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& (carbapenem-resistant Enterobacteriaceae, CRE) @5 7Ht=dA Al WS vetdles &

shekar AR A AlA
oith. & B3AE= S CRE #
2 #Askch 202249 CRE #95< 1,257

N Q=& 7|FHAA F 30,548710] AILERT, 2017¢ 62 AFZAAAR FAEH o]F wjd 715k doH, 2018W(11,9547) HiH]

155.5% S7k5t%tt. CRE #9459 7hate A 84 WA 7142 7heted

2asr g Aot FUAlF &t F(carbapenemase-

producing Enterobacteriaceae, CP-CRE)Z} ZHiFH ¥l Eoja 4 A4 glo] ZHuts| A FAA o WS Hols FUiAld &S (non-
CPE

CP-CRE)°] 9t}. 2022¢ CRE #E3 A2 4 30,5484 &

7He B CRE #ES2 WY 371 FAH=Z A4elE 5

AESL 71.0% (21,6957)F 20214(14,7697) Y] 46.9% &
3 9ol FAAE S8 A5k S42 wolskat SAlo] A4l o

gol
W7t dasith 5= A3 eaEgd ogde S oi#(2023-2027),°0 35HE CRE #9F #2 &S 2345to] CRE

ZE= A HIR & 98] R AA 9 o2 7| HET A
shota ZEdE S

Al

5 CheFe w2 0]o]Z Ao,

F2 Mol ZHb AWM T &t FES: Tt RS E AT AT S-S A WA

N B

L ERPEE!
Enterobacteriaceae, CRE) Z7HZL A AAHo = 9= 3t
LRI LES

74| A YA (Ertapenem, Meropenem, Doripenem,

AlAA

(carbapenem resistant

#9310 A% BFRA BARN),  TRAL

& o golct. olot Ho] o)zs|eht Ao

Imipenem) ¥ |4 g 7}A] o] 9] W4l
ot AHdgoltt. CRE A5 A2 4
+9 FolH, =7 #gL CRE S5 &4 4
YA ERA} A Al 24A1F o o] Ax
Gl Al ALME A& 5HoF 2]

CRE #d5< A e €27l 71d0 wet 7t

494 o= AAE 2
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U 7t Q3 W Al &S (carbapenem-resistant
Enterobacteriaceae, CRE) ZF¥% A3 AL 20174 69
ALBAAAR AgHE o]« wjd F7Fskar Qlot.

@ M=Z0| €A & HE=2?

2022 A= CRE % A3 30,5484 F 7t dE
N E LY GG NN &t ?(carbapenemase producing
Enterobacteriaceae, CPE) Zr8352 71.0%%2.™ CPE 1¥
T H&o| 2 & g+ 80.3%, AA 75.6%H L, Fe
£02E Al 29.7% &4 52.0% 02 A A Zfo|7t 3
Al UeEhstt

pazs: EAPA
v o

® MAFER?
FAAAZ B9 Qzslwt grel ey ne AAES %
shotn AT-Al A 24 A3 85 9 e A7 o) %
8} 59| Thopet tgfo] WRd Aoz Bl

v Eol & A4 AW Al (carbapenemase-producing
Enterobacteriaceae, CPE) L&} 7|l EsjastE A4

oA = FtEE YA AU A+ (non-CPE) 1E 02 U

Aw, 1% CPE RAAE AFE Aolo] 287 Astr} 4174
Aold % 9lo] CRE 493 THlo] 2 JFL vjArky L7
A ATH3 4]

WY B2 CRE B9 A4 EX JAARS
Aste] 4 - g ot 24 %
o Amtse R249, AR, A9 2 433 5 Gt
RUATH2. At A FAA) B e
A9 olel AY YYANE B JHL T U] e
of A2A Aee] Ao AU 1% FFOR IR U§

2 o7 A|A ol Fgo] =t lTH5,6].

olo] X+ CRE #¥35 At w2 dgS A5t
WSk A 9 R E mtobot At ASAAIAA R A8
H| 7} 7Hs$t 2018WHE 2022W7HA] Al E CRE 49
o] AR, =7 FE, £, R Rl asE =
i uhy @3} CPE 2959 Al -
et

ng

—

ol

S
RE #HS2 1,25770 27|84 30,5484

O m 7] $7F F7FskaL ITHE 1).

20229 JEEE FA40] 55.8% (17,0361)=2 o4
44.2% (13,5127) ot goltt. A= 2H, 704] o]/3o]
63.5% (19,3997), 60-69A417F 19.2% (5.86471), 50-59A
7} 9.5% (2,91471) %=0]9itt. 704 o4 o] ¥y Ex=

2018¢ 2019¢ 2020 2021 20224
CRE 95 Al 4 11,954 15,369 18,113 23,311 30,548
CRE 95 41l Y=7|# = 723 831 938 1,067 1,257

CRE=carbapenem-resistant Enterobacteriaceae.
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T 2.2018-2022¢] CRE ZE3 A1 A3
=25 2018 2019 2020 2021 2022
A 11,954 15,369 18,113 23,311 30,548
|
73 6,759 (56.5) 8,727 (56.8) 10,210 (56.4) 13,362 (57.3) 17,036 (55.8)
o4 5,195 (43.5) 6,642 (43.2) 7,903 (43.0) 9,949 (42.7) 13,512 (44.2)
A5l
0-1941 420 (3.5) 333 (2.2) 311 (1.7) 336 (1.4) 341 (1.D)
20-39A 429 (3.6) 513 (3.3) 502 (2.8) 667 (2.9) 784 (2.6)
40494 618 (5.2) 760 (4.9) 774 (4.3) 1,042 (4.5) 1,246 (4.1)
50-59A] 1,403 (11.7) 1,789 (11.6) 2,035 (11.2) 2,372 (10.2) 2,914 (9.5)
60-69A 2,265 (18.9) 2,943 (19.1) 3,405 (18.8) 4,587 (19.7) 5,864 (19.2)
704 ol 6,819 (57.0) 9,031 (58.8) 11,086 (61.2) 14,307 (61.4) 19,399 (63.5)
dm7|H FdE
=R 5,298 (44.3) 6,266 (40.8) 7,099 (39.2) 9,442 (40.5) 11,737 (38.4)
Rk 5,226 (43.7) 6.803 (44.3) 8.013 (44.2) 9,786 (42.0) 13,298 (43.5)
B 843 (7.1) 1,093 (7.1) 1,380 (7.6) 1,512 (6.5) 1,515 (5.0)
[|¥3HY 517 (4.3) 1,077 (7.0) 1,485 (8.2) 2,383 (10.2) 3,760 (12.3)
71ep) 70 (0.6) 130 (0.8) 136 (0.8) 188 (0.8) 238 (0.8)
©9]: 7(%). CRE=carbapenem-resistant Enterobacteriaceae. *91¢, SHiH ¢, HA7| % 5.
E3.2018-20229 CRE #HS 9xE 2o+ 411 9%
22| 20184 20194 20204 20214 2022\
A 10,150 15,640 19,635 22,925 30,808
Klebsiella pneumoniae 6,289 (62.0) 9,452 (60.4) 12,296 (62.6) 15,723 (68.6) 21,845 (70.9)
Escherichia coli 1,805 (17.8) 3,010 (19.2) 3,541 (18.0) 3,280 (14.3) 4,313 (14.0)
Enterobacter spp. 1,199 (11.8) 1,853 (11.8) 1,869 (9.5) 1,930 (8.4) 2,152 (7.0)
Citrobacter freundii 260 (2.6) 403 (2.6) 501 (2.6) 586 (2.6) 767 (2.5)
Klebsiella oxytoca 167 (1.6) 234 (1.5) 315 (1.6) 290 (1.3) 353 (1.1)
Serratia marcescens 66 (0.7) 136 (0.9) 278 (1.4) 268 (1.2) 288 (0.9)
Citrobacter koseri 41 (0.4) 118 (0.8) 113 (0.6) 219 (1.0 306 (1.0)
Raoultella ornithinolytica 14 (0.1) 30(0.2) 49 (0.2) 45 (0.2) 52 (0.2)
Providencia rettgeri 76 (0.7) 118 (0.8) 137 (0.7) 105 (0.5) 102 (0.3)
K. pneumoniae, K. oxytoca £ Klebsiella spp. 43 (0.4) 127 (0.8) 220 (1.1) 208 (0.9) 310 (1.0
R. ornithinolytica £ Raoultella spp. 21(0.2) 12 (0.1) 15 (0.1) 20 (0.1) 23 (0.1)
C. freundii, C. koseri 9] Citrobacter spp. 38 (0.4) 4(0.0) 138 (0.7) 98 (0.4) 93 (0.3)
Proteus spp. 124 (1.2) 57 (0.4) 40 (0.2) 51 (0.2) 62(0.2)
Morganella morganii 0(0.0) 23(0.1) 21 (0.1) 20 (0.D) 24 (0.D
P. rettgeri 9] Providencia spp. 2(0.0) 21 (0.1) 24 (0.1) 29(0.1) 22 (0.1)
Others” 5(0.0) 42(0.3) 78 (0.4) 53 (0.2) 96 (0.3)

287, Hafnia alvei 127, Pantoea spp. 671, Lelliottia spp. 474, S. marcescens | Serratia spp. 37 5.

o9l: A(%). CRE=carbapenem-resistant Enterobacteriaceae. "CRE 785 Ag|ZAA 24 Al Bald $2 A 715, YOthers: Kluyvera spp.
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20189 57.0% (6,8197)°14 20229 63.5% (19,39974)& A A 9 CRE ¥ CPE H[&2 wjd F7lstal 9low, 2022
Aap Z7F FAoltt. Q57| S8 A A B, U ¥ CPE ¥4 74:(21,6957)+= 20184(5,96271) diH] <F
A 43.5% (13,2987), Fa5dH Y 38.4% (11,7374), & 263.9%% A Z7}tATHER 4).
¥ 12.3% (3,76071), B 5.0% (1,5157) <=0 & Ax 2022¢ CPE #¥H%5 A1AE &3 &R1E CPE #9495
=it} o] T ¥ A1 AL 20199 7.0% (1,0777), Al - = Bx= o 80.3% (1,4457)2 7 =9k, o
20204 8.2% (1,4857), 2021 10.2% (2,3837), 2022 202+ A 75.6% (2,0267), tA 74.6% (5307), A%
12.3% (3,7607)& Ay Axt Ay 27 J2p S7kekal 9L 74.4% (5857), B 74.1% (1,3727) 0| ATHEE 5).
THE 2). 2022 CPE #E35 AlaAo] EuH 7HepelEaias
202249 CRE #9935 A RAMA 24 2% &+

