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FLENEHTE2 A4 AEE D5 7 Aol 2 A WS e AEEUEHEY 371 FAI7E AR 554
FAR diFE1 ek 59 AEE2A F8A W82 v=Tt ol BRud YA RS FHiZo s JUoA 2 WEES &
of ZEzute ¢ 4 $87 37kt ok B A= 2017-202197 W 4 € A AA S(EEE 48 gE2erg Ay
676578 Ao 2 A WAL Felst] AFS B4t I 23, Ad 5497 4] £2E 228 AlFUe AEEA A
Ql g9 24k (nalidixic acid, NAL)Z A|Z 2 & F A}l (ciprofloxacin, CIP)Ol 242t 84.9% (5745)9F 84.6% (57292 2 ++9
WA ES UESITh 019]°1]E B E2bAto] ZH(tetracycline, TET)Ol tigt &0l 20179 16.0% (155) ©i®] 202149 36.3% (615)
£ 20.3%p7t 37t A st 12y Ao eutEd 4459 AR E dFEE Az ol = A WAL Azt 1270 &
A=A T Q9] thE A FAA digt A2 A=A Fotrh =8 YA WA 32 NAL-CIP 393-7—(58.1%) NAL-CIP-
TET 1675(24.7%) 3L, SHAWAGH ALG ol/d)< 450.6%) = A=t BAA 2] B 17t gl AGS Aoty AQE=E
4 76% ©149] CIP W/d<to] ERI= i) o] A¥t= S-uhete] 44 W #Ad=uE ol TFEA —]’7‘4 H"a o7 BT F ASS
AAFSEaL, B wolrt =7t A W A o E o] &8 4 Atk

F2 AMO: L RYE AFY; AEEA AZZE S A WA

M 2 (1,2]. #8 A4 == 77 29 A AAT =0 L4957
U ARgE o EE 2 5o Agos wAedut s
A2 28t A FY(Campylobacter jejuni)= THEZ QL A got= He FA 204 wol WA, S 44 | 4]
P4 ABRAE F SR HYAYRET AR Ogo 7 F7l6kR ] 20] £ ol Wl kol o7t Be
Iy Ec] ¥ BEEYEd2 VS Altolal BE s3I
Heatol Hlsl BlaA &2 71291 42-43T o)A &/do] &of FozuE AHse 9, dHY, o4, 7R, 55 4
e 20l SRlHL F2 7haRlA dEda AL 29 59 S0l UEAL AZko] AUEA A AH
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A TAEE 27182 A 3K (self-limiting disease)°]TH2]. 17
L h2k9] 10.8%7F el HBasty Y W ddew
3Rz S/t Rlolty. Hgo] Aste o] Ff-

g5l 248 4 qlon A, WIS, s, A%
| 2 4 Aot qEFQl S or dg-Hhy
(Guillain-Barré syndrome, GBS)°] loH, o]= &
A &5 407l "gdgoltt, Ao =uE HY €
A7t GBSZ AP 49+ E=2A, GBS EA= HiHF

< A zHE gdE ofo] T4l T =EE Y
of A N2 YUtz oz W QshA| ARt FAfo] A5}
U, A&A g 2 HiEste] 499 fdol e HdAE
Awst7] A A A, AE2EEH AFYo YA
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9 AFUEs AlZ2E5AM (ciprofloxacin, CIP)O] tis}o]
2012-2021497F Bt 81.8%2] WAES 7FAAL UTH5). &
u]= Y EAANE of| A F35l= National Antimicrobial

Resistance Monitoring System for Enteric Bacteria®] ==
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20189 % 1=t A e S rg2ute o] YA WSS
B EgtAto] Z@(tetracycline, TET) 42.2%, CIP 28.8%°]1L
(6], A EAAE] B2 20209 F4 AAESF
a2t o] YA WAES CIP 61.2%, TET 43.7%°]
o7l =W A 2EE o] A WAES 2 ekt v
iste] CIP Y/Eol W & $AE Holi L, HEO]
TET9] W/de] ERl= Qlet olgx v FA W 3T
o] 3} 9Je} Afo]E Holil 7] go] AU " o] A5tH
9] AL YAFY g X5 oL A2 5 9
ong HUA FYA Aol thet 2421 HA7E e st
(2].

2 AFollM= 2 597 FUiolA TR L =k

< oAt mCCDA (modified Charcoal Cefoperazone
Deoxycholate Agar; OXOID)l| A5} EZ campy contain-
er system sachets (DB)Z H|Z7]27(5% O,, 10% CO,, 85%
Qb HjFste] M =

54 Fgstol gz

NS ZA5FR AL 42T A 72417 &
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FMH 24 ZAHantimicrobial susceptibility
test)
AE2EE AFUE gl #5 676578 YL E o
A 0]2F 8] 49 (broth microdilution method)& ©|-&sto] 77}
A FAA (ol g] 22 u}o] A [erythromycin, ERY], S2HH Y

N>
oo

Zchloramphenicol, CHL], CIP, TET, ZIEjuto] 4l [gentami-
cin, GEN], o}A|AZu}o] A [azithromycin, AZI], 'g2]9 A4k

200 pm £2j74 30
o ERE 168
- 25
150 -
- 20
4 i
2100 - 15 1o
| §
- 10
50 -
-5
0' T '0

T T T
2017 2018 2019 2020 2021
I3 1. R AFUR A Bu

IS (2017~2021) m

0% 20% 100%
227+ I o1 13.5%) Y]
CIPLYA | 74 (81.3%) ]
v
L
227+ I 92 (13.6%) ]
CIPLA 78 (84.8%) A
22244 | 3(0.4%) Z
CIPLIY [ 3(100%) p/|

224 0(0.0%)
CIPLY  0(0.0%)

(=]
d
227 | 10.1%)
CIPLHY | 1(100%)

EEIEES Z
CIPU 100 (87.9%) =

L4
2274 I 28 (4.1%)
CIPLHA 24 (85.7%) =
22024 I 72 (10.7%) | —
CIPLA 55 (76.4%) ES

[nalidixic acid, NAL])E Z3oto] A&t KRCAMP2 plate
(Trek Diagnostic system)& @AY A| 74>/ A AH(antimicrobial
susceptibility test)E sttt A HA Aik= Jd4
Arelsl #7]13H(Clinical and Laboratory Standards Institute)
9] 7ho] =2tRlat WHONET softwareE ©]-8-5t91 43Tt
(8.

2 1

1. L ZE2YE MIFLQ A Y X[GY U gt

W F4 A BAA g g EetE AFYE 5
U7t & 67637 $-EQAL, 20179 945, 20184 122%F,
20199 155, 20209 1375, 202149 1685F%itt. 20204
To] dAjHo g Frastg ot 2017HURE 20219744 A
WH o2 Frlele A Bk Rl Aldt A tiH &
e fARE S HAT, 59 B 2282 oF 8.6%
2 ZUEI Yk IH ).

rlo

HHE 224 (2017~2021) m

0% 20% 100%

22174 N 110 (16.3%)
CIPLiY 88 (80%)

222 I 29 (4.3%)
CIPLA 27 (93.1%)

22744 Wl 13 (1.9%)
CIPLHY 13 (100%)

222 Il 15 (2.2%)
CIPLHY 15 (100%)

2222 I 37 (5.5%)
C

IPLi 32 (86.5%)
22/ [l 20 (3.0%)
CIPLid 20 (100%)

22124 I 40 (5.9%)

CIPLAY 33 (82.5%)
22z | 10.1%)
CIPLA 0 (0.0%)

T3 2. 20172021497 AEEHE AFUT] A9E BX L AZ2ESAA] WAEE

EHAL=547 3T AFA £ E +5 5 CIP=ciprofloxacin.
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A9 RAsE B3 1245(18.3%), 4Y 1105
(16.3%), A& 925(13.6%), A& 915(13.5%), AF 72
F(10.7%), F-4F 405(5.9%), A7+ 375(5.5%), 5 29
F(4.3%), A 285F(4.1%), =4 205(3.0%), A& 155
(2.2%), WA 135:(1.9%), 471 353(0.4%), A5 150.1%),

A 1570.1%) 92 FRASHAHTE 2).

