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2 ZMOl: TR holH A AF-10; AT utolf A-; Hol; §AA4 WAl ARTY

A = Q1 SARS-CoV-2 (Severe acute respiratory syndrome coro-
navirus 2)= RNA Ho|gAg 4] 9 dx} A& vHEs)

20199 12¥ F= FH|old A oA A Z=rt W A&2 07 Az Ho|7l TR, 9], Aujo]T Tl
Hho| AT AS-19(ZEH19)+= 20229 3¥ MAEA7]F Z(Spike protein, S THE) W A|ZZFH-9](Receptor bind-
(World Health Organization, WHO)ol| 4] siggjo g F4] ing domain) Ho]= A ZEH] Angiotensin-converting en-
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@ M=Z0| €A & HE=2?

20234 o|%F Quja3 = AE A% Ho| YolA AdH XBB
AG Az Hio| A9 F19] f-Yo] FEFA AL gloH, o]
3t 23 Wolo] FEst BRE 53t HAE Y AAF

A EA o] 84= 1 Qict.

® AAER?

SL2UH9 polgf o] A1 o] kAl 8l Fj At ek
AL, BT L FUL S AL A 7Y AL
A3 g3t A olHtol el ae] B4 B

2oz @
42 915t A543 3 vl Wasiet,
T A BT gAAZ S Uk 7Rs4ol 9lof AstelT w

WHOE 20214 59+ ¥o] upo]g| A tigt 584
Q1 A& ARG A9, A ke Y4 FIE7}
S7FHAY Wl M &8A 59 f84 Astol] wx= Gl
w2} 9 Ho](variant of concern, VOC), 7€} B 0o](variant
of interest, VOI)2} U E|¥ Ho](variant under monitorn-
ing, VUM)Z &-7oto], 3712l feo|ES &af FAAA
F1419 #o] Hlo]gA HUE AN ot 1Et A
49 VOCe 9= 8 Luh(Alpha, 20209 9¥)E Al&C
2, dolng 71353 G ek (Beta, 20204 59), Bat
4 F9 FvHGamma, 20209 119), %= 32 DEK(Delta,
202049 109)7F A, 20219 11¥5H Fopxelrl 33}
oA &&s}7| A|&EE QU] T Z(Omicorn)o] AFH &, &
AR eu| A 204 ogH ok9] Ed AxRF Wolg A%
AL QITHER 1) [2-4].

20239 4¢¥ 109 7%, Qu|3E Hio]HAE A&ZQ

884

ol o F 1,160709] oH9] Hol7h A= o], BA.1 56
7i, BA.2 32070, BA.3 27H, BA.4 2771, BA.5 51371} A
23 Hol 2427]= Al&3t HAH3,4]. L FolA4 BA.S Al
FAE 5 20209 749 HolA ool A A5 &elE BQ.1 ¥
BQ.1.19} 20224 6¢¥ W7|ofolA A &<1E BF.7, BA.2
9] N FAE o] F2 52l BA.2.75 A€ BN.1, CH.1.1,
CJ.1, 2183 BA49] A|RAE Z shuE 20229 4 AHQL
4 otz e|7gslaol A A E91E BA.4.6&= VUME &5
HAL, 202249 84 A=A AF =lE Azt Hol XBB
1.5 (e, BA.2 F3 9] AlFAS! B.13 BM.1.1.19] A=
) AE2 VOIZ A= ItHWHO, 20234 34¥ 159
712) (& 1) [2-4].

AT Ao A= 20209 129 FFolA =3t A%
o] Aol A gz} o] Hio|HAF A& FRITH &, Fj <o
A BHAE T Qe ofy Thdst F2H19 Wo| vlo]gAE 7
Alsk7] e, §AA ZAIAFA (Genomic Surveillance) &
3 #£4 A2 A&H R sty Fafsta ok 1
o2 HAFHAAEAS(Whole Genome Sequencing; Next
Generation Sequencing), 23Fo]| 3 Tl ATRS: 702 Sl
FEAAAF #4](Sanger Sequencing)¥t =8 ®o] 5F(Yxf,

e}, gl dep 5 oI g)o] ik AARE Az dE

o,

AHreal-time reverse transcription polymerase chain reaction,
real-time RT-PCR)}E %ol %A 2-83t0] o241 3t
lom, APL B9 U AR 2n Ful TS 62

A FAJNEFAAY EF-77]17-(Global Initiative for Sharing

R

=

All Influenza Data, GISAID)2} Phylogenetic Assignment of
Named Global Outbreak Lineagese &3l HAIAH R T
st 21419 W Eof ti-g-skal ATHS,6].
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T 1. 21419 HHo| o] A
WHO 0|2 PANGO AE NE AS $O| S5 X9 2 I
&} B.1.1.7 ¥=t, 2020 9¥
H| et B.1.351 otzeE)7k, 20209 5¥
Zaf P.1 Hzd, 20204 1€
et B.1.617.2 9%, 20204 10¢¥
CAEA B.1.1.529 Hzoht/dorzxe]zh 20219 11¢
BA.1 otzeE)7h, 20219 11€¥€
BA.2 dorzalzt 2021d 11€
BA.2.12.1 Auet/vl=r, 20219 12€
BA.2.75 o1&, 20224 6¢¥
CJ.1 AZFEE 20229 9¥
CH.1.1 ok, 20224 7¢¥
BN.1 o8 =7} 20224 7€
BA.4 Hot=ajzh 202249 1€
BA.4.6 otzaE]7}, 20224 4¥
BA.5 dolzejzh 20229 1€
BE.7 o8] =7k, 20224 6¢¥
BQ.1 oz]g]o}, 20224 6¥
BQ.1.1 ojz|glo}, 2022¢ 74
Azl XBB ol%:, 20224 84
XBB.1 oI, 20224 9¢¥
XBB.1.5 ul=, 20224 10¥
XBB.1.9.1 FHorAler 202349 1¥9
WHO=World Health Organization; PANGO=Phylogenetic Assignment of Named Global Outbreak Lineages. Data from WHO [2], GISAID [3],
and PANGO Lineages [4].
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AAE HAFOZ SARS-CoV-2 Ho|g B4 S35}
ot 244 59 §Y & F 13078l A 5
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(0.8%) =22 YEIITHE 2).

