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The emergence of carbapenem resistance among Pseudomonas aeruginosa has become an
increasing problem worldwide. In particular, metallo-B-lactamases (MBLs) are responsible for the
high-level resistance to carbapenem. Sequence type 235 (ST235) has been found internationally
in a multidrug-resistant clone and is involved in the dissemination of genes encoding IMP-6 and
VIM-2. This study examined the prevalence of MBLs and the epidemiological relationship in
carbapenem-resistant 2. aeruginosa (CRPA) isolates obtained from a tertiary hospital in Daejeon,
Korea, between March 2008 and June 2014. The antimicrobial susceptibilities were determined
using the disk-diffusion method and PCR and DNA sequencing were used to identify the MBL
genes. In addition, an epidemiological relationship was investigated by multilocus sequence
typing (MLST). Among the 110 CRPA isolates, 32 isolates (29.1%) were MBL-producers; the major
type was IMP-6 (29 isolates, 90.6%). VIM-2 was identified in 3 isolates (9.4%) of ST357.
IMP-6-producing isolates were multidrug-resistant (MDR) and belonged to ST235. ST235 (55
isolates, 50.0%) was the clone most frequently detected and has gradually emerged during a
seven-year period. To prevent the spread of MDR ST235 P. aeruginosa isolates, the current
widespread use of carbapenems needs to be curtailed, and novel continuous monitoring strategies
should be developed as soon as possible.
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M = St 2A7E =2 ek HE, P aeruginosa TAT TEH ARG

Pseudomonas aeruginosa= 38t 7131093+ Uizt
& o=t URlHolnt. o|HSt P aeruginosa®] %
Aol cieh WA s=2 W= oAV d(multidrug-resistance,
MDR)©.& 2e3l= 582 P aeryginosa 1+ 2] X 5ol A7}
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ol Z7Istal glow, tAlUA P aeruginosaol 2t LAui7h
ol A AAA o5 F7Fstal Sl AAeleH1-3].
Carbapenem2 tHAIWA 2. aeruginosa ¥ el tigt a3t
ARl A EA| & ARE DL glon, H o= of 2|3t T WA £
aeruginosa’} carbapenemol] s W/ 0= dhd-sto] J1of of



stz o] W AAIAH 0.2 B % 11 QlrH4-6]. E3] $-2uzt
of| A= carbapenem?] =2 ARE-EE Q]| o]HS EA|7H o
S A B QleH7, 8], A=t U7 AI A A (Korean
Nosocomial Infections Surveillance System, KONIS)o]| w2
o, QoA BelE P aeruginosa= 30 & carbapenem
of| &31= 3k A1¢] imipenem] W8-S AR A3} 2006
W 43.5%014 20134 50%%, 6.5%7}F %7134tk o213t Ui
A£-9] Z7}= metallo-B-lactamase (MBL)2} %2314 4
wjo] AeHOL Eok, H dollAE MBL §414F 5 IMP2}
Verona integron-encoded metallo-B-lactamase (VIM) -
AL P, aeruginosaoll A 7V S-AISHA ARE AL Q1= 74
A2 HAE 3 QIeH2, 6],

A AAA S 2 MBLE AB/dsH= P, aeruginosa®l A $-Alst
Al & A 9= 5 719] clonal complex®= CC1113} CC2359]
ok 53], CC235& frHolA ZeE VIME ABAshks P
aeruginosa®t Y, Bepd Al7FE 2o A E2]H IMPL} Sdo
Paulo metallo- B -lactamas (SPM-1)& AAd8= P, aeruginosa
£ &°ll, MBL §42F gHike] 0 dRlos oA qltt
[10-12].

