\J
—
\]
\I
-
l'.J
-
E
oLl

= O

[—’I—IW

ublic Health Weekly Re

port ’\
Vol. 16, No. 2, January 12, 2023

AYED
19 A=0|=BE-O53o| Saidd TIH AARE A1

X H 7
36 2022'—.j o7 Q1Y & AFHHZAEY HISYIRA
2oz}

4

|
T OFEAAL 2AIE 0], 201220214

Supplements
=L UEH A

KDCA

Korea Disease Control and
Prevention Agency

eISSN 2586-0860
(=] [m]
=



|4 W 6ISSN 2586-0860
Vol. 16, No. 2, January 12, 2023
P port

ublic Health Weekly Re

Aims and Scope
A7} Ay (Public Health Weekly Report) (2¥01%8: Public Health Wkly Rep, PHWR)-> =] 9] 3-4] sh&xjolct. 71 173t &
HEFY] AL AA] - A Aol tiet A 7IREY] ek FRE =9 S - & BAomel FolA A&t HestA AlEste
o wrkET 3 7T AR ALY T, BAYI04 A, ST BE, AYFVET VAW AT =8, §9 BT, 24
4 AR B, 2 RS A, A B 59 9 E AT Rt A3 A e HARE AA v 58 EE= e AR
GHH(Open Access) SFEA 2 A Bro] F1179} o] &R 7t Fit=|A] =t}
AR 97 =7 F40] vt AnE ZAstolof ahul, o] Yol HAeHA e Y18 Ao 5tsh A H21% ) 8] (International
Committee of Medical Journal Editors, ICMJE)2] Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work in
Medical Journals (https://www.icmje.org/) = HY YL 3] 9] 2] u}Ett.

B
lil.lZioEa\i

About the Journal

Z7F 7A733F A (eISSN 2586-0860)2 2008 4€ 4% Azt Arge| o] 4] shExlo|n] FE/QJROE njF £9Y 1
T oA AFEE ZAANAS E5) AT A © A AR E 7|Hto g TAZEA0] AT} ]
o, ATEes JEs ¥R £ giete FIes g9t 2 geX 9 A2 34 Z1)|o] A (https://www.phwr.org/)ell
A 7118 glo] AHEA FEE & Sith |7t o o) SWEA| oS A9 FEFTYEA T http://nl.go kr)oll BHIFO 2N ThEA] W&
of thet AAA A= Bt 9 FES At 527 A7) 2 2E HAA(Open Access) S&A| &, A2HE 0]-& 2FH(Creative Commons
Attribution Non-Commercial License; http://creativecommons.org/licenses/by-nc/4.0)°l| whet B[4 B2 02 ARE AAP4E F2T 4= Q1o
U AAA 5202 AR 49 HY Y39 8|7k ool girt

Submission and Subscription Information

F0 A7 A e =79 Faee 298 FuAA"> (https://www. phwr.org/submission)& E914 7FsohY =5l Al Q39
£ W82 YuFrugS Fagiet, 3 A% A F7 G912 FHolAE B AXEHIL glom, F7] 15S Uotils B2 v
(phwredc@korea.kn) = g9, &4, o|H|d F45 7|AIsto] AH S 4= Qlch

7|e} BE EO)= A3H+82-43-219-2955, 2958, 2959), T2 (+82-43-219-2969) E+= ©]H| U (phwredc@korea.kr)S B3l 755t

AR AE T 479 oﬂrﬂﬁ EEEE R HAA: @ =

(28159) S5 AFA TEF 253 23 Y2E 187 LER AT Y HERS (04521) A&A 7 FA 2 32, 2944 23
A8} +82-43-219-2955, 2958, 2959, |2, +82-43-219-2969 1‘15‘—]‘ +82 2-325-2093, ®A. +82-2-325-2095
olu . phwredc@korea.kr ol9 <. info@medrang.co. kr

E5°]A. https://www.kdca.go.kr %“ﬂ°]?‘] http://www.medrang.co.kr

Copyright © Korea Disease Control and Prevention Agency
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



R

elSSN 2586-0860

Public Health Weekly Report

9—] 202149 79~20249 79

Hg 99

0 o] kst

N
BR

A

s}
)

7 ozt

feid
o}

al

ol
Bl

.mmﬁ
B
M 2

Top
o

e
=

o ol

= ™

=) ™

of or

E] H

X m

o o W

or

eyl

o

=

B

~

HoE

o ) W

N

Cl op ww

)

o or KX

%0 ﬂo

s BT ™

[l

= b E

U ]
N

B

ol
‘WVO

%
AHAE

o

BEEL

=
Bo ol

AFm

N

o

ofr
ol
KO W

o

)
‘mo
N

9
2]

27

‘.u_.mo
__O._ ™
F
R R

d

AR E
A

7

B
N 5

o

[y
=
)
I
OT_ =
N o

o
S
B =)
or of
-

_ ]
wAE WE
N
Mo N
or or
= oy
=) =)
of of
.
ol ]
s &
Aﬁ‘,mo ‘m.omwu
oOF © oF H

o

or

eyl

e

H
o |

W_LE ol

No S ol 5

Nxr W

o3+
Faqgd

JUEE

2oyl

o] 1)

<
ol
oL

.WO
=]

Rk

3fim]

L;L

FH="z

Korea Disease Control and
Prevention Agency

KDCA

@



SixET
elSSN 2586-0860
https://doi.org/10.56786/PHWR.2023.16.2.1

of

Ao R, F2 oo} g QA

ool A1 2ol W AR H4 ARl DL %
2 7851 ek gD AP FAE B
e A192 S o W4Holh E3,

e 2

],

=]
Rl

G|

o

4 9ol (D&

ol

ot
I‘Ll

N

FE: olX

7
o]

A

=

2

°l Z2 AT 9lov olejdt FAES
237} A8 A OJD B R 5o B
A9t ofd] AAPEES SA0) B8

fu

2

St
1_

]I.?.l!

1o o
>

oAl E]

g RN

d

Q Z{M0: I Bo|=HE-oFFH; g Ak AY

44

AN B
AR o] =M E -o}F " (Creutzfeldt-Jakob disease, CJD)
o Ao A BAgste AGA s HANE Y Z(transmissible

L

om we) Agon (WA AA4A Hay At 5 sh
2 FeA A 2o (prion} 49 WA Yz &

A (protein)? 7 A (infection)?] Tojo A mhgH gojolm

spongiform encephalopathies) E+ Z2]2(prion, ‘pree-ON’

o]

R

Al

-oFEy (Creutzfeldt—]akob disease, CJD)2 v]g42Q1

OEMZ =%

ARG 4 ek 3

Satets 3tete] A Aﬂﬂ]ﬁ oz C ]DQl

L))
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T-Qu IC) prion protein (PRNP) &

3ol *l

o ax 2'44 a2 Jot vhe, A2 HE ABE A 3 el ol
oltk. o] 3go] & ool v HEHA B Bel7t s

SREENG
Sutel Ago] A Pasi,

-

19824 Prusiner [2]7} A¥ol T &
TFEolf T PuhF oz mEj2 oA {91 Ao oY
2k Q1A Y] A+ 02 ZA(cellular prion protein, PrP9)s}
QAL AR 8- 209 A A|(chromosome 20)011 41 -2
T didoln o] gl o] YRS Fodlst Qe A

£ prion protein (PRNP) 74411 RITH3). A4 L] o

WA 0] ekt 7152 SASHA B A EdATE CIDoF &
o w2 AL prp°o QA3 (misfolding)oll oJ5t WE =
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F g o]z E -ofFH(Creutzfeldt-Jakob disease, CJD)<
Ao A By sts TE]l Aglog QA Ao, LEAIR &
I 22 dEFAe] UEtd= ABE 100%9] A1 =34
Agtoltt.

@ M=Z0| €A & Eg2?

PAE B3 2L ¥ 229 FAt WRFA
UJ = éﬂ‘xw i@%cﬂ 7] ggo] 24 glo] A¥A 4
7= 1 Qleh. Dol AlgA

SRS RT-

7%, prion protein
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@ AAE2?