2. SARS-CoV-2 Ho|H

SARS-CoV-29] ¥ol¥d-& HEA5l7] 93], 20214 2¥
g 2utola o fdAk #9(e., oF 4,000 F71A L,
Kb) A Hake BA5H] 93t BARAARES 5
i, Bel Ak 7EREE BE ARE W 8 Hol 79 £
st
o|F 20221 29¥-EE SARS-CoV-29] HA F7I4Le.,

=
2
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o] 7}53t real-time RT-PCRE %712 T 5}o]

A=} [e)
T’_T/‘k:l]'{_a_

9F 30,000 E71A4<¥, 30 kb)
$slo] £ o ok A H Hol = sHlst

M2 2219 g g A8

g AR AAEH S

lab E+= RNA-dependent RNA polymerase Ct
AAEon, & Cgk 250]stollA= 74

g
BASAA B AARAAEY APS 295

e =

K

2t 330|Wto A= real-time RT-PCRE AIA|5}TE SARS-
BA Aiks 215 A%l wet, 84 AF F 3
4 3 ojyjollA] o 25 W H1E F40kH, AFEFAAL
H7Hd W HA =7 H-§AI A8 (Health Insurance Review

& Assessment Service)oll Biloty, B4 H LE G HH

CoV-2 Ho]

£ GISAIDO| 5-&5% .
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1. 32| R T 2LH9 ETIXIe| S 5ig
sfQ] F9 =9 IR S =Pl sfuttt #fo]
Btk & 7178004 793789 sfe]eat HA|Q] Bl
A& +Pd 20214900 A=YAoFt 2227(28.0%)
g 19om, H= 10178(12.7%), SZH7| A% 637
(7.9%), A= 578(7.2%), BAlotAR 458(5.7%) =2 & 1}
ERgth whE 2022901 F 12670014 11,3819 312
T G F v=o] Hop EE=0E 1,9427(17.1%)°]
I AL, HIEH 1,0298(9.0%), Bi= 94478(8.3%), 7t
ZE2 7679(6.7%)7F FE °Ith 2023 1€5H 3€71A]
AE 9] F AR 2EFS F 537704 9247 0]
AL, FHONA Y Eo] 7P WtT HA sie] § A
9] 37.3% (3459)& AAstAch 1 F2 D& 80H(8.7%).
1= 65%8(7.0%), Hi= 517(5.5%) =2 & UEFRTH 3).
A 717F B9 A9 R GRAY ot FEHO A,
A9 15918 A vebd €9 5AE B9, v=o] €
H SAME AR Mot Lo & Yergti( 1™ 1). o
A5k, 20219 DR Hol7k FY=7] AZRE 497H 590]
£ AA 89 9 B2 881 F RIEolA 56W(63.5%)°]
J=otda, 693 78o= dxvAlotellAl 197%8(60.1%)
o] o Y=g AR Yehytth Qn|AE Wo] Hio|g A}

=
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M

ot

T2 Axd 319 §9 T 29 HolBA A A I3
QIS QNS S Sofl ol RUE Z2LH9 ST Aty YO A BHEIE
A= FPoBE  IFFAM o S— . 229
PN 2oix Ol 2| = RHE SXEE QIoHHE A x| 2l 201 A
2021 750 (94.6) 42 (5.3) 1(0.1) - - 793 (6.1) 11,570 (16.3)
(2-129)
2022 5,999 (52.7) 61 (0.5) 2,541 (22.3) 2,220 (19.5) 560 (4.9 11,381 (86.9) 55,685 (78.4)
2023 556 (60.2) - 228 (24.7) 111 (12.0) 29 (3.1) 924 (7.1) 3,793 (5.3)
(1-39)
A 7,305 (55.8) 103 (0.8) 2,770 21.1) 2,331 (17.8) 589 (4.5) 13,098 (100.0) 71,048 (100.0)
919 TR 5=(%).
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B3 Axd 99 {9 A = B2
o 20211(2-128) 20224 2023H(1-32)
=H = SRR (%) =27t SR (%) 27t SRR (%)
1 &Y Ao} 222 (28.0) o] =t 1,942 (17.1) &= 345 (37.3)
2 o]t 101 (12.7) HEd 1029 (9.0) IR 80 (8.7)
3 Q- ZH| 7| A% 63 (7.9) = 944 (8.3) u] =t 65 (7.0)
4 A= 57 (7.2) A7tz = 767 (6.7) B = 51 (5.5)
5 2 AJo} 45 (5.7) IR 560 (4.9) H Eg 41 (4.4)
6 Ha27]q9 41 (5.2) oA 517 (4.5) oA 37 (4.0)
7 ofgoulz|E 22 (2.8 =4 475 (4.2) 29l 30 (3.2)
8 7IA} 5 2Bk 20 (2.5) gy 411 (3.6) =4 24 (2.6)
9 o] QFut 20 (2.5) H=27149 341 (3.0) ogz{o} 23 (2.5
10 gy 19 (2.4) olgzo} 319 (2.8) g4 19 (2.1)
11 ZHHt]o} 14 (1.8) ol 303 (2.7) F= 19 (2.1)
12 7| A 13 (1.6) Ty AJof 275 (2.4) 279 16 (1.7)
13 712 7| ALE 12 (1.5) = 273 (2.4) QA EH Yz o} 15 (1.6)
14 ot 10 (1.3) 22 242 (2.1) =t 15 (1.6)
15 i ) 8 (1.0) 259l 227 (2.0) ok 14 (1.5)
16 Zd= 7(0.9) Zlo] Ao} 226 (2.0 37t 13 (1.4)
17 ALk 7 (0.9) At 195 (1.7) Q AEg|o} 12 (1.3)
18 ENE] 6(0.8) 5= 163 (1.4) Zref|o]X|o} 9 (1.0)
19 =232 6(0.8) Q9 AEFH Yo} 161 (1.4)  A=dAlo} 8(0.9)
20 gk of 6(0.8) 29~ 135 (1.2) ojxgtd 7 (0.8)
71eH(51)" 94 (11.9) 71EH106)” 1,876 (16.5)  7]EH(33)? 81 (8.8)
A 793 (100.0) 11,381 (100.0) 924 (100.0)
V9] R FRIAF 5 VA 2070 AR et 4
7l
1,800 - BA.4*/BA.2.75*/XBB* [ 700 Amjol
1,600 - Ve 600 % : E‘anr
- - 500 £ - :Jéam
EE 1,200 w -2
A 1,000 - F400 A sy
85 800 ~ - 300 % - é'?“*'o*
% 0 - 200 r?Hri : g—;é
400 “'H*J Nrlme
200 - - 100 4, Ef=
= HE
-0 = 0|2
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FYE7] AR 20229 7-9€0)E HEY,
ZF2o A A=A A S7HE A
71ZF AA el G BHAke] 34.8%
) AALt 20229 1295 HE 2o 9
258 9§ A7 S7HEEA 202349 29704 24
7} 10.4% (1107/1,053%), 53.1% (27478/5167), 28.3% Azt FAA HEHAAE &2 HIEE YU olF, 2022
=

