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BXIIFAIS dedd THEA 2ig=E 4, 2019-20231

P

=

R RT}HREA S (Scrub typhus)2 Orientia tsutsugamushi®l 93l A E71E WA= TYst= FAPL R, 1 =
FHe 78 SACE . B A4 20199 5H 20239714 AT AS BRARH ATl A=E 2RIRAS 94 S
S AR, AAME, A, a9, A9E I IS AARC = ZA6tdrh EH*J 2 5 12.4% (322%9)7F ¥ = o

2,6078<&
AEdeH, FAAAEAA e FAAEAAE BT A= AAY 17.9% (4668) ATt F+ AAFES WAL 4667 5 FHELAH
HE& M (polymerase chain reaction) 50l d2+<F ZHHH B =4 A AH(indirect immunofluorescence assay) HHHHS-0] 25 ¢4
A IF A9 FHE2 68.9%= 7HF A vErd, A ZAT A D A EAE] AEE AR AAE FHES A
SHANA 7.8%, FRAAAEAANA 20.0%2 UEhd, FAAAESAAY A URE7 AR £35S stk 48 4 A
FE EA0AE 70 A FEEC] 18.2%% 7P £, A AFNA oAo] PRt £ I HlES Btk A9 B4 2
I, FFE AA I A9 26.8%F AASHA L, 1T tiE] A A= FEo] 343.2%% 7P U £ A= FAHSHASY
TAAHSHAS] Byo] 227H7A159] A #AAL HA FHe FESHE O AR A =S AASH, FF AT 9 B
AA A A% 712 A2 844 & 9l
FQ AMO: ZRIRAF; Z2IFRA G AET] w7 ZEE; AFALE
M = sto] A2 AFfohs oA HAA7E Atz Adst i
4, F&, T5E, 71 (eschar) B3 £ A S0 F=
BATHFAIS(Scrub typhus) 22 7HA|H(Orientia tsu- Uehdth. 7t s 227HRA1S Y] =8 A7 E 5 9
tsugamushi)© 23 TAYsH= iAo} IH o2, F= o, o|z QI3 oE LAY A& o] 7hs3tr2]. 7t
=97 (Leptotrombidium scutellare)t HAE X E7] b BRAEA] 2 ¢ 27] S0l A71EE S AR
(Leptotrombidium pallidum)®} 22 N E=7] F-3-& &5l Ui7A BlSol& o= Ueh o] Xdg 4 9loH, 2det A
HoH1]. 227FA ] AdE I=7] 50l yFof 72 Al Az7E olFAIA] b2 Al A wE, A2, A8, 5
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RRIVEASS Orientia tsutsugamushiol 93 EAst=
Jer] v gees, add Jerld 29 77t 3
AEH T, o3, B3 59 F4fo] et

@ M=Z0| €A & HE=2?

FAASHAE(FEE 7.8%)°0 vls) FAAASAAE(E
3E 20.0%)°14 OJC*JEO] 8 A Ued, @4 dde &
st © Qo SFaALAHT-SH (polymerase chain re-
action, PCR) 2 &dAHe] A7 A o® &=
< AJARIH.

@ AAEZ?

ZFZ7FEAZ A Al 7ZHPdA I L3=A A AHindirect im-
munofluorescence assay) %ﬂ]@%@ Atk PCR AR &
HARE BAl0l sks 2ol A 49 SRS Hok 9]
TFEote o 8¢ Ao s doEn

ABA FHF 5 55 o0& XPd 4= ATH3L

FA] o (tsutsugamushi
triangle) = A7 £ X 2]Z] F oA LRI o] A
de 48, 3=, S5 5% WAa", "=, HEY, A
YAlol BE I8y 53 ERE X oolct. T}
FZols 2Z27HFAl AAAHE Hold 29, v, HEd
E SoME 22IFAS AZF HAE 4] of2f_E A
gls 227HFAISO] o] o] & A HZ ol A AlA AL

te |

i

Fo
rO
El
Ho
4
N
2
)
fu
re
2
mEé
ﬂﬂl
)
£
W
N
N
of
R
o)
o

AL 19519 §284 G4 R 4 A7t mas
ol%(8], 199495 E| WriTel ol AAH B 74| °

2178

HelE £ Uk, ZRATAZY

Aol U Y

sla
]

otd
[
ol
o
%
]
o,
5
o
o}
=]
]
o
]
o
=
c
@]
=
o
[72]
O
o
]
O
o
o
3
E
—
Fri
z
it
i

reaction, PCR)}Z 7|RFO.2 3t FHAAESHAIF AHEE 1L Q)
o AR E AR ol A7HA] AR Aol P
O}, 202492 71H R Aw HAGHF AT 71&0] o]
HEo], A= A=9 3FEA AT FAAEAA
o FARAAESAAE SOl AT & e AATE 5
.
FAAEAAEY 4, 2019974 & 1IgG 1:256 )4
= IgM 1:16 o3| FLIA7} 71&
7Fe oy 20209 5Bl = FA7E 48 o4 5 Alofek R
o7 WA= Ak 7|12z HWARHY. o= A Fd}

oRE oy Aol

F| T 7S Fsto] Adk HEEE Fol7] Y%t A2, 7
Q] AHOA = ©e 34712 B4 7|20 AMRE 2t

ek = Aol W 1gG TV A F 1871E00A
wre FATHEZE 1:128)2 A& HE=H, IgM
FA7E AE 19 TN L7 FAH29%)NA A&SHTAL

2471

HIHATHO]. ol A7 AE Higes, AYBEg>
2020958 A7 49 A5 VIETtE ¥ B VIelR

Aelstgict

HH e A 197 A - & RAGFATLoAM 39 &
:{X]—EIEEI/\]- éﬂ% 7]H

FEE 22T AG A%E BASL, A
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LA wpel ek A S A A B 4581),
FAABEAAL AFE BAEE3T), T 7P AAEE 5
Aol A BAH4G6R)Z BRsHeTh

ke

2. WHII1E

2ZI7MEAS9 A [FAS PCRS 53 +3H 3ot
IFA FAFEHA I S AR 34971 8%
=)t 3157] BHQA o) A=)S Hlwsto] FPHY
7] R 9=) AAe FAVEe dHglol mEF R
wA = oH, 3187 YA FA7EE F47] tiu] 44 o
& AT A FEor wASA. FATE 44 winke
2 A5AY A" B9 SHoE wystanh A4
S A8 M E AFESIGAL 2RIFRAIRY] F8 T
2l 56-KDa ottt d §HZHTSAS6)E HHE FHE A

S AR AEE BF FeeR BHsIT

w

. BAEL ER
2ZIFRAS 4] B 2,607 F IFA FAAESAART
AE EAK(1,4587)9 FRAHSAART AP E TAH683

W) 2479] ZApge Bo) LA FAASAAHE Fa
A7} 7120 et @A Ow, FUAPEPAE T5A56
AR 1% oo wret Y Ex SHOE FEHI §
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AR EAA e FAFEAAT 25 A¥E 46679 &4

© FAAHEEEA 2HE VISR Y 7] DT £70

1

oA Y WHL BT YA

nﬁi

Q.

i

Aol A IgG T IgM FAI7H7} 1:16 oAl RS 3

g, 18 B FAAAE AN FY BHS wA)

ok FAAESAANA 1gG 2 IgM BF 1:16 Rl SRS
& o|RojFtt. I1F Ce FAAHEHANIA 48 BT
UARE, GAAEAANA 1gG EE IgM FA7HF 1:16 )4

o SAER PG Bhsto R, 18 D §44EE7
AolA 84 TS BT FAASZAAIAE 1gG 2 IgM 2
3 7HA) AP A
A Aol W} 4 B SHo T
5 7 AAEE BE A9 &

4. HE 2

% 3,51549) A4 AW} BAEglon, o] 3 YU

AAHE 23347, $AAAZAAE 1,18140] S4= 9l

7 AR 0] B4 Aake A, 99, AoEs FRstel 24

Stk A AT o] @Ak AL

24 20228 Vo BAESIT %, AV Sk
Q

£ 7|dto 2 AAE| Q. 4 A2 IBM SPSS Statistics 26
(IBM Corp.)& Argsto] 3=|lom, Z+

Hg, A @ o) e 4

a5 ¥y B

o= Hlusty] 238 =%

E
=
SEEDREEES EguT:
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1.

I

AL 21

_—

HI

S|
% 1,45849] &R0 A| IFA FAAEHAM A
T}, 63%8(4.3%)°] FAPo =2 elE At T 20199
AFA7HIgG 1:256 o14F Ex IgM 1:16 o) 71&<
B A B A= 9078 (6.2%) 2= STk PC
ARAEAA N ABE 82} 683 F FA TS 158
(23.1%) 2.2 Uetgton, ol A
O] FEG.2%) T B ¥ 2IE HArh

=l
&

S
&

&

=

Jo

A=A

dEHARE A9t At

He4

Aot FA] AHE Bl AT 46678
ol whet ¥l 744 AF0 R EFE AT
FAAAZHA A SR8 A&
do 2 mA=glon, HA ¢4 T 748 F 673
(90.5%)°] FPo& FRl=drt. IF A4« 51
5ol IgG 1:2,048 o9 =2 FAIE B3oH,

il

S

Jo =
Y S 27

ol

1__
.

HEEo 27 74
HAF 23t glel,
4ol FAZIL 48) o) FST RS FAEUNLH, 1)
78, ¥ 78, &8 2o E FRIFEUY. 15 D
AARE FAHSAAT B 5490 SR, 348

TS WQTHE 1). 20199 &

7] Y 7HsAel w3 18 C

FAAEAA NN F47] Hel o=

)

D= #
5ol
d FA7E 71=(1gG
= IgM 1:16 o) A&std, 1F ColA &

AL

L 7Ho|A 12108 Z7)6tt) 18

54

=

FA5 Q48 2,607
e HdoR 5 3,515719 A SH3t At
AL FAHEL 20209090 8.7% (11/126)2 7+
Ou}, 2022499l 25.8% (71/275)% F7FSIATHILE 1A).
FAAEAAY 4L, 20199 ©Y FAVL 71208 FHE
o] 17.4% (78/449)RA 24, 2020 °]F