CID AW A AAPELS 7479 FAbio] Ukt Ao o
u7h 2, T SAEE JHT 9] el B3 A
7t AT o] Bl ol A5ol 3 ol
u TEHQl B4 Felrt AR, o] FAE
8% Th2be B4jo] Bubel Avto] WiEA] Ha s

l"

N

2] Tl A (scrapie prion protein, PrP*)°] FFA1FA 0 &=
eS|

A= EA TYEH(IE 1) [4,5]. ol

£ A CJD (sporadic CJD, sCJD)= 71 &34 E91E
= Xt ZEe dgo = AA CJDY °F 85%E AAISHL A

1% CJDZ+= 71&A4 CJD (familial CJD, fCJD)7}

20

t#®20] 1L & PRNP 542} #lolof ofs] Whgste] AA oF
10-15%5 AR HL,6]. ©19) 1%= 9% 891 502 <l
3 ¥rst= 2914 CJD (atrogenic CJD, iCJD)9} ¥1% CJD
(variant CJD, vCJD)7} QItH[1]. 8 258910 2+= iCJDY

35 At HskeA] 4 T2 Fol, HAgH o]4, bt Al

% 59 & B QFH 7]7] Aol 95t Ao] HhHZ]
0|1 F=of|A F& TYHE vCJD A= 4 Al 454

i)
b

A1 Z(bovine spongiform encephalopathies)©ll 7%
7] A4 53 Tio] qltkar A A QUTH1.4.7).
sCID9] Bt AE7|17H2 oF 671E Aer A= A9
90% ol4tol FA &d T 14 o|ol Apgatct. F2 70T
oA WEEo] 7MY w2 Aoz A QA 20-40tH 80
o ool A g Eo] uj> Yo 8 FAFORE F&5T
APohs Aufol -2 JAXFl, LFAR, FAZE Fof,
&5 sCIDE} HSSHAIRE WA A o] fCJD+= 50-60H,
2 Wt 9.6-37. 7412 trkaH, fCJD
£ 34 9 5 67Y olW, iCDE 12-2871Y o|woll i

= AFRH7]. vCIDE B 2717 E 225, FANS S

8
g
fr
4
it
;v:
2,
E=

wa n2je g m2|2 gy of220|=

HE ma|e At ol o,
ER (PP U (PrP) CH (PrP™) A3 Y%

721, 228 o) WY BAE

U4 Bele) mele BRI S A4 T LTHA(PrP) S Prp
2 sy 9 BA2 48 AEd BEold WY nee o
WA W uAYSIN WY Zele il A3UAY BHRT
ot o] seed2 ThA] AF-E-HT} PrP*=scrapie prion protein;
PrP%=cellular prion protein. Revised from the article of Khadka et
al. (Cell Tissue Res 2022. [Epub] https://doi.org/10.1007/s00441-
022-03621-0) [5]
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d2oz CJDE Fst= He A7 7] deel A4 A
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/g_:‘ PAR 4|
3 Adetn Mg SutE gp ARt
WA oY £9L £ 3Hx19] UYAF=AL TAHH,

IH(electroencephalogram, EEG)/A7]3H Y94 (magnetic
P g g

il
-
o,
sl
_,>L

resonance imaging, MRI) A} 23} 5-& Zgsto] CJD L1

o] -5 wAJskaL it

AEEd, =4 D A7+ % A4l 715-(National CJD
Research & Surveillance Unit), 7= A% 54| o 34l E
(Centers for Disease Control and Prevention)2] =7k = 4
£ 2ARE F° Do AFA Mk HARH digt W82

24}, gelsto] Agatgct.
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o

st BAolA 149 AMEQ A7 95 AifollA] 3.39
AR oA LA A7 ol ‘14-3-3' o]t PHH T
B, O 2204 FHEY 53] H2 A oA Fol HHst
£ 30 kDa 3719] @ Zo]TH{10]. 14-3-3 THA2 779
w3k A&, AAFE7I A%, o]AdY 4R 2L 7|F
< FPst=dl CJD SRt A FEgo] 45H Ao R FHA
Zeto] Qlo] F83t HioleupARZ SEHTH10]. £3], sCJD
£ 4 Adole b A48 E3H(Western blot)= ©]-8-3F
14-3-3 g o] HEWZ festo] AREskaL QUTH9,11].
14-3-3 983 HEH A= sCID 79%, fCJD 82%, iCJD
100%= RIZ=7F o9 =A%t vCDE oF 50%=E dHid o
2 9tH12]. o] AEHLE OJD Yok HEF, AL, ¢
T4 HESH 22 tE HARA T 14-3-3 i Iy
Fol S7Fst7] wieoll AL 7FsAdol Atts Aol A
t}. o] A§- A7 &4 BRlsk= E thE Hio] QubAQl EFS-

S 422 Fvbete] ATEoRA 14-3-3 Buld B%

—

Ll e Gl AS 45 olstE PRNP FARE 25370

T}H6]. PRNP AR o] 4 =AW

1o
o
=)
H—‘
2]
o
Hu
-
ox.
i

o]t} octapeptide repeats®] 4+ /ZA A (octapeptide repeats
insertion/deletion [OPRI/OPRD])¥} Z-2 &% 0|7} Ay

g S fCJD, Gerstmann-Straussler-Scheinker disease, fatal

[e)
#

St Ao g Huwa Qui12]. o]#st §4g myje &

2 4IAA 949 WaloR FAslo] o 1 74

—

familial insomnia (FF) 53 22 S4d9 Z2]2 23
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oo 2 HE] DNAS $%3}0] PRNP &
A2 STEAAH TS (polymerase chain reaction)Z 53l

29 5 GIIALENS o) S0l 7S T,
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1) XX} Of0| LAt 0| EfAH
FRAE] EdMol= ot WAYFo| ¥re]
A AT MPH me) e hlg o] HAS fEh, &
AR
ozl E¢Wo] & fCJD= G114V, R148H, D178N-129V,

PRNP

A7 507] ol4e] #ol7h B E|rH12]). PRNP

V1801, T183A, T188K, E196K, E200K, V2031, R208H,
V2101, E211Q, M232R, P238s9] 3 EdHo] 5oZHE
HEgshe E200K7F 718 ti 4 Q1 EAHOITH( 1Y 2) [12]
2) i |TXt B

PRNP &%
=, 1 % 78 dEAH 97 PRNP 12991 IE9
methionine (M)¥} valine (V)°l 93t 4@ o2 247t 5E%
FEM/M, V/V)T} o|EHFFM/V)SE YeRdth. PRNP
12991 FE AL AlolA diste Ze]2dgof|A of
< AP FAH aelolw, A7}, UF HRE T H[Ego|
Ao = &efA itH12l. RE9 B¢
M E5HLBOR gRlx 1

AuERI9 oF 49%%tF M/
UARE sCID 2242} 80%, vCID
219 100%7F M/M B54Tdg o2, Q149 94%7 M/M

s ST FEHEte] sCID EAh= 100%7F M/M 554

;

2 0PRD 181 197 231

CHO CHO GPI
R1IRlR5
E196K

Tolor |
a3
a)
1,2,3,4,5,6,70PRI G114V R148H  D178N”| |T188K M232R

B1 a1 B2 a2
,,,,,, V1801 E200K E211Q P238S
T183A  y2031 | v2101
R208H

33 2. fCJDE RL3H= PRNP 7349 EdH0

D178N2 1299 FE0] valine (V)S &53FF A< {CJD (familial
CJD)Z ¥dgttt. PRNP=prion protein; OPRD=octapeptide repeats
deletion; CHO=Asn-linked glycosylation site; GPI=glycosylphosphati
dylinositol; S=serine; R=arginine; OPRI=octapeptide repeats
insertion; G=glycine; H=histidine; D=aspartic acid; N=asparagine;
I=isoleucine; T=threonine; A=alanine; K=lysine; E=glutamic acid;
Q=glutamine; M=methionine; P=proline. Revised from the article of
Jeong and Kim. (J Korean Med Sci 2014;29:623-32) [12].

22

Fgoz SRIFU12].
1789 3=

ol9foll 129 F=9] thE >
aspartic acid (D)7} asparagine (N)Z 0| &=

I s Pl thEA dEhtedl 1299 ZE] M/
M 558EE 4= FRZ Yt M/V o543l
9= fCJDZE JAH3tH7,121.