2. ZHRHHE| RIZLIQ| SR LY 2
A A4 AR A, BA WS 2 2RE

577%(85.35%)9ct. FAAE HAFE FAEE4 (quino-
lones) NAL 5745(84.9%), CIP 5725(84.6%), HIEZtA}L
o] Z& A (tetracyclines) TET 1775(26.2%), otv]=Z&] I
Ato] =7 (aminoglycosides) GEN 85+(1.2%), Wt Z&to|=
Al(macrolides) AZI 55(0.7%), ERY 45(0.6%)7} &A=
I 4¥YEH (amphenicols) CHL WA 2= A] ekfrt
(F 1). A=24 F8AQ NALY CIP WAELS 2+7} 81.5-
88.5%, 82.1-88.5%% A7t H&5] w2 W/dEo] &elg Ht
H, TET WAELZ 16.0%14 36.3%7H4] 20.3%p 555t

AL, 20199 % LAH oz HAsR oL o]F FES] F7F

A& BEdct. o]l U] 4714
CHL) WAE2 3% °lst& FeI=Att. 1% GEN WAE
2 2.0%Hell A A2} ZH4ske] 2021900 0.0%E 1=
o} vt 2eto] Ao &3t= AZI9H ERY WAES 20184

3B A|(GEN, AZI, ERY,

0.8%°l14 20209 ©]& 1% ofF WS YA ES Holil
ATHIH 3, # 1).

= Zrd2eE AFUdol WS e a8 A
l CIP YAES BluwsHd, dif22] A[Ho] 76.4-100%TH
2 2 YHES B A9EE F5F 1095787.9%), &
A 885(80.0%), 1 785+(84.8%), A& 745+(81.3%), Al
ZF 553(76.4%), FAF 337(82.5%), W7 325F(86.5%), %
5 275(93.1%), A 245(85.7%), 4F 2057(100%), H&
155(100%), B4 135(100%), 7] 35(100%), A& 15
(100%)9< 2215ttt CIP WAEC] 7 W2 AL
F2 76.4%H, HA, &4F 47, AE, A5 A9 &

FE W8S 7T 2).

F2 A 37HA 0l it WA AFE MIC,S EHE

H sl A=EA 1410 AR NAL WS+ MICs,

128 pg/mlE THE &A1) WA (MICs, 0.064-8 pg/ml)

=

[
e

H1.2017-20219 L 29rE ALY 384 AGSE 8 B3
el o . axi o o i 244:(%)
ae EOHAE SO TEE R WL %S 17 20184 20194 20204 2021w o MG
1 ofZeEAllEA  AEtuto]4l s<4 1.2 0.2 986 2 3 2 1 0 8 0.5 0.5
R>16 2.1 (2.5) 1.3) 0.7) 0.0) 1.2
2 HA=EA gy st S<16 849 0.0 15.1 80 108 130 119 137 574 128 128
R>32 (85.1) (88.5) (83.9) (86.9) (815 (84.9)
AZLZEEAA S<1  84.6 03 151 79 108 129 118 138 572 8 16
R>4 (84.0) (88.5) (83.2) (86.1) (82.1) (84.6)
3 ufzEo|= A OfA|AZu}o]Al  §<2 0.7 0.0 99.3 0 1 0 2 2 5 0.064 0.125
R>8 0.0 (08 (00 @5 0$2 07
ojg]AZufo]Al  $<8 0.6 0.0 99.4 0 1 0 2 1 4 0.25 0.5
R>32 0.00 (.8 (0.0 @15 (0.6) (0.6
4 IdEYEA EEgHUE s<8 0.0 0.2 99.8 0 0 0 0 0 0 2 4
R=>32 0.0) 0.0) 0.0) 0.0) 0.0) (0.0)
5 HEZRAOIZHA  HEHAOIEH s<4 264 02 734 15 31 32 38 61 177  0.25 128
R>16 (16.00 (25.4) (20.6) (27.7) (36.3) (26.2)
R=resistant; I=intermediate; S=susceptible; MIC=minimum inhibitory concentrations (pg/ml).
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100 1

LHEE(%)
(o))
o

1 2017
1 2018
= 2019
B 2020
I 2021

—T—% e Pr—

T
HEHAL  AIZRESAM EHIE2MAOIZE

UIPNY,

AZREEAR

J& 3. 20172021417 2 24te A FUF9 39 A WAHE

T T T
ZAIEHOFOIM  OFAIAZDOIM  ofj2[AZOl0[Y  S2YMUZ

EIE2tA0I22

73.8%

WA=FAA ol JAste #5 A=A 45HA £ohe 45 WA= %S &% FAA | AR 45 TALZEZAR] 216 pg/ml

oA 4.

of "3 A Yepdch 5hE, 249 FAAA CIP WAEF
£ MICy, 8 pg/mlE H| WA -2 =201 16 pg/ml o1
e e AEWAdFE 31157(46%) A TET WATF+=
MICs, 0.25 pg/mIFAIT 128 pg/ml ©J4F WAFE7E 20.9%
252 $AE BYHE 1, 1Y 3).

stte] A WS 7= #Fe 105:(1.5%)% &
AL FE=EA 9 HEZA|ZHA FYAI(NAL-CIP, CIP-
TET, NAL-CIP-TET)°| WA 2= #57F 5615(83.0%)
2 E2 H&g FASHL}. o] 2% ojstE ¥ WA
< X0]= GEN, AZI, ERYO| @502 WA Hol= 4
AL F2 FYAL} FA] WEES Hol= BF
21 gl= et 278 YA AG BA WS Bl o
TET-AZM-ERY 171, NAL-CIP-AZM-ERY 179]
ot 371 FAA AGel SA WS B tAYEo R

o
i

N
—
wn

32 N
fr
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L NAL-CIP-AZM-ERY 17, TET-NAL-CIP-AZM 17,
TET-NAL-CIP-AZM-ERY 2710] EQ1=| QI TH 2).