B
>

Ho

A=A

HeH Wt

7O
o1

s WAH By

=9
ot 7]—L':E

A 7Hs8E AARRIY T1F B 16HoE, FAFEAA A-goto] HEAT A3t 9.8% (44/449)2 AU 1
of|A] Huhgo] gl oy FHAHEAA A Eolf- -4t U ol= FH 549 B9 7MY B2 SRR I A7
B 1. fFAAFAS AR EAA SA A8 22 474(2019-20239)
i IFA &H17H1gG/IgM) 0
18 _ — (gEeny  mEa
= G 116 132 164 1128 1:256 1512 11,024 'ol®  HIEK])
dFA + 9/11 /0 2/0  3/3 2/9 2/4 1/7 4/4  27/13 51 ¥ =4 vEH
9/11)  @/00 /0 G/3) @9 @4 a/7) @/4 27/13) (51/689) 51 0 0
1B + 16/16 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 16 ¥ 244 9vZEd
(16/16) (©/0) (©/0) (©/0) (©/0) (0/0) (©/0) (©/0)  (0/0) (16/21.6) 16 O 0
JgC - 8/20 2/6  4/6  1/1  6/4 73 7/1 3/2 8/3 46 F8 4 vEA
1/3 @@/0 (/1 (©/0o 02 aq/o /o q/0 @/ (7/9.5) 7 2 37
J5D - 353/353 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 353 ¥ 244 vZEF
(0/00 (/00 (©/0) (©/0) (©/0) (0/0) (0/0) (©/0) (0/0) 0/0.0)0 0 5 348
FA(FF 4 386/400 3/6  6/6 4/4  8/13  9/7 8/8 7/6 35/16 466 ¥ =4 vEH
(26/30) (2/00 /1) 3/3) @/11) B/4 @/7) (/4 (29/14) (74/100.00 74 7 385
9] BA; 2(FJBH &AL 42). PCR=polymerase chain reaction; IFA=indirect immunofluorescence assay. Dy oRg 84
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A B B RICHHAR 744
O M 7
Bl RICHHAF 7S OO & oAy |2 oN 744
O M A - ¥ME
.- ME UME (FA THAHT|F)
r 30 600 558 r 20
25.0 258 390 174
/,o -------- R - 25 500 + wo 469 464 L 16
L i 394
275 2 20 00 “ 400 1 00
0x b 8 0x
- 15 M = 300 | L
. X bl R
8.7 = 8 =
126" 16 10 200 A 5.:§‘_‘ 5
71 | 5 100 A 78 -4
" 29 a4 25 25
T T T T O 0 _ T T T T O
2019 2020 2021 2022 2023 2019 2020 2021 2022 2023
Ax Ax
JE. A= AAhA AS 2 P A
(A) SHARAZAA A 83, (B) FAAEAA A E%
2 d7d 9 Ad AkdAr A4 2 F4 A4(2019-20234)
= - AHZI(A)
0-19 2029 3039  40-49 50-59 60-69  70-79 80 O|A =&
=4 2019 2/17 2/24 2/24 4/40 1/54 13/72 17/80 8/34 49/345
0.6) 0.6) 0.6) 1.2) 0.3) (3.8 (4.9) (2.3) (14.2)
2020 2/14 1/27 0/12 0/22 1/47 5/65 6/53 0/17 15/257
0.8) (0.4) 0.0) (0.0) 0.4) 1.9 (2.3) 0.0) (5.8
2021 0/5 0/28 0/27 1/30 3/30 6/53 7/67 0/35 17/275
0.0) (0.0) 0.0) 0.4) (1.1 2.2) 2.5 0.0) 6.2)
2022 3/18 4/39 0/27 0/24 2/43 10/69 14/82 4/55 37/357
0.8 (1.1 0.0) (0.0) (0.6) (2.8) (3.9 (1.1 (10.4)
2023 0/25 2/56 0/32 0/46 9/73 14/120  15/114 2/45 42/511
0.0) (0.4) 0.0 (0.0) (1.8 (2.7) (2.9) (0.4) (8.2)
% 7/79 9/174 2/122 5/162 16/247  48/379  59/396  14/186  160/1,745
8.9 (5.2) 1.6) (3.1 (6.5) (12.7) (14.9) (7.5) (9.2)
o143 2019 1/7 1/16 2/14 4/25 17/72 16/86  29/101 13/57 83/378
0.3) 0.3) 0.5) 1.1 4.5) (4.2) (7.7) (3.4 (22.0)
2020 0/11 1/13 1/25 2/16 2/17 0/36 9/92 3/53 18/263
(0.0) 0.4) 0.4) 0.8) 0.8 (0.0) (3.4) (1.1 6.8)
2021 0/6 0/11 2/16 0/19 2/43 16/79 13/76 4/60 37/310
(0.0) (0.0 0.6) (0.0) (0.6) (5.2) (4.2) 1.3) (11.9)
2022 2/5 2/24 0/21 7/33 7/50 18/72 19/93 11/84 66/382
(0.5) (0.5) 0.0) (1.8 (1.8 4.7) (5.0) (2.9) (17.3)
2023 1/22 2/19 1/23 2/33 10/54  11/112  14/99 13/75 54/437
0.2) (0.5) 0.2) 0.5) (2.3) (2.5 (3.2) (3.0) (12.4)
ey 4/51 6/83 6/99 15/126  38/236  61/385  84/461  44/329  258/1,770
(7.8) (7.2) 6.1 (11.9) (16.1) (15.8) (18.2) (13.4) (14.6)
&3t 11/130  15/257  8/221  20/288 54/483 109/764 143/857 58/515  418/3,515
(0.3) 0.4 0.2) 0.6) (1.5) (3.1) 4.1) (1.7) (11.9)
o] 2 /AA (%).
www.phwr.org Vol 17, No 49, 2024 2181



http://www.phwr.org

I Public Health Weekly Repo: ’\

44l A5 4458 2
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4> M b
8
o3
rht
(98}
Ny

A EpAz 2

o Algkat 2,607

gt 3,51579] A At g ke 1,745

7(49.6%), 94 SR 1,7707A(50.4%) 2.8 AJuli= vj55}

et Teiv 8 B 4189 F, B2 16078(38.3%), o
A2 2587(61.7%) 2.2 49 FgEO| o EHTHI 2).

AguE AmEY, 2XIRAF oF Fxe] Ak A%

o
g

% 3.5157102, 7047t 8574 (24.4%) 0.2 7H Wekal
1 HZ 60 7647(21.7%), 80A] ©14F 5157(14.7%) <=2
S AA L. ZARIFRAS G BAE Bt
64.7A19 2™, 70tH7} 1437(34.2%) 2= 7H W%
i 10971(26.1%), 80Al °]4F 5871(13.9%) <=°l3Att.

l‘{l‘

S

Ak A4 o] FAHES 70t7F 4.1% (143/857)= 7V &

%L, 609 3.1% (109/764), 80Al °l4F 1.7% (58/515), 5

o 1.5% (54/483) =22 UEtgth 53], 59zte] dgd

G4 B} vl gof A 194] o]5H7.8%)E ATt HE AH
oA ofgo] FAET =& FHES HAUTHIE 2).

5. X[ XICHHA} Sigt

aluys
2019978 2023 @714 & 3,51519] A4 5 AA
(1,1497, 32.7%)°1 71 ©aL, 71 H = 3F5(50074, 14.2%),
ME(4717, 13.4%), ZR(3027, 8.6%) o2 UEtt &F
3 Bz BF(1127, 26.8%), #6071, 14.4%), Atde
(574, 13.6%) <= o& Wkt g 214 oiju] FHEL HiA
(62.5%, 5/8), AIF(27.6%, 24/87), Aha=(26.1%, 57/218)
&0 & w7 YehgTha 3).

20209 HAE w4 7|&E ALste] 20199 HAE
23, AFet Aed o FHES 44

A4 g

19.7%
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Analysis of Laboratory Diagnostic Tests for Scrub Typhus from
2019 to 2023

Kyeong-Ah Lee @, Byoungchul Gill* @, Hwa Su Kim @, Jaeil Yoo

Division of Bacterial Diseases, Department of Laboratory Diagnosis and analysis,
Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Scrub typhus is a tick-borne infectious disease caused by Orientia tsutsugamushi. When bitten by an infected tick, an eschar
forms and symptoms such as fever, chills, and rash appear. This study systematically analyzed the prevalence of scrub typhus
reported from 2019 to 2023 by the Korea Disease Control and Prevention Agency and 19 regional institutes of public health
and the environment, examining trends according to diagnostic methods, sex, age, and region. Of the 2,607 individuals
with suspected infection, 12.4% (322 patients) tested positive for scrub typhus, with 17.9% (466 patients) undergoing both
polymerase chain reaction (PCR) and indirect immunofluorescence assay (IFA) tests. Among the 466 patients who were
tested using both methods, Group A (positive PCR and IFA test results) demonstrated the highest positivity rate of 68.9%,
suggesting a combination of past infections and reinfections. The positivity rate of the gene detection test (20.0%) was higher
than that of the antibody detection test (7.8%), suggesting that PCR-based gene detection has a relatively higher sensitivity
for confirming current infections. Analysis by sex and age revealed the highest positivity rate in women in their 70s (18.2%),
with women consistently exhibiting higher positivity rates than men across all age groups. A regional analysis indicated that
Gwangju contributed to 26.8% of patients with a positive test result, while Gangwon Province had the highest testing rate
per capita (343.2%). Performing both IFA antibody detection and PCR gene detection tests simultaneously to diagnose scrub
typhus is valuable for more accurately distinguishing current infections, offering critical insights to enhance the diagnostic and

management strategies for scrub typhus.

Key words: Scrub typhus; Orientia tsutsugamushi; Tick-borne diseases; Laboratory diagnosis
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Introduction adheres to the skin and ingests bodily fluids, the pathogen en-

ters the body, causing symptoms, such as high fever, head-

Scrub typhus is a vector-borne disease caused by Orientia ache, myalgia, and eschar formation. An eschar can be a main
tsutsugamushi and is primarily transmitted through chiggers or finding in the diagnosis of scrub typhus, making it possible to
mites, such as Leptotrombidium scutellare or Leptotrombidium differentiate it from other febrile illnesses [2]. If no eschar is

pallidum [1]. When an O. tsutsugamushi-infected chigger identified, diagnosis may be delayed because initial symptoms

www.phwr.org Vol 17, No 49, 2024 2187


http://www.phwr.org
https://orcid.org/0000-0003-0111-0052
https://orcid.org/0000-0002-3330-4196
https://orcid.org/0009-0008-3114-3940
https://orcid.org/0000-0002-0901-5319

I Public Health Weekly Repo: ’\

Key messages
(D What is known previously?

Scrub typhus is a tick-borne infectious disease caused by
Orientia tsutsugamushi. When bitten by an infected tick,
an eschar forms, and symptoms such as fever, chills, and
rash appear.

@ What new information is presented?

The positivity rate of the gene detection test (20.0%) was
higher than that of the antibody detection test (7.8%),
suggesting that polymerase chain reaction (PCR)-based
gene detection has relatively higher sensitivity in con-
firming current infections.

® What are implications?

Performing both immunofluorescence assay antibody
detection and PCR gene detection tests simultaneously
in the diagnosis of scrub typhus is considered useful for
more accurately distinguishing current infections.

are nonspecific and are similar to those of the common cold.
Without appropriate antibiotic treatment, the disease may
progress to severe conditions, including interstitial pneumonia,
myocarditis, delirium, and central nervous system complica-
tions [3].

Scrub typhus is found in a particular geographic region
known as the tsutsugamushi triangle. This triangle includes
Japan, Republic of Korea (ROK), northeastern China, Pakistan,
Thailand, Vietnam, northern Indonesia, and northern
Australia. However, there are recent reports of scrub typhus
cases outside of the tsutsugamushi triangle, including Chile, the
United States, and the Netherlands [4]. These cases suggest the
potential for scrub typhus to occur globally, beyond previously
known areas. In Japan and Taiwan, aggressive prevention and
health promotion activities have led to a slight decrease in the

incidence of scrub typhus over the past two decades [5,6]. On

2188

the other hand, the incidence in China has been increasing an-
nually due to geographical characteristics, socioeconomic fac-
tors, and differences in education levels. Thus, effective preven-
tion and control are needed during outbreaks [7].

In ROK, the first infection case was reported during the
Korean War in 1951 [8]. Since 1994, the Korea Disease
Control and Prevention Agency (KDCA) has conducted sys-
tematic patient surveillance and control. Scrub typhus is di-
agnosed by antibody detection tests using indirect immu-
nofluorescence assays (IFA) and genetic testing based on
polymerase chain reaction (PCR). Previously, genetic testing
was performed only at KDCA. However, the technology was
transferred to the Public Health and Environment Research
Institute in 2024, and public health laboratories nationwide
are now capable of performing antibody detection and genetic
testing simultaneously.

In antibody detection tests, until 2019, a single antibody ti-
ter of 1:256 or more for IgG or 1:16 or more for IgM was con-
sidered positive. In 2020, the diagnostic criterion was changed
to a 4-fold or greater increase in the antibody titer. This was
designed to improve diagnostic accuracy by distinguishing be-
tween past and recent infections. No other country uses a single
antibody level as a confirmatory criterion, even in international
cases. In ROK, it was reported that IgG antibodies continue to
be detectable at low titers (median 1:128) from 18 months to
2 years after infection, and IgM antibodies remained detectable
in some patients (29%) for 1 year after infection [9].

