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Background: Antimicrobial resistance of bacterial pathogens that cause urinary tract infec-
tions is a leading concern in Korea. This study analyzed the urine culture results and antimi-
crobial susceptibility trend in different types of healthcare facilities including long-term care
hospitals. The aim of the study was to derive relevant information for the empirical treatment
of patients with antibiotics.

Methods: We analyzed the species and antimicrobial susceptibility of the isolates from urine
cultures received at the Seoul Clinical Laboratories from 2018 to 2020. Organisms were iden-
tified using Microflex MALDI Biotyper (Bruker Daltonik GmbH, Germany). Antimicrobial
susceptibility was tested using the Vitek 2 automated system (bioMérieux, France).

Results: The most frequently isolated organism was Escherichia coli. In general and small
and medium sized hospitals, Enterococcus faecalis was the next most frequently isolated or-
ganism. In long term care hospitals (LTCH), Proteus mirabilis was the next most frequently
isolated organism. A total of 37-70% of E. Coli, 51-76% of Klebsiella pneumoniae, and 52-
85% of P. mirabilis strains were cefotaxime resistant. The incidence of fluoroquinolone-resis-
tant isolates for the aforementioned strains was 48-86%, 51-83%, and 60-95% respectively.
A total of 8-22% of isolates of K. pneumoniae were carbapenem-resistant. The incidence of
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in 2020. The incidence of glycopeptide-resistant E. faecalis was 27-80%.
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Conclusion: This study demonstrated that the use of fluroquinolones and f3-lactam antibiot-

) ics recommended for empirical antibiotic thera; as limited considering the high prevalence
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of antibiotic resistant organism. Antimicrobial stewardship programs and infection control
programs may also play an important role considering the high prevalence of antimicrobial-
resistant organisms especially in LTCH.
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Introduction

HETH2). oj3e 8 2AFL B2 &
HET o] g E FatA| ARG HIET} ule &2 A7)
H[3], 20149 %= AAEA7]F9] A A AR ZHA] BilA
JrE g2 9 WlwolA cephalosporinAl2}
fluoroquinoloneA| @Al tigt WA S77F AA &
Aol Azt FAECE A7 =1 Szt o] tigt
o] W3k AAojc}H4].

FUIAE WA E4hE AAGH] st = S+t
A WY @8 todsty 1 #3kE ZAISH] 93 oS
gt FEiQ] A AATE 44 9= Ak Kor-GLASS
(Global antimicrobial resistance surveillance system
in Korea)= 23489 9 g9 Y KARMS (Korean
antimicrobial resistance monitoring system)= &4
Hd 9 9¥HY, KONIS (Korean national health-
care-associated infections surveillance system)= %
FBLY S F HANFLE stal rH5). ol
e FA A ARES RARRE A2 FEA A
Aol §-83 ARE AlFstH U/t Aits 27 9
e A4 79 7|2 A7t "ol

Iy agHdS 2t gm7|# 2 8ud &5
w5 11 FA FeAdol B AR = E5HA] gt o]
2 AFoA = F2 397 3 A AAIE | 2J=E g u)
FolA EEE &3 Al =2 Al gk F+A 24
A AR AYE AR, 57T SEE BASlo 82 3
5 AR 712 ARE AlFstLA st

< A2HHe sk J o gHA Jlen 1 5 4%
o= A

Materials and Methods

2018 1¥9%¥E 20209714 12¥€71A] 34 &<t
o AEZAAIE Q=" 9 WY L FAA A AIE
23S FA45H3 T KARMS [71914 AH8-4 Q=73 &
H 50 w2t SEELL 10084 o, T4 e 30
W4 10074 uid, od2 3084 mute] wr|He s
TFAEAT. 20l 2 T Bd2 FEEd
5671, T4 75571 2 2L 1427112, A 9E=
€ A2 471, B9, 374, B4, Azt R AF AGoA &
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717, 5, 4, 23, 4, 371 489, 252, 46, 79, 286, 80,
127} S4MelY 9 38,7,13,62,18,47] 8¢ oA 9
F=At 2 AA9 68%= 28|F F487] (BD Vacu-
tainer® Plus C&S preservative tube, BD, USA)E 9]
92 YA = 87|12 ==

8 gL 5% Y Y A7} MacConkey SHHO] &
0.001 mLE H% ¥ s}53 wjgsted 10° CFU/mL o
A SA%F #FE A 22 MALDI TOF MS Biotyper
(Bruker Daltonics GmbH, Bremen, Germany)E °©|-&
sto] Akt F7HA 4% olste BF, Al S5 o4
o] ZAI%t A= 7MY ARt #59HS A5

