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FEAAYHSAY AGE AT A= 20239 1E97H 12870 S2dAGHSAE W Aa0A =4 319 794 =571 24

5,0277 g AL E ZryHtolFAg 4S5 -19(Z 2H19) AFHAE #3519 19 257 #5374 =
o, 87.7%7t WSAR=AD L& Uebgth T2 FEEL 31.3% (1,5737) & Uetsten, 49 209 2=

= 8371014 A=A

H Z2H19 A

A H&2 figto] 47.7%% 7% A UErHL, A=vlAert 18.5% % 71 Rekth § 717t AAFASE W 1 5AH 9] 83

A 5307 2T 9 A ZEU9 HOlRAELS 95.0% (1,99871/2,1037) 2, Azl 2u[3E AR
BA.5 AGY 0] FEeAt ol A= XBB ABY o] A&HHA thepdh A% Wol7t Iz 498 A

27 934G A4FO2 SHFH 20234 89 01F, TF7] K34 AA AA FAM 7

EUHZPE A A2 T 2Ao] a5k Holh FF A2 FAA AS HElsh] AsiH=

oM TF71E vE3 Ve A FSAAEY AA AFHE A o] LA AHolr.

F2 dM0f: L =UvtolH A A4S -19; ZR=YHto|H A I 2uHlo|2 AggS-19 HolHfol# A

Ho|Ql BA.2.75 A"t
A0 2 vErytch Sy
Holl w2t 9] 7<) HEA

U A B2 3T

e

Ol

il

QA GA; =D

S 1, @A1= WHO/Europe COVID-19 A1 522 £ tjA]

HEG A E EREL TEHFO

o2H FFEU19 HYFE

FZYE[H AR HF-19(EZH19 E= COVID-19)= F= A&A oz JePstal AeH1]. sHelA= 20209 14

20199 12€¥ F= SgolA A3 T8E &, AAEA7F+ 202 JHAFATTS ol 4=

(World Health Organization, WHO)°lIA] oF o 3€ 11 o7 FZ}H9 &7 HHLS T
318744 =W &XIAF 34,571,873
o 2023 5€ 5¢ 224 FF B v E FE5HIA AARE 0.1%E 54 FJAS & =

FZY19E HHgo s T4 AAT &, 39 dzte] FAl €

30t F=]l 4ol A=
2 No=, 20234 8¢
, P87 35,934 ¥

A A 24
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& FzydtolH AR Y S-19(Z21H19) JAFFA
FAAEAE E3 S U =19 vl A
ASEAL Q1T

@ M=Z0| &H & HE=27?

20234 ofF, 22119 Ho|2 2] 2u|IE AF Ho] &
ol o]o] XBB A€ Axg vo]2 A9 Sy F1lo] FEE
Att, 20249 BA.2.86 AL JN.1 Ago] $AFLE A
2] A2 Aol o’ Wolg2 dA WAl W Jluit
o0 2 9F2 fle Ao dEF oy AARAYF
oM A&H o= AL Q.

@ AAEZ?

27 WARGY A4FOR S o] F A2 8
29 BAAY AHBL HIsH] S T R BEA 39
9 guold] SE/1E HET Ve 9B SSAAE) 1A
AAZ SAa A2E Pk BAjo] WA Aol

7t F5E Aeiolth2]. olget I2uY19 =7} HlAF Al 7]
ZF5et, 20209 9¥ AHHEH &I @A 44" 2l
AP SAE AGEATE 3659 319 Y Z2H419 Al
AL} A Ha F 6AIE oWl HAF A3t s4lojehs A%
S B3 A A 7|9re2 20219 28,4013 20224 21,234
A9 F=U19 AHAAE S35k TH3.4]. olet sAlo] A
e, $35E, U3 5 HlolgA A= IS HY &

ot, wle}, Zat, def, Quja 2 9 7h AR Holot AT W
o] 59 A%H o] tg3t/] sl 202149 29 KE= A
B 22119 §44 Al (genomic surveillance) A O]
= AT Fofste] 20239 39714 QoA fYH 13,098
9] BlolE EA5It. 2T HolE ZFIN tfet I =
19 Hol& BT o 2, HAA g
of Y=3tATH5,6]. 2 YoAEe Z2U197F HAEAIH

1704

A2l A A4Foz ATHD A%
WA Lo B A et
29 RO A U WolBA ZNE HUFORA,
FEH10% 2 39 99 FEHel IS 1% W
g 9% 712 AmE AFHLA BT

A4 FAdA BE

1]

ol

gHy 9 E 20234

o
-{O]t

=

4

=1y EH
o =

1. 52| @Y T ZLH9 AHF|
FEUAPRSAE AdEA T A= 2023 S=H W
23t PAAA A
o AAgdA A Z2UH9 F54AE EFE Ad=A A
Al 5,027 3= 219 AGHAE FAsHTt. ol
% AR 4" 1,573743 JAAFATE W UHHAR
E|Ql o]z A, HAHY, <ot de] ejgjete] F2ut
9 AR ERE HAY=A A 53071 F7tote] F
2,1037 AA o2 72119 BlolRA S 43

o2
_o|lr,
32
o
K

U9 ADAAE 99 A4 W 29 @ ol o=
AASS AWIATY 49667, YRFAEY 67, AHY
55402 e, R2UH9 HolRae 95 UaAle

oA SJ=d s 7 I AA= 47 oldmAT 342
2, BA 4 1587, Astigd 30°I AHE 1).

2. FZLHQ TIEZIAL I HHOJE E41

AFHA R 219 FAR e Ao what AAE 1
AR & #AHreal-time reverse transcription polymerase
FotAtt7]. Z2UH9 FA
14 HE 744 open reading frame lab (ORFlab)} E (en-

chain reaction)S IZ19

velope) %2+ A&k (cycle threshold value, Ct)& 7|02

ZAAotY}. HH, 2119 Wolyd B2 F21419 Aok
ZAIE ZZ5}o] ORFlab T+ ribonucleic acid [RNA]-

dependent RNA polymerase A Ctgk 25 o[sto| A= 2k
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H1.20239 £87] §34A 4 29 e A @ Hol Y A
2EYQIHZE 2oL OIMZT|Z 8 L
20234 = dg9a dg9a - RIZto| S HMIE] - HAIE)
(1-12%) oI% AL - olgelg @R sty C
TS IHSE ==° RHEE S S
AA 2= 4,966 6 55 5,027 342 158 30 530 5,557
FE2UY-19 FA 1,566 5 2 1,573 S = = 530 2,103
F3E%) 31.5 83.3 3.6 31.3 - - - 100.0 -
o B &Y 1,517 5 2 1,524 309 136 29 474 1,998
(rt-PCR/NGS) (51/1,466)  (0/5) 1/v  (52/1,472) (130/179) (63/73) (21/8) (214/260) (266/1,732)

Hol E A& (%) 96.9 100.0 100.0 96.9 90.4 86.1 96.7 89.4 95.0
IF 21-19 #ol2 A A3 W rt-PCR, NGS. Z21H19=F £Uslo] 2] A7+ Z-19; rt-PCR=real-time reverse transcription polymerase chain
reaction; NGS=next generation sequencing.

At F714E E4(next generation sequencing)”]| &< v
© & gt HAFHAE4 (whole genome sequencing) 02 713
SHAAL, 11 9 Ctgk 33 vt A= 9 Wo] 53(YT}, e,

vk, 2et 9 06)A8)E BEE AN SUA A WA

z a}
1. 29 TITHAHAL

20239 1€7H 128714 =8 W 20 ="
9] Y Z=H19 A4 AA = F 5.02712% g

19 At A3t FAFEL 31.3% (1,5737)8 B} o=
20214 5.0% (1,42371/28,4017)2} 20229 29.0% (6,149
7/21,2347)°) w8 S71H A2 [3,4], 202349 FAHE2

247y AA=FATTF 31.5% (1,5667), AEZATT 83.3%
(54), 94T 3.6% QA= Uetytct. 28 A o7 @3

T= A2UH197F AdF FEEe
319 71€L, 145RE 8Y7HA] 9 B 142710] oFE]
AL, 7 B2 AA7E 9J=FE W= 19 153 450703 7P
FE 84 3554 270 & YEhyth FHEL
9 2257} 55.4% % 7P £, 29 7HAONA 13.8%2 7}

4 ot AT A 2ARe} 2L A4F

o= Hed 84

A olZ=2E=9
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ARH 128704 & 6749 AAF HHol 2 Wt A
ezt 402 ST I™E 1).

2. 2] & F2LH9 EHEIX} sigh
AdA A Z2Y19 Agde =T F9 AR
502782 & 52709 FARERE W=A@=2)o] 4,407
o2 87.7%% AASHAL, olofA F=(258, 5.1%), "
64, 1.3%), LE(42%, 0.8%), B&|W(319, 0.6%) =2
07 yehton, 7IeH4271=) F42 13798 2& 2.7% i
FEHAHIH 24). o213 9] /Y 3871 K574
2 F 83722, A9 209 4= SAE EH 49
A1 79478(15.8%)°1 et A=k, HIEH 54278(10.8%),
]t 39378(7.8%), Hl=t 3787(7.5%), = 3718(7.4%) <=
oz yepdtt AT I21419 FAES tinto] 47.7%=
7H8 &9, ool T3 43.9%, A9A 42.4%F0H, Mg
2 A HlE2 A= Ao 18.5%& UERHLTHLH 2B).
20234¥ 219 Wol&A i Sx17H2,1038)Y] 8=
< 5545478, 21.6%), L2637, 12.5%), HIEH(173
3, 8.2%), WI=(161%, 7.7%), B=H(137, 6.5%) SolA 5
2 d=e AoR Ueon, 3], 20229 129%E S+
o] Z2U19 WA tFES FIstHaA A2t S
F2UH19 F FY GFOZ 12¥9& T Y=o] g+

o

e

e

1=]
gL
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J31.202349 8 2219 A 7‘%*} iioP
F 2} 9=F 2UHlo|HATFEZ-19

A 22
31,0.6%
e

42,0.8% 7|E} 42702
o= 137,2.7%
64, 1.3%

=

258, 5.1%

&=

)

0l=

o=

e

CHEE (29, 0.6%)
FHLICE (17, 0.3%)
OIZIH|A[O} (16, 0.3%)
HEL (13, 0.3%)
oA (13, 0.3%)
7|Et 4271=

goooooermen

5=
4,407, 87.7%

B A4 ==
320 B
—— YHE(%) - 60

09
<+ 0x
= T

4
(%)

% & X X o KR oy X % % 7 N
DR G O A IR SR AR g g g g
A % % ALY SR KO
& T ¥y 4@

7

73 2. 909 £ 257 9394 34 L H3E S
(%) AL 4. (B) 4] 2091 ST Y. T2LHO=T Euprlo] AT AF-19

1706 www.phwr.org Vol 17, No 41, 2024


http://www.phwr.org

2 AN, olF 4-7AAE BR W BT A SR
Q<o) Bore Ao Uehdthd 3). 1800k 3374504
2t 55319 9| A SAHLAE, AAA AL
2 F21H19 93} Ho] AxHoR Aggo] tet AAY
H7h BARA 12800 34RO 480 Zzho 84

A7F 2l At

W19 AGHAF Cigkg Farsto] 1,7324

AAEA S Bof AT L u|IE AR ¥
2567(13.3%) +
100.0% U229 Q153 FZ1419 Ho]

AAFAT 1,5174, AZ=ASF 54, o

g "ol 7% 187(1.0%) 22 Uettod, 53] Axe XBB

Ao §o] ALEHA FQ AE WHoll XBB.1.5 244
71(14.1%), XBB.1.9.1 17371(10.0%), XBB.1.16 1727
(9.9%), XBB.2.3 4471 (2.5%), XBB.1.9.2 4371(2.5%) =4
9ol 2A5lE A o7 VEGTHIE 2). WHOOIA A=Y
9 wo](variants of interest) ¥ ZUYE Ho|(variants
under monitoring) 4 2.2 Wo|& BAT A}, A¥| 714
+ BA.2.75 A€ W BN.1(57), CH.1.1(207)), CJ.1(631) &
o] §-do] A= T, E5], 20249 I SAFOE et
U3l 9l BA.2.86 AIE9] IN.1 #ol& 1290 T, =]
Aloh 9l A7 2 E B 3700] fYE AR UEgtHES
1% 1: available online, ¥ 2). oF&2 BA.5 7
A9 FAFSHA BE.7(2071), BQ.1(37), BQ.1.1(394) 8
AR Hol7F 3974 R E A= FRIESIT QuaE A

Z3 XBB AQY 9] FUS AT AHKAE e,

92 BA.2.75

A% 274, ol W RAT 3007, A MY 1364, AskhEY  E3], 74 74 ¥o|9d XBB.1.16, XBB.1.5, XBB.1.19.1
20708 Uehitom WolEAES Aod oF ARolNE 2 77 1724, 24474, 173402 HEY, 0|, Y& 5o
96.9%2F YT =AlEl = 86.1% oldo] 24d Aoz yet A F= Ao 7HF @ol #YdE ALz YeEH. oF,
oA 1). XBB.1.169] A% ¥o|Ql HF.13 XBB.1.9.29] A& ®Ho|<l
QUIIE A|F- HolE K] £f5] Y H a9 A EG.52t HV.1°0] 7} 54(Z24), 9¥(¥2 5 971=), 10
AR A, 20239 ¢ ol SHE fdE & (U1, ZHEER) fYE AoE SHIHY. XBB AEE Al
U282 24 BA.2 A 23371(13.5%), BA.5 AE 2427 ot Mz Ao FA2 7E7HA] ERIE AL, E3] XBF
(14.0%), A= XBB A€ 1,2397(71.5%), L 2| 7k A= Hole Iy ok fE ARFHOIZ(F 103), TFolA
100 - p—
90 | 2854, 137 SRk TR B QIA[o, 1
801 e R sz 0| | SR 43| | as 219 | | 2102 1971528 ;";‘;’22 Jer2, 1 ZECOL 1 | [ QI=HIAIOF 1
s s | | um1
60 [Tur s | g Rs | | ame | | o & o
o 50 IER, 17 TERY =¥ 215 = - :
H 0j=, 18 Ei=, 12 : = oI 18 ; ol
H 40 A ' Bz | | SoE | | memss | Moo fomeloh7 | | ozm s Bl 2 e, 1
30 - 252 202l 14 HIEY, 36 01, 36 o
22,300 o= 1 M= 25 || e oI, 1 0jz 1 52,2
20 —y 02, 36 #Eg, 60
2273 YA, 20 o 53 o =W, 9 333
101 02, 25 U 40 22, 68 - B s21
0 T T T T T T T 1
12 2 3g 48 5% 6% 7€ 8e og 10¢ 1¢ 12¢
7Y 3. BRIl 27 95 -19 Mol A o she) A% A U UE BF
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E2 903 Fa @ e A% vo] 98 A4S AAEY A%

