE ol
respectively U T Y YA B =gl E 7
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Relevan
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CT wvalue
target gene

Main outcome with CT
value

2%

al o,
M-

Shoatb, N.
2022

Pakistan

NA

Not
relevant

May 1, 2020 -
November 30, 2020

6331

Orflab, N,
and RdRp

To find indicators associated

with Ct value

COVID-19 8358 4ez Ct valuesh
Hikd e AESE 90% 63318 &
gdoz g A Ay A, | 7155
Ct values o3 Ax4dE& Belx goton
ORFlab, N gene Ct valuegte] A} @4
T ok dgd g B4l

Dergaa, 1.
2022

Qatar

Nasopharyngeal
foropharyngeal
swab

Not
relevant

2020 July

481

NA

Investigating Association
with clinical factor

7tEt2 9] COVID-19 54 @33s TEA
G715 2R Ct valueE T8 Fotst
viral load2?} g sl AESE &9
&t vl8] FF4RE Ct ovalue,
AAEHEIF sskor o 2& AEE 2.
2 vlelg|AgE & Hup g G2
AnEsesl dzbyo] @elEglon) ¢l
Ak g9=7] gg.

Pérez-Garcia,
F.
2022

Spain

Nasopharyngeal
swab

Not
relevant

9 November 2020 -
§ March 2021

255

NA

Association with severity

W wE7e] 9 Wy yig3 COVID-19
A Y o dfdye o3 A2
FE7AA w2 vlele]xga GE CCLS
expressions AW FEE2} F2
A& 59

Vallejo, J.
2022

Spain

Wastewater

Not
relevant

NA

NA

NA

Association with severity

&2 RNA viral load§ #2288l

Z e ab#) 2] COVID-19 outbreak 7HA|8H=H]
gastazal ¢ A9g9 48 do|gs} sl
el § T 88 F$ F543s
TEAAE BF EEs A 9s] COVID-19
F8 RE 458 & g e 9T

Ingherg, E.
2022

Sweden

NA

Not
relevant

1 March - 31 August
2020

286

N, E, RdRp

Predict outcome

COVID-19 @M F5 CTE T8 &9 7
Aq A= Ctvalued] P3Hd & Holslz, 7
7h2 AR E dYele] 2] FF AYES
o Z% Ct values} 5 CT BEF F8apd
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Authors Country | Specimen Type Rd;:an Length Population aene valne 29
DT Abgel ojgh Felgh dgbad S B9l
20219 3HEHE v HYel £ AHFe] g
To find whether Delta Heol2] Ct valuelg 24224 o dolst
Bolze, A displace variant Alpha, viral load?] el & @91, dE} #ol= U5
] _ 3
200 USA NA Relevant Jan - Sep 2021 583,984 NA Gamma, lota, and Mo Woluth 1.7H =& upo]e|2eks welon
variants LA Fo] Hed 2 volg2gs FA4de
Ezje] Zaals Aoz ngH.
it ot - Hal HE VOC 24 olH FHr|FHeR
Hawken, § Not | 17 March 2020 - 15 mrl.d@..[dlr,-ymf :ﬂsm% Ur1 COVID-19 S/t M2se aAse
3“202;1 - USA NA rcltuam ()call:bc 21}21; j 264 NA glacc'natizma:(;y\fm(;gr ’ o Crvalueg F9l. W4 34 WE 8ol
v ' ! 'c.mf'la[.m Ct valueE 3%, #H4¢ v A E2
e H4as Ae Fol dag
20200 1195 2021 48714 NYCH
ol A et viral load& COVID-19 A5t
Hoar, C. Not November 8, 2020 Predict cases for the 843 5 dFeo] L 5 A=A el
| .