30,8084 % K. pneumoniae’t 70.9% (21,8457), E. coli7t

H5.2022¢ CPE #E3 Al-=48 A1 @

14.0% (4,3137), Enterobacter spp.7t 7.0% (2,1527), C. CPE 2=

_ SRS CRE #¥3 o

freundii’t 2.5% (7677), K. oxytoca’t 1.1% (3537)= & (CPE/CRE)

QEgIT). ol 2018-20224 A 59 49 BE 5744 A 30548 21695 71.0)

A& 9,153 6,419 (70.1)

wFE FUSHY 7MY B2 EXE A5 Sl K. pneu- Bt 2,501 1,670 (66.8)

moniae’= 20184 62.0%, 2019% 60.4%, 202049 62.6% A 1799 1,445 (80.3)

Sk 2,679 2,026 (75.6)

2021¢ 68.6%, 2022 70.9%F 20194 o]F ufd LAY Bz 490 298 (60.8)

A 9y 2Rk 2748 QAL E. colis 2018\ 17.8%, o 710 530 (74.6)

ZAt 344 179 (52.0)

20199 19.2%, 20204 18.0%, 20219 14.3%, 20224 IS 37 11 (29.7)

14.0%2 201949 0]Z 7H4 =42 Kol 1 QItHE 3). 371 6,600 4,774 (72.3)

sl 706 458 (64.9)

=5 302 198 (65.6)

2. CPE ZY= Aln 83} s 803 531 (66.1)

A5 1,213 879 (72.5)

2022¢ CRE &85 411 A 30,5484 % CPE 493 Y| Ay 425 234 (55.1)

&2 71.0%% 87771 Q@714 21,6957 0] ERI= it 3= 786 585 (74.4)

A 1,852 1,372 (74.1)

20184 49.9% (5,96274), 20194 57.8% (8,88771), 2020 S 148 86 (58.1)
‘rf]_ 61.9% (11,218@), 2021‘5_ 63.4% (14,769ﬁ)i CPE o A(%). CRE=carbapenem-resistant Enterobacteriaceae;

Zd= ujeC Wy =715k 9tk 20229 CPE 7= o CPE=carbapenemase-producing Enterobacteriaceae.

H 4.2018-20229 CPE A E5 Axd Ay ¢ o z7|F ¢

B2 20184 20194 20204 20214 20224
CRE Z¥% Ax A 11,954 15,369 18,113 23,311 30,548
CPE 7% A1 A 5,962 (49.9) 8,887 (57.8) 11,218 (61.9) 14,769 (63.4) 21,695 (71.0)
CPE ZH9 % A1 9|57 7|3 =9 - 622 670 717 877

9): 2(%). CRE=carbapenem-resistant Enterobacteriaceae; CPE=carbapenemase-producing Enterobacteriaceae. “3)'g¢ A% CPE7} 1710]2}
T A% w1
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E 6. 2018-20224 CPE A5 7HopedEsas Ay A%
= 20184 2019 202044 20214 202244

A 5,800 9,209 12,136 14,320 22,048
KPC 4,132 (71.2) 6,309 (68.5) 8,958 (73.8) 10,914 (76.2) 17,000 (77.1)
NDM 1,432 (24.7) 2,240 (24.3) 2,516 (20.7) 2,822 (19.7) 3,705 (16.8)
OXA 116 (2.0) 533 (5.8) 522 (4.3) 419 (2.9) 1,141 (5.2)
VIM 69 (1.2) 59 (0.6) 60 (0.5) 78 (0.5) 84 (0.4)
IMP 43(0.7) 53 (0.6) 67 (0.6) 68 (0.5) 92 (0.4)
GES 8(0.1) 15 (0.2) 13 (0.1) 19 (0.1) 26(0.1)

@9: A(%). CPE=carbapenemase-producing Enterobacteriaceae; KPC=Klebsiella pneumoniae carbapenemase; NDM=New Delhi metallo-p-

lactamase; OXA=Oxacillinase; VIM=Verona integron-encoded metallo-B-lactamase; IMP=Imipenemase; GES=Guiana extended spectrum

B-lactamase. “CPE A1 1A 24 A] 7Hat A Be & 4 §A4Y F8 A8 715,

22,0487 % KPC 77.1% (17,0007), NDM 16.8% (3,705
7)., OXAZF 5.2% (1,1417) %Atk 2019-2022 91 &3
37HA] §AAEL mid Lot en, 201949 °]F KPCe
A& F7F6FIAL NDM2 Al 24 5H3{th. OXA+= 20194
5.8% (53371), 20209 4.3% (52271), 20214 2.9% (419
A)E sttt 202249 5.2% (1,141 1) tha S7tekdth
(I 6).

2
=

rhu

E HIAE 20224 Y wr]|dolA A

ol
o)
ACH
Wi
o)
of

B4 SYTeA AR AT CRE HUS 30,5488

o
der, Al EE ATAR B AR, duT|H S, 2+

= CRE #H5= 20179 o]F #id F7lstal 9lom
OE YEl A% CRE S0l $7F FAE Holil Qi
EE A3 HY7t v]=2 CPO (Cabapenemase-Producing
Organisms), 9=+ CPE ¥ 7HludA4] 84| Eejasrs
Aot I 248, 432 A 4 € AEA X7

b 4] 7129 Fol7}

M
o
U
)
a)
yisd
Mo
B
i
[Z
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ol
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4 Y &5e 2Yste] EAHE DUHES Y 9 diS
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o
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=
30,
L
—
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8 CRE A9< A2 E 3l U7tk & Zloltt14].
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ABSTRACT

Carbapenem-resistant Enterobacteriaceae (CRE) are species of bacteria in the family Enterobacteriaceae that are resistant to
at least one of the carbapenem antibiotics. In 2019, World Health Organization declared antimicrobial resistance as “one of the
top ten global public health threats facing humanity,” and with the continually increasing use of antibiotics worldwide, there
is a correspondingly growing threat of resistance development among bacteria, thus necessitating more stringent surveillance
and management. This report analyzed the 2022 domestic outbreak status of CRE infections with respect to patient age,
type of medical institution, carbapenemase genes, and carbapenemase genotype. In 2022, 30,548 cases of CRE infections
were reported in 1,257 medical institutions, and the number has been increasing every year since 2017, when the mandatory
surveillance system was initiated, increasing by 155.5% compared to 2018 (11,954 cases). The mechanisms of carbapenem
antibiotic resistance in CRE infections include carbapenemase-producing Enterobacteriaceae (CP-CRE) and Enterobacteriaceae
species that are resistant to carbapenem antibiotics without producing carbapenemase (non-CP-CRE). Of the 30,548 reported
cases of CRE infection, 71.0% (21,695 cases) were CPE infections, showing a 46.9% increase compared to 2021 (14,769
cases). The annual increase in CRE infections is becoming an increasingly concerning social burden, thus emphasizing the
need for continuous prevention and management, along with the establishment of a surveillance system for identifying the
epidemiological characteristics. The government plans to continue efforts with local governments and medical institutions to
prevent the spread of CRE infections, including strengthened CRE management measures in the 2nd Comprehensive Measures
for Prevention and Management of Healthcare-Related Infections (2023-2027). In addition, it will strengthen the cooperative
management system between medical institutions and the government and continue to implement various management

methods such as infection control education.

Key words: Carbapenem-resistant Enterobacteriaceae; Carbapenemase-producing Enterobacteriaceae; Antibiotic resistance
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Introduction (CRE) are a significant and persistent public health issue world-
wide [1], predominantly occurring in healthcare settings.

Infections caused by carbapenem-resistant Enterobacteriaceae CRE infections involve Enterobacteriaceae species that are
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Key messages
(D What is known previously?

Reports of domestic carbapenem-resistant Enterobacteriaceae
(CRE) infections the number has been increasing every year
since 2017, when the mandatory surveillance system was
initiated.

@ What new information is presented?

Of the 30,548 cases of CRE infection reported nation-
wide in 2022, 71.0% were carbapenemase-producing
Enterobacteriaceae (CPE) infections. The highest rates
of CPE infection were recorded in Daegu at 80.3% and
Incheon at 75.6%, whereas the lowest rates were report-
ed from Sejong at 29.7% and Ulsan at 52.0%. It was also
established that there was a significant regional difference
in the incidence of infection.

® What are implications?

A range of measures will be necessary to strengthen the
cooperative management system between medical insti-
tutions and the government, based on a comprehensive
surveillance system. Furthermore, we need to strengthen
the implementation of feedback and quarantine guide-
lines based on relevant reports and case investigation
analyses.

resistant to any carbapenem antibiotics, including Ertapenem,
Meropenem, Doripenem, and Imipenem. CRE infections are
subject to mandatory reporting to local health authorities un-
der a Class 2 comprehensive surveillance system [2].

CRE infections are divided into two groups: carbapene-
mase-producing Enterobacteriaceae (CPE) and non-CPE in-
fections. The CPE gene is known to significantly contribute
to the spread of CRE due to its ability to be easily transmitted
among bacteria [3,4]. The infection routes include direct or
indirect contact with CRE-infected patients or carriers as well

as exposure through contaminated equipment, supplies, and
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environments. CRE infections can lead to various conditions,
including urinary tract infections, gastroenteritis, pneumonia,
and sepsis [2]. CRE generally exhibits resistance to multiple
antibiotics, which limits the treatment options and increases
the financial burden on the healthcare system due to extended
hospital stay [5,6].

This study analyzed the CRE infection data from the
Republic of Korea (ROK), reported to municipalities and prov-
inces from 2018 to 2022, the latest period after the transi-
tion to a comprehensive surveillance system, by age, hospital
type, isolated bacteria, and carbapenemase type, comparing the

trends across local municipalities and provinces.

Methods

To analyze the isolated bacteria and carbapenemase in CRE
infections, we used data from the cases with CRE infections re-
ported in 2022 through the Integrated Disease Management
System operated by the Korea Disease Control and Prevention
Agency (KDCA), the CRE Infection Case Report, and the CPE
Infection Reporting (as of June 21, 2023). The analysis of CRE
infections from 2018 to 2021 was derived from the KDCA’s
Infectious Disease Surveillance Yearbook and previously pub-

lished epidemiological and management reports [7-10].