AXN A EF =M e (real-time quaking-induced
conversion, RT-QuIC)
oA PrPeE AH HEsto] thE Al vls| FASH &
< WgEet Solng YEY] fiEe] S5 9= CJD
Agtrgolct. o] M2 A xY PrPE S AHseed)E AHERE T
PrP*7} ZoHE CSFE F71ot0] =S FEsitt. of
Al2Fo]l L GHE thioflavin-T (ThT)= 3= PrP*e} 2
ThT ¥ A2 EFS HIA7]AL 11 Hke5 AATES
FHIE 3) [13,14]. RT-QuICE Z+43K(1 fg)
P HEO| 7Hsokal X oA, CSF, @4, &7 Y

FAAE ZEst] AAE & e

] 4=%H(cerebrospinal fluid, CSF)

IZOIHJEI-FUESI‘J-MUIO_
>" g=) (N —?—“ rE
@ ;% olN olo
0,
o <
AU £
K ;ﬂ
i =
rlo
re
oy
H1
o
A
i)
F
i
N
B
o
N
2
rO
=
il

o

], 1
< Aoz HrhEEA[14,15], 2018EEH sCIDE At
She Al O & Z7bstal QIH11].

RT-QuICE o2 A+E B3 ¥h3 27lo] 274 W3}
sigtedl, @Al A 1499} 24 HHo R RS £
ATH13]). 149 RT-QuICE %% Prpo L]
(23-231 amino acids [aal)S HACE 5F11[14,15], WHE
£ 73-100%%2H, E9] Eolk= 98-100%% =4 A4l
off tigt & 5ol Hojurt FeATH13]. AIFEHY 4
g 9 58S o] A% A&AQ ATE S ML

2AI) RT-QuIC= N Eeho] dohe A= prpef Zej2

u
o‘fu
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"t:? HE A= S Ty -—!‘ s W
E om SERLS A— e 3
JL_H 'R 2 (C—— ) —
NO \ o —)
0 *® 0. — e s
SH R AGA —L - — v_—‘ — (e - e —
A RESXS sl S R o e
~ ® HHR Y <G -— \v_—‘
¢ QS — )
Cmee | Cinmm —
I EE oo (- Zo| 9% S m—
®e um
AlZH(h)
fE7| 147 A7

J8 3. AXZRE

ANZAE G

S HSHH(RT-QuIC) ¥HS BAE

of Candelise et al. (Acta Neuropathol Commun 2020:8:117) [14].

S A(90-231a2)S
AR EEAFE & obdE UtEE 91-100%, SolEs
98.5-100%= FAAI A TH14,15].

AHgstel Hh 2L MAAAN WS

2) Enhanced quaking-induced conversion A|&{H

29l CJD Ao A= F-&5tA &-&
e 25%% Hhgo] A Et= A7 Atk
A7 sl 7129 RT-QuIC Aol #
2739 (immunoprecipitation, IP)< H&35t0o] 738t QuiC
NSt 16].
e-QuIC= 8740l vCID §A19] & #E N2 5]A4sto] H7ieh

T, PrP* 50| YA E Ao ZA PrP* A FEUT

RT-QuICE ¥
A9t vCJD=
[11]. o1&

(enhanced QulIC, e-QuIC) o]t HAAPHS

=
E=E JHASEAE HES oAl 20| B2 A V&R ¥
PrP* g A&t Aol i AR ol=tAL

gk & 9oy, AIFHES HESIAF] 7] o

T A@ o] Eof

www.phwr.org Vol 16, No 2, 2023

H 3 (real-time quaking-induced conversion, RT-QuIC)->
il (seed)o] AT SHA(7]A)H §Hgoto] L2224 HSLE fotal, A7|o] GFAEC] &%
(thioflavin-T)7} Ag}tsto] 3 73=7t 7| AA et RE 7]do] ofd 2ol YAG

FE7, AF7), AR F2E 5 Ak fFE7]6e WE =22

A, ofd =0l YHFE “é*é St Al ThT
FGAgoll AHE-EE A7 7F T2 Revised from the article

9 Zele GuAe A, olda 5
e

_L].E/lé 9 A2 Aok HE

o) oh2 74 ¥ YA RS
A3 o2 2L YaFoltt. T, ODE LA 1
o o]2& Zu7)7t vl AW §% whg @ W SolHel W
Aukg 5 Az 4| el UEhA] o) mio] 4 54
o] Yety7| A7 CJD ¥ ojRE & 5 glo
=30 glo] MASHE 100% AgTHE AL 1AL
ict.
AL oA iCIDY vCIDY] A9 vt 9177 2
Aol A=, 4t 59 AHelE] A9 deE & 7] deel
Tesfof gt
A QAR WA= CJD SAH= ol wut w12

Qe o DE TF/ WEE B9 Avtse A

10
o

A7 71
FH HuE T
FAleItH1,4,17-19]. +-2uzh= 2011958 CJD g4
gt A4 RS AL Qleh =y D St
2R Z7to] vl A A 4
A 471 29-657 JAEHI gon 53],

pew, 1 I A e 2T HH S8k

=2 =%
= T8

£ A ol A|gt g B4 AT

AeAAE AAke
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H1. AR0|ZHE-oFFH(CID)Y 4 Ad 7|&
28 253 IE NERTE 5
sCJD - T ¥ & 7HA°] sigsti= Abet (Al 57110 [10-12,20]
1. HE71E119 O, @, ® = %3] Aot A (A% oH)
2. AR712119 @, @, @ T @Y 24 F F 7HA o4
3. AIR71E119 @, @F TEotHA X A T 2749
ool A 14-3-3 Sjdo] HEH B. Azt B 44 7]5F o]
3% C. FAZ B&= FAE 715730
4. AP A7AHH FAdol oA X D. 754 FAF
A4 = o2 22 5oA RT- @ AFHA HutgdAr A ZA(periodic sharp wave complexes)
QuIC ¥ B+ @ ¥ A7|FEIFMRDY v B vzt YA E
Ee SAFRGG(DWI) &2 AR F G A5 E(FLAIR)
oA Aolk 27 YAoA TATZET} A= AS
fCID - o 5 & 7Kl sigst= At AF7122]
1. A4 A73-HA Aol 9lowA & G114V, R148H, D178N-129V, V180I, T183A, T188K,
A 7t% % CJD 8 E= 23R E196K, E200K, V2031, R208H, V2101, E211Q,
U= B¢ M232R, P238S, 96bpi, 120bpi, 144bpi, 168 bpi,
2. XY A173-7341 Agho] QlomA] [A] 48bpdel
K71%2]9] HYA PRNP 32 £
Hol7}L ghelg A9
iCJD - o5 5 & 7HA0l| sidot= A (AIF-713]
1 AF 7199 HotA 22 F O A 7199 Hot4A AT a2, JAARFEER
HES bR A 2P, Ak 959 Fof, B X3S o]4] Bk A9
716 ZohE Hol& B¢ @ QA7 mEe A% A B FHTAR] FoARER
2. sCJD F4SAZA [HF7]Z3]9] Ztatg o4 W ¢
ot FS ® QA7 T L A A B 2HTANA AFLHAA
AAQB A $EEo] a2 E 4L
vCID - T F g 7K Sgsh= AbRt (A F714]
1. MIR712419 @, @, ®A, ®BE Ot 38S AR %
L5 ghEohes 39 A. AP AA-4 g
2. [AI5712419 @, @9 sfgst= 35 B. 671€ o]/}9] o]gt 7|7t

E. fCJD9] &A7} ¢S
@ o 24 % Yl 71A] o)A}

A. 2700l Yeh= &3, B9S, 65 5 41T 34
B. A&AR B354 #4354
C. 54z
D. A3 olv REd B |soldS
E. X|of
® =g A 9 MRI AAF A3t
A AW z2719A ] HoHAMY sCIDY A3 24

HolX] gt B9 EL HIAAE AYsH G 3
B. = MRI %3 AAPIA0] DAS4=7 g 5
@ " 244 Vool T 42

CJD=Creutzfeldt-Jakob disease; sCJD=sporadic CJD; fCJD=familial CJD; iCJD=iatrogenic CJD; vCJD=variant CJD; RT-QulC=real-time
quaking-induced conversion; PRNP=prion protein; MRI=magnetic resonance imaging; DWI=diffusion weighted imaging; FLAIR=fluid

attenuation inverse recovery; i=4F%(insertion); del=24l(deletion).
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ABSTRACT

Creutzfeldt-Jakob disease (CJD) is an infectious prion disease caused by the accumulation of misfolded prion proteins in
the central nervous system. It is associated cognitive impairment and ataxia, and results in death within several months
after the onset. CJD is subdivided into sporadic, genetic, and acquired types according to the phenotype, epidemiological
features, and pathogenesis. Laboratory diagnosis of CJD offers the advantage of being autopsy-free and is essential for
accurate diagnosis of the disease along with assessment of clinical symptoms and electroencephalography. In addition, since
the incidence of CJD is increasing worldwide, including in the Republic of Korea, the importance of laboratory diagnosis
of the disease is also increasing. The 14-3-3 protein analysis, real-time quaking-induced conversion (RT-QulC), prion
protein (PRNP) gene mutation analysis are mainly used to diagnose CJD. Since each of these diagnostic tests has different
interpretations and limitations, combined analysis is essential for the accurate diagnosis and classification of CJD. For efficient
disease management, a diagnosis accompanied by simultaneous multilateral analysis using various laboratory diagnostics is

indispensable in patients with suspected CJD.
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Introduction