HM

B 2351 & TRLHQ HO|2A 2N Ew3 HCHHO| 2 Y Lzt
=H=E O S s 46567800012 HH @ (#01=)

BA.2.* BA.2.3* 9(0.5) 6 92(2), 4712 E(2),
(233, 13.5%) 4224(2)

BA.2.75.* 190 11.0) 31 <¥£40)
-BN.1 5(0.3) 3 YE(Q), HEZYTE
=(2)
-CH.1.1 20 (1.2) 12 HEZ(4)
-CJ.1 6(0.4) 6 &), "=Q), =
1), ZFA(1), ol A
A(1), o]HE()
BA.2.86.1.1 I 3(0.2) 3 F2(1), A=HAOH),
(=JN.1) A7FEE(1)
BA5.* BA5.* 180 (10.4) 28 =(90)
(242, 14.0%)  -BE7 20(1.2) 3 =18
-BQ.1 3(0.2) 3 2HRI1), ol&E o),
A1)
-BQ.1.1 39 (2.3) 15 9£(12)
Recombinant ~ XBB.* 547 (31.5) 47  4E@®7)
XBB family  XBB.1.16 172 (9.9) 29 HIEH(3I)
(1,239, 71.5%)  —HE1 B 1.1 1 =g90)
XBB.1.5 244 (14.1) 41 m=(50)
XBB.1.9.1 173 (10.0) 35 <£(19)
XBB.1.9.2 43 (2.5 21 HEY), ZFHAE)
-EG.5 13 (0.8) 9 dE®?)
-HV.1 [ | 2(0.1) 2 E=), 7R
XBB.2.3 44 (2.5) 20 YE(9)

Other XAY B 1(0.1) 1 ZA()
recombinant  XBC 2 (0.1) 2 HES®Q), A1)
variants XBF 10 (0.6) 7 3%

(18,1.0%  xpy 200.1) 1 AZHAloHQ)
XBK 1(0.1) 1 FE79s8=(1)
XBL B 1(0.1) 1 230
XBW B 100.1) 1930

1,732 (100.0)

BA.2.3.*2 BA.2.39 HE A¥ A% #Ho|Z I3k BA.2.75.*% BN.1, CH.1.1, CJ.1& ATt BA.2.759 HE AJE o] I3}k BA.5.*= BE7,
Ho] E9} XBB.*= XBB.1.16, XBB.1.5, XBB.1.9.1, XBB.1.9.2, XBB.2.32 A|9|3t & A %3} Ho|=

BQ.1, BQ1.1& AJet BA59 BE A&
25 A 219=3 ZLputol A% GF-19.

40.0%7F F-J€ A& Yegteh

Ao 2 9] §9 F8 Al Wol59
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Diagnosis Testing and Variant Analysis of Coronavirus Disease 19
Imported from Abroad Conducted by the Capital Regional Center
for Disease Control and Prevention in 2023
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lI-Hwan Kim?, Jin Sun No? Chae young Lee?, Eun-Jin Kim?, Hyuk Chu', Jeong-Gu Nam'*
'Division of Laboratory Diagnosis and Analysis, Capital Regional Center for Disease Control and Prevention, Korea Disease Control and

Prevention Agency, Incheon, Korea, “Division of Emerging Infectious Diseases, Department of Laboratory Diagnosis and Analysis, Korea
Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

From January to December 2023, the Division of Laboratory Diagnosis and Analysis at the Capital Regional Center for
Disease Control and Prevention conducted coronavirus disease 2019 (COVID-19) diagnostic testing on 5,027 respiratory
specimens requested by quarantine stations within the center. Individuals with respiratory symptoms who were subjected to
the tests had travelled from 83 countries, 87.7% of whom were Koreans. The positive rate for COVID-19 was 31.3% (1,573
cases), with Taiwan having the highest infection rate (47.7%) and Indonesia the lowest (18.5%) among the top 20 countries of
departure. During this period, the analysis rate for COVID-19 variants, including 530 positive specimens collected at private
diagnostic testing centers at Incheon International Airport, was 95.0% (1,998 out of 2,103 cases). At the beginning of the
year, there was a notable influx of the omicron subvariants BA.2.75 and BA.5. Subsequently, the continued introduction of the
recombinant XBB series resulted in a variety of subvariants entering the country. After COVID-19 was downgraded to a class
4 infectious disease in August 2023, there was a sharp decline in the collection of specimens from symptomatic respiratory
patients, necessitating research into new methods for monitoring pathogens from abroad. To prepare for a possible resurgence
of new pathogens, efforts are needed to collect specimens from symptomatic individuals with respiratory and other diseases at

primary gateways of the country, such as airports and ports.

Key words: COVID-19; SARS-CoV-2; COVID-19 variants; Genomic surveillance; Seoul metropolitan area

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

Introduction pandemic on March 11, 2020. After more than 3 years of on-
going surveillance, the global public health emergency con-

Following the initial outbreak of coronavirus disease cluded on May 5, 2023. A dashboard and interactive platform
2019 (COVID-19) in Wuhan, China, in December 2019, the have been established through the WHO/Europe COVID-19

World Health Organization (WHO) declared COVID-19 a Information Hub to continuously monitor the disease [1].
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Key messages
(D What is known previously?

The Korea Disease Control and Prevention Agency con-
tinuously monitors coronavirus disease 2019 (COVID-
19) introduced from abroad by performing diagnostic
tests and whole-genome sequencing on symptomatic
respiratory cases at airports and ports within the capital
region.

(@ What new information is presented?

The XBB became prominent in 2023, and by 2024, the
JN.1 of BA.2.86 became dominant. They have not been
found to affect vaccine immunity or disease severity sig-
nificantly, but the World Health Organization continu-
ously monitors them.

® What are implications?

Following the downgrading of COVID-19 to class 4,
new methods for sampling arrivals with respiratory dis-
eases at airports and ports are needed to prepare for the
resurgence of new pathogens from abroad.

In the Republic of Korea (ROK), the first confirmed case of
COVID-19 was a Chinese woman in her 30 who arrived
at Incheon International Airport on January 20, 2020. By
August 31, 2023, ROK had officially recorded 34,571,873
domestic confirmed cases and 35,934 deaths, amounting to
a fatality rate of 0.1%. Subsequently, the government discon-
tinued the investigation of all COVID-19 cases [2]. During
this national emergency, ROK established the Korea Disease
Control and Prevention Agency (KDCA) in September 2020.
Concurrently, the Division of Laboratory Diagnosis and
Analysis at the Capital Regional Center for Disease Control
and Prevention was created. This new division conducted
28,401 COVID-19 tests in 2021 and 21,234 in 2022, em-

ploying a 365-day imported COVID-19 surveillance system

1712

and a rapid reporting system that delivers test results within 6
hours of receiving the test samples [3,4]. To address the con-
tinual emergence of alpha, beta, gamma, delta, and omicron
variants, along with their subvariants and recombinant forms,
which have impacted the risk profile of the virus, including its
transmissibility, severity, and immune evasion, the Division
of Laboratory Diagnosis and Analysis actively participated in
the KDCA’s COVID-19 Genomic Surveillance project from
February 2021 to March 2023. During this period, it analyzed
13,098 variants introduced from outside ROK and reported
various COVID-19 variants, including recombinant ones, to
aid in establishing national epidemic prevention strategies for a
preemptive response [5,6]. In this article, we present the results
of our testing and variant analysis of imported COVID-19 in
2023, conducted in response to the policy shift from classify-
ing COVID-19 as a class 2 to a class 4 legal communicable dis-
ease and transitioning from total surveillance to surveillance
based on positive samples. This information provides founda-
tional data for developing preventive measures to prepare for

future imported infectious diseases like COVID-19 [2].

Methods

1. Imported COVID-19 Samples

The Division of Laboratory Diagnosis and Analysis at the
Capital Regional Center for Disease Control and Prevention
performed COVID-19 tests on 5,027 samples collected from
symptomatic international arrivals during their quarantine at
Incheon Airport National Quarantine Station (including the
Gimpo Airport Branch) and Incheon National Quarantine
Station in the Seoul metropolitan area in 2023. Of these

samples, 1,573 tested positive for COVID-19. Additionally,
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530 samples from international travelers were identified as
COVID-19 positive through private testing centers at Incheon
International Airport, including EONE Laboratories, Myongji
Hospital, and Inha University Hospital. Together, these 2,103
samples (1,573+530) were analyzed for COVID-19 vari-
ants. Samples referred for COVID-19 testing from quaran-
tine stations at airports and ports totaled 4,966 from Incheon
International Airport, six from Gimpo International Airport,
and 55 from Port of Incheon. Furthermore, the number of im-
ported positive samples referred from private testing centers
for variant analysis included 342 from EONE Laboratories,
158 from Myongji Hospital, and 30 from Inha University
Hospital (Table 1).

2. Methods for COVID-19 Testing and Variant
Analysis

For COVID-19 testing, real-time reverse transcription

polymerase chain reaction (real-time RT-PCR) was conduct-
ed following the official COVID-19 laboratory testing guide-
lines [7]. The COVID-19 positivity was determined based on
the cycle threshold (Ct) values of the open reading frame ab
(ORFlab) and envelope (E) genes, which are the primary tar-
gets for COVID-19 detection. Variant analysis was conducted
based on these test results. Whole-genome sequencing using
next generation sequencing technology targeted the ORFlab
or ribonucleic acid (RNA)-dependent RNA polymerase genes
for samples with a Ct value of 25 or lower. For samples with
a Ct value of 33 or less, a real-time PCR test was employed to
identify the five major variants (alpha, beta, gamma, delta, and

omicron) [5].

Table 1. The status of COVID-19 diagnostic testing and variant analysis for respiratory symptomatic individuals from abroad
in 2023
National Incheon National
Airport Incheon Private diagnostic testing centers at
Quarantine Quarantine Incheon International Airport
2023 Station Station Total Total Grand
(Jan—Dec) g - o (total)
neneon Klmpo Incheon EONE Myongji nna
International International Port Laboratories Hospital University
Airport Airport P Hospital
Testing request 4,966 6 55 5,027 342 158 30 530 5,557
COVID-19 1,566 5 2 1,573 - - - 530 2,103
positive
Positive rate (%) 315 83.3 3.6 313 - - - 100.0 -
Variant analysis’ 1,517 5 2 1,524 309 136 29 474 1,998
(rt-PCR/NGS)  (51/1,4606) ©0/5) 1/ (52/1472)  (130/179)  ©63/73)  (21/8)  (214/260) (266/1,732)
Variant analysis 969 100.0 100.0 969 90.4 80.1 96.7 89.4 95.0
rate (%)
“Methods for analyzing COVID-19 variants: rt-PCR, NGS. COVID-19=coronavirus disease 2019; rt-PCR=real-time reverse transcription
polymerase chain reaction; NGS=next generation sequencing.
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Results

1. COVID-19 Tests

From January to December 2023, a total of 5,027 import-
ed COVID-19 suspected samples were referred to quarantine
stations in the Seoul Metropolitan Area, with a positive rate of
31.3% (1,573 cases). This rate was higher than that of 5.0%
(1,423 out of 28,401 cases) in 2021 and 29.0% (6,149 out
of 21,234 cases) in 2022 [3,4]. Specifically, the positive rates
in 2023 were 31.5% at Incheon International Airport, 83.3%
at Gimpo International Airport, and 3.6% at Port of Incheon.
Until August 31, when COVID-19 was reclassified as a class
4 infectious disease, the average number of samples requested
weekly from January to August was 142, with a peak of 450
samples in the first week of January and a low of two samples in
the 35th week of August. The highest weekly positive rate was
55.4% in the 22nd week of June, and the lowest was 13.8% in
the 7th week of February. Following the reclassification to class
4, similar to influenza, the average weekly number of received
samples dropped significantly to 4, totaling 67 samples from

September to December (Figure 1).

2. Status of Imported COVID-19 Cases

Of the 5,027 international arrivals referred for COVID-19
testing during the quarantine phase, individuals hailed from
52 countries. The majority were Koreans (4,407, 87.7%), fol-
lowed by arrivals from China (258, 5.1%), the United States
(USA) (64, 1.3%), Japan (42, 0.8%), and the Philippines (31,
0.6%), with the remaining 137 cases were from across 42 oth-
er countries (2.7%) (Figure 2A). A total of 83 countries were
the origin of departure for these cases, with the top origins
being Japan (794, 15.8%), Vietnam (542, 10.8%), the USA
(393, 7.8%), Thailand (378, 7.5%), and China (371, 7.4%).
The highest COVID-19 positive rates among these were from
Taiwan (47.7%), Australia (43.9%), Switzerland (42.4%), and
Indonesia (18.5%) (Figure 2B). In 2023, the major countries
of departure for cases (2,103) analyzed for COVID-19 vari-
ants were China (454, 21.6%), Japan (263, 12.5%), Vietnam
(173, 8.2%), the USA (161, 7.7%), and Thailand (137, 6.5%).
Notably, arrivals from China dominated in January and
February following the lifting of most Chinese COVID-19
restrictions in December 2022, while arrivals from Japan
and Vietnam were more frequent from April through July

(Figure 3). January saw a record 553 confirmed cases from 33
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Figure 1. Weekly status of COVID-19 diagnostic testing in 2023

COVID-19=coronavirus disease 2019.
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Figure 2. Nationality of respiratory symptomatic individuals from abroad and positive rates by countries of departure
(A) Nationality of international arrivals. (B) Positive rate by top 20 countries of departure. COVID-19=coronavirus disease 2019; USA=United

States of America; UK=United Kingdom.

countries, while in December, there were only four confirmed
COVID-19 cases from three countries, as global relaxations
in COVID-19 restrictions led to a sharp decrease in sample

requests.