Results

1. CRE Infection Reporting Status

Overall, 30,548 cases of CRE infections were reported
from 1,257 healthcare facilities in 2022. Since the comprehen-
sive surveillance began in June 2017, both the number of re-

ported cases and the number of reporting healthcare providers
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Table 1. Number of CRE designated and medical institutions by year (2018-2022)
2018 2019 2020 2021 2022
Reported cases 11,954 15,369 18,113 23,311 30,548
Number of medical institutions 723 831 938 1,067 1,257
CRE=carbapenem-resistant Enterobacteriaceae.
Table 2. Characteristics of Carbapenem-resistant Enterobacteriaceae (2018-2022)
Category 2018 2019 2020 2021 2022
Total 11,954 15,369 18,113 23,311 30,548
Sex
Male 6,759 (56.5) 8,727 (56.8) 10,210 (56.4) 13,362 (57.3) 17,036 (55.8)
Female 5,195 (43.5) 6,642 (43.2) 7.903 (43.6) 9,949 (42.7) 13,512 (44.2)
Age group
0-19 yr 420 (3.5) 333 (2.2) 311 (1.7) 336 (1.4) 341 (1.1)
2039 yr 429 (3.6) 513 (3.3) 502 (2.8) 667 (2.9) 784 (2.6)
40-49 yr 618 (5.2) 760 (4.9) 774 (4.3) 1,042 (4.5) 1,246 (4.1)
50-59 yr 1,403 (11.7) 1,789 (11.6) 2,035 (11.2) 2,372 (10.2) 2,914 (9.5)
60-69 yr 2,265 (18.9) 2,943 (19.1) 3,405 (18.8) 4,587 (19.7) 5,864 (19.2)
=70 yr 6,819 (57.0) 9,031 (58.8) 11,086 (61.2) 14,307 (61.4) 19,399 (63.5)
Medical institution type
Advanced general hospital 5,298 (44.3) 6,266 (40.8) 7,099 (39.2) 9,442 (40.5) 11,737 (38.4)
General hospital 5,226 (43.7) 6,803 (44.3) 8,013 (44.2) 9,786 (42.0) 13,298 (43.5)
Hospital 843 (7.1) 1,093 (7.1) 1,380 (7.6) 1,512 (6.5) 1,515 (5.0)
Long-term care hospital 517 (4.3) 1,077 (7.0) 1,485 (8.2) 2,383 (10.2) 3,760 (12.3)
Others” 70 (0.6) 130 (0.8) 136 (0.8) 188 (0.8) 238 (0.8)
Unit: n (%). “Others: clinic, public health center, medical center.

have increased year by year (Table 1).

In 2022, male patients outnumbered female patients with
regard to the incidence of CRE infections, accounting for
55.8% (17,036 cases) vs. 44.2% (13,512 cases), respective-
ly. By age group, those aged 70 years and above represented
63.5% (19,399 cases), followed by the age group of 60-69
years, at 19.2% (5,864 cases), and the group of 50-59 years,
at 9.5% (2,914 cases). The incidence of CRE infections among
those over 70 years of age has been increasing, from 57.0%
(6,819 cases) in 2018 to 63.5% (19,399 cases) in 2022. By

the type of healthcare facilities, general hospitals reported

www.phwr.org Vol 17, No 4, 2024

43.5% of cases (13,298 cases), followed by tertiary hospitals
(38.4%; 11,737 cases), nursing hospitals (12.3%; 3,760 cas-
es), and primary care clinics (5.0%; 1,515 cases). Particularly,
reports from nursing hospitals have steadily increased, from
7.0% (n=1,077) in 2019, 8.2% (n=1,485) in 2020, 10.2%
(n=2,383) in 2021, to 12.3% (n=3,760) in 2022 (Table 2).
Notably, analysis of the 2022 CRE Infection Case Report
revealed that among the 30,808 isolated strains, K. pneumonia
accounted for 70.9% of cases (n=21,845), E. coli for 14.0% of
cases (n=4,313), Enterobacter spp. for 7.0% of cases (n=2,152),
C. freundii for 2.5% of cases (n=767), and K. oxytoca for 1.1%
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of cases (n=353). These top 5 strains have remained the same
over the past 5 years (2018-2022). The prevalence of K. pneu-
monia has been increasing annually since 2019, from 62.0%
in 2018, 60.4% in 2019, 62.6% in 2020, 68.6% in 2021, to
70.9% in 2022. In contrast, E. coli has been showing a decreas-
ing trend since 2019, from 17.8% in 2018, 19.2% in 2019,
18.0% in 2020, 14.3% in 2021, to 14.0% in 2022 (Table 3).

2. CPE Infection Reporting Status
In 2022, out of 30,548 reported cases of CRE infections,

71.0% of cases (n=21,695) were confirmed as CPE infec-
tions in 877 healthcare facilities. The proportion of CPE in-
fections has increased year by year, standing at 49.9% of
cases (n=5,962) in 2018, 57.8% (n=8,887) in 2019, 61.9%
(n=11,218) in 2020, and 63.4% (n=14,769) in 2021. The
number of positive CPE cases in 2022 showed a significant in-
crease of 263.9% compared to thatin 2018 (Table 4).

The regional distribution of CPE infections reported in
2022 showed the highest incidence in Daegu, with 80.3% of
cases (n=1,445), followed by that in Incheon, with 75.6% of

Table 3. Distribution of Carbapenem-resistant Enterobacteriaceae (CRE) by species (2018-2022)

Species” 2018 2019 2020 2021 2022
Total 10,150 15,640 19,635 22,925 30,808
Klebsiella pneumoniae 6,289 (62.0) 9,452 (60.4) 12,296 (62.6) 15,723 (68.6) 21,845 (70.9)
Escherichia coli 1,805 (17.8) 3,010 (19.2) 3,541 (18.0) 3,280 (14.3) 4,313 (14.0)
Enterobacter spp. 1,199 (11.8) 1,853 (11.8) 1,869 (9.5)  1,930(8.4) 2,152 (7.0)
Citrobacter freundii 260 (2.6) 403 (2.6) 501 (2.6) 586 (2.6) 767 (2.5)
Klebsiella oxytoca 167 (1.6) 234 (1.5) 315 (1.6) 290 (1.3) 353 (1.1)
Serratia marcescens 66 (0.7) 136 (0.9) 278 (1.4) 268 (1.2) 288 (0.9)
Citrobacter koseri 41 (0.4) 118 (0.8) 113 (0.6) 219 (1.0 306 (1.0)
Raoultella ornithinolytica 14 (0.1) 30(0.2) 49 (0.2) 45(0.2) 52 (0.2)
Providencia rettgeri 76 (0.7) 118 (0.8) 137 (0.7) 105 (0.5) 102 (0.3)
K. pneumoniae, K. oxytoca excluding Klebsiella spp. 43 (0.4) 127 (0.8) 220(1.1) 208 (0.9) 310 (1.0)
R. ornithinolytica excluding Raoultella spp. 21 (0.2) 12 (0.1 15 (0.1) 20 (0.1) 23 (0.1)
C. freundii, C. koseri excluding Citrobacter spp. 38(0.4) 4(0.0) 138 (0.7) 98 (0.4) 93 (0.3)
Proteus spp. 124 (1.2) 57 (0.4) 40 (0.2) 51 (0.2) 62(0.2)
Morganella morganii 0(0.0) 23 (0.1) 21(0.1) 20 (0.1) 24 (0.1)
P. rettgeri excluding Providencia spp. 2(0.0) 21 (0.1) 24 (0.1) 29 (0.1) 22 (0.1)
Others” 5(0.0) 42(0.3) 78 (0.4) 53(0.2) 96 (0.3)

Unit: n (%). a)Multiple isolates can be selected when filling out a CRE infection case investigation form. YOthers: Kluyvera spp. 28 cases,

Hafnia alvei 12 cases, Pantoea spp. 6 cases, Lelliottia spp. 4 cases, S. marcescens and Serratia spp. 3 cases, etc.

Table 4. Number of Carbapenemase-producing Enterobacteriaceae (CPE) designated and medical institutions by year (2018-2022)

Category 2018 2019 2020 2021 2022
CRE infection 11,954 15,369 18,113 23,311 30,548
CPE infection 5,962 (49.9) 8,887 (57.8) 11,218 (61.9) 14,769 (63.4) 21,695 (71.0)
Number of CPE medical institution” - 622 670 717 877

year.

Unit: n (%). CRE=carbapenem-resistant Enterobacteriaceae. “Number of medical institutions where at least one case of CPE occurred in the

124

www.phwr.org Vol 17, No 4, 2024


http://www.phwr.org

I Public Health Weekly Re.:uu’\

cases (n=2,026), that in Daejeon, with 74.6% of cases (n=530),
that in Gyeongbuk, with 74.4% of cases (n=585), and that in
Gyeongnam, with 74.1% of cases (n=1,372) (Table 5).

Table 5. Reporting status of CPE infection by province/city
in 2022
Province/city CPE infection C&Epgjg%tgn

Total 30,548 21,695 (71.0)
Seoul 9,153 6,419 (70.1)
Busan 2,501 1,670 (66.8)
Daegu 1,799 1,445 (80.3)
Incheon 2,679 2,026 (75.6)
Gwangju 490 298 (60.8)
Daejeon 710 530 (74.6)
Ulsan 344 179 (52.0)
Sejong 37 11 (29.7)
Gyonggi 6,600 4,774 (72.3)
Gangwon 706 458 (64.9)
Chungbuk 302 198 (65.6)
Chungnam 803 531 (66.1)
Jeonbuk 1,213 879 (72.5)
Jeonnam 425 234 (55.1)
Gyeongbuk 786 585 (74.4)
Gyeongnam 1,852 1,372 (74.1)
Jeju 148 86 (58.1)
Unit: n (%). CRE=carbapenem-resistant Enterobacteriaceae;
CPE=carbapenemase-producing Enterobacteriaceae.

Among the 22,048 carbapenemases reported in the 2022
CPE Infection Reporting Form, Klebsiella pneumoniae car-
bapenemase (KPC) accounted for 77.1% (n=17,000); New
Delhi metallo-B-lactamase (NDM), for 16.8% (n=3,705); and
oxacillinases (OXA), for 5.2% (n=1,141). These top 3 car-
bapenemase types have remained the same each year from
2019 to 2022, with KPC continuously increasing and NDM
decreasing. Notably, OXA decreased to 5.8% (n=533) in
2019, 4.3% (n=522) in 2020, and 2.9% (n=419) in 2021, but
slightly increased to 5.2% (n=1,141) in 2022 (Table 6).

Discussion

This report examined the CRE infection cases (n=30,548)
reported to the KDCA’s Integrated Disease Management
System from healthcare facilities in 2022 to identify the CRE
infection status in the ROK by the type of healthcare facility,
age, and isolated bacteria, and analyzed the related carbapen-
emases and the CPE infection status by region using the CPE
Infection Reporting data.

