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Antibiotic-resistant bacteria have become an increas-
ingly serious problem in Korea, and multidrug-resis-
tant organisms (MDROs) such as methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant
enterococcus (VRE), and multidrug-resistant Pseudo-
monas aeruginosa and Acinetobacter baumannii
have increased over the recent years. More seriou-
sly, the recent emergence of carbapenem resistance
among Enterobacteriaceae is thought to be an urgent
worldwide threat. Active surveillance have been iden-
tified as an important tool as an intensified infection

INTRODUCTION

At 6001 W EF oA 7EA] A Aol thste] WA Kol
+ PHAWA Aol F7kell skt vl A ke] E- Y (Centers
for Disease Control and Prevention, CDC)+ ©]2]gt thAWA
Altell 23t 75 X 87 ol jivh= A4S gEla, A
£ 7] 93 28 TlEelaal, 2 WA Alde 2 A
ol g} 372 & yro] HuslrH1]. &, carbapenem A
Enterobacteriaceae (CRE)7} 70338 913 (urgent threat) o,
methicillin WA Staphylococcus aureus (MRSA), vancomycin
WA enterococcus (VRE), THAIWA  Pseudomonas aeruginosa
(MRPA) 2 S AWNA Acinetobacter baumannii (MRAB)7} A2+
3t 9% (serious threat) 22 E-F%]3 QITH1].

A Aol 23 7l A& drAle] A Aok,
WY A 717k 7L, S mnl 8t AAES St SEk sk
ol =1l 7173 Bl Avkek 1ge] Far Qlr}2-6]. ool
ulgl SevEtoll A e chAlA] Allatoll thst ZheddelE 733t
SkaL Qe 20108 58] Zdr o o] gl Seloll A3t HE
ol o3l F2 vHAWNA AT 65 TEAAS] e 2 AA

control intervention for the control of MRSA and VRE
and may be also an effective strategy for multi-
drug-resistant Gram-negative bacilli. Rapid detection
using molecular methods could aid in the timely de-
tection of MDRO carriers, and adequate application of
infection control strategy could reduce the transmis-
sion of MDROs within hospital settings. (Ann Clin
Microbiol 2015;18:103-110)
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sto] Felslar deH7).

CHAIA Ale] B W Siks 2] SleliAl= 26l o3t
(evidence-based) thim ] Zhodgte] Hzko] Fgslm olol=
ARl hedste], AlSslar st Zgk, A3 oA A
o] gk WAAITS A= A ZAA9 wiokellA e
2 Al e SAH e Adlse 53 A
(passive surveillance) & oz}, F=4ke] dHAWA Al B
A A= A58 737 (active surveillance)E 7+ 3%
2] T3k Q4ro|vhg]. A4 AL AHo® o] F
o] Al whE AJZF Hell A5 o] Hiate] Al 5o =
2] 5o| Ad=A] gfotok str g AEAQ] moks 7o 3t
o= AL o] AR WS o] 83 A5 A
=19 ool AR AALL AUrH9). & FAAE HZ &
M= AL Q= T2 THANA Ale] A S aolisla

A AR Haz g
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CURRENT SITUATION OF
MULTIDRUG-RESISTANT ORGANISMS
IN KOREA

Korean Nationwide Surveillance of Antimicrobial Resistance
(KONSAR)l|A4] E.argk 20110l E2]% chAluiAd Al<] W
AES X MRSA 67%, vancomycin WAl Enterococcus fae-
cium 23%, cefotaxime WA Escherichia coli 21%, fluoroqui-
nolone WAl E. coli 36%, cefotaxime WA Klebsiella pneumo-
niae 29%, imipenem WA P. aeruginosa 3 Acinetobacter spp.
7V A7 21%8} 63%oll 2eel10]. T 10137k 25gdnat
F AT ZollA carbapenem WA Aol Z718F Zlo] Eoldt
tll, carbapenem WA P. aeruginosa®] %7171 ¥ Ul carbape-
nem AH-&-2] F7Fe} aAgte] glekar ghrh11]. 3=ollA] carbape-
nemase 34 Enterobacteriaceae (CPE)= o2 T4 o] Ak,
2010078 A1AkEl Awdae|Rie] R sk K
pneumoniae carbapenemase (KPC), New Delhi metallo- 5 -
lactamase (NDM), Verona integron-encoded metallo- 5-lacta-
mase (VIM), imipenemase (IMP), oxacillinase-48 (OXA-48) &
9] carbapenemases sk ATl AESo] S,
CPES] ¥l A Fbelt FAloleh12,13]

