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QT 24 7[0t ASH TZLN9 TITHHAL E0|AH| 24
Lok, SR Ao, UBY, N8, OB, 2EY, AT 0L Mo

E

FEA] LRUEo[H 2 AS-19(Z 2H19) A SA9] AL Al £ ARA A AokS AHERE A7 AE HAIA 23
A& FAAHE 3 ORFlab)9| Ct #k(cycle threshold value)o] A& Aoldte] AZFAA A71ME 24 & AFH Z=IHE E83
of Qg BAsta A sty 2H9 XA 1399 A ZEE I 29 vholH A9 ARFAHA F7IAE FRE BAT A3t o0

3E N5AE0] BA.1.1 (59%), BA.2 (4), BA.2.3 (49)0Idtt. Ai 2o 2 E |A%
AR GGofl A Ho(L142W) % 166-178 A7IHE AL&S FRlsttt. AFE T2 I3
A% FRROIH) 9] Hol= 54 AzA A AjoF9] A& 324 £-9)7F ofY A o}, ORFlab NSP3
AGAA 9 Al @S F+ FAZ AU w2 249

O 2 upo]g A WHo| Ao S8 Bk opg} vpolg A §HA; Fgho] vz

ORFlab NSP3

A714D 2E166-178)2 54
srolg A AALAR B4 272 upg

o HE A&HQ 77 2aF AL R Hrrdrt

ZQ AMO: T 2uUuto|H AT EE-19; T2 Hho|H A, AR

N E
20199 12€ F= FH|o]yd -5hofA] QS & 4= ¢l
= 357 HE A HASE o] 32 ARE I AR Ato]o] A

oS S AGARE] AHS ol A AAR S5 HA o
o, o] ¥l vpol#Ae IZL viol2 A F Slifo]H, 7]
£9] ¢Z Severe acute respiratory syndrome (SARS) T2

U sholel Aok §AH R Aolst AFYol e Hom,

FAA AE NFo 7 F2H9 X

G4 R61C E+ R61H Hol & 1ot 1,
Hol(L142W) <

IFL BAT

A AAZA itol wpeh dA Izl AgdS-19 9
Q1 yYA(severe acute respiratory syndrome coronavirus-2,

SARS-CoV-2)9] F44 A&o] A4 vFshAL At Al

A
AR A7]7(World Health Organization, WHO) Z13A&
19¥3](Technical Advisory Group on SARS-CoV-2 Virus
Evolution)= 20214 11¢¥ 2u|3E ®o] Hlo|2|AE F8 H
o] Hfo]ZA(Variant of Concern)Z EHFSFATH1,2]. ESH

LU E2 390719 AFAFTLE AZFHALH, o F
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2 YF-19(Z2H19) vrol2{ 2 wol9t #
A A& Aok AEaAlol tieh A= BA 2 %L
2 dFolAe A A dE3AMER 4E HEE A

b e

@ M=Z0| €A & Eg2?
2419 "ol A Hole 2119 A

A A S Aro] 9% &5 A

k AloFol| whehA H

ol
30

@ AlAE2?

SR vlolei A §HA AL Foe] A&H vt
ol2] 2 A7 BAT Aol

o] BA.5= 14078, BA.4= 2071, BA.2& 172719 %A
HUth20229 109) [3.4]. oAM= At
20229 593 79 BA.4/BA.5 ¥ BA.2.757F 47 &<l
=0} 2022 11¥& 7|12 & BA.S AIRAS(BE.7, BQ.1,

H
o8 HEF

=

BQ.1.1 X3 A&Eo°] 85.1%, BA.2.75 AEA%(BN.1 *
) AEE2 11.6%°|tH5]

7lofstar Qlek. 42 A& AAFE 9I5ke] E9F ORFlab §-4
A E= E9F RARp A2 52 A& g ARAF A
2 IZ1H9 Ho] Hol# A A

B AH(real-time reverse transcription polymerase chain re-

AT ek, A B

action, real-time RT-PCR), 574 5 ZKS gene) 714 <L £

fu
-
&)
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o
T
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o
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>
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o,
iz

$I(E, ORFlab, RdRp 5)
HF--(real-time RT-PCR) 7|5

2 olgstel Al BA fHAE YAtoR AEWT 5
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AZH2N EE 370)9] Ct F(cycle threshold value)e] YRH
o= AA Fho] FRIHY, T FEHAG W IF =119

SARNA A2 229 Hold A S 5L fAHA
4% AokS AGTALOIE M2 O Cr grol Fels st

)
1)
)
i)

=)
e
=

Z oo, & AFME Z=2H19 F

H& Fato] wo] AR AT ARt £ SR 47
A Wolg wigo s SuAt A% AN NX: FFS AR
o Z2IYS o] §otel BHFORH G4 UL A% 4

1. 24 g

20229 2-3¥9 5% AEAY
Aol A Z219 SRSt F&ato] A
Hsto] I2U197F =AY 13759 A4 HAG - ¥
T =S gusto] EA451tt

292, 3= L 94

AEA(EAL)E

o

2. A2LHN9 TITH HAL

219 SR 1389 93 AA=RH volH s &
AAE FE0to] L2119 Hio|# A9 E #4142k ORFlab
FRAAE Al AE 7 =W ARSJAHBAD A F
& A}g5}0] Real-time RT-PCR”]®H(Applied Biosystems™
7500 Fast Real-Time PCR System, ThermoFisher Scientific)
& &85to] A2k A RAF 7]F internal control (IC) ¥ ¥4

Wy 7)%o] met PO Selstgt,

FRU9 FARERE 2% vlolga FARE
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TagMan™ 2019 nCoV Assay kit v1 (Applied Biosystems™)
< Abgato] HTFstI Genexus™ Integrated Sequencer (Ton
Torent Genexus System, ThermoFisher Scientific)2} Ion
AmpliSeq™ SARS-CoV-2 Insight Research Assay GX 5 %
FRAA 4 Al2K(ThermoFisher Scientific)& A&t A

FAA EAS AASHA. SEI F21H19 %

o

SRR
+= SARS-CoV-2-Panglin®} CLC Main Workbench (Version

21.0.3, QIAGEN)E Ag3lo] AEAST &

AL vl BASAT. SR AFGAHY AL

A A71A
Global
Initiative on Sharing Avian Influenza Data (GISAID) H|°] ¥
H|o| o] FE5lo] 55 W25 FHSIITH3 4.