In the ROK, the incidence of CRE infections has been in-

creasing annually since 2017. This increasing trend has also

Table 6. Distribution of Carbapenemase-producing Enterobacteriaceae (CPE) by carbapenemase genotype (2018-2022)

Carbapenemase 2018 2019 2020 2021 2022
genotype

Total 5,800 9,209 12,136 14,320 22,048
KPC 4,132 (71.2) 6,309 (68.5) 8,958 (73.8) 10,914 (76.2) 17,000 (77.1)
NDM 1,432 (24.7) 2,240 (24.3) 2,516 (20.7) 2,822 (19.7) 3,705 (16.8)
OXA 116 (2.0) 533 (5.8) 522 (4.3) 419 (2.9) 1,141 (5.2)
VIM 69 (1.2) 59 (0.6) 60 (0.5) 78 (0.5) 84 (0.4)
IMP 43 (0.7) 53 (0.6) 67 (0.6) 68 (0.5) 92 (0.4)
GES 8(0.1) 15 (0.2) 13 (0.1) 19 (0.1) 26 (0.1)

selected when filling out the CPE report.

Unit: n (%). KPC=Klebsiella pneumoniae carbapenemase; NDM=New Delhi metallo-p-lactamase; OXA=Oxacillinase; VIM=Verona integron-

encoded metallo-B-lactamase; IMP=Imipenemase; GES=Guiana extended spectrum p-lactamase. “Multiple carbapenemase genotypes can be

www.phwr.org Vol 17, No 4, 2024
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been observed on the global scale. Although a direct interna-
tional comparison is difficult due to the surveillance standards
varying from country to country, with the United States (US)
reporting CPE (plus CPO from 2023), the United Kingdom
reporting CPE and gram-negative bacteria producing car-
bapenemase, and Japan reporting based on the clinical symp-
toms and laboratory diagnostic criteria, the surveillance data
indicate an increase in carbapenem-resistant bacteria [11,12].

For efficient CRE infection management, the US Centers
for Disease Control and Prevention recommends strategies
that include the identification of patients in the initial phase of
the spread stage, rapidly implementing appropriate measures,
such as isolation and contact tracing to prevent further spread,
recognizing transmission within and between healthcare facili-
ties, and providing guidance for additional response measures.
These measures include the management of patients by identi-
fying novel pathogens and characterizing their mechanisms, as
well as the adaptation of ongoing infection prevention activities
to address the emerging challenges [13].

Likewise, the ROK is about to develop and implement in-
tervention programs as part of the Second Comprehensive
Plan for Healthcare-Associated Infections. These programs in-
clude tasks for establishing strategies to strengthen CRE infec-
tion management. This involves assessment of the current state
of infection control aimed at reducing CRE infections, analy-
sis of the barriers to effective infection control, and building
and pilot-testing of an enhanced infection control intervention
model specifically for CRE reduction. Additionally, the plan
includes bolstering the CRE surveillance system to establish a
cooperative framework between healthcare facilities and the
government. This effort will focus on improving reporting and

case analysis feedback, enhancing compliance with isolation
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guidelines, providing customized education for healthcare
workers, and supporting active surveillance. These varied and
intensive efforts are crucial for strengthening the prevention

and management of CRE infections [14].
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Analyzing the Coronavirus Disease 2019 Pandemic Response
Governance and Policy (January 2020—-December 2021)
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ABSTRACT

The severe acute respiratory syndrome coronavirus-2 virus caused the the coronavirus disease 2019 (COVID-19) pandemic,
which was a first for the twenty-first century and an infectious disease that spotlighted the importance of the Korea Disease
Control and Prevention Agency to public health. In response to the COVID-19 pandemic, the Korea Disease Control and
Prevention Agency promptly implemented testing, treatment, and social distancing measures. Only a thorough analysis can
evaluate the efficacy of the agency’s COVID-19 response policies. It would be challenging to characterize the lessons and
preventative actions learned from the findings as accurate insights. This paper analyzes the COVID-19 pandemic response
strategy and governance from January 2020 to December 2021 by placing actions taken within the conceptual framework
of infectious disease management policy. This strategy establishes a valuable policy evaluation framework that can integrate
limitations of policy decisions in response to pandemic infectious diseases with imbalancing ripple effects. Infectious disease
control countermeasures provoke an unexpected secondary outcome, like reduced economic growth or social isolation. It
is very difficult to balance these negative consequences with the effectiveness of preventing infectious diseases. In other
words, infectious disease prevention strategies can be specific obligations in specific contexts that are derived from ex post
accountability. Therefore, infectious disease response policy assessment requires a step-by-step framework to evaluate potential

negative impacts, and it is important to set parameters in advance to resolve competing interests arising in particular contexts.

Key words: Korea Disease Control and Prevention Agency; COVID-19; Pandemics; Governance; Infectious diseases response
policy
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Introduction followed suit on February 12, 2020, adopting the name
COVID-19 on February 12, 2020 [1]. By the time the WHO

On February 11, 2020, the World Health Organization formally declared COVID-19 a pandemic on March 11, 2020,
(WHO) officially designated the novel coronavirus disease, over 120,000 cases had been reported in 114 countries, result-
which emerged in Wuhan, China, in 2019, as coronavirus ing in approximately 4,300 deaths. The COVID-19 pandem-

disease 2019 (COVID-19). The Republic of Korea (ROK) ic was an infectious disease that spread across the globe with
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Key messages
(D What is known previously?

The Republic of Korea's experience in responding to sig-
nificant infectious diseases, including SARS, Influenza
A (HIN1), and MERS, has fostered expansion and im-
provement of the country’s infectious disease response
capability.

(@ What new information is presented?

The prominence of the Korea Disease Control and
Prevention Agency was elevated on September 12, 2020.
In response to COVID-19, the agency implemented
control strategies based on national public health and se-
curitization, technification of non-pharmaceutical inter-
ventions, and social solidarity.

(® What are the implications?

Evaluations of process change drivers, policy measure ef-
ficiency, and response personnel's capabilities must serve
as the foundation for effective assessment of infectious
disease control policies.

unprecedented scale, speed, and impact, surpassing any previ-
ous epidemic or pandemic [2].

According to policy theory, policymakers may sometimes
make decisions that appear irrational by overly focusing on
a limited aspect of the problem and related information [3].
When the complexity of tasks exceeds the capabilities of cen-
tralized management, the central government often delegates
authority to local governments [4]. The distribution of respon-
sibilities across various levels and types of government organi-
zations, each with unique rules and diverse approaches to un-
derstanding policy issues, can pose challenges [5]. Addressing
the COVID-19 pandemic presented a daunting challenge that
no single country or government department could effectively

manage at any outbreak stage. To highlight the importance of

www.phwr.org Vol 17, No 4, 2024

policies mitigating the 21st-century pandemic’s threat to pub-
lic health, this study investigates the governance transforma-
tions required to fulfill the response and management objec-
tives for COVID-19 and identifies the key elements of strate-

gies to reduce policy ambiguities.

Methods

This study primarily utilized policy briefings and press
releases with accompanying reference materials issued by
the Central Epidemic Prevention and Control Headquarters
(CEPHC) and briefing messages from the Central Disaster and
Safety Countermeasure Headquarters. Employing the WHO’s
Strategic Preparedness and Response Plan as a conceptual
framework for strategy analysis and categorization [6], we ana-
lyzed these raw materials to identify the governance changes
implemented in response to the evolving outbreak situations
during the different phases of the COVID-19 pandemic. This
analysis enabled the extraction of critical themes for each

strategy.

Results

1. Changes in COVID-19 Response Governance

Severe acute respiratory syndrome coronavirus-2 virus
spreads unpredictably, sometimes following anticipated routes
and other times deviating from expected patterns, influenced
by prevailing conditions. Like typical novel infectious diseases,
it propagates by targeting susceptible populations, infecting
them, or forming clusters within infected groups.

The ROK’s official response to COVID-19 commenced

on January 3, 2020, entering a “concern” phase. Following the
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confirmation of the first COVID-19 case on January 20, 2020,
the then Korea Centers for Disease Control and Prevention
(KCDC) elevated the infectious disease crisis warning level
to “caution” and expanded its response structure from the
Novel Coronavirus Response Task Force to the CEPHC. With
the emergence of four confirmed domestic cases on January
27, the infectious disease crisis warning level was raised to
“alert,” prompting the establishment of the COVID-19 Central
Disaster and Safety Countermeasures Headquarters within the
Ministry of Health and Welfare. The joint Central Disaster and
Safety Countermeasures Headquarters, chaired by the Prime
Minister, convened for its first expanded meeting on February
2, 2020. Anticipating the possibility of rapid changes in the
outbreak situation, the COVID-19 Central Disaster and Safety
Countermeasures Headquarters, headed by the Prime Minister,

prepared for a government-wide response equivalent to the

Original Wuhan version
(2020.1-2020.12)

KDCA
elevation
2020.9.12
Nonpharmaceutical Medical Distancing in ol A 3
@ interventions countermeasures daily life Social distancing

t
1.7)

“severe crisis” level, ensuring prompt decision-making across
multiple departments [7]. In its briefing on September 8, the
Central Disaster and Safety Countermeasures Headquarters
announced that the then KCDC would be upgraded to the
Korea Disease Control and Prevention Agency (KDCA) on
September 12 [8].

The CEPHC’s initial response strategy for COVID-19 in-
fection prevention was built upon four key pillars: blocking do-
mestic entry, preventing community transmission, establish-
ing medical infection prevention measures to curb nationwide
spread, and implementing social responses. Through proactive
and preemptive strategies based on non-pharmaceutical inter-
ventions (NPIs), these preventive measures aim to significantly
reduce the infectious agent's effective reproduction number
(R) and bring it below one. These strategies include limiting

the hours of operation for large stores and gathering places,

Delta variant
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Figure 1. The Republic of Korea’s COVID-19 outbreak trend and response (2020. 1-2021. 12)
KDCA-=the Korea Disease Control and Prevention Agency; COVID-19=coronavirus disease 2019.
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restricting the number of people in gatherings, encouraging
remote work, and discouraging non-essential travel [9]. Social
responses combined these various strategies appropriately, tai-
loring them to the specific conditions of each epidemic phase
while supporting the maintenance of essential social functions
and the healthcare system. The most substantial medical re-
sponse, the COVID-19 vaccination program, commenced on
February 26, 2021, prioritizing nursing homes and long-term
care facilities.