Creutzfeldt-Jakob disease (CJD) is one of the human
transmissible spongiform encephalopathies or a prion
(pronounced “pree—ON") disease, and is one of the fatal
neurodegenerative diseases [1]. A prion is an infectious
disease protein particle, a term derived from two words
“protein” and “infection,” and was coined by Prusiner [2],

M.D. in 1982 while identifying proteins involved in disease.

www.phwr.org Vol 16, No 2, 2023

In general, prion is not introduced from the outside of the
human body; instead, it normally exists in the human body
(i.e., cellular prion protein [PrP€]). In case of humans,
PrPC is a protein derived from chromosome 20, and the
gene encoding this protein is called prion protein (PRNP)
gene [3]. Although the exact function of the normal prion
protein has not been clearly understood, prion diseases such
as CJD are caused by the accumulation of an abnormal

prion protein (scrapie prion protein [PrP*]) in the central
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Key messages
(D What is known previously?

Creutzfeldt-Jakob disease (CJD) is a prion disease in hu-
man, resulting in cognitive impairment and ataxia. It is
an infectious neurodegenerative disease with a 100% fa-
tality rate.

@ What new information is presented?

For a definite diagnosis of CJD, histological analysis of
brain tissue obtained through autopsy is essential; how-
ever, autopsy is rarely performed because of domestic
circumstances. Therefore, the importance of an autopsy-
free laboratory diagnosis has been highlighted. 14-3-3
protein analysis, real-time quaking-induced conversion
(RT-QuIC), and prion protein (PRNP) gene mutation
analysis are mainly used to diagnose CJD.

(® What are implications?

Since various diagnostic tests for CJD have different in-
terpretations and limitations, combined analysis is essen-
tial for accurate diagnosis and classification of CJD. For
efficient disease management, a diagnosis accompanied
by simultaneous multilateral analysis using various labo-
ratory diagnostics is indispensable in patients with sus-
pected CJD.

nervous system by the misfolding of PrP® (Figure 1) [4,5].
Although the mechanism that causes these structural
changes is not yet known, the accumulation of PrP* causes
vacuole formation in nerve cells and spongiform changes,
leading to fatal neurodegenerative diseases that result in
death without exception [1,3]. Additionally, PrP* requires a
distinct disinfection method different from the generally used
disinfection method, which is difficult to manage; therefore,
it has a risk of spreading to the surroundings when exposed
to the environment [4].

The PrP* phenotype, epidemiological characteristics,

28
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Figure 1. Schemeic diagram of misfolding of prion disease

Amyloid fiber

The pathogenic form of prion protein (PrP*) is the causative agent
of the disease which acts as a seed in the cyclic conversion of
normal cellular prion (PrPY) into the misfolded pathogenic isoform.
These newly formed PrP* further acts as a seed to this conversion
mechanism to form PrP* oligomers and fibrils. PrP*=scrapie prion
protein; PrP%=cellular prion protein. Revised from the article of
Khadka et al. (Cell Tissue Res 2022. [Epub] https://doi.org/10.1007/
s00441-022-03621-0) [5].

and pathogenesis of CJD found in humans are remarkably
diverse; hence, based on this information, CJD is
classified into sporadic, genetic, and acquired types [1].
Spontaneously occurring sporadic CJD (sCJD) is the most
commonly identified human prion disease, accounting for
approximately 85% of total CJD cases [1-3]. Familial CJD
(fCJD) is a representative genetic CJD, and is mainly caused
by PRNP gene mutation, accounting for approximately 10~
15% of the total CJD cases [1,6]. Iatrogenic CJD (iCJD) and
variant CJD (vCJD) are acquired types, caused by external
factors, accounting for approximately 1% of the total cases
[1]. The identified main external factors for iCJD are
external administration of human pituitary growth hormone,
dura mater transplantation, and use of contaminated
equipment during surgical procedures such as ophthalmic
procedures. In case of vCJD, which occurs mainly in the
United Kingdom, consumption of beef infected with bovine
spongiform encephalopathy is known to be the main external
factor [1,4,7].

The average survival time of sCJD is approximately

www.phwr.org Vol 16, No 2, 2023
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6 months, and more than 90% of patients die within 1
year from the onset of symptoms. The incidence rate is
highest in people in the age range of 70s, and the incidence
rate is significantly low in the age ranges of 20s to 40s
or 80s and older. The main symptoms include rapidly
progressingz cognitive disorders such as dementia, ataxia,
spatial perception disorders, and emotional disorders such as
depression [7,8]. Clinical symptoms of fCJD and iCJD are
similar to sCJD, but the age of onset varies from 50 to 60
years of age for fCJD, and 9.6 to 37.7 years of age for iCJD
depending on the type of surgery. Most of the patients die
within 6 months after the onset of symptoms in the case of
fCJD, whereas, 12-28 months after the symptoms for iCJD
[7]. vCID is characterized by psychiatric symptoms, such as
depression and anxiety, and abnormal sensory symptoms in
the limbs even in the early stage of the disease. The mean
age of onset of vCJD is relatively low at the age of 26, and
most of the patients die within 14 months after the onset of
vCJD-related symptoms [4,7].

Currently, the approved test method for CJD is to
process specimens obtained through a brain biopsy or
autopsy and measure the protease-resistant prion protein
to confirm the diagnosis as PrP* [9]. However, since this
method has a practical limitation in confirming CJD due to
lower autopsy rates, CJD is currently diagnosed and treated
through estimation using the clinical findings by specialists
and laboratory-based diagnostic results. In the Republic
of Korea (ROK), a case judgment committee composed of
CJD experts determines whether or not CJD has occurred
by integrating the patient's clinical symptoms, past medical
history, and electroencephalogram (EEG)/magnetic

resonance imaging (MRI) test results.

www.phwr.org Vol 16, No 2, 2023

Early diagnosis of CJD is particularly important because
it can minimize the risk of accidentally acquired transmission
of prion into the human body, such as through the use of
contaminated surgical instruments. In the present article,
various laboratory tests will be introduced, which are mainly

used for rapid diagnosis of CJD, to better understand them.

Methods

Through a literature review and publications from the
Korea Disease Control and Prevention Agency, the National
CJD Research & Surveillance Unit, and the Centers for
Disease Control and Prevention in the United States, the
laboratory diagnostic test methods for CJD were researched,

organized, and explained.

Results

1. The 14-3-3 Protein Analysis

The 14-3-3 protein was named ‘14-3-3" because
it was initially found at the position 3.3 in the result of
electrophoresis of sample 14 in the process of isolating
protein from bovine brain tissue in 1967, and it is a protein
of 30 kDa size that is expressed in various tissues, especially
brain tissue [10]. The 14-3-3 protein performs numerous
biological functions (e.g., differentiation and survival of
neurons, neurite outgrowth, and ion channel regulation),
and is known to have increased expression in CJD patients;
therefore, it is used as an important biomarker for diagnosis
[10]. In particular, for the presumptive diagnosis of sCJD,
Western blot is adopted and used for detecting 14-3-

3 protein [9,11]. The sensitivity of the 14-3-3 protein
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detection test is 79% for sCJD, 82% for fCJD, and 100% for
iCJD, respectively; but, the sensitivity for vCJD is relatively
low at approximately 50% [12]. This test method has a
limitation of the possibility of false positives because the
level of 14-3-3 protein expression is increased not only in
CJD but also in other brain diseases such as stroke, status
epilepticus, and inflammatory encephalopathy. In such
cases, additional detection of tau protein, another biomarker
for confirming nerve damage, should also be considered
as a supplement to the 14-3-3 protein detection for CJD

diagnosis [11].