4 £

U AE=EE AFUdS AEEA S84 £ W
4E B Zrt olo] wet HE 5387t " #FE A
o7 YA WA FFe 2AsAH. HEREE AFY
+ HEH O R FEEAY B EtAte]ZA FA A WA
ol &Y. A=EA FBAIYA NALY WAF= 5745
(84.9%), CIPY] W4T+ 5725(84.6%)= & A7t &
7+ A& E = AL skl CIP Widol ml=ollA 27%,
oA 61.2%21 Aol B} e} F=2A4 WAEol €573

E2 A E S AvH6,71. TETY WAF+= 1775726.2%) %A
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H2 AER9H AFYwo] /A WY 228
7“;’;22..‘?"1 Y 20174 20184 20194 2020 20214 27(%)
0 e A A4 12 14 21 16 27 90 (13.3)
1 crp 1 - 1 - - 2(0.3)
NAL 1 - 1 1 - 3(0.4)
TET 1 - 3 1 - 5(0.7)
NAL CIP 65 75 100 82 71 393 (58.1)
2 TET CIP - - - - 1 1(0.1)
TET AZM ERY - - - 1 - 1(0.1)
TET NAL CIP 14 32 29 35 57 167 (24.7)
NAL CIP AZM ERY - 1 - - - 1(0.1)
3 TET NAL CIP AZM - - - - 1 1(0.1)
TET NAL CIP AZM ERY - - - - 2 2(0.3)
4 CHL TET NAL CIP AZM ERY - - - 1 1(0.1)
GEN=gentamycin; NAL=nalidixic acid: CIP=ciprofloxacin; AZI=azithromycin; ERY=erythromycin; CHL=chloramphenicol: TET=tetracycline.

i, 597 16.0%°14 36.3%7H] S7tohe A& gelstait
ES FAsEA B HESAIZ YA FBANAL-CIP, CIP-
TET, NAL-CIP-TET)°| WA& 2= F37F 5615(83.0%)
2 2o AERNE AFYs st o3 FAAl U
e 7 Ag Edskd. ol WA a2 Ul of
Yzt ojgEof, RAHE SolA F=EA 9} HEA|EH
< HE= U 7). EI F8
Hade] YA W vlustie W, 7HaF Al 2t
AR =W 7t # 4= @
f #5olA CIPe TET W/
o] A7t 60-80%= F-AIE 2L 3L, F X9} &oflA] CIP WA
20% olst= FRIF I UTHI). o]HTt A A= ARgollA
w2 A W8 gEzHETo] 7R 59 AR A
dol A2 AR Aol ERHE ZHSe A=
At A A A= vzl =4 AR LA AL
(10], =y vta=to|=A W A2 =28E = 2014-2015
Aol AZF oF 85(7.0%)7F FAH AL 5], HZol= Azt
1272 1§ 27 RIS 9lo] Aol Aol FA A= 52
2 O ALY W4 52 gt sE o2 sofEd,

2 AT 2old wEdE Sy FEEE AT A

o
2L
<
ox
i
i)
=2
E=)
I
4
il

1424

A PYA WYEL T2 Uetet nlmalge o), 439 &
L Lx]ojt}, o|#3h Algo| X&E AL
AW 5o 2 A%l 9igol B & Uk FEE
Gt B3, AAT @ A
B3| B4t oAS 95l TEWAZL) A et A%
AAA el Bage A,
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Antimicrobial Resistance of Campylobacter jejuni Isolates in
the Republic of Korea, 2017-2021

Joohyun Han, Eunkyung Shin, Junyoung Kim, Jaeil Yoo*

Division of Bacterial Diseases, Bureau of Infectious Disease Diagnosis Control, Korea Disease Control and Prevention Agency, Cheongiju,
Korea

ABSTRACT

Campylobacter is known as one of the representative Intestinal infectious disease. Antimicrobial-resistant Campylobacter has
been confirmed to continuously increase, becoming a global health problem. Campylobacter strains in the Republic of Korea
(ROK) particularly showed a high rate of quinolone resistance compared to America, Europe, and other countries, raising
concerns about quinolone-resistant Campylobacter. This study identified antimicrobial resistance and analyzed trends in
Campylobacter jejuni 676 isolates collected from domestic acute and group diarrhea patients from 2017 to 2021. As a result,
Campylobacter jejuni isolated in ROK over the past 5 years was confirmed to have a high rate of resistance to nalidixic acid (NAL)
and ciprofloxacin (CIP) (quinolones) agents at 84.9% and 84.6%, respectively. Additionally, the tetracycline (TET)-resistance
rate increased by 20.3%p, from 16.0% in 2017 to 36.3% in 2021. However, resistance to macrolides, which is recommended
as a treatment for Campylobacteriosis, was confirmed only in 1-2 isolates per year, and resistance to other classes of antibiotics
was not confirmed. The major antibiotic resistance profiles were NAL-CIP in 393 isolates (58.1%), NAL-CIP-TET in 167
isolates (24.7%), and multidrug resistance (=3 classes) in 4 isolates (0.6%). By region, at least 76% showed CIP resistance,
except for regions where pathogen isolation was not reported. These results suggested that quinolone-resistant Campylobacter
could emerge as an increasingly serious public health threat in ROK. And it can be used for the prevention and management of

national antibiotic-resistant infections.

Key words: Campylobacter jejuni; Quinolones; Ciprofloxacin; Drug resistance, microbial

*Corresponding author: Jaeil Yoo, Tel: +82-43-719-8110, E-mail: knihyoo@korea.kr

Introduction high temperatures (approximately 42-43°C) compared to

other pathogens. Therefore, it is found in most warm-blooded

Campylobacter jejuni (C. jejuni) is one of the most com- animals, mainly in poultry [1,2]. The main route of infection is
mon bacteria that cause gastrointestinal infections, with a cross-contamination from the use of cutting boards and knives
high incidence following pathogenic Escherichia coli and or the water used to rinse poultry cooking. Campylobacter in-
Salmonella. C. jejuni is microaerophilic and thrives at relatively fections are often prevalent in mass catering establishments,
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Key messages
(D What is known previously?

Campylobacter jejuni isolated in the Republic of Korea
maintains high resistance throughout the year with qui-
nolone-resistance rate of over 80%.

(@ What new information is presented?

The increase in tetracycline resistance in Campylobacter
jejuni has been confirmed, and most of strains exhibit
quinolones resistance. Additionally, resistance to azithro-
mycin, which is recommended for Campylobacteriosis
treatment, has decreased every year.

® What are implications?

The antibiotic resistance of Campylobacter jejuni tends
to be similar to that of bacteria isolated from livestock
and food. It is necessary to manage antibiotic resistance
through a one-health approach that analyzes the associa-
tion between human, livestock, and food-derived antibi-
otic-resistant bacteria.

and in the Republic of Korea (ROK) they occur at a high rate
during hot summers when poultry consumption increases [3].
Campylobacter infections are self-limiting diseases charac-
terized by symptoms such as fever, lethargy, nausea, vomiting,
abdominal pain, diarrhea, and hematochezia that resolve spon-
taneously over time [2]. They are the third most common gas-
trointestinal cause of hospitalization and approximately 10.8%
of patients require hospitalization. Immunocompromised in-
dividuals are susceptible to numerous complications, including
gastritis, sepsis, meningitis, and rectitis. A typical complication
is the Guillain—Barré syndrome (GBS), an immune disorder
that damages the peripheral nervous system. Although the pro-
gression of Campylobacter infection to GBS is rare, most pa-
tients with GBS have a history of Campylobacter infection [4].

Antibiotic therapy is generally unnecessary for Campylobacter

www.phwr.org Vol 16, No 42, 2023

infections, but is prescribed for patients with severe symptoms
or carriers who continuously release bacteria and are at risk of
infection. Antibiotic resistance of C. jejuni is problem world-
wide. According to the 2021 National Antibiotic-Resistant
Bacteria Report, between 2012 and 2021, C. jejuni isolated
from patients with gastrointestinal infection showed an av-
erage ciprofloxacin (CIP) resistance rate of 81.8% [5]. The
National Antimicrobial Resistance Monitoring System for en-
teric bacteria managed by the US Center for Disease Control
and Prevention reported that the antibiotic resistance rates
of Campylobacter isolated from patients in the US in 2018
were 42.2% for tetracycline (TET) and 28.8% for CIP [6].
According to the European Centre for Disease Prevention and
Control, the resistance rates of Campylobacter were 61.2% for
CIP and 43.7% for TET in 2020 [7]. In the ROK, the rate of
antibiotic resistance in Campylobacter is particularly high for
CIP than in other countries, with TET resistance also observed.
Thus, the trends of antibiotic resistance in Campylobacter in
the ROK differ from those in other countries, and given that
infection by an antibiotic-resistant isolate can hinder treat-
ment, especially in immunocompromised individuals, contin-
uous surveillance of antibiotic resistance in pathogens is crucial
[2].