3. Analysis of COVID-19 Variants
Of the total 2,103 COVID-19 samples, 1,998 (95.0%)
were analyzed for omicron variant typing (Table 1). Based on

the Ct values from COVID-19 tests, 1,732 samples (86.7%)

www.phwr.org Vol 17, No 41, 2024

underwent whole-genome sequencing for recombinant
and omicron subvariants, while the remaining 256 samples
(13.3%) were tested through real-time PCR for the five ma-
jor variants, confirming 100.0% of them as the omicron
type. Variant analysis was conducted on 1,517 samples from
Incheon International Airport, five from Gimpo International
Airport, two from Port of Incheon, 309 from EONE
Laboratories, 136 from Myongji Hospital, and 29 from Inha

University Hospital. The variant analysis rate was 96.9% for
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Figure 3. Monthly status of departure countries of coronavirus disease 2019 confirmed cases from abroad subject to variant

analysis
USA=United States of America.

quarantine station-referred samples and over 86.1% for those
from private medical centers (Table 1).

Whole-genome sequencing helped identify several omi-
cron subvariants introduced into ROK from other countries
during 2023: the BA.2 family (233 cases, 13.5%), BA.5 fam-
ily (242 cases, 14.0%), recombinant XBB family (1,239 cases,
71.5%), and seven other recombinant variants (18 cases, 1.0%).
The recombinant XBB family subvariants, including XBB.1.5
(244 cases, 14.1%), XBB.1.9.1 (173 cases, 10.0%), XBB.1.16
(172 cases, 9.9%), XBB.2.3 (44 cases, 2.5%), and XBB.1.9.2
(43 cases, 2.5%), were predominantly introduced into ROK
(Table 2). In the analysis of variants designated by WHO as
variants of interest and variants under monitoring, the first half
of the year saw the identification of BN.1 (five cases), CH.1.1
(20 cases), and CJ.1 (six cases) within the BA.2.75 family.
Notably, the JN.1 variant of the BA.2.86 family, projected as
the dominant variant in the country in 2024, had three cases
reported in December from China, Indonesia, and Singapore
(Supplementary Figure 1; available online, Table 2). Similarly,
the BA.5 family, akin to the BA.2.75 family, was identi-
fied in March with major subvariants BE.7 (20 cases), BQ.1

(three cases), and BQ.1.1 (39 cases). The imported omicron

1716

recombinant XBB family was consistently observed throughout
the year. Notable surveillance variants such as XBB.1.16 (172
cases), XBB.1.5 (244 cases), and XBB.1.19.1 (173 cases) were
primarily introduced in the first half of the year, mainly from
Vietnam, the USA, and Japan. Additionally, HF.1 (a subvariant
of XBB.1.16) and EG.5 and HV.1 (subvariants of XBB.1.9.2)
were identified in May (Philippines), September (nine coun-
tries including Japan), and October (USA and Qatar), respec-
tively. Apart from the XBB family, new recombinants were
detected by July, with XBF variants being the most introduced
recombinant variants to the country (10 cases total), 40.0%
originating from Australia.

Overall, the major origins of the notable imported subvari-
ants varied monthly, with Japan as the predominant origin for
the BA.2.75 family, China for the BA.5 family, and Japan, the
USA, and Vietnam for the XBB family (Table 2).

Discussion

In 2023, the Division of Laboratory Diagnosis and
Analysis at the Capital Regional Center for Disease Control

and Prevention conducted COVID-19 tests on respiratory

www.phwr.org Vol 17, No 41, 2024
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Table 2. Monthly status of whole genome sequencing analysis for VOI and VUM of omicron
. _ Monthly COVID-19 variant analysis st No. of Cguntry wjth fche most
Omicron Subvariants departure variant entries into Korea
2 345678 9101 12 cout() countries (no. of variants)
BA.2* BA2.3* 9(0.5) 6 Japan (2), Singapore (2),
(233, 13.5%) Philippines (2)
BA.2.75.* 190 (11.0) 31 Japan (40)
-BN.1 50.3) 3 Japan (2), Tiirkiye (2)
-CH.1.1 20(1.2) 12 Vietnam (4)
-CJ.1 60.4) 6 Japan (1), USA (1),
UK (1), France (1),
Israel (1), Egypt (1)
BA.2.86.1.1 30.2 3 China (1), Indonesia (1),
END) I Singapore (1)
BAS* BAS* 180 (10.4) 28 China (90)
(242, 14.0%) -BE7 20(1.2) 3 China(18)
-BQ.1 3002 3 Spain (1), Italy (1),
France (1)
-BQ1.1 39(2.3) 15  Japan(12)
Recombinant XBB.* 547 (31.5) 47 TJapan 87)
XBB family XBB.1.16 172 (99) 29 Vietnam (31)
(1,239, 715%  -HE1 B 10.) 1 Philippines (1)
XBB.15 244(14.1) 41 USA (50)
XBB.19.1 173 (10.0) 35 Japan (19)
XBB.19.2 43(2.5) 21 Vietnam (4), France (4)
-EGS5 130.8) 9  Japan(3)
~HV1 B 20.0) 2 USA(). Qatar (1)
XBB.2.3 44(25) 20 Japan(9)
Other XAY . 10.1) 1 France (1)
recombinant XBC . 2(0.1) 2 Vietnam (1), France (1)
variants XBF 1000.6) 7 Australia (4)
(18, 1.0%) XBJ 20.1) 1 Indonesia (2)
XBK 101 1 Tirkiye (1)
XBL B 10.1) 1 Hong Kong (1)
XBW B 10D 1 UKQ
1,732 (100.0)
BA.2.3.* includes all subvariants of BA.2.3; BA.2.75." includes all subvariants of BA.2.75, except for BN.1., CH.1.1, and CJ.1; BA.5.*
includes all subvariants of BA.5, except for BE.7, BQ.1, and BQ.1.1; XBB* includes all kinds of XBB subvariants, except for XBB.1.16,
XBB.1.5, XBB.1.9.1, XBB.1.9.2 and XBB.2.3. VOI=variants of interest; VUM=variants under minitoring; COVID-19=coronavirus disease
2019; USA=United States of America; UK=United Kingdom.

symptomatic samples referred from the Incheon Airport Na-
tional Quarantine Station, Incheon National Quarantine Sta-

tion, and private medical centers within Incheon International

www.phwr.org Vol 17, No 41, 2024

Airport. A total of 5,027 samples were referred from these
quarantine stations, yielding a COVID-19 positivity rate of

31.3% (1,573 cases). Of these, 1,732 positive samples were
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analyzed and found to include major WHO-designated omi-
cron subvariants (e.g., BN.1, BE.7, and EG.5), through whole-
genome sequencing. This effort was crucial in contributing
to the quarantine response to prevent the introduction of
COVID-19 into the country. However, with the downgrading
of COVID-19 to class 4, the surveillance system shifted from
total to positive sample surveillance, substantially reducing
the number of sample requests from symptomatic respiratory
cases. This shift necessitates exploring new methods to moni-
tor imported pathogens. From January to May 2024, only 39
samples from internationally introduced cases were referred
at the quarantine step in the Seoul Metropolitan Area—a stark
decrease from the 4,286 cases in the same period the previ-
ous year, marking a 99.1% reduction. A total of 12 COVID-19
variants were analyzed, which confirmed the introduction of
subvariants of BA.2.86 family including JN.1 family (seven
cases from China and Thailand) and KP family (two cases
from Taiwan and the United Kingdom) as well as HK family
(two cases from Japan), a subvariant of XBB.1.9.2 family, and
new recombinant XDP (one case from Taiwan).

As of June 2024, the WHO reported that JN.1 from the
BA.2.86 family and EG.1 from the XBB.1.9.2 family con-
tinue to be detected globally as the dominant omicron sub-
variants. Additionally, subvariants of JN.1, including JN.1.7,
KP.2, KP.3, and JN.1.18, were designated as variants under
monitoring, indicating a continued global prevalence of the
JN.1 family alongside a decrease in previously prevalent XBB
subvariants [8]. Although these omicron subvariants have not
considerably impacted vaccine efficacy or increased disease se-
verity to date, ongoing characterization of COVID-19 variants
through whole-genome sequencing alongside rapid testing

is essential to prepare for potential new pandemics, given the

1718

unpredictable emergence of new variants.

Incheon International Airport, Gimpo International Air-
port, and the Port of Incheon, located in the Seoul Metropoli-
tan Area, serve as major gateways for international arrivals in
ROK and are pivotal in the surveillance and characterization of
imported infectious diseases. To effectively prevent the entry of
these diseases and implement robust quarantine measures, the
Division of Laboratory Diagnosis and Analysis at the Capital
Regional Center for Disease Control and Prevention plans
to continue monitoring the emergence of new COVID-19
variants through a dedicated pathogen testing system in the

country.
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AT SHEAAT LS 20069 = HIV/AIDS 2 EHFE 53519 human immunodeficiency virus (HIV) 9ol
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< Y9 oF 10%7F st b+t 8= 1670 9&2718) LR EATE F AFWIAE 2,177980°19 fAE2 o 65.6%
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A S (acquired immunodeficiency syndrome, United Nations Program on HIV/AIDS, UNAIDS)9] .1l
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S HIFo| A& F7FstaL Qlof o]&5 Ao & B ofite
o oiglo] & Qslct. g EZHIo]HAA (anti retroviral
therapy, ART) A2t A3 2] CD4+T A& 4= 2001-2003
4 1617 (cell/mm>®)elA 2013-20159 2737(cell/mm?>)

2 EA50] ARTE ¥ © ¥y AI&T 5= e FF tdo]
Zosty BE A S7F 9 g 3to] =g HIV 449
T A7 A e o o 2 maysfof g Aot

7H(3,310%H-4,5709) o] BESHL Qle A0 F4l6l3
t}. UNAIDS= 20309704 HIV 4 QUAE 95%, A &5&
95%, HtolH A AAE 95%F HRE A Aot olF G4t
7] §1gt FAAE Y F2E Xt 9tk 19859 6¥ =W
A HIV ZrgQlo] it o]F 20234 W7kA| =2 Y=l 7+
Q2 19,74570|H o]F AL HIV THA2 16,4679F0]
th. 20234 Al9F HIV 7912 1,00590] Al1F 0] 2022
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o] Bl &L 25.5%% AW 22.6% H¥] F7tete 2AE EA
ot ZAF 2= 99.6% (5648)7F 3 AEoll 9Jgt 7Hholql

o o] F B4 7H A HEL 54.3% (306F)0IATh AU A
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%4 3,194%8(19.4%) 2. & v 1 H|5o] F7Fstal leH1-3].
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AH 02 A7 Folo] ST AFA 21779 FA 44
g GAo= SHert.

H(Kaplan—Meier method) 2.2 3745} T}.

2 1
2. 2M U8
7 EAA S RHE AR S Z 2 H (o], AE, A 1, $= HIV/AIDS S EXTO| 2ol 345 U oI
o], A Ak), AGFHEAY/2FY), dI9FE, At Y Qlatsiy EM
3] HAYAH (S, B, 49 F), 7158, dAET A 20069 129 6¥EE 20234 10¥€ 10¥97H4] & 3

JFY 123l HIV/AIDS ¥ 34 5 A7 AE2AAE §AA 2,1779 F 2,07182 o2 BASHHEEHE 1).
HIV ¥, 4o)/#d A% A&, oAU, 7138174, A1 F3H= 1,954%8(94.4%) 02 A7 1178(5.6%)E} Beko.
AAZ, DAL 5 2AF TR AERAA(FE A5 o, to] ¥&i= 30-394] 5997(28.9%), 40-49A] 507
22,3495 BASHATHAl AE&2 FHER-Ttolo] 24 W (24.5%), 20-2941 4217(20.3%) <°lAtt. 55 Al #EH

1. Q7oA /1 9 Qe £4
HE= | (%) =HXH%) O XH(%)
AZ(AD
<20 19 (0.9) 19 (1.0) 0 (0.0)
20-29 421 (20.3) 401 (20.5) 20 (17.1)
30-39 599 (28.9) 575 (29.4) 24 (20.5)
40-49 507 (24.5) 488 (25.0) 19 (16.2)
50-59 333 (16.1) 296 (15.1) 37 (31.6)
>60 192 (9.3) 175 (9.0) 17 (14.5)
A 2,071 (100.0) 1,954 (100.0) 117 (100.0)
FEAR
8= 1,828 (88.7) 1,724 (88.6) 104 (90.4)
4 795 (38.6) 795 (40.9) 0 (0.0)
o4 624 (30.3) 531 (27.3) 93 (80.9)
¥ 405 (19.7) 394 (20.2) 11 (9.6)
2= 4(0.2) 4(0.2) 0 (0.0)
JBFALEE 5(0.2) 5(0.3) 0 (0.0)
| 7 (0.3) 6(0.3) 1.9
FH-SIA A 2(0.1) 2(0.1) 0 (0.0)
FARY 0(0.0) 0 (0.0) 0 (0.0)
7IEH(HE ¢Hsh BE, B4, FAuks, JE ) 219 (10.6) 209 (10.7) 10 (8.7)
A 2,061 (100.0) 1,946 (100.0) 115 (100.0)
CD4 counts (cells/mm?)
<50 64 (3.7) 58 (3.6) 6 (6.0)
<200 234 (13.7) 224 (13.9) 10 (10.0)
<350 352 (20.6) 328 (20.4) 24 (24.0)
<500 395 (23.1) 379 (23.5) 16 (16.0)
=500 665 (38.9) 621 (38.6) 44 (44.0)
A 1,710 (100.0) 1,610 (100.0) 100 (100.0)
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1A%
HE Hx(%) EHXH%) 09 XH(%)
Viral load (copies/ml)
<400 1,036 (65.2) 973 (65.1) 63 (67.0)
<1,000 52 (3.3) 51 (3.4) 1(1.1)
<50,000 311 (19.6) 294 (19.7) 17 (18.1)
>50,000 190 (12.0) 177 (11.8) 13 (13.8)
A 1,589 (100.0) 1,495 (100.0) 94 (100.0)
RN+
o 208 (10.0) 204 (10.4) 4 (3.4)
ofeP 547 (26.4) 520 (26.6) 27 (23.1)
a9 1,316 (63.6) 1,230 (63.0) 86 (73.5)
A 2,071 (100.0) 1,954 (100.0) 117 (100.0)
@A regimen T7(FESH)
Non-boosted PI 100 (8.7) 90 (8.4) 10 (13.9)
Boosted PI 506 (44.1) 478 (44.4) 28 (38.9)
NNRTI 286 (24.9) 269 (25) 17 (23.6)
NRTI 952 (82.9) 890 (82.7) 62 (86.1)
INI 270 (23.5) 254 (23.6) 16 (22.2)
FI 0(0.0) 0 (0.0) 0 (0.0)
CCR5 0(0.0) 0 (0.0) 0 (0.0)
Z 4 W 5 18*1] o3l & A=z} A9 YA WA AAF AP o B} ‘1. AFIF ol NRTI, NNRTI, PI A G5 Zo shuate ‘1. 9’9l
3% FA W of = l 7433k YokA] WA AAF A8 o 87 ‘1. A|§3Fo]al NRTI, NNRTI, PI YA §5 2% 2. ofjQ el AL kA4 U
4 04—‘%% oo 'R 7& S 99FA] WA AL AJF o 87 2. A|F QbSFol 7L NRTI, NNRTI, PI W4 /-5 2% ‘3. AJ3 oFeH' Y 7-< oA i
SRS QFO.E T OF UV A Al Rk 3. A8 B7F B9 B WV (T, OFA g AL A ol 1 Aggreln