ARE 22 o] sto] S 74 ARG AAs
o] 1394 FEU19 SARZERE gHE F2UH19 SHx7}
Sy 8]7F @ Al 291 57 Aol IAeKA, B, C, D, E)2.
2 42 7P A EASHATHE BT A5 LA A ).

2

1. Z2LH9 ZIE
& A9 24 didd Z2Y19 FAE AdEE 9
FHALNA 99, AEZEALNAM 19, JAFH AL
A 3oz F 1390l 4 X 94 6, 94 79
ojglon, AR 9-6541= Bt 33A|0IATh. BAF Ak AloF
TR AE AR 23 Tl SES 67
TR Ct gk vlaL A

—

[}

filo
S~
o
o
f

[¢)

(1-6¥1)<= ORFlab

o4 Egk 3o) A E
AR} )5

#70249] Ct gkt H]IL A ORFlab
% )AL Ct Zo] 271EE AARS FHolstg
(F1).

2. MEQHH 24
21H9 HlolelA A404) B B4 Botel 2022
| 2-39 ¢ AR = QuAE AlFHe] BA.1 AlE

3} BA.2 A5l Aol SasHe AL st ARA

21 BEAY

A LI0] M AFX|Y GISAID S& #3& ZzQ EN
ORFlab E

1 65 9 =9 18.08 - hCoV-19/South_Korea/KDCA33801/2022  E gene H|&E &=

2 55 =4 23.1 34.31  hCoV-19/South_Korea/KDCA33847/2022  Ct 4t 57t

3 56 9 9 23.68 31.37  hCoV-19/South_Korea/KDCA33848/2022

4 43 9 =9 20.52 26.58  hCoV-19/South_Korea/KDCA33846/2022

5 35 9 9 20.05 28.65  hCoV-19/South_Korea/KDCA33845/2022

6 9 o =4 21.24 31.23 hCoV-19/South_Korea/KDCA33844/2022

7 38 99 =4 19.15 16.61  hCoV-19/South_Korea/KDCA42754/2022  ORFlab gene 1|&Z

8 10 o =9 19.07 16.71  hCoV-19/South_Korea/KDCA42756/2022 %+ Ct % 57}

9 39 =4 22.06 19.11  hCoV-19/South_Korea/KDCA42800/2022

10 39 o A 19.36 16.46 hCoV-19/South_Korea/KDCA42801/2022

11 12 9 P - 20.06  hCoV-19/South_Korea/KDCA43171/2022

12 14 9 IR 38.23 19.01  hCoV-19/South_Korea/KDCA43172/2022

13 14 9 914 38.14 1891  hCoV-19/South_Korea/KDCA43173/2022

Ct=cycle threshould; GISAID=Global Initiative on Sharing Avian Influenza Data; -=not detected.
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1390l gHegh 21419 Hholf A0 AGFHA A7|AE
2 AW g A|(coverage) 97%, depth 2,600x ©]4}
o] AlFAE
U A] 4782 BA.2.32.& ERl(Pangolin version 4.1.3)%%
ot gEg 1379 AF-FAA 4714 G2 GISAID H|o]EfH]
o|ro FEslo] TEHUTE FHAAUTHE 2).
|29 Ct 3} W Al E A7 SEEA
AAY Ct gtol S71EE A Bl 1-6W IR oA FH
A 29l
% 1¥(BA.2.3)
o4& R61C Hol7} 2-6H(BA.1.1)91 A= R61HWO|7} &
Ql=]9ict. gt ORFlab F4A7} H]EE HAY Ct ghol T
7telE A4S el 7-109(BA.2) SAtolA FESE I24
19 HholH A HARAA| 24 ATtol| A= NSP3 §-44H £
o T24I, L142W, G489S ®Ho]7} 354 0= Q1= g1l o

o HE

S Qu|FE0|T 52 BA.1.1, 4L BA.2E

ORFlab

o 11-13W(BA.2.3)°1 4= NSP3 5474 F-9of dd&&0
2 RAR7E AL(166-178)5 0] AATHEE 2).
HAAFAA JE B4 HIE total reads 97% ©14, cover-
ge® depth (CD) 2,600x ol/FCo& SE et AFFAA HH
L F5atg T, 78 WY(E genedollA R61C, R61H, 181
NSP3AMA] L142W, G171V) A= CDE 1,121x o4}, ¥

o] Rl%&(frequency) 93% O3 .2 SRIEUTHE 3).