(607/212%)°l siFH= T s 74 AT} gl 9 1087 EH=

SARS-CoV-2 32|9
- Hl0[2A4
-~ Ho0|E4E

s

$04 % 2. 59 Y SARS-CoV-2 HO0| 24
A9l 4 SEUHO Wol B4 915} 441 3744 APEL 7

ZF AAZE 942 AEAAH6,3874, 48.8%), AARAAE
4(3,8637, 29.5%), BFAFHAHEA(2,8487 21.7%) <2
2 53" Ao R Yttt (1Y 24). 20214 ZHloj|= &
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71 2022 10957¥E 12€0] sidst= A7IE 22 42.9%
(8837/2,057), 54.2% (93078/1,717%8), 49.3% (1,053
H/2,138%)& vEtgoH, a9 § AT - wok
d A17]Q1 20219 7€, 20229 1€, 2022 8¢, 20234¥ 1
o= 22 9.3% (192/2,074%), 7.9% (651'8/8,224™),
15.4% (2,1127/13,742%), 19.3% (5168/2,6719)= ¥
4L Y% A= Yeigth AWAHo R, #o] B4
P 202190= B 6.9% (79318/11,570%)9
Ae&S HYou, 202249 B 20.4% (11,381%8/55,685
), 20239 195E 3974 Bt 24.4% (924'8/3,7938)
FAIE BTG 2).
ZAF A 717t Bot geld Z 219 F8 woleh 7]E
Hol= 202149 298 AFOoE §97tA dut wo] Eijo]
5571(0.5%)= Yepstal, 22 7|7ke] Het 57, A& 471
Zot 37, 7kt 37, ol 9E 37, ot 2, HEF 14 =2
thoyslAl YeRgth sHARE 20219 495 e 0] (658
. 5.0%)7F FUEHEA T2 ¥olg FE2 FEHEE A4
Fa, 12€ % Qu]3Z #o|(ie., BA. 13} BA.2)7} &A1&
o7 I FY=HUA e Wl FA5] #ad o= U
EFATHLE 3). 2022 S5 o] 2= WHOS] F8 Blo|=2
Aol HUHY =i e LuAE 9] AF HolEY
Qlo] AR o7 AZE Aog Yttt BAS ALY F
ATt F9o] 6YHE EAH0E AZE o] 9YRE| BA.59

VS|

)
o2ty

2
lle

Al

5
i)

M

o7 IS

100
90
80
70
60
50
40
30
20
10

0

F2LH19 Ho| 0|2 A REE (%)

’L ‘b tx 9: *b ’\ ‘b q,@ ,\\ ,g,ql\%q,%n;%
AR A A A NN A
S TS S TP PSS S
 Alpha W BA.1* “BA.2* BA.2.75* WBA.4* WBA.5*
=BQ.1 EBQ.1.1 ECH.1.1 mCcJa " Delta Epsilon
W Recombinant ®Theta XBB.1

M |ota  Kappa = Omicron
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W Beta mBF7 HBN.1

“XBB.1.5

A FAS Holel BE.7 (1447), 109+H BQ.1 (1014)%
BQ.1.1 (23970)°] EI=aL, 7€HE 12¥9 Z7HA] BA.4
AL BA.4.6 1371°] Y ACE Yehidth BT A
7] 8EREE BA.2.75 AG ARAE Hol7t FA=HA]
BN.1 (777), CH.1.1 (527), CJ.1 (127)°] Z+zt 9¢, 10€,
11958 §9€ 2o yepgrt en 329 ohgst Az
T Hlol52 20229 99 o|SRE HESHA KY= o] 2023
@ 3d7HA] F 357710] 245 %1aL, £3] XBB.1, XBB,1,5,
FAZ Az Ho] £479 37%
(13271/35771), 27.5% (98%1), 8.1% (2971)& AFA|5k3Act.