Over two years, spanning from late January 2020 to the
end of December 2021, the ROK experienced four distinct
phases of COVID-19 outbreak cycles. The cumulative num-
ber of community infections, seasonal risk factors, different
NPIs for infection prevention, personal hygiene habits, social
distancing measures, and vaccination status were among the
factors that affected the incidence rates over the course of out-
break cycles. The alpha variant of the virus caused outbreaks
in the initial phase. Subsequently, in August 2021, the highly
transmissible delta variant surfaced as a new dominant vari-
ant, explaining more than 90% of cases up until December.
Immediately after implementing the policy of a phased re-
turn to normalcy, the rapidly spreading Omicron variant BA.1

emerged and spread (Figure 1).

5,000
4,000
3,000
2,000
1,000

) e

2020.3.1

Confirmed cases
(per million population)

15 |
\
Mortality rates 10

(per million population)

2020.3.1

2020.8.8 2020.11.16 2021.2.24 2021.6.4 2021.9.12

2020.8.8 2020.11.16 2021.2.24 2021.6.4 2021.9.12

The Omicron variant spread unprecedentedly, infecting
half of the European population within 6-8 weeks, surpassing
the global incidence rates over the past 2 years. Even though
the same variant was circulating, outbreak severity varied
markedly across countries, with some experiencing relative-
ly mild outbreaks while others faced severe surges. The ROK
confirmed its first Omicron case on December 1, 2021. From
late January to late April 2022, a new confirmed cases and the
death rate skyrocketed [10]. Infection rates increased into the
hundreds of thousands even though 85% of those who could
have been vaccinated had done so by March 2022. This out-
break pattern contrasted sharply with those seen in countries
like the United States of America and France, which recorded
high incidence rates and death rates before the Omicron out-
break (Figure 2).

Variations in incidence rates across countries can be attrib-
uted to differences in “immunity walls.” For instance, the BA.5
subvariant of the Omicron lineage exhibited enhanced trans-
missibility, severity, survivability, and rapid mutation. These
biological traits of BA.5 eroded the immunity walls established
by prior infections. The impact of variant mutations is re-
sponsible for significant differences in incidence rates across

countries, even with similar vaccination rates. Immunity walls,

/" Republic of Korea

A ] France

2022008 | United States

/| France

/‘ Republic of Korea

_
2022.2.28

United States

Figure 2. Seven-day average trends in the number of confirmed cases and mortality rates in the Republic of Korea, the United

States, and France (per million population, 2020. 3-2022. 2)
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which include factors like prior infections, vaccination, coin-
fections, and waning immunity over time, are crucial in ex-

plaining these differences [11].

2. Key Themes of COVID-19 Response Strategies

An examination of briefing messages, press releases, and
accompanying reference materials issued by the CEPHC and
the Central Disaster and Safety Countermeasure Headquarters
between January 2020 and December 2021 revealed that the
risk of COVID-19 was not static over time and that the inten-
sity of response measures varied with each epidemic phase.
Despite overlapping themes across the phases, the strategies are
presented as a comprehensive list rather than being categorized
by epidemic phase (Table 1).

Countermeasures were addressed in 6 overarching strate-
gies: curbing transmission, reducing risk exposure, countering
misinformation, protecting vulnerable populations, reducing
severe morbidities and mortality from all causes, and acceler-
ating equitable access to new tools. Specific themes for imple-
menting these strategies included establishing COVID-19 re-
sponse guidelines, developing infection control guidelines for
high-risk workplaces, formulating public health guidelines for
daily life, creating detailed social distancing guidelines, crafting
self-treatment guidelines, and devising management guidelines
for individuals fully vaccinated against COVID-19.

Diagnostic testing methods and procedures were refined to
further understand the characteristics and status of viruses en-
tering from abroad. Themes covered included risk assessment
processes regarding the specific character, origin countries,
and outbreak indicators of each viral variant in order to lay the
groundwork for strategies to suppress transmission.

Protective measures for vulnerable populations were
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enhanced, focusing on infection-prone facilities such as long-
term care hospitals, nursing homes, correctional facilities, and
unauthorized alternative educational facilities. Strategies were
developed for diagnostics, isolation, and treatment under spe-
cific vulnerable conditions. Concrete measures were developed
to support diagnostic testing plans for proactive patient detec-
tion in group facilities, infection control in childcare centers,
and participation in cultural, welfare, and religious programs
for older adults. The shared vulnerabilities of infection-prone
facilities and high-risk groups formed the COVID-19 trans-
mission chain of density, enclosure, and proximity [12]. Self-
treatment guidelines for confirmed patients were established in
October 2020, encompassing isolation, treatment, and opera-
tional plans.

Social distancing measures were periodically adjusted ev-
ery 2 to 4 weeks, even after achieving higher vaccination rates,
to ensure effective implementation and minimize ambigu-
ity. These measures complemented the effects of vaccines and
therapeutics, continuing alongside mask-wearing until nor-
malcy was restored. The findings of epidemiological investiga-
tions using electronic entry logs and information and commu-
nication technology guided changes in social distancing.

Despite the rapid and widespread rollout of vaccination,
crisis communication remained crucial to address reinfection
after vaccination, vaccination refusal, vaccine hesitancy, and
misinformation. A vaccination campaign targeting adolescents,

including promoting the vaccine pass, was also developed.

Discussion

Navigating the unprecedented challenges posed by the

COVID-19 pandemic, the KDCA employed an adaptive
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Table 1. Topics of the COVID-19 response strategy

Strategy Topics
Suppress - Explanation of major COVID-19 statistics and supplementary measures
transmission - Measures to improve information system related to COVID-19

- Plan to expand diagnostic testing and strengthen testing capabilities

- Diagnostic test priority adjustment plan

- Plan to expand implementation of COVID-19 RT-PCR diagnostic test

- COVID-19 diagnostic test for military enlisted personnel

- Support for diagnostic testing costs for new residents of residential facilities for the disabled

- Screening clinic response plan and operation efficiency plan

- Adjustment of temporary living facilities for overseas entrants

- Preemptive testing measures to block asymptomatic transmission in the metropolitan area

- Preemptive coronavirus testing plan for high-risk facilities in the metropolitan area

- Establishment of medical use system for respiratory and fever patients

- Measures to improve diagnostic testing efficiency for preemptive patient detection in group facilities

- Evaluation of the operation of temporary screening centers in the metropolitan area and future operation plans

- Measures to strengthen quarantine and inspection of overseas entrants

- Plan to simplify quarantine and entry procedures for US military (A3) soldiers

- Measures to strengthen quarantine due to the increase in confirmed cases entering countries with
strengthened quarantine

- Measures to strengthen crew quarantine management

- Measures to strengthen quarantine of overseas entrants in response to mutant virus

- Measures to implement preemptive diagnostic tests for social welfare facility workers

- Analysis of the status of periodic preemptive inspections of facilities vulnerable to infection

- Preemptive PCR testing for workers in facilities vulnerable to infection compared to Omicron

- Promotion plan for national quarantine guidelines

- Promotion plan for conversion of daily quarantine system

- Collection of public suggestions and opinions on COVID-19 ‘daily quarantine’

- Check the status of measures to implement social distancing in daily life

- Plan to strengthen church quarantine management

- Quarantine manager training program implementation plan

- Evaluation of daily quarantine period and future quarantine strategy

- Summer vacation/vacation rules and future plans

- Plan to upgrade national social distancing to level 2

- Step-by-step strengthening plan for social distancing in the metropolitan area

- Review of social distancing adjustment for stage 2 in non-metropolitan areas

- Measures to strengthen social distancing during the Chuseok special quarantine period

- Quarantine rules for living in holiday destinations

- Plan to impose fines due to mandatory wearing of masks

- Quarantine rules for hiking and outdoor activities

- Establishment of standards and procedures for adjusting social distancing levels by local government

- Additional composition and operation plan for the daily life quarantine committee

- Analysis of weekend travel volume after phase adjustment in the metropolitan area

- Analysis of step-by-step implementation of social distancing and measures to improve practice

- Request regarding care measures for vulnerable groups when upgraded to level 3

- Ripple effects when the quarantine situation and social distancing level are raised

- Intensive quarantine strengthening measures for the year-end and New Year holidays

- Interim evaluation of the characteristics of the 3rd wave of COVID-19 and social distancing

- Open discussion to reorganize social distancing levels

- Measures to improve the classification system for multi-use facilities based on risk

- Temporary living facility operation rate status analysis and countermeasures

- Pilot project for social distancing system reform plan

- Measures to improve the limit on the number of people at private gatherings in non-metropolitan areas

- City, county and district distancing level adjustment procedures

- Phased recovery of daily life Social distancing reform plan
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Table 1. Continued 1

Strategy Topics

Reduce exposure - Special management plan for workers in high-risk occupations
- Delegation of local government head authority to disclose confirmed patient information
- Plan to build a patient management information system
- ICT-based digital quarantine system establishment and operation plan
- Status of collection and disclosure of clinical epidemiological information on COVID-19 patients
- Check the implementation status of local governments in disclosing confirmed patient information
- Problems with issuing voice certificates for self-quarantined people
- Survey of re-positive cases after release from quarantine
- Expansion of requirements for conversion to self-quarantine for facility quarantined persons
- Risk assessment plan for each country related to quarantine exemption for short-term overseas
business travelers
- Pilot project implementation plan to establish appropriate facility quarantine period for inbound
travelers
- Discussion on ways to improve the self-quarantine system and quarantine period
- Expansion of self-treatment targets and measures to lift quarantine
- Measures to strengthen management of overseas entrants in response to mutant viruses
- Plan for taking the test for confirmed cases and self-quarantine
- Status and joint inspection of the same group quarantine facility
- Plan to change the criteria for lifting mutant virus quarantine
- Expected to occur after COVID-19 vaccination
- Plan to activate vacation for adverse reactions to vaccines
Counter - COVID-19 major cluster outbreaks and transmission patterns card news
misinformation - Promotional plan to ensure implementation of social distancing and quarantine rules
- Communication strategy related to COVID-19 vaccine
- Public communication plan for one year after COVID-19 outbreak
- Public awareness survey regarding COVID-19 quarantine policy
- Public communication plan regarding the implementation of the 4th stage of social distancing in the
metropolitan area
- Public communication plan related to phased recovery of daily life
- Promotion of youth quarantine pass to the public
- Report trends and public opinion response to vaccine security and vaccination announcements
- Responding to false facts about the existence of microorganisms in the coronavirus vaccine
Protect - Analysis of risk factors and response plans for facilities vulnerable to infection, such as nursing
the vulnerable hospitals
- Plan to expand preemptive testing of facilities vulnerable to infection, such as nursing hospitals
- Admission to nursing hospitals, psychiatric hospitals, and nursing facilities - diagnostic testing for all
residents
- Issues regarding quarantine measures for vulnerable facilities such as nursing hospitals
- Preemptive PCR testing for workers in facilities vulnerable to infection compared to Omicron
- Adjustment of preemptive testing cycle for nursing hospital workers
- Plan to expand preemptive testing of facilities vulnerable to infection, such as nursing hospitals
- Implementation of rapid antigen test for nursing hospitals
- Quarantine guidelines related to vaccination-related culture, welfare, and participation in religious
facilities for the elderly
- Measures to revitalize senior culture and welfare programs related to vaccination
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Table 1. Continued 2