However, few studies have evaluated the impact of this
change in diagnostic criteria on actual diagnostic results. It is
necessary to analyze disease incidence with respect to demo-
graphic factors and to compare the positive rate of each test

method. Based on the results of antibody detection tests and
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genetic testing conducted by KDCA and Public Health and
Environment Research Institutes in 19 cities and provinces in
ROK from 2019 to 2023, this study aimed to analyze patterns
of scrub typhus diagnosis with respect to sex, age, and region
and to evaluate the impact of changes in diagnostic criteria on
test results. In this way, we evaluated the effectiveness of each
test method and provided basic data for improving the diagno-

sis and management system for scrub typhus.

Methods

1. Study Subjects and Sample Collection

In total, 2,607 patients with suspected scrub typhus re-
ferred to KDCA and the Public Health and Environment
Research Institute in cities and provinces nationwide from
2019 to 2023 were enrolled. Patients had symptoms, such as
fever, tick bites, and low platelets; however, data for antibiot-
ics use were not available. The requested samples included se-
rum, whole blood, eschar, etc. Patients were categorized by test
method into those who underwent only antibody detection

tests (1,458), only genetic testing (683), or both tests (460).

2. Diagnostic Criteria

Scrub typhus was diagnosed by IFA and PCR. For IFA an-
tibody detection tests, acute-phase serum (first referral) was
compared with convalescent-phase serum (second or more
referrals). Acute-phase serum (first referral) samples were de-
termined to be inconclusive regardless of antibody titer, while
convalescent serum was identified as positive if the antibody ti-
ter increased by more than 4-fold over that in the acute phase.
If the increase in antibody titer was <4-fold, it was considered

negative. Genetic testing was performed using whole blood

www.phwr.org Vol 17, No 49, 2024

and eschar, targeting the 56-KDa outer membrane protein
gene (TSA50). If this gene was detected, the case was judged

positive.

3. Classification of Test Results

Of 2,607 patients with suspected scrub typhus, 1,458 pa-
tients were evaluated using the IFA antibody detection test only
and 683 patients were evaluated through genetic testing only.
Results of antibody detection tests were evaluated based on the
IFA antibody titer criteria, and genetic tests were classified as
positive or negative based on the presence or absence of the
TSA56 gene. Additionally, 466 patients who underwent both
genetic testing and an antibody detection test were divided into
four groups on the basis of genetic testing results. Group A
consisted of patients who tested positive in genetic testing and
had an IgG or IgM antibody titer of 1:16 or higher in the an-
tibody detection test. Group B was composed of patients who
tested positive on genetic testing but had both IgG and IgM an-
tibody titers less than 1:16 in antibody detection tests. Group
C included patients who tested negative on genetic testing but
had an IgG or IgM antibody titer of 1:16 or higher in antibody
detection tests. Finally, Group D included patients who were
negative on genetic testing and had both IgG and IgM antibody
titers less than 1:16 in antibody detection tests. Patients who
underwent only one test were classified as positive or negative
based on the results of their respective tests, and these results
were compared with those for patients evaluated using both

tests.
4. Data Analysis

A total of 3,515 test results were analyzed, including results

for 2,334 antibody detection tests and 1,181 genetic tests. The
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results for each sample were analyzed according to sex, age,
and region. The number of tests per population by region was
analyzed based on the 2022 Population and Housing Census’
from Statistics Korea. In addition, the median antibody titer,
which refers to the mean antibody titer for samples showing an
immune response of IgG 1:16 or higher or IgM 1:16 or higher,
was calculated based on 5 years of information. Statistical anal-
yses, including comparisons of the proportion of positive cases
in each group and infection rates by age and sex, were per-
formed using IBM SPSS Statistics 26 (IBM Corp.). The results

were derived from the diagnosis and regional characteristics.

Results

1. Analysis of Single Test Results

Of 1,458 patients evaluated using the IFA antibody de-
tection test alone, 63 (4.3%) tested positive. When using the
2019 criterion for a single antibody titer (IgG 1:256 or greater
or IgM 1:16 or greater), however, the number of positive tests
increased to 90 (6.2%). Of the 683 patients evaluated using
PCR-based genetic testing alone, 158 (23.1%) tested positive;
this was higher than the positive rate (6.2%) obtained using

antibody detection tests alone.

2. Analysis of Combined Test Results

The 466 patients who underwent both genetic testing
and antibody detection test were classified into four groups
based on test results. Groups A and B tested positive for a spe-
cific gene on genetic testing, among which 67 of 74 (90.5%)
positive cases were confirmed. In Group A, 27 of 51 patients
showed an IgG antibody titer of 1:2,048 or higher, suggest-
ing the possibility of reinfection. Group B, which included 16
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patients, had no immune response in the antibody detection
test, while genetic testing results were positive, indicating a
highly probable early infection. Group C consisted of patients
who did not undergo genetic testing and showed a 4-fold or
greater increase in antibody titers in convalescent serum com-
pared with acute phase serum in the antibody detection test,
identified as 37 inconclusive, 7 positive, and 2 negative. Group
D was composed of patients who were negative on both genet-
ic testing and antibody detection tests, with 348 patients classi-
fied as inconclusive (Table 1). When applying the 2019 single
antibody titer criteria (IgG 1:256 or higher or IgM 1:16 or
higher), the number of patients who tested positive in Group C
increased from 7 to 12. In Group A, 2 patients tested positive

on genetic testing, leaving the results of the analysis unchanged.

3. Diagnostic Test Results by Test Method

A total of 3,515 diagnostic tests were performed on 2,607
patients with suspected scrub typhus from 2019 to 2023. The
positivity rate for genetic testing was lowest in 2020 at 8.7%
(11/126) and increased to 25.8% (71/275) in 2022 (Figure
1A). For antibody detection tests, the positivity rate was 17.4%
(78/449) based on the single antibody titer criterion in 2019
and decreased to 9.8% (44/449) when applying the revised cri-
terion after 2020. However, this was still the highest rate in the
last 5 years. The 44 patients with a 4-fold increase in antibody
titers were suspected to be recently infected, while 34 patients
who tested positive based on a single antibody titer were likely

antibody carriers from past infections (Figure 1B).
4. Diagnostic Test Results by Sex and Age

A total of 3,515 diagnostic tests were conducted on 2,607

patients with suspected scrub typhus between 2019 and 2023.
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Table 1. Results of concurrent genetic and antibody tests in patients (2019-2023)
PCR IFA titer (IgG/IgM) Total
Group »  Under ) ) ; ; ; ) ) Over (Pos./  Diagnosis case
+/- 1116 1116 1:32 1:64 1128 1:256 1:512 1:1,024 1:2,048 rate [%])
Group A+ 9/11 /0 2/0 3/3 2/9 2/4 1/7  4/4  27/13 51 Pos. Neg. Und.
/1y - @o @0 G/3) @9 @4 a/7) @4 27/13) (51/689) 51 0 0
GroupB  + 16/16 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 16 Pos. Neg. Und.
(16/16)  (0/0) (0/0) (0/0) (0/0) (0/0) (0/0) (0/0) (0/0) (16/21.6) 16 0 O
GroupC - 8/20 2/6 4/6 1/1  6/4 7/3 71 32 8/3 46 Pos. Neg. Und.
(/3  (1/0 (©/1n (©/0) (©/2) /o q/o a0 @/ 795 7 2 37
GroupD -  353/353 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 353  Pos. Neg. Und.
(0/0)  (0/0) (©/0) (0/0) (©/0) (/0) (©/0) (©/0) (©/0) (©/0.00 0 5 348
Total 386/400 3/6  o/6  4/4 8/13 9/7 8/8 7/6  35/16 466 Pos. Neg. Und.
(positive case) ~ (26/30)  (2/0)  (2/1) (3/3) (2/11) (3/4) (2/7) (5/4) (29/14) (74/100.0) 74 7 385
Values are presented as patients cases (positive cases). PCR=polymerase chain reaction; IFA=indirect immunofluorescence assay;
Und.=Undetermined. *“+': Positive or Pos., —': Negative or Neg..
A B [ No. of diagnostic test
[ Actual positive diagnostic criteria
[ No. of positive cases based on the
I No. of diagnostic test current diagnostic criteria
I No. of positivity —*— Positive rate
-e- Positive rate Positive rate (current diagnostic criteria)
450 1 r 30 600 - 558 r 20
17.4
400 250 258 390
350 - . ‘ [ 5001 449 469 a4 - 16
19.7 - ) )
300 75 2 20§ 400 A 3
2 250+ . 23
© 2001 g © g
150 ol F10 R 200 ° 3
1265 116 < 53, 5 <
1007 - s 100 1 |87 4
50 » 29 44 25 25
0 L T T T T 0 L T
2019 2020 2021 2022 2023 2019 2020 2021 2022 2023
Years Years

Figure 1. Number of diagnosed and positive cases by year

(A) Annual trends in diagnostic results using genetic test, (B) yearly diagnostic trends in antibody test.

The sex ratio was nearly 1:1, with 1,745 (49.6%) male pa-
tients and 1,770 (50.4%) female patients. Of the 418 posi-
tive patients, however, there were 160 (38.3%) males and 258
(61.7%) females, indicating a higher positive rate in females
than in males (Table 2).

By age, a total of 3,515 scrub typhus cases were referred,

www.phwr.org Vol 17, No 49, 2024

with 857 patients (24.4%) aged 70-79 years, followed by 764
(21.7%) aged 60-69 years and 515 (14.7%) aged 80 years and
older. The mean age of scrub typhus-positive patients was 64.7
years, with 143 (34.2%) aged 70-79 years, followed by 109
(26.1%) aged 60-09 years and 58 (13.9%) aged 80 years and

older. The positive rate relative to the number of diagnoses was
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Table 2. Number of diagnostic tests by age and sex and number of positive cases (2019-2023)
Age (yr)
Sex Year
0-19 20-29 30-39 40-49 50-59 60-69 70-79  Over 80 Total
Male 2019 2/17 2/24 2/24 4/40 1/54 13/72 17/80 8/34 49/345
(0.6) (0.6) (0.6) (1.2) 0.3) (3.8) 4.9) (2.3) (14.2)
2020 2/14 1/27 0/12 0/22 1/47 5/65 6/53 0/17 15/257
0.8 0.4) (0.0) 0.0) 0.4) (1.9 (2.3) (0.0) (5.8)
2021 0/5 0/28 0/27 1/30 3/30 6/53 7/67 0/35 17/275
0.0 0.0) 0.0 0.4) 1.1 (2.2) (2.5 (0.0) 6.2)
2022 3/18 4/39 0/27 0/24 2/43 10/69 14/82 4/55 37/357
0.8) 1.1 (0.0) (0.0) 0.6) 2.8 (3.9 1.1 (10.4)
2023 0/25 2/56 0/32 0/46 9/73 14/120 15/114 2/45 42/511
0.0 0.4) 0.0 0.0) 1.8) 2.7) 2.9 0.4) 8.2)
Total 7/79 9/174 2/122 5/162 16/247  48/379  59/396  14/186 160/1,745
(8.9) (5.2) (1.6) (3.1) 6.5) (12.7) (14.9) (7.5) 9.2)
Female 2019 1/7 1/16 2/14 4/25 17/72 16/86 29/101 13/57 83/378
0.3) (0.3) 0.5) (1.1) 4.5) 4.2) 7.7) (3.9 (22.0)
2020 0/11 1/13 1/25 2/16 2/17 0/36 9/92 3/53 18/263
0.0 0.4) 0.4) 0.8) 0.8) 0.0) (3.4 1.1 6.8)
2021 0/6 0/11 2/16 0/19 2/43 16/79 13/76 4/60 37/310
0.0 0.0) 0.6) 0.0 0.6) (5.2) 4.2) 1.3) (11.9)
2022 2/5 2/24 0/21 7/33 7/50 18/72 19/93 11/84 66/382
(0.5) 0.5) 0.0 1.8) 1.8) 4.7) (5.0) (2.9 (17.3)
2023 1/22 2/19 1/23 2/33 10/54 11/112 14/99 13/75 54/437
0.2) 0.5) 0.2) 0.5) (2.3) (2.5) (3.2) (3.0 (12.4)
Total 4/51 6/83 6/99 15/126  38/236  61/385  84/461  44/329 258/1770
(7.8) (7.2) 6.1) (11.9) (16.1) (15.8) (18.2) (13.4) (14.6)
Total 11/130 15/257 8/221 20/288  54/483 109/764 143/857  58/515 418/3,515
0.3) 0.4) 0.2) 0.6) 1.5) (3.1 4.1) .7) (11.9)
Values are presented as number/total (%).

highest for individuals aged 70-79 years at 4.1% (143/857),
followed by 3.1% (109/764) for 60-69 years, 1.7% (58/515)
for 80 years and older, and 1.5% (54/483) for 50-59 years.
In particular, the 5-year age breakdown of positive patients
showed that females had a higher positive rate than that for
males in all age groups, except 19 years and younger (7.8%)
(Table 2).