FoA AL VITEK 2 (bioMerieux, Marcy-I’
Etile, France)@H]E AHE5F9] CLSI (Clinical and Lab-
oratory Standards Institute)] 7|&°] wt BE1H
tH8-10]. A8 #%2 KARMS (71014 o2 9 U+
105E YR 5191, 1 5 &3 6F, S Escherichia
coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudo-
monas aeruginosa, Enterococcus faecalis @ Enterococ-
cus faecium® FwtA F4dS EA6HA

271 6450l tigt 57| T F4A WAde vns
AslA 7ol Al FHS= Al&SH L pEkol 0.05 IRkl 7
$E FAZCE Fo3t Ao g Frtsiqirt. A +A4
£ SPSS =2 I1F(IBM Corp., Armonk, NY, USA)= At
i

Results
1. Q B 22| M7 2X

8 viF 22 Al Foll E. coli (62.2%)7F 7P Bk,
T HARZ E. faecalis (9.1%), L T 2.& K. pneumoniae
(8.8%), E. faecium (6.6%), P. mirabilis (6.5%) Y P.
aeruginosa (5.7%) <01} tH(Table 1). 7} &3+ E. coli
ALY T2 YDA E 60% oo, adEd
A= 36.4%% 7P Wttt FEYNXE E. faecalis
9} K. pneumoniae?t, SAH YA = E. faecalisS} P.
mirabilis7} 71 T2 02 Woky  QoFH Ao A= P. mira-
bilis®} E. faecium©] B}t
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Table 1. Bacteria isolated from urine cultures from 2018 to 2020 according to type of healthcare facilities

Number (%) of isolates

Bacteria
GH SMH LTCH Total

Escherichia coli 20,398 (63.7) 52,620 (65.6) 4,397 (36.4) 77,415 (62.2)
Enterococcus faecalis 3,002 (9.4) 7,568 (9.4) 789 (6.5) 11,359 (9.1)
Klebsiella pneumoniae 2,816 (6.4) 6,936 (5.5) 1,214 (10.0) 10,966 (8.8)
Enterococcus faecium 2,465 (4.6) 4,085 (2.5) 1,658 (13.7) 8,208 (6.6)
Proteus mirabilis 1,510 (4.7) 4,782 (6.0) 1,837 (15.2) 8,129 (6.5)
Pseudomonas aeruginosa 1,827 (5.7) 3,854 (4.8) 1,498 (12.4) 7,179 (5.7)
Enterobacter spp. 647 (2.0) 2,067 (2.6) 97 (0.8) 2,811 (2.2)
Citrobacter spp. 505 (1.6) 1,531 (1.9) 218 (1.8) 2,254 (1.8)
Acinetobacter baumannii 306 (1.0) 792 (1.0) 274 (2.2) 1,372 (1.1)
Staphylococcus aureus 322 (1.0) 568 (0.7) 86 (0.7) 976 (0.7)
Total 32,036 80,204 12,068 124,308

Abbreviations: GH, general Hospital; SMH, small and medium-sized hospital; LTCH, long-term care hospital.

QFHAANA 47 37%, 32% D 70%= 1,2MH cepha-
losporin Al WAET} v]:01R 1L, ceftazidime WAES
Z¥ZF 18%, 15% ¥ 43%0°]4tH(Table 2). Carbapenem
WAHES SEHAY 43U 1.0% vqo|gl oy,
2FHLL 3%t Fluoroquinolone WAES $%
B FAEHLL 50% FEFoY, 3gH A2 80%
ojA}o]tt. Trimethoprim-sulfomethoxazole (SXT)
WAES 24 U0] 46%2 STH LT F4a o Ho H]
stod oF7E =9k, Al RE FAlC] g HAdEol 8
FH AN TFPY LT FaH YRS FooHA =9t
(P<0.001).

K. pneumoniae® cefotaxime WAES STHY, 5
2o 9 aFgLolA 47 52%, 51% R 76%°1 %A
1!, ceftazidime Z+2ZF 44%, 45% ¥ 70%°]}tt. Car-
bapenem WAES T&H Y, 49 2 a¢F L
A 27 8%, 16% X 22%°]21 3L, fluoroquinolone WA
E2 ALY A YL 51-58%019 o, 8
Y2 75-83%F amikacine A Qg LE A0 tiet
/g0l 8F Y LoA FoJ5HA =% THP<0.001).

