Ann Clin Microbiol Vol. 16, No. 3, September, 2013
http://dx.doi.org/10.5145/ACM.2013.16.3.120
ISSN 2288-0585

Loss of blaym2 and blawp1 during the Storage of
Gram-Negative Bacilli, Antimicrobial Susceptibility of the
Gene-Lost Strain, and Location of the Gene in the Cell
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Background: Gram-negative bacilli can be stored in
cystine tryptic agar (CTA) at room temperature for over
1 year, but we experienced a loss of imipenem resist-
ance among VIM-2-producing isolates. The aims of this
study were to determine the frequency of loss of IMP-1
and VIM-2 genes during storage in CTA at room tem-
perature and to document any change in the MIC of
antimicrobial agents and the location of the gene.

Methods: Bacteria were isolated from clinical speci-
mens at Severance Hospital collected from 1995-2000.
Modified Hodge and double disk synergy tests were
performed for screening of MBL-production isolates,
and blaie-1 and blavim2 Were detected by PCR. Loss of
resistance was tested in CTA at room temperature.
PFGE and hybridization using a blaym-2 probe were
carried out to determine the location of the VIM-2 gene.
Results: When VIM-2- and IMP-1-producing strains of
eight P. aeruginosa and two Acinetobacter spp. were

INTRODUCTION

Carbapenem 3 AlE 2854 ool A4s= oI 7t
A B-lactamaseel] RFF3}o] thE B-lactamAloll WA QD Aol
oJgt il f-8&sM Agxlo] gkrh 23} carbapenem?]
AHgo] ghobilol] whbA] carbapenem WA Allde] &4 4 &4k
=gk 1554 9] carbapenem F& WA 717 car-
bapenemase 4=2] A4do] 1, class A} class B carbapenemase
B450| YrHI1]. Class Boll 43} metallo- S-lactamase (MBL)
& 7Zn**o] glojok FAS LFEhE A4 E clavulanic acidl} ta-
zobactam @ 2 A &l|¥] 2] ¢k} MBL FollA4+&= IMPE I} VIM

stored in CTA at room temperature, some isolates
lost imipenem resistance after 3 days and 90% lost
resistance after 15 weeks. Loss of resistance genes
resulted in a decrease of the MIC of imipenem from
32-128 pg/mL to 0.5-8 pg/mL for P. aeruginosa, and
from 32 pg/mL to 0.25-4 pg/mL for Acinetobacter spp.
Hybridization of |-Ceul and S1-digested and PFGE
suggested that VIM-2 genes are located on approx-
imately 50-100 kb or 400 kb plasmids.

Conclusion: Isolates may lose resistance genes when
stored in CTA at room temperature. Therefore, it is
necessary for MBL-production tests including the Mo-
dified Hodge test and double disk synergy test and
detection of MBL genes. (Ann Clin Microbiol 2013;16:
120-125)
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717k HES SliAE oleidt W] E33%}. HEaLAl| Casein
hydrolysate agaroll A 1554 2HloF Aol 11 o4 A
Zglt}. o] w9} ZAJo] H]|S=t HEILA| cystein tryptic agar
(CTA)IAME A7) 7 ABEe] 7hssie}. Bt AT HE Foll
plasmidS 248 4= 9l-S0] &d#dA] Jrh4]. Takahashi S5
Weloll A Eel= A baumannii TFEE F 19 S A2l

B33} & imipenem WA 4. baumannii 285 F 19977} %+
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Ao g Wal AL Hustgiel Lim S{6)E VIM-2 F4AS
3t imipenem WA FFE CTANA Aol Ht 3
B #57} imipenemol] <A S Z v, 1 helS WA
24897 WiEdE Bt bh gick
IMP 3 VIM¥ MBL A WA 7474} cassette”} class
1 integron ol AF4=]e] 9)ar o] 7 t}A] transposonol] $1%]3}k
o] T2 AlF9] A i plasmid®E A2E 4= QIrH7.8]. ©]
= % integron®] plasmidell 1XJs= 212 ol A e ot
2 Aol A = IS5 =3k, P oaeruginosa, P. putida,
Acinetobacter spp., Enterobacter cloacae, Serratia marcescens &
ofe] FEolA IMP 1 VIM 2 ATl FRSILH29-11]
2 Aol A VIM-2 9 IMP-13 MBL A4 g tido®
AL Hitol] whE IMP-1 9 VIM-2 479 &4 =9} 54
Ap Aol whE A 24 A s HIE et st
ek AR Bk = g7 245 VIM2RA7e] 914
= #lstaat st

