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Prevalence of Carbapenemase and Integrase Genes in
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Background: The incidence of infections with imipe-
nem-resistant Acinetobacter baumannii (IRAB) and
Pseudomonas aeruginosa (IRPA) is increasing world-
wide, and recent molecular studies indicate that the
prevalence of carbapenemases is increasing in vari-
ous parts of the world. However, few long-term longi-
tudinal studies have assessed the prevalence of
IRAB- and IRPA-derived carbapenemases and in-
tegrases in a hospital setting in Korea.

Methods: The carbapenemase genes (blaoxa-23, blaoxa-24,
b/aOXA.58, bla.Mp.1, b/av|M.2, b/as|M.1, b/aspm.1) and inte-
grase genes (intl1, intl2, intl3) produced by 46 IRAB
strains and 51 IRPA strains collected at Chosun
University Hospital between 2003 and 2006 were de-
termined by PCR.

Results: The IRAB strains produced class 1 integra-
ses more often than did the IRPA strains. However,
the incidence increased steadily in both strains, rea-
ching 100% in 2006. Carbapenemases of blawpr-1 and
blaym2 types were found in 57% and 64% of the
IRAB strains, respectively, in 2003. However, only
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one strain with blayim-2 was found in 2004 and anoth-
er one with blamp-1 in 2005. The prevalence of car-
bapenemases was very low in the IRPA strains, just
one strain with blayi> in 2005 and another one with
blacxa23 in 2006. No other types of carbapenemase
genes were detected in both strains. Rep-PCR of
IRAB strains in 2003 showed different patterns.

Conclusion: The incidence of carbapenemase varied
by year but was generally low, except in 2003. The
prevalence of class 1 integrases was consistently high
and increased every year. The reason for the high
prevalence of carbapenemases in 2003 is still un-
known, but we assumed that it was not from the
spread of a clone containing either blawp-1 or blaviv-2
because the strains exhibited different rep-PCR
patterns. (Korean J Clin Microbiol 2007;10:128-134)
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olg|gt FEEolA 71| AR ofEt HEE A
Soll 3k A Eo] Hars]sr Qlvk3-5]. o] F carbapenem+-
Zr8- W97} Y3, extended spectrum A -lactamase (ESBL)&
Z318F UIE-E2] B-lactamaseol] 28k 7[Edllol] A ¢S W
o]7] wiitoll 23] X 8ol vl AIHQ AR 4
A JrH6]. 28] wiFoll P aeruginosa}t A. baumannii 7+
Z9] % 8ol carbapenems X|FFAZ Ho| A-L3| kel 18]
U # carbapenemoll WS Hol= P aeruginosa®t A
baumanniiZ} Al F7Fsle] 221 X 8ol ol# g5 AL Yh2).

Carbapenem WAl B-lactamaseol] &3t &4-% E-3HAJs)
Al &=l Q)= porin®] 424, penicillin-binding proteing] ¥
3}, 50]#Ql drug efflux pump®] W3} F s} e 1 o]
71Ael| 3l Loldl7]. HZ P. aeruginosa2t A. baumannii
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o 22 &3t W W dTE 5 955 carbapenemase”} Q)
the Hargo] Skstal Qleks). ol #EEelA WAE = F
% carbapenemase= metalloenzyme I} OXA-type &40t}
Carbapenemase % 53] metallo- 8-lactamases (MBL)¥= 19901
o 22 JEofA] IMP-10]ehe 55 WA FAAE 7R o]
FE VIM-1 59 WA FAAEe] €24 Sheh9-11]. MBLY
azkeAdFo] WA= B-lactamase = 7Frisl] W7} 7HAk
tlom, MBLE AAs= IMP, VIMI} 22 WA f44= o
7N integron WHell 91%]3ll Aek12,13]. cHAWA T2 73, w5
F< HEE integrong HA3k e Ao® deiA vt
[14,15]. Integron 3HA8A] WA A4} cassetteso HRH 2
2 34% F de 283 744 719017] Wizl integron
off Y1XI3E WA RS WHEAY A 7)7) 42 E
integrong 7FA AL Q= AHATES FAA OS5 23 WS
HolA #rH16,17]. IHolA= P. aeruginosa®}t A. baumannii
oll4] E2]= carbapenemase®Z blaviva, blamp.1, blasi, blaoxas
FAAL So] Haglo] grH12,18-20]. PR = 7 A 2
SAINA FEoll TSt carbapenemase -F-AAF Hofr &3kl 1 ok
o] 3] A= RPARE FHE Eol o7t At A
S7ktaL Qiek. olHdt d75 5, HollA] carbapenemaselt
integrase AT 7H AlFE2] Bloll thal] 3k dellA] tk
W7 2ARE Hae =87] ulifed] AxEe 2t ey ol
A 437+ E2]% carbapenem WA P aeruginosa$t A. baumannii
TFE A Z carbapenemase®} integrase -F-AIAF B2 |