NRTI, NNRTI, PI W3 /5 B5F ZAZolAY oF A WA AN Al o 27 A5Q1 3% oA A o f-5 250 & 7453% Pl=protease inhibitor;
NRTI=nucleoside reverse transcriptase inhibitor; NNRTI=non-nucleoside reverse transcriptase inhibitor; INI=integrase inhibitor, FI=fusion
inhibitors; CCR5=CCR5 antagonists.

2= A H=0] 1,8287(88.7%)& AANUYL B4 T+ A H A A (non nucleotide reverse transcriptase inhibitor) 24.9% %
0] 79578(38.6%), 197t A HFol 62478(30.3%)°1 QIE| 2L o] 2} A| Al (integrase inhibitor) 23.5% <=°] At &
I, 9 AAAY Fo AEFEE 4 A4 ASodY F A AER1Y AUA HARE 43.1%004 A=A 5
(40.9%). 5= Al #ER1Y] CD4+ T AE 527} 2007H(cells/ & Al AU oflo|= HAHI 9 oA F H=5(27.5%)
mm’) Ul WY A5l 2988(17.4%), HIV ribonucleic o] 7P &5kl AH(16.2%), THEASHH(B.7%) w0l
acid (2 2.34}) viral load(HFo]# A §6}) 2|7} 5¥H(copies/ Atk FAoNA = m=(29.1%)°] ddollA= FHZAZH E
mL) °2 1907(12.0%)°1ich. @A FFEzro]H 24 (10.3%)°] 717§ E3HATHE 2).

(antiretrovial therapy, ART)E A|3g A= 1,14878°]

_L4

1, B85t gutolfHAA = JHALE A A Al (nucleoside re- 2. st=2 HIV/AIDS ZSEH9| ZIgol =X 2l =A
verse transcriptase inhibitor)7} 82.9%, T E3]q 4 o)A 7|2t
Al(protease inhibitor, boosted P)7} 44.1%, B HAALE A B2 ISE S2FH YARESL 7/Luttt 2HFRAES
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2. AFARS AIDS B 9 Hojd gt A

| =2 Ofx}
ED gax NEEE o g FEER 0 g dEEe
° Bxt ° Bxt ° Bxt
AIDS x%p,]xl@.

TRIF/2249] o5 2,030 170 8.4 1914 161 8.4 116 9 7.8
‘é'ﬂéﬂlé 2,030 85 42 1914 80 4.2 116 5 4.3
T2AFES 2,030 14 07 1914 14 0.7 116 0 0.0
NHERSS 2,030 1 0.0 1914 1 0.1 116 0 0.0
g AH|gobF 2,030 1 0.0 1914 1 0.1 116 0 0.0
US4 Hg 2,030 4 02 1914 1 0.1 116 3 2.6
535 A3BR1BET 2,030 2 0.1 1914 1 0.1 116 1 0.9
AW AHEE 2,030 9 0.4 1914 8 0.4 116 1 0.9
o & 2,023 557 275 1,908 555 29.1 115 2 1.7
o5 (18A /712 /H /A &) 2,039 72 3.5 1,923 68 3.5 116 4 3.4
HOAHEATAT 2,039 9 04 1,923 9 0.5 116 0 0.0
CMV Z9% 1,634 89 54 1,546 85 5.5 88 4 45
29 1,835 298 16.2 1,737 291 16.8 98 7 7.1
HIV #4 =3 2,036 11 05 1,920 11 0.6 116 0 0.0
134 e HAFAYoHA AAF 2,039 1 0.0 1,923 1 0.1 116 0 0.0
HARIYEAZZOSE 2,039 2 0.1 1,923 2 0.1 116 0 0.0
Aol A A XS 2,039 2 0.1 1,923 2 0.1 116 0 0.0
HSV 3ol g vHd A% 2,039 9 04 1,923 9 0.5 116 0 0.0
S E= WS AR EetAntS 2,039 2 0.1 1,923 2 0.1 116 0 0.0
HHEA ARdtE S 2,039 1 0.0 1,923 1 0.1 116 0 0.0
A Y 2,039 11 05 1,923 10 0.5 116 1 0.9
FHEAZHEH 2,039 177 87 1,923 165 8.6 116 12 10.3
TR e L AL R 2,039 9 04 1,923 9 0.5 116 0 0.0
RS 2,039 10 0.5 1,923 9 0.5 116 1 0.9
HIVY|| 9J3t AR S5 F 2,039 11 05 1,923 11 0.6 116 0 0.0
A543 A3ARYL 2,018 1 0.0 1,905 1 0.1 113 0 0.0
e ¥ A= F 2,018 0 0.0 1,905 0 0.0 113 0 0.0
H7|E gog 2,018 1 0.0 1,905 1 0.1 113 0 0.0
7tEA] &5 2,018 7 0.3 1,905 7 0.4 113 0 0.0
tﬂ‘ﬂOHLH Yoz 2,018 0 0.0 1,905 0 0.0 113 0 0.0

T 7 WA 5 2SuEH

immunodeficiency virus; HSV=herpes simplex virus.

e Ee= 5 5) A9, AIDS=acquired immunodeficiency syndrome; CMV=cytomegalovirus; HIV=human

LSS B, 24 ol FHZA HA g 59

1 ARE FAST $2AEIE Fol WS o1 9
th 109 ol #4 2AHE AHAL 26.7% (554%), 54 o]
4 2HE 2L 55.2% (1,1459)A I B

gHE2 36.2% (750%)01H Sk 2EE
(28.3%) 7V

2 504 o]l
=031 307} 28.0%, 40TH7F 24.0% 40|

1724

o T gHAbE RAAH(11.6%), E2E3](8.9%) <ol
H(3E 3), #9AY] 54 STHARIY At ol FS 55 F 59

ool HAYSFAS].

3. st= HIV/AIDS S E¥9| Z
200649 12€¥95H 20234 109714 52
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Long Term Follow Up of HIV Patients: Insight and Achievement
from a 17 Years ‘Korea HIV/AIDS Cohort Study’ (2006-2023)

Sangmi Ryou, JeongGyu Lee, Oeuk Jeong, Min Jin Go, Jungyeon Kim*

Division of Clinical Research, Center for Emerging Virus Research, National Institute of Infectious Diseases, Korea National Institute of
Health, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

The “Korea HIV/AIDS Cohort Study” was initiated in 2006 to determine the factors affecting the progression of infection
with the human immunodeficiency virus (HIV), onset of acquired immunodeficiency syndrome (AIDS), and resulting death
and to ensure continuous efforts to improve the quality of life of the people infected with HIV. This cohort study was a large-
scale multi-institution (16 medical institutions nationwide) cohort study in which approximately 10% of people living with
HIV (PLWH) in the country participated, with the total number of study participants and the retention rate being 2,177 and
65.6%, respectively. The total numbers of case report forms (CRFs) and human resources (serum and plasma samples) collected
were 22,349 and 15,765, respectively (as of October 10, 2023). Cohort statistics were continuously analyzed to understand the
clinical and epidemiological characteristics of PLWH in the Republic of Korea (ROK). Over the past 17 years, research based
on the Korean HIV/AIDS cohort study has led to the establishment of a robust operating system for cohort-based research,
standardized research methods, and survey tools (such as CRFs) and the development of methods for standardizing and
purifying data collected from multicenter cohorts. Systematic data management using this approach can provide a scientific
basis for national HIV/AIDS prevention and disease management policies. ROK has established the 2nd Acquired Immune
Deficiency Syndrome Prevention and Control Plan (2024-2028) with the vision of “zero new infections, zero deaths, and zero
discrimination.” The plan aims to reduce the number of new infections by 50% by 2030 compared with that in 2023, and

various measures are being implemented to achieve this goal.

Key words: Korea HIV/AIDS cohort study; HIV; Acquired immune deficiency syndrome

*Corresponding author: Jungyeon Kim, Tel: +82-43-913-4810, E-mail: erijykim@korea.kr

Introduction the Joint United Nations Program on HIV/AIDS (UNAIDS),
the cumulative number of people infected with HIV globally

Acquired immunodeficiency syndrome (AIDS) is a chronic was approximately 85.6 million (range, 64.8-113 million) by
infectious disease caused by the human immunodeficiency vi- the end of 2022, of whom 39 million (range, 33.1-45.7 mil-
rus (HIV) and is a highly communicable and fatal disease that lion) were alive. The UNAIDS has set goals of achieving 95%

affects millions worldwide. According to the 2023 report from awareness of HIV status, a 95% treatment rate, and a 95% viral
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Key messages
(D What was known previously?

More than 1,000 new human immunodeficiency virus
(HIV) infections are reported annually in the Republic of
Korea. The incidence rate of infections is progressively
increasing among individuals in their 20s and 30s.

@ What new information is presented?

In this cohort study, the mortality rate among individu-
als living with HIV was 4.0%, and the cumulative sur-
vival rate was 90.4%.

(® What are the implications?

This article reports the infection status and clinical char-
acteristics of participants from a 17-year analysis of the
Korea HIV/AIDS Cohort Study. The cohort study show-
ed a growing proportion of newly infected individuals
in their 20s and 30s, underscoring the need for targeted
preventive management strategies. The analysis indicat-
ed that CD4+ T cell counts at the time of antiretroviral
therapy (ART) initiation increased from 161 (cell/mm’)
in 2001-2003 to 273 (cell/mm’) in 2013-2015. To ad-
dress this issue, government initiatives should prioritize
the rapid initiation of ART and develop comprehensive
chronic health management strategies for PLWH. These
measures are crucial for accommodating the increasing
number of individuals living with HIV infection and ag-
ing population.

suppression rate by 2030, which would require significant in-
ternational cooperation. In the Republic of Korea (ROK), the
first case of HIV infection was reported in June 1985. By the
end of 2023, the cumulative number of Koreans infected with
HIV was 19,745, of whom 16,467 were survivors. In 2023,
1,005 newly identified HIV cases were reported, a decrease of
5.7% (n=611) from the cases in 2022. The proportion of for-
eigners among newly identified HIV cases was 25.5%, show-
ing an increasing trend compared to 22.6% in the preceding

year. In terms of transmission route, 99.6% (n=564) of HIV

www.phwr.org Vol 17, No 41, 2024

infections were acquired through sexual contact, among which
54.3% (n=306) were acquired through homosexual contact. In
terms of age among newly identified HIV cases, those in their
20s and 30s accounted for 64.1%. As of 2023, the number of
Koreans living with HIV was 16,467, with an increase of 591
(3.7%) from that in the preceding year (n=15,876). Among
these patients, the number of those aged 60 years or older was
3,194 (19.4%), a proportion that continues to rise annually
[1-3].

HIV/AIDS is recognized as a major global public health
issue, and research and responses to it are receiving close at-
tention. Regional studies, in particular, are needed to under-
stand and address the specific circumstances of each country
[4]. To provide important related data and establish a founda-
tion for a deeper understanding and more effective responses,
the Korea National Institute of Health is conducting the Korea
HIV/AIDS Cohort Study by establishing a multicenter, open-
label cohort. Since 2006, the Korea HIV/AIDS Cohort Study
has gathered data and resources from approximately 2,177
subjects across 16 medium- and large-sized general hospitals
nationwide, involving approximately 10% of all HIV-infected
persons based on data from the Korea Disease Control and
Prevention Agency (KDCA).

This study collected more objective and representative data
to estimate the survival time for individuals infected with HIV/
AIDS, evaluate HIV dynamics over time, assess the effects of
medications on survival, determine optimal treatment tim-
ing and drug regimens, evaluate treatment resistance, monitor
HIV variations and host genetic factors, investigate the impact
of HIV on opportunistic infections, and explore the natural
progression of HIV (e.g., incidence of AIDS, survival rate) in

HIV-infected individuals in ROK. These efforts aim to help
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extend the survival of HIV-infected persons, improve their
quality of life, enhance prevention and management strategies,
and promote further AIDS research. This study used annual
statistics from the 2023 annual report of the Korea HIV/AIDS
Cohort Study Project (2022-ER1901-01), which is being con-

ducted as a policy research service project.

Methods

1. Subjects

The subjects of the HIV/AIDS Cohort Study included 2,177
HIV-infected Koreans aged 18 years or older (the cumula-
tive number of those with maintained follow-up) who were
confirmed as HIV-positive between December 6, 2006, and
October 10, 2023. Each participant was thoroughly informed
about the study by a participating hospital and voluntarily

agreed to participate.

