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TRLHO[ZAZAZ-19 HAZA7|ZH 2 BTN
(2020.1.20.-2023.8.30.)

F 2o AR EZ-19(Z 2H9) A57A717H20209 1€ 20€-202349 8€ 309) 5o 4 A A Alx
ARE HRFOR A%, A, A9E E4L AR BAT Aiolth. ALHAIZIT ¢ FA Al 34,572,554%, AP A=
35,605, %% AtE= 38,1122 2 SHQ1E|Qir). 202093 202190 F 2149 A A 471 AAF 0 7 71830, 2022
Y 1¥€ QU328 Wol7} AF0] HHA &4 A7t 23] S718he] 202290 A B4 At 82.2%7F R E itk 3] 20229
390l 9,959,368 9] 22l At 7F HalE]o] AA Gzt &7l A F 7S B2 H|F(28.8%)S AA 5K AFERE, AA 71 5
oF 40t(15.1%) 9} 30HH(14.7%)°N A 7H B2 A A7 dAYstg o A 2= 202092 500, 2021492 204, 2022892 40
o, 202392 3009] &4 AL H[&o] 7P EA vt AQERE $2d S A7 A4 A A9 52.1%F AA P 0w, H]
FEHEL 20209 HFFIA, BEEEANA F2 IBPoU o]F ARG AN, SAFAA], FAEENA STk TS Btk £
B9 I 29 AFAIZIE BaE 229 &3 A 9] B4 e FF 587 ZEE AP Al L ARE &84 4+ 9
Zoltt.

ZFQ MO I Z2uto|PAAAEE-19; WA E; AFTAL d; AY

A = ASHATH]. A Te gL 20204 1€ 3¢ SoA Y9lE
g HE e 447 HAo] HIEWA ZAY 7] AR T

AR U AT EF-19(ZEW19)= 20199 129 T A SAE IFokdtt 20209 1€ 209 W g=A4 5 A

= FH|o]4d LRA[ A X2 ARIETY HHELRE HiH o] 2 AR 7E skl 917] RS Fo dA R AASHHA
A7HE dol 3435 gatElo] A AAHCE qdS 4 19 FAHeE NSt 202249 49 259 RHE 27 &

oAt} AAE A7) (World Health Organization) 7] wh Aoz Hkoto] 202349 8¥€ 30¥7HA] Z2U19E A
H, 20249 109 13¥ 7] 776,618,091 9] g7} AAIE AASEITHRI.
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2 HIAS ARG (AP oY R #of w3t
5, Al11Z0] =2t 202049 1€ 20¥95H 20234 8€ 30¢

7HA AR EASEHA L Al 49 AT
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ENE Al H S Abe] © ARG AR o]TH(5].

F21419 A AlEE 2419 HSX -] At AA]
ol w2t Z2UH19 34 HE B Hiol# A £2E B9
ol elg Ak, AE7HE A&TAHAH20229 349 14
U AY) e S5& AEAAE 53l Aol geld Ao
2 Joysteto]. ZE2U19Y FFEE AFSH AT R
ERoton, 5% e Z2U19 &4 § 9wr|H 4

2 = H|2<$% AT 355 7] (noninvasive ventilation)/ 11-5-ZFAF
A

it

Q% (high flow oxygen),

Q1855 7|(invasive ventila-
tion), TH7]3<&F(multi-organ failure), A|2J=4FAH (extra-
corporeal membrane oxygenation), A|4% A1t A| 2 ¥ (con-
tinuous renal replacement therapy)< Algot¥S 492 F
OSHREH7.8]. ZEU19 AP AlEle T AR 9
glo et ME o wet Z2H19 AP Atle ATE AR

S AUAE A2t B2 Bt AHBI.
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AEL, Agde, AAEE, A4ds, AFE5EAA T H&(%)Z AFEotltt. §o] vlo]g A9 LA1E35} A7 F
oA HiH S AHE ZFstuth 3% A4S Aol 5 7t ¥o] vpolg A HAA F 50% ol A& FHE 7S
S5, AYES A&t 3582 g 7|7t A 2 BRorth SA1ESH A7 dE Hol £-A4] o] (2020
st 3 A 5 9155 Al 2 AFD A9 HE(%)E A 19 20¥5H 2021 79 249), D} Hol| 420214
et leleletebellulsisisininininiuiisiisiei R A
A ; 50,000 1 13 2 21y : —— ;;?1 321 ALY
3,000,000 17 1 45,000 | %92 A4, SULAMEL 715(2020.1.20.) ! A =22 - 40,000,000
: 40,000 AN AL, :
2,500,000 - : ggggg i QAL A& EE 7HE(2020.1.27.) o 35,000,000
I f 1 . W eeen00e®®™ L
: 25,000 1 ‘Az o= HA : 30,000,000 Ir
o 2000,0001 1 20,000 1 BRI (2020223 | e WS ZEEma |- 25,000,000 &
% 1,500,000 | . A - 20,000,000 2
<l - | P HoZ 2o g e
i ! ! } (2022.4.25.) - 15,000,000 =
1,000,000 R R RLR K fR f«;x ! g
! @%g%%%g@ S SN - 10,000,000
500,000 1 E __________ 200 | 20219 : - 5,000,000
K K KK KK gifrx K S R |5 E K K KK
W ARG N NN N NUADNG AN AN b< SN
|\ %‘a 0% F P 8 % % % ,f & & P % }gw %% P
20204 20214 202214 202314
A Faf
B
30,000 - - 70,000 200,000 - - 700,000
25,000 - 60,000 el - 600,000
) | 4r ) ’ i qr
& 00004 50,000 Jy £ 140,000 - 500,000 Jy
z 5 000 Fa0000 8 % 158’888 i - 400,000
=4 ’ T = s 7
i - 30,000 _:i W 80,000 A - 300,000 ;
i 10,000 4 F20000 B 28,838: - 200,000 i
5,000 - 10,000 20’000 | - 100,000
ol ofl ofl ofl ofl ofl offl ofl ofl ofl ofl ofl
2022
12,000,000 4 B B S AL - 35,000,000 16,000,000 - - 35,000,000
A S A
10,000,000 - - 30,000,000 14,000,000 - 34,000,000
D) 6,000,000 - 25,000,000 j; ) 12,000,000 - - 33,000,000 ]IF
z - 20,000,000 o % 10,000,000 1 - 32,000,000 e
=1 6,000,000 - =1 8,000,000 - - 31,000,000 =
o 15,000,000 :_rE B 6,000,000 - 30,000,000 &
s 4,000,000 - | 10.000.000 = 5 =
0 000,000 og 3 4,000,000 - 29,000,000 02
2,000,000 1 5,000,000 2,000,000 - 28,000,000
- - - - 27,000,000
o1 e R | ofl ol ofl ofl ofl ol ofl ol
2022 2023

J3 1. Z21H9 A57A1717H2020.1.20-2023.8.30) FE, 2 24 Atg] @A) o]
(A) ASA7IZE 78 B AL, 2 B3 ALl ) o). (B) Ad U8 B3] AR, 2] 21 AR U o). T RH9=3 Rubulold A EF-19.
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t

- (20201, 2%1_ f ;523_8_30_) 2020(1.20.-) 20214 20224 20234(-8.30.)
A 34,572,554 60,722 569,943 28,424,349 5,517,540
A AN
0-9 3,270,282 (9.5) 2,091 (3.4) 47,042 (8.3) 2,967,570 (10.4) 253,579 (4.6)
10-19 4,246,977 (12.3) 3,769 (6.2) 59,269 (10.4) 3,603,042 (12.7) 580,897 (10.5)
20-29 5,001,143 (14.5) 9,708 (16.0) 84,714 (14.9) 4,141,840 (14.6) 764,881 (13.9)
30-39 5,077,726 (14.7) 7,726 (12.7) 83,946 (14.7) 4,149,721 (14.6) 836,333 (15.2)
40-49 5,237,546 (15.1) 8,621 (14.2) 83,495 (14.6) 4,337,066 (15.3) 808,364 (14.7)
50-59 4,531,012 (13.1) 11,393 (18.8) 80,146 (14.1) 3,680,898 (12.9) 758,575 (13.7)
60-69 3,898,836 (11.3) 9,624 (15.8) 80,209 (14.1) 3,050,649 (10.7) 758,354 (13.7)
70-79 2,056,083 (5.9) 4,768 (7.9) 33,643 (5.9) 1,553,122 (5.5) 464,550 (8.4)
>80 1,252,949 (3.6) 3,022 (5.0) 17,479 (3.1) 940,441 (3.3) 292,007 (5.3)
Gl
=1 15,892,229 (46.0) 29,597 (48.7) 298,520 (52.4) 13,156,843 (46.3) 2,407,269 (43.6)
of 18,680,325 (54.0) 31,125 (51.3) 271,423 (47.6) 15,267,506 (53.7) 3,110,271 (56.4)
A A=
=] 34,492,629 (99.8) 55,343 (91.1) 557,985 (97.9) 28,368,494 (99.8) 5,510,807 (99.9)
=9 79,925 (0.2) 5,379 (8.9) 11,958 (2.1) 55,855 (0.2) 6,733 (0.1)
A3 A
i
AEE™-A| 6,751,335 (19.5) 18,992 (31.3) 206,109 (36.2) 5,436,495 (19.1) 1,089,739 (19.8)
AHF A 1,991,892 (5.8) 2,839 (4.7) 33,880 (5.9) 1,649,641 (5.8) 305,532 (5.5)
B7= 9,266,797 (26.8) 14,450 (23.8) 171,882 (30.2)  7.680,724 (27.0) 1,399,741 (25.4)
lEaare]
ARG A] 2,092,642 (6.1) 1,867 (3.1) 23,207 (4.1) 1,691,534 (6.0) 376,034 (6.8)
g A 1,516,421 (4.4) 7,801 (12.8) 15,323 (2.7) 1,245,690 (4.4) 247,607 (4.5)
BFFGA 1,018,499 (2.9) 1,081 (1.8) 6,945 (1.2) 841,026 (3.0) 169,447 (3.1)
GG Al 1,013,275 (2.9) 845 (1.4) 11,405 (2.0) 836,323 (2.9) 164,702 (3.0)
SAT A 738,128 (2.1) 672 (1.1) 6,200 (1.1) 611,309 (2.2) 119,947 (2.2)
NEEEAA A 273,413 (0.8) 149 (0.2) 1,993 (0.3) 228,054 (0.8) 43,217 (0.8)
ZAEEAR = 1,005,836 (2.9) 1,207 (2.0) 11,198 (2.0) 847,429 (3.0) 146,002 (2.6)
FHEL 1,075,474 (3.1) 1,163 (1.9) 10,335 (1.8) 900,824 (3.2) 163,152 (3.0)
FAET 1,390,798 (4.0) 1,653 (2.7) 16,441 (2.9) 1,155,658 (4.1) 217,046 (3.9)
AetE= 1,167,948 (3.4) 837 (1.4) 8,731 (1.5) 963,247 (3.4) 195,133 (3.5)
Aepde 1,142,483 (3.3) 560 (0.9) 5,518 (1.0) 941,437 (3.3) 194,968 (3.5)
BAET 1,581,207 (4.6) 2,424 (4.0) 12,890 (2.3) 1,311,391 (4.6) 254,502 (4.6)
BAAGE 2,075,991 (6.0) 1,325 (2.2) 19,351 (3.4) 1,712,297 (6.0) 343,018 (6.2)
AT EEAA] = 451,523 (1.3) 416 (0.7) 4,222 (0.7) 361,316 (1.3) 85,569 (1.6)
a9 18,892 (0.1) 2,441 (4.0) 4,313 (0.8) 9,954 (0.04) 2,184 (0.04)
=T
AP AL 35,605 1,313 5,164 25,915 3,213
S5 AH 38,112 2,006 10,382 20,023 5,701
%52 %)” 0.19 4.33 2.25 0.14 0.15
A EE(%)” 0.10 2.16 0.91 0.09 0.06

9] H(%). FEF19=F 2rjutolH AT AZ-19. s 71719 & fAto] it 420l A3 BES B8 95F 9 A RS BAson,
A3 2UHY 7|78 185te] 4L 7|&E 2F A7HA(2023.8.12. 04] 71&) A=,

160

www.phwr.org Vol 18, No 4, 2025


http://www.phwr.org

I Public Health Weekly Re.:uu’\

79 259 RE 20224 1€ 159), 20|32 Ho| 2A4](2022
W 1Y 1694 ¥E 20234 8¢9 30¥9)E FEoIAT BE &

A o] = Microsoft Excel 2016 (Microsoft)T} Tableau 2021
(Salesforce)S AF&-5}9iLt.
2 1

1. DELHO HAZAIZIZ 2 71 AR 2y 50|

20209 1¥5H 2023 847HA] A4AAE B9 HL
g TR 2 AHlE $ 34,572,55490.2 ggulE 2l
7202049 71 FUSFAGUT, 51.349.259%)2] 67.3%
off sigstAtHH 1).