WHO°IA 218l $td 8 Hlol& 422, 39 §9Y
R =g 2ARE A3, Blo] 8 I7he wojuitt
tha ol 7k Qs AR UsHTtHE 4). &t Hol9f B¢
ZEoH107)olA A=t Y=AES B M BWol /4
91, del Holk QlmulAoK(2227), BA.2. 75419 1
AIFAE #olel BN.1 (317)3% CH.1.1 (97), CJ.1 (53)
27 W EY, B, Y& 5 ofAlor FUlollA FE {YEHAUE
Ao g Yepygth v, BA4 9 BA.S AGL vlolA 7
o] ©kaL, BA.5 AlFAE<1 BE.7 (4671)¥ BQ.1.1 (36
)2 A7 ST mgAolA SR o] Wkl o ®
el=f et Az Wl A, =vAoret H=ol A 7}
A @o] §98 Ao Yepton, 1 % XBB.1.5 (397)9
AS-E nj=to] g E¢=o 2 yeytt

XBB.1.9.1= i€ =7}

. Fo
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ABSTRACT

The Division of Laboratory Diagnostic Analysis of the Capital Regional Center for Disease Control and Prevention conducted
variant analysis on SARS-CoV-2-positive samples from the National Incheon Airport Quarantine Station, National Incheon
Quarantine Station, and private diagnostic testing centers at Incheon International Airport from February 15, 2021, to March
2023. In total, 13,098 samples from COVID-19 cases from 130 countries were analyzed using the Genomic Surveillance
project in the Republic of Korea. They included 12,364 cases (94.4%) of the Omicron family; 658 cases of Delta (5.0%); 55
cases of Alpha (0.4%); 5 cases of Beta; 4 cases of Epsilon; 3 cases each of Gamma, Kappa, and lota; 2 cases of Eta; and 1
case of Theta SARS-CoV-2 variants. The countries with the highest number of imported cases were Indonesia in 2021 (222
cases, 28.0%), the United States in 2022 (1,942 cases, 17.1%), and China from January to March 2023 (345 cases, 37.3%).
Most variants of concern in the Republic of Korea were introduced from various countries. As the importation of recombinant
variants generated among sublineages of the Omicron variant increases in 2023, there is an increasing need for genomic
analysis through whole-genome sequencing of SARS-CoV-2 variants to enable more accurate classification. Capital Regional
Center for Disease Control and Prevention plans to continue to conduct SARS-CoV-2 variant analysis based on a 24-hour
diagnostic testing system to effectively monitor the imported cases infectious diseases from abroad and take efficient domestic

quarantine measures.

Key words: COVID-19; SARS-CoV-2; Variant; Genomic Surveillance; Incheon Airport

*Corresponding author: Jeonggu Nam, Tel: +82-32-740-2715, E-mail: jeonggu64@korea.kr

Introduction coronavirus disease 2019 (COVID-19), which originated in
Wuhan City, Hubei Province of China, in December 2019, a

World Health Organization (WHO) officially declared pandemic in March 2022. The disease has persisted for more
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Key messages
(D What is known previously?

Since the onset of the COVID-19 pandemic in 2020,
SARS-CoV-2 variants, including Alpha, Beta, Gamma,
Delta, and the Omicron family, have been monitored
through genomic surveillance projects.

@ What new information is presented?

In 2023, Omicron recombinant XBB has become more
prominent. Whole-genome sequencing is required to mon-
itor these recombinants for more accurate classification.

(® What are implications?

To monitor new SARS-CoV-2 variants and block do-
mestic transmission, it is necessary to respond rapidly
to imported cases entering the country through airports
and ports and to formulate policies to characterize vari-

ants on an ongoing basis.

than 3 years, generating various variants and posing a threat to
global public health. Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), the causative agent of COVID-19,
is an RNA virus that constantly generates novel variants by re-
peating propagation and transmission processes. In particular,
identifying variations in the spike protein (S protein) is crucial
because receptor-binding domain variations in S protein can
result in increased cell-virus binding and affect the ability of
neutralizing antibodies to bind effectively to angiotensin-con-
verting enzyme-2 receptors on the cell surface. This can lead
to increased transmission power and severity and reduced vac-
cine effectiveness [1].

Since May 2021, the WHO has been tirelessly working on
monitoring the global spread of SARS-CoV-2 variants through
periodic updates. Based on the transmission power, clinical se-

verity, and effectiveness of vaccines and therapeutics, variants

www.phwr.org Vol 16, No 27, 2023

have been classified as variant of concern (VOC), variant of in-
terest (VOI), or variant under monitoring (VUM) to guide rec-
ommendations for public health measures against these vari-
ants. The first variant, designated the Alpha VOC originated in
the United Kingdom (September 2020). This was followed by
the Beta variant which originated in South Africa (May 2020),
Gamma variant which originated in Brazil (November 2020),
and Delta variant which originated in India (October 2020).
Moreover, after the Omicron variant, which emerged in South
Africa in November 2021, sub- and recombinant variants de-
rived from Omicron are being continuously monitored (Table
1) [2-4].

As of April 10, 2023, the continuous occurrence of vari-
ants has resulted in a total of 1,160 Omicron subvariants.
These have been subdivided into 56 BA.1, 320 BA.2, 2 BA.3,
27 BA.4, 513 BA.5, and 242 recombinant variants [3,4].
Among them, BQ.1 and BQ.1.1, which were first identified in
Nigeria in July 2020, BE.7, first identified in Belgium in June
2022, BN.1, among the sublineages of BA.5, CH.1.1, and CJ.1
of the BA.2.75 family, one of the sublineage variants of BA.2,
and BA.4.6, one of the BA.4 sublineages, first identified in
Spain and South Africa in April 2022, were classified as VUM,
and the XBB 1.5 family, a recombinant variant (i.e., recom-
bination of BJ.1 and BM.1.1.1, the sublineages from BA.2),
which was first identified in India in August 2022, is being
monitored as a VOI (WHO, March 15, 2023) (Table 1) [2-4].