2. Analysis

Basic information (age, sex, age at diagnosis, year of di-
agnosis), health behavior (smoking/drinking history), trans-
mission route, sociopsychological status (depression, anxiety,
quality of life), family history, past history, vaccination history,
and HIV/AIDS-related symptoms (as indicated through both
self-administered and investigator-completed questionnaires)
were analyzed. A total of 22,349 questionnaires were collected,
covering patients’ HIV history, diagnosis and relevant diseases,
treatment history, drug resistance, opportunistic infections,
anthropometric measurements, and clinical examinations [4].

Survival rates were estimated using the Kaplan-Meier method.

1730

Results

1. Epidemiology Characteristics of HIV-Infected
Individuals in the Korea HIV/AIDS Cohort
Study
Out of the 2,177 patients whose follow-up was main-

tained from December 6, 2006, to October 10, 2023, 2,071

were analyzed (Table 1). The number of male patients (1,954

[94.4%]) was significantly higher than the number of female

patients (117 [5.6%]). By age group, the largest proportion was

those aged 30-39 years (599 [28.9%]), followed by those aged

40-49 years (507 [24.5%]) and those aged 20-29 years with

421 [(20.3%)]). In terms of transmission routes at the time of

registration in the cohort study, 1,828 (88.7%) patients con-

tracted HIV through sexual contact, with homosexual contact
accounting for 795 cases (38.6%) and heterosexual contact ac-
counting for 624 cases (30.3%). For HIV-infected males, the

main transmission route was homosexual contact (40.9%).

There were 298 (17.4%) immunocompromised patients with

a CD4+ T cell count of <200 cells/mm® and 190 (12.0%) pa-

tients with HIV ribonucleic acid viral loads >50,000 copies/

mL. There were 1,148 patients who were currently undergoing

antiretroviral therapy (ART). The most commonly used anti-

retroviral drugs were nucleoside reverse transcriptase inhibi-
tors at 82.9%, followed by protease inhibitors at 44.1%, non-
nucleotide reverse transcriptase inhibitors at 24.9%, and inte-
grase inhibitors at 23.5%. Drug resistance testing at the time
of registration was performed in 43.1% of patients. In terms
of AIDS-related diseases, syphilis (27.5%) was the most com-
mon, followed by tuberculosis (16.2%) and pneumocystis cari-
nii pneumonia (8.7%). Among male patients, syphilis (29.1%)

was the most common, whereas among female patients,

www.phwr.org Vol 17, No 41, 2024
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Table 1. Baseline characteristics of enrolled participants

Characteristic Total (%) Male (%) Female (%)
Age (yr)
<20 19 (0.9) 19 (1.0) 0 (0.0)
20-29 421 (20.3) 401 (20.5) 20 (17.1)
30-39 599 (28.9) 575 (29.4) 24 (20.5)
40-49 507 (24.5) 488 (25.0) 19 (16.2)
50-59 333 (16.1) 296 (15.1) 37 (31.6)
>60 192 (9.3) 175 (9.0 17 (14.5)
Total 2,071 (100.0) 1,954 (100.0) 117 (100.0)
Transmission route
Sexual contact 1,828 (88.7) 1,724 (88.6) 104 (90.4)
Homosexual 795 (38.6) 795 (40.9) 0 (0.0)
Heterosexual 624 (30.3) 531 (27.3) 93 (80.9)
Bisexual 405 (19.7) 394 (20.2) 11 (9.6)
Unknown 4(0.2) 4(0.2) 0 (0.0)
Injectin drug user 5(0.2) 5(0.3) 0(0.0)
Transfusion 7 (0.3) 6(0.3) 1(0.9
Blood clotting factors 2(0.1) 2(0.1) 0(0.0)
Vertical transmission 0 (0.0) 0 (0.0) 0 (0.0)
Others 219 (10.6) 209 (10.7) 10 8.7)
Total 2,061 (100.0) 1,946 (100.0) 115 (100.0)
CD4 counts (cells/mm?)
<50 64 (3.7) 58 (3.6) 6 (6.0
<200 234 (13.7) 224 (13.9) 10 (10.0)
<350 352 (20.6) 328 (20.4) 24 (24.0)
<500 395 (23.1) 379 (23.5) 16 (16.0)
=500 665 (38.9) 621 (38.6) 44 (44.0)
Total 1,710 (100.0) 1,610 (100.0) 100 (100.0)
Viral load (copies/ml)
<400 1,036 (65.2) 973 (65.1) 63 (67.0)
<1,000 52(3.3) 51 (3.4) 1(1.1)
<50,000 311 (19.6) 294 (19.7) 17 (18.1)
>50,000 190 (12.0) 177 (11.8) 13 (13.8)
Total 1,589 (100.0) 1,495 (100.0) 94 (100.0)
ART resistance
Yes” 208 (10.0) 204 (10.4) 4 (3.4)
No” 547 (26.4) 520 (26.6) 27 (23.1)
Others” 1,316 (63.6) 1,230 (63.0) 86 (73.5)
Total 2,071 (100.0) 1,954 (100.0) 117 (100.0)

www.phwr.org Vol 17, No 41, 2024
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Table 1. Continued

Characteristic Total (%) Male (%) Female (%)
ART regimen at current (multi response)

Non-boosted PI 100 (8.7) 90 (8.4) 10 (13.9)
Boosted PI 506 (44.1) 478 (44.4) 28 (38.9)
NNRTI 286 (24.9) 269 (25) 17 (23.6)
NRTI 952 (82.9) 890 (82.7) 62 (86.1)
INI 270 (23.5) 254 (23.6) 16 (22.2)
FI 0 (0.0) 0 (0.0) 0 (0.0)
CCR5 0(0.0) 0(0.0) 0(0.0)

Among total patients, those under 18 years old or missing values are excluded. “Whether or not to conduct a drug resistance test is
determined in ‘1. Implemented,’ and if any of NRTI, NNRTI, or PI resistance is ‘1. Yes, drug resistance is considered ‘Yes." "Whether or not
to conduct a drug resistance test is determined in ‘1. Implemented, and if the presence or absence of NRTI, NNRTI, PI resistance is all 2.

o

No," the drug resistance is considered ‘No. “Whether or not to conduct a drug resistance test is determined in ‘2. Not implemented,’ and if
the presence or absence of NRTI, NNRTI, or PI resistance is all ‘3. Not implemented,’ the drug resistance is considered ‘Not implemented.’
Whether or not to conduct a drug resistance test is determined in ‘3. Unenforceable,” and if it is ‘unenforceable,” it is considered ‘unenforceable.’
Whether or not to conduct a drug resistance test is determined in ‘1. Performed,” and if the presence or absence of NRTI, NNRTI, or
PI resistance is all missing, or if the drug resistance test is missing, the drug resistance test is considered missing. PI=protease inhibitor;

NRTI=nucleoside reverse transcriptase inhibitor; NNRTI=non-nucleoside reverse transcriptase inhibitor; INI=integrase inhibitor, FI=fusion

inhibitors; CCR5=CCR5 antagonists.

pneumocystis carinii pneumonia (10.3%) was the most com-

mon (Table 2).

2. Follow-up and Termination Period in the Korea

HIV/AIDS Cohort Study

The enrolled patients were recommended to undergo a
follow-up investigation every 6 months. Those who had not
been followed up for more than 2 years were terminated (with-
drawn from the cohort), and reasons for their loss to follow-up
were identified. Follow-ups were conducted for more than 5
years in 55.2% (n=1,145) of cases and for more than 10 years
in 26.7% (n=554) of cases. The dropout rate among HIV-
infected persons was 30.2% (n=750) and was highest in those
aged 50 years or older (28.3%), followed by those in their 30s
(28.0%), and those in their 40s (24.0%). The reasons for drop-
outs included failure to maintain (11.6%) and withdrawal of

consent (8.9%) (Table 3). More than half of the discontinued

1732

follow-up cases occurred within 5 years of registration [5].

3. Survival Rate of in the Korea HIV/AIDS Cohort
Study
Survival analysis (Kaplan-Meier method) of 2,071 subjects
of the Korea HIV/AIDS Cohort Study who were registered
between December 2006 and October 2023 (Supplementary
Figure 1; available online) revealed a cumulative survival rate

of approximately 90.4% (median: 4.9 years).

4. Status of Survey and Data Systems for

the Korea HIV/AIDS Cohort Study

In 2000, the case report form (CRF) ver. 1.0, a paper ques-
tionnaire, was first used for the study. By the end of 2008, the
number of questionnaire items had significantly increased, and
the CRF was computerized (CRF ver. 2.0). As of 2024, CRF

ver. 4.1 is in use. The investigation methods evolved from CRF

www.phwr.org Vol 17, No 41, 2024
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Table 2. Characteristic of AIDS-related disease (including opportunistic infections)

Total

Male

Female

Characteristic

(or equivalent term)

Participants Diagnosed %  Participants Diagnosed %  Participants Diagnosed %
AIDS-related/defining diseases

Candidiasis, oropharyngeal 2,030 170 8.4 1,914 161 8.4 116 9 7.8
(thrush), vulvovaginal

Herpes 2,030 85 4.2 1,914 80 4.2 116 5 4.3

Peripheralneuropathy 2,030 14 0.7 1,914 14 0.7 116 0 0.0

Bacillary angiomatosis 2,030 1 0.0 1,914 1 0.1 116 0 0.0

Listeriosis 2,030 1 0.0 1,914 1 0.1 116 0 0.0

Pelvic inflammatory disease 2,030 4 0.2 1,914 1 0.1 116 3 2.6

Cervical dysplasia (moderate 2,030 2 0.1 1,914 1 0.1 116 1 0.9
or severe)

Idiopathic thrombocytopenic 2,030 9 0.4 1,914 8 0.4 116 1 0.9
purpura

Syphilis 2,023 557 275 1,908 555 29.1 115 2 1.7

Candidiasis, esophageal 2,039 72 3.5 1,923 68 3.5 116 4 3.4

Cryptococcus, extrapulmonary 2,039 9 0.4 1,923 9 0.5 116 0 0.0

CMYV disease 1,634 89 5.4 1,546 85 5.5 88 4 4.5

Tuberculosis (mycobacterium, 1,835 298 16.2 1,737 291 16.8 98 7 7.1
non-mycobacterium)

HIV-related encephalopathy 2,036 11 0.5 1,920 11 0.6 116 0 0.0

Coccidiodomycosis, 2,039 1 0.0 1,923 1 0.1 116 0 0.0
disseminated or
extrapulmonary

Cryptosporidiosis, chronic 2,039 2 0.1 1,923 2 0.1 116 0 0.0
intestinal

Isosporiasis, chronic intestinal 2,039 2 0.1 1,923 2 0.1 116 0 0.0

HSV infection and symptoms 2,039 9 0.4 1,923 9 0.5 116 0 0.0

Histoplasmosis, disseminated 2,039 2 0.1 1,923 2 0.1 116 0 0.0
or extrapulmonary

Salmonella septicemia, 2,039 1 0.0 1,923 1 0.1 116 0 0.0
recurrent

Pneumonia, recurrent 2,039 11 0.5 1,923 10 0.5 116 1 0.9

Pneumocystis carinii 2,039 177 8.7 1,923 165 8.6 116 12 10.3
pneumonia

Progressive multifocal 2,039 9 0.4 1,923 9 0.5 116 0 0.0
leukoencephalopathy

Toxoplasmosis of brain 2,039 10 0.5 1,923 9 0.5 116 1 0.9

Wasting syndrome due to HIV 2,039 11 0.5 1,923 11 0.6 116 0 0.0

Cervical cancer (invasive) 2,018 1 0.0 1,905 1 0.1 113 0 0.0

Lymphoma, primary, of brain 2,018 0 0.0 1,905 0 0.0 113 0 0.0

Burkitt's lymphoma 2,018 1 0.0 1,905 1 0.1 113 0 0.0

Kaposi’s sarcoma 2,018 7 0.3 1,905 7 0.4 113 0 0.0

Lymphoma, immunoblastic 2,018 0 0.0 1,905 0 0.0 113 0 0.0

cytomegalovirus; HIV=human immunodeficiency virus; HSV=herpes simplex virus.