1) 2020: Z=7| e 3 SHHR7 [ShA|: Ehal—Fo—4zF)
202090ll= & 60,7227 2] g At 7F EAgsto] 109t
HE 11839 HAYES Bom AMY At 1,31390] &
Aste] 2.16%] AHES UePATHER 1).
(D) 128 7] TRS7DA: I —F—-417))
20209 1€ 209, = SHAIolA d=3t A 5 A &
XA 7L sk GiTt. o] & APEA 0 & 299 ) A7} Kl
HE 3, drgGAe AAEEE SHCE A g 53
o] Bttt o] F A Bl AHElE AAt ksl 29 22
dol 4 1008 H(190%) oo =2 F7kste], 199 11

o] B4 A7t Ag otk 290l 2,9208 0.2 FE5%ct

O

(2) 3-129: A itz Me] -S(71DA: 42)
2020 3ERE 12€27H4] &4 AlEle SEE et
HA A¥E o2& Z7FRAIE Bt 59] 89(5.651%)%
129(26,523%)l1E ATz Akl 7E HAjstel Az div|(1
4 107, 2¢ 2,920%) & &9 371 24 849 4+
2

A3, 3ol 8Ad 55 34

=

SR FRAY, R 54
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FHE Hoe FuAEE SHeE A

2) 20271 A ERU0E THEHHRIZ 1A 22)

20214991= & 569,943 9 23 AR 7} g ste] 1049
BT 1,.110%89 TAES BloH A AtElE 516470l
HAgste] 0.91%9] A¥ES EAth Ai7ld= 47 &4
A7E 13 (1Y 17,4709, 29 11,466%) FERoU, 3t
g7]o= 109 B(11¢Y 82,4997, 12€ 183,514%) F1&
Z7Fstgiet. 202149 29 26Y AflEPEZEo] AlFE o] A =7l
12} o EE0] 70%00(20204 9€ 17Y) =Yty oLy,
el o] 34K2021¢ 79-20224 19)9] H3Fo g A}
TFE= S7tekg

3) 2022-2023A: 20|FZ HO|2 T ARl

M2 —ZA)

SSEI7IEA:

20224, 2023490l & 28,424,349%, 5,517,540 9
S ARYZE EAYste] 109 B9 55,3557, 10,745789] &
RBES EoH AFT Adle 25,9151, 3,21390] LAYt
o] 0.09%, 0.06%°] A &S UEFHTHIE 1).

20219 12¢ AZo= &Rld Qv E ®ol= 20229

1958 AA 59 vlol2 A9 50%E Zototn I AHE
Ao F7MAAT €8 I AFEE Blaetd, 20229
3ol 29 3 71z HdAIRA 9,959,368 (HA #
B9] 28.8%)9] g7l A7 A SIS 49oll= A1 A
7} ©F 4,142,095 0.2 Zastg ot 2022 olF oju] of
o] 2 $59 A7 B 2 =
2 Za FAE Holtt oS AL 27 3 A AEE U
Efio] 89 3,469,887', 124 1,960,578"g°] LYsI 3Tt
202390l 285 30U S FA5H10r, 20231 8
319 T2H19+ A4 ZEH o2 Ag= 9 a 1o uet &

A AL 9] A= SEE U
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2. A8 TS 7128 E8 A X9H 2y 4

1

~

oM EM, UF Z=2

S FE2U19 X A Y] A TS
40Tl A 15.1% (5,237,5468)2 7H @9kl 80A] o]
ol 3.6% (1,252,949%9)& 71 A2 H|FES AR5+
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ABSTRACT

This report analyzes the characteristics of coronavirus disease 2019 (COVID-19) cases collected through mandatory
surveillance between January 20, 2020 and August 30, 2023, by age, sex, and region. During the mandatory surveillance
period, 34,572,554 cases, 35,605 deaths, and 38,112 severe/critical cases were recorded. The number of COVID-19 cases
gradually increased in 2020 and 2021; however, the cases surged, with 82.2% of the pandemic’s total cases reported in 2022,
after the omicron variant became the dominant strain in January 2022. In March 2022, 9,959,368 cases were reported,
accounting for the highest proportion (28.8%) of total cases. Individuals in their 40s (15.1%) and 30s (14.7%) represented the
highest proportion of cases during the study period. Annually, the highest proportion of cases in 2020, 2021, 2022, and 2023
were observed among individuals in their 50s, 20s, 40s, and 30s, respectively. Regionally, metropolitan region accounted
for 52.1% of the total cases. In non-metropolitan regions, most cases in 2020 were reported in Daegu and Gyeongbuk
and increased in Busan, Ulsan, and Gyeongnam thereafter. This report complies with and conveys information on the
characteristics of COVID-19 cases reported during the mandatory surveillance period. This report may serve as a reference for

future respiratory infectious disease crises.

Key words: COVID-19; Incidence; Mandatory surveillance; Age; Geography
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Introduction

After the first case of unexplained pneumonia was report-
ed in Wuhan City, Hubei Province, China, in late December
2019, coronavirus disease 2019 (COVID-19) rapidly spread
across countries, resulting in a pandemic that created a global
public health crisis. The World Health Organization reported
776,618,091 confirmed cases as of October 13, 2024 [1]. On

168

January 3, 2020, the Korea Disease Control and Prevention
Agency (KDCA) declared a “Blue” level of infectious disease
crisis alert after a report of 44 pneumonia cases of unknown
origin in China. On January 20, 2020, the first confirmed case
was reported among in-country arrivals, prompting an up-
grade of the crisis level to “Yellow.” Mandatory surveillance
of COVID-19 was implemented as Class 1 infectious disease

and Class 2 infectious disease (from April 25) until August 30,
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Key messages
(D What is known previously?

During the mandatory surveillance period, 34,572,554
coronavirus disease 2019 cases were reported. The cas-
es gradually increased in 2020 and 2021, and surged
in 2022 as the Omicron variant became the dominant
strain. The severity and fatality rates peaked early but
continuously declined thereafter.

(@ What new information is presented?

Age-specific analysis showed that individuals in their 20s
and 40s accounted for 42.9% and 44.4%, respectively,
whereas the proportion of individuals aged =60 years
ranged from 19.5-28.7%.

(® What are implications?

This report provides foundational data that can be used
to prepare for future infectious disease crisis.

2023 [2].

As COVID-19 continued to spread, mutant viruses
emerged and vaccinations were introduced, which led to the re-
duction of the disease severity and the transition of COVID-19
management to an endemic system. Since August 31, 2023,
the surveillance system has been operated as a sentinel surveil-
lance system [3]. In transition time, multi-layered surveillance
system including monitoring of those who test positive for
COVID-19 and wastewater surveillance was implemented [4].
This report aimed to summarize the trends and characteristics
of confirmed COVID-19 cases throughout the pandemic and
analyze them as a reference for developing strategies to address

future respiratory infectious disease pandemics.

www.phwr.org Vol 18, No 4, 2025

Methods

1. Subjects and Definition

According to Article 11 of the Infectious Disease Control
and Prevention Act, this report utilized information on con-
firmed cases and deaths reported to the integrated healthcare
management system as Class 1 emerging infectious diseases
(COVID-19), and Class 2 infectious disease (COVID-19 after
April 25, 2022) from January 20, 2020 to August 30, 2023
[5].

In accordance with the diagnostic testing criteria in
the COVID-19 Response Guidelines, a confirmed case of
COVID-19 was defined as an individual diagnosed through
COVID-19 gene detection, virus isolation, a professional rapid
antigen test (implemented on March 14, 2022), or an emer-
gency screening test [6]. The severity of COVID-19 was classi-
fied into “severe and critical case” and “death.” A severe/criti-
cal condition was defined as requiring noninvasive ventilation/
high flow oxygen, invasive ventilation, multi-organ failure, ex-
tracorporeal membrane oxygenation, or continuous renal re-
placement therapy while isolated following a COVID-19 diag-
nosis [7,8]. COVID-19 deaths were defined as cases reported
as COVID-19 deaths under the Infectious Disease Control and

Prevention Act, excluding deaths caused by external factors [5].

2. Methods of Analysis

Frequency analysis of COVID-19 confirmed cases was
conducted based on age, sex, route of infection, and report-
ing region. To determine the ratio of confirmed cases to the
population of each region, the incidence per 100,000 people
and age-standardized incidence rate were calculated. The age-

standardized incidence rate was based on the 2020 resident
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registration mid-year population by city, province, and age in the non-metropolitan included Busan, Daegu, Gwangju,
as provided by Statistics Korea. Confirmed cases in the met- Daejeon, Ulsan, Sejong, Gangwon-do, Chungcheongbuk-
ropolitan included Seoul, Incheon, and Gyeonggi-do. Cases do, Chungcheongnam-do, Jeollabuk-do, Jeollanam-do,
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Figure 1. Weekly and monthly trends in COVID-19 cases (January 20, 2020-August 30, 2023)

(A) Trends in weekly confirmed and cumulative COVID-19 cases by week (January 20, 2020-August 30, 2023). (B) Trends in monthly
confirmed and cumulative COVID-19 cases by month. COVID-19=coronavirus disease 2019; Jan=January; W=week; Apr=April; Jun=June;
Aug=August; Oct=October; Mar=March; Dec=December; Jul=July; Feb=February.
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Table 1. Characteristic of COVID-19 cases by year

Transmission route
Local cases
Imported cases

Region
Metropolitan

Seoul
Incheon
Gyeonggi
Non-metropolitan
Busan
Daegu
Gwangju
Daejeon
Ulsan
Sejong
Gangwon
Chungbuk
Chungnam
Jeonbuk
Jeonnam
Gyeongbuk
Gyeongnam
Jeju
Quarantine

Severity
Deaths
Severe/critical cases

Case severity rate (%)”
Case fatality rate (%)”

34,492,629 (99.8)
79,925 (0.2)

6,751,335 (19.5)
1,991,892 (5.8)
9,266,797 (26.8)

2,092,642 (6.1)
1,516,421 (4.4)
1,018,499 (2.9)
1,013,275 (2.9)

738,128 (2.1)
273,413 (0.8)

1,005,836 (2.9)
1,075,474 (3.1)
1,390,798 (4.0)
1,167,948 (3.4)
1,142,483 (3.3)
1,581,207 (4.6)
2,075,991 (6.0)

451,523 (1.3)
18,892 (0.1)

35,605
38,112
0.19
0.10

55,343 (91.1)
5,379 (8.9)

18,992 (31.3)
2,839 (4.7)
14,450 (23.8)

1,867 (3.1)
7.801 (12.8)
1,081 (1.8)
845 (1.4)
672 (1.1)
149 (0.2)
1,207 (2.0)
1,163 (1.9)
1,653 (2.7)
837 (1.4)
560 (0.9)
2,424 (4.0
1,325 (2.2)
416 (0.7)
2,441 (4.0)