Table 1. Sequences of the PCR primers used in this study

3 w3t o2 sjefelr] Slal B AT Alaeigich
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1. CHAL

20034 195E] 20061 12974A] 4d7 z2Aska<] A
A g I g AL R AlTeieke] <=5 AA 2
AE Z, imipenem WA A. baumannii (IRAB)Q]— P. aeruginosa
(IRPA) ZH7} 46%5(20031: 14, 20041: 195, 20054 4%,
2006%: 95°)2F 515(20034: 657, 20051: 3457, 20061d: 115F)
& Alsto] 24 tide2 3lgleh 200410l IRPA F55
2 BPA ot Q1T chell EEIA) ok, FEES 10%
skim milk (Difco laboratories, Detroit, MI, USA)el| ¥lo] —20°C
oA WERIHAL 7 Fae] SAD A 2 Al
£ VITEK 2 (bioMérieux, Marcy-I'Etoile, France)E A&}l

= 9] 7hsAE ER1Ek] sl A3t repetitive extra-
genic palindromic (rep)-PCRS 913+ 74| 2= 20031dol] H2]=l
IRAB 1455 thex #lgich

2. [B-lactamase®} integrase & X[ CHEH polymerase chain
reaction (PCR)

IRAB®} IRPA 7550l T3l OXA-type B-lactamase 1A}
(blaoxaas, blaoxazs, blaoxass), MBL 52 A blawp.1, blavi.s,

blasn1, blaspsr), integrase A AKintll, intl2, intl3)S 71%E3]

Primers Sequence (5'—3') Target gene Reference
INT-1F CAGTGGACATAAGCCTGTTC Il [14]
INT-1R CCCGAGGCATAGACTGTA [14]
INT-2F TTGCGAGTATCCATAACCTG Il [14]
INT-2R TTACCTCGACTGGATTAAGC [14]
INT-3F GCAGGGTGTGGACGAATACG Iutl3 [21]
INT-3R ACAGACCGAGAAGGCTTATG [21]
IMP-1F GCTACCGCAGCAGAGTCTTTG blanms [20]
IMP-1R CCTTTAACCGCCTGCTCTAATG [20]
VIM-2F GTTTGGTCGCATATCGCAAC blavnis [20]
VIM-2R CTACTCAACGACTGAGCGATTTGT [20]
OXA-23F GATGTGTCATAGTATTCGTCG bloans [8]
OXA-23R TCACAACAACTAAAAGCACTG [8]
OXA-24F GTACTAATCAAAGTTGTGAA bloxass [8]
OXA-24R TTCCCCTAACATGAATTTGT [8]
OXA-58F AAGTATTGGGGCTTGTGCTG blaoxass [27]
OXA-58R CCCCTCTGCGCTCTACATAC [27]
SIM-1F CGGAAGAAGCCCAGCCAG blasa This study
SIM-1R ATAAAACAGCCCCCGAATAGGA This study
SPM-1F GAGAGCCCTGCTTGGATTC blasm [20]
SPM-1R GCGACCTTGATCGTCTTGTT [20]
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7] 13k PCRe AleBalsict. AEslarat she fdabsell sk
AMAET 0] 59 171492 Table 13+ 29k}, ol A]
%3 DNA, ARk, deoxynucleotide triphosphates (ANTP),
TagDNA polymerase, 10X buffer, 755 Egste] &8 20
#L7} FA premixE "HE0] GeneAmp PCR System (Perkin-
Elmer Centus Corp., Norwalk, CT, USA)S AH23l] PCR< A}
slolrh. 225 PCR #FAME 10 #LE- ethidium bromide 10 £
g/ mLE %3Aslo] 2% agarose gelollAl 100 voltZ 3087+ A7
od 53], o] & ArelA 2A7| 2 3Es3iek PCR A3HE 35
ah7] 914 PR QA sk R
o140 sa ik ATt Slsteet ARk A
AR ekl A WA AL R
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%2 pU™ 530 UV/VIS spectrophotometer (Beckman
Coulter, Inc., Fullerton, CA, USA)E A-8slo] ODgkol 271 =