5. Diagnostic Test Results by Region
Of the 3,515 diagnostic tests performed from 2019 to

2023, the highest number of tests was performed in Incheon
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(1,149, 32.7%), followed by Gwangju (500, 14.2%), Seoul
(471, 13.4%), and Gangwon (302, 8.6%). The number of
positive test results was highest in Gwangju (112, 26.8%), fol-
lowed by Incheon (60, 14.4%) and Jeollanam-do (57, 13.6%).
The positive rate relative to the number of tests was highest in
Daejeon (62.5%, 5/8), followed by Jeju (27.6%, 24/87) and
Jeollanam-do (26.1%, 57/218) (Table 3).

In a re-analysis of the 2019 tests applying the 2020 revised
criteria, the positive rates in Jeju and Jeollanam-do decreased
to 19.7% (13/66) and 24.5% (35/143), respectively. This in-

dicates that the single antibody titer criterion changed the
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Table 3. Number of diagnosed and positive cases by region (2019-2023)
Year
Region
2019 2020 2021 2022 2023 Total
Gangwon 5/30 (16.7) 3/54 (5.0) 3/93(3.2) 5/49 (10.2) 7/76 (9.2) 23/302 (7.6)
Gyeonggi 0/20(0.0) 2/35(5.7) 1/46 (2.2) 4/46 (8.7) 7/114 (6.1) 14/261 (5.4)
Gyeongsangbuk-do 1/9(11.1) 1/2 (50.0) 0/2(0.0) 0/4 (0.0) 0/0(0.0) 2/17 (11.8)
Gyeongsangnam-do 0/4 (0.0) 0/1 (0.0) 1/8 (12.5) 3/6 (50.0) 0/5 (0.0) 4/24(16.7)
Gwangju 35/111 (31.5)  16/120(13.3)  23/113(20.4)  28/107 (26.2) ~ 10/49 (20.4)  112/500 (22.4)
Daegu 0/3(0.0) 0/0 (0.0) 0/1(0.0) 0/1(0.0) 1/6 16.7) 1/11 (9.1
Busan 1/156.7) 0/1(0.0) 1/1 (100.0) 9/27 (33.3) 5/27 (18.5) 16/71 (22.5)
Seoul 3/56 (5.4) 0/28 (0.0) 13/96 13.5)  11/121 (9.1)  22/170(12.9) 49/471 (10.4)
Incheon 4/193 (2.1) 9/208 (4.3) 8/124 (6.5) 14/246 (5.7)  25/378 (6.6) 60/1,149 (5.2)
Jeollanam-do 52/143 (36.4) 1/25 (4.0) 1/28 (3.6) 2/19 (10.5) 1/3 (33.3) 57/218 (26.1)
Jeollanam-do 1/39 (2.6) 1/27 (3.7) 1/36 (2.8) 24/73 (32.9) 15/87 (17.2) 42/262 (16.0)
Jeju 24/66 (36.4) 0/1 (0.0) 0/8 (0.0) 0/9 (0.0) 0/3 (0.0) 24/87 (27.6)
Chungcheongnam-do 1/19 (5.3) 0/7(0.0) 2/17 (11.8) 2/10(20.0) 2/13 (15.4) 7/66 (10.6)
Chungcheongbuk-do 0/9(0.0) 0/9 (0.0) 0/8(0.0) 1/21 4.8) 1/17 (5.9) 2/64 (3.1)
Daejeon 5/6 (83.3) 0/2(0.0) 0/0(0.0) 0/0(0.0) 0/0(0.0) 5/8 (62.5)
Ulsan 0/0 (0.0) 0/0 (0.0) 0/4 (0.0) 0/0(0.0) 0/0 (0.0) 0/4 (0.0)
Sejong 0/0(0.0) 0/0(0.0) 0/0(0.0) 0/0 (0.0) 0/0(0.0) 0/0(0.0)
Total 132/723 (18.3)  33/520 (6.3)  54/585(9.2)  103/739(13.9) 96/948 (10.1)  418/3,515 (11.9)
Values are presented as number/total (%).
positivity rate in each region. The number of diagnoses rela- (Table 4).

tive to the population in each region was highest in Gangwon
(343.2%, 302/88), Jeollanam-do (159.1%, 218/137), and
Jeollabuk-do (124.8%, 262/210), in order, which might be
due to the large forested areas in these regions (Figure 2).

In the IFA antibody detection test, IgG and IgM antibody
titers below 1:16 accounted for the highest proportion of pa-
tients, 60.8% (1,419/2,334) and 76.4% (1,783/2,334), re-
spectively (Table 4). The proportions of antibody titers were
11.4% (266/2,334) for 1gG 1:2,048 or higher and 4.1%
(96/2,334) for IgM 1:64. In Gwangju, antibody titers of IgG
1:2,048 or higher and IgM 1:64 were most frequent, while IgG
1:1,024 and IgM 1:512 and IgG 1:256 and IgM 1:32 were
predominant in Jeju and Jeollanam-do, respectively. The anti-

body titers in Gangwon were mainly IgG 1:16 and IgM 1:16

www.phwr.org Vol 17, No 49, 2024

For 2,334 IFA antibody detection tests performed between
2019 and 2023, the median titers were 1:256 for IgG and 1:64
for IgM (Figure 3).

Discussion

The present study analyzed 466 cases of scrub typhus di-
agnosed in the last 5 years using a combination of PCR ge-
netic testing and IFA antibody detection tests. We identified
a high number of patients in Group A with high antibody ti-
ters (IgG>1:2,048 and IgM=>1:2,048), indicating an associa-
tion with pre-existing infection or delayed treatment. These
findings suggest that the potential for reinfection should be

considered in patients with high antibody titers at the time of
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Figure 2. Status of diagnostic tests relative to population density by region

Diagnosis rate (%): number of diagnostic tests/ population density by region (people/ Km?).

diagnosis, and indicate that there is a need to establish criteria
to distinguish long-term retention of antibody titers in the fu-
ture. Group B represents cases in which a specific gene was de-
tected in the absence of an antibody response, demonstrating
that PCR genetic testing can be useful for early detection prior
to antibody production. PCR-base gene detection is a useful
tool for early diagnosis, before the appearance of antibodies;
therefore, it may play an important role in the early diagnosis
of infections that are not associated with an antibody response.
Group C included cases with an antibody response but no de-
tection of the specific gene. This is consistent with previous re-
sults showing a decrease in PCR sensitivity after antibiotic ad-
ministration [10], suggesting that samples should be obtained

prior to antibiotic administration for the diagnosis of scrub
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typhus. Thus, we recommend that healthcare institutions es-
tablish clear guidelines on the timing of sample collection.

In the comparison of positivity rates by test method, PCR
genetic testing (20.0%) had a higher positivity rate than that of
IFA antibody detection tests (7.8%) (Figure 1), suggesting that
PCR could be more widely adopted for the diagnosis of scrub
typhus in the future. We noticed that social distancing and re-
duced visits to green spaces during the coronavirus disease
2019 pandemic affected the number of tests, which may be
an important factor in tracking the regional incidence of tick-
borne diseases in the future [11].

Analyses by sex and age showed a particularly high posi-
tivity rate among middle-aged and elderly females, which

could be related to various factors, such as the demographic
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Table 4. Number of IgG/IgM antibody titers by region (2019-2023)
IFA titers (IgG/IgM)

Reglon Under 1:16  1:16 1:32 1:64 1:128 1:256 1:5612  1:1,024 12?/(;34(8 fotal
Gangwon 125/156  36/33 17/20 11/10 12/5 12/3 6/3 10/10 16/5 245
Gyeonggi 150/171 3/8 8/5 10/4 14/4 3/8 6/2 5/3 9/3 208
Gyeongsangbuk-do 6/7 2/2 1/4 3/2 0/0 2/0 1/1 0/0 2/1 17
Gyeongsangnam-do 9/12 0/0 1/1 1/0 0/0 1/0 0/0 0/0 1/0 13
Gwangju 204/373 1/12 724  12/47 32/15 28/10  40/2 34/8 138/5 496
Daegu 5/5 0/0 0/0 2/2 0/0 0/0 1/0 0/1 3/3 11
Busan 3/18 1/0 1/1 10/0 2/1 3/1 0/0 1/0 0/0 21
Seoul 261/269 4/1 3/6 4/7 6/5 3/6 7/4 3/4 19/8 310
Incheon 532/525 1/4 5/4 6/6 6/11 3/14 10/9 6/10 38/24 607
Jeollanam-do 36/67 1/5 6/9 3/8 12/1 21/3 8/0 4/1 7/4 98
Jeollabuk-do 24/101 1/6 18/8 21/5 26/6 21/8 14/6 9/5 16/5 150
Jeju 13/17 2/3 5/5 5/2 4/4 4/4 5/7 6/5 3/0 47
Chungcheongnam-do ~ 10/17 2/9 2/3 3/1 8/6 3/1 3/2 3/1 12/6 46
Chungcheongbuk-do ~ 41/45 3/4 4/2 2/2 0/3 4/1 3/2 3/1 0/0 60
Dagjeon 0/0 1/1 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1
Ulsan 0/0 0/0 0/0 0/0 0/1 1/0 0/0 1/3 2/0 4
Sejong 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0
Total %) 1,419/1,783 58/88  78/92  93/96 122/62  109/59 104/38  85/52  266/64 2,334

60.8/764) (25/3.8) (3.3/39) “40/41) (5.2/27) 47/25 &5/1.6) (3.6/2.2) (11.4/2.7) (100.0/100.0)
Values are presented as number/total.

B 1:16
266 = 1:32
250 1 1:64
= 1:128
B 1:256
200 1512
2 - 11,024
& 150+ egian Median [ Over 1:2,048
122 v
109 104
100 + gg 92 96
5 62 59 1g 52 &4 Figure 3. Distribution of diagnostic
test counts and median IFA titer
04 : levels
IgG IgM IFA=indirect immunofluorescence assay.
composition in rural areas and the rise of the elderly popula- between large forest areas and the tick distribution (Figure 2).
tion (Table 2). In this regard, tick prevention measures should However, owing to the limited information about the occupa-
be focused on gathering places, especially among females, to tion or activity of patients, further analyses of regional charac-
reduce the risk of infection. teristics are needed [12].
With respect to region, Gangwon Province had the high- Based on a previous study on long-term retention of scrub
est number of referrals for tests, suggesting that there is a link typhus antibody titers, a single antibody titer criterion was not
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used in this study, enabling us to more accurately distinguish
between past infections and the possibility of reinfection. By
combining genetic testing, we were able to more reliably iden-
tify patients who would be difficult to diagnose based on an-
tibodies alone, which may have contributed to improving the
diagnostic accuracy of current scrub typhus infections.