Strategy Topics
Reduce mortality - Emergency medical response plan
and morbidity - Plan to secure hospital beds in the metropolitan area
from all causes - Designation and expansion plan for living treatment center

- Measures to secure medical and testing personnel related to the occurrence of critically ill patients
- Current status of expansion of beds for treatment of confirmed COVID-19 patients
- Plan to rebuild the treatment system for severe COVID-19 patients
- Role in joint response to quarantine and treatment in the metropolitan area
- Plan to secure plasma for development of COVID-19 plasma treatment
- Cost analysis report by COVID-19 treatment institution
- Self-payment of quarantine hospitalization treatment costs for confirmed foreigners imported from
abroad
- Support for medical personnel for COVID-19 treatment
- Plan to secure nationally designated inpatient treatment beds for seriously ill patients
- Treatment application plan such as national clinical trials for COVID-19 treatment
- Support for influenza vaccination for workers at living treatment centers
- Living treatment center operation plan according to phased recovery of daily life
- Response strategies for each patient occurrence scenario
- Self-treatment operation plan for COVID-19 confirmed patients
- Expansion of self-treatment targets and measures to lift quarantine
- Compensation plan for losses in hospitals operating treatment medical institutions or screening clinics
- Plan to expand the supply of health care sets for patients diagnosed with home treatment
- Progress in expanding COVID-19 treatment beds and measures for efficiency
- Implementation plan and activation plan for stable operation of home treatment
- Supply and utilization plan for COVID-19 oral treatments, etc.
- Funeral management plan for COVID-19 deaths outside of medical institutions
- 2021 COVID-19 response strategy based on vaccination
- Public health operation plan to secure vaccination workforce
- Expected to occur after COVID-19 vaccination
- COVID-19 vaccine inventory management status
- Prediction of future outbreaks due to COVID-19 vaccination
Accelerate equitable - COVID-19 treatment and vaccine development trends and government-wide support measures
access to new - Plan to support private use of bio safety research facilities
COVID-19 tools - Survey status of COVID-19 antibody possession rate
- Current status of COVID-19 plasma treatment and antibody treatment development
- Treatment application plan such as national clinical trials for COVID-19 treatment
- Current status of domestic mRNA vaccine development
- Government-wide support system for COVID-19 treatment and vaccine development
- 2020~2021 influenza vaccine supply plan
- Measures to support local production and export of diagnostic tests
- Adjustment of oral treatment pre-purchase contract

ICT=information and communications technology; COVID-19=coronavirus disease 2019; RT-PCR=reverse transcription polymerase chain reaction.

approach, frequently adjusting strategies and leaving a trail of the KDCA prioritized virus transmission suppression as the
confrontational and cooperative strategies. Recognizing the cornerstone of its response, a strategy that necessitated na-
inherent unpredictability of novel infectious disease agents, tional-level intervention. The implications of this study can
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be summarized with the following three critical takeaways for
crafting future infectious disease response policies:

1. Adaptable and transformative national health security
strategy: The COVID-19 pandemic response underscored the
need for an adaptable and transformative national-level health
security strategy capable of swiftly adapting to the characteris-
tics of emerging pathogens and their far-reaching societal im-
pacts. Infectious disease pandemics profoundly disrupt social
infrastructure and individual citizens, sending ripples across
industries, national security, and political interests [13]. The
KDCA adopted a pan-governmental approach to COVID-19
from the outset, leveraging technological advancements in data
analysis and introducing various response tools.

2. Transparent and evidence-based communication: The
CEPHC consistently provided comprehensive explanations
of policy decisions and disseminated new infectious disease
knowledge and insights through press releases and reference
materials. While incorporating external expert theories and
empirical studies proved beneficial in explaining policy choices,
the inevitable gap between past experiences and current reali-
ties risked perpetuating inefficient circular arguments [14]. As
pathogen mutations outpaced meticulously crafted response
plans, citizens could only understand the value and significance
of policy rationale when presented in the context of situation-
specific, professional infectious disease management strate-
gies. Moreover, the public’s trust in health authorities’ ability
to overcome infectious disease challenges hinges on how effi-
ciently and sincerely crisis communication occurs, along with
the details of the messages communicated. The driving force
behind overcoming the pandemic originated from a sense of
solidarity and adherence to policies for the collective good [15].

3. Balanced assessment framework: The KDCA’s COVID-19
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response must be evaluated based on a balanced assessment
framework. Due to the limited or incomplete understanding
of novel infectious disease agents, indirectly measured average
values are often utilized. These values, primarily derived from
limited scenarios and varying demographic compositions, in-
herently contain uncertainty and variability. Consequently, the
criteria for evaluating policy effectiveness can be ambiguous,
potentially leading to overestimating their effects at overlap-
ping points or underestimation when solely focused on bio-
medical solutions. Pathogen’s epidemiological and clinical
characteristics can vary across different outbreak phases, and
the severity of the public health crisis tends to vary due to di-
verse social factors. This precludes the adoption of any fixed
framework for interpreting strategy effectiveness. As the causes
and cycles of outbreaks dynamically evolve, the conceptual
clarity of problems and response strategies can diverge over
time, and the effectiveness of each measure may be assessed
differently depending on the urgency of the problem [16].

This study proposes three crucial assessment elements for
evaluating infectious disease response policies, as follows:

1. Evaluation of drivers for policy implementation changes:
While countermeasures should adhere to a defined command
system, newly discovered facts and on-site developments may
necessitate adjustments to the response process. To effectively
evaluate these drivers periodically, it is essential to acknowl-
edge and reflect the differences in policy priorities across vari-
ous sectors. Additionally, given that the framing of a problem
can significantly impact its priority level and resource alloca-
tion, a consensus must be reached regarding the relative value
of the problem definition and the intended policy effects.

2. Effectiveness evaluation of policy tools: The emergence

and spread of novel infectious diseases are not limited to
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one or two factors but stem from a complex interplay of bio-
logical, environmental, sociopolitical, and economic factors.
Consequently, the effectiveness of infectious disease response
tools is multifaceted and manifests through interactions with
other socioeconomic conditions. The same policy tool may ex-
hibit varying levels of effectiveness over time, necessitating a
tool to measure consistency among policy tools.

3. Capacity evaluation of response personnel: The capacity
set of response staff should include analysis of epidemiological
characteristics, such as pathogen features, outbreak incidence
and distribution, transmission pathways and processes, and
the intensity of transmission and spread, in addition to clini-
cal traits, such as the severity of morbidity and mortality rate,
which may vary throughout the epidemic phases. Additionally,
the responsibility and efficient resource allocation reflecting
the impact of the infectious disease should be evaluated in a
position-specific manner. Crisis communication ability and
organizational resilience for implementing specific and consis-
tent measures should also be assessed as crucial competencies

in responding to public health crises.
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Results of the Waterborne and Foodborne Disease Surveillance
during the Summer in 2023

Sungchan Yang, So Yeon Park, Seon Kyeong Park, Jisu Won, Hyungjun Kim, Jin Seon Yang*

Division of Infectious Disease Control, Bureau of Infectious Disease Policy, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Korea Disease Control and Prevention Agency operates an “Surveillance in emergencies in summer season” to prevent
waterborne and foodborne disease (WFD) when temperatures are expected to increase in the summer. The surveillance was
conducted from May 1 to September 30 every year, and is based on reports of municipal, provincial, city and district health
centers nationwide to respond to mass outbreaks quickly. During the operation period in this year, a total of 249 WFD
outbreaks were reported. The greatest number of cases occurred in August with 54 (21.7%) outbreaks, followed by 52 (20.9%)
in July, 50 (20.1%) in September, 47 (18.9%) in June and 46 (18.5%) in May. Followed by region, the mostly outbreaks
occurred in Gyeonggi-do 47 cases, Busan 28 cases, Seoul 23 cases, respectively. By the location, outbreaks occurred most in
the restaurants 118 cases (47.4%), followed by nursery and school facilities including kindergartens 60 cases (24.1%) and office
15 cases (6.0%). In this year, “Surveillance in emergencies in summer season” operating period was extended 2 weeks (10. 1.-10.
14.) due to the long holiday period, during which an additional 20 cases were reported. The number of large-scale outbreaks
increased due to an increase in outdoor activities and events after coronavirus disease 2019 pandemic. In order to prevent a

large-scale outbreak of WED, continues maintenance and improvement of the surveillance system is required.

Key words: Waterborne and foodborne disease; Disease outbreaks; Public health surveillance

*Corresponding author: Jin Seon Yang, Tel: +82-43-719-7140, E-mail: jsyang99@korea.kr

Introduction

Waterborne and foodborne diseases arise from consum-
ing contaminated water or food harboring pathogenic micro-
organisms. These illnesses often manifest as gastrointestinal
symptoms such as diarrhea, abdominal pain, and vomiting [1].
Under the "nfectious Disease Control and Prevention Act,
waterborne and foodborne diseases include total 28 notifiable

disease, with class 2 (5 bacterial and 2 viral species), class 3 (Vibrio

156

vulnificus) and class 4 (11 bacterial, 5 viral, and 4 protozoic spe-
cies). Other infections include Kudoa spp. and Enteroaggregative
Escherichia coli. The class 2 and 3 infections are subject to man-
datory reporting, while class 4 infections are subject to sentinel re-
porting by designated surveillance institutions [1].

An outbreak is declared when two or more individuals
consume the same food (including water) and develop simi-
lar symptoms (intestinal infections), such as diarrhea and

vomiting [1,2]. Common causes of intestinal infections in
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Key messages
(D What is known previously?

It is known that waterborne and foodborne disease
(WFD) outbreaks mainly occur in the summer season
(from May to September), when temperatures rise, out-
door activities increase, and the proliferation of patho-
genic microorganisms multiplies.

(@ What new information is presented?

During the 2023 operation period of the “surveillance
in emergencies in the summer season’, a total of 249
cluster outbreaks occurred; although there was an over-
all decrease of 9.5% from 2022, the number of cases in-
creased by 39.9% due to large-scale outbreaks caused by
attendance at wedding halls, funerals, and consuming
delivered lunch boxes.