2. PRNP Gene Mutation Analysis

The PRNP gene encoding the prion protein consists of
253 amino acids [6]. Mutations such as point mutations
or octapeptide repeats insertion/deletion (OPRI/OPRD) in
the PRNP gene have been reported to cause genetic prion
diseases such as fCJD, Gerstmann-Straussler-Scheinker
disease, and fatal familial insomnia (FFI) [12]. These genetic
prion diseases are inherited in an autosomal dominant
manner and are expressed and occur in multiple family
members [3]. In the PRNP gene mutation analysis, DNA
is extracted from the blood of suspected CJD patients, the
PRNP gene is amplified through polymerase chain reaction,
and then the presence or absence of mutation is identified

through sequencing.

1) Single nucleotide polymorphism analysis for amino
acid substitution

Although the exact mechanism has not been elucidated,

mutations in the PRNP gene cause the expression of

abnormal prion proteins, and more than 50 single nucleotide
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polymorphisms (SNPs) have been reported [12]. Among
several SNPs in the PRNP gene, fCJD arises from SNPs of
G114V, R148H, D178N-129V, V1801, T183A, T188K,
E196K, E200K, V2031, R208H, V210I, E211Q, M232R,
and P238S, among them, E200K is the most representative

SNP (Figure 2) [12].

2) Polymorphic gene analysis

The PRNP gene has sites with various polymorphisms,
the most representative SNP variations are the polymorphisms
by methionine (M) and valine (V) in the PRNP codon 129,
i.e., homozygous (M/M, V/V) or heterozygous (M/V). The
PRNP codon 129 polymorphism is a dangerous genetic
factor in human prion diseases, and its ratio is known to
vary by country and race/ethnicity [12]. In Europe, only
approximately 49% of the general population were M/M
homozygous, but 80% of sCJD patients and 100% of vCJD
patients were M/M homozygous; meanwhile, in the ROK,

94% of the general population were M/M homozygous,

181 197 231
20PRD gL a7 Bt
I'T*S‘IY‘S—| |
R1IRlR5 Bl o1 B2 a2 a
E196K
1,2,3,4,5,6,70PRI G114V R148H  D178N"| |T188K M232R

V1801 E200K E211Q P238S
TI83A 2031 | v2101
R208H

Figure 2. PRNP gene mutation causing fCJD

YD178N is associated with familial CJD (fCJD) depending on
the codon 129 polymorphism (valine [V]). PRNP=prion protein;
OPRD=octapeptide repeats deletion; CHO=Asn-linked glycosylation
site; GPI=glycosylphosphati dylinositol; S=serine; R=arginine;
OPRI=octapeptide repeats insertion; G=glycine; H=histidine; D=aspartic
acid; N=asparagine; I=isoleucine; T=threonine; A=alanine; K=lysine;
E=glutamic acid; Q=glutamine; M=methionine; P=proline. Revised from
the article of Jeong and Kim. (J Korean Med Sci 2014;29:623-32) [12l.
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but 100% of sCJD patients were identified as M/M
homozygous type [12]. In addition, the polymorphism
of codon 129 has different clinical features depending on
the SNP of codon 178 associated with the substitution of
aspartic acid (D) to asparagine (N): with the 178 codon SNP,
FFI is associated with M/M homozygous of codon 129,
whereas, fCJD is associated with M/V heterozygous of
codon 129 [7,12].

3. Real-time Quaking-induced Conversion for

Detecting Abnormal Prions

1) Real-time quaking—-induced conversion
Real-time quaking-induced conversion (RT-QuIC)
directly detects PrP* in cerebrospinal fluid (CSF), and it
shows significantly higher sensitivity and specificity for
CJD diagnosis than other test methods. In this method,
recombinant prion protein (rPrP) is used as a seed, and

then CSF containing PrP* is added to induce aggregation.

& Recombinant substrate

After that, thioflavin-T (ThT) included in the reaction
reagent reacts with the aggregated PrP* to change the ThT
fluorescence spectrum, and the reaction is measured in real-
time to confirm the presence of PrP* (Figure 3) [13,14].
RT-QuIC is an innovative and breakthrough test method
because it can detect even an exceedingly small amount (1
fg) of PrP*, and it can be used with various samples such as
brain homogenate, CSF, plasma, and olfactory mucosa, and
has an automated reaction system, along with high sensitivity
and specificity [14,15]. RT-QuIC has been added as a test
method for diagnosing sCJD since 2018 [11].

The reaction conditions of RT-QulC have been changed
gradually through numerous studies, and currently, RT-
QuIC can be largely divided into first-generation and
second-generation methods [13]. The first-generation RT-
QuIC targeted the prion protein (23-231 amino acids
[aal) of rPrP [14,15], had a sensitivity of 73-100%, and a
specificity of 98-100%, showing excellent discrimination

against negative samples [13]. The second-generation

g [ Pathologic seed
=
g Quaking-induced (s’
fragmentation A

L ° A
£ ¢ o (C— i —
S| o 0. —) ¢ T S —
ele * ’. B C - e 73 & >
o ‘0 (]} AmyI0|d p—— et oty
g ‘0 Elongation seeding ‘ — Amp||ﬁcat|on= ) ——-AV
g ¢ mmee D S— ',‘7- ‘/“’
= — e — Cimm e e
= | Recruitment *o S
<
= Conversion

Time (h)

Lag phase Exponential phase Plateau phase

Figure 3. Schemic represntation of RT-QuIC

The real-time quaking-induced conversion (RT-QuIC) reaction may be divided into the lag phase, the exponential phase and the plateau phase.

During lag phase, the seed is allowed to contact the substrate and to trigger the conformational change. The monomers aggregates into oligomers

and amyloid fiber in exponential phase, thioflavin-T (ThT) reacts with this fibers. Eventually, when all the substrate is incorporated into fibrils,

a plateau phase is observed. Revised from the article of Candelise et al. (Acta Neuropathol Commun 2020;8:117) [14].
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RT-QulC, developed through continuous research to ensure
the accuracy and efficiency of the test method, shortens the
reaction time by changing the reaction conditions using the
N-terminal truncated rPrP (90-231aa), having improved
sensitivity of 91-100%, and improved specificity of 98.5-
100% [14,15].

2) Enhanced quaking-induced conversion

RT-QuIC is useful for diagnosing general CJD, but has a
lower sensitivity of 25% for vCJD diagnosis [11]. To improve
such drawback, a test method called “enhanced QuIC
(e-QuIC)” was developed by adding an immunoprecipitation
(IP) to the existing RT-QuIC test method [16]. e-QuIC
detects PrP* protein using a PrP*-specific antibody after
adding diluted brain homogenate of vCJD patients to plasma
[16]. This test method could be considered as an advanced
test method because it improved the low sensitivity of the
existing RT-QuIC to vCJD, and detected PrP* in blood
with many reaction inhibitory substances, at a much lower
concentration than existing RT-QuIC; but it is difficult to

standardize the test method and it reduced reproducibility
[15].

Discussion

Prion protein, the causative agent of CJD, is a pathogen
completely different from other infectious pathogens such
as bacteria and viruses in terms of characteristics, route of
transmission, and diagnostic methods. Moreover, since CJD
has an exceptionally long incubation period ranging from
several months to several years, and does not show any

prodromal symptoms such as inflammatory response and

32

disease-specific immune response, we may not be able to
recognize CJD until related clinical symptoms appear. There
is a 100% risk of death due to CJD because of no currently
available treatments. In general, CJD is not an infectious
disease that is transmitted through respiratory droplets
or contact, but in case of iCJD or vC]D, they should be
managed and controlled with caution because the risk of
transmission and the cause of the outbreak of iCJD or vCJD
might be related to social issues such as medical care and
livestock farming.

Worldwide, 1 to 2 cases of CJD per 1,000,000 people
are reported every year, and the CJD case numbers have
tended to be gradually increasing [1,4,17-19]. Since 2011,
the ROK has been conducting surveillance on all CJD
patients. Although the number of cases of Korean domestic
CJD patients is insignificant compared to major outbreaks in
other countries, the number of reported cases per year has
been between 29 and 65. In particular, compared to 2011,
when total case surveillance began, the number of cases has
increased to be more than double in 2021 [20].