me fT

o

MATERIALS AND METHODS
L AlEME & S Al 2y AlE

Al Al 1995-20000d0f] A Bk v glol] W<I3E ShAtol]
A ZelE Alde de R sisich 4% S48 e A
F49l A5k Wl L= ATB 23 GN System (bioMériux,
Marcy-1’Etoile, France)s A-&atgicl. A 254 A
Clinical and Laboratory Standards Institute (CLSI) A %lel] w2}
ez sz GAsAMeR ARsieii FEAE
imipenem (Merck/Sharp & Dohme, Rahway, NJ, USA), mer-
openem (Sumitomo, Tokyo, Japan), ceftazidime B! clavulanic
acid (GlasxoSmithKline, Greenford, United Kingdom), piper-
acillin (Wyeth, Pearl River, NY, USA), cefotaxime (Aventis,
Frankfurt, Germany), cefepime % aztreonam (Bristol-Myers
Squibb, Princeton, NJ, USA)& AH&-313it). A= & S84
= E. coli ATCC 259228} P. aeruginosa ATCC 278535 EA|
oll Al&slgley. MBL #4242 9] ZHpAfell tigh gk B
7] f18MA = carbapenem WA Q1 FF) UAS 84S 5 48

oz AadAErs S Aez Ayl
2. MBL 38X} HEAIE

Imipenem WA ¥#F % MBL A TS Awslr] sl
modified Hodge A1§1Z} double disk synergy Algs sF3cH13,
14]. blanp @ blayiv. A4S PCRE AE381910H10,15].

3. Imipenem LHA AA! HIE AIE

MBL A4S A3} —70°C F 3toll 22 Bakelgich A
< B3 % imipenem WAlo] ZFA o2 wisk 7t A7 A

I\

$ WE HES 2 F5FE MacConkey agarol] Aldul|ofFslar
imipenem®l] WA 1S EQ1gk ¥, CTA Al ol HE3lar A
Zofl Baksloict 39, 15, 25, 4579 9 1559 B ¥
ol CTAoMA AlTg AHsle] Ald=pell F-5A171 3 1005
(107-107) gHA 34zkiek. 2 3 A4H 100 #LE Mueller-
Hinton (MH) agaroll HZsl1L 18-24A]7F E<F 35°Ce]] k3t
3 =55 A=e] 30-3007H A371 HataAlell A FEk 100705
Aelslo] imipenem 7HrAS tlamgh o 2 AJgsle] 7
A A Ak vlEE Akl

]

dr_(‘)_}v‘

i

4. PFGE ¥ Hybridization

I-Ceul ¥4, S1 endonuclease® ZH7t *]2]8F plug® pulse-
field gel electrophoresis (PFGE)E Ale¥sl3ith16]. #17] 53k
agarose geloll 9= DNAE nylon membrane (BioRad, Hercules,
CA, USA)oll 7|3, DIG DNA labeling and detection kit
(Roche Diagnostics, Mannheim, Germany)& A-&3slo] FA]t
blavis®} hybridization A%< 319icH16].

RESULTS

blayiva ¥4 P. aeruginosa 545, P. putida 105, Acinetoba-
cter spp. 165 L8|3L, blawp., ¥4 Acinetobacter spp. 475
CTA A§iol] HE3E 3 F5oll wheba] aHL-147F A2l
RZEL Zof| imipenem WA £AS tjA= g o7 AWl
9 th(Table 1). Imipenemol] WAL Q1 blayiva A P. aeruginosa
545 F 45+ ALET ¥ imipenem AL W)
blavia 39 P. aeruginosa 155, P. putida 15, Acinetobacter
spp. 1558} blanw. %A Acinetobacter spp. 15+ imipenemol]
Z AANE Hlo), A QhoflA] v 2 &0 A=t
o] =gl A gtoll = 2 Foll A, imipenemol] i

Table 1. Detection of cells with partial or complete loss of MBL
gene during storage in CTA tubes at room temperature®