2022 USA Wastewaler | jevant | to April 11, 2021 NA NA populations by wastewater | A1 #7} 55} 8449 viral loads §2] &
A e vgon HARYAM e Fogt
23E F9%

)+ = COVID-19 molecular testing® whaole
genome sequencinge A+ genomic
, From March 11th ) o surveillanced] &% 4 218 prolonged
M”;S;é c. USA NA Relevant | 2020 to September | 1529 NA ldm“r’.'“l“';“; d'.“"' long | pNA shedding@ Mol BAES HAoR Ct
23rd 2021 viral shedding values}t genome sequencing& Al #&gln
il o)A FAst Ay AEztel A viral
sheddinge] o 2 A&=HE 2& 93
ola Emory tiEhe] H4, A 1E& 7|54
A& A Ald% wastewater surveillance2]
2 -
WZ’;E?Y' USA Wastewater m::“;m ﬁ{césﬂ}hjfgz. NA NA Predict COVID-19 cases | 238 WE. 7|4 289 8204 viral
v T load7} A8 A4 1-25F o|F COVID-19
G774 w7 FFEE dE 9 gy
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Authors Country | Specimen Type Rd;:m Length Population faraet gene e 29
713l M wastewater-based surveillance£]
HeAd e B
TG0 o, B et e gy 831
COVID-19 #zbol] cf st wigl of geluistoz
Wiinsch, K. Nasopharyngeal Not December 2020 - s E In-hospital management of %E H&‘&RS-COR 2 R:\i ﬂ%o_ﬂ Aol -
202 Germany swabs relevant April 2021 7 (2) RdRp, N | high-risk COVID-19 patients | 1 1 =1 A Aeld dAgen?] 33&
’ = dol wgE = sl vpelel2E glRlenz
=olw Fed #3E o 335 oA E
shAsA A" sl
vfol 2]~ Hal(viral load)s #abe] 2y
. . H7Esl #A43 19 5o a8 0902
8 atients e ot | N 74 Ct e A% Wk fojeiA
Wu, 1. 2022 China Throat swab NA NA cluster ORFlab, N transmission capability of a S-S5 5 #2e] S5 vlole| X o
infictions ofignt wolEkA o w3 webA vlelE 2~ §Ev)
P o B2 FF #3Ac 39 Agetel o 2
A% FAEE 7+ e
) 20,207
| mi‘;mh:;;::m Between 17 May | i8dividuals Associated with an increased | _
Souverein, D. Nethedands (NP) and Not 220 od 41 Masch tested R risk of hospital admission, | 7] SARS-CoV-2 wje| 2|~ H&7t 2845
2022 relevant |~ positive for ICU admission, and A4, 1cU g4, vl | A f#Ho] Frb
oropharyngeal 2021 . . ;
SARS-CoV- in-hospital mortality
(OP) swabs 5
Fully vaccinated individuals | yupnz0 ghga Agrse) So9 Ads
—— S“”j:;*r‘“"’ Betvern Sepiember | W'ﬂ’:ﬁﬁ:ﬁ“gﬂfﬂfm dHHE 02 Adg S8 Jo
j-\ 2022 Uk respiratory tract Relevant 13, 2020, and participants ORFlab, E infection in household wolﬂi%% 7S, ARATE dad
T (URT) swab September 15, 2021 settings, including to fully AFRE 712 AEE EEE A BAdME
= = FE3os P& A9AE F 98
vaceinated contacts.
si (1) E, N Should not be used as a | 2 E o}5 2] wpole| 2 ks 7 F o 2E=