1,313
2,006
4.33
2.16

557,985 (97.9)
11,958 (2.1)

206,109 (36.2)
33,880 (5.9)
171,882 (30.2)

23,207 (4.1)
15,323 (2.7)
6,945 (1.2)
11,405 (2.0)
6,200 (1.1)
1,993 (0.3)
11,198 (2.0)
10,335 (1.8)
16,441 (2.9)
8,731 (1.5)
5,518 (1.0)
12,890 (2.3)
19,351 (3.4)
4,222 (0.7)
4,313 (0.8)

5,164
10,382
2.25
091

28,368,494 (99.8)
55,855 (0.2)

5,436,495 (19.1)
1,649,641 (5.8)
7.680.,724 (27.0)

1,691,534 (6.0)
1,245,690 (4.4)
841,026 (3.0)
836,323 (2.9)
611,309 (2.2)
228,054 (0.8)
847,429 (3.0)
900,824 (3.2)
1,155,658 (4.1)
963,247 (3.4)
941,437 (3.3)
1,311,391 (4.6)
1,712,297 (6.0)
361,316 (1.3)
9,954 (0.04)

25,915
20,023
0.14
0.09

Total
Class (2020.1.20.— 2020 (1.20.-) 2021 2022 2023 (-8.30.)
2023.8.30.)
Total 34,572,554 60,722 569,943 28,424,349 5,517,540
Age (yr)
0-9 3,270,282 (9.5) 2,091 (3.4) 47,042 (8.3) 2,967,570 (10.4) 253,579 (4.6)
10-19 4,246,977 (12.3) 3,769 (6.2) 59,269 (10.4) 3,603,042 (12.7) 580,897 (10.5)
20-29 5,001,143 (14.5) 9,708 (16.0) 84,714 (14.9) 4,141,840 (14.6) 764,881 (13.9)
30-39 5,077,726 (14.7) 7,726 (12.7) 83,946 (14.7) 4,149,721 (14.6) 836,333 (15.2)
40-49 5,237,546 (15.1) 8,621 (14.2) 83,495 (14.6) 4,337,066 (15.3) 808,364 (14.7)
50-59 4,531,012 (13.1) 11,393 (18.8) 80,146 (14.1) 3,680,898 (12.9) 758,575 (13.7)
60-69 3,898,836 (11.3) 9,624 (15.8) 80,209 (14.1) 3,050,649 (10.7) 758,354 (13.7)
70-79 2,056,083 (5.9) 4,768 (7.9) 33,643 (5.9) 1,553,122 (5.5) 464,550 (8.4)
>80 1,252,949 (3.6) 3,022 (5.0) 17,479 (3.1) 940,441 (3.3) 292,007 (5.3)
Sex
Male 15,892,229 (46.0) 29,597 (48.7) 298,520 (52.4) 13,156,843 (46.3) 2,407,269 (43.6)
Female 18,680,325 (54.0) 31,125 (51.3) 271,423 (47.6) 15,267,506 (53.7) 3,110,271 (56.4)

5,510,807 (99.9)
6,733 (0.1)

1,089,739 (19.8)
305,532 (5.5)
1,399,741 (25.4)

376,034 (6.8)
247,607 (4.5)
169,447 (3.1)
164,702 (3.0)
119,947 (2.2)

43,217 (0.8)
146,002 (2.6)
163,152 (3.0)
217,046 (3.9)
195,133 (3.5)
194,968 (3.5)
254,502 (4.6)
343,018 (6.2)

85,569 (1.6)

2,184 (0.04)

3,213
5,701
0.15

0.06

12th, 2023, 12 am).

Unit: n (%). COVID-19=coronavirus disease 2019. “The case severity rate and case fatality rate were analyzed continuously observing the

progress of confirmed cases during each respective period. The monitoring period includes confirmed cases up to two weeks prior (August

www.phwr.org Vol 18, No 4, 2025
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Gyeongsangbuk-do, Gyeongsangnam-do, and Jeju-do. The
case severity rates and case fatality rates were calculated to
determine severity. The severity rate was calculated as the
proportion (%) of severe/critical condition cases and deaths
among confirmed cases during the specified period, while the
case fatality rate was calculated as the proportion (%) of deaths
among confirmed cases in the same period. The variant domi-
nance period was defined as the week in which 50% or more of
the weekly variant viruses were detected. Variant dominance
period was divided into pre-dominance of the Delta variants
(January 20, 2020 to July 24, 2021), dominance of Delta vari-
ants (July 25, 2021 to January 15, 2022), and dominance of
Omicron variants (January 16, 2022 to August 30, 2023).
All analyses were performed using Microsoft Excel 2016

(Microsoft) and Tableau 2021 (Salesforce).

Results

1. Monthly Trend of Confirmed Cases during the
Mandatory Surveillance Period
From January 2020 to August 2023, a total of 34,572,554
confirmed cases of COVID-19 were reported through man-
datory surveillance, representing 67.3% of the Republic of
Korea’s population (51,349,259 based on the 2020 resident

registration mid-year population) (Figure 1).

1) 2020: initial outbreak and spread (crisis level: “Blue”
—“Yellow™“Red”)
In 2020, there were 60,722 confirmed cases, with an inci-
dence of 118 per 100,000 people, and 1,313 deaths, resulting
in a fatality rate of 2.16% (Table 1).

172

(1) January-February: initial outbreak (“Blue™
“Yellow™—“Red")

The first confirmed case was reported on January 20,
2020, among travelers entering the country from Wuhan City.
Subsequently, there were 29 individual sporadic cases, fol-
lowed by the first large-scale outbreak centered in Daegu and
Gyeongsangbuk-do. The number of daily confirmed cases
gradually increased, reaching 190 cases on February 22, and
spiked to 2,920 cases by the end of February, compared to 11

in January.

(2) March-December: outbreak spread and pan-
demic response (crisis level: “Red”)

From March 2020 to December 2020, the number of
confirmed cases fluctuated, with a general upward trend.
Significant outbreaks occurred in August (5,651 cases) and
December (26,523 cases), compared to the lower numbers at
the start of the year (10 in January and 2,920 in February). In
August, outbreaks primarily occurred in religious facilities in
metropolitan areas, large urban gatherings, and multi-use fa-
cilities. By November, the outbreaks has spread nationwide, fo-

cusing on gatherings and religious facilities.

2) 2021: vaccine introduction and resurgence (crisis
level: “Red”)

In 2021, there were 569,943 confirmed cases, with an in-
cidence rate of 1,110 per 100,000 people, and 5,164 deaths,
yielding a case fatality rate of 0.91%. In the first half of the
year, there were about 10,000 monthly confirmed cases
(17,470 in January and 11,466 in February), which increased
to more than 100,000 in the second half of the year (82,499
in November and 183,514 in December). On February 26,

www.phwr.org Vol 18, No 4, 2025
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2021, vaccinations began, and the primary national vaccina-
tion rate reached 70% (September 17, 2020). Despite vaccina-
tion efforts, the spread of the Delta variant (July 2021-January
2022) led to a large-scale epidemic, especially in the metropol-

itan region.

3) 2022-2023: Omicron variants and surge in in—
crease confirmed cases (crisis level: “Red”—
“Orange”)

In 2022 and 2023, there were 28,424,349 and 5,517,540
confirmed cases, with an incidence rates of 55,355 and 10,745
per 100,000 people, respectively. There were 25,915 and
3,213 deaths, with case fatality rates of 0.09% and 0.06%, re-
spectively (Table 1).

The emergence of the Omicron variant in December 2021
led to an exponential increase in confirmed cases, exceeding
50% of detected cases from January 2022 onward. When com-
paring monthly outbreaks, the highest number of confirmed
cases during the COVID-19 pandemic occurred in March
2022, with 9,959,368 confirmed cases (28.8% of the total
outbreak). In April, the number of confirmed cases decreased
to approximately 4,142,095, which is still a higher number of
cases than before 2022. Following the March 2022 peak, the
number of cases declined, with one peak in summer and win-
ter, with 3,469,887 cases in August and 1,960,578 cases in
December. In 2023, monthly cases stabilized at approximately
300,000 since February. On August 31, 2023, mandatory sur-
veillance ended with the transition of COVID-19 to Class 4 in-

fectious disease sentinel surveillance.

www.phwr.org Vol 18, No 4, 2025

2. Basic Characteristics and Geographic

Distribution of Confirmed Cases by Year

1) Demographic characteristics and routes of
infection

During the entire period, individuals in their 40s account-
ed for the largest proportion of COVID-19 confirmed cases
(5,237,546; 15.1%) and those aged 80 and older accounted
for the smallest proportion (1,252,949; 3.6%). By year, the
largest proportion of cases by age group was among those in
their 50s in 2020 at 18.8% (11,393), followed by those in
their 20s in 2021 at 14.9% (84,714), those in their 40s in
2022 at 15.3% (4,337,066), and those in their 30s in 2023 at
15.2% (836,333). By sex, female confirmed cases (18,680,325;
54.0%) outnumbered male confirmed cases (15,892,229;
46.0%), across all years except 202 1. Most cases were domestic
(34,492,629; 99.8%), with imported cases accounting for only
0.2% (79,925).

2) Incidence by region

By region, the highest number of cases occurred in
Gyeonggi-do (9,266,797; 26.8%), followed by Seoul
(6,751,335; 19.5%), and Busan (2,092,642; 6.1%) in order.
By year, the largest proportion of cases (46.1% to 66.3%) oc-
curred in Seoul and Gyeonggi-do (Tables 1, 2).

In terms of confirmed cases by region, the incidence per
100,000 people was highest in Sejong (78,778), followed by
Seoul (70,818), and Gwangju (70,510), with variations by
year (Table 2). In 2020, the highest numbers of cases were in
Daegu (324), followed by Seoul (199) and Gyeonggi-do (109);
in 2021, the highest number of cases were in Seoul (2,162),
followed by Gyeonggi-do (1,300) and Incheon (1,159) in this

order. In 2022, the highest numbers of cases were reported
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in Sejong (65,708), Gwangju (58,224), and Gyeonggi-do
(58,098) in this order. In 2023, the regions with the high-
est incidence were Jeju-do (12,824), Sejong (12,452), and
Gwangju (11,731) in this order.

The age-standardized incidence, calculated by standard-
izing the proportion of the region’s population by age, was the
highest in Sejong (75,792), followed by Seoul (70,470), and
Gwangju (70,020) across all years (Table 2). In 2020, the high-
est age-standardized incidence was in Daegu (322), followed
by Seoul (199), and Gyeonggi-do (112) in order. In 2021,
the highest age-standardized incidence was in Seoul (2,163),
followed by Gyeonggi-do (1,300), and Incheon (1,162). In
2022, Sejong (62,344) showed the highest age-standardized
incidence, followed by Gwangju (57,608), and Gyeonggi-do
(57,463) in order. In 2023, Jeju-do (12,867), Sejong (12,848),
and Gwangju (11,862) had the highest age-standardized inci-

dence in that order.

3. Basic Characteristics and Geographic
Incidence of Confirmed Cases by Variant
Dominance Period
The number of COVID-19 confirmed cases differed across

variant dominance periods, with 187,339 cases during the

Delta variant pre-dominance period, 500,410 cases during the

Delta variant dominance period, and 33,884,805 cases during

the Omicron variant dominance period (Table 3). The aver-

age daily number of confirmed cases was 340 during the Delta
variant pre-dominance period, 2,876 during the Delta variant
dominance period, and 57,335 during the Omicron variant
dominance period.

The highest incidence for each dominance period by age

group was 18.0% (33,770) in their 50s during the Delta

www.phwr.org Vol 18, No 4, 2025

variant pre-dominance period, 14.7% (73,565) in their
30s during the Delta variant dominance period, and 15.2%
(5,136,363) in their 40s during the Omicron variant domi-
nance period. By sex, female accounted for a larger proportion
of confirmed cases during all periods except the Omicron vari-
ant dominance period. As for the route of infection, import-
ed cases accounted for 10% of cases during the Delta variant
dominance period and decreased to 2% during the Omicron
variant dominance period.