Flle] WAE Assh v|Eat falel TS Tl
B E AR AR v ol AAT, Fjeh u)
I W] TR Sl A el aReA AlE vl
sl i, izt & WA Eol a5 & 5 Y3tk Table
1) [10,14]. 53] 341t cephalosporinol] Tt E. coli®] WA B
el 737 38%ell Fal=tl vlal vl=d} F32 22 12%9F
17%2] BIZAFAES BATH10,14]. K. preumoniae] 3A|HH
cephalosporinll gt WAES T 7§ 45%0l Zsl=dl
)&l v=2] 7§ Kiebsiella spp.2) HIZHAE-S 13%0l £3}
3}AtH10,14]. P. aeruginosa®] 735 I 2] carbapenemol] T
g WA B 32%E v BIZFAES 30%, e vk

AES 31%E ] WA Bl o E=3keH10,14]. =W el
Acinetobacter spp.2] carbapenemel] tgh WA &2 83%=E vl
o] BRI E 56%, ] BT E 62% Kok 8] =0k

th{10,14].

ACTIVE SURVEILLANCE FOR
INFECTION CONTROL

Wl o v BEAAA T Zhedte] A WAl hdde] &
o] d3to 7 FAdukolA] FelEle oAl Al AsE
EA4slo] e A 74 9k HHantibiogram), BHA3E(incidence), 7+
%dE(infection rate) o FAISHE T84 HATAIE A}
39k SRR A E AR 5 A= FIsh
A8 WA Al < Sk(epidemiology)®] #l3HE slets|=vl
E 83l o182 7 lv1s].

A b o F A Al BaAbE HEse A
Ui =71 wliell, A4 24717 L asiehsg]. v ol
23 54 7+4 719k 2329 (contact precaution)”} MRSA
1 VRE 7l WAE S8l otk it le16]. vhAlW
A agkgAd Tl disiA e Le]xe] AlAoldellA] uhAyst 4.
baumannii VA5 w5 W wokS o] &3k 573 2HdzA
T AdHe AMS Agsle] anpg o JAelegivks B
I7F QUek17]. w3t oekelote] g Aol FFX| S =
ok B3 A58 AR B AlAokEo] KPC-AA K.
pneumoniae®] HFA S Bl HE5F0 59 ZeddtE] A
Hog aipHog delalgikar HarslicH18].

ZAEH Q] wjekH & o] 83t BAt HEoll= 238 A& A
AR Zbe] &gEet FF3HE W o RE MRSA Bz 7%
= 913k v|7 wiel{19], VRE B2k ZEs 93k ¥ = A
g wiek ol ArH20]. chAWA 224 o] Bt
A A AF WE ke she dedt A9 7744l
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Table 1. Antimicrobial susceptibility of clinically important Gram-negative bacteria from intensive care units in Korea, United States and Europe

Antimicrobial E. coli Klebsiella spp.* P. aeruginosa Acinetobacter spp.
agents
Region K U E K U E K U E K U E
Susceptibility R% NS% NS% R% NS% NS% R% NS% NS% R% NS% NS%
3" Cephalosporin 38 12 17 45 13 37 26 24 25 86 61 -
Carbapenem - - - - 4 10 32 30 31 83 56 62
Fluoroquinolone 52 39 28 39 15 38 38 27 28 87 63 68
Gentamicin 37 13 15 24 8 21 27 - - 84 - -

*Klebsiella spp. in Korea was K. pneumoniae.

Abbreviations: K, Korea; U, United States; E, Europe (Belgium, France, Germany, Ireland, Italy, Portugal, Spain, Sweden, and United Kingdom);
R%, resistance rate; NS%, non-susceptibility rate; Susceptibiity data modified from KONSAR surveillance [10] and from SENTRY surveillance

[14]; -, no reported data.
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A7} o] ojedgo] Sk WhAHulA](chromogenic agar)© Al
A=l Alehd s glo] B = glom g B4R
okl whE A1ZF ol] ArtE % shgslc).