The present study analyzes the trends of antibiotic re-
sistance in C. jejuni isolated in the ROK in the past 5 years
(2017-2021) to highlight the importance of continuous

surveillance.

Methods

1. Bacterial Isolates Collection and Identification

We conducted experiments with C. jejuni isolated from

1427


http://www.phwr.org

I Public Health Weekly Rﬁpm:'\

samples obtained from acute diarrhea and mass diarrhea out-
breaks associated with waterborne diseases or foodborne ill-
nesses in the ROK from 2017 to 2021 by the Korea Disease
Control and Prevention Agency. We subcultured the iso-
lates on modified charcoal-cefoperazone-deoxycholate agar
(mCCDA; OXOID) and created microaerobic conditions (5%
0,, 10% CO,, 85% N,) using EZ Campy Container System sa-
chets (DB). The cultures were incubated at 42°C for 72 hours,
and we confirmed the growth of white or gray colonies. The
colonies were confirmed as C. jejuni by biochemical identifi-
cation, and the species-specific gene hipO was confirmed by

polymerase chain reaction.

2. Antimicrobial Susceptibility Test

We conducted antimicrobial susceptibility tests on 676
isolates of C. jejuni-confirmed isolates using a broth microdilu-
tion method. Susceptibility to seven different antibiotics (eryth-
romycin [ERY], chloramphenicol [CHL], CIP, TET, gentami-
cin [GENY], azithromycin [AZI], and nalidixic acid [NAL]) was
tested using the fabricated KRCAMP?2 plate (Trek Diagnostic
System). The results were analyzed using WHONET soft-
ware following the guidelines of the Clinical and Laboratory

Standards Institute [8].

Results

1. Incidence of Campylobacter jejuni in the
Republic of Korea by Year and Region
A total of 676 C. jejuni isolates were isolated from patients
with acute diarrhea in the ROK over a 5-year period, with 94
isolates in 2017, 122 isolates in 2018, 155 isolates in 2019,
137 isolates in 2020, and 168 isolates in 2021. Although

1428

the incidence temporarily decreased in 2020, it exhibited an
overall increasing trend from 2017 to 2021. The percentage
of isolates from confirmed bacterial cases also showed a simi-
lar trend, with an average isolation rate of 8.6% over 5 years
(Figure 1).

By region, there were Gwangju (n=124, 18.3%), Gangwon
(n=110, 16.3%), Incheon (n=92, 13.6%), Seoul (n=91,
13.5%), Jeju (n=72, 10.7%), Busan (n=40, 5.9%), Daegu
(n=37, 5.5%), Chungbuk (n=29, 4.3%), Jeonnam (n=28,
4.1%), Ulsan (n=20, 3.0%), Gyeongbuk (n=15, 2.2%),
Daejeon (n=13, 1.9%), Gyeonggi (n=3, 0.4%), Jeonbuk (n=1,
0.1%), and Gyeongnam (n=1, 0.1%) (Figure 2).

2. Trends in Antibiotic Resistance in

Campylobacter jejuni

A total of 577 isolates (85.35%) were found to have antibi-
otic resistance. By class of antibiotics, resistance to quinolones-
NAL (n=574, 84.9%), CIP (n=572, 84.6%); TET (n=177,
26.2%); aminoglycosides-GEN (n=8, 1.2%); and macrolides-
AZI (n=5, 0.7%) and ERY (n=4, 0.6%) was observed. None
of the isolates were resistant to amphenicols (CHL) (Table 1).

Resistance to quinolones NAL and CIP was consistently high

200 1 @ Isolates no. r 30
o |solation rate 168
25
150 - _
S 20 §—,
o g
g 100 15 2
2 5
- 10 $
50 - =
Fr5
0 . T T T T - 0

2017 2018 2019 2020 2021

Figure 1. Distribution of Campylobacter jejuni by year
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Figure 2. Regional distribution of Campylobacter jejuni and ciprofloxacin resistance rate, 2017-2021
Isolates (N)=number of strains isolated in the area over 5 years; CIP-R=ciprofloxacin resistant.
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Table 1. Resistance trends of Campylobacter jejuni by antibiotic class from 2017-2021
No. Antibiotic s riimicrobial B2 %R %1 %s No- of antibiotc resistance (%) MICs MICy
classes points 2017 2018 2019 2020 2021 Total
1 Aminoglycosides Gentamicin S<4 1.2 0.2 98.6 2 3 2 1 0 8 0.5 0.5
R>16 en @5 a3 ©0n 0o 02
2 Quinolone Nalidixic acid S<16 849 0.0 151 80 108 130 119 137 574 128 128
R>32 (85.1) (885 (839 (869 (81.5) (84.9)
Ciprofloxacin s<1 846 03 151 79 108 129 118 138 572 8 16
R=>4 (84.0) (88.5) (83.2) (86.1) (82.1) (84.6)
3 Macrolides Azithromycin $<2 0.7 0.0 99.3 0 1 0 2 2 5 0.064 0.125
R>8 00 (08 (00 045 02 07
Erythromycin $<8 0.6 0.0 994 0 1 0 2 1 4 0.25 0.5
R>32 0.00 (0.8 (0.0 (@15 (0.6) (0.6)
4 Amphenicols Chloramphenicol S<8 0.0 0.2 99.8 0 0 0 0 0 0 2 4
R>32 0.0 (00 00 00 00 00
5 Tetracyclines Tetracycline S<4 264 02 734 15 31 32 38 61 177 0.25 128
R>16 (16.00 (25.4) (20.6) (27.7) (36.3) (26.2)
R=resistant; I=intermediate; S=susceptible; MIC=minimum inhibitory concentrations (ug/ml).
over the years, at 81.5-88.5% and 82.1-88.5%, respectively. has been consistently increasing since then. Resistance to the

Meanwhile, resistance to TET increased rapidly by 20.3%p four remaining antibiotics (GEN, AZI, ERY, and CHL) was

from 16.0% to 36.3%; it temporarily decreased in 2019 but below 3%. GEN resistance gradually decreased from 2.0%

www.phwr.org Vol 16, No 42, 2023
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Figure 3. Resistance rate to major antibiotics of Campylobacter jejuni from 2017-2021
Resistant=isolates grown on antibiotics; Susceptible=isolates whose growth is inhibited by antibiotics; High-level resistant=isolates that grow

even at high dose antibiotics. “Proportion of isolates resistant to ciprofloxacin >16 ug/ml.

to 0.0% in 2021. Resistance to macrolides AZI and ERY re-
mained low, at 0.8% in 2018 and 1% since 2020 (Figure 3,
Table 1).

In terms of CIP resistance, which is prevalent in C. jejuni
in the ROK, the rate ranged from 76.4% to 100% in most re-
gions. By region, the rate was highest in Gwangju (n=109,
87.9%), followed by Gangwon (n=88, 80.0%), Incheon (n=78,
84.8%), Seoul (n=74, 81.3%), Jeju (n=55, 76.4%), Busan
(n=33, 82.5%), Daegu (n=32, 86.5%), Chungbuk (n=27,
93.1%), Jeonnam (n=24, 85.7%), Ulsan (n=20, 100%),
Gyeongbuk (n=15, 100%), Daejeon (n=13, 100%), Gyeonggi
(n=3, 100%), and Jeonbuk (n=1, 100%). The resistance to CIP
was the lowest in Jeju, at 76.4%, and all isolates from Daejeon,

Ulsan, Gyeonggi, Jeonbuk, and Gyeongbuk were resistant to

1430

CIP (Figure 2).