During the variant dominance periods, most cases (51.7%

to 72.9%) occurred in the metropolitan region.

4. Severity

During the entire pandemic, the case severity rate and
case fatality rate were 0.19% and 0.10%, respectively (Tables
1, 3, Figure 2). In 2020, the case severity rate was 4.33% and
the case fatality rate was 2.16%, showing fluctuating trends.
In 2021, the severity rate was 2.25% and the fatality rate was
0.91%, indicating an overall decrease, followed by an increase
in severity in the second half of the year, when the Delta vari-
ants became dominant. By month in 2021, the case severity
rate decreased steadily from 3.16% in January, began to rise in
September, peaked at 3.02% in November, and then declined
again. The fatality rate had the lowest rate of 0.31% in July and
increased in September, peaking at 1.55% in November. From
2022 to the end of mandatory surveillance in 2023, the sever-
ity rate and fatality rate decreased substantially as the Omicron
variants became dominant. By 2022, the severity and fatality
rates were 0.14% and 0.09%, respectively, while in 2023, they
were 0.15% and 0.06%, respectively.

During the entire COVID-19 pandemic, both severity
and fatality rates were highest in 2020 (4.33% and 2.16%,
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Table 3. Characteristic of COVID-19 cases by variant dominant period

o (202T(())t18|20 Pre-DeIta.dgminant Deltaldominant period Omicron QOdminant
ass . T erio erlo
203830)  (20201.20-20217.24) 2021725202215 (000 1 7005 6 5
Total (average daily case) 34,572,554 (26,231) 187,339 (340) 500,410 (2,876) 33,884,805 (57.335)
Age (yr)
0-9 3,270,282 (9.5) 8,914 (4.8) 47,378 (9.5) 3,213,990 (9.5)
10-19 4,246,977 (12.3) 14,407 (7.7) 55,961 (11.2) 4,176,609 (12.3)
20-29 5,001,143 (14.5) 31,608 (16.9) 72,070 (14.4) 4,897,465 (14.5)
30-39 5,077,726 (14.7) 27,270 (14.6) 73,565 (14.7) 4,976,891 (14.7)
40-49 5,237,546 (15.1) 29,639 (15.8) 71,544 (14.3) 5,136,363 (15.2)
50-59 4,531,012 (13.1) 33,776 (18.0) 64,582 (12.9) 4,432,654 (13.1)
60-69 3,898,836 (11.3) 24,842 (13.3) 70,267 (14.0) 3,803,727 (11.2)
70-79 2,056,083 (5.9) 10,800 (5.8) 29,444 (5.9) 2,015,839 (5.9)
>80 1,252,949 (3.6) 6,083 (3.2) 15,599 (3.1) 1,231,267 (3.6)
Sex
Male 15,892,229 (46.0) 95,427 (50.9) 262,151 (52.4) 15,534,651 (45.8)
Female 18,680,325 (54.0) 91,912 (49.1) 238,259 (47.6) 18,350,154 (54.2)

Transmission route
Local cases

34,492,629 (99.8)

172,532 (92.1)

450,343 (90.0)

33,196,273 (98.0)

Imported cases 79,925 (0.2) 14,807 (7.9) 50,067 (10.0) 688,532 (2.0)
Region
Metropolitan
Seoul 6,751,335 (19.5) 61,112 (32.6) 179,580 (35.9) 6,510,643 (19.2)
Incheon 1,991,892 (5.8) 8.423 (4.5) 31,545 (6.3) 1,951,924 (5.8)
Gyeonggi 9,266,797 (26.8) 52,791 (28.2) 153,602 (30.7) 9,060,404 (26.7)

Non-metropolitan

Busan 2,092,642 (6.1) 7,609 (4.1) 20,114 (4.0) 2,064,919 (6.1)
Daegu 1,516,421 (4.4) 11,252 (6.0) 13,399 (2.7) 1,491,770 (4.4)
Gwangju 1,018,499 (2.9) 3,232 (1.7) 6,634 (1.3) 1,008,633 (3.0)
Daejeon 1,013,275 (2.9) 3,678 (2.0) 9,340 (1.9) 1,000,257 (3.0)
Ulsan 738,128 (2.1) 3,121 (1.7) 4,264 (0.9) 730,743 (2.2)
Sejong 273,413 (0.8) 684 (0.4) 1,654 (0.3) 271,075 (0.8)
Gangwon 1,005,836 (2.9) 4,198 (2.2) 9,393 (1.9) 992,245 (2.9)
Chungbuk 1,075,474 (3.1) 3,639 (1.9) 8,776 (1.8) 1,063,059 (3.1)
Chungnam 1,390,798 (4.0) 4,618 (2.5) 15,160 (3.0) 1,371,020 (4.0)
Jeonbuk 1,167,948 (3.4) 2,613 (1.4) 8,233 (1.6) 1,157.102 (3.4)
Jeonnam 1,142,483 (3.3) 1,904 (1.0) 5,557 (1.1) 1,135,022 (3.3)
Gyeongbuk 1,581,207 (4.6) 5,269 (2.8) 11,351 (2.3) 1,564,587 (4.6)
Gyeongnam 2,075,991 (6.0) 6.532 (3.5) 15,860 (3.2) 2,053,599 (6.1)
Jeju 451,523 (1.3) 1,598 (0.9) 3,279 (0.7) 446,646 (1.3)
Quarantine 18,892 (0.1) 5,066 (2.7) 2,669 (0.5) 11,157 (0.03)
Severity
Deaths 35,605 2,139 4,733 28,733
Severe/critical cases 38,112 4,665 8,296 25,151
Case severity rate (%)" 0.19 2.97 2.14 0.15
Case fatality rate (%)” 0.10 1.14 0.95 0.08

Unit: n (%). COVID-19=coronavirus disease 2019. The case severity rate and case fatality rate were analyzed continuously observing the
progress of confirmed cases during each respective period. The monitoring period includes confirmed cases up to two weeks prior (August
12th, 2023, 12 am).
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Figure 2. Monthly COVID-19 case severity rate and case fatality rate

COVID-19=coronavirus disease 2019.

respectively). After 2022, the severity rate remained consis-
tently low at 0.14%, and the fatality rate reached its lowest
point of 0.06% in 2023. By variant dominance period, death
and severe/critical condition cases were highest during the
Omicron variant dominance period (28,733 and 25,151, re-
spectively), while the severity and fatality rates were highest
during the Delta variant pre-dominance period (2.97% and

1.14%, respectively).

Discussion

The present report analyzed COVID-19 data reported to
the KDCA from January 20, 2020 to August 30, 2023, cover-
ing the mandatory surveillance period of COVID-19 infection,
thereby investigating the outbreak trends and characteristics.

In 2020 and 2021, confirmed cases of COVID-19 grad-
ually increased. After January 2022 corresponding to the
Omicron variant dominance period, there was an rapidly rise
in cases in 2022, accounting for 82.2% of all confirmed cas-
es during the entire surveillance period. In particular, March
2022 recorded the highest monthly number of confirmed cas-
es at 9,959,368. The average daily case was highest during the

www.phwr.org Vol 18, No 4, 2025

Omicron variant dominance period, which included 57,335
cases. By age group, the proportion of confirmed cases during
the mandatory surveillance period was highest in those in their
40s (15.1%), 30s (14.7%), and 20s (14.5%), who are more so-
cially active. Variations in age proportions by year were 1.1%
(14.2-15.3%) in their 40s, 2.1% (13.9-16.0%) in their 20s,
2.2% (3.1-5.3%) in their 80s and older, and 2.5% (12.7-
15.2%) in their 30s, compared to 7.0% (3.4-10.4%) in those
aged 9 and under, 6.5% (6.2-12.7%) in their 10s, 5.9% (12.9-
18.8%) in their 50s, and 5.1% (10.7-15.8%) in their 60s, indi-
cating that the occurence of COVID-19 was different between
younger and older age groups at different times. In addition,
the proportion of confirmed cases in the metropolitan region
compared to the whole country was 59.7% in 2020, 72.3% in
2021, 52.0% in 2022, and 50.7% in 2023. These were higher
than the proportion of the population in the metropolitan re-
gion (50%), suggesting a disproportionately higher number of
confirmed cases in this region.

Severity was highest in the early stages of the pandemic,
fluctuated over time, and began decreasing consistently from
2021 onwards. This could be attributed to the stabilization of

the COVID-19 response system and the start of COVID-19
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vaccination as the COVID-19 pandemic continued [9].
However, the second half of 2021 saw an increase in severity
and fatality rates with the emergence of the Delta variant. In
2022, the severity rate declined significantly with the emer-
gence of the Omicron variants, which demonstrated higher
transmissibility but lower severity compared to previous vari-
ants [10]. In addition, COVID-19 was regarded as a manage-
able disease due to continued vaccination, treatment, and oth-
er measures, leading to changes in the monitoring system in
2023.

When comparing COVID-19 outbreaks by year and vari-
ant dominance, temporal categorization revealed some differ-
ences. However, adopting a multifaceted approach in future
analyses could provide more comprehensive insights by con-
sidering diverse influencing factors beyond time periods.

Using the information collected during the mandatory sur-
veillance of COVID-19, the KDCA produced statistics and
publicized them through press releases to monitor the daily
outbreak situation. Moreover, this information served as a ba-
sis for research on risk assessment for outbreaks, forecasting
to establish response strategies, and risk factor analysis. Since
confirmed case reports were influenced by quarantine poli-
cies, healthcare systems, COVID-19 variants, and non-phar-
maceutical interventions such as vaccination, it is important to
interpret trends with caution while considering these factors.
Therefore, further analysis is recommended to account for the
impact of various interventions, as this could provide a foun-

dation for preparing for future infectious disease crises.
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Policy Direction for One Health in the Republic of Korea Based on
the German Case

Jin A Oh @, Myeong Rok Shin @, Si Eun Lee @, Jong Hee Kim*

Division of Zoonotic and Vector Borne Disease Control, Department of Infectious Disease Policy,
Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

The importance of the One Health approach has been consistently highlighted by various international organizations (World
Health Organization, World Organisation for Animal Health, United Nations Environment Programme, Food and Agriculture
Organization), forums (Group of 7, Group of 20, Asia-Pacific Economic Cooperation, Association of Southeast Asian Nations),
and major developed countries. Major developed countries have already established dedicated government organizations
or entities to develop and execute One Health policies. Germany, in particular, has formulated specific plans to address
antimicrobial resistance and zoonotic diseases through close inter-ministerial collaboration under the One Health approach.
Additionally, Germany has signed research agreements to strengthen inter-ministerial cooperation for the One Health approach
and is conducting multidisciplinary research on infectious diseases across fields such as medicine, veterinary science, and
the humanities. Recognizing the importance of the One Health approach, Republic of Korea is also working to promote One
Health by developing governance frameworks and a national joint action plan. This study aims to analyze Germany's One

Health implementation frameworks as a reference to establish effective strategies for a practical One Health system.

Key words: One Health; Drug antimicrobial resistance; Climate change; Zoonoses; Pandemics
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Introduction to humans [2]. In addition to zoonotic diseases, other com-

plex and diverse public health issues such as health threats due

Approximately 75% of emerging infectious diseases in hu-
mans originate in animals [1]. Rapidly expanding human habi-
tations shrink wildlife habitats and increase human-animal
interactions. This leads to a steady rise in the interspecies trans-
mission of infectious diseases. Moreover, expanding cross-bor-
der exchange and contact further accelerates the opportunities

and speed of the introduction of emerging infectious disease

188

to climate change and antimicrobial resistance (AMR) have
become global concerns. An in-depth examination of these is-
sues reveals the extent of interconnectedness among human,
animal, and environmental health. To effectively prevent and
respond to these threats, we should consider the health of the
natural environment and animals rather than relying solely

on traditional human-centric approaches [3]. In this context,

www.phwr.org Vol 18, No 4, 2025


http://www.phwr.org
https://orcid.org/0009-0006-2830-9351
https://orcid.org/0009-0001-2064-9160
https://orcid.org/0000-0003-4903-1783
https://orcid.org/0000-0001-8265-0338

I Public Health Weekly Re.:uu’\

Key messages
(D What is known previously?