Accordingly, the importance of managing and diagnosing
CJD patients has also been increasing in the ROK. However,
in reality, an autopsy to confirm CJD is quite difficult in
the ROK, so a diagnosis of CJD patients mostly relies on
presumptive diagnosis [5,20]. The presumptive diagnosis of
CJID in the ROK is determined by the CJD case judgment
committee composed of subject matter experts in the
related field by integrating the patient’s clinical symptoms,
EEG/MRI test, and laboratory test results; among this
information, the laboratory test result is considered the
most crucial factor because it is necessary for making the

diagnostic decision as per the diagnostic criteria in Table 1.
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Table 1. Probable diagnostic criteria for CJD

Type Probable diagnostic criteria DC Reference
sCJD - A person corresponding any of the following [DC1] [10-12,20]
1. ®, ®, ® positive in [DC1] @ Rapidly progressive dementia (cognitive impairment)
2. @, @, @ positive in [DC1] @ Two or more of the following
3. @, @ positive in [DC1], and 14-3-3 A. Myoclonus
protein detection in CSF B. Visual or cerebellar dysfunction
4. RT-QuIC positive in CSF or other C. Pyramidal or extrapyramidal features
tissues, and progressive neuropsychiatric D. Akinetic mutism
disorder ® Typical EEG findings (periodic sharp wave complexes)

@ Typical MRI findings (high signal in caudate/putamen
or at least two cortical regions either on DWI or FLAIR)
fCJD - A person corresponding any of the following [DC2]
1. Neuropsychiatric disorder and definite G114V, R148H, D178N-129V, V1801, T183A, T188K,
or probable CJD in 1st degree relative E196K, E200K, V2031, R208H, V2101, E211Q, M232R,
2. Progressive neuropsychiatric disorder and P238S, 96bpi, 120bpi, 144bpi, 168 bpi, 48bpdel
pathogenic PRNP gene mutation in [DC2]
iCJD - A person corresponding any of the following [DC3]

1. Progressive cerebellar syndrome in a (D Administration of reproductive gland stimulating
recipient of human cadaveric derived hormone, transplantation of human origin pituitary
pituitary hormone growth hormone and dura matter

2. Probable sCJD with [DC3] @ Corneal transplantation from prion disease definite

or probable patient
® Exposure from neurosurgical instruments used in
prion disease definite or probable patient

vCJD - A person corresponding any of the following [DC4]
1. @, @, ®A, ®B positive in [DC4] @ All positive following clinical history
2. @, @ positive in [DC4] A. Progressive neuropsychiatric disorder
B. 6 months or more of disease duration
C. No other diagnosis to suspect
D. No history of exposure to transmissible iatrogenic
risk factors
E. No evidence of fCJD
@ Four or more of the following
A. Psychiatric symptoms such as depression, anxiety,
and apathy in early stage
B. Persistent painful sensory symptoms
C. Ataxia
D. Muscular dysfunction
E. Dementia
® EEG and MRI results
A. No typical EEG findings in early stage or no EEG
test results
B. High signal of both pulvinar in MRI results
(® Adaptable result for vCJD in biopsy of tonsil
CJD=Creutzfeldt-Jakob disease; DC=detailed criteria; sCJD=sporadic CJD; fCJD=familial CJD; iCJD=iatrogenic CJD; vCJD=variant
CJD; CSF=cerebrospinal fluid; RT-QulC=real-time quaking-induced conversion; PRNP=prion protein; EEG=electroencephalogram;

MRI=magnetic resonance imaging: DWI=diffusion weighted imaging: FLAIR=fluid attenuation inverse recovery: i=inserstion; del=deletion.
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Although there are diverse types of CJD diagnostic tests, the
meaning and interpretation of each test result are different,
and the integrated results are essential for classifying CJD
patients. Therefore, an accurate diagnosis can be made only
when the data is analyzed from multi-level perspectives. In
addition, since each test method has different limitations,
supplementing it with the results of various other test
methods is essential and required. In case of the 14-3-
3 protein analysis, the destruction of brain tissue due to
the accumulation of amyloid fibrils can be judged by the
increase in the amount of 14-3-3 protein in the CSF, but
the ability to differentiate it from other degenerative brain
diseases is limited [11]. Therefore, it is important to cross-
validate false positives by comparing the detection results
of another biomarker such as tau protein, or the detection
results of PrP* using RT-QulIC. In case of PRNP gene
mutation analysis, although the heritability for CJD can be
identified, it is not possible to directly determine whether or
not CJD is present, so a comprehensive analysis should also
be performed along with 14-3-3 protein detection results or
RT-QuIC results. Considering these characteristics of various
CJD diagnostic methods, medical institutions need to request
various laboratory tests together for accurate diagnosis
of CJD and efficient patient management, when CJD is
suspected according to the patient’s clinical symptoms and

EEG results.
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Results of the Food and Waterborne Disease Surveillance
during the Summer in 2022
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Division of Infectious Disease Control, Bureau of Infectious Disease Policy, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

The Korea Disease Control and Prevention Agency operates an “Enhanced Surveillance of Food and Waterborne Disease
(FWD) Outbreaks” from May 1 to September 30 every year based on reports of municipal, provincial, city and district
health centers nationwide to respond quickly to mass outbreaks. The surveillance is used to prevent FWD in summer, when
temperatures are expected to increase. During the operation of surveillance in the summer of 2022, in all, 300 outbreaks
of FWD were reported; this number is in line with the pre-coronavirus disease 2019 (COVID-19) number. The most
outbreaks, 89 (29.7%), occurred in July 2022, followed by 70, 59, 45, and 37 outbreaks in June, May, August, and September,
respectively. Regarding the regions in which outbreaks occurred, the majority were reported in Gyeonggi-do (61), Seoul
(48), and Busan (27). Most outbreaks occurred in restaurants, followed by daycare centers and school facilities, including
kindergarten facilities. Therefore, because the number of FWD in the summer of 2022 recovered to the pre-COVID-19 level,
the management of diseases also needs to be as it was before COVID-19. Education on personal hygiene and safe water and
food, and the efforts of managers and workers in group-catering facilities such as schools, workplaces, and restaurants, where

there is a high risk of outbreaks, are important to prevent large-scale outbreaks of FWD.

Key words: Waterborne diseases; Foodborne diseases; Disease outbreak; Contact tracing
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Introduction

Food and waterborne diseases (FWD) are illnesses that
present with gastrointestinal symptoms such as diarrhea, ab-
dominal pain, and vomiting after the ingestion of food or wa-
ter contaminated with pathogenic microorganisms [1]. Per
the “Infectious Disease Control and Prevention Act,” there are

30 FWD that are then classified as Class 2, Class 3, or Class

www.phwr.org Vol 16, No 2, 2023

4 infectious diseases. For Class 2 and 3 infectious diseases,
healthcare providers are required to report all the cases under
a mandatory surveillance system. For Class 4 infectious diseas-
es, there are designated sentinel surveillance institutions"”, and
they are required to report recognized cases under a sentinel
surveillance system [1]. In addition, when two or more people
ingest the same food (including drinking water) and show sim-

ilar symptoms, such as diarrhea and vomiting (i.e., intestinal
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Key messages
(D What is known previously?

It is known that the outbreak of food and waterborne
disease (FWD) occurs mainly in the summer of May to
September, when the temperature rises, the proliferation
of pathogenic microorganisms becomes active, and out-
door activities increase.

(@ What new information is presented?

During the operation of the “Enhanced Surveillance of
FWD Outbreaks” in the summer of 2022, a total of 300
cluster outbreaks occurred, an increase of 31.6% com-
pared to the same period in 2021. In addition, as the
frequency of human-to-human contact has increased af-
ter the easing of COVID-19 social distancing measures,
the number of group outbreaks in restaurants, daycare
centers, and schools increased.

(® What are implications?

The number of FWD outbreaks during the surveillance
of 2022 has returned to the level before the COVID-19
pandemic. Continuous management of FWD is neces-
sary, and education on personal hygiene and safe water
and food and the efforts of individuals, managers, and
workers are important to prevent large-scale outbreaks.

infection symptoms®), at the same time, it should be reported
as an outbreak [1,2].

Every summer, the warmer weather results in an increased
proliferation of pathogenic organisms as well as an increase in
outdoor activities. In preparation for this increase in FWD, the
Korea Disease Control and Prevention Agency (KDCA) oper-
ates an enhanced surveillance system to prevent community
spread through early recognition, rapid epidemiological inves-

tigation, and response [1]. For four months, from May 1st to

September 30th, 2022, the KDCA identified infectious cases
and tracked unusual infection trends nationwide. The informa-
tion was then disseminated through text messages to relevant
organizations and agencies to respond to outbreaks of FWD
and diarrhea timeously. In this study, the prevalence character-
istics of FWD for the years 2017-2022 were analyzed based
on data collected by the emergency prevention system in the

four months from May 1st to September 30th each year.