For the diagnosis of scrub typhus, thus, we recommend
a comprehensive test that can simultaneously detect a 4-fold
increase in antibody titers and a specific gene. Furthermore,
healthcare providers should be educated on protocols to re-
quest these tests in combination. The combination of PCR ge-
netic testing and IFA antibody detection tests is expected to be
a useful approach to clearly differentiate the scrub typhus in-

fection status.
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Distribution of Pathogenic Vibrio spp. and Analysis of
the Environmental Factors Affecting Their Occurrence in
the Aquatic Environment of Republic of Korea, 2023

Hyeon Gyeong Kim @, Hyeon Jeong Lee @, Chi-Kyeong Kim @, Wook-Gyo Lee*

Division of Laboratory Diagnosis Analysis, Honam Regional Center for Disease Control and Prevention,
Korea Diseases Control and Prevention Agency, Gwangju, Korea

ABSTRACT

Vibrio spp. are water and foodborne pathogens for humans. In 2023, the Division of Laboratory Diagnosis Analysis,
Honam Regional Center for Disease Control and Prevention, analyzed the distribution of pathogenic Vibrio spp. in the
aquatic environment in the Republic of Korea and determined the correlation with aquatic environmental factors. Among the
1,511 seawater samples, V. vulnificus and V. parahaemolyticus were detected at high rates (35.1% and 72.8%, respectively),
and V. cholerae was detected in 16.1%, all of which were confirmed to be non-pathogenic (non-O1, non-0139) serotypes.
Additionally, it was confirmed that pathogenic Vibrio spp. were highly correlated with seawater temperature, atmospheric
temperature, and salinity. If seawater temperature rises and low-salinity environments continue due to climate change, the
occurrence of pathogenic Vibrio spp. is expected to increase, highlighting the importance of monitoring pathogenic Vibrio spp.
in the aquatic environment. In the future, our department will strengthen surveillance by expanding the surveillance period
and increase sampling locations and will continue to analyze the characteristics of pathogenic Vibrio spp. and their correlation

with aquatic environmental factors.

Key words: Vibrio cholerae; Vibrio vulnificus; Vibrio parahaemolyticus; Aquatic environmental factor

*Corresponding author: Wook-Gyo Lee, Tel: +82-62-221-4140, E-mail: twinleo@korea.kr

Introduction

Vibrio spp. are commonly found in water and food, partic-
ularly in seawater and seafood. These bacteria are small, rang-
ing in size from 0.5 to 0.8 um, and have one or multiple polar
flagella, which allows them to move quickly. Over 100 Vibrio
spp. have been identified, of which approximately 12 are

known to cause disease in humans [1]. In Republic of Korea

2204

(ROK), the main pathogenic Vibrio spp. are V. cholerae, V.
vulnificus, and V. parahaemolyticus, which are notifiable and
designated as infectious diseases. Cholera is a Class 2 infectious
disease. It is an acute diarrheal illness caused by V. cholerae
(O1 or O139). The disease is primarily transmitted through
contaminated drinking water or food, particularly seafood. It
can also spread via feces or vomitus from infected individu-

als or carriers, thereby contaminating water sources. Vibrio
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Key messages
(D What is known previously?

There are approximately 12 Vibrio spp. that can cause
infections in humans. These species are primarily associ-
ated with water- and food-borne infection, and typically
infect individuals through exposure to contaminated sea-
water, particularly when there are open wounds or con-
taminated seafood is consumed.

(@ What new information is presented?

Pathogenic Vibrio spp. were intensively detected from
July to September, and V. parahaemolyticus was present
at a high level in the aquatic environment. Additionally,
the detection rates of V. vulnificus and V. parahaemo-
Iyticus increased at higher seawater and atmospheric
temperatures, indicating a strong correlation.

® What are implications?

If climate change continues, the prevalence of these
bacteria is expected to increase over a longer period.
Therefore, it is essential to predict changes in the prolif-
eration of pathogenic Vibrio spp. and implement con-
tinuous monitoring through the expansion of surveil-
lance periods and increase sampling locations to prevent
infections.

septicemia is a Class 3 infectious disease caused by V. vulnifi-
cus that causes acute septicemia. Infection can occur by con-
suming raw or undercooked contaminated seafood or through
skin contact with seawater containing the bacteria, particularly
if there are open wounds. It is known that person-to-person
transmission does not occur. This disease has a high fatality
rate, particularly in individuals with underlying conditions,
such as chronic liver disease, diabetes, alcoholism, or a compro-
mised immune system, with mortality rates exceeding 50%. V.
parahaemolyticus causes acute gastroenteritis, which can occur

after the consumption of raw or improperly cooked seafood or

www.phwr.org Vol 17, No 49, 2024

food exposed to contaminated water. Infected individuals typi-
cally develop symptoms after handling contaminated seafood
or consuming food exposed to Vibrio-contaminated water [2].

As ROK has the sea on three sides, the country is at a high
risk of exposure to Vibrio bacteria. Furthermore, due to glob-
al warming, the climate in ROK is becoming more subtropi-
cal, leading to an increased likelihood of infections caused by
marine-resident pathogenic Vibrio spp., because of changes
in the aquatic environment. The Honam Regional Center for
Disease Control and Prevention operates pathogenic Vibrio
spp. Laboratory Surveillance (Vibrio-Net) to monitor the pres-
ence of three major pathogenic Vibrio spp. (V. cholerae, V.
vulnificus, and V. parahaemolyticus) in seawater collected
from coastal areas, including quarantine zones. The purpose of
this study was to analyze the detection of Vibrio spp. and their
correlation with environmental factors in the aquatic environ-
ment. By collecting laboratory-based epidemiological data,
the goal was to prevent the occurrence and spread of Vibrio-
related infections. This report presents findings on the distri-
bution of pathogenic Vibrio spp. and their correlation with
aquatic environmental factors from surveillance conducted be-

tween June and October, 2023.

Methods

1. Study Subjects

Surveillance of pathogenic Vibrio spp. in the aquat-
ic environment involved the participation of five Regional
Centers for Disease Control and Prevention (Honam, Capital,
Chungcheong, Gyeongsangbuk-do, and Gyeongsangnam-do),
11 National Quarantine Stations (Incheon, Donghae, Gunsan,

Pyeongtaek, Mokpo, Yeosu, Jeju, Pohang, Ulsan, Busan, and

2205


http://www.phwr.org

I Public Health Weekly Repo: ’\

Masan), and 5 city- or province-based Public Health and
Environment Research Institutes (Incheon, Jeollanam-do,
Chungcheongnam-do, Jeollabuk-do, and Gyeongsangbuk-do).
Samples were collected twice per month from seawater, waste-
water, and mudflats. The sampling sites were selected based on
their accessibility to aquatic environmental data and included
tidal observation stations as representative points for port ar-
eas. These sites were further categorized into inner ports, where
freshwater inflows and pollution are likely, and outer ports,
which are influenced by external currents. A total of 111 sam-
pling sites (81 seawater and wastewater sites, 26 mudflat sites,
and four aquarium tanks) were sampled (Figure 1). From June
to October, 1,511 samples were analyzed to determine the
gene detection and isolation rates of V. cholerae, V. vulnificus,

and V. parahaemolyticus.

Figure 1. Sampling sites for the surveillance of pathogenic
Vibrio spp. in 2023
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2. Data Analysis

Seawater samples were collected from the surface (within
one meter) of each sampling site, and a minimum of 500 ml of
seawater was obtained. During sample collection, environmen-
tal factors, such as water temperature and salinity, which may
influence the detection of Vibrio spp., were also measured.

First, bacteria were concentrated from the samples using
membrane filters (0.45 um), and the filter was inoculated into
alkaline peptone water (pH 8.4). DNA was extracted from the
enrichment broth, and a gene detection test was conducted us-
ing the Vibrio-4-plex real-time polymerase chain reaction kit
(Kogene biotech) to detect species-specific genes for patho-
genic Vibrio spp. (V. cholera-hlyA, V. vulnificus-vvhA, and
V. parahaemolyticus-tlh) [3]. Isolation of V. cholerae and V.
vulnificus was performed using selective media for Vibrio spp.
Finally, species identification was confirmed using a VITEK2
compact system (VITEK GN card, bioMérieux) and real-time
reverse transcription polymerase chain reaction. V. cholerae
isolates were further tested for agglutination with O1 and 0139
antigens to determine their serotypes. In addition, the atmo-
spheric temperature, water temperature, salinity, turbidity, and
pH were collected to determine the correlation between envi-

ronmental factors and the presence of pathogenic Vibrio spp.

Results

1. Distribution of Pathogenic Vibrio spp. in

the Aquatic Environment

A total of 1,511 samples were collected from 111 sampling
sites for gene detection of three pathogenic Vibrio spp. There
were 1,873 positive test results (41.3%) and 528 samples con-

tained two or more Vibrio spp. V. parahaemolyticus had the

www.phwr.org Vol 17, No 49, 2024


http://www.phwr.org

I Public Health Weekly Re:uu’\

highest detection rate (1,100, 72.8%), followed by V. vulnifi-
cus (530, 35.1%) and V. cholerae (243, 16.1%). Cultures were
also used to isolate V. cholerae and V. vulnificus, resulting in
414 isolates (27.4%), of which 146 (9.7%) were V. cholerae
and 268 (17.7%) were V. vulnificus. All V. cholerae isolates
were confirmed to be non-agglutinating cholerae (non-O1 and

non-0139) (Table 1).

Table 1. Detection and isolation of pathogenic Vibrio spp.
in aquatic environments in 2023

Vil s, Multiplex-PCR  Colony isolation

(n=1,511) (n=1,511)
V. cholerae 243 (16.1) 146 (9.7)
V. vulnificus 530 (35.1) 268 (17.7)
V. parahaemolyticus 1,100 (72.8) -

Values are presented as number (%). PCR=polymerase chain

In the surveillance results of 2022, V. parahaemolyticus
was consistently detected throughout the year, with a high iso-
lation rate of 97.3%. In 2023, only gene detection was per-
formed without isolation. The monthly detection rate of patho-
genic Vibrio spp. gradually increased from June, peaked in
August and September, and declined thereafter. This pattern
is likely to be due to the rise in seawater temperature and the
influx of nutrients during summer, creating an environment
conducive to the growth of Vibrio spp. The monthly detection
volume of each pathogen, V. cholerae non-O1 and non-O139
were continuously detected in more than 50 cases per month
from July to September. V. vulnificus and V. parahaemolyti-
cus peaked in August and then gradually decreased, indicating

that although the detection rates varied by season, these spe-

reaction. cies are present in seawater throughout the year (Figure 2A).
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1 V. vulnificus
3 V. parahaemolyticus
° 350 A
C
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S 250 - —
8
N 2 .
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S 1501 (46.9%) 142 (51.1%)
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Furthermore, the isolation rates for V. cholerae non-O1 and
non-0139 and V. vulnificus were highest between July and
September, with V. cholerae non-O1 and non-O139 reach-
ing a peak isolation rate of 12.2% in August and V. vulnificus

peaking at 25.3% in September (Figure 2B).

2. Correlation Between Changes in the Aquatic

Environment and Pathogenic Vibrio spp.