T2 FNZS 223 gecuPrep” Genomic DNA Extraction kit
(Bioneer Co., Dagjeon, Korea)S ©]-&3lo] 544 DNAS &
ek AR E 5-NNNRCGYCGNCATCMGGC-3'¢} 5°-
RCGYCTTATCMGGCCTAC-3"5 A-8-8191tH21]. Rep-PCR<
9)8k ukS Mo Z gecuPower”™ PCR Premix (Bioneer Co., Dae-
jeon, Korea)oll -2 DNA, A|REA, S77E5 4ol & 50uL
£ "H5o] ABI 2400 thermocycler (Perkin-Elmer Centus Corp.,
Norwalk, CT, USA)E o]-83to] FFsto] A7]d53ledct. &
A zZ 200543l 2= blanve., %A IRAB 1579} 20044
ol &2l blaviwr ¥4 IRAB 155 48313tk Rep-PCR 7
= BEAe dendrograme A7) S8 L£ZEGO]E Gel-
Compar 1I (Applied Maths, Austin, TX, USA)S AH&-3l3ict.

e o}

1. IRABSQ| PCR Zi1}

IRAB®| integrase®} carbapenemaseol] tgh PCR 74} Zil=

Table 2. Prevalence of integrase and carbapenemase genes among 46 strains of IRAB and 51 strains of IRPA

N. (%) of strains with indicated gene

Organisms Year N.
Intl] Intl2 Intl3 blanp-1 blaviva  blaoxaz blaoxazs  blaoxa-ss blasi.1 blaspm.1
IRAB 2003 14 12 (86) 0 (0) 0 (0) 8 (57) 9064 1) 0 (0) 0 (0) 0 (0) 0 (0)
2004 19 16 (84) 0 (0) 0 (0) 0 (0) 1 (5 15 0 (0) 0 (0) 0 (0) 0 (0)
2005 4 (100) 0 (0) 0 (0) 1 (25) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
2006 9 9 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 46 41 (89) 0 (0) 0 (0) 9 (20) 10 22) 2 @4 0 (0) 0 (0) 0 (0) 0 (0)
IRPA 2003 6 3 (50) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
2005 34 26 (65) 0 (0) 0 (0) 0 (0) 13 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
2006 11 11 (100) 0 (0) 0 (0) 0 (0) 0 (0) 19 0 (0) 0 (0) 0 (0) 0 (0)
Total 51 40 (78) 0 (0) 0 (0) 0 (0) 12 12 0 (0) 0 (0) 0 (0) 0 (0)
Abbreviations: IRAB, imipenem-resistant 4. baumannii IRPA, imipenem-resistant P. aeruginosa.
8 3 8 & = g 2 & rep-PCR type Strain ~ Year
B 34-43 2003
C 34-35 2003
D 34-42 2003
E 34-47 2003
F 34-44 2003
G 114 2004
A1 34-38 2003
A2 34-34 2003
A3 34-33 2003  Fg, 1. Dendrogram of rep-PCR pro-
2‘; gi‘g; 3883 ducts from IRAB strains isolated in
H 34.36 2003 '2003, bl.aIMp.l-positive IRAB str'a.ins
I 34.45 2003 isolated in 2005, and blaviuo-positive
J 34-39 2003 IRAB strains isolated in 2004. Strain
_r|: K 34-41 2003 descriptions of IRAB strains isolated
L 861 2005 in 2003 are as presented in Table 3.
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Table 21| Q2Fs}3]r}. Integrase -2}l thek PCR A4 ol &34
9l ¥ B class | integrase -FFAARR] Intl1ol] ¥ 4745 Y
th 2 oRAEE 200313} 200410l 27t 86%%}F 84%AHl,
2005147} 200610l 100%%2 Z7FsF33c) Carbapenemase -F-31
Apol] gk PCR 73}, 2003Wd9l= blane.1 AT} 57%, blaviva
TR} 64%2] =2 HlEE e Helor) 1 o]Felle A4
Fol FAksle] 200413 20051l 22 174RE ofkgolglck
blaoxa2se- 2003133} 20041d0]] 212} 1554RE ool gick. 1 yioll
blaoxa4, blaoxass, blasn.1, blaspwi "H‘é] ARk HAEE A%
PCRE B $4 A3 Birk Rep-PCR A= 145 5 55
vt dlRlE Hola A E A& ok dliRlE HlvkFig. 1).