Wl A% P, aeruginosas H/d-2.2 carbapenem W/d 1}
TE A7 BaEa glov, EAA oA 717t 54k
WA T Aot ek raks T Aot ofof & Aol A
= 79 s AR & 9] 3%} v ol A £-2]H carbapenem
A P. aeruginosas 914 & MBL G-AAES B30, oo tf
ot AIAE RAFSEALAL gt}
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) aeruginosa % carbapenemo] WS &
o = sl o] & &Y EAtel Al Bk Fe
= ANl A A2skoint. A RS E we bl
w5+ Vitek 2 automated ID system (BioMerieux,
Hazelwood, MO, USA)& o]-8-3}o] 5793}% 1, carbapenem
WA P, aeruginosa=imipenem} meropenem®f W49l +
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Clinical and laboratory standards institute (CLSI) A% of]
w2l amikacin, gentamicin, imipenem, meropenem %
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ciprofloxacin (BBL, Cockeysville, MI, USA)°]| tet 724 7
A= Mueller-Hinton $P48iA] (Difco, Cockeysville, MD,
USAVE ARg-sto] H A G4 0 = Selskqint13]. F =
2= Q18| Escherichia coli ATCC 259229} Pseudomonas
aeruginosa ATCC 278532 &A|oll Al sto] 31-8-H 9] el 8l
A Zelsir.

Magiorakos 5[14]1¢] 945 %Fasle], aminoglycosides,
carbapenems % fluoroquinolones A goll YA& el o5
£ WA P, aeruginosa= STt

3. Multilocus sequencing typing (MLST) £4

MLST+= P. aeruginosa MLST database website (http://
pubmlst.org/paeruginosa/)°ll A g #Hel whef 45k
t}. WA, thAF #+5= brain heart infusion broth (Difco)ol] &
F3}0] 37°Cof| A 24A17F B S & Genomic DNA Prep Kit
(Solgent, Daejeon, Korea)g AH8-3t] DNAE F=0l3ict.
DNA 329(5 uL), 10x Zag buffer (2.5 pL), 10 mM dNTP
mix (0.5 pL), primer Z} 10 pmol, 0.7 U 7ag DNA
polymerase (Solgent) 3 575 &5to] & 51 25 uLe|
HR-g-8-o.8 w=3]ct. 7709 housekeeping gene (acsA, arok,
guaA, mutl, nuoD, ppsA, trpE)S Gene Amp PCR System
9600 (Perkin-Elmer, Norwalk, CT, USA)& AR&3}o] 96°C]|
A TRZERESAIZL 3, 96°Coll A 142, 55°C0llA] 142, 72°C¢]
A 1E-0.2 303] F2 JhSA171a1, 72°Co0| A 1083F 74 HS-
AFT Z47ke] PCR WHARE ethidium bromide”} 23
1% agarose gelol| A 307t 4755t HIEE 2lskoiT.
ZZAFELS PCR purification Kit (Solgent)® H-2]gh 3,
BigDye Terminator cycle sequencing kit (PE Applied
Biosystems, Foster City, CA, USA)2} ABI PRISM 3730xl
DNA analyzer (PE Applied Biosystems)Z o]-&3}o] 9714 <
& BARc) 7712 housekeeping geneol] tiet Z12+0] 17
A B4 Avk= MLST databasec] J13}o] allelic number
9} sequence type (ST)E 2183t

4. MBL RTXte| A=

MBL 425 2RR167] 9]¢l MLST &A1} F-dot i o
& DNA 329(5 ul), 10x Zagbuffer (2.5 pL), 10 mM dNTP
mix (0.5 pL), primer Z} 10 pmol, 0.7 U 72g DNA
polymerase (Solgent) 3! 575 Esto] 3 £-1] 25 pl2
HFO Q olO 1:1]—5(/)5\ ]q_

oo 1= uvua

PCR 748 Poirel 511517} Pollini $[16]2] Aol A ARE
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9 primere} ¥Hg-271E& Frarsko] X138tk Table 1). A4
] HRSAFE-S- ethidium bromide” | 38+ 1% agarose geloll

Table 1. Oligonucleotides used as primers for amplification and
sequencing in this study

Gene Product

target Primer sequence (5°-3") size (bp) References

blawe GGAATAGAGTGGCTTAAYTCTC 232 [15]
GGTTTAAYAAAACAACCACC

blavm GATGGTGTTTGGTCGCATA 390 [15]