This study investigated the relationship between patho-
genic Vibrio spp. and aquatic environmental factors. Seawater
temperature, atmospheric temperature, turbidity, salinity,
and pH were measured during sample collection, as these fac-
tors can affect the growth of Vibrio spp. Seawater and atmo-
spheric temperatures increased gradually from June, reaching
their peak in August at 27.9°C and 29.3°C, respectively, be-
fore gradually decreasing. Seawater salinity, influenced by pre-
cipitation and evaporation, was at its lowest in July (22.0%o),
due to higher rainfall. Turbidity peaked in July at a mean of 10
FTU, followed by a decreasing trend. The pH level remained
stable between 7.0 and 8.0, maintaining a slightly alkaline state
throughout the year (Figure 3).

The relationship between the monthly aquatic environ-
mental factors and the presence of pathogenic Vibrio spp.
showed that the detection rate increased as seawater and atmo-
spheric temperatures increased. Subsequently, the detection
rate decreased as these temperatures decreased after August.
The detection rate of V. vulnificus fluctuated with changes in
temperature, and it tended to be detected primarily during
summer. In contrast, V. parahaemolyticus had an increasing
detection rate as seawater temperature increased, and this high
detection rate persisted into October, when the temperature

decreased. In contrast, V. cholerae non-O1 and non-O139 had

2208

consistent detection rates regardless of temperature; however,
the detection rates increased when salinity decreased (Figure 3).

Analysis of the correlation between the detection rates of
pathogenic Vibrio spp. and aquatic environmental factors re-
vealed that V. cholerae non-O1 and non-O139 were highly
positively correlated with seawater and atmospheric tempera-
tures, with correlation coefficients of 0.952 and 0.939, re-
spectively. However, salinity had a strong negative correlation
(-0.824), and turbidity had a low positive correlation (0.475).
V. vulnificus also had a high positive correlation with seawater
and atmospheric temperatures (0.838 and 0.788, respectively)
and a strong negative correlation with salinity (-0.941), while
turbidity had a low positive correlation (0.582). V. parahae-
molyticus had low positive correlations with seawater tempera-
ture, atmospheric temperature, and salinity (0.542, 0.255, and
0.107, respectively), whereas turbidity had a low negative cor-
relation (-0.3006). No correlation was observed between the
detection rate of pathogenic Vibrio spp. and the pH level (Table
2).

Discussion

Between April and October 2023, surveillance was con-
ducted to analyze the distribution patterns of the three patho-
genic Vibrio spp. in the aquatic environment of ROK and
their correlation with aquatic environmental factors. In 2023,
all detected V. cholerae strains were non-agglutinating (non-
01 and non-0139), with a mean detection rate of 16.1%.
The detection rate remained consistent at 17% to 20% from
July to September, and then declined as seawater and atmo-
spheric temperatures decreased in October. V. vulnificus had

a mean detection rate of 35.1%, peaking at 52.0% in August,
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Figure 3. Monthly changes in detection rates of pathogenic Vibrio spp. and aquatic environmental factors
(A) Total pathogenic Vibrio spp., (B) V. cholerae non-O1/non-139, (C) V. vulnificus, (D) V. parahaemolyticus.

Table 2. The Correlation coefficient between pathogenic Vibrio spp. detection rate and aquatic environmental factors in 2023
Aquatic environmental factor V. cholerae V. vulnificus V. parahaemolyticus
Temperature of seawater () 0.952 0.838 0.542
Temperature of atmosphere (TC) 0.939 0.788 0.255
Salinity (%) -0.824 -0.941 0.107
Turbidity (FTU) 0.475 0.582 -0.306
Hydrogen ion concentration (pH) 0.186 -0.131 -0.203
and decreasing thereafter. The isolation rate of V. vulnificus of the cases occurring between August and October [4]. This

exceeded 20% between July and September. In 2023, 69 cases trend highlights the need for ongoing surveillance to further

of V. vulnificus infection were reported in ROK, with 91.3% investigate the relationship between changes in the aquatic
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environmental, distribution of pathogenic Vibrio spp., and oc-
currence of infections in the community.

V. parahaemolyticus was the most detected species among
the three, with a high detection rate from June to October,
even as seawater temperatures decreased. This finding suggests
that V. parahaemolyticus is present in aquatic environments
throughout the year. Regarding correlations with aquatic en-
vironmental factors, the study found that pathogenic Vibrio
spp. had a strong correlation with seawater temperature, atmo-
spheric temperature, and salinity, but relatively weak correla-
tions with turbidity and pH levels. Specifically, V. vulnificus
was most frequently detected from July to September, when
seawater temperatures ranged between 24°C and 28°C. This
is consistent with previous studies reporting that V. vulnifi-
cus thrives best at temperatures above 25°C [5]. Additionally,
previous studies have shown that V. vulnificus not only has a
strong positive correlation with seawater temperature, but also
an inverse correlation with salinity, a finding that this study
also confirmed for V. cholerae and V. vulnificus [6].

As seawater temperatures rise due to climate change, the
likelihood of outbreaks of pathogenic Vibrio spp. in the aquatic
environment is expected to increase. With aquatic warming in-
tensifying, the seasonal prevalence of pathogenic Vibrio spp. is
also likely to increase. Therefore, it is crucial to expand the time
and scope of surveillance to predict changes in the occurrence

of pathogenic Vibrio spp. and prevent related infections.
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ABSTRACT

Out-of-hospital cardiac arrest (OHCA) surveys have been conducted annually since 2008 to understand the incidence
and treatment outcomes of sudden cardiac arrest (SCA) in Republic of Korea, and provide evidence-based data for related
policymaking. In 2023, 33,586 cases with OHCA were transported by 119 emergency medical services. Male patients
outnumbered female patients, and 53.5% of the cases were among individuals aged 70 years or older. By city and province,
Gyeonggi had the highest number of cases (7,944), while Jeju had the highest incidence rate, with 95.1 cases per 100,000
population. The rate of bystander cardiopulmonary resuscitation (CPR) has shown an upward trend each year, surpassing 30%
for the first time in 2023 and reaching 31.3%. The survival rate was 8.6%, and the brain function recovery rate was 5.6%,
both returning to pre-coronavirus disease 2019 levels in 2019 (8.7% and 5.4%, respectively). When CPR was performed by
bystanders, the survival rate was 13.2% and the brain function recovery rate was 9.8%, both higher than in cases where CPR
was not performed. To improve the survival rate of patients with SCA, raising awareness about CPR and ensuring that people

are trained to perform it in real-life situations is important.

Key words: Cardiac arrest; Survival rate; Cardiopulmonary resuscitation; Brain function
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Introduction

Sudden cardiac arrest (SCA) refers to the abrupt decrease
or cessation of cardiac activity, leading to the failure of the
heart to pump blood effectively. Without immediate inter-
vention, oxygen deprivation causes irreversible brain dam-
age and systemic organ failure, eventually leading to death.
However, prompt action by witnesses, including activating

emergency medical services (EMS) by calling 119, performing

www.phwr.org Vol 17, No 49, 2024

cardiopulmonary resuscitation (CPR), and providing immedi-
ate advanced care by healthcare professionals, can significantly
improve survival rates and mitigate complications.

Numerous countries, including the United States, Japan,
and Northern Europe, have established a cardiac arrest data-
base that continuously generates data to improve survival strat-
egies for patients who experienced cardiac arrest. The Republic
of Korea (ROK) initiated a national survey on cardiac arrest

in 2008 using retrospective data from 2006. As a result, a
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Key messages
(D What is known previously?

When sudden cardiac arrest occurs, the patient may die
or experience severe brain damage within a short time,
so the initial response and treatment are very important.

(@ What new information is presented?

In 2023, there were 33,5806 cases of out-of-hospital car-
diac arrest (OHCA), and among the 33,402 cases with
complete medical records, 8.6% of patients were dis-
charged alive, and 5.6% recovered brain function. This
represents a return to pre-coronavirus disease 2019 lev-
els seen in 2019. Additionally, the bystander cardiopul-
monary resuscitation (CPR) rate was 31.3%, exceeding
30% for the first time since the survey began.

® What are implications?

Bystander CPR significantly impacts survival and recov-
ery of brain function in patients with OHCA.

monitoring system was established to monitor the incidence
and outcomes of cardiac arrest, and the survey, approved in
2011 (approval number: 117088), was officially designated as
national statistics. The survey and participant extraction pro-
cess are currently conducted semi-annually, during the first
half of the year and the second half of each year. The survey
results are published from once a year to twice a year, begin-
ning with the 2022 incidence statistics, to provide timely data.
The number of patients with SCA in ROK has been steadily in-
creasing, reaching approximately 30,000 cases annually. SCA
more commonly occurs in males and older adults. Three out
of four cases experience SCA caused by a disease, with cardio-
genic conditions (characterized by intrinsic heart dysfunction
without other apparent causes or classification under a specific

disease category) accounting for approximately 70% of cases.

2218

Furthermore, the majority of SCA events occur at home and
are most commonly witnessed by family members [1].

This article presents the key findings of the recently re-
leased “2023 Republic of Korea Sudden Cardiac Arrest
Survey” along with the analysis of the country’s trends in the

last 5 years (2018-2023) through a time-series comparison.

Methods

1. Survey Participants

The survey included all patients who experienced SCA and
were transported to medical institutions by 119 EMS teams be-
tween January and December 2023. In collaboration with the
National Fire Agency, semi-annual activity reports from the
119 EMS teams and detailed treatment records of patients who
received CPR were analyzed to identify eligible participants.
Patients whose primary symptom was recorded as “cardiac ar-
rest” or “respiratory arrest,” who received “CPR” as part of the
treatment, or for whom a “CPR patient emergency treatment
table” was created were included in the study. Patients who ex-
perienced out-of-hospital SCA were excluded during the re-
view of medical records at the medical institutions to which the
patients were transferred.

Cooperation with relevant medical institutions is required
for conducting the survey. In 2023, 434 out of 447 relevant
medical institutions participated, achieving a completion rate
of 97.1%. Additionally, 33,402 out of 33,586 cases were in-

cluded in the survey, resulting in a completion rate of 99.5%.

2. Survey Content and Methods
Following the selection of eligible participants, the medical

institutions to which they were transferred were visited. Data

www.phwr.org Vol 17, No 49, 2024
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were collected from the medical records using a survey consist-
ing of 47 questions across 6 domains. Patient characteristics
(sex, age, place of residence, etc.), circumstances at the time
of SCA (whether the arrest was witnessed, whether bystander
CPR was performed, location, and activities at the time of ar-
rest), and hospital treatment details (emergency room [ER]
discharge, hospitalization outcomes, mortality, neurological
status, type and time of treatment, etc.) were collected [2].

The survey was conducted by personnel from the Korea
Disease Control and Prevention Agency’s (KDCA) Regional
Centers for Disease Control and Prevention in the Capital,
Chungcheong, Gyeongbuk, and Gyeongnam, as well as profes-
sional investigators from the “Establishment of an Emergency-
based Sudden Cardiac Arrest Survey Database,” a private-
sector subsidized project. The investigators underwent train-
ing on survey protocols and clinical management of SCA dur-
ing the first three weeks and participated in monthly quality
control meetings and clinical training. Quality control of the
collected data was conducted in accordance with established
protocols. Identified errors were subsequently corrected and

supplemented.

3. Calculation Criteria

The number of incidents was determined based on the
33,586 cases transferred via 119 EMS teams. The number of
cases requiring confirmation of post-rescue outcomes, such as
whether CPR was performed, survival status, and recovery of
brain function, was calculated based on the data of 33,402 cas-
es who completed the medical record survey. Survival was de-
fined as cases where the ER or post-hospitalization treatment
outcome was discharge, voluntary discharge, or transfer. Brain

function recovery was assessed by determining the patient’s

www.phwr.org Vol 17, No 49, 2024

ability to perform daily tasks independently and was indicated
by a Cerebral Performance Category score of 1 or 2. Patients
who were transferred from the ER to another medical center
were surveyed at the receiving facility and included in both the

survival and recovery analyses.