No. of isolates which
Organism (No. of MBL lost MBL gene

isolates tested) gene

Partial " Complete  Total

P. aeruginosa (54) blayive 15 4 19 (35.1)
P. putida (10) blayv.2 1 0 1 (10.0)
Acinetobacter spp. (16)  blayiva 1 0 1 (6.3)
Acinetobacter spp. (4) blanwp-1 1 0 1 (25.0)
Total (84) 18 4 22 (26.1)

*Storage time was approximately 4-12 months depending on iso-
late; ' Isolates which lost partially MBL gene showed heterogeneous
growth within the zone of inhibition in disk diffusion test using
imipenem.
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Aolgka A== t&a9] 77k -9 A2} imipenemel| itk FFE CTA AlgRol] HFsto] Aol Fa A &
ArAoletal Azl s AN wWedRele] ke 47 Zel Ae Ha o2 Alfeglnt. Al 1095 539 &
alet. & uiekRt imipenem WA FF EFollAE blavive S ol 4757}, 158 Folle 577}, 257 Folle 7571, 4
2 blanes $RAV} PORZ REHAGS, Teh} 2dez M 59 Fol s7ak, 2ol 1559 Foli oFFe] Y A
gk 75 B double disk synergy A8 5/3¢]aL, MBL §-4 E7F WAS 2469 tKTable 2).

A7k AFEA Shsiel. whebAl BRH o W 2 MBL 7100 w4 Ake] WSS P acruginosa $TFE 39
A &AL wiEelo] #l= ol Foll 0-5%7}, 159 Foll= 0-18%7F, 155D Foll= 0-92%

7} WA AR blane. =5 blaynes 7R A, bau-
mannii 27F+= 390 0-1% AZ7}, 15Yl] 3-8%7}, 1559
MBL Az} ZAEGY F5 £ P. aeruginosa 875} of] 33-55%7} A& A48t ti(Table 2).
Aelelo] MBLE AR £AMIEE A8

1z
[
H

2. blav[M.z a blauv[p.l _+_

A. baumannii 2975

Table 2. Proportion of cells which lost imipenem resistance during storage in CTA tubes at room temperature

Colonies (%) with loss of resistance at*

Isolate no. Species MBL type
3 days 1 week 2 week 4 week 15 week
1 P. aeruginosa VIM-2 3 6 7 11 28
2 P. aeruginosa VIM-2 0 0 2 9 9
3 P. aeruginosa VIM-2 0 0 1 15 92
6 P. aeruginosa VIM-2 5 18 6 15 20
7 P. aeruginosa VIM-2 1 11 5 7 19
8 P. aeruginosa VIM-2 0 0 0 1 2
9 P. aeruginosa VIM-2 0 0 0 0 1
12 P. aeruginosa VIM-2 0 0 0 0 0
13 A. baumannii VIM-2 1 3 3 5 33
5 A. baumannii IMP-1 0 8 5 8 55

*One hundred colonies were tested for each isolate.

Table 3. Comparison of MICs of antimicrobial agents for MBL-gene positive isolates and MBL-gene lost counterpart strains

MIC (pg/mL) for:

Antimicrobial MBL

P. aeruginosa ACI
agents gene
1 2 3 6 7 8 9 12 13 5

IMP Positive 64 128 128 32 128 32 32 32 32 32
Negative 4 8 0.5 0.5 0.5 1 1 2 4 0.25
MER Positive 16 >128 >128 8 >128 32 32 8 16 32
Negative 0.5 NT 8 1 8 1 0.5 0.5 4 0.5
PIP Positive 128 >256 256 >256 >256 >256 256 64 256 256
Negative 2 NT >256 256 >256 16 8 64 256 32
CAZ Positive  >128 128 >128 128 128 >128 128 64 64 128
Negative 2 NT 4 4 4 4 2 16 16 4
CAZ- Positive  >128 128 >128 128 128 >128 128 64 64 128
CLV Negative 2 NT 4 4 4 4 4 16 8 4
CTX Positive  >128 >128 >128 >128 >128 >128 >128 >128 >128 >128
Negative 16 NT 32 64 32 32 16 64 16 16
FEP Positive 64 64 64 64 32 64 64 32 16 128
Negative 8 NT 8 16 16 16 16 16 8 8
AZT Positive 16 32 16 16 16 16 8 32 8 4
Negative 4 NT 16 16 16 16 8 32 16 4