2. IRPAQ| PCR Z 1}

IRPACIIA] integrase 4 2+2] PCR Z3H= IRABS} vpa7}A]
2, A BE FF7} Il Aol FAE Bk 1 A
-2 200310l 50%, 2005101l 65%, 20061l 100%% 37} 2
5 Z7)skdcl. Carbapenemase -41#lel] gk PCR 723},
blaviva, blaoxa2s TS ZH2F 20051l 155(3%)9) 20061
ol 155(9%)ollARE Fd5 Holeh 1 ol blaw.i, blaoxaas,
blaoxass, blasn1, blasev WA 87k 52 913 PCRY

B5F gAo g carbapenemase B2 Ads| doith

ki

AMAH . Z Carbapenem WAlS E3H3E chAlWA S AX
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7kl FAlolth. TulollA = o]2f3t Carbapenem W4 P
aeruginosa &} A baumannii 78 Ee2]&o] AX kst 9
ot o] ol A AT A 7] wliitel] oA
Toll Zedd 3= AdEo] wig- =k g5 ok Asist
H F7HE R A Ak-Eol EaL obA7kA] Zdstelell o
gk QAo] B3t 57|50l Wl ulitell FollA o] A
o et ulert Srkshe A2 vs AARE Aotk
2| Zoll o]AZt WAl Fodsl= FAAECl 3t Bt 7}
shar JARE o]f3k WA of] Frofsle fAAke] Sl K &
ol gk AR7L F53F Zlo] Ao} A vzt ol A]
2003137 20061744 41d7F ZAE IRABSF IRPA 172
carbapenemase -FAAF H-3-8-2 200315 Aleslae Uko
v A ok xjo]7} 9ladrt. Integrase AR} RG-S
5§ BF ke 29k ke 94 Sk 248 1Y
o] B class 1 integraseich £ o1-9] PCR A5 E4 3
X, IRAB| blanp1 2 blay, AR HAfrgo] o ol
Hlall 20031l 53] F2 e A g ek o] A7l &
w9 7Hs A S Elsl] S1sled 20034l 2l H IRABE
WO Z rep-PCRE A8t A, 5719 F7F AR sliel&
Hedoh -0 2 2004d3) 2005191 blavinm22}F blape1ol ZF
Zb ok AIE K IRABS Hlaed] HkS uf, dx=HE
blaVlM-Zg/]' blan-1 ooblél :‘\Z"Zl‘g] ook/(o]'o] /‘JE D]’%‘% :‘Q;IL ?_]t?-—x} T
A3tk Rep-PCROIIA] H|S23E A 7] sldl & Hole 55
718l 2t #F7t el Aok W, AA A, A A