® What are implications?

The number of outbreaks have returned to pre
COVID-19 levels as social distancing measures have
eased. Management of WFD also necessitates continu-
ous management of hygiene education as well as con-
certed efforts from individuals, managers, and workers
to implement safe handling practices of food and water
to prevent large scale outbreaks.

the Republic of Korea include bacteria such as Salmonella,
Campylobacter, and Clostridium perfringens, and viruses such
as Norovirus, Adenovirus, Rotavirus, and Astrovirus. The in-
cubation period for these pathogens varies widely from a few
hours to several days. Also, transmission can occur through
various factors, including direct or indirect contact with car-
riers, contaminated food, or the environment. Although most
symptoms resolve within a specific period, some cases can be-
come severe. For these reason, ongoing surveillance and pre-

paredness for outbreaks of waterborne and foodborne diseases

are essential [1].

The Korea Disease Control and Prevention Agency
(KDCA) operates an emergency surveillance system for water-
borne and foodborne diseases during the summer season. This
system aims to prepare for increased waterborne and food-
borne diseases and prevent local outbreaks through prevention
measures, swift epidemiological investigation, and timely re-
sponse [1].

In 2023, due to the extended holiday period resulting from
the Chuseok period in late September and public holidays in
early October, the summer emergency surveillance system was
prolonged for an additional 2 weeks, from May 1 to October
14, to enhance monitoring of infectious disease outbreaks.
Throughout this period, any unusual trends in waterborne and
foodborne diseases and group diarrhea cases were reported us-
ing the Integrated Disease Management System to facilitate
prompt nationwide case updates and special case sharing with
local authorities to ensure rapid response. This paper examines
the characteristics of the 2023 waterborne and foodborne dis-
ease outbreaks based on the operational outcomes of the sum-
mer emergency response system from May 1 to September 30,

2023.

Methods

Utilizing data on waterborne and foodborne dis-
ease outbreaks reported to the KDCA'’s Integrated Disease
Management System from May to September of each year
from 2018 to 2023, analyses were conducted on the occur-
rences by month, region, location, and scale.” The analy-

sis findings were presented as descriptive statistics using

1) As per the “2023 Waterborne and Foodborne Disease Management Guidelines,” outbreaks involving less than seven cases are defined as small-

scale, and those involving seven or more cases as large—scale.
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Microsoft Office Excel 2016 (Microsoft), and the incidence described separately.

rate” of waterborne and foodborne disease outbreaks per

100,000 population was calculated by region, employing the Results

2022 census data from Statistics Korea. The data from the ad-

ditional 2-week period in 2023 (October 1 to 14) were ex- Between May 1 and September 30, 2023, a total of 249

cluded from the analysis, and the occurrence status was briefly waterborne and foodborne disease outbreaks were reported,

Table 1. Number of water- and foodborne diseases outbreaks

Total May June July August September
Classification ~ NO- of No.of O of No.of MO of No. of l\:)c:tof No. of ’\:)?J'tOf No. of l\:)c:tof No. of
break  ©®°€  breakk ©@°° break  ©2%¢ break  ©2%° break ¢ break  %%%€

2023 249 5,777 46 1,179 47 503 52 1,607 54 857 50 1,631
(100.0) (100.0) (18.5) (20.4) (189 (B.7) (209 (2780 (21.7) (14.8) (20.1) (28.2)

2022 298 4,712 58 1,039 70 1,414 87 998 45 512 38 749
(100.0) (100.0) (19.5) (22.1) (235 (30.00 (29.2) (21.1) (15.1) (109 (12.8) (15.9)

2021 231 4,148 50 653 57 677 42 1,159 49 1,166 33 493
(100.00 (100.00 (21.6) (15.7) (24.7) (16.3) (18.2) (279 (21.2) (28.1) (143) (119

2020 113 1,764 7 22 20 520 42 719 27 311 17 192
(100.0) (100.00 (6.2) (1.2) (177) (295 (372) 40.8) (239 (176) (150 (10.9)

2019 293 3,509 72 873 67 1,032 58 772 48 517 48 315
(100.0) (100.0) (24.6) (249 (229 (294) (19.8) (22.00 (16.4) (14.7) (16.4) (9.0)

2018 329 10,620 62 1,213 51 1,068 69 979 51 1,598 96 5,762

(100.0) (100.0) (18.8) (11.4) (155 (10.1) (21.0) (920 (155 (15.00 (29.2) (54.3)
Average number 252.8 4,950.6 49.8 760 53 942.2 59.6 9254 44 820.8 46.4 1,502.2
of outbreak in  (100.0) (100.0) (19.7) (15.4) (21.00 (19.00 (23.6) (18.7) (174 (16.6) (18.4) (30.3)

recent 5 years

(2018-2022)

Values are presented as number (%). The reported data for year 2022, 2023 are provisional.

Table 2. Number of water- and foodborne diseases outbreaks by regiona)

In-  Gwang- Dae- Ul- Se- Gang- Chun- Chun- Jeon- Jeon- Gyung- Gyung-—

Classification Total Seoul Busan Daegu cheon i jon san jong Gyeongki won gbuk gnam buk  nam buk nam Jeju
No. of events 249 23 28 11 13 6 1 3 3 47 20 10 19 7 12 20 21 5
No. of cases 5,777 593 622 256 168 145 2 67 17 1,808 403 163 515 136 425 146 262 49
Incidence 113 6.4 188 111 5.7 10.1 0.1 6.0 45 134 263 102 241 77 233 5.6 8.0 73
rate (per
100,000)”

Values are presented as number only. “The reported data for year 2022, 2023 are provisional. YIncidence rate=(No. of cases/No. of population)x100,000 (based on the

status of resident registered population provided by Ministry of the Interior and Safety in 2021).

2) Incidence rate (per 100,000 population)=(number of cases/number of registered residents by region)x100,000.
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representing a 16.4% decrease compared to the same period in
2022 (n=298). However, following the decline in cases attrib-
uted to the coronavirus disease 2019 (COVID-19) pandemic
in 2020-2021 [3], an upward trend has persisted in the num-
ber of waterborne and foodborne disease outbreaks since 2022
[4].

In 2023, the monthly occurrence of outbreaks peaked
in August (n=54, 21.7%), followed by July (n=52, 20.9%),
September (n=50, 20.1%), June (n=47, 18.9%), and May
(n=46, 18.5%) (Table 1). The number of cases steadily in-

creased from May to August, followed by a decrease in

[1 Mean of 5 yr (2018-2022) [ 2023 2022
-4- 2020

120 - 2021 -e- 2019  -=- 2018

100
80

60 -

Number of case

40

20

O_

June July August  September

Figure 1. Number of monthly outbreaks of water- and
foodborne disease in 2018-2023

2018-2022 A

September, with over 40 cases consistently reported each
month during the emergency surveillance system’s operation
period (Table 2, Figure 1). This trend deviates slightly from
the pattern observed over the past 3 years, where a rapid surge
in cases from May to July was followed by a decline starting in
August.

Comparing the regional occurrence, Gyeonggi-do sur-
passed all other regions with 47 cases, followed by Busan
(n=28), and Seoul (n=23). The incidence rate of group out-
breaks per 100,000 population was highest in Gangwon,
with 26 cases, followed by Chungnam, with 24 cases (Table
2). A large number of cases were reported due to large-scale
group outbreaks involving more than 50 people at resorts and
middle schools in Gangwon, and at army training centers in
Chungnam. A slight increase in cases compared to the average
year was observed, particularly in the eastern regions such as
Gangwon, Gyeongnam, and Busan (Figure 2).

In 2023, the number of waterborne and foodborne dis-
ease outbreaks by location was, in decreasing order: restau-
rants (n=118, 47.4%), kindergartens and other school facilities
(n=60, 24.1%), workplaces (n=15, 6.0%), and military units

(n=14, 5.5%). The number of symptomatic cases was highest

2023

Figure 2. Number of water- and foodborne diseases outbreaks by region
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in restaurants with 1,658 cases (28.7%), followed by kinder-
gartens and school facilities (n= 1,622, 28.1%), long-term care
facilities and similar places (n=1,084, 18.8%), and workplaces
(n=708, 12.3%).

Over the past 5 years (2018-2022), a consistent trend was
observed in the locations of frequent outbreaks, with restau-
rants accounting for 637 cases (50.4%) and kindergartens and
school facilities for 221 cases (17.5%). The number of symp-
tomatic cases was also highest in kindergartens and school fa-
cilities, with 11,058 cases (44.7%). In contrast, 2023 saw an
increase in cases at funeral parlors and wedding halls, from 2

cases in the previous year to 8 cases, and a significant increase

was observed in symptomatic cases in long-term care facilities
and similar places, with 1,084 cases, possibly due to increased
outdoor activities and large-scale events (Table 3).

In 2023, the distribution of outbreaks by scale was as fol-
lows: 132 cases (53.0%) were classified as large-scale outbreaks
(7 or more cases), while 117 cases (47.0%) were small-scale
outbreaks (less than 7 cases). Compared to 2022, the num-
ber of small-scale outbreaks decreased from 155 to 117, with
a corresponding decrease in symptomatic individuals from
574 to 420. While the number of large-scale outbreaks de-
creased from 143 to 132, the number of symptomatic indi-

