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HAWH RS A 27|7k0] AT AR HFEo| ot A oyl ZHIA 7 2 FohE F I, AN ARt HelS
AL A&t A ekl 7H Faslth oF el AT AAHOE AFLIAALAEE o8 BAREY A
2 =QIste] Avo] $83T gtk B AT 202020219 AHAY Ao AokxAE B 41T FANAANF 1967572 A
o2 AFWINGRAL Fol FANA WHRAR doloh AR AF LA Sk AN §AH0] BAS B
SRR E S 188FF AT, FHA WHFL BF rpoB §AHA Holt SlEgly 1%

o7t SISk 0] 3 rpoB_S450L Hol7k 100%(53.2%)2 7+ wol RESGe o|afo = haA fA4 Wl & 1437
FolA glEdon, WARAA HolRE = katG_S315T (107w, 74.8%)2} inhA_c-777t 304, 21.0%)9] Rl=7} =% F
36571 SAE AEE WATE 575 AT gyra%h gyrB SR ARE WAZHRI] Hol7t Gz oM 53] gyra §
A o4 91X Wol7t 163 (44.4%)2 7 Bol tehdeh SASA ol AYIABENE BT WA WPEE

=
==

96.6% 4 o]&YoHAE 95.9%%th. &, in-silico Spoligotypings &0 &A% S ATAHoA eld HFd WEF+ 2F 29
T(Mycobacterium tuberculosis) 2.2 &= T Beijing ZHOI =7t hAF9] 91.5%2 -2 H&S AX Pk & dA1LE 53 F8
Aol et A FF7IAEEAE S FEoA e, ALY Fe oy FH Y| ol FHE 7= AL FUstA FF A&F

o HAMY AN 5y REAY RAS U5 A%E AFG7 NSRS Bgo] Basi,

72 ZMof: A9, AW AAH AN B, $% B4

A = 2, w744 glo] 371& &3 Autech. thFEe] 22 o
A shE wZdoly, tE 7|4 Ado] dysh= |

A2 Mycobacterium tuberculosis, M. bovis, M. AL A A oF 11-17%F AA[gheh. ZegtA}e] oF
africanum, M. canetii 5-& 2Z3ol= 23 (Mycobacterium 90%+= “3RlollA = A AlA QALY 479] 10] ¥HEZ

tuberculosis complex, MTBC)ol| Z+¥=]o] Fa == FaHo ) ZrAAE F4E T 20209 AlIAIEA7]9-(World Health
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H] 95.9%2} 96.6%2 WHAEE siz}‘ﬂé}
9] A&&EA4< 530 Beijing 27°]
91.5%F AA-& FAstrt.

oz
o
fr
R
o
of
N
o)
1%

o
B o

1o fy & T o

“FIII

ox
nll,: ui=)
I B ol
ox

o

S

o 3R o
o
H
<k
19 e =

Irl
N
ot
[s)
=
ox .
i,

@ AAEZ?

Organization, WHO)x= & AlA]oA F 9907+ 9] Haigkz}
7} B E T 1307k o] Aget
Seutol A oF 29k 5HYO A SAF ATEHGL oF
27 o1go] ZF o= AFESHATHII.

AN AN st o] FAFHA o s WS 7t
A= 2Folth. fygts ofg FANEZH
of 9lof 71 a3t 9kAIQl o] AYoFA| = (isoniazid, INH)2}
2% 8 (rifampin, RIF) 3 3hHo] ofAlo] W& 7 29
< olaYot =5 A (INH-resistant TB, INH-TB)
AEudsE
ot E3F, INH® RIF 270 oFAo] 25 WS 7HA

ZAo7 Byt 20204

= A8 A=

[

4 A H(RIF-resistant TB, RR-TB)2.Z % 9]
]_

ol
)

=il
2

rlr
o

< AW Z S (multidrug resistant-TB, MDR-TB)

o7 EFSA, RR-TB £+ MDR-TB (MDR/RR-TB)o|H

Hu:

A E2F 2 2FEE 4 (fluoroquinolne, FLQ) kAo WHAES
HRFAU/E A A 2 (pre-extensively

drug resistant-TB, preXDR-TB)C.& &3t} upz|dto g

e Ase B

preXDR-TBO| A oFA| [2]d]£2] E(linezolid, LZD)]

2936

H ot F(bedaququliline, BDQ)Ol A4S Holx= A2 34
AW 32
25ke] wEfetaL lTH2]

A @717ko] 2079 =g 41 A7 A

S (extensively drug resistant-TB, XDR-TB) 2.2

MDR/RR-TB=
S G @A Aol vls] wol A9 o o] glo] 7t
g2 AME 5 otUE AREHIL ok Bio] mEd £
ueke] MDR-TB 3= 20129 1,212 22 HHE o]
o7t AR FAse] 202040l 3998 0] FIE 9ot oA
5] S-guets 8] WAYst= MDR/RR-TB 3t 227} A4

I

Sl

H &7l 7] ++(Organization for Economic Cooperation and
Development) 7= & 391& 7|15t AtH1-3]. AW
HAe FauAe) 2283 W A2 el o) 9i
o] 7] fzol Al&stal Het FAHA A4 EA 2RE
EHE AW AHZ S 2dsta HAt oA E A=ste] A
&3t= 2ol S/5ItH4] FAWIEH I

3 FASE BAREA W o] ALgo] AnE T 9
O SRR A Hol R4S Bof Slalt RApgED)

Ay A B

ZAArel H]3j 90% o]4e] ¥zt=
I st
S AAE A ¥ (Whole Genome Sequencing, WGS)< 2FA| U 4]
29 A oz WA Hol Bx, FAUWAZ] &
q Aoto] I7F B XY W 53 S5 &
S o8 7oA BAAEA A9
SA A WGSE &8 Sl ArH4-6]. &, 2021 WHOO
A= WGSE &85t HAWddd+ Ae & g0 =2=

F71 918 @A7HA 2R A A A et F2

£ FHXR, AAAIRto] o] k. A%
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of YA A U EA el A5 ENS BAGHY
=3

=13 II:L-I

1. 2F X U DNA F&

= ol
T =
YA FddstzAlg 53] 202097 202190

6#7E #AAAT. +WE #FE

o

=
2
=
ox,
i)
Jol'
£l
—_
\O

Mycobacterial Growth Indicator Tube 960 liquid culture
system (Becton Dickinson, Sparks, MD, USA)%} Léwenstein-
Jensen B XA vijeFstit. viFE o5+ FastPrep-24
homogenizer (MP biomedicals, Irvine, CA, USA)E °]-&3|
4.0 m/s91 4 20%7F bead beating S5ttt L= +F Hf

A= Quick-DNA Fungal/bacterial miniprep kit (Zymo
Research, Irvine, CA, USA) &= QIAamp DNA blood mini
kit (Qiagen, Hilden, Germany)E ©|-83]] DNAE &35}t
DNA FZ34-& A 2A] AAHE $351% 2™, QlAamp
DNA blood mini kits= QIAcube HT A+5-3H4H](Qiagen) 2
DNAE F&3519t. 55 DNAE Qubit 2.0 Fluorometer
(Life Technologies, Carlsbad, CA, USA)E &ofl F=Fstal A
FRAAD7IAL AHL f1sf —20°Coll Al Esteict.

2. 2t0|=22{2] HI=fat MY HI|IMEZH(WGS
Sequencing)
AR D71 LA B2 AT library A2 Ton
Xpress Plus Fragment Library Kit for the AB Library Builder

System (Thermo Fisher Scientific, Waltham, Ma, USA)S

www.phwr.org Vol 15, No 50, 2022

283l AB Library Builder system A&} JH|E o]-&3f A
25tk AlZHE barcoded library+= sequence coverage
7} X1007F %% poolingstth. £H|E template= Ion
Chef machine (Thermo Fisher Scientific)& ©]-8-3l Ton chip
540°] loadingst% 2™, Ion GeneStudio S5 %H](Thermo
Fisher Scientific)& ©]&3] AAFHAE7IHEEAS &
ForAtt. A7IMGAHEE Egoh= FASTQ w2 CLC
genomic workbench = 1H(Qiagen)< ©]-&5f trimming,
ZzZ SAA(M. tuberculosis H37Rv [GenBank accession
no. NC_000962.3])E ©]-&3F mapping ¥ ¥o] X2} £4]
(variant calling) 85 st3ict. FAApH0l ] A U]
47o] A¥A= WHO 27t 28+ WA AEHE

7|re 2 EASFATHT].

3. Lig2tE REXHO| 24

W #AE FH29] ®lol= 2&W(rpoA, rpoB,
rpoC, Rv2752¢) 9°] o]&UYotA| E(ahpC, inhA, katG,
mshA, ndh, Rvi258c, Rv2752c), oIg*-E(embA, embB,
embC, embR, ubiA), TetZlotuto]E(pncA, clpC, panD,
Rv1258c, PPE35, Rv3236¢), F1=Z(gyrA, gyrB), BlvIEd]

E@pIC, rr) 1A ATt B4 s B8t A

4. In silico Spoligotyping

In silico Spoligotyping= 13l A7&FAA A7 A FdEA
O & Aojz FASTQ U< Spotyping-v2.0-GUI Z&2 13
(https://github.com/xiaeryu/SpoTyping-v2.0) 2.2 £A5}9]
o}, 24459 Spoligotyping A¥H= SITVIT2 do]EfHo] A
(http://pasteur-guadeloupe. fr:8081/SITVIT2/)2t TB insight
gl o] el H o] A(http://tbinsight.cs.rpi.edu/)E E-8&5to] 2

79| A%L BAsgt

2937
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2

202093 20219 HHAA AoAstRAE &9 4
e AW 1967 FE IR WGSE 33t 2
3, 188wt ol A EAW FdAe7t AEsH. @
TAWdEHE FAWIEY SRAA wet F2et 2,

RR-TB 38%5, MDR-TB 1145, preXDR-TB 3652

4= eH, XDR-TB= HRIHA| FATHE 1). AAHA
28 7ok 4AIQl INH, RIF, FLQ 9ol 13} oFA)

of ZHE oEFE(ethambutol, EMB)¥ Y] 2tzlofuto] =
(pyrazinamide, PZA)ol thet /o e F7h2 eletgict.
1 A3}, RR-TB % 2993(76.3%)= EF FA o] tigt wAo]
fA o, MDR-TB & 767(66.7%)2F preXDR-TB2] 30
#5(91.8%)7} EMB9} PZA| tfsl] S YeERHATH F
7h& RIFC] Higt WA f-3Absel7h gel=l7] g2 INH-TB
£ 195, INH®} RIFO] ot g% 2p0] 7} ¢l o A] EMBS}
PZA WA FHxpol7L geld Ad 195, BA A kA<t
AT FHAROI7F ERIE A ¢F2 #5767 AT
WGSE Fof Eeld HalgZdt 188¢59 W4
|AA WolE B35t RE 2lgd YARAR Hol:s

1. AN E 37 WA P 2A
OF L OEEE  mEHollE FFe
EEREESNY 2 2 R
RE R 3
e I B 5
R EE 1
ch g w4y wRd 38
R 5 8
a4 W 33
W RE 35
FHIRRN A WA BY B 6
RE R 3
R B 3
o o 24

2938

rpoB AR A dofyttt 187452 WA Wol: mpoB H
A2 FE 426-452 Atold] EAjct= RS EY 1Y
(rifampin resistance-determining region, RRDR) W0l 4] 35
A, YA 1959 BlolE Vall70PheAth. & 18845
T 174315(92.6%)= ©Y KA A Hol7F FRIE T
U] 1453 23 o9 fARolA #olE HATHIE
2). RRDR Y §3A} Ho|REE EA3t A3}, rpoB 437
450 91A1¥0](56.9%)7F 71} B2 EExE Hlon ofo] 2
= 4458} 435 WHo|7} 24z 27d5(14.4%), 2075(10.6%)
9] £o0= &9t & 450 WolF 10745 &
100957} Serd50Leute] Q] ¥ IE 445W0]= 735, 435
Ho)= 3%9] Hol7} #astqirt.

o]AYoAE WARHA}F Hol= F 1437004 FelE]
o RE ol katG inhA AR A EolElQiet E
5], katG A4 3154 f12WHolof 9t INH W/l 74.8%
(10735)E AA 8L ©]0] inhA c-777tH0]7F 21.0% (30

#H)9) 02 LESII

ol

S

A2 WHFHA Hol7t FelE AoFE 36279t
A2 PSR WOl gra 679 gy (925 #
HACNH AoJLow], gyra® gyrB FHA B A

RIE dFe 1dFAT AEWAZdY HolE2xE

rE
)

N
-

J

eIt A, gyrA FAA F= 74-113 H gyrB FAA 2
£ 461-499 Atolo] ZA et Fw2HAZ Y (quinolone
resistance-determining region) WolAl 3145(86.1%)2] ¥
o7} I= AL YA Hol= gyrB_Glu501Asp 4+t
gyrB_Ala504Val 173t 53| gyrA 34 941 §12] ¥
AR SHA T

MDR/RR-TB®] 44344 A =2}t (mapping the reads)
=, UWAERAA W HEFAAY] Sd W T (variant allele
frequency) & A3t 23}, FLT FHAF A A M Z HHE

F 39 F4A7F £¥(calling)ot= 60FE Ao ATHIE

www.phwr.org Vol 15, No 50, 2022
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B2 FAUNAEZT Y |AAU/E HolEx
OFH| KX = £H0| oE
ksl rpoB 170 Val - Phe 1(0.5)
430 Leu - Pro 10 (5.3)
432 Gln - Lys 1(0.5)
432 Gln - Leu 1(0.5)
432 Gln - Pro 6(3.2)
432 deletion 3(1.6)
432 insertion 1(0.5)
435 Asp - Tyr 52.7)
435 Asp - Gly 1(0.5)
435 Asp - Val 10 (5.3)
441 Ser - Leu 2(1.1)
441 Ser - Trp 1(0.5)
443 Leu - Phe 2(1.1)
445 His - Cys 1(0.5)
445 His - Asp 4(2.1)
445 His - Asn 2(1.1)
445 His - Tyr 5(2.7)
445 His - Arg 3(1.6)
445 His - Leu 4.1
445 His - Thr 1(0.5)
450 Ser - Gln 1(0.5)
450 Ser - Leu 100 (53.2)
450 Ser - Trp 2(1.1)
450 Ser - Phe 1(0.5)
452 Leu - Pro 6(3.2)
429, 430 Leu - Pro, Gln - His 1(0.5)
430, 434 Leu - Pro, Met - Leu 1(0.5)
430, 435 Leu - Pro, Asp - Gly 1(0.5)
431, 435 Ser — Gly, Asp - Gly 1 (0.5
432, 445 Gln — Lys, His - Asp 4(2.1)
434, 435 Met — Val, Asp - Gly 1 (0.5
435, 445 Asp — Ala, His - Asp 1(0.5)
443, 450 Leu — Phe, Ser - Leu 1(0.5)
445, 446 His — Pro, Lys - Gln 1(0.5)
445, 450 His — Asn, Ser - Gly 1(0.5)
449, 450 Leu — Met, Ser - Phe 1(0.5)
olAYoA = katG 162 insertion 1(0.7)
315 Ser - Thr 103 (72.0)
315 Ser - Asn 3(2.1)
650 insertion 1(0.7)
124, 315 deletion, Ser - Thr 1(0.7)
124, - deletion, inhA_c-777t 1(0.7)

www.phwr.org Vol 15, No 50, 2022
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B2 A%

kK| RX = ldl oFE
ojayor| = inhA - 777t 28 (19.6)

- t=770c 2(1.4)

94 S94A 2 (1.4)

-, 94 =777t S94A 1(0.7)
A= gyrA 90 Ala - Val 7 (19.4)

91 Ser - Pro 1(2.8)

94 Asp - His 2(5.6)

94 Asp - Asn 1(2.8)

94 Asp - Tyr 1(2.8)
94 Asp - Gly 5(13.9)
94 Asp - Ala 7 (19.4)

90, 94 Asp — Val, Asp — Ala/Gly 2(5.6)

gyrB 461 Asp - Asn 3(8.3)

499 Asn - Asp 1(2.8)

501 Glu - Asp 4(11.1)

504 Ala - Val 1(2.8)

gyrA, gyrB 90, 501 Asp — Val, Glu - Asp 1(2.8)

Values are presented as number (%).