CHAIWA AlTe] 4143t 75 flsle] wieksl Kol ¢
A WA FAAE 2R e R Asshe 2E 5
a3t 7|yolw, vhoket AE3hE AlEEo| olu] /Mitx]o] 9l
o] W ES ATAY wikH o= whE ArE e 7 AU
Aol glon}, oA 5 vk Aehe A gL Fes)
o} wghA] Y A8k Aabs od7] Slste] AAelA] AA ok
AN Al AEshe o] AdsEe] gt

AFA S A8 uis vlE, 99 59 X
Bz 28T A7, A8 AZF W) B gl A3t
o7 Ay, AA ] AA Fo| sexE]ofof st} Fhd
5o] AA=NA] gFoeful A&s] 54 7HedzhAl e Azt
T Aol Tz o] FH o ZE 2417t o] AFE Har
Zol| Zaslri9].
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RAPID DETECTION METHODS FOR
MULTIDRUG-RESISTANT GRAM-POSITIVE
COCCI: MRSA AND VRE

MRSA £2& $J8ll 2Yul A& ChromID MRSA (bioMé-
rieux, Marcy 1'Etoile, France), BBL CHROMagar MRSA (BD
Diagnostics, Sparks, MD, USA), MRSASelect (Bio-Rad Labora-
tories, Redmond, WA, USA), % Spectra MRSA (Remel, Lenexa,
KS, USA)7} FDA®] Q15 wiokom[21], Z2H2he] whauiA] €]
436 Table 201l B ela}3irh22-25]. VRES 7<53l7] 913k
AR 2= ChromID VRE (bioMérieux), VRESelect (Bio-Rad
Laboratories), Spectra VRE (Remel) 5] FDAS] %915 Wik
on[26], Zt7ke] WhAlulR] 9] A5 Table 20 Aelslich
[26-29].

2 woz Al 47 MRSAS 7Eshe
wiSo] subEle] ghedl, ¥l AAlOlE BD GeneOhm
MRSA ACP (BD Diagnostics, San Diego, CA, USA), Xpert

Table 2. Performance of chromogenic media for detection of methicillin-resistant S. aureus and vancomycin-resistant enterococcus

Media % Sensitivity % Specificity % PPV % NPV Reference
ChromID MRSA 95.6 (24 hr) 95.8 (24 hr) 82.3 (24 hr) 99.1 (24 hr) 22
(bioMérieux) 100 (48 hr) 92.5 (48 hr) 73.1 (48 hr) 100 (48 hr)
58 (18 hr) 100 (18 hr) 100 (18 hr) 93.7 (18 hr) 23
88 (24 hr) 99.7 (24 hr) 97.8 (24 hr) 98.1 (24 hr)
96 (48 hr) 98.7 (48 hr) 92.3 (48 hr) 99.4 (48 hr)
80.8 (18 hr) 98.7 (18 hr) 93 (18 hr) 96.1 (18 hr) 24
90.9 (24 hr) 98.1 (24 hr) 90.9 (24 hr) 98.1 (24 hr)
99 (48 hr) 97.9 (48 hr) 90.7 (48 hr) 99.8 (48 hr)
CHROMagar MRSA 11 87.7 98.6 914 98 25
(BD Diagnostics) 84.8 (18 hr) 99.8 (18 hr) 98.8 (18 hr) 97 (18 hr) 24
91.9 (24 hr) 99.5 (24 hr) 97.9 (24 hr) 98.4 (24 hr)
99 (48 hr) 99 (48 hr) 95.2 (48 hr) 99.8 (48 hr)
MRSASelect 89 934 69.1 98.1 25
(Bio-Rad Laboratories) 86 (18 hr) 100 (18 hr) 100 (18 hr) 97.8 (18 hr) 23
96 (24 hr) 100 (24 hr) 100 (24 hr) 99.4 (24 hr)
96 (48 hr) 82.5 (48 hr) 46.6 (48 hr) 99.2 (48 hr)
87.9 (18 hr) 99 (18 hr) 94.6 (18 hr) 97.5 (18 hr) 24
94.9 (24 hr) 98.5 (24 hr) 93.1 (24 hr) 99 (24 hr)
100 (48 hr) 97.7 (48 hr) 90 (48 hr) 100 (48 hr)
Spectra MRSA 83.6 92.1 63.5 97.1 25
(Remel) 82 (18 hr) 100 (18 hr) 100 (18 hr) 97.2 (18 hr) 23
96 (24 hr) 99.7 (24 hr) 98 (24 hr) 99.4 (24 hr)
100 (48 hr) 80.3 (48 hr) 44.6 (48 hr) 100 (48 hr)
ChromID VRE 94.9 99.7 98.9 98.3 26
(bioMérieux) 86.3 (24 hr) 100 (24 hr) 100 (24 hr) 90.8 (24 hr) 27
88.2 (48 hr) 98.6 (48 hr) 97.8 (48 hr) 90.7 (48 hr)
VRESelect 91.9 99.7 98.9 97.4 26
(Bio-Rad Laboratories) 98.7 99 96.9 99.6 28
Spectra VRE 93.9 99.7 98.9 98 26
(Remel) 98.3 (24 hr) 95.2 (24 hr) 93.4 (24 hr) 98.8 (24 hr) 29
100 (48 hr) 95.2 (48 hr) 93.5 (48 hr) 100 (48 hr)