Resistance trends to the three major antibiotics were com-
pared using MICs,. The MIC;, of NAL-resistant isolates (1st
generation quinolones) was high (128 pg/ml) compared
to resistance to other antibiotics (MICs, 0.064-8 pg/ml).
Meanwhile, the MIC;, of CIP-resistant isolates (2nd genera-
tion antibiotics) was relatively low (8 pg/ml), with 311 isolates
(46%) having high resistance with a value of =216 pg/ml. The
TET-resistant isolates had an MICs, of 0.25 ug/ml, but 20.9%
of the isolates had an MIC, of >128 pg/ml (Table 1, Figure 3).

Only 10 isolates (1.5%) had resistance to a single antibi-
otic, and 561 isolates (83.0%) were resistant to quinolones
and TET (NAL-CIP, CIP-TET, NAL-CIP-TET). Resistance to

GEN, AZI, and ERY was low (<2%), and none of the isolate

www.phwr.org Vol 16, No 42, 2023
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was resistant to only one of these three antibiotics; five isolates
had resistance to these three antibiotics in addition to a major
antibiotic. Two isolates were resistant to two antibiotic classes
(one isolate was resistant to TET-AZM-ERY and one isolate
was resistant to NAL-CIP-AZM-ERY). Multidrug resistance
(defined as resistance to three antibiotic classes) was confirmed
in four cases (one isolate to NAL-CIP-AZM-ERY, one isolate
to TET-NAL-CIP-AZM, and two isolates to TET-NAL-CIP-

AZM-ERY) (Table 2).

Discussion

The C. jejuni in the ROK have consistently shown high re-
sistance to quinolones. Therefore, we analyzed the trends in re-
sistance to antibiotics in C. jejuni collected in the past 5 years.
C. jejuni demonstrated resistance primarily to quinolones and
TET. The rate of isolates resistant to quinolone-NAL (n=574,
84.9%) and CIP (n=572, 84.6%) continued to be high over
the years. This rate is markedly higher than in the US (27%

for CIP) and Europe (61.2% for CIP) [6,7]. Resistance to TET
was observed in 177 isolates (26.2%), increasing from 16.0%
to 36.3% over 5 years. Furthermore, 561 isolates (83.0%)
showed resistance to quinolones and TET (NAL-CIP, CIP-
TET, and NAL-CIP-TET), showing that most C. jejuni have
resistance to one or more antibiotics. Such resistance trends
are also observed in other countries, such as Italy and New
Zealand [7]. In terms of antibiotic resistance in the main in-
fectious pathogens, the trends are similar to those of poultry-
derived isolates. According to a report on antibiotic resistance
in livestock and livestock products in the ROK, the resistance
to CIP and TET remains 60-80% in chicken-derived isolates,
and the resistance to CIP is <20% in pigs and cattle [9]. These
results suggest that antibiotic-resistant Campylobacter isolat-
ed from humans is linked to the consumption of chicken and
poultry. And, macrolides are the first-line antibiotic for treating
Campylobacter infection in humans [10]. There were approxi-
mately 8 isolates (7.0%) of macrolide-resistant Campylobacter

in the ROK in 2014-2015 [5]; the number decreased to 1-2

Table 2. Antibiotic resistance profile of Campylobacter jejuni
No. of
antibiotic Antimicrobial 2017 2018 2019 2020 2021 Total (%)
classes
0 No resistance detected 12 14 21 16 27 90 (13.3)
1 CIp 1 - 1 - - 2(0.3)
NAL 1 - 1 1 - 3(0.4)
TET 1 - 3 1 - 5(0.7)
NAL CIP 65 75 100 82 71 393 (58.1)
2 TET CIP - - - - 1 1(0.1)
TET AZM ERY - - - 1 - 1(0.1)
TET NAL CIP 14 32 29 35 57 167 (24.7)
NAL CIP AZM ERY - 1 - - - 1(0.1)
3 TET NAL CIP AZM - - - - 1 1(0.1)
TET NAL CIP AZM ERY - - - - 2 2(0.3)
4 CHL TET NAL CIP AZM ERY - - - 1 - 1(0.1)
GEN=gentamycin; NAL=nalidixic acid; CIP=ciprofloxacin; AZI=azithromycin; ERY=erythromycin; CHL=chloramphenicol; TET=tetracycline.
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isolates per year in recent years, showing that Campylobacter
rarely acquires resistance to other antibiotic classes through an-
tibiotic therapy in humans.

The resistance rate to quinolone in C. jejuni observed in
the ROK is quite high compared to other countries. The per-
sistence of such a high rate may threaten public health due
to the increased incidence of antibiotic-resistant bacteria and
multidrug-resistant bacteria. To address this public health is-
sue, constant surveillance is crucial to continue the manage-
ment of antibiotic-resistant bacteria. Furthermore, regulations
and surveillance systems for high-level resistance isolates must
be strengthened to control infection and prevent the spread of

antibiotic-resistant isolates.
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Design for Implementation of Rotating Health Survey System for
the Korean National Health and Nutrition Examination Survey
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ABSTRACT

To improve the usefulness of the Korea National Health and Nutrition Examination Survey (KNHANES) and address
emerging health issues, we propose a framework for a rotating survey for the KNHANES, aiming to satisfy the diversification
of survey domains or items and minimize the response burden on survey participants simultaneously. To establish a rotating
survey system for the health survey of the KNHANES, the research was conducted in the following 5 steps: 1) review and
analysis of health survey for the 5th to 9th KNHANES, 2) first consultation with experts in each domain of health topics,
3) drafting a framework for the rotating system of the KNHANES, 4) second expert consultation, and 5) proposal of the
final draft. Core items in all domains are surveyed annually. In the health behaviors domain, after classifying all topics into
5 groups in consideration of the interrelationships between topics, the 6-year survey cycle (rotating items) was established
by assigning the survey cycle differently to 2 years (2 groups) or 3 years (3 groups). The annual average numbers of survey
items for 6 years is 197 items (fixed items 179, rotating items 18). Health literacy, digital health, and infectious disease have
been proposed as emerging new health issues to be included in the KNHANES. By implementing a rotating survey system, it
is expected to reduce the response burden of the survey participants, to increase the efficiency of the survey, and to produce

timely health statistics.

Key words: Korean National Health and Nutrition Examination Survey; Health surveys; Rotating survey system
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Introduction status, health behaviors, food consumption, and nutritional in-
take of the population in the Republic of Korea.

The Korean National Health and Nutrition Survey The KNHANES serves as fundamental data for setting

(KNHANES) is a nationwide survey initiated in 1998 based on goals and evaluating the national comprehensive plan for

Article 16 of the National Health Promotion Act [1], aiming to health promotion, developing health promotion programs,

provide representative and reliable national statistics on health and formulating health policies. Over the years, the survey has
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Key messages
(D What is known previously?

The KNHANES is a nationwide surveillance survey that
provides statistically representative and reliable data on
the health status, behavior, and nutritional status of
Korean. Diversification of survey items is being pursued
to enhance its usability.

(@ What new information is presented?

A systematic rotating survey system was proposed by
classifying domains into 5 groups, allowing a rotating
survey every 0 years.

® What are implications?