CGAATGCGCAGCACCAG

blacim TCGACACACCTTGGTCTGAA 477 [15]
AACTTCCAACTTTGCCATGC

blaspm AAAATCTGGGTACGCAAACG 271 [15]
ACATTATCCGCTGGAACAGG

blasim TACAAGGGATTCGGCATCG 570 [15]
TAATGGCCTGTTCCCATGTG

blanom GGTTTGGCGATCTGGTTTTC 621 [15]
CGGAATGGCTCATCACGATC

blanm CTGAAGGTGTACGGAAACAC 322 [15]
GTTCGGCCACCTCGAATTG

blabm GCTTGTCTTCGCTTGCTAACG 699 [15]
CGTTCGGCTGGATTGATTTG

blarm GAAGCACATGGAAAACTGGG 435 [16]
GATGGGCGAATGAGACAGC

1. Carbapenem W4 £ aeruginosa?l MLST 24

1109529 carbapenem WA P. aeruginosas o=
MLSTE A28t A}, 5 23709] STE ZI5kIthTable 2). 23
Q] ST % 7P &8+ 8L ST235%9 3, 110959 5545
(50.0%)0141 ZRI=|QIc}. 1 thg-0 = ST3570] 129#510.9%),
ST2457} 8H(7.3%), ST2447} 65-75(5.5%), ST6547} 5
(4.6%)°14 Eel=lglom ST1113 ST257S 27} 33t+%
(2.7%), ST1398} ST274+= 2717} 2+1-52(1.8%) 01 A ZR1=| STt
Uz 14719] ST (ST155, ST179, ST195, ST260, ST267,
ST313, ST589, ST612, ST645, ST708, ST1062, ST1154,
ST1455, ST1663)= 212} 15-3:(0.9%) 0l 4 El =] 3ict.

AL Hgh ST §-8S AuEH, 20129 00+= % 2371
O] ST Z 12719] ST7F 1= o] 7P thefet 25 Helom,
200893} 2010 ofl = 242 67112 ST7F 2228191, 20099
¥} 2013 d00= 2F2F 5719 ST7E, 2011493 2014 W o= 22

Table 2. MLST analysis of 110 carbapenem-resistant Pseudomonas aeruginosa

Allelic profile
ST No. of isolates (%)
acsA arok guaA mutL nuoD PPSA trpE
235 38 11 3 13 1 2 4 55 (50.0%)
357 2 4 5 3 1 6 11 12 (10.9%)
245 39 6 12 1 3 15 2 8 (7.3%)
244 17 5 12 3 14 4 7 6 (5.5%)
654 17 5 26 3 4 4 26 5 (4.5%)
1M1 17 5 5 4 4 4 3 3 (2.7%)
257 35 24 36 11 4 15 14 3 (2.7%)
139 35 5 36 11 4 42 7 2 (1.8%)
274 23 5 11 7 1 12 7 2 (1.8%)
155 28 5 36 3 3 13 7 1 (0.9%)
179 36 27 28 3 4 13 7 1 (0.9%)
195 89 30 64 26 48 24 32 1 (0.9%)
260 14 5 10 7 4 13 7 1 (0.9%)
267 19 5 12 1 1 4 14 1 (0.9%)
313 47 8 7 6 8 11 40 1 (0.9%)
589 15 5 1M 3 4 12 7 1 (0.9%)
612 28 5 58 11 4 15 44 1 (0.9%)
645 6 5 5 3 3 13 1 1 (0.9%)
708 11 3 11 3 1 4 60 1 (0.9%)
1062 22 5 91 33 4 4 1 1 (0.9%)
1154 1 101 1 1 1 40 7 1 (0.9%)
1455 15 5 1M 3 58 42 9 1 (0.9%)
1663 17 18 17 5 4 4 9 1 (0.9%)

Abbreviations: MLST, multilocus sequence typing; ST, sequence type.
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4719] ST7} E-3E 8 cHTable 3). 2008WK-E 2014W7H4] 7
W Bot 2|&x o7 gholy ST 442 ST235%3, 20084
62.5%, 20099 38.9%, 2010 53.3%, 2011 60.0%, 2012
W 18.2%, 2013 45.5%, 2014 83.3%%, ¢1=3 2Hol%l ST
% 7P =2 HEE 2259