After confirmation of the Alpha variant in a sample of pa-
tients who arrived in the Republic of Korea (ROK) from the
United Kingdom in December 2020 by the Korea Disease
Control and Prevention Agency (KDCA), the KDCA has
continued to expand and strengthen its analysis capabilities

through genomic surveillance to monitor the spread of various
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Table 1. SARS-CoV-2 variants summary

WHO Name PANGO lineage sub-lineage Emergence Location/Date
Alpha B.1.1.7 United Kingdom, Sep 2020
Beta B.1.351 Southern Africa, May 2020
Gamma P.1 Brazil, Nov 2020
Delta B.1.617.2 India, Oct 2020
Omicron B.1.1.529 Botswana/Southern Africa, Nov 2021
BA.1 Southern Africa, Nov 2021
BA.2 Southern Africa, Nov 2021
BA.2.12.1 Canada/USA, Dec 2021
BA.2.75 India, Jun 2022
CJ.1 Singapore, Sep 2022
CH.1.1 India, July 2022
BN.1 Multiple, July 2022
BA.4 Southern Africa, Jan 2022
BA.4.6 Southern Africa, Apr 2022
BA.5 Southern Africa, Jan 2022
BE.7 Multiple, Jun 2022
BQ.1 Nigeria, Jul 2022
BQ.1.1 Nigeria, Jul 2022
Recombinant XBB India, Aug 2022
XBB.1 India, Sep 2022
XBB.1.5 USA, Oct 2022
XBB.1.9.1 Southeast Asia, Jan 2023

COVID-19=coronavirus disease 2019; WHO=World Health Organization; PANGO=Phylogenetic Assignment of Named Global Outbreak
Lineages; USA=United States of America. Data from WHO [2], GISAID [3], and PANGO Lineages [4].

SARS-CoV-2 variants in the ROK as well as other countries.
Thus, variant analysis is performed by applying whole-genome
sequencing (next-generation sequencing), Sanger sequencing,
a partial gene analysis targeting only S protein, and real-time
reverse transcription polymerase chain reaction (RT-PCR) for
five types of VOCs (Alpha, Beta, Gamma, Delta, and Omicron)
depending on the situation, and genetic results are shared
in the ROK and worldwide through the Global Initiative
for Sharing All Influenza Data (GISAID) and Phylogenetic
Assignment of Named Global Outbreak Lineages in response
to the COVID-19 pandemic [5,6].

Since February 2021, the Capital Regional Center for

Disease Control and Prevention has actively participated in

894

the surveillance project for SARS-CoV-2 variants by analyz-
ing variants introduced from other countries via the Incheon
International Airport and Incheon Port [7-9]. This study
aims to provide evidence for establishing effective quarantine
measures for those arriving from overseas and preventing the
spread of COVID-19 in the future by reporting the surveillance
results of the SARS-CoV-2 variants. A total of 13,098 cases
of confirmed COVID-19 infection were analyzed through
collaboration with the Incheon Airport National Quarantine
Station and Incheon National Quarantine Station and pri-
vate inspection centers at Incheon International Airport, Eone
Laboratories, Myongji Hospital, and Inha University Hospital,

located at passenger terminals 1 and 2 between February 15,
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2021 and March 2023.

Methods

1. Participants

From February 15, 2021 to March 2023, a total of 52,602
diagnostic tests were performed on samples classified as
symptomatic and received at the Incheon Airport National
Quarantine Station and Incheon National Quarantine Station.
Of these, a total of 7,538 samples were confirmed positive by
the Division of Laboratory Diagnosis Analysis of the Capital
Regional Center for Disease Control and Prevention. Between
December 23, 2021 and March 2023, a total of 9,308 samples
from those arriving from overseas classified as confirmed cases
were collected one to two times a week through requests made
to Eone Laboratories, Myongji Hospital, and Inha University
Hospital, private inspection centers in Incheon International
Airport. COVID-19 variant analysis was performed on a to-
tal of 13,098 positive samples (cycle threshold [Ct] less than
33). The samples from overseas entrants were from a total of
130 countries, 13,098 cases (18.8%) out of 71,048 overseas

entrants in the ROK (Incheon Airport National Quarantine

Station, 7,305 [55.8%], Eone Laboratories, 2,770 [21.1%],
Myongji Hospital, 2,331 [17.8%], Inha University Hospital,
589 [4.5%], and Incheon National Quarantine Station, 103
[0.8%]) (Table 2).

2. Analysis Methods for SARS—-CoV-2 Variants
Targeted gene analysis was performed in February 2021
to analyze sequencing changes in S protein gene sites (i.e., ap-
proximately 4,000 sequences, 4 kb). In July 2021, additional
real-time RT-PCR capable of VOC analysis in a short period
was introduced and conducted in parallel. Subsequently, in
February 2022, more accurate analysis of subvariants was per-
formed using whole-genome sequencing to analyze the en-
tire sequence of SARS-CoV-2 (i.e., approximately 30,000 se-
quences, 30 kb). Each experimental method was selected based
on the Ct value of open reading frames 1ab (ORFlab) or RNA-
dependent RNA polymerase (RdRp), one of the target detec-
tion genes of real-time RT-PCR for the diagnosis of COVID-19
infection. Targeted gene analysis or whole-genome sequencing
was mainly used at a Ct of 25 or less, and real-time RT-PCR
was performed at a Ct of less than 33. The analysis results for

SARS-CoV-2 variants were reported within a minimum of 3

Table 2. Status of variants analysis in imported COVID-19 confirmed cases
The number of imported COVID-19 confirmed cases The number of
at Incheon International Airport and Incheon Port imported
Year National Incheon National ) Inha COVID-19
Alrpor_t Incheo_n E—one_ Myon_gjl University Total c_onflrmed cases
Quarantine Quarantine  Laboratories  Hospital Hospital in the Republic
Station Station of Korea
2021 750 (94.6) 42 (5.3) 1(0.1) - - 793 (6.1) 11,570 (16.3)
(Feb—Dec)
2022 5,999 (52.7) 61 (0.5 2,541 (22.3) 2,220 (19.5) 560 (4.9) 11,381 (86.9) 55,685 (78.4)
2023 556 (60.2) - 228 (24.7) 111 (12.00 29(3.1) 924 (7.1) 3,793 (5.3)
(Jan—Mar)
Total 7,305 (55.8) 103 (0.8) 2,770 (21.1) 2,331 (17.8) 589 (4.5) 13,098 (100.0) 71,048 (100.0)
Values are presented as number (%). COVID-19=coronavirus disease 2019.
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days and a maximum of 2 weeks after sample collection, de-
pending on the state of emergency. In addition, the analysis re-
sults were reported to the Healthcare Crisis Response System
of Health Insurance Review and Assessment, and all analyzed

genetic information was registered into GISAID.