Implementing a rotating survey system is expected to
enhance the usability of KNHANES by reducing the re-
sponse burden on respondents and diversifying survey

domains and items.

undergone several improvements, such as transitioning from
a triennial survey (i.e., once every 3 years) to an annual one
starting in 2007 to enhance the timeliness of national statistics
production. Moreover, to enhance the quality of the survey, it
has been conducted by an expert survey team affiliated with
the Korea Disease Control and Prevention Agency since 2007.
Furthermore, mobile testing vehicles were introduced in 2008
to standardize both the survey environment and equipment [2].
Additionally, to augment the utility of the survey results, col-
laborative agreements have been established with professional
societies to jointly conduct certain examination items, and re-
searchers are provided with data integrated with information
such as death records, cancer registration data, and air quality
data.

The current survey design of the KNHANES is a rotating (or

cyclical) survey in which different questions are incorporated

www.phwr.org Vol 16, No 42, 2023

each year to address the diverse categories required for a com-
prehensive survey. However, the current method has several
limitations. First, it lacks consideration for interrelatedness
among survey items within the rotating survey. For example,
a given domain in the current cycle (e.g., physical activity) can
be surveyed in depth, but other closely related domains (e.g.,
obesity) might not be considered for the same cycle, resulting
in less relatedness between domains. Second, there is no crite-
rion for determining an appropriate number of items that can
be surveyed each year, resulting in significant variations in the
number of items surveyed annually. Maintaining an appropri-
ate number of items each year, regardless of the survey round,
is essential to minimize the response burden on survey partici-
pants. Within this scope, a rotating survey system is required
that differentiates the survey weights between different do-
mains, such as performing an in-depth survey on a specific re-
gion, which is not accounted for in the current system. Third,
there is a growing demand to proactively address emerging
health issues that threaten national health and respond to
them. However, the existing survey framework lacks systematic
consideration for incorporating new surveys domains.

Hence, this study aims to propose a revised rotating survey
system for the Health survey of the KNHANES that minimizes
the response burden on survey participants while diversifying
survey areas or items. This is in line with the need to enhance
the usability of the KNHANES and proactively address future

health issues.

Methods

1. Study Description

This study aimed to propose a revised rotating survey

1443
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system for the health survey of the KNHANES by addressing
three main research objectives: 1) grouping survey domains for
rotating surveys and reviewing survey cycles for each domain,
2) proposing survey cycles for existing questions, and 3) sug-

gesting new survey domains relating to emerging health issues.

2. Study Methods

The development of the cyclical survey system for the
health survey of the KNHANES was conducted through a
4-stage research process. In Stage 1, we reviewed the sur-
vey items in the health survey each year over the last 13 years
(KNHANES V to IX, 2010-2022), verified the questions
and the question cycles each year, and checked whether they
were performance indicators for the 5th National Health Plan
(Health Plan 2030, HP2030). Moreover, in Stage 2, building
upon the findings of Stage 1, we assembled a panel of 41 ex-
perts across various domains (5, 3, and 4 participants in the
smoking and oral health, sleep/mental health, and all other do-
mains, respectively). These experts provided advice on various
aspects, including survey domains, items within each domain
(survey cycle, relevance between domains, and question assess-
ment in terms of importance, usefulness, and sensitivity), and
emerging health issues. The instrument used in the panel sur-
vey can be found in the Report of Study Results for the “Design
for Implementation of Rotating Health Survey System for the
Korean National Health and Nutrition Examination Survey”
[3]. Furthermore, in Stage 3, based on the results of Stages 1-2,
a rotating survey algorithm was developed, and a rotating sur-
vey reform proposal was prepared. Finally, in Stage 4, the final
reform strategy was refined through an expert panel.

Through these above stages, the following key outcomes

were achieved: 1) prioritization of interrelationships between

1444

survey domains and 2) determination of survey cycle for ques-
tions (question classification) using the specific methods de-
scribed below. Based on the results, we prepared an operating
plan for the rotating survey system. First, regarding the inter-
relationships between domains, we asked experts in each do-
main to rank the domains they thought should be surveyed
together with their expert domain. After combining the results,
we calculated a weighted sum (rank in terms of priority - rank
1:3 points, rank 2:2 points, rank 3:1 point) to derive the high-
ly interrelated domains. A total of 12 domains were assessed:
smoking, alcohol use, physical activity, obesity/weight control,
sleep/mental health, injury, safety awareness, women health,
medical care utilization, health screening/vaccination, activity
limitation/quality of life, and oral health. Given the possibility
of inconsistent rankings in the interrelatedness between do-
mains (e.g., if alcohol use was ranked 1st among domains re-
lated to smoking, yet smoking was ranked 3rd among domains
related to alcohol use), we also considered the mutual rankings
when grouping them. Significantly, we limited the number of
domains in a single group to 3. Moreover, for the survey ques-
tion cycle, we referred to the classification criteria for questions
in the Korea Community Health Survey (CHS) and the Korean
Youth Risk Behavior Survey (KYRBS), which similarly use ro-
tating survey systems. Specifically, we decided on a cycle that
reflects whether or not the item is a performance indicator in
HP2030 and the opinions of domain-specific experts on ques-
tion classification (fixed questions, rotating questions, optional
questions) and evaluation (importance, usefulness, sensitivity).
In particular, “importance” pertained to the impact on health
or the magnitude of the issue, exemplified by metrics such as
prevalence and incidence, “usefulness” was assessed in the con-

text of planning, evaluation, and research pertinent to public
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health policies, and “sensitivity” referred to the responsiveness
to changes in policy or social conditions. Each of these fac-
tors was scored using a 5-point scale. Subsequently, the sum of
these three elements was computed, and the items were catego-
rized into tertiles to assess item priority. Thus, individual ques-
tions were classified as either fixed (consistently included in the
annual survey), rotating (included in accordance with the cycle
of their respective domain), or optional questions (incorporat-
ed, after refinement and enhancements, when necessary, e.g.,
in response to social or policy shifts). The rotating questions
were further subdivided according to their domain’s cycle (e.g.,
2-year cycle) into one-cycle questions (e.g., surveyed every 2
years) and two-cycle questions (e.g., surveyed every 4 years).
Based on the results, a management plan for the rotating sur-
vey system of the health survey was established by applying
the following four allocation principles. First, fixed questions
from all domains are included to survey the core items each
year. Second, a rotating survey framework is prepared at the
domain level first, and then questions are allocated within each
domain. Third, the rotation cycles of each domain are assigned
to enable, as far as possible, simultaneous surveying of rotat-
ing questions in related health behavior domains. However, if
allocation for the rotating survey is difficult, domains with low

interrelatedness should be allocated with priority.

Results

1. Grouping of Survey Domains

The mean number of questions for adults taking the health
survey in the KNHANES cycles V to IX was 309.4 (range:
204-365 questions). Excluding the 2022 survey, which con-

tained 204 questions due to a more concise survey design, all
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other years featured at least 291 questions, indicating that the
surveys were typically extensive. Moreover, when a panel of
domain-specific experts was consulted during Stage 2 regard-
ing the optimal survey cycle, the most frequent response was a
3-year cycle (64.9%), followed by a 2-year cycle (29.7%), and
lastly, a 4-year cycle (5.4%). Importantly, an evaluation of the
interrelatedness among the 12 domains initially categorized
them into 7 pairs: “physical activity & obesity/weight control,”
“health screening/vaccination & medical care utilization,” “in-
jury & safety awareness,” “smoking & alcohol use,” “sleep/men-
tal health & utilization/quality of life,” “smoking & oral health,”
and “women health & sleep/mental health.” Of these, when
domains within pairs overlapped (i.e., “smoking” in “smoking
& alcohol use” and “smoking & oral health” or “sleep/mental
health” in “sleep/mental health & activity limitation/quality of
life” and “women health & sleep/mental health”), they were
grouped into single domains, herein, the three domains were
combined into a single group. Thus, the survey domains were
finally classified into five groups as follows: “physical activity &
obesity/weight control,” “medical care utilization/vaccination&
medical usage,” “injury & safety awareness,” “smoking & alco-
hol use & oral health,” and “sleep/mental health & activity re-
strictions/quality of life & women health.” The survey schedule
was then designed to enable grouped domains to be surveyed

together (Table 1).