gheldl 7-10% % 11-1399] ME9] 4% B

9ol 108(BA.2IHE 371402 Wol7t T4 Salslgl A ARAIkeR AEo] olEle Aow FH gt A0
2 F2U419 volfA en 38 ARAS 2 24 tide] £ Ho] 79
o GISAID Wi AE ®I HH B 29| 52 o] =4 40 X2 Ho|
1 GRA BA.2.3 413 T9I, RG1C on E gene T91, R61C
2 BA.1.1 413 TI9I, R61H on E gene T91, R61H
3 BA.1.1 413
4 BA.1.1 413
5 BA.1.1 413
6 BA.1.1 413
7 BA.2 413 T241, L142W, G171V, G489S on NSP3  T24I, L142W, G171V, G489S
8 BA.2 413
9 BA.2 413 T241, L142W, G489S on NSP3 T241, L142W, G489S
10 BA.2 413 T241, F25L, E26N, D28M, E29K, T24I1, F25L, E26N, D28M, E29K,
R30G, I31L, D321, V34Y, N36M, R30G, I31L, D321, V34Y, N36M,
E37R, K38del, C39del, Y42L, T43P, E37R, K38del, C39del, Y42L, T43P,
V441, E45Q, G47N, T48S, L142W, V441, E45Q, G47N, T48S, L142W,
G171V, G489S on NSP3 G171V, G489S
11 BA.2.3 413 166-178 deletion on NSP3 166-178 deletion
12 BA.2.3 413
13 BA.2.3 4.13
GISAID=Global Initiative on Sharing Avian Influenza Data; C=cysteine; D=aspartic acid; del=deletion; E=glutamic acid; F=phenylalanine;
G=glycine; I=isoleucine; K=lysine; L=leucine; M=methionine; N=asparagine; NSP3=multi-domain non-structural protein 3; P=proline;
Q=glutamine; R=arginine; S=serine; T=threonine; V=valine; W=tryptophan; Y=tyrosine.
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H3. Z2U9 AFRAA £4 4 € 39 ol I vlx
M E gene NSP3
BlE/ Asax s
o WS S BAMA o HE 91u1a|x| R61C R61H L142W G171V
21=(%) 00 Siefaix| vim(e) HHRIK HIE©) HHRIK HIEG) HHRIK HIE©%)
1 606,419 29,849 9950 3,042 99.80 1,788 99.2 - - - - - -
2 1,554,483 29,855 98.70 7,798 99.80 - - 2,684 93.3 - - - -
3 1,482,940 29,855 98.80 7,439 99.80 - - 3,564 985 - - - -
4 1,398,424 29,822 98.40 7,015 99.70 - - 2,038 98.6 - - - -
5 1,883,778 29,855 98.40 9,449 99.80 - - 3,172 98.2 - - - -
6 1,513,983 29,855 98.40 7,595 99.80 - - 2,930 98.3 - - - -
7 1,316,138 29,603 98.80 6,602 99.00 - - - - 3,963 973 1,121 98.7
8 1,119,320 29,795 98.90 5,615 99.60 - - - - 4,125 977 1,258 98.3
9 1,091,099 29,710 98.40 5,473 99.40 - - - - 3,993 98 - -
10 3,570,992 29,843 98.80 17,913 99.80 - - - - 18,048 97.8 5,822 985
11 528,461 29,212 9790 2,651 97.70 - - - - - - - -
12 1,332,872 29,549 98.40 6,686 98.80 - - - - - - - -
13 1,371,159 29,515 99.00 6,878 98.70 - - - - - - - -
-=not applicable; C=cysteine; G=glycine; H=histidine; L=leucine; R=arginine; V=valine; W=tryptophan.
HE 4 JQAYI FA% £4 22092 o83 HE 7Hes AlF vl
oA TITEA|Qf dE BX UL dE 7ts RTX d4E 27t |RUXL Ug B 7IE(Ct &)

1-6 A RdRp, S, E, N RdRp, E, N S <40

B ORFlab, E ORFlab, E Bis=s <38

C RdRp, E RdRp, E U= <36

D RdRp, E RdRp, E ey <38

E ORFlab, S, E, N ORFlab, S, N E <38
7-10 A RdRp, S, E, N RdRp, E, N S <40

B ORFlab, E E ORFlab <38

C RdRp, E RdRp, E ey <36

D RdRp, E RdRp, E Bis=s <38

E ORFlab, S, E, N ORFlab, S, N E <38
11-13 A RdRp, S, E, N RdRp, E, N S <40

B ORFlab, E E ORFlab <38

C RdRp, E RdRp, E Bis= <36

D RdRp, E RdRp, E ey <38

E ORFlab, S, E, N ORFlab, S, N E <38

Ct=cycle threshould; E=envelope; N=nucleoprotein; ORFlab= open reading frame lab; RARp=RNA-dependent RNA polymerase; S=spike.

2 AARSE EAF AITHA RS A

o] oj#]-2 202 FIE|ITHIE 4).
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< gde= f4
2119 HolH A

ot 3 A5 FA A 21E ORFlab F74F F422] NSP3
L142W ®Holof| & FFo= BAF ADHAF AlFez 44}
9] 166~

178 ¥ A4 dE0o® FUR BAF AHHA Ao

ol S7H=al, ORFlab #-3%}

AR AEo] ot | Ao E wokE
Garg 5[0 5719 & AAE 737 L2419 At
AloFRt ZHA St A A& HAR 2 & Real-time RT-
PCRZ AAJsto] oAl HAA A= AhA et 7ol whet
S0 8 W R A7 USS skt o] gt
FEU19 EAF F 3545 FASIE AYste dik & £
AZ 5YstA st gt 7H9] PCR AH|E AREsto] 37 Xtk
A]9K(Sansuer Biotech, GeneFinder™, TaqPath™)2.& Real-
T Ct gt= Hlue 23 HE AlF 719
FARLR ZFo]7t @I 2 Sansuer Biotech It AJ2FS] A

2 Ao HUFAL AL A% B A

time RT-PCR AA]

Q.

ol 25 W ¥
O2 cut-off Ct 2] 2 M2 o] ¢ uhZ A&t
ztolw ALE AASHATHTL. EHE A7EE 2719 £
ohe ZTA| k0 2 ORFlabot E R4+
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Characterization of COVID-19 Diagnosis Based on Whole Genome
Sequencing in Gyeongbuk Region
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ABSTRACT

In order to analyze the differences between the results of coronavirus disease 2019 (COVID-19) diagnostic tests in
Gyeongbuk, Republic of Korea, this study was performed full length genome analysis of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) used by Ion Torrent Genexus Integrated Sequencer and dedicated analysis program. Full-length
genomic sequences of the SARS-CoV-2 were obtained from specimen of 13 confirmed cases of COVID-19. As a result of the
analysis, the Omicron sub-lineages were BA.1.1 (n=5), BA.2 (n=4), and BA.2.3 (n=4). In detail, R61C or R61H were confirmed
in the E gene, meanwhile L142W and 166-178 nucleotide sequences were deleted in the ORFlab NSP3 region. In the analysis
using a computer program, mutations in the E gene region (R61H) were not useful as a target region for COVID-19 Real-time
RT-PCR. Amino acid mutation (L142W) and nucleotide deletion (166-178) in the ORFlab NSP3 region have been identified
to affect diagnosis of COVID-19 with specific diagnostic kits. Thus, these results suggest that the detailed lineage and genetic
mutations of the SARS-CoV-2 using the whole genome sequencing could be a critical tool for the COVID-19 diagnosis.