3). A W& Feste 8RS EARIEE 37.8-
76.4%% ThFSHA HERRLT
A U/d FAAHOI7E ElH 18852 in-silico
Spoligotypinge 433+ A}
= SAHATHE 4). A 5 T 173¢5(92.0%)7F East-
o, 172475+ Beijing 20]=0] &30
o, UMA] 195:9] 0|5 ZRIEA] 943ttt MDR/RR-
% 1495(7.4%)= Euro-American A5 02 12¥F
o, YA 145
Y ol== Eo|t}. Indo-Oceanic A& o3
#7(0.5%) % 2H, o] +
E ok A #29] EEHAGS Spoligotyping =+ A £771

A3 At

, BE #F= M. tuberculosis
=

Asian AB0|2

€ T1 28°lE, 13tFE T2 SY°I=%RL

1o

Z9] Zdo|EE EAI2-MarZ &0l

F(spoligotype international type, SIT)< &3
SIT1°] 1395(73.9%)& t=E A5 2
), SIT190(105), SIT53(55), SIT956(35)9] <=O& £
Sttt

)

] SIT269(11

2940

gasio] u8) X =71zko] A3 A
2AFEO| Yol m Au AR A=) YA 2]
a3t} o2 98 Bt

HehEo] 4349 2go] ATHI k. B

=
oX
ot
ol
Ol
18
)
oy
+
ox,
o
>
N
N
iiz)

ox,
=
L
L
flo
Hl
HN
iy
>,
rE
r_oz
of
N
>
ne

EA49H, Xpert MTB/RIF
2 Y HEEE real-time PCR 7|5t AAPH(PCR), Line Probe

Assay (LPA)Y 50| Qlth. o] AAMEL B&E YASAR
gelgttt. PCR % LPA

SR} ofn)izate] B

U2 WHHEE 2T 5 Uk F7F RS ATV WGS

= 7€ G7IMEEAR Y] AT HdA e B 9UIAES
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B3 P8R 675 el R f AL 4
i X FAX| Y HE RUX CHE At B (%)
#1 rpoB 761139 H445Y C T 44.8
C 55.2
katG 2155168 S315T C G 42.3
C 57.7
#2 rpoB 761140 H445L A T 58.9
A 411
#3 gyrA 7570 A9OV C T 52.1
C 47.9
#4 rpoB 761155 $450L C T 37.8
C 62.2
gyrA 7570 A9OV C T 46.9
C 53.1
gyrB 6742 E501D A G 56.7
A 43.3
#5 rpoB 761135 L443F G C 44.0
G 56.0
rpoB 761155 S450L C T 59.6
C 40.4
katG 2155168 S315T C G 76.4
C 23.6
#6 gyrA 7582 D94G A G 35.2
A 64.8
&, vitdd, defutyE 59 A8 AAWA ot 3, Slgddsidddel Bls] gAWAg Aol oA
A9 2AY A 0 EYos As HANAANS BEA AT s FAINAN A 9A JPRE Het
A7k 202290 HAFEH AT 7]& XDR-TB] 42|17} MDR- Zlotuto] = 5 Bf oAl it WARIET} &2 AL &elst
TBORA] 3t 7FA] o]39] FLQ oFAoll W/golal 72 A Ak AU Zas 9] A, A&, 2ol 9lof 7143 oA
Aol WS 74 Ado|ld o] MDR/RR-TBO|HA] gt WAER RS e 27t o

7HA] o149l FLQ FAlol WiAdolar, 1 9 Witk E=
Y& s WS 7HAE 2802 HAE AT preXDR-
TB7} W BRAA ] 7= ATH3). 2 AR A BAS 2
A2 202097 2021d0] 3 #F0|A N A2 WA
EFAAC wet FAWF AN AS RS WGS 23
RR-TB 6575, MDR-TB 87+, preXDR-TB 36757} &
A=A, XDR-TB= &R1HA] e¥sk=H], °l= LZD BDQ
O] AHES 20209 ZHARAY /WY ERE ASHIL Qlof

WY Edo] BABEA Yokl /1A% S0 B
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olt}. £3], RRDROJA AA] ZANA ] 96.5%7F FEE
Aoz A k. B 2AGAE A4 AU 42
% 95.9%(188/19625)90 4 rpoB Ho]7} SHels| o n,

TAHE A

-

Ol

gl

99.4%(187¢5%)2] ¥o]7} RRDROJA]
o 5 AUtk SAR Mol B BA Adl rpoB SR 450,

445, 435 9} Wol7t A FHUWd 2] 79.8%F A

2941


http://www.phwr.org

I Public Health Weekly Rsum:'\

I 4. FANEEs F59 Spoligotyping EEHZ

HE Zo|= SIT No. wEE
East-Asian Beijing 1 139 (73.9)
East-Asian Beijing 269 11 (5.9)
East-Asian Beijing 190 10 (5.3)
East-Asian Beijing 265 2(1.1)
East-Asian Beijing 406 2(1D)
East-Asian Beijing 1674 1(0.5)
East-Asian Beijing 2101 1 (0.5
East-Asian Beijing 255 1(0.5)
East-Asian Beijing 2610 1 (0.5
East-Asian Beijing 2979 1 (0.5
East-Asian Beijing 632 1(0.5)
East-Asian Beijing Orphan or New 2(1.1)
East-Asian Not defined Orphan or New 1(0.5)
Euro-American T1 53 5(2.7)
Euro-American T1 956 3(1.6)
Euro-American T1 628 2(1.1)
Euro-American T1 253 1(0.5)
Euro-American T1 102 1(0.5)
Euro-American T2 52 1(0.5)
Euro-American Not defined Orphan or New 1(0.5)
Indo-Oceanic EAI2-Mar 19 1(0.5)
Total 188 (100.0)

Values are presented as number (%). SIT=spoligotype international type.

Ao 7129 Bael fARE 225 HYH5]. 9, ojay
oA E9] WAL katGS} inhA FHAF9] Holo] 93 Gr &
o, o] A WHolR#AE B3l AS5T 5 Y= WA
A W EE 91.2%E HUE ok B oA 243
AA o] AU EWEAY 14945 F 144 +F
oA WEFHAF #ol7k I BE WiEH
= katG & AR A ZelEdoH, WMol

A7} o]
A9} inhA &
FAF 3159 Y1AHo] 74.8%(107x7)9F inhA
c=777t ¥o] 21.0%(30w)7t HokE AAsHit. AsE
WA gyrA®k gyrB AR #olof o fr=H v, °F 96.4%
UHAEE 7T Qs A0 FEA dre]. £ Aol A
= gyrA_A9OVE} gyrA_D94AC] o3 AR ESt A Az
£ WA 47.2%(17/367)5 AAsts ALz A,

A= katG

1o
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W24 ol o] ¥l Al7], 57} 2 A o] whe} 4Fo]
Stohal A Qltt & AFAT oA ZelE WAERHA ¥
o|9] Nl A% AFolM LA e =Wl WAEZH +
Ao N = 9} FrAfgHS SIS 4
FEA R 5 Y SEY IR W= IS WA
w5t A7 BAll et B9t E W/ (Hetero-
resistance) ¥t 77352t WA wt=7F Zo] A
FAIF A ol S8% LR/E

2lo]et. £ Aol H FY FAA H] A=

(mixed infection)>

%
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2774 SolH SA% 28 MRl Wals BAsts A
840 A7 @ Bejo] £8o] P 4 9L Ao|THs).

AHL M. tuberculosis Y= M. bovis, M. africanum,
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Analysis of Antibiotic—resistant Gene Characteristics of

Drug-resistant Mycobacterium tuberculosis from the
Republic of Korea (2020-2021)
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Cheongiju, Korea

ABSTRACT

Drug-resistant tuberculosis (DR-TB) is one of the major public health challenges owing to its long treatment period and low
treatment success rate. For a rapid and accurate diagnosis of drug resistance, many countries are using recently introduced
whole genome sequencing (WGS). In this study, a total of 196 DR-TB strains were collected through a contact investigation in
a congregate setting between 2020 and 2021, and WGS was conducted. In all, 188 DR-TB strains were identified as rifampin-
resistant TB. Mutations in only the rpoB gene were found to be associated with rifampin resistance and mutations in 187
strains were identified in the region determining rifampin resistance, except for in the case of one strain. The most prevalent
mutation was rpoB_S450L (100/188, 53.2%). Gene mutations related to isoniazid resistance were identified in 143 strains,
and the most prevalent mutations were katG_S315T (107 isolates, 74.8%) and inhA_c-777t (30 strains, 21.0%). Among
36 quinolone-resistant strains, 31 had mutations in the gyrA and gyrB gene regions that determine quinolone resistance.
Mutations in codon 94 of gyrA (16/36, 44.4%) were the most frequent. The sensitivity of WGS compared with that of the
phenotypic drug susceptibility test for rifampin and isoniazid was 96.6% and 95.9%, respectively. In addition, in silico
spoligotyping revealed that 91.5% of the rifampin-resistant strains belonged to the Beijing clade. In conclusion, we found that
WGS has excellent potential for application in drug resistance prediction and provides valuable information including strain
typing. In the future, it would be necessary to use WGS to analyze the molecular characteristics and distribution status of

drug-resistant strains.

Key words: Tuberculosis; Drug-resistant; Whole genome sequencing; Genetic profile
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Introduction Mycobacterium tuberculosis, M. bovis, M. africanum, and M.
canettii, etc. and is transmitted through the air without any
Tuberculosis is an infectious disease caused by members of vector. Although most cases of tuberculosis are pulmonary

the Mycobacterium tuberculosis complex (MTBC), including tuberculosis, which occurs in the lungs, extrapulmonary
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Key messages
(D What is known previously?

Drug-resistant tuberculosis, is a high burden of infec-
tious disease. Rapid and accurate diagnosis is essential
for treatment and management of the disease.

@ What new information is presented?

A total of 196 drug-resistant tuberculosis strains were
analyzed by whole genome sequencing (WGS). The test
sensitivity of WGS compared to the phenotypic drug
susceptibility test for rifampin and isoniazid were 96.6%
and 95.9%. In addition, 91.5% of rifampin-resistant
strains were belonged to Beijing Clade.

(® What are implications?

It is necessary to continuous drug resistance profiling
analysis for improving treatment outcomes and reduing
the subsequent transmission of resistant strains.

tuberculosis accounts for approximately 11-17% of all
tuberculosis cases. Adults comprise approximately 90% of
tuberculosis patients, and about one-fourth of the world
population is estimated to have latent TB infection. In 2020, the
World Health Organization (WHO) reported approximately
9.9 million tuberculosis cases and 1.3 million deaths worldwide.
Among those, approximately 25,000 tuberculosis cases and
2,000 deaths were reported from the the Republic of Korea
(ROK) [1].

Tuberculosis caused by strains that are resistant to at least
one type of antibiotics is termed drug-resistant tuberculosis.
The ROK defines tuberculosis caused by strains that are
resistant to isoniazid (INH) and rifampin (RIF), the most
important medications in the treatment of TB, with or without
resistance to other drugs, as INH-resistant tuberculosis (INH-

TB) and RIF-resistant tuberculosis (RR-TB). In addition,

www.phwr.org Vol 15, No 50, 2022

tuberculosis caused by strains that are resistant to both INH
and RIF are classified as multidrug-resistant tuberculosis
(MDR-TB), and RR-TB or MDR-TB (MDR/RR-TB) that
is also resistant to fluoroquinolones (FLQ) is classified as
pre-extensively drug-resistant TB (preXDR-TB). Finally,
preXDR-TB resistant to any Group A drug (linezolid, LZD or
bedaquiline, BDQ) is managed by classifying it as extensively
drug-resistant TB (XDR-TB) [2].

Because MDR/RR-TB has a long treatment period of
approximately 20 months and the success rate of its treatment
is lower than that of drug-sensitive tuberculosis, treating
MDR/RR-TB is considered one of the biggest challenges in
the management and prevention of tuberculosis. The number
of MDR-TB cases in the ROK reached 1,212 in 2012 and
gradually decreased to 399 in 2020, but the Republic of Korea
still ranks third in having the highest number of MDR/RR-
TB cases among Organization for Economic Cooperation and
Development member countries [1-3]. Since drug-resistant
tuberculosis has a high rate of treatment failure and recurrence,
along with side effects from medications, it is important to
diagnose drug resistance based on the results of rapid and
accurate antitubercular drug susceptibility tests and select
appropriate medications for treatment [4]. For diagnosing
drug-resistant tuberculosis, conventional drug susceptibility
tests and molecular biological assays are recommended.
Molecular biological assays, which uses gene mutation analysis,
has more than 90% sensitivity compared with conventional
drug susceptibility tests and is advantageous because of its
short testing time and convenient application. In addition
to diagnosing Drug-resistant tuberculosis, whole genome
sequencing (WGS) can identify the transmission patterns

of drug-resistant tuberculosis within a country or region by
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analyzing the distribution of resistance gene mutations and
genotyping analysis; therefore, WGS is used in a standardized
system for the diagnosis of tuberculosis in various countries,
such as the United Kingdom and Belgium [4-6]. Furthermore,
in 2021, to assist the diagnosis of drug-resistant tuberculosis
using WGS, WHO published a catalogue of resistant MTBC
genes that lists the currently known major mutations in
MTBC worldwide and their association with antitubercular
drug resistance [7]. Since 2018, the Republic of Korea has
established a groundwork for using WGS in the diagnosis,
characterization, and identification of the phylogenetic
association of drug-resistant tuberculosis genes and has been
using it for the prevention and management of tuberculosis.
In this study, we performed WGS on 196 drug-resistant M.
tuberculosis strains collected from contact investigation in
congregated setting in 2020 and 2021 and established a method
for analyzing drug-resistant gene mutations using the WHO’s
resistant gene catalogue. The current resistance status and
characteristics and phylogenetic characteristics of these strains

were also analyzed.

Methods

1. Strain Collection and DNA Extraction

We collected 196 drug-resistant tuberculosis strains in 2020
and 2021 through contact investigation in congregate setting.
The collected strains were cultivated in the Mycobacteria
Growth Indicator TubeA 960 system (Becton Dickinson,
Sparks, MD, USA) and Lowenstein-Jensen medium. The
cultivated strains were subjected to bead beating using a
FastPrep-24 homogenizer (MP biomedicals, Irvine, CA, USA)

at a speed of 4.0 m/s for 20 seconds. All strain cultivation and

2946

homogenization processes were performed in a biosafety level
3 laboratory. The homogenized samples were inactivated at
100°C for 10 minutes and then taken out of the laboratory.
DNA extraction was performed on these samples using the
Quick-DNA Fungal/Bacterial Miniprep Kit (Zymo Research,
Irvine, CA, USA) or QIAamp DNA Blood Mini Kit (Qiagen,
Hilden, Germany) with QIAcube HT automated system
(Qiagen), according to the manufacturer’s instructions. The
extracted DNA was quantified using a Qubit 2.0 fluorometer
(Life Technologies, Carlsbad, CA, USA) and stored at —20°C
for WGS.

2. Library Construction and WGS

The library for WGS was prepared using the Ion Xpress
Plus Fragment Library Kit for the automated AB Library
Builder System (Thermo Fisher Scientific, Waltham, MA,
USA). The barcoded library generated was pooled to make
the sequence coverage 100x. The prepared template was
loaded onto an Ion chip using the Ion 540 Kit-Chef (Thermo
Fisher Scientific), and WGS was performed using an Ion
GeneStudio S5 system (Thermo Fisher Scientific). FASTQ files
containing nucleotide sequence were trimmed using the CLC
genomic workbench program (Qiagen), and mapping and
variant calling were performed using the reference genome M.
tuberculosis H37Rv (GenBank accession no. NC_000962.3).
The relation of genetic mutations with antibiotic resistance was
analyzed using the WHO published resistant MTBC catalogue
[7].