Roveh Moty | Noopnanmesal | Not ) Between MOy 9020 | 570 ptients | (S, | measure of clincal severty | 94 W4 COVID-19 2440 cht ol de]
swab (NPS) | relevant | and Apn ORFlab__| of COVID-19 in the pediatric | 3= (exposure) o] 9 44 9 §§7)
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(xS Aol = 4)Y. SARS-Cov-2
wpolel 2 Yahi Ao} QFel4 COVID-199]
O)E, | 943 44Eg 34t quz AgHAE
RARp'S, N population o YA, vpolef s et Pt A
obo] Slolder children)ol A FZ4+
COVID-19%} #&e] gl Aoz ¥l
;3;\2&:‘1&;?:3]} 2114 be a leading indicator & Cﬁg?f:liﬂlﬁ%lg?yz% AI? Eﬁf_ e
» and M. 1, ) To be a leading indicator for | wpe|2]2 ¥abs} o] ¢l& Ct o g4s
Phillips, M. C. | jg, | Nosopharyngeal | o ot | 2021, and between | RSOV 1 £ o | predicting future COVID-19 | 8% COVID-10 AL S o2 et Hal 4 E2
20 swab (NPS) May 4 2021July | FPositive cases veht W4l 429 surge planning® 44 %
31, 2001, samples £ ge.
RT-qPCR& T8 334 ¥ SARS-CoV-2 #H¢
Kit e A AT o COVID-19 A&
o 2 24 992 ALEsa vl EEs Ao
Nelson. J. R Not From May 2020 Some locations wastewater x]‘?qﬁl-ilAQ ‘&ﬁ] et o ;I'.%_'ﬂi- “diE— of g
i USA Wastewater relevant through January NA N loading values might precede | E218 = sl=2& BolF. HAE 2P 3=
2021 case reports by 7-10 days | dlo|E = 1-2% He| Ale] Bxe] HEE
HFetA g, ZIP 2= £ B4 & 495 A9g
H FHA ghe]l Al 2oy 7-10¢ 4A
e T dew AARL
fEH Ity Bz I3 EL] FHH
T cast th ber of THE e ¥ 7Y 2 22 o A5}
Khalil, A. Nop | Detween 1 Masch 23,185 ’ nnna‘:i:\iidttpg:&’vt T | AEsel 54 A9 dw5d 24
20212 Lebanon NA relevant 2020, and 31 March pm;m NA COVID-19 cases in a specific COVID-19 *}_aﬂ TE o3¢ gatg vpole]x
2021 . il e g8 AEE ZYdHae
reaton Agatel BE 7Y 7|20 Bk H2e
COVID-19 A8 A AE J59288 &
) COVID-19 #a& A 4H Afele
Karron, R. A. Self-collected Between November | g, The presence and mumber of | o) )2 o] o 4 O;]%o“;%%lﬂ?&;
USA Relevant 24, 2020, and . NA symptoms did not correlate | ., o e -
2022 nasal swabs October 15. 2021 | Perticipants with vical load FHEL EAst o vpol2| 2 HEs
' AnpA7 flgleng 4 dEE oy
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ofel =& Efete THE dwetrld B3E
T &
.. Symptomatic individuals E 2 Zae] 9= Le =L
Hall S. M Self-administere Not Between August 7, 1,633 NL N2 bave higher viral loads th Qe Fo e AE F4e §AY
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Appendix B. Time series distribution graph of Ct value RdRp by diagnosis variables