Key words: Coronavirus Disease-19; Severe acute respiratory syndrome coronavirus 2; Whole genome sequencing; SARS-

CoV-2 variant; Molecular diagnostic test
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Introduction boundaries through person-to-person transmission. The cul-

prit is one of the coronaviruses that has been identified as

Since the outbreak of respiratory pneumonia of unknown a new strain that is genetically different from the already-
origin in Wuhan, Hubei Province, China in December 2019, known severe acute respiratory syndrome (SARS) coronavi-
it has been rapidly spreading worldwide beyond community rus. Additionally, the genetic lineage of the current coronavirus
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Key messages
(D What is known previously?

There are only a few studies on the correlation between
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) mutation and gene detection.

(@ What new information is presented?

SARS-CoV-2 mutations may affect sensitivity of gene
detection depending on diagnostic Kits.

® What are implications?

Continuous monitoring is necessary through analysis of
whole genome of SARS-CoV-2.

disease 2019 (COVID-19) virus is becoming more and
more diverse following the global spread. The World Health
Organization Technical Advisory Group on SARS-CoV-2
Virus Evolution classified the omicron variant as a variant of
concern in November 2021 [1,2], which was re-classified into
390 sub-strains. Among these, BA.5, BA.4, and BA.2 were
further re-classified into 140, 20, and 172 sub-strains, respec-
tively (October 2022) [3,4]. In the Republic of Korea (ROK),
BA.4/BA.5 and BA.2.75 were identified in May and July 2022,
respectively. As of November 2022, the detection rate of BA.5
(including BF.7, BQ.1, and BQ.1.1) and BA.2.75 (including
BN.1) sub-strains was 85.1% and 11.6%, respectively [5].
Division of Laboratory Diagnosis Analysis, Gyeongbuk
Regional Center for Disease Control and Prevention conducts
diagnostic tests and genetic analysis for patients confirmed
with COVID-19, thereby contributing to scientific quarantine
based on the analysis and diagnosis of the COVID-19 epidem-
ic in the region. In our lab, domestic manufacturer reagents
that detect E and ORFlab genes or E and RdRp genes are

used for the gene detection test, and the COVID-19 mutation

www.phwr.org Vol 16, No 8, 2023

screening test, specific gene (S gene) sequencing analysis, and
whole genome analysis are used for genetic analysis.

Most of the commercially available COVID-19 gene diag-
nostic reagents in the ROK detect specific regions (E, ORF1ab,
RdRp, etc.) of the expression of COVID-19 viral gene using
real-time reverse transcription polymerase chain reaction (real
time RT-PCR). Typically, the cycle threshold (Ct) values of
the target gene (2 or 3) within the same sample are consistent
when the same gene detection reagent is used; however, de-
spite using the same reagent, different Ct values were identified
for the COVID-19 virus detected in some of the recently con-
firmed cases of COVID-19 in the Gyeongbuk region.

Based on these results, detailed strains of mutations
were identified in this study using whole genome analysis
of the COVID-19 virus isolated from confirmed patients of
COVID-19 who showed different Ct values of the specific gene
for COVID-19 in the detection test. In addition, based on the
identified gene mutation, its effect on the gene detection test
was analyzed using a computer program as a reference when

selecting a genetic diagnostic reagent.

Methods

1. Target for Whole Genome Analysis

Clinical samples (oral and nasopharyngeal smears) were
obtained from 13 patients suspected with COVID-19 who
visited a screening clinic (public health center), in Gunwi-
gun, Cheongdo-gun, and Uiseong-gun in the Gyeongbuk re-
gion, following direct contact with a patient diagnosed with

COVID-19 between February and March 2022.
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2. COVID—-19 Diagnostic Test

Viral genes were extracted from the clinical samples of
13 patients confirmed with COVID-19. A diagnostic reagent
from a domestic manufacturer (company B), which can si-
multaneously detect both the E and ORFlab genes of the
COVID-19 virus, was used to identify positive cases, according
to the criteria for the reagent manufacturer’s internal control
(IC); and positive outcomes were determined using real-time
RT-PCR (Applied Biosystems™ 7500 Fast Real-Time PCR

System, ThermoFisher Scientific).

3. Whole Genome Analysis and Registration of

GISAID

Viral RNA extracted from patients with COVID-19
were quantified using TagMan"™ 2019 nCoV Assay kit
vl (Applied Biosystems™), and whole genome analysis
was conducted using the whole genome analysis reagents
(ThermoFisher Scientific), Genexus™ Integrated Sequencer
(Ion Torrent Genexus System, ThermoFisher Scientific), and
Ton AmpliSeq™ SARS-CoV-2 Insight Research Assay GX.
The obtained COVID-19 genome was compared and analyzed
for sublineage and genome sequence analysis using SARS-
CoV-2-Panglin and CLC Main Workbench (Version 21.0.3,
QIAGEN). The full-length genome sequence obtained was reg-
istered in the Global Initiative on Sharing Avian Influenza Data

(GISAID) [3,4].

4. In silico Analysis

A virtual experiment using a computer program was per-
formed to determine whether the COVID-19 gene obtained
from 13 confirmed patients of COVID-19 could be detected

using diagnostic reagents (A, B, C, D, E) from 5 domestically

224

licensed and commercially available diagnostic reagents by
Division of Emerging Infectious Diseases, Korea Disease

Control and Prevention Agency.

Results

1. COVID-19 Diagnostic Test

The number of patients confirmed with COVID-19 that
underwent the COVID-19 gene detection test was 9 at the
Gunwi-gun Public Health Center, 1 at the Cheongdo-gun
Public Health Center, and 3 at the Uiseong-gun Public Health
Center in Gyeongsangbuk-do. Our study included 6 males
and 7 females aged 9-65 years, with a mean age of 33 years.
When gene detection was performed using the reagent from
Company B, the six samples (numbers 1 to 6) obtained from
Gunwi-gun showed no amplification or a significant increase
in the Ct value of the E gene compared with that the ORF1ab
gene. For the three samples obtained from Gunwi-gun, one
sample from Cheongdo-gun, and three samples from Uiseong-
gun, the ORFlab gene was not amplified or the Ct value in-

creased compared with that of the E gene (Table 1).