viduals in large-scale outbreaks increased from 4,138 to 5,357,

Table 3. Number of water- and foodborne diseases outbreaks by location
2023 2022 2021 2020 2019 2018
Classification No%.tof No.of O OF No of  NO-OF g of No?J'tOf No. of ’\i)%tc’f No.of N No of
break ~ ©2%¢ break  2°° break ~ 2°¢ break ~ ©2%¢ break  2°° break ~ ©2%¢
Total 249 5,777 298 4,712 231 4,148 113 1,764 293 3,509 329 10,620
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Nursery 11 132 71 718 64 779 6 89 9 147 12 163
44) (23 238 152 @77 188 (53 (.0 G 42 @Bo) (15
School 60 1,622 42 1,112 29 821 24 774 55 1,469 71 6,882
(including (24.1) (28.1) (14.1) (3.6) (12.6) (19.8) (21.2) (43.9 (18.8) (419 (21.6) (64.8)
kindergarten)
Workplace 15 708 10 427 19 589 11 418 21 253 12 548
6.0 @123 G4 001D @2 042 O @37 72 72 (G (52
Home 7 21 4 8 9 19 3 8 11 36 5 20
28 04 03 (02 G9 05 @7 05 @68 @0 @5 0.2
Funeral, 8 246 2 14 0 0 0 0 0 0 5 313
wedding hall  (3.2) (4.3) (0.7 (03 (0.0 (0.0 (00 (00 (©0 (0 @5 (29
Military unit, 14 269 11 367 7 209 0 0 3 107 7 185
police etc .60 @&7n 6G7n @8 G0 GO (0o ©o0 qo G0 @n Q7N
Facilities” 13 1,084 15 819 14 269 3 30 9 176 29 1,270
(520 (18.8 (.00 1749 (6.1 6.5 .7 1.7) (3.1 (5.0) 8.8) (12.0)
Restaurant 118 1,658 140 1,178 87 1,456 66 445 159 1,150 185 1,226
474) (87 4700 (2500 377 (35.1) (58.4) (25.2) (54.3) (32.8) (56.2) (11.5)
Unknown 3 37 3 69 2 6 0 0 26 171 3 13
12 (06 (@0 (@15 (©9 (©1n ©o0 0o 69 “&9 (09 0.1
Values are presented as number (%). The reported data for year 2022, 2023 are provisional. YFacilities: nursing home, clinic, rehabilitation
facilities, etc.
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Table 4. Number of water- and foodborne diseases outbreaks by scale
2023 2022 2021 2020 2019 2018
Classification No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of
out— out— out— out— out— out—
break ~ “2%¢ break ~ “2%¢ break ¢ break ¢ break ~ “2%¢ break ~ “2%¢
Total 249 5777 298 4,712 231 4,148 113 1,764 293 3,509 329 10,620
Large scale
(=7 people)
=300 2 785 1 399 2 827 0(0.0) 0 0 0 4(1.2) 4,440
0.8 (136 (03 @5 09 199 0.0 (.00 (0.0 (41.8)
100299 7 1,316 6 758 4 450 2 222 1 181 13 1,843
2.8 (2.8 (.0 @061 Q7 Q0.8 (1.8 (12.6) (0.3 (5.2) (4.00 (17.4)
50-99 16 1,114 16 1,085 10 614 9 571 9 578 23 1,602
6.4 (193 (4 (3.0 &3 (048 @60 @324 G Q165 (7.0 (150D
7-49 107 2,142 120 1,896 109 1,898 36 710 106 2,117 101 2,013
(43.00 (37.1) (40.3) (40.2) 47.2) (4580 (319 (40.2) (36.2) (60.3) (30.7) (19.0)
Subtotal 132 5,357 143 4,138 125 3,789 47 1,503 116 2,876 141 9,898
Small scale 117 420 155 574 106 359 66 261 177 633 188 722
(<6 people)  (47.00 (7.3) (52.0) (12.2) (4590 (8.7) (58.4) (148 (60.4) (18.00 (57.1) (6.8
Values are presented as number (%). The reported data for year 2022, 2023 are provisional.

indicating a rise in the average number of symptomatic indi-
viduals per outbreak case (Table 4).

To accommodate the extended holiday period due to the
Chuseok period, the emergency surveillance system was pro-
longed for an additional 2 weeks (October 1 to 14). During
this extended break, a total of 20 outbreaks and 433 symptom-
atic cases were reported. Regionally, the distribution of out-
breaks was as follows: 4 cases in Jeonnam, 3 in Seoul, 2 each
in Busan, Ulsan, Gyeongnam, and Jeju, and 1 each in Incheon,
Gyeonggi, Gangwon, Chungnam, and Gyeongbuk. The re-
ported outbreak cases consisted of 13 large-scale outbreaks
(involving 410 individuals), 7 small-scale outbreaks (involv-
ing 23 individuals), and 3 outbreaks involving more than 50
individuals. The outbreaks occurred in restaurants (11 cases),
school facilities, including kindergartens (6 cases), long-term
care facilities (2 cases), and military units (1 case). The highest

number of symptomatic cases (n=202) was recorded in school

www.phwr.org Vol 17, No 4, 2024

facilities.

Discussion

Following a decline in waterborne and foodborne disease
outbreaks attributed to COVID-19 restrictions in 2020-2021,
the number of reports in 2022 rebounded to pre-pandemic
levels due to the easing of social distancing measures. While
a slight decrease in the overall number of outbreaks was ob-
served in 2023 compared to 2022, an increase in events such
as funerals, weddings, and workshops led to a rise in the num-
ber of symptomatic cases per outbreak. This suggests that the
resumption of outdoor activities and face-to-face gatherings
may have facilitated the transmission of waterborne and food-
borne diseases through direct or indirect contact.

The average number of symptomatic individuals per group

outbreak over the last 5 years was 19.6, with annual means of
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32.3in2018,12.0in 2019, 15.6 in 2020, 18.0 in 2021, 15.8
in 2022, and 23.2 in 2023. In 2023, there was a notable in-
crease in large-scale outbreaks, particularly at wedding halls,
funeral parlors, and resorts, which often serve as venues for
workshops and other face-to-face events. A significant propor-
tion of these large-scale outbreaks was linked to food delivery
services and packed lunch consumption, likely contributing to
the rise in the number of symptomatic individuals.

Outbreaks of waterborne and foodborne diseases are gen-
erally known to be highly associated with increases in tempera-
ture and precipitation [5]. According to the report, more than
half of the outbreaks occur between May and September, a pe-
riod characterized by hot and humid conditions that favor the
proliferation of pathogenic microorganisms in the Republic
of Korea [6,7]. According to data released by the Korea
Meteorological Administration, the average monthly tempera-
tures in 2023 were 13.2T in April, 17.9C in May, 22.3C in
June, 25.5TC in July, 26.5C in August, 22.7C in September,
and 15.0T in October, exhibiting a rise from April, peaking in
August [8]. The pattern of waterborne and foodborne disease
cases mirrored this temperature trend, increasing from May
and decreasing from September. However, the magnitude of
the increase and decrease in disease cases was not significantly
different during May to September compared with past years.
Notably, the average temperatures in August and September
2023 were 1.2T and 1.7T higher than the previous year, re-
spectively, and the number of cases during the same period in-
creased by about 20%. This aligns with research findings that
a 1T rise in temperature can trigger a 5% increase in the inci-
dence of foodborne disease outbreaks [9].

In 2022, the number of waterborne and foodborne dis-

ease outbreaks reached 298, surpassing pre-COVID-19 levels
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due to the relaxation of social distancing measures [4]. Despite
a 9.5% decrease in 2023, with 249 reported cases, the resur-
gence of face-to-face events and outdoor activities led to a rise
in large-scale outbreaks. This resulted in a significant increase
in the number of symptomatic cases per outbreak, particularly
in kindergartens and other school facilities, where large-scale
outbreaks occurred persistently. Notably, group outbreaks in-
volving over 100 symptomatic individuals experienced an
81.6% increase compared to the previous year.

The number of outbreaks in daycare centers decreased by
84.5% compared to the previous year, which can be attrib-
uted to the unusually high number of outbreaks in these facili-
ties in 2021 and 2022 compared to the usual level in the past.
Therefore, continuous observation is necessary to determine if
this decreasing trend persists.

Group events present a high-risk setting for waterborne
and foodborne disease outbreaks due to the large number of
exposed individuals and the associated challenges in contact
tracing for epidemiological investigations. This often hinders
the rapid containment of infection spread. Additionally, the
consumption of food delivered by specialized companies or
mass-produced lunch boxes, often distributed to an unspeci-
fied number of consumers, can potentially lead to outbreaks af-
fecting a wide area, increasing the likelihood of large-scale oc-
currences. The normalization of group catering facilities such
as schools has also contributed to the increase in outbreaks in
educational settings following 2022.

This study analyzed the data reported as outbreaks related
to waterborne and foodborne diseases in the KDCA'’s Integrated
Disease Management System. Epidemiological investigations
of some 2023 are still ongoing, limiting the analysis of the es-

timated causative pathogens and sources of infection for each
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outbreak. In recent years, the main estimated causative patho-
gens responsible for the outbreaks during the operation pe-
riod of the summer emergency surveillance system have been
Norovirus, pathogenic E. coli, Salmonella, and Campylobacter,
with secondary transmission by carriers identified as a signifi-
cant source of infection. This highlights the importance of per-
sonal hygiene in group catering facilities.

While the relaxation of social distancing measures may
have contributed to the resurgence of outbreaks, a more com-
prehensive understanding of the factors driving the rise in
symptomatic cases in 2023 requires ongoing observation of
outbreak trends over the next few years.

In 2022, around 60% of the annual cases occurred during
the summer, and this proportion remained consistent at about
48% even during the COVID-19 pandemic [5]. In 2023, a
surge in waterborne and foodborne diseases coincided with the
period of high summer temperatures, suggesting a strong as-
sociation between rising temperatures and the occurrence of
these diseases.

Given these observed patterns, continuous surveillance
of waterborne and foodborne disease outbreaks is crucial, es-
pecially in the context of climate change, which manifests as
global warming and increased storm and flood damage due to
abnormal weather patterns. Therefore, it is essential to estab-
lish efficient operational protocols for intensive surveillance
and response during high-incidence periods, such as sum-
mer. Additionally, continuous vigilance and attention are also
necessary during the winter months from November to April,
when outbreaks are caused by Norovirus and other pathogens
at a high rate.

The large-scale outbreaks of waterborne and foodborne

diseases during this year’s summer season underscore the

www.phwr.org Vol 17, No 4, 2024

importance of continuous implementation of preventive mea-
sures and hygiene education. Targeted interventions are also
essential, encompassing infection prevention training, kitchen
hygiene management guidance for group catering facilities and
restaurants, and comprehensive hygiene education for manag-

ers and staff [10].
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QuickStats

Trends in the Proportion of Consuming more than 500 g of
Vegetables and Fruits per Day, 2013-2022

The proportion of consuming more than 500 g of vegetables and fruits per day (age standardization) among those aged 6
and over decreased by about 13%p from 35.6% in 2013 to 22.7% in 2022 (Figure 1). As of 2022, the proportion for women

was lower than men, and the proportions among those aged 12-29 years were lower than other age groups (Figure 2).

50 ---- Total
45 - —»— Men
39.9 : —o— Women

%
%

0 T T T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 6-11 12-18 19-29 30-49 50-64 >65
Survey year Age (yr)
Figure 1. Trends in the proportion of consuming more than Figure 2. Proportion of consuming more than 500 g of
500 g of vegetables and fruits per day, 2013-2022 vegetables and fruits per day by age and gender, 2022

*Proportion of consuming more than 500 g of vegetables and fruits per day: proportion of the population aged 6 and over eating more than
500 g of vegetables and fruits 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 2022, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

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