Abbreviations: ACI, Acinetobacter spp.; IMP, imipenem; MER, meropenem; PIP, pipracillin; CAZ, ceftazidime; CAZ-CLV, ceftazidime-clavulanic
acid; CTX, cefotaxim;, FEP, cefepim; AZT, aztreonam; NT, not tested.
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3. blayaz & blapp, 2AZ Q18 imipenem@| MIC X5}

blaynaz B blanes FAAE 7V P. aeruginosa 8752}
A.baumannii 275 3 o] FFZHE fHE WAFAAE &
Agk ol Wi BlactamAl FFAL] MICE H] stk
(Table 3, 4). MBL 4=l tgt imipeneme] MIC 9+
32-128 pg/mLYaL, MBL A7 &4 5ol tisiAE 0.5-8
pg/mLE gobxlvk MBL 44+ 44 ¥F B imipenem
o WAdelglorl, MBL 44 &AFFE 49 ¥t
90%, T7H #F7F 10%$Ack. MBL 44+ 4191 w58 o
g meropenem®] MICH 91+ 8-128 pg/mL31, MBL 747}
&4 F3Fol delAE 0.5-8 pg/mLE YolEt)

4. blllvnw-zg-l -?-l i'

blayma ¥4l P. aeruginosa 8752 DNAE 1-Ceul 347
Aeksk 3 16S rRNA 544} probet blayn, probest 22 i
kg AlgE #kdek. blavia probes 67FFllAE < 50-100
kb $1Z]ellA], 27 <F 400 kbollAl Al o] A =Hl, o]516S
RNA A7} probe ¥4 wi=9} 91%]71 EakvhkFig. 1). S1&
&R A3 AlellA = 3TFFellA= oF 50 kb HXollA, 27
T2 400 kboll Al ool aL, v R] 37FFol| A= FAAMETL

Table 4. Effect of MBL gene loss on the susceptibility to imipenem
and meropenem

% of isolates

Antimi- Strain MIC

crobial ,(NO' of range Susce- Interme-  Resis-

agents isolated) (#g/mL) ptible diate tant

IMP  Isolate (10) 32-128 0 0 100
MBL lost (10)  0.5-8 90 10 0

MER Isolate (10) 8->128 0 22 78
MBL lost (10)  0.5-8 78 22 0

Abbreviations: IMP, imipenem; MER, meropenem.

M12345678 12345678 12345678 M1234

e O

(kb)
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[HE A FSkehFig. 1).
DISCUSSION

B ol oA VIM2 B IMP-1 A4 FS CTAOA A
ol 47ML- 147 Bt & g2 FFEo| G e A AlErt
imipenem WA 8431, WA 812 AlEollAle WA Azt
2AEE 1 & it B3k 7|7l ulE WA A ES
ol 7] 3l blavive F- blap- B 10955 Aol B
W3k Aol 4], 3L Foll= 40% T LR Al=E7) 155Y
FollE 90% T2 P Ax7} A es et 7 i
of|A] ZHrAd o2 wish A9 vlE-E Tl whekA] dAs]| &
2HA] 1579 3749 vl VIM2 AT 979 A5+
0-92%313L, IMP-1 AT 155 55%3et o] A= VIM-2
T IMP-1 A TEo] Al Bid ujf o] WA +34E
Al 2332 5ot wabA] Aol Eig I
ot} RS & wie 4 imipenem Aol HlslA|
A=Al Folsl= Zo] F 23t} Takahashi S[5] Acineto-
bacter spp.7} ¥19k= Casitone mediums A-&ol] HE %ol &
3| IMP §428 4] Al 5-& Harslgict

VIM-2 32 IMP-1 FAAE 72 P. aeruginosa 8352} A.
baumannii 27570l ™EF imipenem®] MIC 32-128 pg/mLZE ©}f
¥l MBL o|€]9] WA 29l wiifo|%s ZleR Azt
o]F VIM-2 32 IMP-1 A4 Aol WARAAE &43 ¥
of|= imipenemo |t} meropenem®] MIC7} @A]s] Yolict. 12
U MIC 7H4: B 57F #5oll b4l imipenem<>- 0.25-8 zg/mL,
meropenem<- 0.5-8 pg/mLE 2}o]7} A=l o]+ porind] 4
ek gt Al A 9] Aol wiitel s Aoz FAHh
53] meropenem®] MIC7} 8 pg/mLg] 2 F57F Y=H o=
A = HZY ax e Y Aer A
Imipenem®] MICE OprD porin®] &AZ £0}A| 3L, merope-
nem® MICE MexAB-OprtM 3419 35 wtd o g Eolx]

25

12345678

78

¥
.