Results

1. Status of the Country of Departure of COVID-
19-confirmed Cases from Overseas

The rankings of the country of departure of the COVID-
19-confirmed cases from overseas varied each year. In 2021,
when 793 samples from confirmed patients from 71 countries
were analyzed, Indonesia ranked first among the countries
of departure with 222 cases (28.0%), followed by the United
States with 101 (12.7%), Uzbekistan with 63 (7.9%), India
with 57 (7.2%), and the Russian Federation with 45 (5.7%). In
2022, of 11,381 confirmed patients from 126 countries, the
highest number was from the United States, 1,942 (17.1%),
followed by Vietnam with 1,029 (9.0%), Thailand with 944
(8.3%), and Singapore with 767 (6.7%). From January to
March 2023, there were 924 confirmed cases from 53 coun-
tries, and China accounted for 37.3% (345) of the total num-
ber of confirmed cases from abroad. China was followed by
Japan with 80 (8.7%), the United States with 65 (7.0%), and
Thailand with 51 (5.5%) (Table 3).

On analyzing the monthly statistics of each country that
ranked in the top 15 as the country of departure with the high-
est number of confirmed cases during the surveillance period,
the United States was usually the country of departure with
the highest number of cases (Figure 1). However, in April and

May 2021, with an inflow of Delta variant cases, of a total of

896

88 imported confirmed cases, 56 (63.5%) entered the ROK
from India and 197 (60.1%) entered the ROK from Indonesia
in June and July. In January 2022, when many Omicron
variants were introduced, of 651 imported confirmed cas-
es, 351 (53.9%) entered the ROK from the United States. In
July, August, and September 2022, with the significant in-
flux of imported confirmed cases in the ROK and the emer-
gence of Omicron subvariants, cases from Vietnam, Thailand,
Singapore, Japan, and France showed sudden increase, ac-
counting for 34.8% (2,153/6,181) of the total number of im-
ported confirmed cases during the same period. In December
2022, the number of imported confirmed cases from China
increased, and by February 2023, 10.4% (110 /1053), 53.1%
(274 /516), and 28.3% (60 /212) of imported confirmed cases

from China were identified.

2. Overseas Imported SARS-CoV-2 Variant

Analysis

SARS-CoV-2 variants were analyzed using real-time RT-
PCR (6,387, 48.8%), whole-genome sequencing (3,863,
29.5%), and targeted gene analysis (2,848, 21.7%) (Figure
2A). In early 2021, targeted gene analysis was mainly per-
formed; however, from July 2021 to September 2022, when
the number of imported confirmed cases surged because of
the Delta and Omicron variants, real-time RT-PCR was per-
formed at a high rate to obtain rapid test results. Since October
2022, there has been a substantial increase in whole-genome
sequencing experiments aimed at analyzing Omicron sub-
variants. On exploring the monthly analysis rate of the vari-
ants compared with the total number of imported confirmed
cases entering the ROK during the monitoring period (Figure

2B), it was observed that the period with the highest analysis
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http://www.phwr.org

I Public Health Weekly Renuu’\

Table 3. Status of the country of departure of COVID-19 confirmed cases from overseas
2021 (Feb—Dec) 2022 2023 (Jan—Mar)
Rank Country n® (%) Country n® (%) Country n® (%)
1 Indonesia 222 (28.0) USA 1,942 (17.1) China 345 (37.3)
2 USA 101 (12.7) Vietnam 1029 (9.0) Japan 80 (8.7)
3 Uzbekistan 63 (7.9) Thailand 944 (8.3) USA 65 (7.0)
4 India 57 (7.2) Singapore 767 (6.7) Thailand 51 (5.5)
5 Russia 45 (5.7) Japan 560 (4.9) Vietnam 41 (4.4)
6 Tiirkiye 41 (5.2) France 517 (4.5) France 37 (4.0)
7 UAE 22(2.8) Germany 475 (4.2) Spain 30(3.2)
8 Kazakhstan 20 (2.5) Philippines 411 (3.6) Germany 24 (2.6)
9 Myanmar 20 (2.5) Tiirkiye 341 (3.0) Italy 23 (2.5
10 Philippines 19 (2.4) Italy 319 (2.8) Philippines 19 (2.1)
11 Cambodia 14 (1.8) India 303 (2.7) UK 19 (2.1
12 Pakistan 13 (1.6) Indonesia 275 (2.4) Turkiye 16 (1.7)
13 Kyrgyzstan 12 (1.5) UK 273 (2.4) Australia 15 (1.6)
14 UK 10 (1.3) Mongolia 242 (2.1) Singapore 15 (1.6)
15 France 8 (1.0) Spain 227 (2.0) Taiwan 14 (1.5)
16 Poland 7(0.9) Malaysia 226 (2.0) Hungary 13 (1.4
17 Kenya 7(0.9) Canada 195 (1.7) Austria 12 (1.3)
18 Mexico 6(0.8) China 163 (1.4) Malaysia 9(1.0)
19 Mongolia 6 (0.8 Australia 161 (1.4) Indonesia 8(0.9)
20 Tanzania 6(0.8 Swiss 135 (1.2) Israel 7(0.8)
Others (51)” 94 (11.9) Others (106)” 1,876 (16.5  Others (33)” 81 (8.8)

Total 793 (100.0) 11,381 (100.0) 924 (100.0)

COVID-19=coronavirus disease 2019; USA=United States of America; UAE=United Arab Emirates. “The number of overseas entrants

infected with COVID-19. "The number of other countries except for top 20 countries.