Eok, A ] el et 110+t5 229k A3 60+t

Table 3. Prevalence of ST, based on year in 110 CRPA isolates
collected during a seven-year period

Year ST Isog?ésoz%) Specimen (N)
2008 235 10 (62.5)  sputum (4), urine (4), bronchial
aspiration (2)
357 2 (12.5) sputum (2)
244 1(6.3) sputum (1)
260 1(6.3) sputum (1)
313 1(6.3) sputum (1)
1154 1(6.3) pus (1)
2009 235 7 (38.9) urine (4), sputum (3)
357 6 (33.3) sputum (6)
139 2 (11.1) sputum (1), urine (1)
245 2 (11.1) sputum (2)
244 1 (5.6) sputum (1)
2010 235 8 (53.3)  urine (4), sputum (3), other (1)
244 3 (20.0) sputum (2), urine(1)
155 1(6.7) sputum (1)
245 1(6.7) sputum (1)
274 1(6.7) sputum (1)
612 1(6.7) sputum (1)
2011 235 6 (60.0)  wound (3), sputum (2), urine (1)
245 2 (20.0) sputum (2)
179 1 (10.0) sputum (1)
267 1 (10.0) blood (1)

2012 235 4 (18.2)
111 3(13.6)
245 3 (13.6)

sputum (2), urine (2)
sputum (2), bile (1)
sputum (2), urine (1)

257 2 (9.1) sputum (1), urine (1)

357 2(9.1) sputum (2)

654 2(9.1) sputum (2)

195 1 (4.5) sputum (1)

274 1 (4.5) sputum (1)

589 1 (4.5) sputum (1)

645 1 (4.5) pus (1)

1455 1 (4.5) sputum (1)

1663 1 (4.5) sputum (1)
2013 235 5 (45.5) urine (5)

357 2 (18.2) sputum (2)

654 2 (18.2) sputum (2)

708 109.1) bile (1)

1062 1.09.1) blood (1)
2014 235 15 (83.3) urine (12), blood (2), sputum (1)

244 1 (5.6) sputum (1)

257 1 (5.6) sputum (1)

654 1 (5.6) sputum (1)

Abbreviations: See Table 2.
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F(54.5%)7F Aetoll A 7174 gol Eej=|glon, T thgo s
3625(32.7%)7F AR, 445(3.6%)7F oA, 395
(2.7%)7F 77 ARl A Ee =] ek, 7L 8ol @5, 7182 A14
of Y=o g HE] 7}7k 2945:(1.8%)7} BelEglon, 7e A4
ERE 1950.9%)7F 2] = }lek. A 39k STof| w2
WA 0] F5+= Table 33} o] EE|= Lt 11045 5
50%(55TF)E ARSIl Qe ST235% AHolA 3245
(58.2%), ZAdollA 1595(27.3%), A AANA 335F
(5.5%), 71 A A K Btk G Mol A 27} 2454(3.6%), 7L A
o A 195(1.8%)011 4 E] =] it

2. MBL RTXte| 2ol 5! &4

MBL -G-AAFe] &S $13 PCR¥} 9714 F-& 248t A},
% 110552 carbapenem WA P2 aeruginosa & 323t
(29.1%)014 =RI=| 1Tt o] Z- 299F(90.6%)+= IMP-67} 2
O]9l a1, 35755(9.4%) = VIM-27} Ze1 =] gl ek IMP-67} 2ol
209 B ST235%.0.1, ST2359] ¥ 5595 52.7%
2 ZRelE] k. VIM-27F EelH 393 B ST35701%,
ST3579] 3 1295 5 25.0%= 1= Tt