2. Whole Genome Analysis

Following whole genome analysis of the COVID-19 virus,
it was confirmed that both BA.1 and BA.2 strains were preva-
lent simultaneously in Gyeongsangbuk-do during February-
March 2022. The full-length sequence of the COVID-19 viral
genome obtained from 13 patients in Gyeongbuk Province
showed 97% coverage and a depth of 22,600x. Furthermore,
all mutant sublineages were of the omicron variant, and there
were 5, 4, and 4 cases of BA.1.1, BA.2, and BA.2.3, respectively

(Pangolin version 4.1.3). The 13 full-length genome sequences
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Table 1. Characteristics of Ct values of SARS-CoV-2 in Gyeongbuk region

GISAID accession number

Characteris—tics

hCoV-19/South_Korea/KDCA33801/2022
hCoV-19/South_Korea/KDCA33847/2022
hCoV-19/South_Korea/KDCA33848/2022
hCoV-19/South_Korea/KDCA33846/2022
hCoV-19/South_Korea/KDCA33845/2022
hCoV-19/South_Korea/KDCA33844/2022

Not detected E gene or Ct
value increasement of E gene

Value of Ct
No. Age Sex Region
ORF1ab E
1 65 F GW 18.08 -
2 55 M GW 23.1 34.31
3 56 M GW 23.68 31.37
4 43 F GW 20.52 26.58
5 35 F GW 20.05 28.65
6 9 F GW 21.24 31.23
7 38 F GW 19.15 16.61
8 10 M GW 19.07 16.71
9 39 M GW 22.06 19.11
10 39 F CD 19.36 16.46
11 12 M UsS - 20.06
12 14 M Us 38.23 19.01
13 14 F uUs 38.14 18.91

hCoV-19/South_Korea/KDCA42754/2022
hCoV-19/South_Korea/KDCA42756/2022
hCoV-19/South_Korea/KDCA42800/2022
hCoV-19/South_Korea/KDCA42801/2022
hCoV-19/South_Korea/KDCA43171/2022
hCoV-19/South_Korea/KDCA43172/2022
hCoV-19/South_Korea/KDCA43173/2022

Not detected ORFlab or
Ct value increasement of
ORFlab

Ct=cycle threshould; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; GISAID=Global Initiative on Sharing Avian Influenza

Data; -=not detected; GW=Gunwi-gun; CD=Cheongdo-gun; US=Uiseong-gun.

Table 2. Distribution of SARS-CoV-2 variants and main amino acid mutations of COVID-19 patients

No. GISAID I_Dango Pang_olin Mqin amino acid_ Main amino acid mgtations of
Lineage version mutationsTarget region COVID-19 Patients

1 GRA BA23 4.13 T91, R6G1C on E gene T91, R6IC

2 BA.1.1 4.1.3 T91I, R61H on E gene T91, R61H

3 BA.1.1 4.13

4 BA.1.1 413

5 BA.1.1 4.13

6 BA.1.1 413

7 BA.2 4.13 T241, L142W, G171V, G489S on NSP3  T24I, L142W, G171V, G489S

8 BA.2 413

9 BA.2 4.13 T241, L142W, G489S on NSP3 T241, L142W, G489S

10 BA.2 4.13 T241, F25L, E26N, D28M, E29K, T241, F25L, E26N, D28M, E29K,
R30G, I31L, D321, V34Y, N36M, R30G, I31L, D321, V34Y, N36M,
E37R, K38del, C39del, Y42L, T43P, E37R, K38del, C39del, Y42L, T43P,
V441, E45Q, G47N, T48S, L142W, V441, E45Q, G47N, T48S, L142W,
G171V, G489S on NSP3 G171V, G489S

11 BA.2.3 413 166-178 deletion on NSP3 166-178 deletion

12 BA.2.3 4.13

13 BA.2.3 413

T=threonine; V=valine; W=tryptophan; Y=tyrosine.

SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; COVID-19=coronavirus disease 2019; GISAID=Global Initiative on Sharing
Avian Influenza Data; C=cysteine; D=aspartic acid; del=deletion; E=glutamic acid: F=phenylalanine; G=glycine; I=isoleucine; K=lysine;

L=leucine; M=methionine; N=asparagine; NSP3=multi-domain non-structural protein 3; P=proline; Q=glutamine; R=arginine; S=serine;

www.phwr.org Vol 16, No 8, 2023
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obtained were registered in the GISAID (Table 2).

A common T9I mutation was identified in the E gene re-
gion using whole genome analysis of COVID-19 viral samples
obtained from the six confirmed cases (No. 1-6), in which the
E gene was not amplified or the Ct value was increased com-
pared to the Ct value of the ORF1ab gene. Among these, RG1C
mutation was confirmed in case 1 (BA.2.3) and R61H muta-
tion was confirmed in cases 2 to 6 (BA.1.1). In contrast, whole
genome analysis of COVID-19 viral samples obtained from
cases 7 to 10 (BA.2), whose ORF1lab gene was not amplified
or Ct value was increased, revealed that T241, L142W, and
G489S mutations were commonly identified in the NSP3 gene
region. Moreover, several additional mutations were identified
in case 10 (BA.2). In cases 11 to 13 (BA.2.3), consecutive gene
deletions (166 to 178) were detected in the NSP3 gene (Table
2).

The results of the whole genome analysis showed total

reads of at least 97% and a coverage depth (CD) of at least
2,600x, thus, indicating good information. Major mutations
(R61C and R61H on the E gene, and L142W and G171V on
the NSP3 gene) were identified with a CD of 21,121x and a

mutation frequency of 293% (Table 3).