Methods

Data on the prevalence of FWD reported to the web re-
porting system of the KDCA annually from May-September
between 2017 and 2022 were collected. The outbreaks by
month, region, place, and scale was analyzed with descrip-
tive statistical analysis using Microsoft Office Excel 2016
(Microsoft, Redmond, WA, USA). In addition, the prevalence
rate of FWD per 100,000 population by region was calcu-
lated using the 2021 resident registration data of the Korean
Ministry of the Interior and Safety:

Prevalence rate per 100,000 population (persons)

=(number of cases/resident population by region)x100,000

According to the 2022 Food and Waterborne Diseases
Management Guidelines, infectious clusters with fewer than
seven cases (i.e., <6 cases) were defined as “small-scale out-
breaks,” and clusters with >7 cases were described as “large-

scale outbreaks.”

1) As of September 30th, 2022, 208 medical institutions (hospital level or higher) have participated in the sentinel surveillance system for intestinal

infectious diseases.

2) Intestinal infection symptoms: diarrhea, abdominal pain, nausea, vomiting, fever, etc., are the main symptoms. Among the clinical symptoms
required for case definition, ‘diarrhea’ is defined as stools that are more watery or soft than usual or three or more bowel movements per day.
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Results

A total of 300 outbreaks of FWD were reported from May
1st to September 30th, 2022. This number shows a 31.6%
increase compared to the total outbreaks in the same period
in 2021 (228 outbreaks). Compared to the same months in
2017-2019, the number of outbreaks decreased significant-
ly in 2020-2021 [3], but in 2022, it was confirmed that the
number of FWD rebounded.

The month with the most number of outbreaks was July
2022, with 89 outbreaks (29.7%), followed by 70 (23.3%) in
June, 59 (19.7%) in May, 45 (15.0%) in August, and 37 out-
breaks (12.3%) in September (Table 1). When comparing the
number of outbreaks reported during the coronavirus disease

2019 (COVID-19) pandemic period from 2020 to 2022, the

total number of outbreaks in 2020 was less than that recorded
before the pandemic, with only seven outbreaks in the May of
that year. The numbers gradually increased to a peak of 42 out-
breaks in July and then showed a declining trend from August.
No significant seasonal changes were identified in 2021. In
2022, the number of outbreaks increased from May, peaked in
July, and then decreased in August (Table 1, Figure 1).

When comparing the prevalence by region, Gyeonggi-do
had the most outbreaks, with 61 (20.3% of the total number of
outbreaks), followed by Seoul with 48 (16.0%) and Busan with
27 (9.0%) (Figure 2). The prevalence rate per 100,000 popu-
lation was 20.5 in Gangwon-do and 18.6 in Jeju-do (Table 2).
The number of outbreaks in Gangwon-do and Jeju-do was sig-
nificant because there were large-scale outbreaks of >50 cases

in the water parks and parks in Gangwon-do and the middle

Table 1. Number of food and waterborne diseases outbreaks
Total May June July August September
Classification - - - - - _
bor:;k Case g:;k Case bor:;k Case bor:;[ak Case Szgk Case bor:;k Case
2022 300 4,237 59 930 70 1,282 89 1,088 45 377 37 560
(1000 (100)  (19.7) (219 (23.3) (30.3) (29.7) (257) (15.00 (89 (12.3) (13.2)
2021 228 4,002 52 668 55 653 39 1,176 48 947 34 558
(1000 (100) (22.8) (16.7) (241 (163 (171D (294 @11 237 (@149 (139
2020 113 1,764 7 22 20 520 42 719 27 311 17 192
(100) (1000 (620 (1.2 177 (295 (37.2) (40.8) (239 (17.6) (15.00 (10.9)
2019 292 3,429 72 873 66 952 58 772 48 517 48 315
(100)  (100) (24.7) (255 (26.6) (27.8) (199 (225 (164 (151) (164 (9.2
2018 328 10,608 62 1,213 51 1,068 69 979 50 1,586 96 5,762
(100) (1000 (189) (11.4) (155 (10.1) (21.0) (9.2) (152) (15.00 (29.3) (54.3)
2017 287 4,873 51 691 65 904 56 753 65 1,346 50 1,179
(1000 (100) (17.8) (14.2) (22.6) (18.6) (195 (155 (22.6) (27.6) (174 (24.2)
Average 249.6 49352 48.8 693.4 51.4 819.4 52.8 879.8 47.6 9414 49.0 1,601.2
number of (100)  (100) (19.6) (14.1) (0.6) (16.6) (21.2) Q7.8 (19.1) (19.1) (19.6) ((32.4)
outbreak
in recent 5
years
(2017-2021)
Values are presented as number (%). The reported data for year 2021, 2022 are provisional.
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schools in Jeju-do.

The most common places where outbreaks occurred were
restaurants with 137 outbreaks (45.7%), then daycare cen-
ters with 72 (24.0%), schools (including kindergartens) with
44 (14.7%), and other facilities with 16 (5.3%). In 2022, res-
taurants had the most outbreaks, followed by daycare centers,
schools (including kindergartens), and other public facili-
ties, due to the relaxation of curfews for restaurants and cafes
and the removal of the COVID-19 social distancing restric-

tions on the number of people allowed at private gatherings.

1007 BN 2020
90 - 89 B 2021
80 - [ 2022
70 - 70
% 60 - - 59 55
5 %07 P -
3 401 = 34,37
30 A 27
20 - = 17
104 7
0 . T T T T
May June July August  September

Figure 1. Number of monthly outbreaks of food and waterborne
diseases in 2020-2022

{
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¢
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Figure 2. Number of food and waterborne diseases outbreaks
by region
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Meanwhile, schools, including kindergartens, accounted for
the majority, with 26.0% of all outbreaks in 2022, followed by
restaurants, facilities, and daycare centers. As a result of a five-
year prevalence analysis (2017-2021), a total of 692 outbreaks
(55.4%), were found at restaurants and a total of 233 out-
breaks (18.7%) were at schools including kindergartens; these
two places showed the highest number of outbreaks (Table 3)
over the last five years.

Large-scale outbreaks with >7 cases accounted for 142 out-
breaks (47.3% of the total number of outbreaks), and small-
scale outbreaks with <6 cases accounted for 158 outbreaks

(52.7% of the total number of outbreaks). In 2022, compared

Table 2. Number of food and waterborne diseases outbreaks
by region”

Classification Outbreak Case (lggldfgg,%ggﬁ)
Total 300 4,237 8.3

Seoul 48 417 4.4

Busan 27 511 153

Daegu 14 243 10.2
Incheon 18 280 9.6
Gwangju 9 39 2.7
Daejeon 3 11 0.8

Ulsan 4 32 2.8

Sejong 1 4 1.1
Gyeonggi 61 1,060 7.9
Gangwon 20 314 20.5
Chungbuk 7 73 4.6
Chungnam 13 227 10.8
Jeonbuk 7 93 5.2
Jeonnam 13 75 4.1
Gyungbuk 18 234 8.9
Gyungnam 25 499 15.1

Jeju 12 125 18.6

Values are presented as number only. “The reported data for year
2021, 2022 are provisional. "Incidence 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).
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Table 3. Number of food and waterborne diseases outbreaks by location
2022 2021 2020 2019 2018 2017
Classification
Outbreak Case Outbreak Case  Outbreak Case Outbreak Case Outbreak Case Outbreak Case
Total 300 4,237 228 4,002 113 1,764 292 3,429 328 10,608 287 4,873
(100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
Daycare centers 72 691 62 739 6 89 9 147 12 163 4 19
(2400 (163 (@272 (185 G3 (.0 (31 @3 (3.7 1.5 149 04
School 44 1,102 30 891 24 774 55 1,469 71 6,882 53 2,821
(including 147) @6.00 (132 (23 (1.2) 439 (188 (428 (21.6) (649 (185 (579
kindergarten)
Workplace 11 336 18 542 11 418 21 253 12 548 6 100
G779 79 (135 ©o7n @7 02 74 37 (62 en @D
Home 4 7 11 23 3 8 11 36 5 20 4 37
13 02 48 0.6 @7 05 38 (10 15 02 149  ©8
Funeral, 2 30 1 4 0 0 0 0 5 313 1 3
weddinghall  (0.7)  (0.7) 04 0D 15 .0 03 01
Military unit, 10 390 7 209 0 0 2 27 6 173 2 60
police, etc (33 092 Gn 62 07 0.8 8 10 o7 12
Facilities” 16 694 14 261 3 30 9 176 29 1,270 13 344
63 164 61D 65 Q7 an 31D 6D 88 (120 @5 7D
Restaurant 137 912 83 1,327 66 445 159 1,150 185 1,226 199 1,314
457) (15  (364) (33.2) (584) (2520 (545 (335  (564) (11.6) ©9.3) (270
Unknown 4 75 2 6 0 0 26 171 3 13 5 175
1.3 1.8 ©9 1 89 (.0 ©9 1) 17 .0
Values are presented as number (%). The reported data for year 2021, 2022 are provisional. YFacilities: nursing home, clinic, rehabilitation
facilities, etc.

to 2021, the number of small-scale outbreaks increased from
102 to 158 outbreaks (i.e., the total number of cases was 333
cases in 2021 and 596 cases in 2022). Among the large-scale
outbreaks, the number of outbreaks involving 100 to 299 cases

increased from two in 2021 to six outbreaks in 2022 (Table 4).