There is global consensus on the need for effective im-
plementation and operation of the One Health approach
to tackle public health crises and promote sustainability.

(@ What new information is presented?

Germany has integrated the One Health approach into
its national plans, established informal inter-ministerial
networks, and is actively advancing the policy through
cross-ministerial cooperation.

(® What are implications?

Public health threats, such as antimicrobial resistance,
climate change, and emerging infectious diseases, must
be addressed through continuous and systematic pre-
paredness and response efforts based on cross-minis-
terial collaboration. To achieve this, effective strategies
grounded in the One Health approach are essential.

the “One Health approach” is relevant. This approach empha-
sizes the importance of these connections and aims to provide
optimal health outcomes through collaborative strategies [4].
Recently, there has been global consensus on the emergent
need to effectively implement the One Health approach to en-
hance public health crisis preparedness and sustainable health
promotion, and many countries have started incorporating this
approach in their national policies.

International organizations have acknowledged the sig-
nificance of the One Health approach and actively support
policy development through various initiatives. Notably, in
2022, the World Health Organization (WHO), Food and
Agriculture Organization (FAO), the World Organisation for
Animal Health (WOAH), and United Nations Environment

Programme (UNEP) formed the Quadripartite Alliance and
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published the One Health Joint Plan of Action (2022-2026)
which outlines detailed implementation plans for six key action
areas that significantly aid countries in formulating One Health
strategy [4].

In the Republic of Korea (ROK), the Korea Disease Control
and Prevention Agency (KDCA) has recognized the neces-
sity of a one-health approach as an effective infectious dis-
ease response strategy for new health threats. The One Health
Council and a dedicated task force within the KDCA have been
established (as of February 2024). However, the agency has yet
to establish a comprehensive and integrated national strategy
or a specific joint action plan for One Health.

This report examines major cases of the One health ap-
proach in Germany, which has been playing a crucial role in
global health through the formulation and execution of health
policies, and to explore strategies to promote and develop One

Health in ROK.

Results

As a member state of the European Union (EU), Germany
actively collaborates with other EU member states to imple-
ment joint policies across various sectors. Regarding One
Health, all member states including Germany strive to intro-
duce and establish policy environments, designate relevant
organizations and stakeholders, establish laws, policies, guide-
lines, and action plans, and propose improvement measures
to adopt and institutionalize One Health policy [5]. Germany

works on these initiatives through its federal ministries.

1. Primary Ministries Responsible for One Health

In 2021, the German Cabinet established an informal
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health network through an inter-ministerial strategic workshop
and has since actively utilized the network to collaborate with
other ministries in the country to implement the One Health
approach [6]. Additionally, under the leadership of the Federal
Ministry of Education and Research (Bundesministerium fiir
Bildung und Forschung [BMBF]), Germany has spearheaded
research agreements to enhance health policy implementation.
These agreements enable a more rapid and effective response
to emerging research challenges in the One Health field, while
linking various national capabilities and resources to improve
global health, and implement the federal government’s health
research programs. The organization (Figure 1) illustrates the
key ministries responsible for One Health in Germany and
their roles, as outlined in the aforementioned research agree-
ment. The Federal Ministry of Health (Bundesministerium
fiir Gesundheit [BMG]) and the Federal Ministry of Food

and Agriculture (Bundesministerium fiir Erndhrung und

Landwirtschaft [BMEL]) manage One Health-related policies
for human health. The Federal Ministry for the Environment,
Nature Conservation, Nuclear Safety and Consumer Protection
(Bundesministerium fir Umwelt, Naturschutz, nukleare
Sicherheit und Verbraucherschutz [BMUV]) is responsible for
environmental policies. Notably, strong and integrated cooper-
ation exists across all areas rather than focusing on a single do-
main. The roles and functions of the key ministries responsible
for policies related to the One Health approach in Germany are
as follows [7].

1) Federal Ministry of Education and Research (BMBF)
in Germany

The BMBF oversees policies related to education and re-

search in Germany, including various health-related research

initiatives. Over a five-year period since 2017, €40 million

was allocated to establish a zoonosis research network, which

* BMBF (Ministry of Education and Research) % BMZ (Ministry for Economic Cooperation and
I - One health research One Health Development)
- Funding, regulation and agenda - One health international cooperation
development - Support for global multi-sectoral and
- Operation of One Health research multidisciplinary project
platforms and establishment of HIOH - One Health Namibia, Nigeria Engaging
One Health
* BMG (Ministry of Health) * BMEL (Ministry of Food and Agriculture) * BMUV (Ministry for the Environment, Nature
I - Human health focus - Animal and plant health focus | Conservation, Nuclear Safety and Consumer
- Zoonotic diseases and - Promotion of food security, sustainable Protection)

antimicrobial resistance (AMR) etc.
- DART 2030 program

BMVg (Ministry of Defence)

- Military health management

- Support of research (microbiology,
veterinary science, and other relevant
fields)

- Strengthening infectious disease
response capabilities through public-
private partnership

- Development of the European
Healthcare Cooperation 2.0 project

*

diets, and biodiversity conservation
- Good Food for Germany strategy

- Environment and ecosystem health focus
- Protection of ecosystems, addressing climate
change, and advancing environmental
conservation efforts
- Action plan for nature-based solutions (NbS)

Figure 1. Organization chart of One Health implementation in Germany
BMBF=Bundesministerium fiir Bildung und Forschung; HIOH=Helmholtz Institute for One Health; BMZ=Bundesministerium fir
wirtschaftliche Zusammenarbeit und Entwicklung; BMG=Bundesministerium fiir Gesundheit; DART 2030=Deutsche Antibiotika-

Resistenzstrategie 2030; BMEL=Bundesministerium fiir Erndhrung und Landwirtschaft; BMUV=Bundesministerium fiir Umwelt, Naturschutz,

nukleare Sicherheit und Verbraucherschutz; BMVg=Bundesministerium der Verteidigung.
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enabled collaboration among researchers and practitioners
from various fields, such as virology, medicine, and biology.
This network ensures that research findings are swiftly trans-
lated into practical applications, contributing to the operation-
alization of the One Health approach. Such support has signifi-
cantly contributed to the success of multidisciplinary infectious
disease research encompassing medicine, veterinary medicine,
and the humanities [8]. In October 2022, BMBF—together
with BMG, BMEL, BMUV, The Federal Ministry of Defense
(Bundesministerium der Verteidigung [BMVg]), and The
Federal Ministry for Economic Cooperation and Development
(Bundesministerium fur wirtschaftliche Zusammenarbeit und
Entwicklung [BMZ])—signed a research agreement to further
strengthen the One Health approach. Through this initiative,
the BMBF is advancing the development of Germany’s nation-
al zoonosis research platform into a broader One Health re-
search platform, enabling a more rapid and effective response
to evolving research challenges. In addition, an optimal envi-
ronment for conducting multidisciplinary research was facili-
tated, such as strengthening the One Health approach between
the German Infection Research Center and other federal re-
search institutions. Based on the outcomes of these efforts, the

Helmbholtz Institute for One Health was established [9].

2) Federal Ministry of Health (BMG) in Germany

The BMG is responsible for policies that focus on human
health, promoting various initiatives and programs to protect
public health, and improving the efficiency of the healthcare
system. The BMG is particularly involved in policies aligned
with the One Health approach, notably addressing AMR issues
through the German AMR Management Strategy (Deutsche
Antibiotika-Resistenzstrategie 2030 [DART 2030]), which
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aims to reduce antibiotic use in humans and animals while
strengthening international cooperation. The BMG also
strengthens surveillance and early response systems for zoo-
notic diseases, and collaborates with the WHO to prevent
global infectious disease outbreaks. In addition, the BMG ad-
dresses environmental and health issues in an integrated man-
ner by developing policies that comprehensively consider
the health impacts of climate change. Furthermore, the BMG
actively supports research and innovation related to health
and contributes to the development of sustainable health sys-
tems. The BMG continues to implement global health tasks
through international and multilateral cooperation, support-
ing Germany’s position as a leading contributor in addressing

global health challenges [10].

3) Federal Ministry of Food and Agriculture (BMEL) in
Germany

The BMEL is responsible for agricultural policies, food se-
curity, animal welfare, consumer protection, and environmen-
tal preservation. In particular, the BMEL plays an active role in
addressing global food issues, reducing trade barriers, develop-
ing new markets, and strengthening bilateral relationships with
countries. To improve global food security, BMEL collaborates
with international organizations such as the FAO, Group of
7 (G7), Group of 20 (G20), and the UN to promote multi-
faceted policies aimed at ending hunger, improving nutrition,
and promoting sustainable agriculture. In August 2023, the
BMEL introduced a mandatory animal-rearing labeling system
to enhance animal welfare and food transparency. This system
empowers consumers to make informed purchasing decisions
based on animal-rearing conditions and supports the transi-

tion to sustainable agriculture (or livestock rearing).
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In the organic agriculture sector, the BMEL supports the
establishment of eco-friendly agricultural systems that con-
serve resources and protect the environment. The ministry also
plays a leading role in biodiversity protection, promotes vari-
ous strategies for biodiversity conservation in the agricultural
and forestry sectors, and emphasizes the critical role of insects,
including honeybees and wild bees, in ecosystems. Further,
BMEL encourages all citizens to choose healthy and sustainable
diets through its ‘Good Food for Germnay’ food and nutrition
strategy. This strategy aims to improve public health, respond
to climate change, protect the environment, and preserve bio-
diversity, with initial measures to be implemented by 2025.

In addition, the BMEL promotes various measures to
mitigate climate change and enhance climate resilience. The
Ministry aims to reduce greenhouse gas emissions from the
agricultural sector by 65% by 2030 compared to the levels re-
ported in 1990. To achieve this goal, the BMEL is strengthen-
ing agricultural sustainability, conserving forests and soils as
carbon sinks, expanding organic farming, and implementing
programs to promote sustainable food consumption and re-

duce food waste [11].

4) Federal Ministry for the Environment, Nature
Conservation, Nuclear Safety and Consumer
Protection (BMUV) in Germany

The BMUV is responsible for policies addressing environ-
mental and wildlife safety, nuclear safety, and consumer pro-
tection. In particular, the BMUV aims to promote human and
animal health by addressing environmental issues such as cli-
mate change, biodiversity loss, environmental pollution, and
the protection of wildlife habitats. In this respect, the BMUV

assesses the impact of environmental pollution on human and
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animal health, with an emphasis on the link between environ-
mental protection and public health and promotes policies to
mitigate these impacts.

To prevent health threats from wildlife trade, the BMUV
has established an international coalition to strengthen both in-
ternational and national policies to substantially reduce the risk
of zoonotic transmission trade of wildlife and related products.
Furthermore, the BMUYV initiated a Nature-based Solutions
(NDBS) action plan that aims to conserve biodiversity, mitigate
climate change, adapt to climate crises, and foster harmonious
coexistence between humans and nature by restoring ecosys-
tems, improving water and air quality, and addressing floods
and droughts. The BMUYV also addresses specific aspects of
health-related environmental protection, particularly consum-
er protection, and provides additional guidance on health and
food safety for the general public. These efforts demonstrate
the BMUV’s significant contribution to promoting the inte-
grated management of environmental and public health from a

One Health perspective [12].