2. Classification of Questions in Each Domain

The fixed questions were determined based on the follow-
ing criteria: 1) they were output indicators in HP2030, 2) they
were classified as a fixed question by at least 50% of domain-
specific experts, or 3) they were classified as a fixed question

by 1-49% of the experts and were among the upper tertile of

1445


http://www.phwr.org

PHWR

Table 1. Priority of interrelationship between health interview domains in the Korean National Health and Nutrition
Examination Survey (based on expert consultation)
Relevance between domains Priority of Classification of
Reference domain Evaluation domain interrelationship domains”

Physical activity Obesity/weight control Ist Group 1
Obesity/weight control Physical activity Ist Group 1
Medical examination/vaccination Care utilization Ist Group 2
Medical care utilization Medical examination/vaccination st Group 2
Injury Safety awareness Ist Group 3
Safety awareness Injury 2nd Group 3
Smoking Alcohol use Ist Group 4"
Alcohol use Smoking 3rd Group 4"
Oral health Smoking Ist Group 4"
Smoking Oral health 4th and above Group 4"
Sleep/mental health Activity limitation/quality of life Ist Group 5"
Activity limitation/quality of life Sleep/mental health 4th and above Group 5"
Women health Sleep/mental health Ist Group 5"
Sleep/mental health Women health 4th and above Group 5"
Alcohol use Injury Ist Different group
Injury Alcohol use 2nd Different group
Alcohol use Safety 3rd Different group
Safety Alcohol use Ist Different group
Alcohol use Sleep/mental health 2nd Different group
Sleep/mental health Alcohol use 2nd Different group
Physical activity Health screening/vaccination 3rd Different group
Health screening/vaccination Physical activity 3rd Different group
Injury Care utilization 3rd Different group
Care utilization Injury Ist Different group
Activity limitation/quality of life Care utilization Ist Different group
Care utilization Activity limitation/quality of life 4th and above Different group

?Limiting the number of domains within the same group to 3. *Group consisting of 3 domains.

priority scores for that domain. Furthermore, rotating ques-
tions were further divided into one-cycle and two-cycle ques-
tions. Specifically, one-cycle questions were defined as 1)
classified as a fixed question by 1-49% of experts and in the
middle or lower tertile of priority scores for that domain, or 2)
classified as a fixed question by no experts but as an optional
question by fewer than 50% of experts, and in the upper ter-
tile of priority scores for that domain. The two-cycle questions

were identified as questions not classified as fixed questions
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by any experts but as optional questions by fewer than 50% of
experts and in the middle tertile of priority scores for that do-
main. Finally, optional questions were described as those that
were not classified as fixed questions by any experts and ei-
ther 1) were classified as optional questions by at least 50% of
the experts or 2) were classified as optional questions by fewer
than 50% of the experts but were in the lower tertile of priority
scores for that domain (Figure 1). Therefore, 137 (52.1%), 38
(14.4%), 20 (7.6%), and 68 (25.9%) questions in the health
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survey from the KNHANES cycles V to IX (Table 2) were re-
spectively categorized as fixed, one-cycle rotating, two-cycle
rotating, and optional questions. For example, the smoking
domain included 16 fixed questions, 10 one-cycle questions,
2 two-cycle questions, and nine optional questions (Table 3).
The classification results for questions in the other domains
can be verified in the Report of Study Results for the “Rotating
Survey System Design for the KNHANES health survey” con-
ducted in 2022 [3].

3. Management Plan for the Rotating Survey
System

Reflecting the expert panel’s opinions about the rotating

survey’s cycle period, we aimed for a 2-3-year cycle for each

domain. To this end, we split the 5 domain groups into 2-year
cycle groups (2 groups) and 3-year cycle groups (3 groups).
Next, we arranged the cycles to intersect such that the one-cycle
rotating questions in the 2-year and 3-year cycle groups would
be surveyed simultaneously at least once every 6 years. Groups
were allocated to one of the two-cycle periods based on 1) the
number of output indicators in HP2030 per domain and 2)
the importance of each domain to public health. As such, the
“smoking & alcohol use & oral health” group and the “physi-
cal activity & obesity/weight control” group were assigned to

» <«

the 2-year cycle, while the “safety awareness & injury,” “sleep/
mental health & activity limitation/quality of life & women
health,” and “medical care utilization & health screening/vac-

cination” groups were assigned to the 3-year cycle (Figure 2).

HP2030 Yes
indicator
No
* Result from expert consultation
Classification of
fixed items™
[
! [ 1
1-49% of 250% of
0,
U @S & e the expert the expert
250% of
the expert Classification of
optional items*
<50% of
the expert
n Upper 1/3
Item priority .efT‘t by domain
SR priori y
I score
' b } Median 1/3 or
Lower 1/3 Median 1/3 Upper 1/3 lower 1/3
by domain by domain by domain by domain

‘—{ Optional items

Rotational items
(2-cycle)

Rotating items
(1-cycle)

Fixed items

Figure 1. Classification criteria for health interview items by domains in the Korean National Health and Nutrition Examination

Survey
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Table 2. Classification of health interview items in the Korean National Health and Nutrition Examination Survey

Classification (n, %)

Domain No. Fixed items Rot(?t_ing items Rotat_ing items Optional items
cycle) (2-cycle)

Smoking 37 16 (43.2) 10 (27.0) 2 (5.4) 9 (24.3)
Alcohol use 17 9(52.9) 1(5.9 1(5.9 6(35.3)
Physical activity 7 5(71.4) 1(14.3) 0(0.0) 1(14.3)
Obesity/weight control 6 5(83.3) 0(0.0) 0(0.0) 1(16.7)
Sleep/mental health 14 9 (64.3) 3(21.4) 0(0.0) 2(14.3)
Injury 10 8 (80.0) 2 (20.0) 0(0.0) 0(0.0)

Safety awareness 9 5 (55.6) 2(22.2) 1(11.1) 1(11.1)
Women health 25 12 (48.0) 5(20.0) 0(0.0) 8(32.0)
Medical care utilization 30 7 (23.3) 5(16.7) 4(13.3) 14 (46.7)
Health screening/vaccination 14 3 (21.4) 1(7.1) 6 (42.9) 4 (28.6)
Activity limitation/quality of life 8 6 (75.0) 2(25.0) 0(0.0) 0(0.0)

Oral health 9 8 (88.9) 0 (0.0) 0 (0.0) 1(11.1)
Medical condition” 34 13 (38.2) 3(8.8) 2 (5.9) 16 (47.1)
Socioeconomic Indicators 43 31 (72.1) 3(7.0) 4(9.3) 5(11.6)
Total 263 137 (52.1) 38 (14.4) 20 (7.6) 68 (25.9)

*The common items for each disease (D presence of medical diagnosis, @ time of medical diagnosis, @ current status of the disease, and @

current treatment status) are not counted separately for each disease; they are considered as 4 items in total.

Table 3. Classification of the survey cycle for smoking domain survey questions (example)

Classification

No.