Results

In 2023, 33,586 cases who experienced SCA were trans-
ferred to medical institutions by 119 EMS teams, with an inci-
dence rate of 65.7 per 100,000 population. In terms of sex, the
incidence rates were 85.1 males and 46.4 females per 100,000
population. In terms of age, the incidence rate was 466.7 in-
dividuals aged >80 years, which was notably higher compared
with the 8.6 per 100,000 population in those aged 0-9 years.
Patients aged >70 years accounted for 17,954 cases, repre-
senting 53.5% of the total. By province, Gyeonggi reported the
highest number of SCA cases (7,944), while Jeju had the high-
est incidence rate per 100,000 population (95.1), followed by
Gangwon (94.4) and Chungbuk (91.4). Sejong had the lowest
incidence rate (41.1), followed by Seoul (48.3) and Gwangju
(50.5) (Table 1).

The rate of bystander-performed CPR has steadily in-
creased each year, reaching 31.3% in 2023, exceeding 30% for
the first time since the start of the survey. In terms of city and
province, the gap between the highest and lowest CPR rates
was 36.1%p, with Daegu having the highest rate at 50.9%,
followed by Seoul and Incheon. Meanwhile, Jeonnam had
the lowest rate at 14.8%. Although the rate of bystander-per-
formed CPR increased in most cities and provinces compared
with the previous year (2022), it decreased in Busan, Sejong,

and Gyeongnam (Table 2).
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Table 1. The occurrence of sudden cardiac arrest by sex, age, city and province in 2023
Category Occurrence (cases)?” Proportion (%) (cases p;:?gg,%coeorggepulation)b)
Total 33,586 100.0 65.7
Sex
Male 21,674 64.5 85.1
Female 11,905 35.4 46.4
Unknown -9 - -
Age (yr)
0-9 296 0.9 8.6
10-19 394 1.2 8.4
20-29 867 2.6 13.8
30-39 1,159 3.5 17.6
40-49 2,375 7.1 29.9
50-59 4,272 12.7 49.7
60-69 6,259 18.6 83.8
70-79 7,232 215 186.3
80 and over 10,722 31.9 466.7
Unknown 10 0.0 -
City and province”
Seoul 4,505 13.4 48.3
Busan 2,361 7.0 71.7
Daegu 1,278 3.8 53.9
Incheon 1,816 5.4 61.2
Gwangju 717 2.1 50.5
Daejeon 793 2.4 55.1
Ulsan 714 2.1 64.7
Sejong 158 0.5 41.1
Gyeonggi 7,944 23.7 58.6
Gangwon 1,441 4.3 94.4
Chungbuk 1,453 4.3 914
Chungnam 1,864 5.5 87.9
Jeonbuk 1,589 4.7 90.4
Jeonnam 1,641 4.9 90.8
Gyeongbuk 2,170 6.5 84.8
Gyeongnam 2,502 7.4 76.9
Jeju 640 1.9 95.1
“The number of sudden cardiac arrest patients transported to hospitals by the 119 emergency medical services. Calculated based on
emergency activity reports. "Based on the resident registration population in 2023, Statistics Korea. “Data is not presented when the number
of cases is fewer than 10. “Based on the patient’s location at the time of occurrence.

Among the 33,402 cases with completed medical re-
cord reviews out of all SCA patients, 2,881 survived, result-

ing in a survival rate of 8.6%. This represents a return to the

2220

rate observed in 2019, prior to the coronavirus disease 2019

(COVID-19) pandemic, and an increase of 0.8%p from the pre-

vious year. A total of 1,803 cases demonstrated brain function
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Table 2. The rate of bystander” cardiopulmonary resuscitation”, by city and province in 2018-2023
Category 2018 2019 2020 2021 2022 2023
Total 235 24.7 26.4 28.8 29.3 31.3
Gap (maximum—minimum) 24.4 26.2 279 33.6 32.5 36.1
Seoul” 37.0 38.4 40.7 44.0 44.9 47.8
Busan 17.1 18.7 19.7 20.8 20.0 16.4
Daegu 34.3 35.0 35.1 35.6 45.6 50.9
Incheon 17.8 23.2 27.2 31.2 29.8 43.9
Gwangju 14.6 12.2 12.8 17.2 16.4 20.3
Daejeon 26.8 32.7 28.9 31.2 32.0 33.9
Ulsan 15.0 14.8 16.8 20.0 16.0 20.1
Sejong 22.8 25.8 17.8 40.9 39.7 39.1
Gyeonggi 289 29.9 31.8 36.0 37.2 37.4
Gangwon 18.3 22.4 255 24.2 28.0 28.7
Chungbuk 20.2 22.4 223 321 29.1 33.8
Chungnam 17.6 17.6 15.7 20.1 15.0 18.1
Jeonbuk 18.4 18.8 17.8 23.8 24.1 251
Jeonnam 12.6 12.5 20.5 10.4 13.1 14.8
Gyeongbuk 13.6 16.8 15.5 20.7 21.5 21.9
Gyeongnam 18.1 15.9 23.7 21.1 213 18.4
Jeju 19.6 19.1 20.9 17.7 26.8 274
Values are presented as percentage. *Cardiopulmonary resuscitation performed by a bystander, excluding on-duty paramedics and medical
professionals. "Based on sudden cardiac arrest patients transported to hospitals by the 119 emergency medical services for whom medical
record survey have been completed. “Based on the location of the occurrence.

recovery, resulting in a recovery rate of 5.6%, which represents
a 0.5%p increase from the previous year. Similar to the sur-
vival rate, the brain function recovery rate has also returned to
pre-COVID-19 levels (Figure 1). The survival rate was high-
est in Sejong (14.6%), followed by Seoul (12.4%) and Gwangju
(11.0%). Meanwhile, Gyeongbuk reported the lowest survival
rate (6.1%). The brain function recovery rate was also highest
in Sejong (13.3%), followed by Seoul (8.1%) and Jeju (7.0%).
Gyeongbuk had the lowest recovery rate (3.8%) (Figure 2).
Both survival and brain function recovery rates were higher
when CPR was performed by bystanders, excluding on-duty
paramedics and medical professionals, compared with the
non-performance of CPR. Based on 2023 results, survival rates

were 13.2% for those who received CPR and 7.8% for those

www.phwr.org Vol 17, No 49, 2024

10 1
8.6 8.7 8.6
7.8
8 75 73
i 5.6
6 5.1 5.4 5.4
< 4.8 s
(=)
4 -
24 .
—e— Rate of survival
—=— Rate of brain function recovery
0 !

T T T T T T
2018 2019 2020 2021 2022 2023
Survey year

Figure 1. Changes in survival rate and brain function re-
covery rate of sudden cardiac arrest patients, 2018-2023

who did not, showing a 1.7-fold difference. Additionally, the
brain function recovery rates were 9.8% for those who received
CPR and 4.2% for those who did not, showing a 2.3-fold dif-

ference (Figure 3).
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Figure 2. Survival rate and brain function recovery rate of sudden cardiac arrest patients by city and province in 2023
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Figure 3. Survival rate and brain function recovery rate of
sudden cardiac arrest patients according to bystander cardio-
pulmonary resuscitation in 2023
CPR=cardiopulmonary resuscitation.

Discussion

SCA occurs when the heart suddenly stops beating, and the
longer it remains in that state, the lower the chances of survival
and recovery. Thus, immediate response is critical. According
to the “2024 National Fire Agency Statistical Yearbook”, 119
EMS teams transported a total of approximately 2 million pa-
tients in 2023 [3], with around 30,000 of these patients being
transported due to SCA. More than half of the patients with
SCA are aged >70 years, and this number is expected to in-
crease in the future due to the country’s aging population.

The rate of bystander-performed CPR has steadily in-
creased every year, reaching 31.3% in 2023. The “5th National

2222

Health Plan” has set a target rate of 37.0% for bystander-per-
formed CPR by 2030 [4], which can be achieved if the average
annual increase of 1.6%p over the past 5 years is maintained.
However, significant disparities exist between cities and prov-
inces. Hence, measures should be taken to mitigate these dis-
parities, such as revising the CPR training programs to better
accommodate the specific characteristics and needs of each lo-
cal government.

Out-of-hospital cases of SCA most commonly occur at
home (47.0%) during the performance of daily activities
(30.6%) and are often witnessed by family members (35.8%).
Given the critical role of witnesses in improving survival out-
comes, individuals who are not healthcare providers should
learn how to perform CPR and use an automated external de-
fibrillator (AED), and be able to execute these skills in real-life
situations.

To increase the survival rate of patients who experienced
SCA and raise awareness of the importance of CPR, the KDCA
has developed and distributed age-specific educational materi-
als. These resources ensure that not only adults but also infants,
children, and adolescents can perform CPR if they encoun-
ter someone experiencing cardiac arrest. Furthermore, multi-
faceted efforts are being made to increase the CPR implemen-

tation rate, including holding events where individuals share

www.phwr.org Vol 17, No 49, 2024
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testimonials of performing CPR and using an AED in actual
cardiac arrest situations. Participants can also submit educa-
tional videos to promote CPR, with the winning entries be-
ing publicly showcased. Moreover, to ensure that the Korean
guidelines for CPR reflect the latest scientific evidence, the
KDCA is collaborating with experts in related fields to review
the evidence and revise the guidelines every 5 years, with plans

for a final announcement in December 2025.
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Production and Management of Reference Materials for
Infectious Disease Laboratory Testing

Eun-Bi Oh' @, Sung-Hee Hong" @, Eun-Ju Lee @, Jee Eun Rhee @, Eun-Jin Kim*

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

ABSTRACT

Reference materials (RMs) are essential for ensuring the accuracy and reliability of infectious disease test results. Since 2016,
the Korea Disease Control and Prevention Agency has established annual RM project plans that systematically review various
requirements and produce high-quality RMs according to the guidelines established by the Korean Industrial Standards (KS)
A International Organization for Standardization (ISO) Guide 35 (Guidance on the Evaluation of Homogeneity and Stability
of Reference Materials), KS A ISO 17034 (General Requirements for the Competence of Reference Material Producers),
and the World Health Organization Technical Report Series. RMs are produced by establishing a material production plan,
acquiring raw materials and production materials, and dispensing and packaging materials that have been confirmed to possess
conformity characteristics. RMs are produced from manufactured candidate reference materials that have been confirmed to
have homogeneous and stable characteristics through homogeneity and stability assessments. The resulting RMs serve multiple
purposes, functioning as positive controls for infectious disease testing, internal quality assurance materials, and as a basis
for development and validation of testing methodologies for emerging diseases. Additionally, select items are deposited in the

National Culture Collection for Pathogens to facilitate their accessibility by relevant public and private organizations.

Key words: Communicable diseases; Reference material; Quality control
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Introduction

Diagnosing infectious diseases represents a fundamental el-
ement of responding to infectious disease outbreaks. Therefore,
all parties must accept the diagnostic testing results as accurate
and reliable. During the global pandemic, Republic of Korea
has been acknowledged for its exemplary diagnostics perfor-

mance, providing a valuable opportunity to underscore the

2230

significance of diagnostic standardization. Major international
organizations, such as the World Health Organization (WHO),
are also making commendable efforts to standardize infectious
disease testing. The standardization of infectious disease testing
methods necessitates the utilization of reference materials that
retain constant property values over time and space, thereby
enhancing the accuracy and reliability of test results.

The WHO Expert Committee on Biological Standardization

www.phwr.org Vol 17, No 49, 2024
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Key messages
(D What is known previously?

A reference material (RM) is defined as a substance that
is homogeneous and stable with respect to one or more
properties, and which is intended for use in a measure-

ment process.

@ What new information is presented?