Among total patients, missing values (no response, unknown, etc.) excluded. AIDS=acquired immunodeficiency syndrome; CMV=

www.phwr.org Vol 17, No 41, 2024

1733



http://www.phwr.org

I Public Health Weekly Repo: ’\

Table 3. Characteristics of termination survey
Total Male Female
Characteristic Participants Terminated Terrgéngz)o n Participants Terminated Terr;?;ngz)o 4 Participants Terminated TerraTéngZ;) .
Death <29 440 3 0.7 420 3 0.7 20 0 0.0
30-39 599 11 1.8 575 11 19 24 0 0.0
40-49 507 19 39 488 17 3.5 19 0 0.0
=50 525 70 13.9 471 69 14.6 54 1 0.0
Total 2,071 103 5.0 1,954 100 5.1 117 1 1.9
Withdraw <29 440 13 3.0 420 13 3.1 20 0 0.0
consent 30-39 599 44 7.3 575 41 7.1 24 3 12.5
40-49 507 52 10.3 488 48 9.8 19 4 21.1
=50 525 76 14.5 471 71 15.1 54 5 9.3
Total 2,071 185 8.9 1,954 173 8.9 117 12 10.3
Loss to <29 440 35 8.0 420 35 8.3 20 0 0.0
follow up ~ 30-39 599 73 12.2 575 68 11.8 24 5 20.8
40-49 507 58 11.4 488 52 10.7 19 6 31.6
=50 525 74 14.1 471 72 15.3 54 2 3.7
Total 2,071 240 11.6 1,954 227 11.6 117 13 11.1
Changing <29 440 16 3.6 420 16 3.8 20 0 0.0
hospital 30-39 599 40 6.7 575 38 6.6 24 2 8.3
40-49 507 35 6.9 488 34 7.0 19 0 0.0
=50 525 31 59 471 26 55 54 5 9.3
Total 2,071 122 59 1,954 114 5.8 117 7 6.8
Immigration <29 440 0 0.0 420 0 0.0 20 0 0.0
30-39 599 5 0.8 575 3 0.5 24 0 0.0
40-49 507 2 0.4 488 2 04 19 0 0.0
=50 525 5 0.9 471 5 1.1 54 0 0.0
Total 2,071 12 0.6 1,954 10 0.5 117 0 0.0
Withdrawal <29 440 6 1.4 420 6 1.4 20 0 0.0
of the 30-39 599 10 1.7 575 10 1.7 24 0 0.0
hospital’'s ~ 40-49 507 18 3.6 488 18 3.7 19 0 0.0
research =50 525 38 7.2 471 33 7.0 54 5 9.3
Total 2,071 72 3.5 1,954 67 3.4 117 5 43
Others <29 440 2 0.5 420 2 0.5 20 0 0.0
30-39 599 3 0.5 575 3 0.5 24 0 0.0
40-49 507 2 0.4 488 2 04 19 0 0.0
=50 525 9 1.7 471 9 1.9 54 0 0.0
Total 2,071 16 0.8 1,954 16 0.8 117 0 0.0
Among total patients, those under 18 years old or missing values are excluded.

ver. 1.0 (medical records), CRF ver. 2.0 (self-administered
survey, investigator interview, medical records, anthropomet-

ric measurements), CRF ver. 3.0 (self-administered survey,
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investigator interview, medical records, anthropometric mea-
surements), and CRF ver. 4.0 (self-administered survey with-

out network access, investigator interview, medical records,
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anthropometric measurements, medical records, and surveys).
Due to the drastic change in the number of questionnaire items
in 2008, a web-based database (DB) was developed in-house.
In 2011, DB ver. 3.0 was developed, featuring improved statis-
tical functions that allow real-time monitoring of investigation
status, helping manage the subjects and the research project. In
2022, DB ver. 4.0 was introduced, refining data entry process-
es and eliminating logical errors, and is currently in use. The
cohort DB allows easy real-time data entry at each hospital,
provides tools for monitoring subject registration status and
the characteristics, produces various statistical tables and fig-
ures for efficient cohort management, and enables systematic
and efficient management of the collection and management
of human resources CRF data (basic and repeated investiga-
tions). Continuous DB quality management is being conducted
to minimize errors during data entry at participating medical

institutions.

5. Recent Research Outcomes of the Korea

HIV/AIDS Cohort Study

A total of 52 academic presentations and 34 publications
in academic journals have been produced using cohort data.
Research topics have included highly active antiretroviral
therapy, treatment effects, internal medicine and compliance,
sociopsychological factors (depression, anxiety), HIV-related
diseases and opportunistic infections, hepatitis, metabolic dis-
orders, therapy resistance, and other clinical topics. The cohort
study outcomes have been used not only for patient care guide-
lines but also to highlight the need for early diagnosis and treat-
ment of HIV-infected persons. They have also provided crucial
data for the development of major HIV policies by identifying

the primary transmission routes of HIV in ROK [6]. Currently,

www.phwr.org Vol 17, No 41, 2024

ongoing studies focus on the survival rates of HIV-infected
persons and patients with AIDS, the risk of complications and
comorbidities, and disease progression based on initial treat-

ment (Supplementary Table 1; available online).

Discussion

The Korea HIV/AIDS Cohort Study is a prospective co-
hort study involving approximately 10% of persons with HIV
infection in ROK. A comparison with data from a pilot analy-
sis of HIV-infected persons at participating hospitals showed
that individuals who received treatment at least once after be-
ing diagnosed with HIV at a participating hospital but did not
participate in the cohort study had a worse disease prognosis
than those who did participate in the cohort study. The surviv-
al rate (90.4%) in the Korea HIV/AIDS Cohort Study tended
to be higher than the survival rate (83.4%) in the 2023 Annual
Report on Notified HIV/AIDS in Korea published by the
KDCA. From 2001 to 2015, the mortality rate of HIV-infected
persons remained at 4.0%, while the CD4+ T cell count at the
time of ART initiation increased from 161 cell/mm® (2001-
2003) to 273 cell/mm® (2013-2015), with no change in the
mortality rate. This cohort was initially established to investi-
gate not only HIV/AIDS treatment but also opportunistic in-
fections, drug resistance, and metabolic disease factors, offering
the potential to study various topics. By expanding the number
of participants to reflect the changing epidemiological charac-
teristics of newly infected persons, this cohort study is expected
to identify the natural progression from HIV infection to AIDS
and death, determining factors that affect disease progression,
and providing reliable evidence for developing related policies.

Currently, we are preparing a mid- and long-term roadmap to
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ensure the continued development of this AIDS Cohort Study
project. We plan to reorganize the selection criteria for cohort
recruitment and investigation systems. In addition, we will
continue striving to achieve the common goals of the interna-
tional community by developing chronic health management
measures to address the increasing number of HIV-infected
survivors and their aging as part of the 2nd Countermeasures
for the Prevention of Acquired Immunodeficiency Syndrome

(2024-2028).
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UNAIDS=The Joint United Nations Programme on HIV/AIDS; HIV=human immunodeficiency virus; PrEP=pre-exposure pro-
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ABSTRACT

This report is the result of the analysis of data on human immunodeficiency virus (HIV)-positive cases reported in the year
2023. In 2023, 1,005 new cases of HIV infection were reported in the Republic of Korea. Of these, 749 people (74.5%) were
Koreans and 256 (25.5%) were foreigners. Men accounted for 903 (89.9 %) of the total cases. By age group, those in their 30s
accounted for 35.4% (356 people); those in their 20s, for 28.7% (288 people); and those in their 40s, 15.7% (158 people).
Thus, people in their 20s and 30s accounted for 64.1% of the total. The reporting agencies included hospitals (637 cases,
63.4%) and public health centers (284 cases, 28.3%). The most common reason for HIV testing was voluntary testing, with
32.1% (228 people) and 99.6% (564 people) responding that their infection occurred through sexual contact. The number of
new cases of HIV infection in 2023 increased by 5.7% (61 cases) compared to that in 2022. The number of Koreans infected
decreased by 9.2% (76 cases), whereas the number of foreigners infected increased by 6.2% (15 cases). The number of foreigners
infected is increasing annually, and identifying and continuously managing their epidemiological characteristics is essential. In
March, the Korea Disease Control and Prevention Agency established “The 2nd National Action Plan on HIV/AIDS Prevention
and Control (2024-2028)" and will actively pursue the goal of reducing new infections by 50% by 2030 compared to the rate
in 2023.
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Introduction

Human immunodeficiency virus (HIV) is the etiological
agent of acquired immunodeficiency syndrome (AIDS). HIV
infection primarily destroys CD4+ T cells, which are involved
in cellular immunity. An individual diagnosed with AIDS is de-
fined as a person who has developed immunodeficiency subse-
quent to becoming infected with HIV and presents with com-

patible clinical symptoms or laboratory findings. Antiretroviral

www.phwr.org Vol 17, No 41, 2024

therapy (ART) has the potential to halt the transmission and
progression of HIV to AIDS [1].

The Joint United Nations Programme on HIV/AIDS
(UNAIDS), reported 1.3 million new HIV infections globally
in 2023, representing a 60.6% decrease from the 1995 peak
of 3.3 million. In 2023, 630,000 deaths related to AIDS were
reported, and approximately 39.9 million individuals were liv-
ing with HIV. Estimates indicated that 86% of people living

with HIV were aware of their HIV status (i.e., 86% infection
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Key messages
(D What is known previously?

More than 1,000 new human immunodeficiency virus
(HIV) infections in Republic of Korea were reported ev-

ery year.

(@ What new information is presented?

The proportion of foreigners among newly infected
people in 2023 was 25.5% (256 cases), up 2.9% from
the previous year. Among all infected people, foreigners
continue to account for 19.5% in 2020, 20.7% in 2021,
22.6% in 2022 and 25.5% in 2023.

® What are implications?

As the proportion of people in their 20s and 30s and
foreigners among newly infected continues to increase,
it is necessary to prepare for aging population due to the
increase in people living with HIV. The Korea Disease
Control and Prevention Agency established "The 2nd
National Action Plan on HIV/AIDS Prevention and
Control (2024-2028), in March this year and will ac-
tively strive to end acquired immunodeficiency syn-
drome (AIDS) by 2030.

awareness rate), and 89% of those who were aware of their
status were being treated with ART (i.e., 89% treatment rate).
Furthermore, 93% of those being treated experienced suppres-
sion of the HIV in their bodies (i.e., 93% viral suppression rate)
[2]. UNAIDS has established a target recognition rate for HIV
infection of 95%, as well as 95% treatment and 95% viral sup-
pression rates, by 2025, highlighting the initiatives undertaken
by countries to achieve this goal.

The Korea Disease Control and Prevention Agency
(KDCA) analyzed the status of reporting for HIV prevention
and management in the Republic of Korea (ROK) and pub-
lished and distributed the “Yearbook of HIV/AIDS Reporting
Status in 2023” in June 2024 [3]. The yearbook is divided into

1744

two sections: the primary report on the persons infected with
HIV and a detailed statistical table on domestic patients who
are infected with HIV. This report provides a breakdown of the
characteristics of the yearbook, focusing on the characteristics
of HIV infection and the number of new cases reported, trans-

mission routes, and motivation for testing.

Methods

1. Subjects

The HIV/AIDS reporting statistics are based on data re-
ported to the Integrated Healthcare Management System from
January 1, 2023, to February 28, 2024, for HIV test-positive
cases confirmed by a confirmatory testing agency (i.e., KDCA,
Research institute of Public Health and Environment) in 2023.
In the event of a diagnosis of infection in a person or dead
body, a report was made by a healthcare provider or institu-
tion. Report HIV infection through academic research or test-
ing of blood products. Epidemiological surveys were conduct-
ed by health centers based on the number of cases reported in

the current year, and the resulting data were analyzed.

2. Analysis Contents

By analyzing reports of detection (including deaths) of cas-
es of HIV infection, patients with AIDS, and epidemiological
surveys in the Integrated Disease Health Management System,
demographic characteristics (e.g., gender, age group, reporting
organization, transmission route, and motivation for testing)
were analyzed.

For reporting, Form Nos. 1, 2, and 5 of the “Enforcement
Rules of the Prevention of Acquired Immunodeficiency

Syndrome Act” were used, while the epidemiological survey
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was used for the analysis of information collected via the afore-
mentioned forms, as outlined in the HIV/AIDS Management
Guidelines [4]. The reporting forms contain personal infor-
mation, such as gender, age, and nationality, and the epide-
miological survey contains data on the motivation for testing,
transmission route, and immunity at the time of detection. The
same form is used for both domestic and international report-
ing, and epidemiologic survey results are only published for
domestic data. The incidence rate is calculated by dividing the
number of reported cases by the reference population, and the
result is expressed per 100,000 people; the reference popula-

tion is the annualized population for the year.

Results

1. Distribution of Reports of New HIV Infections
In 2023, 1,005 new HIV infections were reported (1.96

per 100,000 people), representing a 5.7% (61) decrease from
the previous year. Of individuals infected, 749 (74.5%) were
nationals, representing a decrease of 9.2% (70) year-over-year,
while 256 (25.5%) were foreign nationals, representing an in-
crease of 6.2% (15) year-over-year (Table 1) [3]. The propor-
tion of foreign nationals among all infections has consistently
increased over the past four years, reaching 25.5% in 2023.
In 2020, the proportion was 19.5%, rising to 20.7% in 2021,
22.6% in 2022, and reaching the current level.

In terms of gender distribution, the majority of those in-
fected were men (i.e., 903, or 89.9% men; 102, or 10.1%,
women). However, when classified into nationals and foreign
nationals, 95.9% (718) of the nationals (749) were men, as
were 72.3% (185) of the foreign nationals (256). Notably, the
proportion of women among foreign nationals increased by
8.2% from 19.5% to 27.7% in 2022.

By age, 35.4% (356 cases) were in their 30s, followed by

Table 1. Notified HIV/AIDS cases, 2021-2023
2021 2022 2023
Total Korean Foreigner Total Korean Foreigner Total Korean Foreigner
Total 975 773 202 1,066 825 241 1,005 749 256
Incidence rate per 100,000 people” 1.88  1.49 0.39 2.08 1.61 0.47 1.96  1.46 0.50
Gender Men 897 742 155 984 790 194 903 718 185
Women 78 31 47 82 35 47 102 31 71
Age (yr) 0-9 0 0 0 0 0 0 0 0 0
10-19 17 16 1 13 12 1 12 8 4
20-29 352 286 66 336 257 79 288 226 62
30-39 293 216 77 372 275 97 356 252 104
40-49 148 106 42 175 126 49 158 102 56
50-59 112 98 14 96 88 8 120 97 23
60-69 41 39 2 55 49 6 55 48 7
=70 12 12 0 19 18 1 16 16 0
Screening site Clinic or hospital 712 555 157 761 567 194 637 457 180
Public health center 157 129 28 206 179 27 284 222 62
Others 106 89 17 99 79 20 84 70 14
Unit: person. HIV=human immunodeficiency virus; AIDS=acquired immunodeficiency syndrome. “Mid-year population (resident
registration), Statistics Korea. Data from Korea Disease Control and Prevention Agency [3].
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28.7% (288 cases) in their 20s, 15.7% (158 cases) in their 40s,
11.9% (120 cases) in their 50s, 5.5% (55 cases) in their 60s,
1.6% (16 cases) in their 70s and older, and 1.2% (12 cases) in
their teens, with 64.1% (644 cases) in their 20s and 30s. This
figure represents a slight decrease from the previous year, when
66.4% were in their 20s and 30s.

By reporting organization, hospitals and clinics accounted
for 63.4% (637); public health centers, for 28.3% (284); and
other organizations (e.g., private organizations, blood centers,
military offices, military units), for 8.4% (84). The proportion
of reports from health centers increased by 9.0% (78) com-
pared to that of the previous year (206, or 19.3%). Of the re-
maining organizations, blood centers had the highest number

of reports (i.e., 41, or 4.1%).

2. Reporting of Deaths of Nationals Infected with

HIV

Among nationals with HIV, 158 people died of AIDS in
2023, an increase of 16 from the previous year (142), but 25
of these deaths reflected delayed reporting of deaths from 2015
to 2022, requiring caution in interpretation.