P. mirabilis®) cefotaxime WAES T¢HY, 344
ol 9 gFH AN &2 52%, 57% L 85%, ceftazi-
dime2 Z}Z} 9%, 19% ¥ 30%°] 4}t Meropenem W4
E2 0.1%% 29t} Fluoroquinolone WAES 34
At FAH L2 60% BEF o, AP FLL 90%F =
0|91, SXT WAES 3¢ Yol 68%E meropenemIt
doxycyclines A Qg F+tA12 W E0] 8¢ LolA
STHE LY FAH AR FooHA =3 THP<0.001).

Ago

P. aeruginosa® piperacillin-tazobactam W&

https://doi.org/10.14192/kjicp.2022.27.1.51

94, 34 od 9 e g AolA 27t 54%, 59% 2
69%0°]4 1!, ceftazidime < 2+ 52%, 60% L 63%0°|
9t} Carbapenem 4SS A} Fouojge
58-67%, LFH YL 70% ©]At0]21 1, fluoroquinolone
WAEL 64-79%% P. aeruginosa®|A = AP RE
FatAol digt W&ol LY P UANA oA &9k
(P<0.001).
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o2

A
E. faecalis'= ampicillinl 52 Aol od
penicillin & 11-33%7} WAdolAtKTable 3). Fluo-
roquinolone WAE2 $3H YT S4HdL 47
41%2F 25%019 24, FH Y2 74%2 F-2oHA =%
(P<0.001). 39 vancomycin WAL Z¢H L1} 244
oA = 1% olstol o), Y Ao = 14%E &
9J8HA| &tHP<0.001). Nitrofurantoin®} linezolid W

BES BT 1% oJstE Wk
E. faecium® ampicillin¥} penicillin W& 95%

oJ4}, fluoroquinolone WAELE 95% o|Ato]3itt. HiH
9 tetracycline A& 11-19%°]%3., vancomycin
3} teicoplanin WAES SEH LT S45 o] 27-
55%°1 91, SFFLL 52-80%F2 Fo5HA =%+
(P<0.001). Nitrofurantoin HAEL 78-87%= =44
9k quinupristin-dalfopristin®} linezolid W& Z+
ZF 6-9%2} 1% m|gko] it
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Table 3. Antimicrobial resistance rate (%) of Gram-positive cocci from 2018 to 2020 by type of healthcare facilities

Resistance rate (%)

Antimicrobial agent E. faecalis

E. faecium

GH (n=3,002) SMH (n=7,568) LTCH (n=789)

GH (n=2,465) SMH (n=4,085) LTCH (n=1,658)

Ampicillin 1 0.3
Penicillin 26 11
Ciprofloxacin 41 25
Levofloxacin 41 25
Tetracycline 89 88
Linezolid 0 0.1
Quinpristin-dalfopristin NA NA
Nitrofurantoin 1 0.5
Teicoplanin 0.2 1
Vancomycin 0.4 1

1 96 95 97
33 97 96 98
74 96 95 98
74 95 95 98
93 12 19 11

0 0.3 0.2 0.2
NA 6 8 9

1 80 78 87
11 27 31 52
14 45 55 80

Abbreviations: GH, general Hospital; SMH, small and medium-sized hospital; LTCH, long-term care hospital; NA, not applicable.

4. AT E LHgE 0|

i

At 3W7E S AN EEE E. coli¥ cefazolin,
cefuroxime, cefotaxime ¥ fluoroquinolone®] gt
WAEES 3-5%% 7163 ou, Sagoddss 58
3 37 ik (Fig. 1). 8FH YA = amoxicillin-
clavulanate, cefotaxime, ceftazidime ¥ carbapen-
em®|| gt WAEO| 3-5%4 S7I5tA . K. pneumoniae
= WREEY Al Al tigt yidEo] 2E Q=7
FHAA STkt 5] 3¢ EYolA 9] carbape-
nem WAEo°] 2018 °l= 8%, 201999+ 16%, 2020
Wofl= 38-40%E 48 ol 718t P. mirabilisv= &
S U A cefotaxime ¥ ciprofloxacin® WAEo] Z+
ZF 12%%} 9% S7FstAT. P. aeruginosa®l 7% 54H
o)A A 9] aztreonam WAAES HAs o, 1 99
72 Al A0l gt WA ES S71skelt