3. Analysis of Genetic Mutations Associated with
Resistance

To determine the resistance-related gene mutations, genes
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resistant to RIF (rpoA, rpoB, rpoC, and Rv2752c), INH (ahpC,
inhA, katG, mshA, ndh, Rvi258¢c, and Rv2752c), ethambutol
(embA, embB, embC, embR, and ubiA), pyrazinamide (pncA,
clpC, panD, Rv1258c, PPE35, and Rv3236¢), quinolone (gyrA

and gyrB), and linezolid (rpIC and rrl) were analyzed.

4. In silico Spoligotyping

For in silico spoligotyping, FASTQ files obtained from
WGS were analyzed using the SpoTyping v2.0 software (https://
github.com/xiaeryu/SpoTyping-v2.0). MTBC phylogeny was
analyzed using the analyzed spoligotyping results and the
SITVIT2 (http://pasteur-guadeloupe.fr:8081/SITVIT2/) and
TB-Insight databases (http://tbinsight.cs.rpi.edu/).

Results

WGS, conducted for 196 MTBC strains, detected RIF-
resistant gene mutations in 188 strains. By categorizing RIF-
resistant gene mutations according to the drug-resistant
tuberculosis classification system, 38 RR-TB strains, 114 MDR-
TB strains, and 36 preXDR-TB strains were identified; XDR-
TB strain was not detected (Table 1). In addition to INH,
RIF, and FLQ resistance, resistance to ethambutol (EMB) and
pyrazinamide (PZA), which are the primary medications that
are used in tuberculosis treatment, was also detected. Although
29 RR-TB strains (76.3%) were not resistant to other drugs, 76
MDR-TB strains (66.7%) and 30 preXDR-TB strains (91.8%)
showed resistance to EMB or PZA. Additionally, we identified
one INH-TB strain without any RIF-resistant gene mutation,
one TB strain without INH- and RIF-resistant gene mutation
but with EMB- and PZA-resistant gene mutations, and 6

strains without any relevant gene mutation to the medications

www.phwr.org Vol 15, No 50, 2022

analyzed in this study.

Resistance gene mutations of 188 RR-TB strains identified
through WGS were analyzed. All RIF-resistant gene mutations
occurred in the rpoB gene. Resistance gene mutations in 187
strains were localized in the rifampin resistance-determining
region (RRDR) between codons 426 and 452, and the mutation
in the remaining one strain was Val170Phe. We found that 174
RR-TB strains (92.6%) had mutations in a single gene and the
remaining 14 strains had mutations in two or more regions
(Table 2). The results of the gene mutation distribution within
RRDR revealed that position change of codon 450 of the rpoB
gene exhibited the highest distribution (56.9%), followed by
codon 445 and 435 mutations in 27 (14.4%) and 20 strains
(10.6%), respectively. Furthermore, 100 of the 107 codon 450
variants had Ser450Leu mutation, and 7 types of mutation in
codon 445 and 3 types in codon 435 were identified.

INH-resistant gene mutations were identified in 143

Table 1. Resistance pattern of Drug-resistant TB strains
reslijsrtl:a?\ce Ethambutol Pyrazinamide b’;lgt.ecl)'}ca

RR-TB S S 29

R S 3

S R 5

R R
MDR-TB S S 38

R S 8

S R 33

R R 35
PreXDR-TB S S 6

R S 3

S R 3

R R 24
TB=tuberculosis; RR-TB=RIF-resistant TB; MDR-TB=multidrug
resistant-TB; PreXDR-TB=pre-extensively drug resistant-TB;
S=susceptible; R=resistant.
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Table 2. Resistance pattern of drug-resistant TB strains

Drug Gene Codon Variant No. of bacteria

Rifampin rpoB 170 Val - Phe 1(0.5)
430 Leu - Pro 10 (5.3)
432 Gln - Lys 1(0.5)
432 Gln - Leu 1(0.5)
432 Gln - Pro 6(3.2)
432 deletion 3(1.6)
432 insertion 1(0.5)
435 Asp - Tyr 52.7)
435 Asp - Gly 1(0.5)
435 Asp - Val 10 (5.3)
441 Ser - Leu 2(1.1)
441 Ser - Trp 1(0.5)
443 Leu - Phe 2(1.1)
445 His - Cys 1(0.5)
445 His - Asp 4(2.1)
445 His - Asn 2(1.1)
445 His - Tyr 5(2.7)
445 His - Arg 3(1.6)
445 His - Leu 4(2.1)
445 His - Thr 1(0.5)
450 Ser - Gln 1(0.5)

450 Ser - Leu 100 (53.2)
450 Ser - Trp 2(1.1)
450 Ser - Phe 1(0.5)
452 Leu - Pro 6(3.2)
429, 430 Leu - Pro, Gln - His 1(0.5)
430, 434 Leu - Pro, Met - Leu 1(0.5)
430, 435 Leu - Pro, Asp - Gly 1(0.5)
431, 435 Ser — Gly, Asp - Gly 1 (0.5
432, 445 Gln — Lys, His - Asp 4(2.1)
434, 435 Met - Val, Asp - Gly 1 (0.5
435, 445 Asp — Ala, His - Asp 1(0.5)
443, 450 Leu — Phe, Ser - Leu 1(0.5)
445, 446 His — Pro, Lys - Gln 1(0.5)
445, 450 His — Asn, Ser - Gly 1 (0.5
449, 450 Leu — Met, Ser - Phe 1(0.5)
Isoniazid katG 162 insertion 1(0.7)

315 Ser - Thr 103 (72.0)
315 Ser - Asn 3(2.1)
650 insertion 1(0.7)
124, 315 deletion, Ser - Thr 1(0.7)
124, - deletion, inhA_c-777t 1(0.7)
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Table 2. Continued
Drug Gene Codon Variant No. of bacteria

Isoniazid inhA - 777t 28 (19.6)

- t=770c 2(1.4)

94 S94A 2 (1.4)

-, 94 c-777t, S94A 1(0.7)
Fluoroquinolne gyrA 90 Ala - Val 7 (19.4)

91 Ser - Pro 1(2.8)

94 Asp - His 2(5.6)

94 Asp - Asn 1(2.8)

94 Asp - Tyr 1(2.8)
94 Asp - Gly 5(13.9)
94 Asp - Ala 7 (19.4)

90, 94 Asp — Val, Asp — Ala/Gly 2(5.6)

gyrB 461 Asp - Asn 3(8.3)

499 Asn - Asp 1(2.8)

501 Glu - Asp 4(11.1)

504 Ala - Val 1(2.8)

gyrA, gyrB 90, 501 Asp — Val, Glu - Asp 1(2.8)

Values are presented as number (%).

strains, and all mutations were localized in the katG and inhA
genes. We found that 107 strains had a position change for
codon 315 in the katG gene, whereas inhA c-777t mutation
was present in the remaining 30 strains (21.0%).

Quinolone-resistant gene mutations were identified in
36 M. tuberculosis strains and localized in the genes gyrA
(26 strains) and gyrB (9 strains). One strain had mutations in
both gyrA and gyrB. The gene mutation distribution results
of quinolone-resistant M. tuberculosis strains revealed that
31 strains (86.1%) had mutations in the quinolone resistance-
determining region, which is present between codon 74-
113 of gyrA and codon 461-499 of gyrB, whereas four strains
exhibited the mutation gyrB_Glu501Asp and one strain,
gyrB_Ala504Val. Most strains (18 strains; 50.0%) exhibited
mutations at position 94 of the gyrA gene.

After mapping the reads of the MDR/RR-TB genome, the

results of analyzing variant allele frequency for resistant gene

www.phwr.org Vol 15, No 50, 2022

and allelic gene identified 6 strains with two different genes at
the same locus (Table 3). The frequency of gene calling that
induce antitubercular resistance varied from 37.8-76.4%.

In silico spoligotyping of 188 strains with RIF-resistant gene
mutations revealed that all strains were M. tuberculosis (Table
4). We found that 173 strains (92.0%) were of East-Asian
lineage, 172 strains belonged to the Beijing clade, and the clade
of the remaining one strain could not identified. Furthermore,
14 (7.4%) of the MDR/RR-TB strains were of Euro-American
lineage, 12 belonged to the T1 clade, one belonged to the T2
clade, and the remaining one strain could not be identified.
One strain (5.0%) had Indo-Oceanic lineage, and its clade was
identified to be EAI2-Mar. Analyzing the distribution status of
all strains according to spoligotyping international type (SIT),
we found that SIT1 occupied the highest number (139 strains;
73.9%), followed by SIT269 (11 strains), SIT190 (10 strains),

SIT53 (5 strains), and SIT956 (3 strains).
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Table 3. Variant allele frequency of 6 drug-resistant TB strains
MTBC Gene Genp_me Variant Reference allele  Called allele Frequency (%)
position

#1 rpoB 761139 H445Y C T 44.8
C 55.2

katG 2155168 S315T C G 42.3

C 57.7

#2 rpoB 761140 H445L A T 58.9
A 41.1

#3 gyrA 7570 A9QV C T 52.1
C 47.9

#4 rpoB 761155 $450L C T 37.8
C 62.2

gyrA 7570 A9OV C T 46.9

C 53.1

gyrB 6742 E501D A G 56.7

A 43.3

#5 rpoB 761135 L443F G C 44.0
G 56.0

rpoB 761155 S450L C T 59.6

C 40.4

katG 2155168 S315T C G 76.4

C 23.6

#6 gyrA 7582 D94G A G 35.2
A 64.8

TB=tuberculosis; MTBC=Mycobacterium tuberculosis complex.

Discussion (Conclusion)

Since drug-resistant tuberculosis has a longer treatment
period and a lower rate of treatment success in comparison to
drug-sensitive tuberculosis, appropriate drug sensitivity testing
is necessary at an early stage. For this purpose, use of molecular
biological diagnoses is recommended. Molecular biological
diagnostic methods include DNA sequencing, real-time PCR
representative of MTB/RIF, and line probe assay (LPA). All
these tests can find resistance by detecting the presence or
absence of resistant gene mutations. Relative to PCR and LPA,
DNA sequencing can suppress false positive diagnostic errors

caused by silent mutations by providing accurate information
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about mutation of gene and amino acid and provide additional
information that can predict the degree of resistance following
gene mutation. Because WGS can analyze all the nucleotide
sequences of a pathogen, WGS can more efficiently identify
MTBC and analyze their molecular mechanisms.

The classification system of drug-resistant tuberculosis
has changed in 2022 because of the development and
implementation of oral MDR-TB treatments such as linezolid,
bedaquiline, and delamanid. The existing definition XDR-
TB has changed from MDR-TB with resistance to FLQ and
second-line injectable drugs MDR/RR-TB with resistance to
one of FLQ as well as bedaquiline or linezolid, and preXDR-

TB has been added to the resistance classification system [3].
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Table 4. Spoligoprofiles of drug-resistant strains
Lineage Clade SIT No. No. of bacteria
East-Asian Beijing 1 139 (73.9)
East-Asian Beijing 269 11 (5.9)
East-Asian Beijing 190 10 (5.3)
East-Asian Beijing 265 2(1.1)
East-Asian Beijing 406 2(1.1)
East-Asian Beijing 1674 1 (0.5
East-Asian Beijing 2101 1(0.5)
East-Asian Beijing 255 1(0.5)
East-Asian Beijing 2610 1(0.5)
East-Asian Beijing 2979 1(0.5)
East-Asian Beijing 632 1(0.5)
East-Asian Beijing Orphan or New 21D
East-Asian Not defined Orphan or New 1(0.5)
Euro-American T1 53 5(2.7)
Euro-American T1 956 3(1.6)
Euro-American T1 628 2(1.1)
Euro-American T1 253 1(0.5)
Euro-American T1 102 1(0.5)
Euro-American T2 52 1(0.5)
Euro-American Not defined Orphan or New 1(0.5)
Indo-Oceanic EAI2-Mar 19 1(0.5)
Total 188 (100.0)
Values are presented as number (%). SIT=spoligotype international type.

Although the M. tuberculosis strains evaluated in this study
were collected in 2020 and 2021, they were classified as drug
resistance according to the new resistance classification system.
WGS identified 65 RR-TB strains, 87 MDR-TB strains, and 36
preXDR-TB strains. XDR-TB strain was not detected, which
may be because the revised clinical guidelines for tuberculosis
in 2020 recommended the use of LZD and BDQ, and therefore,
completely resistant strains did not emerge. However, MDR-
TB and XDR-TB were found to have more resistance to other
medications such as ethambutol and pyrazinamide than RR-
TB and MDR-TB, respectively. It is necessary to consider
the possibility of additional drug resistance in the diagnosis,

treatment, and management of MDR-TB.

www.phwr.org Vol 15, No 50, 2022

According to the MTBC resistance gene catalogue
published by WHO, RIF resistance is induced by mutations
in the rpoB gene, and the accuracy of molecular biological
resistance diagnosis is 92.3% compared with that of
conventional drug susceptibility tests. And 96.5% cases of
RIF resistance was induced by mutations in the RRDR. We
found that rpoB mutations were observed in 95.9% (188/196
strains) of the total RR-TB strains, and 187 strains (99.4%) had
mutations in the RRDR. Gene mutation distribution analysis
revealed that mutations in codons 450, 445, and 435 of the
rpoB gene occupied 79.8% of total RRDR mutations, which
was in accordance with the results of a previous study [5].

Meanwhile, resistance to INH is induced by the katG and inhA
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gene mutations, and the sensitivity of the resistance assay that
can predict these genetic mutations is reported to be 91.2%.
In 144 of the total 149 INH-resistant TB strains (96.6%) that
were analyzed in this study, resistance mutation was detected.
All resistance gene mutations were detected in the genes katG
and inhA, and mutations of 107 strains (74.8%) were localized
in codon 315 of the katG gene and 30 strains (21.0%) had the
mutation inhA c¢-777t. Quinolone resistance is induced by
gyrA and gyrB mutations and is known to have a sensitivity of
approximately 96.4% [6]. Resistance induction by gyraA_A90V
and gyraA_94A mutations was identified in 17 out of the 36
strains (47.2%). Frequency of resistance gene mutation varies
according to time and country. The frequency of resistance
gene mutation quantified in this study is consistent with that
reported by previous studies [5].

Heteroresistance, in which subpopulations of strains in the
same culture acquire resistance during drug treatment so that
resistant and susceptible strains of the same clone coexist, and
mixed infection, in which susceptible and resistant strains are
infect an individual simultaneously, are factors that can cause
critical errors in drug susceptibility tests. We identified 6 strains
with different genes in the same locus to have the potential
to cause heteroresistance or mixed infection. Although this
study was unable to determine the exact reason behind
heteroresistance and mixed infection owing to limitations in
the medical and treatment history of the tuberculosis patients,
analyzing the frequency of gene calling using follow-up tests
and WGS may help in the treatment and management of
tuberculosis patients [8].

In addition to M. tuberculosis, other pathogens, such
as M. bovis, M. africanum, and M. canettii can also cause

tuberculosis. Thus, identifying the causative bacteria is one
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of the important steps in tuberculosis management. MTBC
identification using in silico spoligotyping with WGS is more
efficient than conventional tuberculosis diagnosis systems. In
this study, all cases of RR-TB were induced by M. tuberculosis,
and 92.0% of these strains was confirmed to belong to
East-Asian phylogeny. Previous studies have reported that
phylogenetic distribution of MTBC differs by region and
country and is closely associated with the occurrence of
drug-resistant tuberculosis. Thus, continuous monitoring is
necessary for understanding the transmission pattern and
characteristics of drug-resistant tuberculosis [9].