Figure B.1. Time series distribution graph of Ct value RdRp by diagnosis agency type (by date)
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Figure B.2. Time series distribution graph of Ct value RdRp by agency Located regions (by date)
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Figure B.3. Time series distribution graph of Ct value RdRp by age group (by date)
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Figure B.4. Time series distribution graph of Ct value RdRp by sex (by date)

g
m— 25th - 75th percentiles
WA ctvawe RaRp median
o
L]
o
o~
72020 712020 a1 7020z aeaz
testdate
g
W 2Sth - 7St percenties
l_ Ct valus RoRp median
Ofat
2
4
=
o0 7173020 Tr173ea1 oozt o2z
testdate
1]
- 74 - ¥



Figure B.5. Time series distribution graph of Ct value RdRp by assays (by date)
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Appendix C. Unit root test results (Augmented Dickey-Fuller test)

Table C.1. Unit root test results of Ct value RARp and number of newly confirmed cases

Augmented Dickey-Fuller test for unit root

Variable: ctRdRpmed Number of obs = GE1
Number of lags = 1
HB: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 18%
Z(t) -3.859 -3.438 -2.868 -2.578

MacKinnon approximate p-value for Z(t) = 8.8824.

Augmented Dickey-Fuller test for unit root

Variable: newlyconfirm Number of obs = 681
Number of lags = 1
HB8: Random walk without drift, d = 8
Dickey-Fuller
Test critical value
statistic 1% 5% 18
Z(t) -1.885 -3.438 -2.868 -2.578

MacKinnon approximate p-value for Z(t) = B8.3778.
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Augmented Dickey-Fuller test for unit root

Variable: log_new Number of obs = 681
Number of lags = 1
Ha: Random walk without drift, d = 8
Dickey-Fuller
Test critical value
statistic 1% oH 18%
Z(t) -2.158 -3.438 -2.868 -2.578

MacKinnon approximate p-value for Z(t) = ©.2218.

confirmed cases

Augmented Dickey-Fuller test for unit root

Variable: D.log_new Mumber of obs = GB@
MNumber of lags = 1
H&8: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 18%
Z(t) -23.456 -3.438 -2.868 -2.578

MacKinnon approximate p-value for Z(t) = @.e8ea.
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Table C.2. Unit root test results of logged number of newly confirmed cases

Table C.3. Unit root test results of first difference of logged number of newly



Figure C.3. Graph of the first difference of logged number of newly confirmed
cases (by date)
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Appendix D. Autocorrelation test results in the errors in a regression model (Breusch—Godfrey test)

Table D.1 Autocorrelation test results (by date, all periods)

Breusch-Godfrey LM test for auvtocorrelation

lags(p) chiz df Prob > chi2

1 38.548 1 8.80e8

H8: no serial correlation

Table D.2. Breusch—Godfrey test (by date, 1** COVID-19 periods)

Breusch-Godfrey LM test for auvtocorrelation

lags(p) chiz df Prob > chi2

1 16.129 1 2.8881

H8: no serial correlation
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Table D.3. Breusch—Godfrey test (by date, 2" COVID-19 periods)

Breusch-Godfrey LM test for autocorrelation

lags(p) chiz df Prob > chiz
1 18.343 1 2.8813
H8: no serial correlation
Table D.4. Breusch-Godfrey test (by date, 3" COVID-19 periods)
Breusch-Godfrey LM test for autocorrelation
lags(p) chiz df Prob » chiz
1 2.156 1 8.1428

H8: no serial correlation
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Table D.5. Breusch-Godfrey test (by date, 4" COVID-19 periods)

Breusch-Godfrey LM test for auvtocorrelation

lags{p)

chi2 df

Prob » chiZ?

1

1.978 1

8.15%96

H2: no serial correlation
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Abstract

Epidemiological Application of
Cycle Threshold Values Under The
COVID-19 Pandemic in Korea

JEEWOUN KIM
Departments of Spatiotemporal Epidemiology
The Graduate School of Public Health

Seoul National University

Backgrounds Cycle Threshold values [Ct values] are the measured values,

the determinants of positivity in a COVID-19 diagnosis. Studies on the usefulness
of Ct values for forecasting the number of COVID-19 newly confirmed are being
actively conducted worldwide because of their features that are inversely
proportional to the viral load, and their association with infectivity/transmission (et
al., 2021; Rodriguez et al., 2021). In contrast, Ct values have been used only in the
diagnostic field in Korea. Forecasting the number of newly confirmed cases and
public health strategies for responding to COVID-19 has relied on the time-varying
reproduction number [Rt] from the beginning of the COVID-19 outbreak. Rt
indicates how many additional confirmed cases one confirmed patient has created.
However, Rt has some limitations. It is challenging to reduce Rt estimation to less
than a week (Lin et al., 2022), and its definition and calculation formula require
identifying the accurate infection route (Yoo, 2021; Jung, 2020). To improve the
forecasting model of COVID-19 newly confirmed in Korea, this study conducted the

forecasting with Ct values to supplement the limitations of Rt. As a result of a
23 4 )
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systematic literature review, there were some differences between the results of static
estimation and dynamic estimation. The research objectives were as follows. First,
Rt and Ct values were compared through the time series distribution by COVID-19
pandemic periods and visually verified whether Ct values could forecast the actual
new confirmation. Next, time series analysis-based forecasting of the COVID-19
confirmation pattern using the Ct values by COVID-19 pandemic periods was
conducted to determine the time difference of several days when predictive power is
the highest. This study conducted forecasting by using both static and dynamic

estimation methods for comparison of each result.
Methods The study period included 489,133 specimens collected for SARS-

CoV-2 diagnostic testing about two years from February 7, 2020, to December 31,
2021. Following domestic RT-PCR protocol, this study used Ct values RdRp as
representative Ct values. Based on the Korea Disease Control and Prevention
Agency [KDCA] publication, the periods of the COVID-19 pandemic in Korea were
classified into four periods.