The Korea Disease Control and Prevention Agency has
established annual plans for RM projects, which re-
view requirements and produce high-quality RMs that
meet the requirements of Korean Industrial Standards
(KS) A International Organization for Standardization
(ISO) Guide 35, KS A ISO 17034, and World Health
Organization Technical Report Series through profes-
sional RM production institutions.

® What are implications?

RMs are used as important elements in infectious disease
testing by the National Reference Laboratory and are
also used to strengthen responses to (re) emerging infec-
tious diseases. Future plans are being established for pro-
duction of high-quality RMs that can be used for various
infectious diseases and the distribution of these RMs to
domestic research institutions.

is responsible for the designation and global availability of ref-
erence materials, which are referred to as international stan-
dards (IS) and are accessible to the public [1]. The National
Institute for Biological Standards and Control in the United
Kingdom is currently the preeminent provider of biologi-
cal reference materials worldwide, offering over 6,000 [2].
Nevertheless, since the quantity of ISs manufactured is signifi-
cantly low, it is recommended that each country manufacture
and use reference materials that can be traceable to the ISs.

In response, the Korea Disease Control and Prevention

Agency (KDCA) is implementing a project to produce and

www.phwr.org Vol 17, No 49, 2024

disseminate reference materials that ensure the reliability and
precision of the results of diagnostic tests for infectious diseases
to national infectious disease pathogen confirmation agencies
(KDCA, Health and Environment Institutes, etc.).

This article introduces the current status of the operation
and management of infectious disease reference materials and
proposes a future direction for the national infectious disease

reference material project.

Methods

1. What is a Reference Material?

Reference material is a material or substance that is suffi-
ciently homogeneous and stable concerning one or more char-
acteristic values (quantitative and qualitative) for calibrating
measuring instruments, evaluating measurement methods, or
assigning values to materials [3]. In addition, reference mate-
rials are generally classified into certified reference materials,
quality control materials, and calibration materials according
to their intended use.

The WHO classifies biological reference materials into ISs,
secondary standards (national reference materials manufac-
tured and managed within the country), and tertiary standards
(in-house reference materials manufactured according to the

national reference material establishment procedure) [4].

2. Process for Securing a Reference Material
Annually, the production items are selected, and the refer-
ence material production plan is established by assessing the
intended use, the number of recipients, the current status of the
material production history, and the requisite timing for pro-

ducing the appropriate reference material. The selected items

2231
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are then transferred to a specialized reference material produc-
tion agency responsible for securing the necessary raw materi-
als, processing the materials, conducting the requisite confor-
mity assessments, and packaging the identified candidate refer-
ence. The candidate reference materials’ stability, homogeneity,
and characterization are evaluated, and characteristic values are
assigned to the reference materials. Upon completion of refer-
ence materials, a reference material report is generated and dis-
seminated to pertinent users. Furthermore, the stability of the
reference materials is subject to periodic assessment to guaran-
tee their long-term storage stability during utilization (Figure
1).

These procedures for securing and managing reference
materials are carried out using the methods and approaches
presented in Korean Industrial Standards (KS) A International
Organization for Standardization (ISO) 17034 (General re-
quirements for the competence of reference material produc-
ers) [3]. In particular, the reference materials are evaluated fol-
lowing the criteria outlined in KS A ISO Guide 35 (Reference
materials—guidance for characterization and assessment of
homogeneity and stability) [5] to confirm their stability and
homogeneity.

In addition, biological reference materials are produced

Establishment
of production

Acquisition
Determination of raw
materials

Conformity
assessment

Producing
materials

Figure 1. Reference material production procedures
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and managed by referring to the WHO Technical Report Series
(TRS), 932 Annex 2 (Recommendations for the preparation,
characterization, and establishment of international and other
biological reference standards) [1] regarding their production

considerations, characteristics, and statistical analysis.

1) Production of reference materials

The production of reference materials includes procuring
raw materials, manufacturing candidate reference materials,
testing the materials, and packaging the finished products. The
types of raw materials include synthetic RNA, genomic DNA,
and infected serum.

The suitability of the produced materials is evaluated
through a series of procedures, including concentration mea-
surement, purity assessment, and cross-contamination assess-
ment. Following this, the materials are defined as candidate ref-
erence materials after sensitivity and specificity testing, which
is conducted following standard operating procedures for test-
ing target infectious diseases. The candidate reference materials
are then dispensed into containers and packaged as products

(Figure 2).

Documentation
& monitoring

v
:
\
\
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! Homogeneity
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Figure 2. Production procedure for each reference material

2) Assessment of reference materials

For a produced candidate reference material to be designat-
ed as such, it is essential to assess whether it exhibits sufficient
homogeneity and stability concerning one or more specified
characteristics [5]. To achieve this objective, the homogeneity
and stability of reference materials are assessed following the
standards outlined in KS A ISO Guide 35, which guides the
production and management of reference materials utilized in

the context of infectious disease laboratory testing [6].

(1) Homogeneity assessment
The homogeneity assessment checks the homogeneity be-
tween the bottles and the homogeneity within the bottle. The
degree of biological homogeneity between and within diseases
is assessed by randomly selecting several bottles containing
candidate reference materials. The substances within each bot-
tle are subjected to three rounds of analysis following the estab-

lished protocol for testing the target infectious disease.

www.phwr.org Vol 17, No 49, 2024

(2) Stability assessment
It is incumbent upon the production organization to con-
duct a stability assessment, as the reference material must
maintain a particular assessment value in terms of long-term
storage, transportation conditions, storage and use by the user,
and so forth [5]. Accordingly, the assessment of the items for
long-term use, transportation, and monitoring stability is de-

lineated and conducted (Table 1).

(3) Characterization of reference materials
The candidate reference material’s characterization is per-
formed by selecting the characterization method according to
the intended use of the material. The characteristics and char-
acteristic values of the reference material are then presented ac-
cording to the standard operating procedure for testing the tar-

get infectious disease.
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Table 1. Stability assessment contents

Classification

Detailed classification

Long term stability assessment

Usability stability assessment

Transport stability assessment

Stability monitoring

Real-time stability assessment
Accelerated stability assessment
Stability assessment including the effect of reopening

Stability assessment including the effect of re-freezing

(4) Documentation and stability monitoring
Upon the completion and distribution of reference materi-
al to users, a reference material information report is provided,
outlining the deadline and method for ensuring the safe and
proper use of the material. Additionally, stability monitoring
is conducted regularly to assess the stability of the stored refer-

ence material.

3. Results of the Production and Operation of

Reference Materials in 2023

Following the reference material production procedure de-
scribed above, the KDCA produced 26 reference materials for
14 infectious diseases (seven first-class, six third-class, and one
non-legal) last year. The forms of the reference materials pro-
duced were reference materials for genetic testing (20 synthetic
RNAs and synthetic DNAs and three genomic DNAs) and
reference materials for antibody testing (three infected sera).
The concentration of the material for genetic testing was pre-
pared at an average of 1.0x10° copies/pl, and the material for
genetic testing was dispensed at 50 ul per vial. The material for
antibody testing was dispensed at 60 ul per vial (Table 2). The
produced materials were used to establish and verify infectious
disease testing methods for future diseases, as well as for posi-
tive controls for infectious disease testing and internal quality

control.

2234

It was determined that the produced references were safe-
ly distributed and utilized without any issues regarding ho-
mogeneity and stability through tracking and management.
Additionally, assessments conducted on the references demon-
strated satisfactory results in terms of homogeneity, cold/thaw,
and long-term/short-term stability. In addition, the produced
reference materials for genetic testing were measured to be sta-
ble for up to 36 months at -70°C after the results of the long-
term stability evaluation (stability evaluation through acceler-

ated aging experiments) [7].

Conclusion

The production and management of infectious disease ref-
erence materials are essential for accurately performing diag-
nostic tests. Major institutions worldwide have established and
strictly adhere to reference material production criteria. The
KDCA has published a guide delineating the requirements for
producing and managing reference materials for laboratory
testing of infectious diseases. Additionally, the KDCA is en-
gaged in a project to secure reference materials following the
abovementioned criteria. The reference materials produced are
used in the annual proficiency testing for diagnostic tests run
by the KDCA, as positive controls for infectious disease tests,

and in establishing new contagious disease testing methods.

www.phwr.org Vol 17, No 49, 2024


http://www.phwr.org

I Public Health Weekly Re.:uu’\

Table 2. List of 2023 production of reference material (26 items)
Legal clas-
sification of . . . - Gene . Volume Type of
infectious Infectious disease (no. of items) Specifics concentration W) material
diseases (copies/u)
Category 1 Middle East respiratory syndrome  upE 1.0x10° 50 Synthetic RNA
2 ORFla 1.0x10° 50 Synthetic RNA
Severe acute respiratory syndrome ~ ORF1b 1.0x10° 50 Synthetic RNA
2 N 1.0x10° 50 Synthetic RNA
South American haemorrhagic Chapare virus 1.0x10° 50 Synthetic RNA
fever (5) Sabia virus 1.0x10° 50 Synthetic RNA
Junin virus 1.0x10° 50 Synthetic RNA
Machupo virus 1.0x10° 50 Synthetic RNA
Guanarito virus 1.0x10° 50 Synthetic RNA
Smallpox (1) 1.0x10° 50 Genomic DNA
Anthrax (1) 1.0x10° 50 Genomic DNA
Tularemia (1) 1.0x10° 50 Genomic DNA
Plague (1) 1.0x10° 50 Genomic DNA
Category III ~ Hatavirus hemorrhagic fever with ~ Hantaan virus 5.0x10" 50 Synthetic RNA
renal syndrome (3) Seoul virus 1.0x10° 50 Synthetic RNA
Hantaan/Seoul virus 2.5x10%/ 50 Synthetic RNA
5.0x10°
Zika virus (1) 1.0x10° 50 Synthetic DNA
Malaria (5) Plasmodium vivax 1.0x10° 50 Synthetic DNA
Plasmodium falciparum 1.0x10° 50 Synthetic DNA
Plasmodium malariae 1.0x10° 50 Synthetic DNA
Plasmodium ovale 1.0x10° 50 Synthetic DNA
Plasmodium knowlesi 1.0x10° 50 Synthetic DNA
Lyme Borreliosis (1) = 60 Anti-serum
Scrub typhus (1) = 60 Anti-serum
Q fever (1) - 60 Anti-serum
Non-regulated Rocky Mountain spotted fever 1.0x10° 50 Synthetic DNA

They have been used to operate the National Reference
Laboratory for Infectious Diseases, improve the quality control
capabilities of diagnostic testing laboratories, and strengthen
the response to emerging and re-emerging infectious diseases.
Some of these reference materials (20 items for genetic test-
ing and five items for antibody testing) were deposited in the
National Culture Collection for Pathogens (NCCP) for use
by domestic researchers and institutions. However, due to the

limited quantity produced, the number of items and quantities

www.phwr.org Vol 17, No 49, 2024

available was not substantial. In response, the KDCA will con-
tinue to prioritize the production of high-quality reference ma-
terials and materials for various infectious diseases. It will also
endeavor to augment the quantity and range of items deposit-
ed in the NCCP, thereby facilitating the utilization of reference
materials by domestic infectious disease research institutes and

affiliated enterprises.
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QuickStats

Trends in the Proportion of People Who Eat Out More than
Once a Day, 2013—2022

The proportion of people who eat out more than once a day (among those aged 1 year and over) increased from 25.5% in
2021 to 27.7% in 2022, and was higher in men than that in women (Figure 1). The proportions among those 20s and 30s

were higher than other age groups (Figure 2).
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Figure 1. Trends in proportion of people who eat out more Figure 2. Proportion of people who eat out more than once a
than once a day, 2013-2022 day by age, 2022

*Proportion of people who eat out more than once a day: proportion of people who eat out more than once a day, among those aged 1 year and
over.

"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, Department of Chronic Disease Prevention and Control, Korea
Disease Control and Prevention Agency
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