This study established a WGS method for some major
drugs used in tuberculosis treatment, and this method was
confirmed to provide more accurate and detailed results.
Further studies on MTBC WGS is necessary for determining
the resistance characteristics and status of drug-resistant

tuberculosis strains.
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Monitoring of Chiggers (Scrub Typhus Vector) in
the Republic of Korea, 2021

Tae—-Kyu Kim, Jung-Won Ju, Hee il Lee*

Division of Vectors and Parasitic Diseases, Bureau of Infectious Disease Diagnosis Control,
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ABSTRACT

Scrub typhus is an acute febrile disease in autumn and is known to be transmitted by chiggers infected with Orientia
tsutsugamushi. In order to survey occurrence of chiggers in the Republic of Korea, chiggers were collected weekly at 16 locations
nationwide from August 25, 2021, to December 15, 2021. The number of chiggers collected per trap per week was calculated
for comparison. The period of increasing of chiggers was delayed by 2 weeks compared to 2020. Moreover, after showing the
highest occurrence (week 44), it decreased gradually because of the warmer temperature. Of the total 4,636 chiggers, 4,614 were
identified as 16 species in 5 genera. Among them, Leptotrombidium scutellare was the dominant species with 1,207 specimens
(26.0%). In 2021, the incidence of scrub typhus (per 100,000 population) was the highest in Jeollanam-do (60.69), and the
species composition of L. scutellare was high (70.6%). In addition, after the increase in the occurrence of L. scutellare, the patient
incidence increases around the distribution area of the species. Considering these facts, it appears that the occurrence of L.
scutellare is closely related to patient incidence. Given the recent aging of the rural population and an increase in the number of
people working outdoors, there is a high concern that the number of scrub typhus patients will increase. Therefore, continuous

investigation is necessary.

Key words: Scrub typhus; Chiggers; Leptotrombidium scutellare
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Introduction

Scrub typhus, a class 3 infectious disease, is an acute fe-
brile infection mainly occurring in some parts of Asia.
Approximately a million cases are annually reported world-
wide and a billion people are estimated to be exposed to the

risk of infection [1-3]. Most patients infected with Orientia

2962

tsutsugamushi are cured with antibiotic treatment, but in
the Republic of Korea (ROK), mortalities continue to occur.
Mortality is as high as 30% if not treated with appropriate an-
tibiotics [4]. The first case of scrub typhus in the ROK was re-
ported in 1951 during Korean War and serological studies
were conducted from 1986 through 1993. Scrub typhus was

designated as a legal infectious disease in 1994 and has been
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Key messages
(D What is known previously?

Scrub typhus, a class 3 infectious disease, is known to
be spread through chiggers infected with Orientia tsutsu-
gamushi. In the Republic of Korea, eight species among
a total of 14 genera and 59 species of chiggers such as
Leptotrombidium scutellare and L. pallidum, were re-
ported to transmit scrub typhus.

(@ What new information is presented?

The trap index in 2021 was 14.49, an increase of 24.7%
compared to 11.62 in 2020. An increase in the occur-
rence of chiggers is delayed by two weeks compared to
2020, and after showing the highest occurrence (week
44), it decreased gradually. Of the total 4,636 chiggers,
4,614 were identified as 16 species in 5 genera. Among
them, L. scutellare is the dominant species with 1,207
specimens (26.0%). In 2021, the incidence rate of scrub
typhus (per 100,000 population) was the highest in
Jeollanam-do at 60.69, and the species composition of L.
scutellare was high at 70.6%.

® What are implications?

The occurrence of scrub typhus increased around the re-
gions where the species of L. scutellare was spread. It ap-
pears that the occurrence of the species is closely related
to the incidence of patients.

managed as such since then [3,5]. Scrub typhus is known to be
transmitted through chiggers infected with O. tsutsugamushi.
In the ROK, eight species among a total of 14 genera and 59
species of chiggers, such as Leptotrombidium scutellare and
Leptotrombidium pallidum, were reported to transmit scrub
typhus [0].

Division of Vectors and Parasitic Diseases at the Korea
Disease Control and Prevention Agency (KDCA) performs
annual surveillance on the occurrence and distribution of the

scrub typhus vector, chiggers, to provide information regarding

www.phwr.org Vol 15, No 50, 2022

the timing and trend of the occurrence. This report presents

the 2021 results.

Methods

Chigger surveillance was performed nationwide by 16
regional Climate Change Vector Surveillance Centers un-
der KDCA. The surveillance was conducted in the following
16 regions: two in Gangwon-do (Gangneung-si, Cheorwon-
gun), three in Gyeonggi-do (Yeoju-si, Paju-si, Hwaseong-
si), one in Chungcheongbuk-do (Okcheon-gun), two in
Chungcheongnam-do (Boryeong-si, Yesan-gun), two in
Jeollabuk-do (Jeongeup-si, Jinan-gun), one in Jeollanam-
do (Boseong-gun), two in Gyeongsangbuk-do (Gimcheon-
si, Yeongdeok-gun), two in Gyeongsangnam-do (Geoje-si,
Hapcheon-gun), and one in Jeju-do (Jeju-si).

The survey was conducted in selected environments such
as rice fields, dry fields, waterways, and grassland in consider-
ation of the possibility of people coming into contact with chig-
gers. Within each environment, the spots where the activities
of rodents, which are the main hosts of chiggers, were expected
to be frequent were selected. And the survey is performed in
the same spots every year. Surveillance is conducted in au-
tumn when the incidence of patients with scrub typhus is con-
centrated, and in 2021, weekly surveys were conducted from
August 25 to December 15 for a total of 16 weeks. To capture
chiggers a chigger trap (Patent no. 10-1555975) developed by
the KDCA was used. In each of the survey regions, a total of 20
traps, five per environment, with sticky tape and mite attractant
inside were placed. The tapes were collected in a week interval,
on Wednesdays, during the survey period and sent to the cor-

responding regional center for observation under dissecting
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microscopes. Microscope slides were made with those suspect- .
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Table 2. Number of chiggers by species in 2021
Species GW GG CB CN JB JN GB GN JJ Total (%)

Leptotrombidium 22 8 17 43 99 274 2 664 78 1,207 (26.0)
scutellare”

Leptotrombidium 64 87 74 57 27 36 129 519 - 993 (21.4)
palpale”

Neotrombicula 684 1 6 - 175 - 32 14 - 912 (19.7)
tamiyai

Neotrombicula 507 4 - - 48 70 - - - 629 (13.6)
kwangneungensis

Leptotrombidium 117 305 60 59 4 2 29 23 8 607 (13.1)
pallidum®

Helenicula 6 - 12 1 - 5 46 - - 70 (1.5)
miyagawai®

Leptotrombidium 68 - - - - - - - - 68 (1.5)
tectum

Leptotrombidium 57 3 - 1 1 - - - - 62 (1.3)
orientale”

Neotrombicula 28 - - - - - 1 - - 29 (0.6)
japonica”

Neotrombicula - - - 7 - 1 9 - - 17 (0.4)
gardellai

Neotrombicula - - - - 4 - 4 - - 8(0.2)
nagayoi

Leptotrombidium - - - - - - - 4 - 4 (<0.1)
gemiticulum

Euschoengastia - 1 - - - - 2 - - 3 (<0.1)
koreaensis”

Leptotrombidium 1 1 - - - - - - - 2 (<0.1)
subintermedium

Leptotrombidium - 1 - - - - - 1 - 2 (<0.1)
zetum”

Neoschoengastia - - - - - - 1 - - 1(<0.1)
asakawai

Unidentified 11 - - - 8 - 1 - 2 22(0.5)

Total (%) 1,565 411 169 168 366 388 256 1,225 88 4,636 (100.0)

(3389 B9 Go Go (79 64H (G5 (264 19
GW=Gangwon; GG=Gyeonggi: CB=Chungbuk, CN=Chungnam; JB=Jeonbuk; JN=Jeonnam; GB=Gyeongbuk; GN=Gyeongnam; JJ=Jeju. *Vector
species of scrub typhus.

2). L. scutellare, a primary vector of scrub typhus, was found n=629 (13.6%), and L. pallidum, n=607 (13.1%).
to be the dominant species, n=1,207 (26.0%), followed by In the 2021 surveillance, the occurrence of chiggers was
Leptotrombidium palpale, n=993 (21.4%), Neotrombicula low up to week 42 and rapidly rose in weeks 43 and 44.

tamiyai, n=912 (19.7%), Neotrombicula kwangneungensis, Thus, compared to 2020 and the most recent 5-year average

www.phwr.org Vol 15, No 50, 2022 2965
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Figure 1. Weekly incidences of total chiggers and average temperature (temp.) in 2021
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Figure 2. Weekly incidences of major vector and scrub typhus patients in 2021

(2016-2020), the timing of the increase was delayed for 2
weeks, from week 41 to week 43 (Figure 1). Even after a rapid
increase, the occurrence was higher in 2021 in comparison to
2020 and the average. The trap index in week 45 was 5.64,
which was greater than the trap index in 2020 (5.35), and
in week 49 the index was 12.22, which was greater than the
5-year average (11.66). Finally, in week 51 the trap index was
as high as 14.55, increased by 25.2% vs. 2020 (11.62) and by
14.7% vs. the average (12.68).

2966

The number of individuals confirmed to be a scrub typhus
vector species was 2,973, approximately 64.1% of the total
number of individuals. To investigate the interrelation between
the top 3 prevalent vector species (L. scutellare, L. palpale, and
L. pallidum) and the occurrence of scrub typhus, the timing
of occurrence and the distribution of each species were ex-
amined. Regarding the timing of occurrence of the top three
prevalent species, L. scutellare and L. pallidum had the highest
count in week 44 (4th week of October), n=360 and n=174,

www.phwr.org Vol 15, No 50, 2022
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respectively, and L. palpale in week 49 (1st week of December),
n=218 (Figure 2). Regarding geographic distributions of the
major three vector species, L. scutellare was dominant in the
south region, while L. pallidum was dominant in the central re-
gion (Figure 3). In Gangwon-do, the region in which the num-
ber of individuals was the highest, n=1,565, the proportion
of vector species was 18.8% (n=294) and the occurrence of
scrub typhus was the lowest, 1.88 per 100,000 population. In
Jeollanam-do, the region with the highest occurrence of scrub
typhus (60.69), the proportion of vector species was 81.7%
(n=317) (Tables 2, 3).

Discussion

To analyze the reasons of delayed occurrence of chiggers by
approximately 2 weeks vs. the average and the overall increase
in population in 2021, the weekly average temperature in the

16 survey regions was examined and comparative analysis was

A Leptotrombidium scutellare B

X

B
© Collecting sites
No. of chigger mite 0

Leptotrombidium palpale C

performed. The average temperature between weeks 36 to 42
in 2021 was 21.5°C, which was higher by approximately 1.7°C
compared to the average temperature in 2020 (19.8°C). Given
that at an average temperature around 10°C-15°C, the occur-
rence of chiggers substantially increased (unpublished data), it
is likely that the delayed timings of the first and increased oc-
currences of chiggers may have been due to the relatively high
average temperature up to week 42 in 2021. It is also reported
that the activities of chiggers are decreased significantly below
10°C [9]. Moreover, in the current survey also, the occurrence
of chiggers showed a proportional decreasing trend with the
decrease in temperature. It is speculated that the increase in av-
erage temperature in December 2021 (weeks 49-51) by 2.7°C
vs. 2020 had an impact on the slowly decreasing trend after
week 44, i.e., the week when the highest occurrence of chiggers
was observed, thus increasing overall occurrence. Accordingly,
based on the observation that in autumn, the occurrence of

chiggers increases if the average temperature is under 20°C,

Leptotrombidium pallidum
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Figure 3. Geographical distribution of major vector of scrub typhus (A-C) in 2021
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whereas it significantly decreases if the average temperature
drops below 5°C, chigger populations density and temperature
are believed to be closely correlated [9]. Long-term observation
should be performed to confirm the relationship.

The timings of occurrence of the primary vector species
and the cases of scrub typhus in 2021 were compared. The pe-
riod over which the occurrence of L. scutellare and L. pallidum
increased showed a similar pattern to the period of concen-
trated occurrence of scrub typhus in autumn, with an inter-
val of 1-3 weeks known as an incubation period. The occur-
rence of scrub typhus was higher in Jeollanam-do, Jeollabuk-
do, and Gyeongsangnam-do, the regions with a high density of
L. scutellare. A review of a previous study on L. pallidum and
the current surveillance results showed that geographically,
the density of the species is higher in the central region and
that with respect to season, the species is known to be around
in the spring as well as autumn, unlike L. scutellare, which is
found primarily in autumn. Particularly in the spring, the oc-
currence of L. pallidum is markedly higher than of other vec-
tor species [10]. Though the occurrence of L. pallidum is high
in the spring, more than 85% of annual scrub typhus cases
in ROK occur between October and December and very few
cases occur in the spring. It is speculated that in autumn, the
likelihood for L. pallidum to have contact with people increases
due to high vegetation cover during the summer, whereas in
the spring, it is less likely for the species to have contact with
people due to low vegetation cover throughout the winter. A
similar case is found in L. palpale. Its occurrence increases later
than L. scutellare and L. pallidum and therefore, the species is
less likely to have contact with people due to reduced outdoor
activity. Hence, the influence of L. palpale on the occurrence

of scrub typhus is speculated to be lower than that of other

www.phwr.org Vol 15, No 50, 2022

species. Thus, caution is needed in the analysis of relationship
between occurrences of chiggers and scrub typhus because of
the impact of not only environmental factors but also other
factors including human activity patterns. This report simply
compared the occurrence of scrub typhus vs. population size.
However, regional characteristics in farming should also be
considered because human contact with chiggers could be in-
fluenced by the timing of farming in each season, working pos-
ture during farming, and the like.

To summarize the surveillance results, it was found that af-
ter the occurrence of L. scutellare (a primary vector of O. tsu-
tsugamushi) rapidly increased, the occurrence of scrub typhus
increased around the regions where the species was spread.
Based on the finding, it is believed that among the vector spe-
cies of O. tsutsugamushi, L. scutellare is closely related to the
occurrence of scrub typhus and that surveillance and analysis
should continue to be performed to examine ecological char-
acteristics of chiggers, and scrub typhus preventive measures
should be widely promoted.