Ve
Fig. 1. Pulsed field gel electropho-
resis of whole genomic DNA of P.
aeruginosa isolates digested with I-
Ceul (A), and S1 nuclease (D). Sou-
thern blot hybridization with 16S
rRNA gene probes (B) and blavim
gene probe (C and E). Lanes 1 to 8,
whole genomic DNA from isolates
no. 1-3, 6-9 and 12 P. aeruginosa,
; lane M, lambda ladder (Bio-Rad) as a
5 marker (kb).
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o] HaHgieHI7-19). o] ¥ AE A Lo HEW TF
b WA 2SS B, 244 A B
MICE WA T A& 2918 4 3lom, imipenem®]
MIC7} 8 pg/mL¥ MBL §-47 HA2 25 3gkd ¢ gle
22 WAEA o5 MIC 7 Algte 2 ek < glrt
I sk whebA] o A AldE) Aol Aol HER
g Fe el gA 7o Al Haa AAlde] AFel
HISEA] AW A ] REeko] 7 TEA] Aldte] 4141 Zlel
A2 2& W= modified Hodge*] ¥} double disk synergy*H.2
2 MBLAA S #1sk blavime B blane.s E-5-5 Sl
of & Zloltk.

[-Ceul©.2 ZAxkdt 9344A] DNA hybridizationdt Z3} ge-
nomic DNAZ} obl t}-& $1%]ollA] band7} 4 Hbg-5 H3lL
plasmidE Agksl= S1EAH ] AdlA L vl3t 72719
band7} FANHS-= KA A blaym, A7} plasmidel] 9123
A% 418 5 doleh whebd, Hiel o Wasl A%
WS AL VM HAFRAA7 S8 plasmids] 45l
24 oz e

ZAEHOoZ VIM-2 B IMP-1 A Pseudomonas spp. 3
Acinetobacter spp. I Foll& A2l HE A YA §AA=
WEA A Zlo] Siek, whehA, Lol HPE TR
T2 AAZzolu A AlEE v MBL A4 AMATY

3 MBL A2 Bf-5 218k Fol] A-gstolof & Zlolrt.
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HiA: 2324 o2 HE3LA| Casein hydrolysate agar Bl o] ulj A9} ZAJo] v]|S=3t HEa1A)| cystine tryptic agar (CTA)ell
ujofslo] Aol BESPH 1l o]4f AESkel. 1E s CTACMA vikst blavive A B AlTFS Aol Bt $of
imipenem WAl-S &£Asl= TF71 ok FulollA E2lE VIM-2 B! IMP-1 A TS dide @ A2 Hib uhE ol&
Az A MRSt §AAF Aol whE Al HAaAlERS] w3t gl o]F FAAe] X E skt skict
HH: 19952000 ol Al Bk WY 3kx1e] A4 E2lE Alde e g 39ick MBL A4 5% modified
Hodge Al¥ ¥} double disk synergy AlHo2 AM3L3, bl T blavive FAA-E PCRE A& el IFHFE CTA
Aol 8% 9 wjobsto] ALl Bk A3} & Froll Wk WALAS AGSHEE VIM25A 912 HelS 91
4] PFGE ¥ hybridizationZ A]3¥s}3ic}.

A1}l VIM-2 B IMP-1 234 P. aeruginosa 83F5F2F A. baumannii 27755 CTA A-2ol|A] BatslySul], 38 3ol HAF%
e AR 7 YA, 1557 Felle 90%2] FF7F WARAARE AT blavive F= blawe RS 4
3t 520l et imipenem®] MICH$I = P. aeruginosa®] 73-%- 32-128 pg/mLollA] 0.5-8 pg/mLE, A. baumannii®] 73-%- 32
pg/mLollA] 0254 pg/mlLoZ Yot blayv, FAARE Tl whakA] 2F 50-100 kbl 2F 400 kb2 plasmidel] $1%]8}31
c}.

LE: A2ollA BHER FF A7 Aol vk AF WA fAAE 24 e R, Aol Wil FF5 A8
ATE g uljol] modified Hodge test®} double disk synergy A&7 2+ MBLAA AHAIE gl MBL $-47F 282 els)
ofof gk} [Ann Clin Microbiol 2013;16:120-125]
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