The gender distribution of deaths is comparable to that of
infections: 148 men (93.7%) and 10 women (6.3%). The larg-
est number of respondents were in their 60s (41), representing
25.9% of the total. This group was followed by 39 (24.7%) in
their 50s, 37 (23.4%) in their 70s and older, and 41 (25.9%)
in their 40s and younger. The mortality rate among those in-
fected with HIV was 50.6%, which exceeded the death rate
among Koreans aged 50 and under (12.6%), as reported by

Statistics Korea in 2022.
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3. Surviving Nationals Infected with HIV

By the end of 2023, 19,745 cumulative reports of nation-
als infected with HIV were obtained. Of these, 18,495 (93.7%)
were men and 1,250 (6.3%) were women. Further, 16,467
nationals infected with HIV were recorded at the end of 2023
(i.e., 15,448, or 93.8%, men; and 1,019, or 6.2%, women), an
increase proportional to the number of new infections. By age,
3,194 (19.4%) were 60 years or older, while 13,273 (80.6%)
were under age 60. Notably, the proportion of those aged 60
and older has been on the rise in recent years, with the figures
for 2020, 2021, and 2022 being 16.4%, 17.3%, and 18.4%,

respectively.

4. Transmission Routes and Motivation for
Testing in New Cases of HIV Infection among
Nationals
The analysis of the epidemiologic surveys of new cases of

HIV infection among nationals revealed that 75.6% (566) of

those infected responded to the question about their transmis-

sion route, representing a 5.0% increase from the previous year

(70.5%). In terms of the transmission route, sexual contact was

identified as the primary source of infection, accounting for

99.6% (564) of cases. This was followed by shared injection

drug use, which represented 0.4% (2) of infections. Among

the men nationals who were infected (540) and reported sex-
ual contact as their transmission route, 56.7% (306) indicated
same-sex sexual contact, while all (100.0%) of the women na-
tionals infected (24) reported heterosexual sexual contact.
Among new HIV infections among nationals, 94.8% (710)
of those infected responded to the item on motivation for test-
ing, yielding a response rate consistent with that observed in

the previous year. Of the cases surveyed, 32.1% (228) were
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found among those who voluntarily sought HIV testing at a
testing institution (e.g., private organization, health center,
hospital, clinic) (hereafter, “voluntary testing”); 28.2% (200)
were identified through diagnostic testing to ascertain the un-
derlying cause of the disease; 18.6% (132) were identified
through routine screening for surgical or hospital admission;
and 12.0% (85) were identified through medical examinations.
The proportion of respondents who underwent voluntary

testing demonstrated a sustained upward trajectory, reaching

24.9% in 2021, 28.3% in 2022, and 32.1% in 2023.

Conclusions

In ROK, 1,005 new cases of nationals infected with HIV
in 2023 were reported, representing a decrease of 5.7% from
2022. Of these, 749 were nationals, a decrease of 9.2% year-
over-year, while 256 were foreign nationals, an increase of
6.2% year-over-year. In 2023, new cases of HIV infection
among foreign nationals accounted for 25.5% of all infec-
tions, representing a notable increase from 20.7% in 2021 and
22.6% in 2022. While the number of registered nationals de-
creased to 51.64 million in 2021, 51.44 million in 2022, and
51.33 million in 2023, the number of foreign nationals in the
country increased to 2.04 million in 2020, then decreased to
1.96 million in 2021, increasing again to 2.25 million in 2022
and 2.51 million in 2023 [5]. The ratio of foreign nationals to
Koreans increased to 3.8% in 2021, 4.4% in 2022, and 4.9%
in 2023, which might have contributed to the increase in new
HIV infections among foreign nationals.

In ROK, the number of nationals surviving HIV infections
increased by 3.7% (591) year-over-year, and the proportion of

those aged 60 and older increased year-over-year to 12.4% in

www.phwr.org Vol 17, No 41, 2024

2021, 18.5% in 2022, and 19.4% in 2023, whereas the num-
ber of new cases reported by hospitals and clinics decreased by
8.0% (124) year-over-year. The number reported by public
health centers increased by 9.0% (78) year-over-year. Health
center reporting accounted for 30.0% (367) in 2019, 16.3%
(166) in 2020, 16.1% (157) in 2021, 19.3% (206) in 2022,
and 28.3% (284) in 2023, with the increase in reporting likely
due to health centers resuming HIV testing in 2022 after fo-
cusing on preventing the spread of coronavirus disease 2019
(COVID-19).

Reports indicate that 99.6% of new HIV infections were
transmitted through sexual contact, with 54.3% of these cases
involving same-sex sexual contact. However, this figure might
be underestimated, particularly given the disproportionate
number of new infections among men (95.9%). To enhance
the quality of data gathered for the purpose of HIV control
within the country, implementing improvements is necessary.
Such improvements include the reinforcement of epidemio-
logic survey techniques and enhancement of the capacity of ep-
idemiologists to elicit verifiable responses to sensitive inquiries
pertaining to sexuality.

In a recent statement, UNAIDS asserted that the AIDS
pandemic would end by 2030. However, given the prog-
ress made thus far, considering whether policy changes are
required to achieve this goal is necessary. The report, “The
Urgency of Now: AIDS at a Crossroads,” established the ob-
jective of reducing new infections to 370,000 and deaths to
250,000 or fewer by 2025. In 2023, 1.3 million new infec-
tions and 690,000 deaths—nearly three times the targets—
were reported. Furthermore, the goal is to achieve a 95% HIV
infection recognition rate, 95% treatment rate, and 95% viral

suppression rate by 2025. With an 86% recognition rate, 89%
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treatment rate, and 93% suppression rate in 2023, reaching
the targets by 2025 appears difficult (Table 2) [6].

UNAIDS has underscored the necessity of allocating suf-
ficient financial resources and safeguarding human rights in
the context of the HIV response, both of which are indispens-
able conditions for achieving the ambitious goal of ending the
epidemic by 2030. Success will probably not depend on the ef-
forts of any one country, as close international collaboration is
essential for attaining the shared vision of zero HIV infections
and zero AIDS-related deaths [6].

The number of new HIV infections increased in 2020 and

2021, possibly because of the limited accessibility of HIV test-
ing and treatment at public health centers and healthcare insti-
tutions constrained by the impact of the COVID-19 pandem-
ic. This trend continued in 2022 but reversed in 2023. HIV/
AIDS reporting forms are divided into two distinct categories:
real-name and anonymous reporting forms. A limitation to
the data collected is that individuals infected with HIV who re-
port anonymously are not included in the statistics of people
infected with the virus because such individuals are reluctant
to disclose personal information. Furthermore, immunologic

tests (CD4+ T-cell counts) are not included in epidemiologic

Table 2. Mixed results at the halfway mark to the 2025 targets

Goal Target 2023 Status
Combination HIV prevention for all - -
Reduce new HIV infections to under 370,000 370,000 1,300,000
Reduce new HIV infections among adolescent girls and young women 50,000 210,000
to below 50,000
95% of people at risk of HIV access effective combination prevention 95% 50%/40%/39%/39%

PrEP for 10 million people at sub-stantial risk of HIV (or 21.2 million

who used PrEP at least once during the year)

50% opioid agonist maintenance therapy coverage among people who 50%

are opioid-dependent
90% sterile injecting equipment at last injection
95-95-95 for HIV testing and treatment
Reduce annual AIDS-related deaths to under 250,000
34 million people are on HIV treatment by 2025

95-95-95 testing, treatment and viral suppression targets (%)

90% of people living with HIV receive preventive treatment for

tuberculosis (TB) by 2025

Reduce numbers of TB-related deaths among people living with HIV 80% 71%

by 80%

UNAIDS=The Joint United Nations Programme on HIV/AIDS; HIV=human immunodeficiency virus; PrEP=pre-exposure prophylaxis;
AlIDS=acquired immunodeficiency syndrome. Data from UNAIDS [6].

(sex workers/gay men and other men
who have sex with men/people who
inject drugs/transgender people)

21.2 million 3.5 million

0 of 8 regions
90% 11 of 27 countries
250,000 630,000
34 million 30.7 million

95-95-95  All ages: 86-89-93

Women (aged 15+ years): 91-91-94

Men (aged 15+ years): 83-86-94

Children (aged 0-14 years): 66-86-84

90% 17 million people living with HIV
initiated on TB preventive treatment
between 2005 and 2022
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questionnaires unless an individual has been diagnosed at a
hospital or higher level healthcare facility, leading to a relative-
ly low response rate. Considerable improvement in the form
of initial immunologic test values that can be used in epide-
miologic surveys to help link diagnosis to faster treatment is
anticipated.

In March 2024, the KDCA announced the “Second Plan
for the Prevention and Control of Acquired Immunodeficiency
Syndrome (2024-2028),” a strengthened version of the
“First Plan for the Prevention and Control of Acquired
Immunodeficiency Syndrome (2019-2023)” to achieve the
global goal of ending the HIV epidemic by 2030. The plan en-
compasses five driving strategies, 15 core tasks, and 45 sub-
tasks, collectively aimed at preventing new infections, actively
detecting patients, providing prompt and continuous treat-
ment, and establishing a foundation for ensuring the right to
health and managing care. The overarching goal is to reduce
new infections by 50% compared to the number in 2023 by
2030. Furthermore, to accelerate the end of the HIV epidemic,
the “Second Plan for the Prevention and Control of Acquired
Immunodeficiency Syndrome” will be proactively implement-
ed in cooperation with local governments, relevant ministries,

private organizations, and relevant academic institutions.
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Establishment of a Coronavirus Disease 2019 Vaccine Distribution
and Supply System

Joo Ae Kim, Yunju Kim, Jangwoo Sohn, Joonku Park*

Division of Vaccine Supply, Department of Healthcare Safety and Immunization, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

This manuscript addresses the stable distribution and supply of coronavirus disease 2019 (COVID-19) vaccines in the
Republic of Korea. During the COVID-19 pandemic, the Korea Disease Control and Prevention Agency swiftly established
and operated a storage and distribution system to prepare for nationwide vaccinations. An integrated control center
was established to monitor the cold chain and provide ultra-low temperature freezers and digital thermometers to local
governments to maintain the cold chain and ensure safe vaccine administration. This article provides a detailed account of
the distribution process and explains the stability of temperature management and system usage. Furthermore, the discussion
addresses the efforts made at the inter-ministerial level and strengthened cooperation between central government agencies
and local governments to ensure a smooth supply of COVID-19 vaccines to the entire population. Given the urgent situation
caused by the COVID-19 pandemic, including the challenging storage and transportation conditions, the efficient and safe
distribution of vaccines emerged as a critical issue. Discussions on the establishment and operational strategies of COVID-19
vaccine distribution systems are necessary to prepare for future large-scale infectious disease outbreaks. An effective vaccine
distribution and management system is a key element in responding to the various challenges and enhancing public health

safety, which was the focus of this study.

Key words: COVID-19; Vaccines; Supply; Distribution; Cold chain

*Corresponding author: Joonku Park, Tel: +82-43-719-6810, E-mail: bg2556@korea.kr

Introduction

Coronavirus disease 2019 (COVID-19), first reported in
Wuhan, China, on November 17, 2019, caused a global pan-
demic with the global cumulative confirmed cases exceed-
ing 700 million and cumulative deaths exceeding 7 million
[1]. Accordingly, the Korea Disease Control and Prevention

Agency (KDCA) invested efforts toward acquiring COVID-19

1756

vaccines for public vaccination. At the time, vaccines were still
in developmental stages, hence the high uncertainties about
their efficacy, safety, and development status. Nevertheless,
the Korean government monitored the vaccine development
status and clinical trials overseas while also supporting similar
domestic efforts. From July 2020, government negotiations
with pharmaceutical companies for vaccine pre-orders com-

menced, which prompted the establishment of the legal basis
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Key messages
(D What is known previously?

The Korea Disease Control and Prevention Agency ad-
ministered coronavirus disease 2019 (COVID-19) vacci-
nations to the entire population to protect the health and
safety of the public.

@ What new information is presented?

This article explains the stable distribution and supply of
COVID-19 vaccines to the entire population.

® What are implications?

The COVID-19 vaccine distribution and supply system
provide a foundational framework for a stable response
to distribution and supply in the event of the occurrence
of new infectious disease outbreaks in the Republic of
Korea.

for pre-ordering (Infectious Disease Control and Prevention
Act) and resulted in the pre-ordering of a sufficient amount of
COVID-19 vaccines for the public in the Republic of Korea
(ROK) [2]. On February 26, 2021, the country’s vaccination
campaign against COVID-19 began, and this required safe
storage for COVID-19 vaccines, which have very demand-
ing management conditions, and a rapid distribution system.
Among the COVID-19 vaccines introduced in ROK, mRNA
vaccines, which were the main vaccines, needed to be trans-
ported under cold chain conditions. In addition, because the
handling of coronavirus vaccines are specific such as thaw-
ing frozen vaccines and dividing them into smaller quanti-
ties, the storage and distribution system used exclusively for
COVID-19 vaccines should consider the characteristics of
each type of vaccine, and the infrastructure and expertise of ex-
isting distribution companies should be used as reference. This

report describes the details regarding the distribution system

www.phwr.org Vol 17, No 41, 2024

established for COVID-19 vaccination to protect the public af-

ter the COVID-19 outbreak.

Establishment of COVID-19 Vaccine
Distribution System

The COVID-19 vaccine storage and distribution system
was established through collaboration at a pan-government
level. This included participation from relevant ministries
including the Ministry of Food and Drug Safety (MFDS),
Ministry of National Defense (MND), and Ministry of Land,
Infrastructure, and Transport (MLIT), to ensure rapid and safe
transportation of imported vaccines to the vaccinating institu-
tions and prevention of accidents that may occur during the
transport process. MEDS was responsible for vaccine manage-
ment guidelines for maintaining cold chain conditions during
storage and distribution. Meanwhile, MND was responsible
for setting up a transport support headquarters to oversee con-
trol and response to situations throughout all the stages of vac-
cine distribution, from mock training to actual transport and
escort procedures. MLIT and Korea Customs Service vaccine
established a support system to expedite air transport and cus-
toms clearance of vaccines. In addition, the Ministry of Trade,
Industry, and Energy and Public Procurement Service were re-
sponsible for identifying the latest status of vaccination-related
goods and assisting in the purchase contract processes (Table 1)
[2].