To make surveillance results available to the public, the
KDCA posts a weekly trap index based on the number of indi-
vidual chiggers on their home page. There is a temporal con-
straint in providing weekly data on the occurrence of the vector
species because chiggers are tiny with a size of approximately
0.2 mm because of which they can only be seen through mi-
croscopic slide samples. However, the timing of the increased
occurrence of all chiggers generally overlaps with the timing of
the increased occurrence of L. scutellare, which is speculated
to be most closely related to the occurrence of scrub typhus.
Accordingly, information on the increase in the total number
of individuals could be utilized as evidence for sending nation-

wide alerts of caution for scrub typhus.
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Scrub typhus is an infectious disease which mainly occurs
in Asia, including ROK, with increased occurrence in rural ar-
eas and among the elderly. Attention should be paid to infec-
tious diseases since the population of age 65 or higher in rural
areas continues to rise. Moreover, recently, the occurrence of
scrub typhus is increasing in suburban areas due to increased
outdoor activity. Accordingly, individuals should take caution
not to be bitten by chiggers by being well aware of information
on the occurrence of the bugs and also by minimizing exposure
to the high-risk environment and taking preventive measures
during the season when the occurrence of chiggers increases.
Individuals should immediately visit healthcare institutions
for diagnosis and treatment if symptoms occur after outdoor

activity.
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SH FAAAYUHAIIA, & A 22EASEWA

l

£ 218 25 SASHATHE 3). AARoRIAY B A
8o} AEo] et AAZE SHBL viFolgiot, 19
E 7 Bolo|H o] o] 242t AL 18%, £571AR

AYE 14.4%, 39371=49 AYE 18%= Aiter 4

Al A Al(Korean Global Antimicrobial Resistance Surveillance
System, Kor-GLASS)E % - 29311 F8 YA TF(VRSA,
CRE}E A4HAE Adsts 5 A3 1 719k vhdst
o}, HQIA| Eopoll Nz FEE FA T, 5%
7]%(Harzard Analysis and Critical Control Point) 2
< Aslehil R A A9E 58 5 - & - A
2 2 EoF ZAAAE vh itk FrhEa ot
ol ik e #A, B YA
g 5759 ARl AZE AL, FA W gk
Ast7] f1et &) 719k vhel o] F 8 o] HiFEHA A 23} o
o) A= olof et Bt oA A 1A; oA v EHE F
ol tigt | A nhglo] @ FH ATt

AA FAA AR H WAE NS Sl Al o=
ol oo 28-S WEAGH, TA22F =71 FAYA
WA Bt (2021-2025),2 Ay 1reoket 34y

rlI.
jus2
ofx
B>
fo

0

A2 27 A WA S 4 Zx L A3
= A =0 20154 20204(=2H) 2020 (A1 H)

AA| YA AHLF(DDD/1,000%/Y)? 31.7 25.4 26.1Y
5714 A2HJ00-J47)" FAA AE(%)” 52.8 42.2 45.2
FRA71=44(00-J06) A AHHE(%) 44.0 22.0 36.1
FAR =] fEdd WAE(%)” 60.9 52.6 475

H] U] SOJAL A A} A E=50H) 20 40 79
(] Ao Z2E2AEEA WAHE(%) 70.4 63.4 61.2

A Mol uhE 3] W7 20199 4F FEAS] WHO

DDD=defined daily dose Kor-GLASS=Korean Global Antimicrobial Resistance Surveillance System. *Q1 7 Agd 44 4L
HlFo] A+ utolokE whl) (MAE AS). YA AYAS/ HEY S

3% B3 §4 B 8% 71%0] Z715H9A DDDE ALte P44 A8
o o a8 202 ek 4 918 DDD AH8%=3t% B §4 B2 §3H(DDD)/5HE = 8%

2HFEA o
100. 9= FFANE E= A}(Kor—GLASS) “)iﬁl*i% PHE A2
T A7 AR
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-
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® O|27|2 SHUH| Al R2| T2 IMWASP) EY -3
@ A A0 CHEt AL -2 Y D]
1. EHH A AL L@ ol=7|B SHA AN Wt AA|
@ &34 2o s HHAR
© S| HHALRS 9I3t OlA] M
O o|=7|2 Ao y| 25
= o|Z 7|2 Zteloj|Htaa| 2|2l SiCH
AM A} HF @ — oo (== ==
2. e S g @ 212t 2 Al LIAT S 93] 213t
@ Z4AF S0F LIAIT S HIR|
@ Q1| BHAUA| ALRY ZAIIA 12
@ Q1| A LHAT ZhA|3|A| 25t
3. ZAIA7 Zst @ HIQIA| A 25 B2|A|7| Sy
© U SAH LIAZ 2N 25
© SeHol ZAIHA 75
@ One health 272 A LA S 53
4, AT B2 @ BN HHALRS 9f5t A A5t
@ BHIA| LA AL =7 2 2| 2H) Y 25
5 s B ays | O SIS SIS I8 S 2a B o T8 2. 427 374 A Y FEA
@ A LA sl it =4 22 28t A =7 Aek
24| SHHA| AFZF(2011-2021
30 4 I2a A8 _( -~ ) £t2l: DDD/1,000E/¥
25411 [ [ ]
20 A ]
15 4
10 4
5 _
0 T T T T T T T T T T 1

2011 20124 20139 20144 20154 20164 20173 2018 2019 20204 20214

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Ml 274 278 270 268 277 279 277 273 271 263 264
“2011-202018 S74= “ 7} Ahelo] S| AROICE B2 12 U 2% BIH2021)" BFHIN 8, 20214 4 BA 27

T2 3. 2011-20219 =4 A A
DDD=defined daily dose. DDD: &% &A|7} 38 A-¢Z0] ¥ dE A2 E 93] AolA 61 %] Kol Hd &
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A2 FR A YA 4GS B A WA 487 AR IAE A ol UTHTH 2).
i, BAAA doret 454 gauee 84 WA o Fu FHA AHFE 2011d2E 20219744 2.6-2.8
Ab ARk FRE, O FYA AP, @ WA St v (defined daily dose [DDD]/1,000%/%)2] i 9le]l £3k1
A, ® #AAA Zot, @ A7 F5, © PIANEEE 9om, 201949 o F FAA Aol HAT Ao e
FEAA Lgste] 5714 8 Zopel didt 1978 FHAA,  WTHA™ 3). & 71 W 2B AHEF2 0-64, 654 o1

o=

HEE M A - (2011-2021)

70- ©49/: DDD/1,000%/2 —e— Q-6

o —e— 7-19A|
20-64A|

. —e— 65A| 0|4

40

30 -

20

10 4

0

201I1'ﬂ 20’;2'5 201I3l.—j 201I4'.—j 201I5'5 201I6'5 201I7'ﬂ 20'{8'5 20'{9'5 202I0'ﬂ 202I1'ﬂI
et | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
0-6Al 60.20 62.22 60.95 60.30 6065 64.73 61.28 51.87 56.31 25.57 29.33
7-19M 2136 2149 2168 2413 2411 26.05 25.16 2290 23.67 13.47 14.32
20-64M| 22.43 23.01 2294 2379 2358 2432 2417 2322 2896 2441 17.22
65M| 0|4 36.44 38.24 37.76 3845 3897 39.78 3951 37.87 3579 3469 29.87
*2011-2020'3 A= “S7h aH2| SMH AROjE4 T2 JiE U 2F HIH2021) " ATE T 018, 20219 HEY SA 27t

J2 4. 2011-20219 = A5 FAA A
DDD=defined daily dose. DDD: &% @447} F8 4550l He A4dS ARE s JANA otFo] Foij== B &3

o|z7| 2 SE A A S (2011-2021)

A CtQl: DDD/1,000H /¥ =
30 7I:DDD/1.000B/Y o Armzst
—o— Z51
25 - 5l
205
201 —e— 2J8]
15 1 —e— 3|Tpole]
—o— B7z
e e e S
10
5 .
©- ° e o e o = °
0

20114 20123 20133 20143 20153 2016'd 2017'4 2018 2019 2020 20214

+

eaéz 11.39 10.8 1043 10.38 1025 1243 1259 1225 1112 1095 10.39
Z3HH4Ql 1117 1104 108 1082 109 12.07 11.8 1113 10.76 1025 9.52

Hel 9.05 927 94 954 9583 11.02 1091 10.16 10 855 7.98
Q9 541 553 549 563 6.06 811 865 862 10.88 26.05 27.90

ol 21.07 2151 2133 2206 2179 2286 2262 2121 21.04 1650 14.75
2DpHo|Y 487 507 499 471 487 1041 1058 862 7.47 844 865
27|13 187 182 166 153 147 236 212 172 151 122 117

*2011-20204 S/ “7HA42I0] P4 AROISH D2 T2 & 28 BIH2021)" BRLIN 218, 20214 B SA 37

J8 5. 201120219 = =27 58 FIA AHEHF
DDD=defined daily dose. DDD: &4 38A|7} 38 2-3Zo] HE #FZ (RS 9] Aolo]A st5o] Foj=|L B &
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F8 FHFAZE carbapenem
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2 2=
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iy QSL\'E <+ 2 < §o-@e
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20 1
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ST A dud L o= iz s iy SIS iy

(Cefositin-R,  (Vancomycin-R, (Ciprofloxacin-R) (Cefotaxime-R, (Cefotaxime-R, (Imipenem-R,
MRSA) VREFM) ESBL-EC) ESBL-KP) CRKP)

J% 6. 201620219 #+58 8 A WAE

80 -
60 -
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CHl LHEE*(%)
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thaz

Mz o YYT(EFM)
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MDR=Multi-Drug Resistance.*T}A| W& (MDR) :
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TR  ORA|H|ERIE{HIROL |2
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o2 et

2 g §7) 72 PAREL 1
FAA et WgEol of
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A g 78 WHF
9 293 $9Y Zolth. WAL 4
A ALSAH, ASP AHBTE] A L WY 24 solsetel

= O
AES

ZaA717] 99
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=
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90.3
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ZH | LHd
|

o

(Imipenem-R,

CRPA)

87.9

1 2016
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Il 2019
B 2020
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CRAB)

-
e e

87.9

e L
OFAIH| ERIE
(Imipenem-R,

9] A WA E(Multi-drug

ol
ot

=)

f

_?lr‘

37K o149l FwtAl AE HZFA. 1) Methicillin-resistant Staphylococcus aureus, 2)

Vancomycin-resisatnt Enterococcus faecium, 3) Carbapenem-resistant Klebsiella pneumoniae, 4) Carbapenem-resistant Pseudomonas aerusinosa
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82 93 Asp 712 9H 0219 B4 R4 slol=ztel
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W AukAQl A A 220
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A AE 82 £EL AAMBIAA(IE 8), 20229 A
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=l =78 FAA AR E AREHE 5 HlaE
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B e
20219 A S Tel(AFo 2 4) 2 T (ASP)

o]-LH
20229 9|21 FYA| AHgTe] TR AYS 9%
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ASP=antimicrobial stewardship program.
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ASP=antimicrobial stewardship program.
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Introduction to the Antimicrobial Stewardship Program:
Its Current Status and Policy Direction in the Republic of Korea
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Division of Anti.microbial Resistance Control, Bureau of Healthcare Safety and Immunization, Korea Disease Control and Prevention Agency,
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ABSTRACT

Amid the growing global crisis over antimicrobial resistance, the importance of antimicrobial stewardship program (ASP) is
emerging. With this focus, led by the U.S. and Europe, related policies are also being pursued in the Republic of Korea, where
the National Action Plan on Antimicrobial Resistance was established in 2016 as the basis for policy and institutional support
for medical institutions. From the current policy oriented toward acute hospitals, we will seek related policy measures to

gradually expand the ASP to primary and secondary medical institutions, including small and medium-sized care hospitals.

Key words: Antimicrobial; Antimicrobial resistance; Antimicrobial stewardship
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About the Antimicrobial Stewardship
Program (ASP)

Antimicrobial resistance (AMR) is a global issue that
threatens economic development and security as well as
public health [1]. AMR is anticipated to have the potential
to cause 10 million deaths by 2050 based on high-level
scenarios [2], and global healthcare costs due to AMR are
estimated to increase by up to $1 trillion by 2050 [3]. AMR
may result from inappropriate use of antibiotics, which
can include misuse, underuse, or overuse of antibiotics
[4], and the ASP is thought to be a way of addressing such
inappropriate use of antibiotics and AMR.

The term antimicrobial stewardship was first coined

2986

in 1996 by John E. McGowan Jr and Dale N. Gerding in
the United States, and was adopted with the intention of
promoting proper use of antibiotics and avoiding unnecessary
use. Since then, the use of the term has increased
exponentially, with more than 100 citations in 2011, and it
has been included in the guidelines of the American Medical
Epidemiology Association and the Infectious Disease Society,
with its popularity led by Europe [5].

The ASP generally refers to interventional activities to
optimize antibiotic use, including antibiotic dosing, duration
of treatment, and route of administration [6,7]. In 2014, the
Centers for Disease Control and Prevention (CDC) suggested
seven key elements for successful ASP implementation: D

Leadership commitment, @ Accountability, 3 Pharmacist
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Key messages
(D What is known previously?

The antimicrobial use and the resistance rate in domes-
tic medical institutions has remained high for the past
decade, and ‘National Action Plan on Antimicrobial
Resistance’ was established to ensure the proper use of
antimicrobials, but policies for primary and secondary
medical institutions such as small and medium-sized
hospitals are insufficient.

@ What new information is presented?

To introduce and expand antimicrobial stewardship pro-
gram (ASP) of the primary and secondary medical insti-
tutions, it is necessary to find policy measures through
customized strategies for each institution.

® What are implications?

For the successful implementation of National Action
Plan on Antimicrobial Resistance, policy support includ-
ing the legal basis for each objective, rewards for adher-
ing to the ASP, the ASP, and an efficient computerized
system is essential.

expertise, @ Action, ® Tracking, ® Reporting, and @
Education [8,9]. The contents of each core element are as

follows [10,11].

1. Leadership Commitment

The leadership of medical institutions is critical to the
success of ASP. Management should receive periodic reports
on the contents and results of ASP activities and provide
human and financial support within medical institutions to
improve the system. This plays a crucial role in optimizing
the use of antibiotics and reducing resistance to increase ASP

activity capacity.

www.phwr.org Vol 15, No 50, 2022

2. Accountability

ASP requires a designated person in charge or co-
director who manages the program and is responsible for the
results, and in the US, physicians and pharmacists jointly
operate and lead the ASP [12]. Discussions between these
co-directors and medical staff are effective in improving
antibiotic use and are an effective way to ensure that ASP is

conducted effectively [13].

3. Pharmacist Expertise

Selected pharmacists who can play a leading role in
improving antibiotic use help ASP operate effectively by
leading programs in large hospitals and health care systems
by actively participating in ASP as leaders or co-leaders of

ASP [14].

4. Action

The most effective intervention methods for the
appropriate use of antibiotics are prospective audit with
feedback and preauthorization [6]. Prospective audit and
feedback is a strategy in which managers evaluate the
adequacy of antibiotic types, doses, and usage after a certain
period of time has elapsed since antibiotics were prescribed.
This is done by external experts on antibiotic use and can be
done in a variety of ways depending on the level of expertise.
Preauthorization is a strategy for improving antibiotic use
by allowing healthcare providers to obtain authorization for
specific antibiotics before prescribing them to patients. This
intervention method helps to increase the appropriateness
of early empirical antibiotics, and the effectiveness of
intervention can be improved through the establishment and

utilization of the internal guidelines of medical institutions.
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In addition, infectious disease-based interventions such as
those for community-acquired pneumonia, urinary tract
infection, and skin soft tissue infection; prescription-based
interventions such as antibiotic timeout and penicillin allergy
assessment; pharmaceutical team-based interventions;
microbiological test results; and nursing care-based

interventions can also be carried out.

5. Tracking

To track ASP application, it is necessary to monitor
antibiotic use and resistance rates in medical institutions
and report them to national institutions. The method of
collecting and analyzing reported data, standardizing it,
and providing it to each medical institution helps to reduce
antibiotic resistance and improve inappropriate antibiotic

prescription.

6. Reporting

Information on antibiotic use and resistance should be
regularly updated along with ASP work and shared with
medical institution management and hospital boards, and
problems identified in the process of evaluating antibiotic
use and intervening should be fed back to motivate ASP

activities.

7. Education

Education is a key element of ASP and can affect
antibiotic prescription behavior; for example, lectures,
distribution of guidelines-related printed materials, and
providing alert messages via e-mail are effective educational
means. However, it is difficult to expect significant effects

unless active intervention is performed in combination

2988

[15,16]. Therefore, to maximize efficacy, education should
be coupled with interventional activities such as prospective
audit, feedback, restriction of antibiotic use, and prior
authorization. Patient education is also critical in ASP.
Patients should be educated about the information of the
antibiotics they are receiving as well as the adverse reactions
and side effects, and signs/symptoms caused by them. The
role of nurses in patient education is also important.

In the UK, the term toolkit is used for structural and
procedural elements and necessary resources for ASP
application. It consists of ASP evaluation, team/committee
formation, multidisciplinary antibiotic team formation,
antibiotic prescription guidelines, monitoring and feedback,
and education and training, and interventional elements
are separated and presented in detailed guidelines [17].
In addition to the Antimicrobial Self-Assessment Toolkit
developed specifically for the evaluation of ASP application
for acute-stage hospitals, the Start Smart, Then Focus for
ASP application in secondary medical institutions [17,18]
first presents structural and procedural elements for ASP
application in six items, as in the core elements of the
United States, and interventional factors for appropriate
selection and prescription of antibiotics are separated into
SSTF to present a more detailed guideline. In addition, to
solve the lack of professional manpower in primary medical
institutions and to encourage the application of ASP, online
educational materials, including lecture videos, checklists
for ASP implementation, antibiotic prescription guidelines
for each type of infection, and leaflets to raise awareness for
each target of prescription, are being developed (Table 1)
[11,20-22].

In Australia, about 70% of all medical services are

www.phwr.org Vol 15, No 50, 2022
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provided by government-supported public hospitals. In
2011, the Australian Commission on Safety and Quality
in Health Care, presented the elements necessary for the

introduction of ASP in terms of structure and management,

activities and resources according to priorities. In 2018, the
structure, management method, and strategic aspects were
updated and presented (Table 2) [11,23,24].