73}, blane 3 blaviva F3A PCR ZAIE v 3] HokS u)

Table 3. Antimicrobial susceptibilities, major carbapenemase genes, and rep-PCR types of 14 strains of IRAB isolated in 2003

Antimicrobial susceptibility Carbapenemase  pep.
Strain Department Ward Date gene PCR
PIP NET IMP GEN CIP AZT AMI TIC TOB  blame: blayma DPC
34-36 NS 33 200388 R R R R S R R S R - - H
34-37 NS NCU 200356 R R R R S R S R R - - AS
34-47 NS NCU 2003816 R R R R S R R S R - - E
34-38 RP NCU 200356 R R R R I R R S R - + Al
34-34 RP 32 2003721 R R R R S R R S R - + A2
34-45 NS NCU 2003516 R 1 R I S I R R R - I
34-42 cs ICU 2003729 R R R R I R R R R + - D
3443 NS NCU 200394 R R R R R R R R R + - B
34-39 NS NCU 2003/519 R S R S S I R R R + - J
34-32 NE ICU 2003518 R R R R R R R R R + + Ad
3435 NS 33 2003721 R R R S S I I R R + + C
34-41 HE ICU 2003527 R S R S S I I R R + + K
34-44 NS NCU 2003724 R R R R S R R S R + + F
3433 NS 33 2003714 R R R I S I R R R + + A3

Abbreviations: PIP, piperacillin; NET, netilmicin; IMP, imipenem; GEN, gentamicin; CIP, ciprofloxacin; AZT, aztreonam; AMI, amikacin; TIC,
ticarcillin; TOB, tobramycin; R, resistant; I, intermediate; S, susceptible; ICU, intensive care unit; NCU, neurosurgery intensive care unit; NS,
neurosurgery; RP, respiratory medicine; CS, thoracic & cardiovascular surgery; NE, neurology; HE, hematology.
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I Feol 254 EEitkTable 3). B Al7to] 733k o]
AFellAl, o] 2tEEWE 7HA 3 RS o 5 ks ell
© ol Slvkar HRItk blawp B blavima TR FE
Hol= #5572 rep-PCR ZAIE vzl B kg ] sfelo]
AZ 2} 2003 A5 blanes =5 blavim, SRR A
59 F2o] vFe= ¢ Atk AEH Lo 2003
o] H2l%l IRABY] carbapenemase®] R-F8o] &2 o]f7}
blanp.1 B blayva TR A 3t 75 FE0] F43]
A= ol 71993 o] ofvele A2 ERlEN e, o 9l
= AW g de 548 o|fut 71AE Zohly] o sich
B odgre] At A A Kol & HoleA] &elelr] 3l =
2] €} A|dollA H15 IRABS} IRPA7} E-f-3F carbapenemase

o

o gt

ALY el "d3e ARbo] 2ARE Anet vlazsl Hokek
(Table 4). = vh& A Fol| vlal A Head WellA] 20034
of] 243t IRABE] blane 2 blavv, F3AF HA-go] A3
o7 Fgo, o] AZIE AlLldt Al7]ell A3t el A]
ZA8F IRABS} IRPAQ] carbapenemase +4AF Hf-52 Aol
Hog Ygkrh AzAEo] ZA) integrase, OXA-type S-lac-
tamase FAAFe] Hf-&7 o8 A9#e Hlis IRABY
IRPAY] integraset} OXA-type 8 -lactamase 414} H-f-&of
hal] 3k Aot ofe] A GoflA] 2ARE F3lo] 719 glof v
7] FEATE ARFe] 47 =A% 2l |l
carbapenemase A4} H-5-3184-2 Q=M Xjo|7} 9lglom,
°] 7%“’% U]'% X]Ojlsq' 1:1];13}] E?,l’% L[H blalMP-lj'/]’ blayiva ‘ﬁ‘

Table 4. Prevalence of the major carbapenemase genes among IRAB and IRPA by region