5) Other main ministries

The BMVg, which is responsible for formulating defense
policies and ensuring national security and military defense,
plays a role in One Health, as it pertains to national security
and military health, although it is not the primary ministry di-
rectly involved in this approach. BMVg also contributes sig-
nificantly to broader interdisciplinary and integrated research
through its internal initiatives and promotes the European
Healthcare Cooperation 2.0 project to enhance pandemic re-
sponse capabilities [13]. The BMZ promotes sustainable de-
velopment policies based on the One Health approach at the

international level. It strengthens global cooperation through
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various projects, such as the Global Food Security Alliance, the
“One World - No Hunger” initiative, migration partnerships,
climate initiatives, and global health efforts. These initiatives
aim to improve food security, promote sustainable agricul-
ture, address migration challenges, respond to climate change,
and enhance global health [14]. Additionally, several other
ministries and organizations, such as the German Epidemic
Preparedness Team and the Think Tank Gruppe, support and
implement One Health policies. Through inter-ministerial col-
laboration, these bodies continue to strengthen the One Health
approach and develop concrete measures related to the adapta-

tion of the health system.

2. Main One Health Strategies and Programs
1) DART 2030

DART 2030 is Germany’s national strategy to address the
issue of AMR by strengthening surveillance, prevention, moni-
toring of antibiotic use, and presenting comprehensive solu-
tions that consider environmental factors. It was developed in
collaboration with multiple German ministries, including the
BMG, BMEL, BMBF, BMZ, and BMUV. As AMR not only af-
fects humans but also animals and the environment, DART
2030 recognizes the interconnected health of humans, ani-
mals, and the environment and adopts an integrated One
Health approach to address the issue. DART 2030 outlines
six strategies, starting with prevention. This strategy aims to
prevent infectious diseases, reduce the need for antibiotics,
and minimize the incidence of infections. It implements vari-
ous preventive measures across multiple areas including hu-
man healthcare, animal health, environmental management,
and food chain management. The second strategy, surveillance

and monitoring, focuses on establishing an effective national
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response strategy and developing appropriate measures
through comprehensive surveillance and data-based analysis of
antibiotic use and AMR. The third strategy involves the appro-
priate use of antimicrobials and laboratory diagnostics. Its goal
is ensure appropriate and responsible use of antibiotics while
optimizing antibiotic treatments through the use of laboratory
diagnostics to prevent the spread of AMR. Through the fourth
strategy, communication and collaboration, public awareness
of AMR among stakeholders is enhanced and collaborative ef-
forts are promoted. It focuses on disseminating information on
infectious diseases, the association between non-targeted anti-
biotic treatment and AMR, and the connection between infec-
tious diseases and the occurrence of sepsis, thereby fostering
fact-based understanding. The fifth strategy targets enhancing
international collaboration and emphasizes the need for a uni-
fied global response to AMR, recognizing it as a cross-border,
multidimensional challenge. This strategy advocates the estab-
lishment of regulatory and surveillance systems to strengthen
AMR prevention efforts at the national level, with a particular
focus on vulnerable regions. The sixth strategy is support for
the development of new diagnostic tools, antibiotics and alter-
native therapies, and vaccines. Based on the One Health ap-
proach, this initiative aims to support a broad range of research
areas, including basic and clinical research, public health, envi-
ronmental and climate studies, the health and food sectors, ag-
riculture, construction, media, and communication. The goal
is to generate practical measures for AMR prevention and in-

tervention as a result of these efforts [15].

2) Federal Action Plan on Nature—based Solutions for

Climate and Biodiversity

The German government seeks to improve the overall
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health of ecosystems and address climate change through the
“Federal Action Plan on Nature-based Solutions for Climate
and Biodiversity,” based on the One Health approach. The NbS
Action Plan strives to increase the adaptive capacity to climate
change and biodiversity crises and promote sustainable re-
sponses to these crises by protecting ecosystems and strength-
ening their role as natural carbon sinks. It also promotes great-
er stakeholder collaboration through integrated policies and
action plans by involving local governments, and agriculture
and forestry personnel.

The NbS Action Plan targets a wide range of ecosystems
across Germany and is organized into ten key areas, each with
specific objectives. First, it establishes the right of first refusal
for the public sector to purchase peatlands (wetlands rich in
organic matter formed by the accumulation of undecomposed
vegetation) to protect and restore them. The plan also included
measures to protect government-owned peatlands. Second, it
focuses on restoring rivers and floodplains (low, flat areas sur-
rounding rivers) to their natural states and enhancing water
circulation for better water resource management. This ini-
tiative aims to develop regional water balance guidelines and
strengthen cooperation with various stakeholders to respond
effectively to floods and droughts. Third, it promotes the sus-
tainable use of oceans and coasts through marine and coastal
protection, thereby enhancing their natural functions and re-
silience to climate change. Fourth, it seeks to preserve wildlife
habitats by establishing maintenance plans and improving the
management of wild and protected areas, an essential compo-
nent of biodiversity conservation. The fifth goal is to expand
Germany’s forest area to strengthen forest ecosystems, thereby
enhancing the long-term carbon sink capacity of forests and

creating climate-resilient forest ecosystems. Sixth, as soil is
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a major carbon sink and an important factor in strengthen-
ing an ecosystem’s resilience to climate change, the focus is
on improving agricultural and forest management practices
to promote healthy soils, enhance carbon storage, and sup-
port sustainable food production. The seventh objective seeks
to widen the ecological corridors linked to urban green spaces
to enhance biodiversity, mitigate the urban heat island effect,
and minimize the ecosystem impacts of infrastructure devel-
opment. Eighth, it aims to strengthen the existing ecosystem
data network in Germany and integrate monitoring data from
various fields to improve our understanding of environmen-
tal correlations. The ninth objective centers on strengthening
research capacities by expanding studies and data networks,
thereby facilitating the development of more advanced strat-
egies for ecosystem restoration. Finally, as NbS can succeed
only through close cooperation with the EU and the interna-
tional community, the German government advocates strong
policy support for NbS at the G7 and the EU, and actively en-
gages in global initiatives such as the Convention on Biological
Diversity, the Paris Climate Agreement, and the UN Decade

on Ecosystem Restoration [16].

Conclusion

Germany has made significant progress in incorporating
the One Health approach into its public policies. It promotes
global health research and innovation by focusing on prevent-
ing infectious diseases, managing AMR, and responding to cli-
mate change. Germany also conducts research to assess the im-
pact of climate change on public health and develop preventive
and responsive measures. Through wider international col-

laboration, the German government supports research efforts
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to prevent the transmission of pathogens, and enhances the
capacity of low-income countries to respond to public health
threats. In addition to inter-ministerial collaboration to estab-
lish a foundation of universal health, based on the One Health
approach, which recognizes the interconnectedness of human
health with all sectors. Germany strongly advocates the One
Health approach which fosters cross-sectoral and inter-minis-
terial collaboration in establishing a strong foundation for uni-
versal health targeted at optimal outcomes. It has established
relevant systems for expanding research through result sharing
and provides long-term funding to sustain such efforts. These
German policies are significant as they provide guidance to
global late adopters of the One Health approach, helping them
develop strategies to prevent health risks and maintain sustain-
able environments.

In 2017, ROK formally adopted the One Health concept
and incorporated it into its first and second zoonotic disease
management plans. Although no dedicated ministry or organi-
zation currently oversees the One Health Initiative, the KDCA
has established and promoted avaian influenza preparede-
ness and response measures, AMR measures, and zoonosis
management plans following the One Health framwork. The
KDCA is in the process of developing the necessary infrastruc-
ture (budget, organization, laws, etc.) to promote health, but
coordinating cross-sectoral and inter-ministerial collaboration
remains a challenge. This requires investments in Research and
Development, and the fostering of a greater sense of shared re-
sponsibility and interdisciplinary cooperation through higher-
level governance, interinstitutional collaboration and mea-
sures to strengthen the same can be achieved through aware-
ness programs on the One Health approach among ministries.

Although ministries in ROK currently advance various policies
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and programs related to human, animal, and environmen-
tal health, many of these are not recognized as part of the One
Health approach. Creating a systematic mechanism for minis-
tries to collaborate by consolidating fragmented One Health-
related policies and initiatives into a unified package could
serve as a crucial starting point for a national One Health ap-
proach. Promoting consistent and integrated action requires
recognizing the interdependencies between policies in various
sectors and mobilizing relevant policy actors. To achieve this,
policymakers from different ministries and researchers from
different institutions must collaborate more closely to develop
relevant policy strategies using standardized terminology.

In addition, a comprehensive and unified Korean One
Health Action Plan should be established at the national level
to identify similar policies across ministries and implement
them in a coordinated manner, thereby achieving greater
synergy.

To build stronger momentum, revising the legal frame-
work and institutions that specifically stipulate the One Health
approach and creating a permanent and inclusive governance
system that can facilitate coordination across ministries and
disciplines, including central and local governments, are cru-
cial. Additionally, fostering public support for the effective
implementation of One Health policies is essential, which can
be achieved by raising awareness of the approach’s importance

through active public engagement initiatives.
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2D=two-dimensional; HTS=high-throughput screening.
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Prospects of Smoking Hazards Research Using Lung Organoid

Ryeo—-Eun Go @, Kyoungin Na @, Su—Min Seong @, Ye-Ji Kang 9, Yong Ae Jeong @, Younjhin Ahn*

Division of Climate Change and Health Hazard, Department of Health Hazard Response, Korea Disease Control and Prevention Agency,
Cheongiju, Korea

ABSTRACT

Cigarette use is a health hazard that has been reported to reduce life expectancy, increase the risk of death, and result in
high socioeconomic costs. New cigarettes increase the ratio of users and reduce the perception of harm to cigarettes by adding
liquid nicotine, flavor, and taste. However, aerosols from cigarettes are presumed to be non harmless vapors. Because health
effects greatly depend on smokers™ behaviors, the risk of smoking cannot be used to assess the content of harmful chemicals.
Accordingly, we conducted an experiment based on behavioral surveys of smokers to evaluate the health effects of exposure
to harmful substances. Following this global trend, alternative animal testing methods are proposed to ban animal testing.
Therefore, we reviewed the necessity of alternative animal testing for smoking hazards. Organoids are three-dimensional
organized cell-derived organs that can be studied in tissues. Therefore, lung organoids can be used as biological tools for
smoking hazard research. Six research papers on the current situation of smoking hazard using lung-organoids have been
confirmed. These papers discuss the effects of smoking on lung organoids production or pathway study of lung disease by
smoking based on the chronic obstructive pulmonary disease. We examined lung organoid-related studies on lung diseases.

Eventually, we will apply the results of exposure to harmful substances following smokers’ behaviors from experiments.

Key words: Smoking hazard; Cigarette; Electronic nicotine delivery systems; Lung-organoids; Lung disease model

*Corresponding author: Younjhin Ahn, Tel: +82-43-219-2950, E-mail: carotene@korea.kr

Introduction

Smoking and second-hand smoke are major causes of
health issues (Table 1). Continued smoking among lung cancer
patients results in a poor prognosis, including an increased risk
of recurrence and reduced treatment effectiveness. According
to the “Comprehensive Report on the Harms of Tobacco” by
the Korea Disease Control and Prevention Agency (KDCA),

smoking directly causes approximately 58,000 deaths annually,

www.phwr.org Vol 18, No 4, 2025

with associated socioeconomic costs amounting to 12 trillion
won [1]. Republic of Korea (ROK) has implemented tobacco
control measures, including a national smoking cessation pol-
icy, which successfully reduced the smoking rate among adult
males from 66% in 1998 to 31% in 2021 [2]. However, with
the introduction of new tobacco products such as electronic
nicotine delivery systems (ENDS) (2008) and heated tobacco
products (HTPs) (2017), the behaviors of cigarette users have

been changing significantly. ENDS allow users to customize
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Key messages
(D What is known previously?

Previously, experiments on smoking hazards have been
conducted using cell and animal models for inhalation
exposure. Organoids are known to overcome the limita-
tions of cell-organ interactions and ethical issues in ani-

mal experiments.

(@ What new information is presented?

Lung organoids can reproduce parts of organ, depending
on their constituent cells. Disease-specific lung organ-
oids can be generated using chemicals, thereby inducing
changes in gene expression and stem cells.