E. faecalis9 fluoroquinolone WAE2 2E Q77|
o FHoA F7F FA019 1, §9] T ANA = 2018
9 35%014 20209 50%E 15% Z7VstAt}. E. faecium
2 vancomycin WAEC] EFH LA E 10%, 489
Yo M= 24% S7FHR AL, nitrofurantoin WAAEE ZH2}
7%} 8% 7ttt

Discussion

£ AFoME
Hj oA 22E &3 At 8 Alatoll tieh Al 3
F4 ANE AAE AxET 8U)H TEE Yo Y
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BES A8 & WiF 2EF S 7HE £ #F

2 E. colif o QFFUNA = B Z72 7] vl
Proteus spp.2] H|-&°] EHTable 1). P. mirabilis=
Ao &40l S 5eHE ol4do] Q= EAIA S Bt Q.
ERQNA S0t T HH S2HFE OoAXN 8
B FAo|A Skl &E{A ATH11l. 2013-20179 "
= 24371 2FUe] Q2 HAF SANAE Proteus spp.
(14%)7F FHAZ &3 HRIF o2 B EQITH12].

FluoroquinoloneAl= -gugtoA A HGAE] &
2 1xero® FFEA|THA], o] oA WAHES
=0 Hlsto] A5 =% F, 4 6/ L=EZFH
Zpo|l A B2]EH E. coli® ciprofloxacin H|ZFAE©°
¥+ 15.1% [13], ZAUttol A= ciprofloxacin #4+3E
< 83.0%% Hustg1[14], vl= 28 A+ cipro-
floxacin ZFFHES E. coli 78%, K. pneumoniae 95%,
P. mirabilis 90% 2 P. aeruginosa 76%°|JH HHHO
[15], & A4 9] fluoroquinolone WAEL E. coli7}
48-86%, K. pneumoniae 51-83%, P. mirabilis 60-95%
9 P. aeruginosa 64-79% ©|tt. weEtA A HALE] WA
£0] 20% vHYd S AT FHAZA AMES EAT
7] WEelll4], ol& F A= 44 AE Ao w2 A
8ol viEA st

<& ESBL A 1834 Idi+#9 S7t= cephalo-
sporinA] X & Al Agjgo] FotFtH4]. & AoA=
cefotaxime WAIO| E. coli 32-70%, K. pneumoniae 51-
76%, P. mirabilis 52-85%°] 4}, Cefotaxime WAE
2 #2349 Abo] S718ke FAIAL, 53] ESBL B4 E.
coli F°l= ST1319] A|GAL3] EHito] A7 gkal A

o, ot to o
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S+ carbapenemO| = WA Yol FHjelo] By E 9]
0]A[16,17] ol° it 4 A7t Yo ACE AR
= 9dth. £ 2 carbapenemAlo] WAl Al St
7t BRREQ=|[18], £ AFIA%E carbapenem WA
K. pneumoniae©| 8-22%°11 1, 202089 LFHA £
9 YAHEL 38-40%= S7Fokich. =4 2018-2020
A FHHE YA UHAIF &S AL@ZNANE =7
T F3E FE A AA AL F a8 oA Ax v
o] 20184 4.3% (5177), 20194 7.0% (1,0774) 2020
d 8.2% (1,4857)= vl S7Fsto] &5 248 AolA 9

56

Imipenem
Meropenem

Ceftazidime | —

Cefepime  |E——

Cefoxitin ——
_-—
_——

Ciprofloxacin |5

Levofloxacin |

Amikacin

Gentamicin [

Doxycycline | ————
Trimethoprim-... | —

E

20 40 60 80 100

Pseudomonas aeruginosa

o

n
o
IS
o
o
=]
®
o
o
Is)

Enterococcus faecium

a

o

GH®GH®GH ®SMH mSMH mSMH B LTCH mLTCH mLTCH

N
o
IS
o
o)
=]
©
o

100 Fig. 1. Antimicrobial resistance rate

(%) of 6 microorganisms from 2018
to 2020 by year.

HAS i HAE Ao AT SRS 7 AY
A 9 g5 AA7TdY e fIt A= A Yol A&
Holof & Aoz AAIATHIL 22 thE BioM:
carbapenem W4 ZWAlH Sl K. pneumoniae©] &
Skl 11 Fo|A= KPC A4 «+57F Estral shich20].
Carbapenem #3] 84& AAsI= P. mirabilis7t A|A|
A0 7 7H7ks| WA RSl oy oA 7HA] &= carbapenem ]
AE0] W2 AoE IHA J121], & ATFIME me-
ropenem YA EZ 0.1%tt.
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