3. In Silico Analysis of the Target Gene

Based on the 13 full-length genome information obtained,
mutations were identified in the target gene detection sites of
five diagnostic reagents commercially available in the ROK.
Computer program-based analysis was performed to deter-
mine whether these mutations can be detected using specific
diagnostic reagents. Mutations in the E gene could be detected,
whereas the partial mutations of the NSP3 in the ORF1ab gene
in cases 7-10 and 11-13 with partial regional deletions could
not be detected using the diagnostic reagents of Company

B. In addition, it was difficult to detect S and E genes using

Table 3. Characteristics of SARS-CoV-2 whole genome analysis and frequency of gene mutation on E and NSP3 region
Reads E gene NSP3
mapped R61C R6TH L142w G171V
to refer— Depth of Genome
N Mapped C / - N
O oads onsensus ence/ cover- cover Fro- Fro- Fro- Fre-
total age age (%) Cover- Cover- Cover- Cover-
quency quency quency quency
reads age (%) age %) age %) age %)
(%)
1 606,419 29,849 9950 3,042 99.80 1788  99.2 - - - - - -
2 1554483 29,855  98.70 7,798  99.80 - - 2,684 933 - - - -
3 1482940 29,855 9880 7439 99.80 - - 3,564 985 - - - -
4 1,398,424 29,822  98.40 7,015 99.70 - - 2,038  98.6 - - - -
5 1,883,778 29,855 9840 9449 99.80 - - 3172 98.2 - - - -
6 1513983 29855 9840 7595 99.80 - - 2,930 983 - - - -
7 1,316,138 29,603  98.80 6,602 99.00 - - - - 3,963 973 1,121 98.7
8 1119320 29,795  98.90 5,615 99.60 - - - - 4,125 977 1,258 983
9 1,091,099 29710 9840 5473 99.40 - - - - 3,993 98 - -
10 3,570,992 29,843 9880 17913 99.80 - - - - 18,048 97.8 5822 985
11 528461 29212 9790 2,651 9770 - - - - - - - -
12 1,332,872 29549 9840 6,686 98.80 - - - - - - - -
13 1,371,159 29515 99.00 6,878 98.70 - - - - - - - -
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; -=not applicable; C=cysteine; G=glycine; H=histidine; L=leucine; R=arginine;
V=valine; W=tryptophan.
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Table 4. Comparision of SARS-CoV-2 diagnostic reagents using software-based analysis
No. Type of kit Target gene Detectable targets Undetectable target  Kit interpretation (positive)

1-6 A RdRp, S, E, N RdRp, E, N S Ct<40

B ORFlab, E ORFlab, E None Ct<38

C RdRp, E RdRp, E None Ct<36

D RdRp, E RdRp, E None Ct<38

E ORFlab, S, E, N ORFlab, S, N E Ct<38
7-10 A RdRp, S, E, N RdRp, E, N S Ct<40

B ORFlab, E E ORFlab Ct<38

C RdRp, E RdRp, E None Ct<36

D RdRp, E RdRp, E None Ct<38

E ORFlab, S, E, N ORFlab, S, N E Ct<38
11-13 A RdRp, S, E, N RdRp, E, N S Ct<40

B ORFlab, E E ORFlab Ct<38

C RdRp, E RdRp, E None Ct<36

D RdRp, E RdRp, E None Ct<38

E ORFlab, S, E, N ORFlab, §, N E Ct<38
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; E=envelope; N=nucleoprotein; ORFlab= open reading frame lab;
RdARp=RNA-dependent RNA polymerase; S=spike; Ct=cycle threshould.

diagnostic reagents from Companies A and E (Table 4).

Discussion

Using full-length genomic analysis of the COVID-19 vi-
rus from clinical samples of patients with COVID-19, the sub-
strains of variants as well as the prominent strain in the ROK
were analyzed and the sites of genetic mutations were identi-
fied in the entire viral genome. In silico analysis results based
on full-length genome information of the COVID-19 virus
showed that the R61C or R61H mutation in the E gene did
not affect genetic diagnosis because it was not the target gene
location of the diagnostic reagents of Company B examined
in this study. This indicates that the gene detection sensitivity
may be lowered due to a region other than the target E gene or
other causes. In addition, due to the effect of the NSP3 L142W

mutation in the ORF1lab gene identified in some samples, the

www.phwr.org Vol 16, No 8, 2023

Ct value of ORF1lab gene increased when using the diagnostic
test reagents from Company B. However, the same genes were
not detected when using the same reagents from Company
B because of the genetic defect in the 166-178 region of the
ORFlab gene.

Garg et al. [6] performed real-time RT-PCR on five clini-
cal samples using the gene detection test method they devel-
oped using seven types of COVID-19 diagnostic reagents and
reported that samples with weak positives were sometimes
reported as negative depending on the type of reagent used.
Furthermore, 354 patients hospitalized with COVID-19 were
randomly selected to compare the Ct value results via real-
time RT-PCR with three diagnostic reagents (Sansuer Biotech,
GeneFinder™, TaqPath™) using the same PCR equipment and
nucleic acid extraction conditions. They observed no statisti-
cally significant difference between detection reagents; how-

ever, the reagent from Sansuer Biotech had slightly superior
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performance. For improvement, determination of the cut-off
Ct value and rapid primer development according to the emer-
gence of new mutations were suggested [7]. A Dutch research
team identified the detection values of ORFlab and E gene as
20.7 and 30.2, respectively, using a diagnostic reagent that de-
tects two target genes; they reported five unique mutations in
the ORF1ab region of the virus, thus, emphasizing the impor-
tance of using gene region analysis for molecular diagnosis [8].

Since the diagnostic reagents compared in this study have
more than two target genes, the influence of diagnostic tests
for specific genetic mutations can be minimized using diag-
nostic reagents with different targets if unexpected results are
obtained from one diagnostic reagent (such as when only one
of the target genes is determined to be positive). The diagnos-
tic reagents approved by the Ministry of Food and Drug Safety
disclose their target genes and criteria [9] to ensure that the
diagnostic reagents with fewer mutations in the target gene
can be selected based on the gene mutation information of the
COVID-19 virus obtained using whole genome analysis (Table
4). Furthermore, as various mutations have occurred in the
COVID-19 omicron strain along with the unpredictable ge-
netic mutations and deletion patterns, the results obtained by
monitoring the emergence of continuous genetic mutations
using whole genome analysis of COVID-19 may be used to

improve the molecular diagnostics for COVID-19.
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st f3stal Sl ACE EAHI ofA7HA] A ST vt ol Hiolg A ERIEA| ggton), AWAFL S5 U XA
S7tol T Algt Ho] Hiol2| A9 WA Wl S| [}l mhotslr] flof A3tE HAE A&, AFAA FERIFE 9 FATERE
o & A3tstaar gk