® What are implications?

The lung organoid model can regenerate complex cel-
lular structures and interactions, thereby mimicking
the major diseases caused by smoking, may be used in
smoking research.

their nicotine levels, scents, and flavors, which enhances their
appeal and potential for abuse (dependence). Additionally,
sweet flavors and aromas are known to diminish users’ percep-
tions of tobacco-related harm [3]. According to the “Report on
the Harms of Tobacco: New Tobacco Products” by the KDCA,
the usage rate of ENDS among individuals in their 20s rose
from 1% in 2013 to 8% in 2021. Moreover, HTPs sales in-
creased from 440 million packs in 2021 to 540 million packs
in 2022, marking a 21.3% rise [4]. However, aerosols released
by new tobacco products are not simply harmless water va-
por; they contain nicotine, carbonyl compounds, volatile or-
ganic compounds, propylene glycol, and flavoring additives.
These substances differ from those found in traditional ciga-
rettes and can be harmful [4]. Additionally, recent ENDS con-
tain synthetic nicotine, which is produced through an artificial

process [5]. However, the impact of smoking on health varies

Table 1. The harmful effect on human health by smoking

Class

Disease causing
by directly smoking

Disease causing
by indirectly smoking

Cancer

Lung cancer, esophageal cancer,

Lung cancer, etc.

head and neck cancer, pancreatic cancer,

stomach cancer, colon cancer, cervical cancer,

etc.

Cardiovascular disease ~Myocardial infarction, ischemic heart disease,
aortic aneurysm, heart failure, disease-related

Coronary artery disease, stroke, worsening of
heart disease, etc.

heart attack, stroke, cerebral aneurysm, etc.

Respiratory disease
tuberculosis

Digestive diseases

Chronic obstructive pulmonary disease, asthma, Aggravation of asthma and lung disease,

adolescent lung dysfunction, cold, pneumonia,
acute lower respiratory disease, etc.

Crohn's disease, irritable bowel syndrome, -

Reproductive diseases

Eye disease

Other disease

gastroesophageal reflux disease, etc.

Congenital malformations, fetal development
disorders, hypertensive diseases during
pregnancy, male sexual dysfunction, etc.

Increased risk of cataracts, macular degeneration,
etc.

Periodontal disease, diabetes, rheumatoid
arthritis

Reduced female reproductive function, increased
risk of sudden infant death syndrome

Increased risk of otitis media
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significantly depending on an individual’s smoking habits, and
the only presence of harmful chemicals, such as carcinogens, is
not, by itself, sufficient to fully assess the extent of harm caused
by smoking to the human body. Therefore, behavioral surveys
are essential to understand changes in smoking behaviors and
habits, as well as experiment-based research to gather scientific
evidence on the effects of smoking on health at various levels of
exposure.

To date, studies on the harmful effects of smoking have
mostly been cell studies or animal experiments that focus on
inhalation toxicity testing. However, the United States and
Europe have revised their laws to mandate the assessment of
the effects of smoking using in vitro alternatives to animal
testing. In the ROK, the legislative process for the “Revision
of Alternatives to Animal Experiments” is also in progress.
Therefore, a thorough review of the laws concerning alterna-
tives to animal testing is needed. Proposed alternatives to ani-
mal testing include organoids, which are three-dimensional
(3D) structures of cells derived from organs and stem cells.
Organoids have been used to study various aspects of cellular
processes, such as cell-to-cell interactions, cell development,
and homeostasis, and have been applied in disease modeling
[6]. The current literature review summarizes the existing lit-
erature on lung organoid models for studying the harms of

smoking and lung diseases.

Main

1. Current Research on the Harmful Effects of
Smoking Using Lung Organoids

Studies on the harmful effects of smoking on lung organ-

oids were searched using relevant keywords in PubMed, a

www.phwr.org Vol 18, No 4, 2025

major medical database. Studies published in the last 10 years
on lung organoids and smoking-related terms (e.g., smoke or
cigarette) were included in the search. For the search method,
a ‘systemic literature review’ was used [7]. A search using ‘lung
organoids’ as a keyword identified 1,327 studies; however,
when ‘smoke’ or ‘cigarette’ were added as additional keywords,
the number of relevant studies decreased to 26. After review-
ing the titles, abstracts, and full texts, six papers that conducted
experiments examining the harmful effects of smoking using
lung organoids were identified (Figure 1). Studies examining
lung organoids in relation to smoking focused on lung cancer
and chronic obstructive pulmonary disease (COPD). These
studies explored the effects of smoking on lung organoid devel-
opment and the underlying mechanisms of smoking-induced
lung disease.

In a study on lung cancer, three months of intermittent ex-
posure to cigarette smoke induced lung adenocarcinoma and
severe emphysema in mice. After dissecting the lung tissue

from the mice to produce lung organoids, it was found that the

- Keyword: Smoke or Cigarette

- Publication date: <10 years

- Number of studies identified=166,304
- ‘Smoke’ n=157,549
- ‘Cigarette’ n=44,270
- ‘Smoke’ and ‘cigarette’ n=35,530

v v

- Keyword: ((Lung organoid) AND (Smoke))
OR ((Lung organoid) AND (Cigarette))
- Publication date: <10 years

- Keyword: Lung organoid
- Publication date: <10 years
- n=1,327

- n=26
v
‘Title” reviewed N Excluded title
n=17 reviewed n=9
v
‘Abstract’ reviewed |,| Excluded abstract
n=12 reviewed n=5

¥

‘Full text articles’ reviewed Excluded full text
n=6 articles reviewed n=6

Figure 1. Search methods of lung organoids and smoking
study within the last 10 years (PubMed)
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organoids from the group intermittently exposed to cigarette
smoke were more efficiently developed than those from the
group that was continuously exposed. A study reported that
fatty acid oxidation is induced in type 2 alveolar cells derived
from mice directly exposed to mainstream smoke, leading to
increased stemness" in lung cells. These observations indicate a
potential positive correlation between stemness and tumor ma-
lignancy [8,9]. Furthermore, a study identified a mechanism
of the lung emphysema development based on lung organoids
derived from mice exposed to cigarette smoke [10]. It has also
been found that cigarette smoke exposure inhibits the normal
proliferation and recovery of lung epithelial cells, as well as the
differentiation of type 2 alveolar cells and the formation of or-
ganoids [11].

A study on COPD found that cigarette smoke exposure in-
duces COPD and related diseases in lung organoids derived
from mouse fetuses, demonstrating a relationship between
prenatal cigarette smoke exposure and COPD development
[12]. Another study investigating the mechanisms involved in
lung repair following cigarette smoke exposure revealed a sig-
nificant reduction in both the size and number of alveolar cell
organoids after 14 days of exposure to cigarette smoke extract
in human and mouse lung organoids [13]. A study reported
a reduction in the expression of liver kinase B1 (LKB1), a tu-
mor suppressor gene, in the lungs of COPD patients and mice
exposed to cigarette smoke. This lung organoid culture study
demonstrated that suppressing LKB1 expression promotes
cell differentiation in the airway and the expression of genes
that induce macrophages. The study also confirmed that ciga-

rette smoke is associated with mechanisms that increase mucus

secretion in the airways and promote excessive cell prolifera-
tion, suggesting a correlation between LKB1 gene expression,
smoking, and COPD [14].

Current research on lung organoids and smoking has pri-
marily focused on lung cancer and COPD, as approximately
90% of individuals who die from these diseases are smok-
ers [15]. These studies used lung organoids to investigate the
mechanisms underlying the development of COPD and lung
cancer, thereby elucidating the root causes of smoking-induced

lung damage.

2. Lung-organoid Model for Lung Diseases for

Research on the Harms of Smoking

Given the limitations of cell models with short life cycles,
air-liquid interface cultures with restricted microenvironment
control, organ-on-a-chip models that require specialists and
advanced technology, spheroid models that cannot replicate
organ and vascular functions, and the ethical, economic, and
interspecies heterogeneity issues in animal experiments, or-
ganoids have emerged as an ideal model for assessing human
toxicity (Table 2) [16]. They can replicate organ structure and
function and house a diverse range of cell types. Lung organ-
oids utilize cells from various regions of the respiratory system
and can replicate the structure, mucus secretion, ciliary move-
ment, and regeneration of alveolar cells (Figure 2). Therefore,
researchers have focused on lung organoids as a model for
studying the lung, which is the first organ to be damaged by
smoking [17]. In this context, the current study conducted a
systematic literature review of research utilizing lung organoids

to investigate major lung diseases, such as lung cancer, COPD,

1) Although most tissues have a limited capacity for repair following damage, excessive stemness can promote unlimited self-renewal. These
findings suggest that when stemness is induced in cells other than cancer or stem cells, there is a high likelihood of these cells transforming into

cancerous cells.
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Table 2. Advantages and disadvantages of biological models to evaluate risk assessment by smoking hazards

Class

Advantage

Disadvantage

2D cell lines

Air-liquid interface

Organ-on-a-chip

Spheroids

Animal models

Organoids

« Economical test cost

« Easy reproducibility

« Simple and easy test method

o Test of a short time

« Easy high-throughput screening (HTS)

« Mimicking the structure and function of
human tissue barriers

« Possibility of an alternative to animal testing
such as skin toxicity

« Possibility of realistic exposure conditions

« Control of microenvironment during culture
and testing

« Mimicking the action of organ-to-capillary

« Possibility to check cell-to-cell interactions and
physiological effect

« Easy reproducibility

« Easy HTS

« Possibility of understanding disease by
physiological similarity to humans

« Confirmation of interaction due to stroma,
blood vessels, inflammatory cells, etc.

« Reproduction of the structural and functional
of major organs

« Possibility of diseases modeling

« Possibility of various cells complex

« Stable gene

« Long-term storage in Biobank

« Maintain the characteristics of the original
species

« Useful of HTS

« Limitation of the completely mimic primary
cell

« Unstable gene

« Limitation of the test by short cell division and
death cycle

« Limited number of models or types

« Low sensitivity to entering and replicating of
viruses

« Limitation of interaction confirmation due to
absence of stroma, blood vessels, inflammatory
cells, etc.

« Non-standardization of culture and testing
methods

« Limitations of in vivo structures reproduction

« Limitations of microenvironment control
during culture and testing

« Non-standardization of culture and testing
methods

« Requires experts, advanced technology, and
long-term time

« Expensive cost due to complex design and
manufacturing

« Impossible HTS

« Difficulty of control the size

« Impossible mimicking the action of organ-to-
capillary

« Complex of formation method

« High cost and labor

« Test of a long time

« Bioethical issues

« Genetic and anatomical differences on humans
and animals

« Non-standardization of culture and testing
methods

« Lack of reproduction of blood vessels and
immune system

« Limitations of microenvironment control

« Limitations on diffusion of nutrients and
metabolites into organoids

2D=two-dimensional.
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Figure 2. Types of lung organoids depending on formation method and cell composition
3D=three-dimensional. Reused from the article of Demchenko et al. (Cell Tissue Res 2022;390:317-33) [17].

and pulmonary fibrosis (PF), aiming to evaluate the potential

of lung organoids in studies on the harmful effects of smoking.

1) Lung cancer

Lung cancer is a leading cause of cancer-related deaths
worldwide, and smoking is a major risk factor. Carcinogens
and toxic substances in cigarette smoke affect all regions of the
lungs. Numerous studies have confirmed the harmful effects
of carcinogens in cigarette smoke, including nicotine, which
induces addiction and affects genetic toxicity and the immune
system; nitrosamines, cigarette-specific substances derived
from nicotine that reduce reproductive function; polycyclic
aromatic hydrocarbons, which induce gene mutations; ben-
zene, which damages bone and impairs reproductive function;
and acetaldehyde, which irritates the airway and skin [18-21].
However, given the complexity and variability of the mecha-
nisms underlying the progression and treatment of lung can-
cer, further research is required. This study summarizes re-
search using lung organoids through in vitro methods, which

can serve as alternatives to in vivo models.
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As presented in Figure 1, a systematic literature review was
conducted to identify studies published in the past 10 years
that focused on lung organoids in cancer research. A total of
611 studies were initially identified. After excluding literature
reviews and carefully reviewing the titles, abstracts, and full
texts, 42 studies were found to be suitable for inclusion, and
their details are as follows.