3. SN AN Uy 2

% 110952 carbapenem WA P, aeruginosas t3 0.5
GAl A HARE AARE A3 amikacine]l 6045
(54.5%), gentamicin®l] 709F5(63.6%), ciprofloxacin®] 81
5(73.6%)7F A4S 9. 2™, imipenem¥} meropenemell
11095(100%) 25 A& K Table 4). =3 3 5545
©] ST235+ amikacin®ll W2l 603591 91.8% % 21= 3L
3!, gentamicin®ll WAQ! 70452 78.6%= 1= i
Ciprofloxacin®ll W43l 8142] 67.9%= &R1E| %o,
imipenem} meropenem®] WAIQ! 110452 242} 50%=
SRI=| QL. o]= & 55452 ST2357F B THA A & ot
2g8 Pele

i

2k

L P, aeruginosaol| A carbapenemol] thet Al o] Z7}
=yt gt op el A AlA A 0 &2 A7t A & o
L Qlek. 56, -efuee] 44 thi-ito] carbapenem WA 2
aeruginosa’t FAIW/H 0 & B s 1 §lo] & -8 E w9l 9l
tH17, 18l.

Carbapeneme®]l te+ /g 7] B-lactamase 4473, 2|2t
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Table 4. Antimicrobial susceptibility of 2 aeruginosa isolates according to ST

No. of AMK GEN

[PM MEM CIp

ST isolates

R I R

o w;m

235 55
357 12
245

244
654
111

257
139
274
155

179
195

260
267
313
589
612
645
708
1062
1154
1455
1663
Total 110 48
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N
[e)Y
w
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o

Abbreviations: ST, sequence type; AMK, amikacin; GEN, gentamicin; IPM, imipenem; MEM, meropenem; CIP, ciprofloxacin; S, susceptible;

I, intermediate resistant; R, resistant.

A o] A4l fEE IOl UEH o= el QItH19). & A
of| A= carbapenem®] Aol 8.3 714 % 3hel MBL &
AAE gelstelar, 71 Axh & 1109579 carbapenem A
P, aeruginosa % 32+5+29.1%)°I1 4 MBL -4 A7 F 1= 9
t}. 0] 3 299F5(90.6%)= IMP-67} 2Hel =] 9177, 33+5+(9.4%)
= VIM-27}F gl itk MBL 444t 5 IMP2F VIM f-8 4=
A NAR O = 71 &AM o] Qli= F-4AE R FalE] a1 QITH20,
21]. E3] -2 ulol| A= IMP-69}F VIM-2 -5 A A7} 9-A81HA]
FH% 3 QIeH10]. Bae 512219 Aol oJshH, IMP-62}
VIM-29] B3 P, aeruginosall~| carbapeneme] tiet &=
Widel 8 713 dE Barstoint. o]ek 3-AFSHA Neyestanaki
F(23]19] AFollME, oftolA EelE 2 aeruginosal
carbapenemel] tgt 58 WA 7| o] MBLsQ] AJA U= Hal
skoiTt.

IMP-6 2= 19969 YollA| Serratia marcescens
KU38389] plasmid pKU5019l14 X508 B E¢l=1], ©]
AL IMP-1 +-4212] 19694 o i=4k] serine®] glycine -
2 A Sd¥ol 2, meropeneme]l 571 WAlS Bt
[24]. VIM-2 A= 19961 Zafro A H20 g B Q]
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o imipenem & X753+ o] o] GollufoFol A HelH £,
aeruginosa®| A 1= ATH25]. & Aol IMP-6 5-<14¢
7FERIE 299 = B ST235 2, HHAW Al LRSIt o]
A Arol A el W AqtAE 3 IMP-68 AAd%k=
ST2359] &3} Shate] ojsf) ®arsteH1, 2, 26, 271. X,
Hong (2619] AA7oAl, IMP-10& A/dsh= ST2359)
GES-245 A/doh= ST2445 oM A 208 Halgto s
#, carbapenmases®] thefotol| tht-¢-21E UEhf $lct. -2
uhekeh A% =711 9] 7, IMP-65 A3/3 8= ST244
9} ST2357} &880l 93-S B skl ar, Y=o] AL IMP-1,
6,7, 10& A4 8= ST2359F ST3570] THAk=|ar 9138 Kol
SFATH2S, 29].