1,800 -
1,600 -
1,400 -
1,200 -
1,000 -
800
600
400

Number of top 15 departure countries

200 -

BA.4*/BA.2.75*/XBB*
Vv

- 700
600 £
3
8
- 500 §"‘§‘
ng
-400 z 3
2
o9
-300 22
53
200 88
(0]
3
(0]
100 °
Lo

Figure 1. Monthly statistics of the top 15 departure countries and the imported period of VOC
UK=United Kingdom; USA=United States of America; VOC=variant of concern.
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Figure 2. Monthly experiment for SARS-CoV-2 variants analysis and its rate
(A) Experimental methods to analyze variants. (B) The rate of variant analysis to the total of overseas entrants infected with COVID-19. SARS-

CoV-2=severe acute respiratory syndrome coronavirus 2; NGS=next generation sequencing; RT-PCR=real-time reverse transcription polymerase

chain reaction.

percentages was from October to December 2022, with 42.9%
(883/2,057), 54.2% (930/1,717), and 49.3% (1,053/2,138),
respectively. In July 2021, January 2022, August 2022, and
January 2023, when the number of imported confirmed cases
was the highest, the variant analysis percentages were 9.3%
(192/2,074), 7.9% (651/8,224), 15.4% (2,112/13,742), and
19.3% (516/2,671), respectively. Overall, the average analy-
sis rate was 6.9% (793/11,570) in 2021, when variant analy-
sis was first started; however, the average for 2022 was 20.4%
(11,381/55,685) and for January to March 2023 was 24.4%
(924/3,793), showing an increasing trend (Table 2).

898

On examining the VOCs and VOIs during the investiga-
tion monitoring period from February to August 2021, 55
cases (0.5%) of Alpha variant analysis were identified, fol-
lowed by five of Beta, four of Upsilon, three of Gamma, three
of Kappa, three of Iota, two of Eta, and one of Theta during the
same period. However, from April 2021, the detection of other
variants decreased rapidly due to the introduction of the Delta
variant (658 cases, 5.0%), and detection of the Delta variant
also decreased rapidly due to the introduction of the Omicron
variants (i.e., BA.1 and BA.2) in the ROK as a dominant spe-

cies in early December (Figure 3). From the middle of 2022,
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the introduction of variants monitored among sublineage vari-
ants of Omicron designated as VOC by the WHO began. The
rapid introduction of the BA.5 family began in June, with sub-
sequent confirmation of sublineage variants such as BF.7 (144
cases) in September and BQ.1 (101 cases) and BQ.1.1 (239
cases) in October. In addition, 13 cases of BA.4.6, which is a
sublineage variant of the BA.4 family, were identified from July
to early December. Around the same time, in August, sublin-
eage variants of the BA.2.75 family were confirmed, includ-
ing BN.1 (77 cases), CH.1.1 (52 cases), and CJ.1 (12 cases) in
September, October, and November, respectively. Various re-
combinant variants of Omicron have been steadily introduced
since September 2022, and a total of 357 cases have been
analyzed by March 2023. In particular, XBB.1, XBB.1.5, and
XBB.1.9.1 accounted for 37% (132/357), 27.5% (98), and
8.1% (29) of the recombinant variant cases analyzed, showing
a monthly increase.

On examining the country of departure of confirmed cas-
es imported from abroad, focusing on VOCs designated by
the WHO, slight differences were observed depending on the
variants (Figure 4). The Alpha variant was primarily intro-

duced through entrants from Cambodia (10 cases), the Delta

www.phwr.org Vol 16, No 27, 2023

variant from Indonesia (222 cases), and the BA.2.75 family
and its sublineage variants, BN.1 (31 cases), CH.1.1 (9 cases),
and CJ.1 (5 cases), from Asian countries, such as Vietnam,
Thailand, and Japan, respectively. The BA.4 and BA.5 families
were mainly introduced from the United States, and BE.7 (46
cases) and BQ.1.1 (306 cases), sublineages of BA.5, were intro-
duced from China and France, respectively. Recombinant vari-
ants were introduced primarily from Indonesia and Thailand,
with the United States being the main country of departure for
XBB.1.5 (39 cases).

Discussion

While the COVID-19 pandemic persisted for 3 years from
February 2020, since February 15, 2021, the Capital Regional
Center for Disease Control and Prevention has conducted
preemptive variant analysis. Until March 2023, the Capital
Regional Center for Disease Control and Prevention has ana-
lyzed 18.8% of the total number of confirmed COVID-19 cas-
es imported from overseas via Incheon International Airport
and Incheon Port. As a result, the center has contributed to

quarantine and public health measures by restricting the inflow
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Figure 4. Percentage of the top 10 departure country distribution, according to main SARS-CoV-2 variants imported to the
Republic of Korea

BA.2.75* includes all sub-lineages of BA.2.75, except for BN.1., CH.1.1, and CJ.1; BA.4* includes all sub-lineages of BA.4; BA.5" includes all
sub-lineages of BA.5, except for BF.7, BQ.1, and BQ.1.1; Recombinant™® includes all kinds of variants recombined among Omicron sub-lineages,

except for XBB.1, XBB.1.9.1, and XBB.1.5; The number in parentheses means the number of variants in the country. UK=United Kingdom:;

USA=United States of America; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.

of variants into the ROK by detecting and reporting various
VOCs and VOIs early on (i.e., 12,364 cases of Omicron, 658
cases of Delta, 55 cases of Alpha, 5 cases of Beta, 4 cases of
Upsilon, 3 cases of Gamma, 3 cases of Kappa, 3 cases of Iota,
2 cases of Eta, and 1 case of Theta). In particular, during the
intensive monitoring period for COVID-19 cases originating
from China, from December 2022 to mid-February, enhanced
overseas inflow variant surveillance was performed to iden-
tify and block the introduction of variants from China into the
ROK, and efforts were made to stabilize public health in the
ROK and respond to concerns regarding the spread of variants
in the ROK by sharing information proactively [9].