Studies on lung cancer and organoids have employed lung
cancer cells or tissues from patients with non-small cell lung
cancer [22,23], lung adenocarcinoma [24,25], and squamous
cell carcinoma [26] and have proposed efficient methods for
producing and culturing these organoids [27-31]. Most studies
have used lung cancer organoid models for high-throughput
screening to select drug candidates for treating lung cancer and
have proposed methods for this process [32-39]. Additionally,
some studies have examined the underlying mechanisms of
action of various anti-cancer drugs, including cisplatin [40],
pyrotinib [41], alectinib [42], and halofuginone [43]. Other
studies have used lung cancer organoids derived from patients

to confirm their potential in identifying optimized treatments
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and to suggest their clinical applicability [44,45]. Other studies
have also examined the general characteristics of lung cancer
organoids [46,47], confirmed their feasibility as disease mod-
els [48,49], and explored their association with the immune
system [50].

Lung cancer organoids preserve the genetic expression in-
formation of the originating source and can replicate the struc-
ture and microenvironment of lung cancer tissues. Therefore,
they are actively used in research on the complexities of lung
cancer and personalized treatment. Leveraging the character-
istics of patient-derived lung cancer organoids facilitates the
investigation of the impact of smoking on lung cancer devel-
opment across diverse genetic profiles. These organoids offer a
promising model for uncovering the underlying mechanisms

by which smoking drives lung cancer progression.

2) COPD

COPD is a complex lung disorder accompanied by chronic
bronchitis, emphysema, and mucorrhea, which results in dam-
age to the alveolar parenchyma. New treatments and drug de-
velopment for COPD depend heavily on preclinical models;
however, these models have limitations, including high costs
and an inability to accurately replicate the structural complex-
ity of the human lung, which poses a challenge for research [51].
To address these limitations, there is ongoing research on the
use of lung organoids to investigate the pathogenesis of COPD.
This systematic literature review includes studies published in
the past 10 years related to lung organoids and COPD. A total
of 57 studies were reviewed, 22 of which were deemed suitable
for inclusion. Details of these studies are summarized below.

Most studies on COPD have used type 2 alveolar cells to

generate lung organoids. In these studies, inhibiting the expres-
sion of specific genes in lung organoids (such as rho-kinase 1/2
[52], frizzled receptor 4 [11], mitogenactivated protein kinase
13 [53,54], interleukin-1 [55], interleukin-11 [56], receptor-
interacting protein kinase 3 [57], WNT-5A/5B [58], and LL-
37 [59]) resulted in impaired fibroblast function, reduced re-
generative capacity of damaged lung cells, and increased lung
cell deformation. In one study, COPD lung organoids were de-
rived from cells isolated from the nasopharynx and bronchi of
patients with COPD. This model successfully reproduced key
features of COPD, including goblet cell hyperplasia, reduced
ciliary movement, and increased susceptibility to viruses and
bacteria [56]. In another study, lung progenitor cells” were iso-
lated from cystic fibrosis patients and used to generate a COPD
lung organoid model [60]. Additionally, it was reported that
plastics inhaled from fibrous materials inhibit the differentia-
tion of airway epithelial cells, impairing the repair of lung cells
and potentially leading to COPD [61].

Most studies included in this systematic literature review
suggested that diverse structural abnormalities in lung tissues,
resembling those observed in fibrosis and indicating lung cell
deformation and dysfunction, may contribute to the develop-
ment of COPD. The exposure of organoids to mainstream/
sidestream smoke, resulting in cell deformation and dysfunc-
tion, could provide valuable insights into various aspects of

smoking-induced COPD pathogenesis.

3) Pulmonary fibrosis
PF is a lung disease characterized by repeated damage to
the lung epithelium, leading to the hardening of lung tissue

(fibrosis) and resulting in severe breathing difficulties. Drugs

2) Cells in the stage prior to differentiating into specialized lung cells with their final function.
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can delay fibrosis but cannot completely restore damaged lung
cells. Smoking is a major cause of PF [62]. This systematic lit-
erature review searched for studies published in the last 10
years on lung organoids and PF. A total of 137 studies were re-
viewed, 42 of which were deemed suitable for inclusion. Given
the similar mechanisms underlying COPD and PF, many stud-
ies grouped them together, and duplicate studies were excluded
during the review. Key findings from these studies are summa-
rized below.

Similar to studies on COPD, studies on PF have also used
type 2 alveolar cells to generate lung organoids [63]. However,
PF differs from COPD in that it is a chronic, progressive dis-
ease characterized by widespread accumulation of extracel-
lular matrix, irreversible damage to alveolar cells, and cellular
aging [64]. Studies in which PF was induced have primarily
employed anti-cancer antibiotics, such as bleomycin and trans-
forming growth factor-beta (TGF-B). Lung organoids treated
with bleomycin replicate the pathogenic characteristics of PF,
including epithelial cell-mediated activation of fibroblasts and
cellular aging [65]. Additionally, exposing alveolar epithelial
cells to TGF- induces epithelial-mesenchymal transition, trig-
gering the onset of PF [60]. The PF models are distinguished
from others that they employed bioprinting to create 3D.
Using bioprinting to create a 3D alveolar cell wall model and
exposing it to fibrosis-inducing cytokines, a previous study in-
duced structural changes, impaired alveolar cell function, and
triggered epithelial-mesenchymal transition, thus validating
the model as a suitable fibrosis model [67].

Studies developing PF models with lung organoids have
employed various approaches, notably bioprinting, to cre-
ate consistent PF models that overcome the limitations of

traditional organoids. However, as no study has thoroughly
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investigated the mechanism by which smoking causes PF to be

a chronic progressive disease, further research is needed.

4) Respiratory viral infections

Smoking damages type 2 alveolar cells. As viruses typi-
cally target airway epithelial and type 2 alveolar cells, the dam-
age caused by smoking may be further exacerbated. Cigarette
smoke disrupts the normal functioning of the immune system,
weakening its antiviral defense [68]. This systematic literature
review searched for studies published in the last 10 years relat-
ed to lung organoids and viral infections. A total of 1506 studies
were reviewed, 63 of which were deemed eligible for inclusion.

Recent studies on respiratory viral infections using lung or-
ganoids have predominantly focused on severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2). These studies used
lung organoid models infected with SARS-CoV-2 to create a
viral infection model, examining cellular structural changes
along with alterations in protein and gene expression. Benzo[a]
pyrene, a component of cigarette smoke, has been shown to in-
crease the susceptibility of lung organoids and type 2 alveolar
cells to SARS-CoV-2 infection [69]. Additionally, human lung
organoids infected with respiratory syncytial virus (RSV) were
used to replicate pathological changes, including alterations in
the lung epithelium, cell structures, and syncytium formation,
enabling the investigation of the underlying mechanisms [70].
A study examining the correlation between RSV infection and
particulate matter (PM) reported increased DNA damage and
apoptosis in lung organoids infected with RSV after PM expo-
sure [71]. This finding suggests that external stress applied to
virus-infected lung tissues can lead to severe lung damage. A
study supports the finding that lung organoids, owing to their

ability to replicate lung structures, are well suited for studying
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cellular responses resulting from interactions between the virus
and the host [72].

As both smoking and viral infections target type 2 alveo-
lar cells, this commonality highlights the value of using lung
organoid models derived from these cells. Studies indicate
that smokers are exposed to high levels of PM, which can trig-
ger varying toxicity responses depending on particle size [73].
Additionally, PM exposure has been shown to increase apopto-
sis in lung organoids infected with RSV, highlighting the need
for further research on the correlation between smoking and
respiratory viral infection. This systematic literature review un-
derscores the need for additional research on the relationship
between smoking and respiratory viral infections using lung

organoids.

Conclusion

Although smoking is known to induce various diseases,
research investigating its mechanisms through animal experi-
ments and cell models encounters physical, ethical, physiologi-
cal, and biological limitations. To overcome these limitations,
organoids have been proposed as a model, with the lung—the
first organ damaged by smoking—Dbeing examined as the pri-
mary target. This study, which investigated the current state of
research on the harms of smoking using lung organoids, found
that most studies focused on organoid models related to lung
cancer and COPD but did not incorporate animal experiments
or utilize a diverse range of lung disease organoids. Given the
high mortality rates from lung cancer and COPD, the studies
lacked diversity in their approaches. Thus, this systematic liter-
ature review explored the applicability of lung organoids in re-

search examining the harmful effects of smoking by reviewing
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existing studies on lung cancer, COPD, PF, and infectious re-
spiratory diseases that utilized lung organoids.

The majority of studies have used lung cancer cells to de-
velop organoids that replicate the structure of lung tissues or
employed lung cancer organoids derived from the lung tissues
of cancer patients. These organoids have been used in anti-
cancer drug screening and to assess their clinical applicability
in developing effective treatments. A COPD organoid model
mimicking patient lung tissues was developed and used to
identify genes contributing to COPD induction and to exam-
ine cell functional characteristics. PF has often been studied
alongside COPD, but unlike COPD, it is characterized by ex-
tracellular matrix accumulation, irreversible damage to alveo-
lar cells, and cellular aging, rather than changes in cell function.
Studies have identified key chemicals that induce PF and have
proposed 3D bioprinting as a solution to overcome the limita-
tions of organoids. Research on lung organoids in response to
the global SARS-CoV-2 pandemic is particularly active. One
study examined the correlation between RSV infection and
PM, confirming the need for further research on PM (fine PM,
including tar) produced in large quantities during smoking.
The findings from studies modeling lung cancer, COPD, PF,
and viral respiratory infections using lung organoids highlight
the potential of lung organoids for various applications in re-
search on the harmful effects of smoking, including traditional
cigarettes and new tobacco products.

The Smoking Harms Cell Laboratory of the KDCA has
conducted research to identify biological markers in lung or-
ganoids derived from lung cancer patients and to develop
lung organoids that replicate smoking-related lung diseases.
In the study, organoids were isolated from surgical tissues of

lung cancer patients, and culture conditions were optimized to
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confirm that the organoids originated from primary cancer-
ous tumors. The cilia, a characteristic feature of lung cells, were
examined, and next-generation sequencing was conducted to
validate the lung organoid and lung cancer organoid models.
Based on this study, research using lung organoids to over-
come the limitations of traditional cell and animal models is
expected to continue. Since the impact of smoking on health
can vary based on personal use patterns, such as frequency,
product type, and overall smoking habits, long-term follow-
up studies on changes in smokers’ behaviors and the levels of
harmful substances present in their bodies will be incorporated

into experimental models of smoking-related harm.
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QuickStats

Trends in the Proportion of the Population Consuming More than
500 g of Fruits and Vegetables per Day, 2016—2023

The proportion of the population consuming more than 500 g of fruits and vegetables per day (age standardization) among
those aged 6 and over was 22.1% in 2023, representing an 11.0%p decrease compared to 2016 (Figure 1). The proportion for

women was lower than that for men in 2023, and the proportion for women aged 12-29 was below 10% (Figure 2).
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Figure 1. Trends in the proportion of the population consuming Figure 2. Proportion of the population consuming more than
more than 500 g of fruits and vegetables per day, 2016-2023 500 g of fruits and vegetables per day by age and sex, 2023

*Proportion of the population consuming more than 500 g of fruits and vegetables per day: proportion of the population aged 6 and over eating
more than 500 g of fruits and vegetables per day.

"The mean in Figure 1 was calculated using age- and sex-specific structures of the estimated population in the 2005 Korea Census.

Source: Korea Health Statistics 2023, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

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