A AAACR AW eR BT Sl ST235+
CC2359] i34 2l F&olt}. CC235+ MBLs9} thFst 4
9] B-lactamasesE 74, otAlok, HobH g7} 5ol E4FA| 7] AL
Q= Zog geA QuH11, 12]. & oA 3 11099
carbapenem WA P, aeruginosa s 55w-5(50.0%)7} CHAIY
A ST235% THelE] 9l on, 200856 201487k 79 &<F
S 2S DRIsH. o] H Aol A= o)A AH-E Edf




Y 29 9] oA HelH CRPAS o= &40

S Psto] STO| S0l 5 ZRletyl o, T3k AEH, ¢

A o] Foll w2 STO| =& WE3BIGAT ST235% S

B3o|A 7P o vjg2 Bxsial 9glon, JAaA]

HeWle s ERIRE A}, 5545 F 329t

oA He|=le] 7P =2 ule-S Byt Sl
%_

STl QP& el 2

=

N mE o HU

i
S e

g B
rE

(58.2%)
AL, I
¥}, 20089 ~2012 9] 7, AT} Ao A] |3 HlE =
ST2357} ghelw Wb 2013~20149 9] A 1452 A9l
3 B Ao A ST2357F 1= Sl 3hd, VIM-2 54217}
Skl 3at= B ST3570190aL, AdollA] Hef=9ict. o]
A e oA-tef| w2, MBLE A= P aeruginosa=
ST235, ST357, ST175 B ST2449} 7-8- <A 4 0] SR04,
A AAA 0= ke 31 9l e-S B sEITH30-32]. o] gt =t
AR SRS 2 AR - E S Wi gl ol= 2 &
AT} o] AW 0.5 SRIE| 11 9) 7] wiiEolct, X =t
WellA] ob217k2] B vizt glont IMP-70] 7Huel, -4,
UL, efojalof B AR-t]ofefH]of Fol A Hark|ar glom,
IMP-7-& AJAJ8l= ST3573} ST2357}F G- 3) L& Sof A &
APE| 21 §lo] QR 2| &A1 ekRAF 8 FHEITH29, 33-35].

B Lo A= 2008 HE] 2014 7HA], T &] < 2] 34| 1
Qo)A Eg]5l carbapenem WA P aeruginosas A2
ABIHALE AASE AT, 73 F AW ST2357F 1= 3
11, 0] 3 IMP-65 A 8= ST235%= 52.7% % THel = o], 4]
Q1 F2 9| gito] 41ZkeE Aok, ThA WA ST2359F -2
TA|AQ] SE9] GRS WA|E17] 918, carbapenem®] I
OF AR AISFslAL, 2|44 0 & BB sk Hefo] 7y
ofop e A o0& AlmFIT}.

g

oo

2
o,
Y
1o

N
2
R=)
gt

il

2 o

2 P, aeruginosa®) carbapenemol] tjet U148 A A A
207 2718101 Qi AAolt), E3| metallo-B-lactamases
(MBLs)}+= carbapenem®] 1% YAlo] 3odlal Q= o=
Huw]w Qe 3k, Sequence type 235 (ST235)= tHAI WA
SEORN FAH T BE I glon IMP-69F VIM-2 &
ZA}o] Shato) e THofdh= A 0 & A A Qlek, B ol Lo =
2008 3d5-E] 201419 6G7HA], HiZI A & 2] 3} H o A &
2% carbapenem WA P, aeruginosa® Al MBL -FHAMS £
Astar ofof| gt A S RARSEALA} LT, G=tA 74

X e o] 22 AR 0 2 BRIl i, MBL 4] 34
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< 915l PCRY} 1714 A2 -85kt o], ook A
£ ZARE7] 9J8) multilocus sequence typing (MLST)E A A]
shATt. 110 w522] carbapenem WA 2. aeruginosa<:, 32+t
2429.1%)7F MBLZ AAI3IA L, IMP-6 (293, 90.6%)7+ 5
KA FRIE ATk VIM-2+= 395(9.4%)°1 4 Zl= glom,
R ST357& RelEgleh IMP-62 AASH= P aeruginosa
= B5E OAWAS B, ST2352 FRl=] 2t ST235 (55
T, 50.0%)= 7 w8 Ble R gRlE FE0H 74 $3h A

= Ul =2

220 2 TolE| 9t} o] T T A ST2352] TARS: 4]
3171 91l carbapenem®] T3t AR-S- ALl A[&A 0
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