The occurrence and prevalence of bacteria resistant

strategic aspects essential to medical institutions, and to antibiotics, an essential medicine for the treatment of

Table 1. Toolkits for antimicrobial stewardship programs in the United Kingdom

Antimicrobial self-assessment toolkit for acute hospitals

1. Antimicrobial management within the trust : structures and lines of responsibility and accountability and high-level notification to the
board

2. Operational delivery of an antimicrobial strategy : operational standards of good antimicrobial stewardship

3. Risk assessment for antimicrobial chemotherapy

4. Clinical governance assurance

5. Education and training : training needs and delivery of education and training for all medical professionals who issue, prescribe, and
administer antimicrobials

6. Antimicrobial pharmacist : systems in place for ensuring their optimum use

7. Patients, carers, and the public : information needs of patients, carers, and the public

Start Smart-Then Focus antimicrobial stewardship toolkit for English hospitals

1. An assessment of the Trust's antimicrobial stewardship activities
2. An antimicrobial stewardship management team/committee

3. A ward-focused antimicrobial team

4. Evidence-based antimicrobial prescribing guidelines

5. Quality assurance measures/audits and feedback

Start Smart

1. Start antibiotic upon detection of bacterial infection.

2. Use local guidelines.

3. Document on the drug chart and medical notes the clinical indication, duration or review date, route, and dose.
4. Obtain cultures prior to prescribing antibiotics.

5. Single-dose surgical prophylaxis must be provided where evidence supports.

Then Focus

1. Review clinical diagnosis and the continuing need for antibiotics within 48 hours and make the “Antimicrobial prescribing
decision.”

2. The five decision options are to stop/switch from intravenous to oral antibiotics or /change/continue/move to the outpatient

parenteral antibiotic therapy

TARGET toolkit

1. Interactive workshop presentation or e-Module for personal learning
2. Leaflets to share with patients

3. Audit toolkits

4. National antibiotic management guidance

5. Training resources

6. Resources for clinical and waiting areas

7. Self-assessment checklist

Adapted from the article of Hwang and Kwon (Infect Chemother 2021;53:421-435) [11].
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Table 2. Essential elements and strategies for ASPs in Australia

Essential elements and strategies for ASPs

[Structure and governance]

1. Ensuring that antimicrobial stewardship resides within the organization's quality improvement and patient safety

governance structure

2. Establishing a multidisciplinary antimicrobial stewardship team that includes, at least, a lead doctor and pharmacist
3. Providing the necessary human, financial, and information technology resources for implementing the antimicrobial

stewardship activities

4. Ensuring ongoing education and training for prescribers, pharmacists, nurses, midwives and consumers about
antimicrobial stewardship, antimicrobial resistance, and optimal antimicrobial use

[Essential strategies]

1. Implementing clinical guidelines consistent with the Therapeutic Guidelines: Antibiotic that take into account the local

microbiology and antimicrobial susceptibility patterns

2. Implementing formulary restriction and approval systems that include restriction of broad-spectrum and later-generation
antimicrobial administration in patients in whom their use is clinically justified

3. Reviewing the rate of antimicrobial prescriptions with provision of interventions and direct feedback to the prescriber

4. Implementing point-of-care interventions (including directed therapy, intravenous-to-oral switching and dose

optimization)
5. Ensuring the provision of clinical microbiology service

6. Monitoring antimicrobial use and outcomes, and reporting to clinicians and management

ASP= antimicrobial stewardship program.

Adapted from the article of Hwang and Kwon (Infect Chemother 2021;53:421-435) [11].

infectious diseases, causes losses such as increased patient
mortality, prolonged treatment period, and increased
medical costs. To minimize this, the introduction and
execution of ASP is essential. To this end, it is necessary to
develop and disseminate core elements suitable for domestic
medical institutions through an analysis of overseas cases.
Particularly, the role of the government is important in
developing and disseminating detailed ASP guidelines
suitable for the specificity of the medical field, for example,
the medical institution type, treatment subject, and target, in
addition to activating antibiotic use management activities by

improving awareness of medical personnel and patients.
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Establishment and Implementation of
National Antibiotic Resistance
Management Measures

In the Republic of Korea (ROK), the ‘monitoring of
antibiotic-resistant bacteria in food" was conducted by the
Korea Consumer Agency in July 2002. As a result, antibiotic
resistance became a social issue as it was reported that 93%
of coliforms in some foods were resistant, and the need for
comprehensive measures to reduce antibiotic use was raised
[25]. In the same year, the World Health Organization
(WHO) recommended the operation of a national antibiotic
resistance management program, and from 2003 to 2012,
the Office for Government Policy Coordination oversaw
the ‘National Antibiotic Resistance Safety Management

Project’ accordingly. As a result of promoting antibiotic
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resistance reduction policies and systems in earnest with a
focus on antibiotic use survey and research projects during
2003-2007, and through the evaluation of the adequacy of
drug reimbursement to reduce antibiotic use and resistance
rates, publicity, etc. from 2008 to 2012, a decrease in the
incidence of hospital infections in intensive care units and the

rate of antibiotic prescriptions was achieved (Comprehensive

Measures for Antibiotic Resistance Management in 2008~
2012). However, as the overseeing authority dissolved after
the project was completed and each department responded
in a segmented manner, inter-departmental cooperation for
managing antibiotic resistance became necessary.

In 2015, the WHO adopted the “Global Action Plan

on Antimicrobial Resistance” at its 68th General Assembly,

| Vision |

Decrease the misuse or overuse of antibiotics, use them appropriately,
and prevent antibiotic-resistant bacteria transmission

=> Protect citizens from the harm of antimicrobial resistance

| Goals |

Compared to estimates from 2015,
[In humans] to be achieved by 2020 [In non-humans]

» Reduce the antibiotic use by 20% {  Double the number of antibiotics needed
P Reduce the antibiotic prescription for . to be prescribed by veterinarian
acute upper respiratory infection by 50% . P Reduce fluoroquinolone-resistant E. coli
P Reduce the antibiotic prescription for ¢ in poultry by 10%
respiratory diseases by 20%
P Reduce the prevalence of methicillin-
resistant S. aureus by 20%

Objectives Major focus

(D Intensify evaluation of antibiotic use at healthcare facilities
(@ Develop and distribute the guidelines on antibiotic use
3 Nurture infectious disease professionals with insurance

¢ payout benefits

1 @ Appropriate use of antibiotics for agriculture, livestock, and
: fisheries industries

-

. Use antibiotics
appropriately

+ (@ Improve the healthcare environment vulnerable to infection

i (@ Support for infection control at healthcare facilities

(@ Implement systems to alert receiving facilities when transferring

: patients who has antibiotic-resistant bacteria

i @ Prevent the spread of antibiotic-resistant bacteria in the
agriculture, livestock, and fisheries

2. Prevent the spread of
antibiotic-resistant
bacteria

(D Enhance surveillance system

(@ Accelerate surveillance on agriculture, livestock, fisheries,
:and environment

: (®Advance monitoring on the amount of antibiotic use

3. Strengthen the
surveillance system

(D Enhance awareness of the general public

(@ Enhance understanding of antibiotic users (e.g., physicians,
: veterinarians, producers)

i (@ Perform periodical survey on public understanding on

: antibiotics

4. Improve awareness

: (D Build interministerial framework for actions

i (@ Build web-based portal system for antibiotics

i @ Increase strategic investment in R&D for tackling antimicrobial
H resistance

@ Enhance framework to support antibiotic developmentv

5. Enhance infrastructure
and R&D support

(D Enhance global partnership to combat antimicrobial resistance
(@ Seek funding opportunities globally

6. Accelerate international
collaboration

www.phwr.org Vol 15, No 50, 2022

Figure 1. The 1st National Action Plan on
Antimicrobial Resistance Action Strategies
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designating the promotion of awareness and understanding
of AMR as a priority goal, and urging All Member States
to develop a national plan of action within two years.
Accordingly, in the ROK, based on Articles 8-3 and 8—4
of the Infectious Disease Control and Prevention Act, Since
2016, the "National Antibiotic Resistance Management
Plan; has been established to promote response at the pan-
ministerial level (Korean Disease Control and Prevention
Agency, Ministry of Health and Welfare, Ministry of
Agriculture, Food and Rural Affairs, Ministry of Oceans and
Fisheries, Ministry of Environment, Ministry of Food and
Drug Safety, etc.) to promote the correct use of antibiotics by
improving awareness and understanding of not only medical
personnel but also the general public.

"The 1st National Antibiotic Resistance Management
Plan (2016-2020), aims to reduce the use of antibiotics and
stop the spread of resistant bacteria through proper use, and
promoting 20 key tasks and 47 detailed tasks in six major
domains: O Appropriate use of antibiotics, @ Prevention
of the spread of resistant bacteria, ® Reinforcement of
surveillance system, @ Improvement of awareness, &
Expansion of infrastructure and R&D, and ® Revitalization

of international cooperation (Figure 1).

As a result of the 1st countermeasure promotion, in
2020, one out of the three core targets (reducing antibiotic
use, reducing antibiotic prescription rate, and reducing
Staphylococcus aureus methicillin resistance rate) was
achieved in the in vivo domain, while all two core targets
of in vitro domain were achieved (antibiotics prescribed by
veterinarians and chicken Escherichia coli fluoroquinolone
resistance rates) (Table 3). Although the achievement rate
of the core target for antibiotic use and prescription rates
in the human body fell short, the reduction rates in each
field were 18% for usage and 14.4% for respiratory disease
prescriptions, respectively, confirming that it was effective
overall.

In addition, in terms of the in vivo domain, infection
prevention and management fees were newly established, and
the installation of quarantine rooms was made mandatory
according to the size of medical institutions in addition to
implementing the fee for using the isolation rooms. Further,
the Korean Global Antimicrobial Resistance Surveillance
System (Kor-GLASS) was established according to the
international standard test method, and the foundation
was laid for policy promotion by total surveillance of major

resistant bacteria (VRSA, CRE). As for the in vitro domain,

Table 3. Key goals and results for the 1st National Action Plan on Antimicrobial Resistance
Classification 2015 2020 2020
(goals) (results)
In human Antibiotic use in humans (DDD/1000 ppl./day)” 31.7 254 26.1
Prescription rate for respiratory tract diseases (JO0-J47)"" (%) 52.8 42.2 45.2
Prescription rate for acute upper respiratory infectionsv (J00-J06) (%) 44.0 22.0 36.1
Prevalence of methicilin-resistant S. aureus (%)’ 60.9 52.6 47.5
In non-human Number of antimicrobial agents to be prescribed by veterinarians 20 40 79
Prevalence of fluoroquinolone-resistant E. coli in poultry (%) 70.4 63.4 61.2
DDD=defined daily dose: Kor-GLASS=Korean Global Antimicrobial Resistance Surveillance System. “Daily consumption of antibiotics per
1,000 people (last year's usage). "Number of antibiotic prescriptions/number of days of hospital visit *100. “National antimicrobial resistance
surveillance in Korea (Kor-GLASS). *DDD=average daily dose needed to maintain/a daily dose.
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animal antibiotic management, farm safety management
standards Hazard Analysis and Critical Control Point, and
antibiotic-free certification standards were strengthened with
the establishment of a surveillance system in the fields of
agriculture, livestock, marine products, and the environment
through multi-ministerial cooperation.

On the other hand, problems such as lack of management

for small and medium-sized or nursing hospitals and

| Vision |

increased use of broad-spectrum antibiotics have been
raised, and the need to establish a management foundation
to prevent the spread of antibiotic-resistant bacteria has
emerged. Thus, in the 2nd countermeasure, supplementation
was required while improving deficiencies in the 1st
countermeasure.

If the primary control measures were focused on infection

prevention and control to improve human antibiotic use

Achieve sustainable health of the citizen through antibiotic
resistance management of humans, animals and the environment

———

4| Goals l l Key performance indicator Ii

Reduce antibiotic resistance by using the right

[Human] Reduce the antibiotic use

and type of antibiotics where necessary 1

[Non-human] Decrease in antibiotic sales volume

Strengthening the monitoring system and
2 | actively controlling infection control to suppress

[Human] Reduced number of antibiotic-resistant
the spread of antibiotic-resistant bacteria 2 bacteria 6 types of blood separation

in livestock

[Non-human] Reduction of E.coli resistance

Objectives

Major focus

in healthcare facilities

-

. Use antibiotics
appropriately

@ Introduction and promotion of antimicrobial stewardship programs (ASPs)

. @ Develop, distribute and training the guidelines for proper use of antibiotics
i ® Conducting an evaluation of antibiotic adequacy in medical institutions

1 @ Appropriate use of antibiotics in livestock and fisheries industries

: ® Awareness Improvement for proper use of antibiotics

2. Prevent the spread of

antibiotic-resistant bacteria patient exchange

livestock, and fisheries

@ Intensify infection control at medical institutions
' (@ Expansion of support for infection prevention in medical institutions
: @ Strengthening the prevention of the spread of resistant bacteria during

' @ Prevent the spread of antibiotic-resistant bacteria in the agriculture,

3. Strengthen the surveillance bacteria

system

bacteria

: (D Establishment of monitoring system for human antibiotics usage
1 (@ Strengthening the monitoring system of human antibiotic-resistant

1 @ Expansion of non-human antibiotics residual management system
. @ Strengthening the monitoring system of non-human antibiotic-resistant

® Establishment of an integrated surveillance system

4. Expansion of research and perspective

development

diagnosis tools and treatments

(» Conducting a study of antibiotic resistance bacteria from a one-health

1 (@ Strengthening research for proper use of antibiotics
: @ Strengthening the development of antibiotic-resistant bacteria rapid

5. Activation of the cooperative
system for antibiotic resistance !
management

antimicrobial resistance

! (D Establishment of a cooperative system between ministries to combat

1 @ Enhance global partnership to combat antimicrobial resistance

Figure 2. The 2nd National Action
Plan on Antimicrobial Resistance

Action Strategies
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and resistance rates, The "Second National Antibiotic
Resistance Management Plan (2021-2025), focused on
the advancement of infection prevention management and
the appropriate use of antibiotics. Therefore, strategies for
antibiotic resistance management were divided into two
categories: proper use of antibiotics and misuse prevention
to prevent the occurrence of resistant bacteria, and infection
prevention and management to prevent the spread of
resistant bacteria and genes that already exist.

The 2nd management measures aim to reduce

antibiotic-resistant bacteria through proper use of antibiotics,
reinforcing the surveillance system, and suppressing the
spread of antibiotic-resistant bacteria through active infection
control. Nineteen key tasks and 48 detailed tasks are
underway in five major domains including the following:
Appropriate use of antibiotics, @ Prevention of the spread
of resistant bacteria, ® Reinforcement of the surveillance
system, @ Expansion of R&D, and & Revitalization of the
antibiotic resistance management cooperation system (Figure 2).

Domestic antibiotic use ranged from 2.6 to 2.8 (defined

Total antibiotic usage (2011-2021)

30 7 209 286 Unit: DDD
sp2s 2708 2on GBI = 2692 2635 "
254 [ ] ]
2094
20 - — 1958
15
10 A
5 -
T T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Total 2.74 2.78 2.70 2.68 2.77 2.79 2.77 2.73 2.71 2.63 2.64
Figure 3. Antibiotics usage in the Republic of Korea for 2011-2021
30 - Status of antibiotic use by age (2011-2021)
—e— 0-Gyr
—o— 7-19yr
25 + 20-64 yr
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154
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2011 2012 2013 2014 2015

2016

2017 2018 2019 2020 2021

0-6yr 60.20 6222 6095 60.30 60.65 64.73 61.28 51.87 56.31 25,57 29.33
7-19yr 2136 2149 2168 24.13 2411 26.05 2516 2290 23.67 13.47 14.32
20-64yr 2243 23.01 2294 2379 2358 2432 2417 2322 2896 2441 17.22

265yr  36.44 3824 37.76 3845 3897 39.78 39.51 37.87 3579 34.69 2987

Figure 4. Antibiotics usage by age in the Republic of Korea for 20112021
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daily dose [DDD]/1,000 persons/day) from 2011 to 2021,
and it has declined since 2019 (Figure 3). The use of
antibiotics by age during the same period was found to be
high in the order of 0—6 years old and 65 years old or older
(Figure 4), and the usage by type of medical institution was
highest in clinics until 2019, but usage in nursing hospitals
was the highest after 2020 (Figure 5).