In 2021, when COVID-19 vaccinations began, there were
no standards or previous data regarding the scale of quanti-
ties that needed to be distributed. Accordingly, agreements
were made based on contract by rough estimate, a type of con-

tract in which the contract was entered into by making a rough
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Table 1. Key considerations for establishing a coronavirus disease 2019 (COVID-19) vaccine storage and distribution system

Key point Detail More detail
Cooperation Ministry of Food and Drug Cooperation in enacting guidelines for vaccine management related
Safety to distribution and storage, etc.
Ministry of National Defense Control and response to the entire stage of vaccine distribution
through the formation of transportation support headquarters
Ministry of Land, Infrastructure Establish a fast support system for vaccine air transport and
and Transport/ Korea Customs  customs clearance
Service
Ministry of Trade, Industry and Understanding the current status of inoculation-related items and
Energy/Public Procurement cooperation in purchasing contracts
Service
Support Local government Support for inoculation-related items such as ultra-cold freezers
and digital thermometers
Distribution agreement 2021 SK Bioscience, GC Biopharma (an estimated contract)
2022 GC Biopharma (a definitive contract)
2023-2024 HLB Therapeutics (a definitive contract)

Vaccine convoy Carrying out a military

police convoy

Cold chain Storage temperature
management
Control system
A shipping container
System Utilizing the COVID-19

vaccination registration system

The airport — logistics center — regional center — medical
institutions: carrying out a military police convoy

Unlike other vaccines, ultra-low temperatures and frozen vaccines
are required to be stored, so a dedicated logistics center is
established

IoT-based integrated control system

Conducting a transport container qualification assessment and
providing an internal automatic thermometer

Prepare and utilize vaccine applications and supply systems

estimate of the contract amount when the exact amount cannot
be determined in advance. The contract is then settled after the
performance of the contract has been completed. Considering
the expertise and urgency of distribution, multiple distribu-
tors (SK Bioscience and GC Biopharma) were selected to en-
sure that the vaccines could be distributed more, according to
the characteristics of the vaccines being distributed and ease
of storage. Based on experience from 2021, the distribution
of COVID-19 vaccines became more stable in ROK in 2022.
Accordingly, agreements were made by fixed-price contract,
instead of contract by rough estimate, and with just a single

distributor (GC Biopharma) through technology assessment.
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In addition, the same method was applied to select a single dis-

tributor (HLB Therapeutics) in 2023 and 2024 (Table 1).

Vaccine Distribution Process

For the nationwide allocation of COVID-19 vaccines in-
troduced in ROK, medical institutions requested the quan-
tities of each vaccine needed on a weekly basis, and KDCA
confirmed the quantities after review and approval by public
health centers. Initially, the vaccines were allocated manually
(i.e., via email), but from February 2022, requesting vaccines

became more convenient as medical institutions throughout
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ROK were able to make their requests through the “COVID-19
vaccination registration system” established by KDCA. The fi-
nal allocation quantities confirmed through the system were
sent to the distributor, who then established a delivery plan for
the following week. This plan was shared with city/provincial
officials to ensure no disruption in the delivery. The confirmed
delivery plan included thawing (2 days prior to delivery) and
subdivision/packaging (1 day prior to delivery) for delivery un-
der cold chain conditions directly to contracted medical insti-
tutions and public health centers (Figure 1) [3,4]. In the early
stages of vaccine delivery, military and police escort were used
from the time that the vaccines arrived in ROK via air trans-
port, to when they were delivered to the vaccination centers, to
ensure stable distribution and without theft or traffic accidents.
Subsequently, the escort was lifted step by step in the order of
medical institutions-regional hubs-integrated logistics cen-
ters—airport by comprehensively considering the vaccine sup-
ply situation, vaccination rate, and adjustment of infectious
disease grade. Since the vaccination campaign began, 96.79
million, 34.11 million, 18.51 million, 1.4 million, 1.6 million,
and 190,000 doses of Pfizer, Moderna, AstraZeneca, Janssen,
Novavax, and SKYCovione vaccines, respectively, have been
delivered throughout ROK. This has enabled each vaccina-

tion center to provide vaccinations with each type of vaccine

through advance and same-day appointments (as of August

31,2024).

Distribution Maintaining Cold Chain
Conditions

Typically, regular vaccines are stored and transported
under refrigerated condition (2T to 8C), but among the
COVID-19 mRNA vaccines, the Pfizer vaccine requires cryo-
genic storage (-90C to -60T) and the Moderna vaccine re-
quires freeze storage (-50T to -15T). Pyeongtaek Integrated
Logistics Center, the only cryogenic warehouse in ROK, was
established and used as a dedicated logistics warehouse for the
storage and distribution of COVID-19 vaccines. Temperature
management is very important for COVID-19 vaccines as fro-
zen vaccines must be thawed and delivered to the vaccination
centers under refrigerated conditions (2-8T). In addition,
these vaccines require cold chain distribution to ensure that
they are kept cold enough to prevent structural damage to the
vaccines and to ensure that the vaccines retain their efficacy,
from production to delivery. Therefore, to ensure that each
type of vaccine is kept at its designated storage temperature be-
fore thawing and transported under set temperature conditions

after thawing, the entire process from storage to delivery was

Cold chain maintenance/loT-based integrated control system

STEN

Foreign manufactures

— / <
4/% An ultra-low temperature logistics center

] for vaccine storage and distribution

Including vaccine thawing,
vial-splitting and repackaging

Local OEMs

www.phwr.org Vol 17, No 41, 2024

Medical
institutions

17,000 locations

Figure 1. Coronavirus disease 2019
vaccine distribution process
OEM-=original equipment manufacturer.
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linked to temperature equipment and an IoT-based integrated
control system to maintain cold chain conditions. For vaccine
transport, qualification must be performed on the transport
container and records must be kept, while an automatic tem-
perature sensing system is placed inside. Moreover, a transport
plan, including information regarding the type of refrigerant
inside the transport container, amount added, and precautions
during transport, must be attached, while response guidelines
for delays in transport, vaccine temperature deviation due to
abnormalities in the transport container or vehicle, and theft or
loss of vaccines must be prepared to ensure that the cold chain
conditions are strictly maintained (Supplementary Figure 1;
available online) [5]. For this, KDCA created the framework
for domestic vaccine storage and distribution by establishing
the “COVID-19 Vaccine Storage and Transport Management
Guidelines” (January 2021). These specify details regarding
safe storage and distribution of vaccines from when the vac-
cines are introduced into ROK to the completion of trans-
portation to the vaccination centers. They are based on the
Pharmaceutical Affairs Act and MFDS approvals regarding the
handling of COVID-19 vaccines for the storage, handling, and
distribution of COVID-19 vaccines introduced to ROK for the
first time.

The previous section discussed cold chain distribution,
from the integrated logistics center to vaccination centers,
but it is just as important for vaccination centers to provide
safe vaccinations by storing the vaccines without tempera-
ture deviation. For this, KDCA provided deep freezers to lo-
cal COVID-19 vaccination centers operated directly by lo-
cal governments in the early stages of the vaccination cam-
paign, to ensure that the frozen Pfizer vaccines could be safely

stored and managed. In addition, the vaccination centers were
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provided with digital thermometers to prevent vaccine temper-
ature deviation and on-site inspections of vaccination centers
were conducted to strengthen the management and supervi-
sion of vaccine storage conditions. This was to ensure that the
public was being vaccinated with safe vaccines that have been

kept under cold chain conditions.

Utilization of COVID-19 Vaccination
Registration System

With the emergence of the need for a vaccination reserva-
tion and registration system due to the COVID-19 pandemic,
the “COVID-19 vaccination registration system” was devel-
oped, including a distribution system. From the early stages of
supplying the COVID-19 vaccines, KDCA established delivery
plans by relaying the allocation of vaccines for each vaccination
center to the distributor through the “Vaccine supply manage-
ment” tab in the COVID-19 vaccination registration system
[6]. Vaccine inventory and the amount used in each public
health center and vaccination center were monitored and sta-
tistically managed through the system for real-time monitoring
and transparency in vaccine use. In 2022, the “Vaccine request
management” tab was newly created to upgrade the system
to allow each vaccination center to make the request directly
through the system, rather than the previous method of doing
it manually (i.e., via email). In the early stage of the vaccination
campaign, the demand for vaccines requested by medical in-
stitutions were reviewed by public health centers and reviewed
again at the city/province level before KDCA allocated the vac-
cines after a final review. Subsequently, the city/province re-
view was eliminated in response to the changing vaccination

environment, such as decrease in vaccination demand and
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infrastructure. Moreover, the system was upgraded to enable
requests for allocation and delivery to be made, step by step,
by linking the “Vaccine request management” and “Vaccine
supply management” tabs together to make the COVID-19
vaccine allocation and distribution tasks more effective and

efficient.

Local Government Cooperation and
Support

For seamless distribution, communication with cities/prov-
inces and public health centers through official notices and re-
al-time messages was strengthened to ensure adequate supply
of COVID-19 vaccines needed by each local government. In
case of urgent situations, such as unexpected increase in vacci-
nation demand, additional deliveries were made by coordinat-
ing with the distributor. In addition, when deliveries were de-
layed during holiday period or due to weather conditions (e.g.,
typhoons, heavy snow), local governments were notified im-
mediately, to minimize inconvenience. In addition, all efforts
were made to ensure safe and smooth vaccination by strength-
ening measures to prevent disruption in COVID-19 vaccine
distribution, including having contingency scenarios available
at the distributor in case of any emergency.

In the early stages of the vaccination campaign, frozen
Pfizer vaccines were delivered to vaccination centers, which re-
quired deep freezers to store the vaccines at ultra-low tempera-
ture conditions. Accordingly, KDCA provided national subsi-
dies to local governments at the municipal and provincial levels
to purchase and use deep freezers and uninterruptible power
supplies. KDCA also provided national subsidies to purchase

digital thermometers to allow contracted medical institutions

www.phwr.org Vol 17, No 41, 2024

to manage COVID-19 vaccines at appropriate temperatures
(2-8T). Moreover, national subsidies were also provided
for diluents as the initial Pfizer vaccines needed to be diluted
with physiological saline. Furthermore, with the international
COVID-19 vaccine supply being unstable, the Korean gov-
ernment purchased, in bulk, low dead space syringes, which
are manufactured to inject the maximum amount of medicine
compared with regular syringes to vaccinate as many people
as possible. They supplied them to local governments, which
helped to make vaccinations more convenient while also being

cost effective (Supplementary Figure 2; available online).

Conclusions

This report described the overall flow of distribution and
aspects that required pan-government and local government
cooperation in establishing the COVID-19 vaccine storage
and distribution system. The report also examined safe vaccine
distribution from the integrated logistics center to vaccination
centers, with recognition of the importance of maintaining
cold chain conditions, and efforts made by KDCA for main-
taining cold chain conditions at vaccination centers. In particu-
lar, among the COVID-19 vaccines, mRNA vaccines were de-
veloped because of the large-scale pandemic, and since mRNA
vaccines are a new type of vaccine, different from viral vector
and synthetic antigen vaccines, stringent standards were ap-
plied when establishing the distribution system. Furthermore,
as storing and transporting mRNA vaccines presented many
challenges, cold chain conditions were established and operat-
ed more thoroughly to ensure safe delivery of biopharmaceuti-
cals during this pandemic. The COVID-19 vaccine distribution

was more difficult than the distribution of existing vaccines.
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For example, to strictly maintain cold chain conditions, a con-
trol system that can monitor temperature throughout the de-
livery process was set up at integrated logistics centers, and for
immediate notification upon temperature deviation, automatic
temperature recording system were installed. These steps re-
quired a significant amount of human and financial resources.
Therefore, the distribution system for COVID-19 vaccines is
expected to play a complementary role in establishing anoth-
er response system in the event of a new epidemic. In recent
years, outbreak of other viral epidemics, such as severe acute
respiratory syndrome, HIN1 influenza, and Middle East respi-
ratory syndrome, occurred in 4-6 year cycles, with infectious
disease experts warning that large-scale epidemics occur cycli-
cally. While a rapid distribution network can be proposed, pan-
government cooperation, not just the competencies of single
institutions, is crucial to establish a fast distribution network.
For example, the COVID-19 vaccine storage and distribution
system was made possible through the cooperation of MFDS,
MND, and MLIT. Unlike most vaccines that can be stored un-
der refrigerated conditions, some COVID-19 vaccines needed
to be stored in deep freezers. Thus, vaccines to be used in the
next pandemic may also have different storage or distribution
temperatures, so it is necessary to establish dedicated logistics
warehouses that can store vaccines at appropriate temperatures
and supply chain considering cold chain conditions according
to distribution temperature. We hope that this report will be
helpful in establishing a vaccine supply chain in a timely man-
ner and protecting the public from the infectious disease when

a new epidemic strikes in the future.
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Trends in the Prevalence Gap of the Early Recognition of Symptoms
of Stroke Between Cities or Provinces, During 2014-2023

In 2023, the age-standardized prevalence of the early recognition of symptoms of stroke among individuals aged =19 years
was the highest in Jeju (75.6%) and the lowest in Sejong-si (49.5%). The prevalence gap in the early recognition of symptoms

of stroke between the highest and lowest groups was 26.1%p, which increased as compared to 19.8%p in 2022 (Figure 1).
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Figure 1. Trends in the early recognition of symptoms of stroke between cities or provinces, 2014-2023
*The early recognition of symptoms of stroke: defined as the percentage of individuals (aged =19 years) who know all five early symptoms of
stroke.

Prevalence rates in Figure 1 were age-standardized using the 2005 projected population.

Source: Korea Community Health at a Glance 2023: Korea Community Health Survey, https://chs.kdca.go.kr/

Reported by: Division of Chronic Disease Coordination, Department of Chronic Disease Prevention and Control, Korea Disease
Control and Prevention Agency
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