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
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MRSA (Cepheid, Sunnyvale, CA, USA), Xpert SA Nasal Com-
plete (Cepheid) 3! LightCycler MRSA advance test (Roche
Diagnostics, Basel, Switzland)7} FDAS] 4915 W vl o]t}
[21]. TWHe] AlEFLZ+= multiplex PCRY Q] Seeplex MRSA
ACE Detection (Seegene Inc., Seoul, Korea)7} 4-&3k=]o] 9}
th30]. ZHzte]l A A5 Table 30l Fzlslgict
[22,31-36].

PARANY WHoE MRSAZ Adeht WES F=
mecA S FH O AL QheH37]. AR mecA FAAL
£ 402 s} ZHAE coagulase 24 staphylococcust} me-
thicillin 274 S, aureus7} mecA®}; 8ol =& FAAE
ZHA AL Slo] SIS B 5 JeH9). ol#dt s S5
7] Y184 SCCmec-orfX junctions 4807 sl+= ZA7] 7N
E|GIEH38].

FHALARSH S o] &5kl MRSACN tal]l H=574 7H4]
5 AW A= AR E o] & wiiel F o Al
B 4= Yei39]. 44 24417k o]fjoll MRSA HF7} o} -5
XpertMRSA assay (Cepheid)Z &3+ A3}, uljokol] 23t A=
2 Zho Aol ulel WAZe] o AelE A gel A
7 golg A, W9l W MRSAS] 73S 7HAA71 A& 23
o3 $191eH40)

A e QAo AR VRES A% & 5 9)

=

< e i 52 AAHE AAE ol&sh BD Gene-
Ohm VanR assay (BD Diagnostics), LightCycler vanA/vanB de-
tection assay (Roche Diagnostics) 3! Xpert vand/vanB assay
(Cepheid)7} rH41]. 2] AF L 2E multiplex PCR™ Q]
Seeplex VRE ACE detection (Seegene Inc.)7} A-E3k=]o] et
[42,43]. Zt7He] BARA ] 452 Table 3ol Aelekict
[44-48].

AR W08 VRES AEshe Wiloll = Aldbdol
et thi-Ee] o] wiekie} HIzkelA VRES Asskal
ot MRSAS= el Ak A7 sk &3l AL )
WrElo] 9lA] ob7] wiizell A AARe] -840l olA™, vanB
£ 7R Qe 71T el RS HY T Yee
FoJallof ghrkar sHIrH9).

RAPID DETECTION METHODS FOR
MULTIDRUG-RESISTANT GRAM-
NEGATIVE BACILLI: CPE

CPE®] A%< Sleto] Arate]| 2 ollA= oJ4l=]le Tl
tste] modified Hodge test®} carbapenemase inhibition testE
Agshe ARE AAska Qlek49]. ey o] W A
21 ulogollA] el CPE 2412 $19) A8 4 glont 4

Table 3. Performance of molecular methods for detection of methicillin-resistant S. aureus and vancomycin-resistant enterococcus

Diagnostics Comparators % Sensitivity % Specificity % PPV % NPV Reference
GeneOhm MRSA ACP  Culture 93.8 98.3 69.8 99.7 31
(BD Diagnostics) Culture 92 94.6 75.4 98.5 32
Xpert MRSA Culture 92.6 96.7 85.1 98.5 22
(Cepheid) Culture 99 95.5 33
Culture 91.6 97 54.3 99.7 34
Culture 92.6 96.7 85.1 98.5 22
Xpert SA Nasal Culture 91.8 97.6 94.6 96.3 35
Complete (Cepheid)
LightCycler MRSA Culture 95.2 95.5 33
(Roche Diagnostics) Culture 100 90.1 45.8 100 36
GeneOhm VanR Culture 93.1 87 434 99.1 44
(BD Diagnostics) Culture 93.2 81.9 544 98.1 45
VRE culture isolates 40 (vanA) 93.3 (vanA) 80 (vanA) 70 (vanA) 46
(van +) 100 (vanB) 14.9 (vanB) 7 (vanB) 100 (vanB)
Direct van PCR 43.5 (vanA) 100 (vanA) 100 (vanA) 67.5 (vanA) 46
in stool 100 (vanB) 20.6 (vanB) 37.2 (vanB) 100 (vanB)
LightCycler vand/vanB ~ Culture (V-MIC 6) 100 97 42 100 47
(Roche Diagnostics) Culture (V-MIC 8) 100 95 32 100 47
Xpert vanA/vanB assay  Culture 100 854 8.7 100 48
(Cepheid) VRE culture isolates 70 (vanA) 83.3 (vand) 73.7 (vand) 80.6 (vanA) 46
(van +) 66.7 (vanB) 12.8 (vanB) 4.7 (vanB) 85.7 (vanB)
Direct van PCR 73.9 (vanA) 92.6 (vanA) 89.5 (vanA) 80.6 (vanA) 46
in stool 87.5 (vanB) 14.7 (vanB) 32.6 (vanB) 71.4 (vanB)