However, given that the beginning of the coronavirus
disease 2019 (COVID-19) pandemic was in 2019, it
seems difficult to rule out the possibility that the decrease
in antibiotic use was a result of the decrease in face-to-
face treatment. The increase in the use of antibiotics in 7).
nursing hospitals between 2019 and 2021 is presumed to
be because prescription details, which had not been counted
due to the application of the flat-rate fee per day system,
were separately counted according to some revisions of the

notification from November 2019.

Status of antibiotic use by type of medical institution (2011-2021)

30~ °
e
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e
15
104 ® _ _ M
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04— - - - - . : - T ————
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
ol 1139 1080 1043 1038 1025 1243 1259 1225 1112 1095 1039
Generalhospital  11.17  11.04  10.80 1082 1090 1207 1180 1113 1076 1025  9.52
Hospital 905 927 940 954 983 11.02 1091 1016 1000 855  7.98
Coheasse™ 541 553 549 563 606 811 865 862 1088 2605 27.90
Cinic 2107 2151 2133 2206 2179 2286 2262 2121 2104 1650 1475
Dentalcinic 487 507 499 471 487 1010 1058 862 747 844 865
Health
Health 187 182 166 153 147 236 212 172 151 122 147

Figure 5. Antibiotics usage by type of medical institution in the Republic of Korea for 2011-2021
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Kor-GLASS compares the resistance rates by year for
major antibacterial agents among general hospital blood
isolates. Major antibacterial agents that have increased since
surveillance began in 2016 include carbapenem (imipenem)-
resistant K. pneumoniae and P. aeruginosa; it was found
that the resistance rate increased from (2016) 1.6%—(2021)
5.0% and (2016) 17.6%—(2021) 36.9%, respectively
(Figure 6). In addition, major pathogens derived from blood
in general hospitals have a serious level of resistance to
various antibiotics, including first-line antibiotics, and multi-

drug resistance (MDR) of major strains is also high (Figure

Therefore, the establishment and implementation of
national antibiotic resistance management measures will be
an important means to reduce the use of antibiotics and
the resistance rates of major resistant bacteria. As for the

management measures, antibiotic use guidelines for each

Certified tertiary hospital
General hospital
Hospital

A convalescent hospital
Clinic

A dental clinic

A health institution
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Figure 6. Major antimicrobial resistance rate by bacterial species in 2016-2021
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Figure 7. Comparison of MDR rates by blood isolates in Kor-GLASS general Hospital from 2016-2021
MDR=Multi-Drug Resistance. *MDR: Not susceptible to three or more antimicrobial families. 1) Methicillin-resistant Staphylococcus aureus, 2)

Vancomycin-resisatnt Enterococcus faecium, 3) Carbapenem-resistant Klebsiella pneumoniae, 4) Carbapenem-resistant Pseudomonas aerusinosa

infectious syndrome, ASP use management guidelines, and
core element guidelines are being developed, in addition
to promoting the establishment and operation of a system
for monitoring the usage and resistance rate of antibiotics
as well as conducting an antibiotic adequacy evaluation for
medical personnel who are eligible to prescribe antibiotics.
In addition, an antibiotic prescription support program
that supports the decision-making of prescribers is being
developed and implemented. Furthermore, during the ‘World
Antibiotic Resistance Awareness Week' in every November,
the policies for antibiotic resistance and use management,

such as conducting awareness surveys and campaigns by
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target, are promoted.

Outcome of Key Domestic ASP Activities

Since the "1st National Antibiotic Resistance Management
Plan (2016-2020), was established in 2016 with the goal
of protecting the public from antibiotic resistance, the
government has been leading activities such as reducing the
use of antibiotics, using them appropriately, and stopping
the spread of resistant bacteria.

On the other hand, the results of the ‘Survey on the

current status of antibiotic use management in domestic
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medical institutions’ conducted in 2019 to prepare
government-level policies through a survey of awareness
and demand for ASP in domestic medical institutions [20]
demonstrated poor understanding of the ASP in most
medical institutions with an awareness level of 0% among
tertiary general hospitals, 19.1% among general hospitals,
50% among hospitals, and 54.1% among nursing hospitals
(a total of 304 institutions participated: tertiary general
hospitals 24, general hospitals 112, hospitals 81, and
nursing hospitals 87). Antibiotic resistance was recognized as
a serious problem regardless of the type of medical institution
and the results of the survey revealed that the most difficult
aspect in implementing ASP was the ‘lack of manpower,’
which should be improved with ‘dedicated manpower
support’ and ‘new fee establishment.” These results suggest
that it is necessary to improve ASP awareness centered on
hospitals and nursing hospitals based on policies for securing
professional manpower to carry out ASP work and preparing
incentives so that more medical institutions can participate
in ASP activities.

The Korea Centers for Disease Control and Prevention
had been continuously implementing policies to introduce
and expand ASP activities to medical institutions even

before the opening of the agency. Since 2016, it has been

developing and distributing antibiotic use guidelines for
patients with frequent antibiotic prescription syndrome so
that medical personnel who prescribe antibiotics directly to
patients can refer to them (Table 4). To lay the groundwork
for introducing the ASP at the national level and apply it
to the field, guidelines were developed that present basic
principles of ASP (2021) and guidelines for each key element
(2022) (Table 5).

In the ‘Antibiotic Use Management (Stewardship)
Program (ASP) Guidelines (2021)’, key questions for
the overall antibiotic use management program in
medical institutions were selected and the strength of
recommendation and the related level of evidence were
presented (Figure 8). In the ‘Guidelines for Key Elements

for ASP Implementation (2022)" developed in the first half

Table 5. List of Guidelines for antimicrobial stewardship
program by the KDCA

List of Guidelines for antimicrobial
stewardship program

Year

2021 Guidelines on Implementing Antimicrobial
Stewardship Programs in the Republic of Korea

2022 Guidelines on core elements for the
implementation of the antimicrobial

stewardship program in the Republic of Korea

KDCA=Korea Disease Control and Prevention Agency.

Table 4. List of Guidelines for antibiotics Use by the KDCA

Year List of Guidelines for Antibiotics Use
2016 Guidelines for the Antibiotics Use in Children with Acute Upper Respiratory Tract Infections
2017 Guidelines for the Antibiotics Use in Children with Lower Respiratory Tract Infections

Guidelines for the Antibiotics Use in Adults with Acute Upper Respiratory Tract Infections
Guidelines for the Antibiotics Use in Adults with Community-acquired Pneumonia
Guidelines for the Antibiotics Use in Skin & Soft Tissue Infections
Guidelines for the Antibiotics Use in Urinary Tract Infections

2019 Guidelines for the Antibiotics Use in Acute Gastroenteritis

KDCA=Korea Disease Control and Prevention Agency.
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Recomm  quality of Recomm quality of
endation evidence Recommendation endation evidence

Recommendation
KQ 1. What types of strategies can be applied in an antimicrobial stewardship program? What are the effects of antimicrobial stewardship programs on the clinical outcome

Kas. (prognosis) of patients?

141 ASP key ies can include a selecti ination of iction and st Moderat
- preauthorization of antimicrobial agents or a prospective audit with feedback. rong | Moderate 5-1.  ASP implementation improves the clinical prognosis of patients. Strong | Moderate
1-2. The control of antimicrobial agents through education should be accompanied by an Strong | Moderate 5.2. ASP implementation decreases the amount and costs of antimicrobial use without Strong | Moderate

active intervention using a prospective audit with feedback. aggravating the clinical prognosis of patients.

Practical guidelines and clinical pathways should be developed for each disease 5.3 To improve the clinical prognosis of patients, ASP interventions such as prospective
1-3.  according to the characteristics of the medical facility, using a syndrome-based Strong | Low =3 audit with feedback for antimicrobial use should be introduced. Strong | Moderate
antimicrobial intervention approach.

3 . - — 4 To improve the clinical prognosis of patients, various interventions, including TDM and
14 A computerized clinical decision-support system should be utilized as part of a Strong | Moderate 5-4. change of i inistration to oral inistration are needed. Strong | Moderate
* computerized antibiotic prescription system for antimicrobial control.

What are the effects of antimicrobial stewardship programs on the adverse effects

A collaborative relationship should be fostered between the antibiotic control team KQ 6. (toxicity or allergy) of antibiotic use?

and the microbiology laboratory of each medical facility, which should include regular

1-5. sharing of antimicrobial susceptibility results, a system for early diagnosis of infectious | S'°9 | oW ASPs reduce the adverse effects of antimicrobial agents through monitoring therapeutic| ¢
diseases, and systematic reporting of test results. 6-1. drug concentration. trong | Moderate
KQ2 Wh_at are tr_le core T to assist health facilities in effectively implementing an 6-2. ASPs can mitigate allergy caused by antimicrobial use. Weak Low
* antimicrobial stewardship program?
Core elements for implementing an ASP include leadership commitment, accountability, KQ7. ghat are '.he ef‘:ieftf:i!cs"l;f_antllrllcrt:ggl ?tewardshlp programs on the incidence of
2-1. pharmacy expertise, action, tracking, reporting, and education. It is necessary to Strong | Moderate it
develop core elements relevant to the situation in Korea. 7-1.  ASP implementation reduces the CDI incidence (colitis). | Strong |Mcdera(e
2.0, ﬁzﬁgﬁ:s“; of the ASP should be chosen according to the size and function of the Strong | Moderate KQ 8. Do antimicrobial stewardship programs decrease ( obial) N 2
8-1. ASP implementation decreases antimicrobial resistance. Strong | Moderate

KQ 3. How does one operate the team that manages the antimicrobial stewardship program?

Prospective audit with feedback should be introduced together with antimicrobial

3.1 To su_ccessfully implemgn! an ASP, physicia_ns, pharmacists, nurses, microbiologists, Strong | Moderate 8-2. restriction to reduce antimicrobial resistance. Strong | Moderate
 infection control professionals, and information technology experts should collaborate.
- - - - — 5 83 To reduce antimicrobial resistance, ASPs should be implemented together with Strong | Moderate
Based on clinical experience, Ieadershlp experience, multld_lsclpllr)ary relat\on_shlps, *infection control measures.
3-2. and training courses, infectious disease and pediatric infectious disease specialists are | Strong |Moderate
well-equipped to lead a multidisciplinary ASP team. 84 Further studies are needed to evaluate the effect of ASPs on the reduction of Strong Low

imicrobial resistance.
A pharmacist is a core member of the ASP team and plays an important role in l

achieving the ASP goals.

Strong | Moderate KQo What types of strategies (programs) can be applied for antimicrobial stewardship

N 3 - 8 prog in smaller and long-term care hospitals?
3.4 Nurses, who play an important role in the treatment of patients and communication Moderate| Low
* with physicians, should participate in the ASP team. 9-1. AsASPs are effective, even small local community hospitals should introduce ASPs. Strong | Moderate
KQ 4. Do antimicrobial stewardship prog d the and cost of antibiotic use? 9-2.  ASP interventions are recommended for long-term care hospitals. Strong | Moderate

4-1 Implementation of an ASP can reduce the amount of antimicrobial use and

It is important to prioritize the reduction of CDI through treatment of asymptomatic
antimicrobial cost.

Strong | Moderate - POt
9 9-3. pacteriuria.

Strong | Moderate

Antimicrobial prescription interventions that include prospective audit with feedback Small local community hospitals and long-term care facilities need to change the

4-2. activities and introduction of restrictions on the use of certain antimicrobials can reduce | Strong |Moderate 9-4. system and support expert training to promote the ASP Weak Low
the amount of antimicrobial use and antimicrobial cost.
Implementation of interventions (such as checklists, antibiotic time-out, the introduction

4-3 of a computerized decision-support system for antimicrobial prescriptions) that promote Strong | Moderate

* appropriate prescription of antimicrobial agents can reduce the amount of antimicrobial 9
use and antimicrobial cost.
Figure 8. Summary of guidelines on Implementing Antimicrobial Stewardship Programs in the Republic of Korea
Table 6. Core elements for ASP in the Republic of Korea
Core Elements Summary
Leadership commitment - Hospital management actively participates in the operation of ASP within the institution

- Run regular committees to enhancee implementaion
Operating system - Organize and operate a multi-disciplinary ASP team
- Including specialists in infectious diseases and pharmacists specializing in infectious drugs
Action - Monitoring the use of antibiotics and promoting feedback according to the actual conditions of
each medical institution
Tracking - Conduct to track observations for institutional ASP evaluation
- Antibiotic usage, intervention items, antibiotic-resistant bacteria and C. difficile infection
degree of occurrence, etc

Reporting - Sharing the information on antibiotic use and results of ASPs with management and related
staff
Education - (medical team) Guidelines for the antibiotics use, collection of clinical samples, need for ASP

- (patients, protectors) The importance of proper antibiotic use

ASP=antimicrobial stewardship program.

of 2022, the core elements of antibiotic use management of intervention, @ Tracking, ® Report, and ® Education
(ASP) suitable for domestic medical institutions are @ (Table 6), and these provided policy measures such as
Leadership commitment, @ Operating system, @ Execution utilization in the medical field and connection with the
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Development of the Korea National Antimicrobial Use Analysis System (KONAS) in each hospital I

Basic hospital
information

Antimicrobial use
analysis server

Antimicrobial prescription
information (health
insurance claim data)

Figure 9. Korea National Antimicrobial Use Analysis System

Observed (O) antimicrobial use

AAR=
s Predicted (P) antimicrobial use

(Meaning) SAAR: >1.0 more antimicrobials than expected, <1.0 use less antimicrobials than expected

Figure 10. Definition and Meaning of Standardized antimicrobial
administration ratio, SAAR

health care system for ASP activation.

As the need for a system for comparison of antibiotic
usage and usage patterns in domestic medical institutions
has emerged, the Korea Centers for Disease Control and
Prevention established a computerized system (Korea
National Antimicrobial Use Analysis System, KONAS)
in 2020 to analyze and provide feedback on the use of
antibiotics, and since 2021, about 20 organizations have
completed the pilot projects (Figure 9). Currently, the
standardized antibiotics use rate (SAAR) (Figure 10), a new
indicator for data comparison of each medical institution, is
being developed and the number of participating institutions
is being expanded.

The ROK joined the Global Antimicrobial Resistance

Multilateral analysis of
antimicrobial usage

Om
Reduction in
antimicrobial use
o within each medical

“ 7 :
yosges 55
o Qse S »
“ SOMay
.

sardner BRI | ma e

o institution
Py s
AR

Calculation of
standardized antimicrobial
administration ratio (SAAR)

Surveillance System (GLASS) in 2016. In the same year,
Kor-GLASS project was launched as a pilot project in six
regions. In the 1st phase (2017-2019) project, eight regions
were included, which was expanded to nine regions in
the 2nd phase (2020-2022), and the monitoring targets
were also expanded from 12 to 13 species (Candida has
been added). In addition, the existing analysis center has
been expanded from 5 to 7 analysis centers for expertise in
analysis by strain type, and surveillance of resistant bacteria
is being reinforced (Figure 11).

To prevent an increase in antibiotic usage and resistance
rates, doctors, who are prescribers of antibiotics in medical
institutions, need to practice the proper use of antibiotics.
To this end, it is important to evaluate the appropriateness
of antibiotic prescriptions; research is being conducted
to develop a roadmap for antibiotic appropriateness
evaluation at the national level. A previous study evaluating
the adequacy of antibiotic prescriptions for 75 domestic

hospitals” in 2019 found that the inappropriate antibiotic

1) (Number of participating hospitals) 37 tertiary general hospitals, 36 general hospitals, 1 hospital, 1 nursing hospital
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4 Add target pathogen (wHO suggestion)

ﬂZ Pathogen

- Escherichia coli

- Klebsiella pneumoniae

- Acinetobacter spp.