Survey questions

Fixed items

Rotating items
(1-cycle)

Rotating items
(2-cycle)

Optional items

16

10

- (Cigarette) lifetime smoking amount, current smoking, average daily consumption, average daily

- Attempts to quit smoking, plan to quit smoking

- Exposure to secondhand smoke in the workplace (hours), exposure to secondhand smoke at home (hours)
- (Nicotine-containing e-cigarette) lifetime use, monthly use

- (Heat-not-burn) lifetime use, monthly use, average daily consumption, average daily consumption

- (Other tobacco products) lifetime use, monthly use

- (Cigarette) age of initiation of smoking, age of initiation of daily smoking, number of smoking days
- Methods attempted for smoking cessation, experience with anti-smoking campaigns, exposure to

- (E-cigarette®) lifetime use, monthly use

- (Heat-not-burn) number of using days in the past month

: (Cigarette) smoking duration of former smoker

- (Heat-not-burn) reasons for using heat-not-burn

- (Cigarette) average daily consumption of former smoker, reason for quitting
- Experience with smoking cessation education

- Reasons for using e—cigarette“)

- Changes in smoking habits after tobacco price increase

- Nicotine dependence, use of nicotine replacement products

- Presence of household smokers, number of smokers within the household

consumption on smoking days

on using days

in the past month, duration of abstinence

secondhand smoke in public places

“No distinction made between e-cigarettes and heat-not-burn.
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In the results shown in Table 1, of the six pairs that displayed a
high rank for relatedness between domains but were classified
into different groups, the top four pairs were assigned to dif-
ferent cycle periods (2 years vs. 3 years). Therefore, these do-
mains will be surveyed together once every 6 years, specifically
when their cycle periods intersect (e.g., the alcohol use and in-
jury domains will be surveyed together in Year 1). Conversely,
the two bottom pairs (injury & medical care utilization and ac-
tivity limitation/quality of life & medical care utilization) were
assigned to the same cycle group (3-year cycle), so the rotating
questions cannot be surveyed simultaneously. Nevertheless,
even in this case, our design still allows for the fixed questions
to be surveyed together. To facilitate linkage with health behav-

iors, rotating questions in the morbidity domain were assigned

to a short (2-year) cycle, and optional questions in each do-
main were able to be included in the rotating two-cycle ques-
tions when necessary. The rotating survey system was designed
to allow the introduction of new domains, such as emerging
health issues, whenever necessary.

We allocated survey domains according to the rotating sur-
vey system’s management plan in Figure 2, then allocated fixed
and rotating questions (one-cycle/two-cycle) for each domain.
Therefore, over a 6-year cycle, the mean annual number of
questions amounted to 197, comprising 179 fixed questions
and 18 rotating questions (14 one-cycle questions and 4 two-
cycle questions). Moreover, there was little difference in the
number of questions between years (min, 185 questions; max,

204 questions) (Table 4).

B S

Sleep-mental

Injury/ health/activity
safety awareness limitation-QoL/
women health

Smoking/
alcohol use/
oral health

Physical activity/
obesity-weight
control

Medical condition

Medical care
utilization/health Injury/
screening
-vaccinations

Smoking/
alcohol use/
oral health

Medical condition

Overall domains (health behavior, medical condition, socioeconomic status)

Medical care
utilization/health
screening-
vaccinations

Sleep-mental
health/activity
limitation-QoL/
women health

safety awareness

Physical activity/
obesity-weight
control

Smoking/
alcohol use/
oral health

Physical activity/
obesity-weight
control

Medical condition

(2]
£
[9)
5=
D
£
=
S
3
o
12

Smoking/
alcohol use/
oral health

Medical condition

Medical care
utilization/health
screening-
vaccinations

Sleep-mental

Injury/ health/activity
safety awareness limitation-QoL/
women health

Physical activity/
obesity-weight
control

%@ggrﬁ New domains or items (emerging health issues, linked surveys with organizations such as academic societies)

Figure 2. Operation plan for the health interview in the Korean National Health and Nutrition Examination Survey using the

rotational survey system
QoL=quality of life.
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Table 4. The number of survey items for the health interview in the Korean National Health and Nutrition Examination Survey
Classification” 1st 2nd 3rd 4th 5th 6th Average

Fixed items 179 179 179 179 179 179 179
Rotating items (1-cycle) 18 11 20 5 24 7 14
Rotating items (2-cycle) Y - 5 1 0 10 4
Total 197 190 204 185 203 196 197

“Excluding optional items. “The survey does not reach its second cycle.

4. Proposal for New Domains Discussion

Opinions regarding new survey domains to address future
health issues were provided by 35 out of 41 domain-specific
experts, who proposed a total of 61 suggestions. Notably, we
were able to classify these into 12 new domains that did not
overlap with existing survey domains, of which the most fre-
quently recommended were “health literacy” (9 times), “digi-
tal health” (7 times), “infectious disease” (5 times), and “func-
tion and disability” (4 times). “Health literacy” is a core task
for HP2030 and has already been selected as a new domain to
be included in KNHANES from 2023. Furthermore, due to
the increased use of digital devices, the importance of the digi-
tal health domain is growing, extending from the use of digital
devices to access health services to telemedicine. Importantly,
the “infectious disease” domain was often recommended due
to a rising need for control and response to infectious diseases,
including new outbreaks like the coronavirus disease 2019
pandemic and the resurgence of existing diseases. There is also
a high demand for survey content related to “function and dis-
ability.” Notably, these results for the proposed new domains
were based on the frequency of expert recommendations and
are, therefore, subject to change under various circumstances.
A limitation is that these proposals do not account for future

unforeseeable health issues.
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In this study, we proposed a management plan for a 6-year
rotating survey system for the KNHANES health survey. We
prioritized fixed questions in all domains to be included every
year and then allocated rotating questions in each domain on
either a 2- or 3-year cycle. Importantly, by grouping domains
and applying a rotating cycle to each, we ensured that strongly
interrelated domains would be surveyed together at least once
every G years. Notably, this concept of fixed and rotating ques-
tions is used in other rotating survey systems, including the
CHS [4] and KYRBS domestically [5], as well as the Behavioral
Risk Factor Surveillance System [6] and National Health
Interview Survey [7] internationally.

Assuming that the optimal number of questions is approxi-
mately 250 (considering the mean of the number of ques-
tions in the KNHANES cycles V to IX [309 questions] and the
number of questions using our rotating survey system [197
questions]), after accounting for the fixed questions (179 ques-
tions) and rotating questions (18 questions), there is room to
add approximately 50 new items from new domain questions
or optional items in existing domains. Thus, our rotating sur-
vey system for the KNHANES health survey can reduce the
response burden for participants, satisfy the demands of a sur-
vey with diverse categories, and increase the usefulness of basic

data to improve national health by allowing the timely output
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of health statistics.
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QuickStats

Trends in the Doctor’s Diagnosis of Diabetes between Cities or
Provinces, during 2013-2022

In 2022, doctor’s diagnosis rate (age-standardized) of diabetes among individuals aged =30 years was the lowest in Sejong-
si (6.8%) and the highest in Chungcheongbuk-do (9.6%). The rate gap in the doctor's diagnosis on diabetes between the high-

est and lowest rates increased from 2.8%p in 2021 to 2.9%p in 2022 (Figure 1).
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Figure 1. Trends of Doctor’s Diagnosis Rate of Diabetes between Cities or Provinces, 2013-2022
*Lifelong doctor’s diagnosis of diabetes: the percentage of individuals (aged =30 years) who have been diagnosed with diabetes by a doctor.

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

Source: Korea Community Health at a Glance 2022: Korea Community Health Survey (KCHS), https://chs.kdca.go.kr/

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