As predicting the occurrence and prevalence of variants

900

within the Omicron sublineages is challenging, laboratory sur-
veillance against the introduction of overseas novel variants is
being strengthened. In particular, as recombinant variants of
Omicron are being continuously introduced since 2023, con-
firming variants with targeted gene analysis or real-time RT-
PCR is becoming challenging. However, whole-genome se-
quencing is still essential for variant identification. Hence, the
monitoring system needs to be strengthened by expanding and
improving analysis capabilities. Although clinical studies on
vaccine effectiveness for recombinant viruses, immune eva-
sion, and increased severity, are ongoing, recombinant variants
of XBB.1.5 require close monitoring considering their poten-

tial to become dominant in the ROK. Thus far, even though
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XBB.1.5 has immune evasion, XBB.1.5 is not considered a
variant of significant concern because no increase in sever-
ity has been identified, and the bivalent vaccine is still effective
[10]. However, as sublineage variants of the XBB family have
continuously occurred, we plan to actively monitor countries
where existing VOCs have occurred and countries where con-
cern exists regarding the spread of novel variants.

Incheon International Airport and Incheon Port are the
main gateways to enter the ROK and are essential bases for
monitoring and identifying the characteristics of infectious dis-
eases imported from abroad. Therefore, the Capital Regional
Center for Disease Control and Prevention continues to moni-
tor the introduction of novel SARS-CoV-2 variants through
enhanced variant surveillance based on the 24-hour pathogen
diagnostic testing system to effectively block the inflow of for-
eign infectious diseases into the ROK and undertake effective
quarantine measures. The center actively shares variant analy-
sis results internally and externally to contribute to quarantine

and international cooperation in the ROK.

Declarations

Ethics Statement: Not applicable.

Funding Source: The report was funded by Korea Disease
Control and Prevention Agency (no. 6331-301).
Acknowledgments: We thank the Division of Emerging
Infection Diseases at KDCA for supporting experimen-
tal materials & methods and three testing centers (E-one
Laboratories, MYONG]JI Hospital, and Inha University
Hospital) at Incheon International Airport for providing
COVID-19 positive samples.

Conflict of Interest: The authors have no conflicts of

www.phwr.org Vol 16, No 27, 2023

interest to declare.

Author Contributions: Conceptualization: EJL. Data
curation: EJL, SHH, SOJ. Formal analysis: EJL, SOJ,
SHH, KS§J, IHK, JSN. Funding acquisition: EJK, JGN.
Methodology: SHH, SMP, YJK, JHH, KRK, HSJ, KSJ, JSN,
JAK, CYL. Investigation: EJL, SHH, SOJ, HJL. Project
Administration: EJK. Supervision: JGN. Writing — original

draft: EJL. Writing — review & editing: JGN, SOJ, IHK, K§J.

References

1. Huang Y, Yang C, Xu XF, Xu W, Liu SW. Structural and
functional properties of SARS-CoV-2 spike protein: po-
tential antivirus drug development for COVID-19. Acta
Pharmacol Sin 2020;41:1141-9.

2. World Health Organization. Tracking SARS-CoV-2 vari-
ants [Internet]. World Health Organization; 2023 [cited
2023 Mar 15]. Available from: https://www.who.int/ac-
tivities/tracking-SARS-CoV-2-variants

3. GISAID. Global Initiative on Sharing Avian Influenza
Data [Internet]. GISAID; 2023 [cited 2023 Apr 10]. Avail-
able from: https://gisaid.org/

4. PANGO Lineages [Internet]. Cov-lineages.org; 2023 [cited
2023 Apr 10]. Available from: https://cov-lineages.org

5. Kim IH, Park AK, Lee H, et al. July 2021 status and char-
acteristics of the COVID-19 variant virus outbreak in the
Republic of Korea. Public Health Wkly Rep 2021;14:2547-
60.

6. Kim IH, Park AK, No JS, et al. Omicron subvariants (BQ.1,
BQ.1.1, etc.) outbreak status. Public Health Wkly Rep
2022:15:2917-24.

7. Jung SO, Kang K, Jang H, et al. A brief report of COV-
ID-19 test results of overseas entrants to Republic of Korea
as requested by two quarantine stations in 2021. Public
Health Wkly Rep 2022;15:1453-9.

8. Jung SO, Kang K, Jang H, et al. A brief report of CO-
VID-19 test results of overseas entrants to Korea as re-
quested by National Incheon Airport Quarantine Station
in 2022. Public Health Wkly Rep 2023;16:381-93.

9. Kim JA, Kim IH, No JS, et al. Surveillance and outbreak

901


http://www.phwr.org
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://gisaid.org/
https://cov-lineages.org
https://doi.org/10.56786/PHWR.2022.15.49.2917
https://doi.org/10.56786/PHWR.2022.15.49.2917
https://doi.org/10.56786/PHWR.2022.15.49.2917
https://www.phwr.org/journal/archives_view.html?eid=Y29udGVudF9udW09NTg=
https://www.phwr.org/journal/archives_view.html?eid=Y29udGVudF9udW09NTg=
https://www.phwr.org/journal/archives_view.html?eid=Y29udGVudF9udW09NTg=
https://www.phwr.org/journal/archives_view.html?eid=Y29udGVudF9udW09NTg=
https://doi.org/10.56786/PHWR.2023.16.13.2
https://doi.org/10.56786/PHWR.2023.16.13.2
https://doi.org/10.56786/PHWR.2023.16.13.2
https://doi.org/10.56786/PHWR.2023.16.13.2
https://doi.org/10.56786/PHWR.2023.16.8.2

I Public Health Weekly Repo: ’\

status of SARS-CoV-2 originated from China. Public Organization; 2023 [cited 2023 Mar 15]. Available from:
Health Wkly Rep 2023;16:230-7. https://www.who.int/docs/default-source/coronaviruse/25
10. World Health Organization. XBB.1.5 updated rapid risk 012023xbb.1.pdf?stvrsn=c3956081_1

assessment, 25 January 2023 [Internet]. World Health

902 www.phwr.org Vol 16, No 27, 2023


http://www.phwr.org
https://doi.org/10.56786/PHWR.2023.16.8.2
https://doi.org/10.56786/PHWR.2023.16.8.2
https://www.who.int/docs/default-source/coronaviruse/25012023xbb.1.pdf?sfvrsn=c3956081_1
https://www.who.int/docs/default-source/coronaviruse/25012023xbb.1.pdf?sfvrsn=c3956081_1