- Staphylococcus aureus

- Streptococcus pneumonia
- Salmonella spp.

- Shigella spp.

- Neisseria gonorrhoeae

- Pseudomonas aeruginosa
- Enterococcus faecalis

- Enterococcus faecium

- Clostridioides difficile

N

ﬂ@ Pathogen

- Escherichia coli

- Klebsiella pneumoniae

- Acinetobacter spp.

- Staphylococcus aureus

- Streptococcus pneumonia
- Salmonella spp.

- Shigella spp.

- Neisseria gonorrhoeae

- Pseudomonas aeruginosa
- Enterococcus faecalis

- Enterococcus faecium

- Clostridioides difficile

- Candida spp.

4 Enhancement of expertise by expanding the
analysis center

H\ Ao
AC 2 AC 3 AC 4 AC5
(SAU, EFM, EFA,
ECO. KPN. ACI) (SPN, SAL, SHI) (NGO) (PAE) (CDI)
Analysis center (AC)
AC 1 AC 2 AC 3 AC 4 AC5 AC6 AC7
(ECO, KPN) || (SPN, SAL, SHI) || (EFA, EFM, NGO) (SAU) (PAE, ACI) (CDI) (Candida)

Analysis center (AC)

Figure 11. Overview of the 2nd Korean Global Antimicrobial Resistance Surveillance System (2020-2022)

prescription rate was at least 25%. To improve the
inappropriate prescription rate of antibiotics in the future,
it is necessary to apply a long-term sustainable antibiotic
prescription appropriateness evaluation tool and system.

In addition, antibiotic prescription support program?”
is available to support decision-making for antibiotic
prescribers at medical institutions in order to provide
information necessary for selecting antibiotics, such as
antibiotic dose and usage. Linking the program with medical
institution systems is also being considered to increase the
utilization rate.

In 2015, WHO recommended the operation of national
campaigns on antibiotic resistance. In the ROK, since
2010, the ‘antibiotic resistance prevention campaign’ has

been conducted in connection with the World Antibiotic

Resistance Awareness Week (November 18-24). Since
2017, awareness surveys have been conducted by subject
to measure knowledge, attitude, and awareness of antibiotic
use and antibiotic resistance. From the survey, it was found
that the general public lacked general knowledge about
antibiotics and resistance, and that medical personnel lacked
awareness of systems related to the proper use of antibiotics.
The results of the awareness survey are used as a basis
for preparing policies for the proper use of antibiotics. In
the future, continuous development has been planned for
awareness-raising public relations through systematic content
development and dissemination and supplementation of

survey tools.

2) Antibiotic prescription support program web address: http://ksc.thepowerbrains.com, mobile app: available after downloading K-APP

3000
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Prospects and Direction of Policy

It is only in the past 20 years that the ROK began to
develop policies with interest in the importance of antibiotic
resistance and management. Despite many efforts to establish
related policies and systems, such as preparing the "National
Antibiotic Resistance Management Plan;, challenges remain.

First, to strengthen the proper use of antibiotics, efforts
are necessary to expand the number of medical institutions
participating in the KONAS system for monitoring antibiotic
usage within domestic medical institutions, and to establish a
long-term and continuous appropriateness evaluation system
through the establishment of an antibiotic prescription
appropriateness evaluation roadmap. In addition, a plan
to strengthen the Kor-GLASS surveillance system, such
as through regional expansion, is required to identify the
current status of major resistant bacteria and new resistant
bacteria, such as multi-drug resistant bacteria, at the
national level and to systematically analyze related data
while maintaining a stable surveillance system for antibiotic-
resistant bacteria.

Currently, antibiotic resistance management measures are
established mainly in acute-stage hospitals such as tertiary
general hospitals and general hospitals. Thus, after the 2nd
management measures, it is necessary to gradually expand
the introduction of ASP not only to acute-stage hospitals but
also to primary and secondary medical institutions including
small and medium-sized and nursing hospitals.

For this, tasks that must be accomplished include
support for personnel dedicated to the use and management
of antibiotics, and preparation of a compensation system to

encourage participation. Unlike acute-stage hospitals, which

www.phwr.org Vol 15, No 50, 2022

have dedicated infection control teams, small and medium-
sized and nursing hospitals often do not have infection
specialists, and there is a lack of understanding and practice
of antibiotic use management. In addition, since patient
groups and medical resources vary for each institution and
since there is no standard terminology, uniform application
of ASP may be restricted. Therefore, to expand ASP to
primary and secondary medical institutions, customized
strategies for each institution may be required. The plan is
to develop a training course for professionals and qualified
substitutes and seek policy measures to prepare systems
such as a compensation system for participating medical
institutions and an efficient computer system.

In addition, in accordance with changes in international
situations such as the COVID-19 pandemic, international
organizations and major developed countries are required to
expand the scope of surveillance for antibiotic resistance and
to respond quickly to major changes. To respond promptly
to these antibiotic resistance issues, international cooperation
and collaboration must be strengthened, for example, by
continuously monitoring and sharing data on antibiotic use

and resistance in major countries.

Declarations

Ethics Statement: Not applicable.

Funding Source: None.

Acknowledgments: None.

Conflict of Interest: The authors have no conflicts of inter-
est to declare.

Author Contributions: Conceptualization: LHY. Data

curation: LHY, KKM. Funding acquisition: None.

3001


http://www.phwr.org

I Public Health Weekly Repo: ’\

Investigation: LHY, RSY, JGY, KKM. Methodology: Not
applicable. Project administration: None. Supervision: None.
Writing-original draft: LHY. Writing-review & editing:
YHS.

References

. Nathwani D, Varghese D, Stephens ], Ansari W, Martin S,
Charbonneau C. Value of hospital antimicrobial steward-
ship programs [ASPs]: a systematic review. Antimicrob
Resist Infect Control 2019;8:35.

. O'Neill J. Antimicrobial resistance: tackling a crisis for the
health and wealth of nations. London: Review on Antimi-
crobial Resistance; 2014. p. 1-16.

. KFF. Hospital Adjusted Expenses per Inpatient Day, 2015
[Internet]. Henry J Kaiser Family Foundation; 2016.
Available from: https://www.kff.org/health-costs/state-
indicator/expenses-per-inpatient-day/.

. Hand K. Antibiotic stewardship. Clin Med (Lond)
2013:13:499-503.

. Dyar OJ, Huttner B, Schouten J, Pulcini C; ESGAP (ES-
CMID Study Group for Antimicrobial stewardshiP).
What is antimicrobial stewardship? Clin Microbiol Infect
2017:23:793-8.

. Barlam TF, Cosgrove SE, Abbo LM, et al. Implement-
ing an antibiotic stewardship program: guidelines by the
Infectious Diseases Society of America and the Society
for Healthcare Epidemiology of America. Clin Infect Dis
2016;62:51-77.

Society for Healthcare Epidemiology of America; Infec-
tious Diseases Society of America; Pediatric Infectious
Diseases Society. Policy statement on antimicrobial stew-
ardship by the Society for Healthcare Epidemiology of
America (SHEA), the Infectious Diseases Society of Amer-
ica (IDSA), and the Pediatric Infectious Diseases Society
(PIDS). Infect Control Hosp Epidemiol 2012:33:322-7.

. NICE. Antimicrobial stewardship: systems and processes
for effective antimicrobial medicine use. London: National
Institute for Health and Care Excellence; 2015.

. CDC. The core elements of hospital antibiotic stewardship
programs. Atlanta, GA: Centers for Disease Control and
Prevention; 2014.

10. Yoon YK, Kwon KT, Jeong SJ, et al. Guidelines on imple-

3002

11.

12.

13.

14.

15.

16.

17.

18.

menting antimicrobial stewardship programs in Korea.
Infect Chemother 2021;53:617-59.

Hwang S, Kwon KT. Core elements for successful imple-
mentation of antimicrobial stewardship programs. Infect
Chemother 2021;53:421-35.

Nhan D, Lentz EJM, Steinberg M, Bell CM, Morris AM.
Structure of antimicrobial stewardship programs in lead-
ing US hospitals: findings of a nationwide survey. Open
Forum Infect Dis 2019;6:0fz104.

Hurst AL, Child J, Pearce K, Palmer C, Todd JK, Parker
SK. Handshake stewardship: a highly effective rounding-
based antimicrobial optimization service. Pediatr Infect
Dis ] 2016:35:1104-10.

Heil EL, Kuti JL, Bearden DT, Gallagher JC. The essential
role of pharmacists in antimicrobial stewardship. Infect
Control Hosp Epidemiol 2016;37:753-4.

Bantar C, Sartori B, Vesco E, et al. A hospitalwide in-
tervention program to optimize the quality of antibiotic
use! impact on prescribing practice, antibiotic consump-
tion, cost savings, and bacterial resistance. Clin Infect Dis
2003;37:180-6.

Belongia EA, Knobloch M]J, Kieke BA, Davis JP, Janette
C, Besser RE. Impact of statewide program to promote
appropriate antimicrobial drug use. Emerg Infect Dis
2005;11:912-20.

Cooke J, Alexander K, Charani E, et al. Antimicrobial
stewardship: an evidence-based, antimicrobial self-as-
sessment toolkit (ASAT) for acute hospitals. ] Antimicrob
Chemother 2010;65:2669-73.

Ashiru-Oredope D, Sharland M, Charani E, McNulty C,
Cooke J; ARHAI Antimicrobial Stewardship Group. Im-
proving the quality of antibiotic prescribing in the NHS by
developing a new antimicrobial stewardship programme:
start smart--then focus. J Antimicrob Chemother

2012;67(Suppl 1):i51-63.

. Public Health England. Start Smart - Then Focus: Anti-

microbial Stewardship Toolkit for English Hospitals [In-
ternet]. Public Health England; 2015 [cited 2021 Aug 12].
Available from: https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/
file/417032/Start_Smart Then_Focus_FINAL.PDE.

20. Ashiru-Oredope D, Budd EL, Bhattacharya A, et al.

Implementation of antimicrobial stewardship interventions
recommended by national toolkits in primary and sec-
ondary healthcare sectors in England: TARGET and start
smart then focus. ] Antimicrob Chemother 2016;71:1408-

www.phwr.org Vol 15, No 50, 2022


http://www.phwr.org
https://doi.org/10.1186/s13756-019-0471-0
https://doi.org/10.1186/s13756-019-0471-0
https://doi.org/10.1186/s13756-019-0471-0
https://doi.org/10.1186/s13756-019-0471-0
https://wellcomecollection.org/works/rdpck35v
https://wellcomecollection.org/works/rdpck35v
https://wellcomecollection.org/works/rdpck35v
https://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day/
https://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day/
https://www.nice.org.uk/guidance/ng15
https://www.nice.org.uk/guidance/ng15
https://www.nice.org.uk/guidance/ng15
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.PDF
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.PDF
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.PDF

I Public Health Weekly Re.:uu’\

21.

22.

23.

14.

McNulty CA. European Antibiotic Awareness Day 2012:
general practitioners encouraged to TARGET antibiotics
through guidance, education and tools. ] Antimicrob Che-
mother 2012;67:2543-6.

Public Health England. The TARGET Antibiotics Toolkit:
Guide to Resources [Internet]. Public Health England;
2018 [cited 2021 Aug 12l. Available from: https://www.
prescqipp.info/media/3159/target-antibiotics-toolkit-
guide-to-resources.docx.

Duguid M, Cruickshank M. Antimicrobial Stewardship in
Australian Hospitals [Internet]. Australian Commission on
Safety and Quality in Health Care; 2011 [cited 2021 Aug
12]. Available from: https://www.safetyandquality.gov.au/
sites/default/files/migrated/Antimicrobial-stewardship-

www.phwr.org Vol 15, No 50, 2022

in-Australian-Hospitals-2011.pdf.

24. Australian Commission on Safety and Quality in Health

25.

Care. Antimicrobial Stewardship in Australian Health
Care [Internet]. Australian Commission on Safety and
Quality in Health Care; 2018 [cited 2021 Aug 12]. Avail-
able from: https://www.safetyandquality.gov.au/sites/
default/files/migrated/AMSAH-Book-WEB-COMPLETE.
pdf.

Korea Consumer Agency. Monitoring results of antibiotic
resistance bacteria in food. Eumseong: Korea Consumer
Agency; 2002.

26.Kim B. A survey of Antimicrobial Stewardship Programs

in Korean Hospitals. Cheongju: Korea Disease Control

and Prevention Agency; 2020.

3003


http://www.phwr.org
https://www.safetyandquality.gov.au/sites/default/files/migrated/AMSAH-Book-WEB-COMPLETE.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/AMSAH-Book-WEB-COMPLETE.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/AMSAH-Book-WEB-COMPLETE.pdf
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE01732909
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE01732909
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE01732909
https://library.nih.go.kr/ncmiklib/mlib/mlibViewReport.do?bibctrlno=8305570
https://library.nih.go.kr/ncmiklib/mlib/mlibViewReport.do?bibctrlno=8305570
https://library.nih.go.kr/ncmiklib/mlib/mlibViewReport.do?bibctrlno=8305570

L)

Check for
updates

2 =

elSSN 2586-0860
https://doi.org/10.56786/PHWR.2022.15.50.3004 Public Health Weekly Report

Al-E8 DHASFE 41t 0], 2012-2021

20214 71 9 1941 o]0 AAAFFE(AFRZS AIFNA 7.6%= 7Fg RA, BLAA 14.4%=% 78 =4 Uebsd
o Al - EZF ARR= 6.8%pel™, AE 7.7%p HHl 0.9%p FASFRATHLE 1).

30 q
25 A
20 A B 28 59 e =
g= 2 MR 187 HZE  ©Sgo °*—J179 =
1|o163 174 172 T2 T 176
]
X i 151 zZd 2
K159 [ 1a0 1147 Fhtas [ra9 149 [PIST L T s -|—14.4
128 |45, - 127 L 12, J—116
[t T T — 10 Log 113 112
10 7 7\1I_F9.8 Ml% o A"% NZ
= 76
66 MNZ
54 NZ
0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
ZAtEE

I3 1A= 1P FAF S0], 2012-2021

NS FE D 1d B EAE 3 A9 el A 77 oA (EE WFE 570 HL), ot 53 o] (EE W 37 HE)S F 23] o4 upAlE
Aol B-&, 1t 194 o]4F

Ta819] dud ARG 20059 2ANTE AgHEs}

EX: 2021 X|GHLEA, http://chs.kdca.go.kr/

AP TR DHYTERRIR DR

Ly

Copyright © Korea Disease Control and Prevention Agency

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:// KDCA
BY NC

creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any Korea Disease Control and
medium, provided the original work is properly cited. Prevention Agency

3004 www.phwr.org Vol 15, No 50, 2022


http://www.phwr.org
http://crossmark.crossref.org/dialog/?doi=10.56786/PHWR.2022.15.50.3004&domain=pdf&date_stamp=2022-12-15
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

QuickStats

Trends in the Gap in Prevalence of High—Risk Drinking Between
Metropolitan Cities During 2012-2021

In 2021, the age-standardized prevalence of high-risk drinking among individuals aged =19 years was the lowest in
Sejong-si (7.6%) and highest in Gangwon-do (14.4%). The gap in the prevalence of high-risk drinking between the cities with
the highest and lowest values decreased from 7.7%p in 2020 to 6.8%p in 2021 (Figure 1).
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Figure 1. Trends in the gap in prevalence of high-risk drinking between metropolitan cities during 2012-2021

*High-risk drinking: the percentage of individuals who responded that they drank >7 glasses (or approximately five cans of beer) in one
drinking session in the case of men and five glasses (or approximately three cans of beer) in the case of women, more than twice a week among
individuals who drank alcohol in the previous year (365 days).

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

Source: Korea Community Health at a Glance 2021: Korea Community Health Survey (KCHS), http://chs.kdca.go.kr/

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

www.phwr.org Vol 15, No 50, 2022 3005


http://www.phwr.org