ZQ ZMO: SARS-CoV-2; 8 Ho] Hio|g|A; Qu|3&,; 22

20229 12€ F=0] Z2UYBL|HARAS-19(E2Y Fal o] AT A9 AoE As) 12¢ 169
19) o A4 S A3JoliA S W Z2U19 &2 FEH JHITY A A ol S92 F76HAaL, 2023
Aot AMGAZE FE 5t A0 HEFHI QUH1 2] S5 U 9 14 29 R E = S04
FAT F2Y Satol] mE A |- YT} Algf wo] HiolH PCR HARS 9JF-3tstglon, ¥o] Hiolg A ZAIE 9jef &
Ay g § 2o tigot7] flote] &, =, G, 0 AR £4 ThsE ZE HA i
F& 5Y F7HIA HS F5 2RI S8sk= W7 " AlSkAL JAHHo). ololl, S0l A=T A F AAE
207 &3 2 Ado] SARS-CoV-2 AA T SAERJIME o g AARE A4 23t 9 Global Initiative on
AEct=s 875t YUrt3,4]. TS ojgEol GollA= % Sharing All Influenza (GISAID)O] 3-3-€ 5= W E= & =
= FA Y Al #o] Hiol2A FAIE 95l FFolA Y=gt TholA FlE F= fE A JEE ZAS H2 S5
GRS ez Hol vl A BAZ S - Folete] & o] Wo] Hio|Y A FE EAJsko] Hilstalat 7).
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Surveillance and Outbreak Status of
SARS-CoV-2 Originated from China
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ABSTRACT

The Korea Disease Control and Prevention Agency (KDCA) is conducting variant analysis through whole genome analysis
to strengthen quarantine measures for confirmed cases of coronavirus disease 2019 arriving from China, as the number of
confirmed cases in China has increased since December 2022. The BA.5 subvariants, which include BA.5 and BE.7, have
been identified in >90% of confirmed cases of Chinese origin by Korea Respiratory Virus Integrated Surveillance System.
An examination of Chinese-origin genetic data shared by China and other countries in the Global Initiative for Sharing
All Influenza Data confirms similar findings, indicating that BA.5 subvariants, including BA.5 and BE.7, are currently
predominant in China, accounting for >90% of cases. To date, no variants of significant concern have been identified. However,
as the number of confirmed cases in China rises, the KDCA will continue to conduct enhanced mutation surveillance to detect
the introduction and/or domestic emergence of new variants. In addition, the KDCA will strengthen international cooperation

by actively sharing relevant information.

Key words: SARS-CoV-2; Varian of concern; Omicron; China

*Corresponding author: Eun—Jin Kim, Tel: +82-43-719-8140, E-mail: ekim@korea.kr

Since December 2022, when China eased most of its United States, the United Kingdom, and France, have recent-

restrictions to prevent the spread of coronavirus disease ly required testing for SARS-CoV-2 and a negative test re-
(COVID-19), the number of COVID-19 cases and related sult for all passengers departing from mainland China [3,4].
deaths in China has been reported to have increased dramati- Furthermore, other countries, such as Italy, are conducting ex-
cally [1,2]. In response to the rapid spread of the disease in panded and enhanced mutation analysis of confirmed Chinese

China and concerns about the introduction of new variants cases to monitor for new Chinese variants [5]. On December

of the causative pathogen, severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), countries, such as Japan, the
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16, the Korea Disease Control and Prevention Agency (KDCA)

added China to the targeted quarantine at Incheon Airport
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to strengthen quarantine measures. In addition, Polymerase BN.1 (1.9%), BA.2 (1.0%), and BA.2.75 (0.8%) (Table 1).

Chain Reaction testing on the first day of entry is required for Variant analysis of short-stay cases in China is also being con-
individuals who arrived from China as of January 2, 2023, ducted within K-RISS following the enhanced quarantine af-
and whole genome analysis is performed on all analyzable ter January 2, 2023. Ninety-five samples from 698 confirmed
specimens of confirmed cases for mutation surveillance [6]. short-stay cases were subjected to whole genome analysis
Therefore, we aim to analyze and report on recent mutation from January 2 to 24, of which the BA.5 family accounted for

trends in China by analyzing the results of whole genome 93.7%. BA.5 was found in 51.6% of cases (BA.5.2 [51.6%]),
analysis of positive specimens from confirmed cases in China, followed by BE.7 (41.1%), and BQ.1.1 (1.1%). The detection
as well as Chinese-derived genetic information identified in rates for the other subvariants were 3.2% for BA.2, 2.1% for
China or other countries participating in the Global Initiative BA.2.75, and 1.1% for BN.1 (Table 2). BF.7 have shown an in-
for Sharing All Influenza Data (GISAID) [7]. crease from 37.5% in week 1, 2023 to 60.0% in week 4, while

The KDCA runs Korea Respiratory Virus Integrated BA.5 (BA.5.2) was detected at 60.7% in week 1 and 20.0% in

Surveillance System (K-RISS), which tracks SARS-CoV-2 vari- week 4 (Figure 1).

ants from local and imported cases [8]. K-RISS was used to Furthermore, from November 2022 to January 27, 2023,
analyze samples from 482 Chinese-origin confirmed cases genetic information from 7,047 China-related cases registered
in quarantine and the community from November 2022 to in GISAID were reviewed and revealed that the BA.5 gene was

January 27, 2023; the results revealed the predominance of present in 6,285 sequences registered in China. BA.5 account-
the BA.5 family (96.3%). Among the subvariants, BA.5 was ed for 63.4% of the variance (BA.5.2 [61.3%], BA.5 [2.1%]),
found in 63.7% of cases (BA.5.2 [61.5%], BA.5 [1.2%]), fol- followed by BE.7 (32.8%), BQ.1 (0.8%), and BQ.1.1 (1.2%),
lowed by BF.7 (32.8%), BQ.1 (0.4%), and BQ.1.1 (0.2%), and while BA.2.75 (0.3%) and BN.1 (0.6%) were other subvariants

Table 1. Detection rate of variants related from China using K-RISS (1 November 2022 to 27 January 2023)

Omicron subvariant detection rates (%)

BA.5 sublineage
BA.5Y BF.7 BQ.1 BQ.1.1  Subtotal
November 2022- (482 cases) 63.7 32.8 0.4 0.2 96.3 1.0 0.8 1.9

K-RISS=Korea Respiratory Virus Integrated Surveillance System. “Except BE.7 and BQ.1 and BQ.1.1, BA.5 sublineages are aggregated with
BA.5, which has BA.5.2 (63.1%) and BA.5 (1.3%).