Abbreviations: PPV, positive-predictive value; NPV, negative-predictive value; V-MIC, vancomycin minimal inhibitory concentration (£ g/mL).



Young Ah Kim and Kyungwon Lee : Active Surveillance with Rapid Detection Methods 107

A Ak flElA ARslrlole MAFI AAAITe]
i 71 ©Hlo] ek FT Al 7HdsiAl CPE (Oxoid)&
=8 4 9 A ZE Brilliance CRE (Oxoid)2}
ChromID Carba (bioMérieux) 5°] 9.2, Brilliance CRE+=
10° CFU o]g<] Aol RIZEE 82%8} 5ol% 60%S 2
3L, ChromID Carba (bioMérieux)= RIZHEE 96%9} So] %
76%5 EATH50].

HEAA] f]of| %= CPEE Al&slAl 5783171 913l Carba NP
Test (bioMérieux)& A& = vl A2l carbapenemase
£ s £ ik A 7% Aol 9 carbape-
nems Eafiste] A WidLE dogl= e FEie Ao
Enterobacteriaceae P2} P. aeruginosalt A. baumanniioll
= ALY 7 AH51,52].

BAGAPA WO CPES Aol A2 A4}
Helsl 3 tEdk MRSA (mecA)H VRE (vand)oll vlsl o2&
o] =, CPEY| carbapenemase Aol vhefgt A 542}
7} odslar 9l7] wiiToleh53]. YIS¢] carbapenemases A4
a4 ghriehe 2Rz} 2julchle] Wbl Qi Fe] 7
- ESBLO|1} AmpC- B-lactamase A34WFS. 2 % carbapenemol]
WS HY o Aek54-56].

Check-MDR (Check-Points, Wageningen, Netherlands)< 7}
WAl EEuRk A9 carbapenemase, ESBL, AmpC-
B-lactamase 52| THAWNA FHAE el 7158 micro-
arrayHo]m], a7to| At £ WAL} SolE H]IvH57).
Check-Direct CPE (Check-Points)s= multiplex real-time PCR*}
& olga oz ek AR ohje) A uelA s
AR AL 7Fss 9 carbapenemase?] KPC, OXA-48,
OXA-181, VIMZ} NDM9| 84 3417 o jell &8
Slovl WSt Holwrh Sastelehiss). 2ol A
Xpert MDRO (Cephid)+= " ZA 2 HAHHA7L 7153814 KPC,
NDM, VIM carbapenemase -34S &3t Al-53h= Wy
ol VIMI} KPCell thall 27 RIZEE 100%2} So]% 99.4%/
99%, FAIZT 81.8%/93% 3 SAZT 100%FtH59].

CONCLUSIONS

cHA AT A4 A FEP RFAE stob
o A43k geddtel AL AE ¥ 5 QolAl AR AT
o grde] AshE Folt it 9& Aoz A7 34
o AR ARG ol% B4R Aguteln avlgel
PAGALA WS 0§ A4 ChE T Aol A
9 woploll )3} YPHOE F T H-8UL HalY
7 A, Ee eANY 1A Skl T e
7 A estele A7

HHEQ AR S AL whE A el AE e

o] o3 R F wgE oA Y= AAlellA A3 WA
TAAE Azshe Wilo] AEH R Akslofol w3, &
3] ml7HERt ofel dolf, &, Wl 5 ol AAlell H&o] 7}
53 Zlo] AAH o AA el Ero] ek wedk a%aA
gridell A vkt WA /A Sk o R Agske 7
7t Heng vkt WAZIRS AES o e AxbEel A
o] Fgzjet. wpAwto g AlgsiA v Aol A=
Q1 F A ARt ol o] A ¢ Q=S w7
dxe] Ake] Ak 8l {34l iyt 7% Fasttar i3l
k.
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