This study presented the descriptive statistics table and graph for each variable of
the diagnostic test results to understand the overall diagnostic status of the samples
included in the analysis. For visual verification before forecasting, the distribution
pattern of the Ct values at the population group level by the COVID-19 pandemic
periods is expressed as a time series graph along with the Rt and the number of new
confirmed cases, respectively. After verifying the limitations of Rt and the utility of
Ct values (as a forecasting index for new confirmation) through the two distribution
graphs, a statistical analysis was conducted to confirm the actual predictive power
of Ct values. To ascertain the time difference when Ct values show the highest
predictive power to newly confirmed cases, this study conducted both static and
dynamic estimation methods with time lags. A simple linear regression model was
used as a static estimation method, and the Distributed Lag Model [DLM] was used
as a dynamic estimation method. An alpha of 0.05 was used for all tests, and all

graphs and statistical analyses were performed with STATA (version 17).
Results As a result of the descriptive statistics, most of the diagnostic tests

were conducted at examination institutions, and more than half of the confirmed

patients were in age from 20s to 50s. More than half of the diagnostic kit products

7
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used were Seegene. In almost all tests, the same gene amplification equipment was
used, and more than half of the samples used were throat swabs (NPS/OPS). Ct
values E, RdRp, and N all showed similar distribution forms, and values were mainly
distributed between 10-20.

In the two Ct values distribution pattern graphs, it was visually ascertained that the
changes in Rt, compared to Ct values, did not sufficiently explain the third and fourth
periods when the number of new confirmed cases increased rapidly. Also, it was
ascertained that the Ct values were first affected before the changes in the quarantine
policy affect the number of confirmed cases. Through these two time-series
distribution graphs, it was assumed that it is possible to forecast the number of newly
confirmed patients according to the distribution of Ct values.

Static estimation (simple linear regression model) and dynamic estimation (DLM)
were used to perform forecasting of the actual occurrence of new confirmed cases
using Ct values. First, as a result of the simple linear regression model, the
forecasting was the best in the lag of 5-14 days. For forecasting through the simple
linear regression model, the time difference with the highest predictive power
differed by COVID-19 pandemic periods (11 days of the total period, 9 days of the
first period, 5 days of the second period, 14 days of the third period, and 10 days of
the fourth period). However, the results were likely to be false regression because it
does not assume the normality of the time series. Also, the number of newly
confirmed cases is difficult to forecast simply as a result of simultaneous static
estimation, it was necessary to eliminate the effects of temporal fluctuations and
make forecasts through dynamic estimation. After removing the effect of time
fluctuations through DLM, both the third and fourth periods, which have no
autocorrelation of the error term, were the best forecasted until the three-day time
difference.

As aresult of the forecasting through Rt in the same analysis method, it was always
best forecasted at the 8-day time difference. And this study compared the forecasting
of the number of newly confirmed cases through Ct values and Rt by specifying the
time of Omicron spread. However, the analysis period was short for 30 days and it
was hard to get significant results because the dominant species period of Omicron

was from February 2022.
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Conclusions This study confirmed the epidemiological utility of forecasting

the newly confirmed cases by Ct values, which was rarely used in Korea. A COVID-
19 forecast study was conducted using the domestic Ct values distribution at the
population group level, including the time when the mutated virus appeared. It is the
first domestic study to perform forecasts through Ct values using both static and
dynamic estimations. This study revealed that Ct values can be used as a short-term
(3 days) COVID-19 forecast indicator.

Based on the results of this study, if various follow-up studies are conducted by
combining clinical and policy indicators, the epidemiological utility of Ct values will

be further expanded to contribute to establishing health policies.

Keywords : Ct Values; Reproduction number; Dynamic estimation; Forecasting;
COVID-19; Distributed Lag Model(DLM); Time lag;
Student Number : 2020-24281
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