BA.2 BA.2.75 BN.1

Table 2. Detection rate of variants of short-term visitor from China (2 January 2023 to 24 January 2023)

Omicron subvariant detection rates (%)

BA.5 sublineage
BA.5¥ BF.7 BQ.1.1 Subtotal

2-24 January 2023 (95 cases) 51.6 41.1 1.1 93.7 3.2 2.1 1.1
“Except BE.7 and BQ.1 and BQ.1.1, BA.5 sublineages are aggregated with BA.5, which has BA.5.2 (51.6%).

BA.2 BA.2.75 BN.1
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(Table 3). In December, three cases of the recombinant vari-
ant XBB.1.5 were reported, which is rapidly increasing in the
United States and other countries, and is characterized by el-
evated immune evasion [9]. During the same period, GISAID
received genetic information from 279 Chinese-origin cases
in the Republic of Korea, with the BA.5 family accounting for
98.2%. BA.5 represented 73.5% of total cases (BA.5.2 [71.7%],
BA.5 [1.8%]), followed by BF.7 (24.0%), BQ.1 (0.4%), and
BQ.1.1 (0.4%). Except for China and the Republic of Korea,

483 Chinese-origin genomes were registered from the

O BA.2
O BA.5 (BA.5.2)

O BA.2.75
O BF7

[ BN.1

O BQ.11
100

80

60 -

40

20

Proportion of SARS-CoV-2 lineages (%)

0 T T
1 2 3 4

Week numbers (2023)

Figure 1. Proportion of variants for short-term visitor from
China (2 January 2023 to 24 January 2023)

SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.

following countries: Japan (n=311); Singapore (n=89); France
(n=30); Italy (n=28); Taiwan (n=17); Iran (n=5); and the
Unites States (n=3). The BA.5 family accounted for 97.5% of
cases, with the BA.5 subvariant accounting for 60.5% of cases
(BA.5.2 [58.2%] and BA.5 [2.3%)]), followed by BE.7 (36.0%),
BQ.1 (0.2%), and BQ.1.1 (0.8%). Furthermore, an analysis of
18,906 whole genomes collected since September provided by
the Chinese Centers for Disease Control revealed that Omicron
BA.5 (BA.5.2) accounted for 70.8% of the predominant vari-
ants in China, while BF.7 accounted for 23.4% [10].

The results of K-RISS surveillance, which included short-
stay cases from China, as well as genetic data from China and
other countries shared in GISAID, revealed a similar pattern.
BA.5 subvariants, including BA.5 and BE.7, currently account
for >90% of cases in China. VOC lineages requiring priori-
tized attention and monitoring, such as XBB.1.5, have been
observed in confirmed cases of domestic arrivals from China.
However, because the number of confirmed cases in China
has increased significantly, ongoing surveillance is required to
determine the spread of XBB.1.5 and the emergence of other
new variants. As a result, the KDCA will continue to monitor
the introduction, occurrence, and prevalence of new variants

through enhanced mutation surveillance of confirmed cases

Table 3. Detection rate of variants related from china using GISAID (1 November 2022 to 27 January 2023).

Omicron subvariant detection rates (%)

Country BA.5 sublineage
(case) BA.2 BA275 BN.1 XBB.15 7|Et
BA.5 BF.7 BO.1 BQ.1.1  Subtotal
Total (7,047) 63.6 32.7 0.8 1.1 98.2 0.4 0.3 0.7 0.4 0.0
China (6,285) 63.4 32.8 0.8 1.2 98.3 0.3 0.3 0.6 0.0 0.4
Other” (483) 60.5 36.0 0.2 0.8 97.5 1.0 0.8 0.4 0.0 0.2
Korea (279) 73.5 24.0 0.4 0.4 98.2 0.0 0.0 1.8 0.0 0.0

30, Italy 28, Taiwan 17, Iran 5, USA 3.

GISAID=Global Initiative on Sharing All Influenza. “Except BE.7 and BQ.1 and BQ.1.1, BA.5 sublineages are aggregated with BA.5, which
has BA.5.2 (China 61.3%, Other 58.2%, Korea 71.7%) and BA.5 (China 2.1%, Other 2.3%, Korea 1.8%). b)Iapa\n 311, Singapore 89, France
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among Chinese arrivals and actively share relevant analytical

data to strengthen international cooperation.
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QuickStats

Trends in the Prevalence of Chronic Kidney Disease, 2011-2021

The age-standardized prevalence of chronic kidney disease (CKD) in Korean adults aged =19 years was 6.3% in 2021,
which was close to the prevalence of 6.7% in 2020 (Figure 1). In 2021, the prevalence of CKD was observed to be associated

with age; the prevalence were 26.5% in people aged =70 years and 12.0% in people aged =60 years (Figure 2).
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Figure 1. Trends in the prevalence of chronic kidney disease, Figure 2. Prevalence of chronic kidney disease by age, 2021
2011-2021

*Chronic kidney disease: Glomerular filtration rate (CKD-EPI equation) =60 ml/min/1.73 m* and urine albumin/creatinine ratio >30 mg/g,
OR Glomerular filtration rate (CKD-EPI equation) <60 ml/min/1.73 m® among those aged =19 years.

**CKD-EPI: Chronic kidney disease-Epidemiology Collaboration equation.

"Results from 2015 to 2018 are not shown due to the absence of data regarding albuminuria.

"Age-standardized prevalence was calculated using the 2005 Population Projections for Korea.

Source: Korea Health Statistics 2021, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr

Reported by: Division of Health and Nutrition Survey and Analysis, Bureau of Chronic Disease Prevention and Control, Korea Disease
Control and Prevention Agency
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