Discussion (Conclusion)

In 2022, a total of 300 outbreaks of FWD occurred. This
was a 31.6% increase compared to the same period in 2021
(228 outbreaks). During the 2020-2021 COVID-19 pan-
demic, the number of outbreaks decreased significantly com-

pared to the pre-COVID-19-pandemic period (2017-2019).

www.phwr.org Vol 16, No 2, 2023

However, in 2022, the prevalence reverted to that of the pre-
COVID-19 period, and such a result is presumably explained
by the increase in social activities and resumption of routine
mass feeding after the relaxation of the social distancing mea-
sures. As a result of identifying the scale of outbreaks by the
number of cases per outbreak, the average number of cases per
outbreak over the past five years was 19.8 cases: 17.0 in 2017,
32.3in 2018, 11.7 in 2019, 15.6 in 2020, 17.6 in 2021, and
14.1 in 2022. The reason for the largest number of cases per
outbreak in 2018 is that an outbreak of Salmonella infection
occurred in 60 schools nationwide due to contaminated choc-
olate cake.

About half of Korea’s FWD occur between May and
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Table 4. Number of food and waterborne diseases outbreaks by scale
2022 2021 2020 2019 2018 2017
Classification
Outbreak Case  Outbreak Case Outbreak Case Outbreak Case Outbreak Case Outbreak Case
Total 300 4,237 215 3,342 117 1,852 292 3,429 328 10,608 287 4,873
(100)  (100)  (100) (100) ~ (100) (100) ~ (100) (100)  (100)  (100) ~ (100) (100)
Large scale
(=7 people)
=300 0 0 1 450 0 0 0 0 4 4,440 1 356
(0.5 (135 (1.2) 419 (03 (73
100299 6 896 2 233 2 222 1 181 13 1,843 9 1,524
(2.0 (21D 0.9 (7.0 17 (12.0) 0.3) (5.3 (4.00 (174) (3.) (31.3)
50-99 10 667 10 680 10 638 8 498 23 1,602 12 892
(3.3)  (15.7) 47) (03 85 (344 2.7) (14.5) (7.00  (15.1) (4.2) (18.3)
7-49 126 2,079 100 1,646 38 730 106 2,117 100 2,001 67 1,349
(42.00 49.1) (46.5) (49.3) (325 (39.4) (36.3) (61.7) (30.5) (18.9) (23.3) (27.7)
Small scale 158 595 102 333 67 262 177 633 188 722 198 752
(<6 people)  (52.7) (14.0) 47.4) (10.00 (57.3) (141 (60.6) (185 (573) (6.8) (69.0) (15.4)
Values are presented as number (%). The reported data for year 2021, 2022 are provisional.

September each year [4, 5]. This could be explained by the
summer temperatures becoming warmer with increased pre-
cipitation. The following factors affect the prevalence [6] of
the microorganisms: high temperature and high humidity
promote the growth of pathogenic organisms [6]. For every
1°C increase, the incidence of foodborne infectious diseases
increases by 5% [7]. According to the Korea Meteorological
Administration, the average monthly temperatures in the
Republic of Korea in 2022 were 13.8°C in April, 18.0°C in
May, 22.4°C in June, 25.9°C in July, 25.3°C in August, 21.0°C
in September, and 14.0°C in October, respectively [8]. Parallel
to the temperature change during this summer in 2022, the
number of FWD increased from May, peaked in July, and de-
creased from August. In conclusion, it is suggested that there is
a correlation between temperature and the prevalence of FWD.
Consequently, intensive management of FWD in summer is
necessary.

In 2020, the number of outbreaks at restaurants and
schools where people experience face-to-face contact de-

creased due to the restrictions on business hours of restaurants

48

and cafes and online classes for COVID-19 social distancing.
However, in 2022, as the social distancing measures imple-
mented so far were relaxed, the number of FWD outbreaks in
restaurants and schools became similar to the pre-COVID-19
numbers. Such results could be interpreted as the result of the
resumed operation of large and small group mass feeding fa-
cilities such as schools and the relaxation of restrictions on pri-
vate gatherings. Meanwhile, the number of incidents at daycare
centers increased to about ten times that in 2021. Such a result
is presumably explained by the fact that in January 2021, in
the “Guidelines for Childcare Business at Daycare Centers” the
contents of encouraging the head of a daycare center to report
to the public health center when foodborne diseases and sus-
picious symptoms of infectious diseases occur, in accordance
with the “Article 86 of the Food Sanitation Act” and the “Article
12 of the Infection Disesases Prevention and Control Act”
have been added. As a result, the number of reports by daycare
centers increased in 2022 and 2021 [9]. For large-scale out-
breaks, the number of outbreaks involving 100 to 299 cases

increased from two outbreaks in 2021 to six in 2022. In 2022,

www.phwr.org Vol 16, No 2, 2023
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with the relaxed social distancing rules, large-scale outbreaks of
more than 100 cases occurred at swimming pools, mass feed-
ing facilities/centers, and event venues.

The analysis of this study was performed using the prev-
alence and incidence data reported to the Disease-Health
Integrated Management System of the KDCA. However, as
the epidemiological investigation of the outbreaks of FWD in
2022 is still in progress, this study’s ability to comment on the
prevalence of specific causative pathogens and sources of the
infection for each outbreaks was limited. In addition, an evalu-
ation of whether the COVID-19 pandemic actually caused
the decrease in the number of outbreaks observed during the
COVID-19 pandemic requires long term annual observations.

During the 2020-2021 COVID-19 pandemic period,
the total number of outbreaks decreased compared to the pre-
COVID-19-pandemic period (2017-2019). However, the
number of outbreaks during the summer season accounted
for about 48% of the total outbreaks throughout the year, and
that proportion did not decrease. From this result, it is con-
firmed that the occurrence of FWD, which increases with the
increased temperature in summer, is not affected. Notably, in
2022, as social distancing was relaxed, the number of FWD
became similar to the pre-COVID-19 period numbers.

Considering these findings and the results of the analyses,
it is necessary to manage the summer outbreaks of FWD as in-
tensively as before COVID-19 but with the same capacity as
that that has been concentrated on responding to COVID-19.
To prevent large-scale outbreaks of FWD, hygiene education
for individuals, managers, and workers about safe water and
food is essential [4]. Individuals should follow preventive mea-
sures, such as consuming safe water and food (e.g., cooking

and boiling), washing hands with soap and running water for

www.phwr.org Vol 16, No 2, 2023

at least 30 seconds, and avoiding food preparation while ill [2].
In addition, hygiene education and intensive management are
needed for managers and workers in mass feeding facilities (e.g.,
schools, workplaces, social welfare facilities, etc.) and restau-

rants, as these places are at high risk of outbreaks [10].
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QuickStats

The 2012-2021 Trends in Skipping Breakfast among Korean People

The percentage of Korean individuals who skipped breakfast decreased from 34.6% in 2020 to 31.7% in 2021 (Figure 1).

Among different age groups, the percentage was the highest in individuals aged 19-29 years than others (Figure 2).

60 —o— Total
--o-- Men
50 - --&-- \WWomen
35.8
40 - 322__=B5 320

295 295 B 346
273 _-g- o= 313 332 317

30 - 24.53 - e PO 304 31.4

234 239 241 250 249 257
20 4225 226 222

%

10 A

0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Survey years

Figure 1. Trends for the proportion of people skipping
breakfast, 2012-2021
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Figure 2. Proportion of people skipping breakfast by age
group in 2021

*The proportion of people skipping breakfast: people who skipped breakfast 1 day before the survey among those aged =1 year.
"The proportion of people skipping breakfast in Figure 1 was calculated using age- and gender-specific structures of the

estimated population in the 2005 Korea Census.

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

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

Control and Prevention Agency
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