N. (%) of strains with indicated gene

Organisms Year Region N. Reference
blap-1 blaym-2 blasiv-1
IRAB 2000~2003 Seoul, Korea 116 0 (0) 19 (16) NT [12]
2000.8~2001.7 Seoul, Korea 6 0 (0) 2 (33) NT [18]
2000~2001 Korea 267 11 4) 27 (10) NT [24]
2003 Korea 194 21 (17) 27 (22) 32 [25]
2003 Seoul, Korea 92 5() 6 (7) NT [26]
2003 Gyeonggi, Korea 12 0 (0) 18 NT [26]
2003 Gangwon, Korea 32 0 (0) 0 (0) NT [26]
2003 Chungcheong, Korea 6 1 (17) 1 (17) NT [26]
2003 Jeolla, Korea 47 11 (23) 5 (11) NT [26]
2003 Gyeongsang, Korea 26 1 4 2 (8) NT [26]
2003 Jeju, Korea 3 0 (0) 0 (0) NT [26]
2003 CSUH 14 8 (57) 9 (64) 0 (0) This study
2004 Korea 319 25 (8) 54 (17) 6 (2) [25]
2004 CSUH 19 0 (0) 1 (5 0 (0) This study
2005 CSUH 4 1 (25) 0 (0) 0 (0) This study
2006 CSUH 9 0 (0) 0 (0) 0 (0) This study
Total 1,166 84 (7) 154 (13) 9 (2)
IRPA  2000.8~2001.7 Seoul, Korea 84 2 (2 29 (35) NT [18]
2000~2001 Korea 387 0 (0) 44 (11) NT [24]
2003 Korea 243 0 (0) 16 (7) 0 (0) [25]
2003 Seoul, Korea 92 5(5) 6 (7) NT [26]
2003 Gyeonggi, Korea 12 0 (0) 1 (8) NT [26]
2003 Gangwon, Korea 32 0 (0) 0 (0) NT [26]
2003 Chungcheong, Korea 6 1(17) 1 (17) NT [26]
2003 Jeolla, Korea 47 11 (23) 5 (11) NT [26]
2003 Gyeongsang, Korea 26 14 2 (8) NT [26]
2003 CSUH 6 0 (0) 0 (0) 0 (0) This study
2004 Korea 338 2 (1) 18 (5) 0 (0) [25]
2005 CSUH 34 13 0 (0) 0 (0) This study
2006 CSUH 11 0 (0) 19 0 (0) This study
Total 1,318 23 (2) 123 (9) 0 (0)

Abbreviations: IRAB, imipenem-resistant A. baumannii; IRPA, imipenem-resistant P. aeruginosa; NT, not tested; CSUH, Chosun University

Hospital.
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AR Bf-goll QlofA] Fzke] KpolE HoFQdrt.

SHANA -2, 53] integrong 7HA| 3L AU MBLS A4
Sl HAWA TS FHS) vlElEAE E3eE ohakst oA
ol FH AGAE HolFr) el FAATA AR
= ¢ T $IATE, carbapenem Foll :=EEH WA o] F7
e 545 Hole IMPot 2 WA RAAE 7L & 7
ArH22]. 28 7] wliitoll o] gt MBLell ofsl= Ak} o]
279 W oy AuhE 4] % integrons Z7]ol
Zoplle Aol thANA T2 Zhedelldoll ml$- Fasjch ofd
WASAAZE S71sAY ZHasiaiAg ofd A dellA] 54
WA AR Blgo] E=AU Yol st A3k sletsle
59| carbapenemase f-51Aboll th3t HE3E AFE B3l 2 A
o] 9 f3PTro] A3t WARAAE z7]0 sletsle] o
ol 2 BALEE AReAY s ol 831 o] &
e Zlolck e, A WA AR B Sl o
25 T3l AR Bl 22 #5359 HdW
upzbedol] tislA sleled ¢ e AvlelE AlFsl £ FE
= Zolth23]. At FHell A& chekst WA Rkl B
Aol et Har} F53HA o] FolAA] ek9k7] ulitell =
& oA A AITFES] WA A Efadsdll
EAQl FARES oF= Zlo] 788 Ao A7
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