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[Abstract] Objectives To evaluate the effect of three methods to identify carbapenemases in Klebsiella
pneumoniae isolates in order to make a preliminary evaluation of its practicality and reliability. Methods Eighty-seven
K. pneumoniae clinical isolates with reduced susceptibility to carbapenems were evaluated. Antimicrobial
susceptibility was performed by agar dilution and VITEK 2 respectively. The carbapenemase resistance phenotype
of the isolates resistant to carbapenem was identified by the VITEK 2 automated microbial identification and
susceptibility instrument, the K-B disk dissemination test, inhibitor tests using APBA, DPA, EDTA, cloxacillin etc.
The carbapenemase-encoding genes were identified by PCR and amplicon sequencing. Results Of 87 isolates, 40
isolates were determined as KPC positive by PCR, 6 isolates were waiting for confirmation by sequencing. There
were no VIM and IMP gene. Based on the results of PCR, for detecting carbapenemase phenotype, the sensitivity
and specificity were as follows: modified Hodge test screening were 100% and 97.6%; meropenem and PBA
derivation of the KPC phenotype were 100% and 100%; meropenem and DPA derivation MBL phenotype were
83.3% and 97.5%; meropenem and EDTA derivation MBL phenotype were 83.3% and 98.8%, respectively.
Conclusions The sensitivity of modified Hodge experiment is higher but the specificity is lower. This means the
method can be used only as a preliminary screening of carbapenemases. The inhibitors tests of carbapenemase
activity have high sensitivity and specificity, especially APBA for detecting KPC. Clinicians can consider this
method as an economic and accurate method to detect carbapenemases.
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AT B, IRERAS 3 B, HbrAS 67 #k. i Btk Hodge
TR BH Y i % 50 75 117# ATCC BAA-1705; Hodge it
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2. EEAY#E: Roche480 II 5L ¢ 8 8 PCR X
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L E M 1% VITEK2- COMPACT H3h% e % .

3. FHEH: BT RS IR I N R A T A A =
IR HOR T VITEK2-COMPACT A3 28 JiU b it 754
F, AU EPEH (MEM) S2584tq, WA
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JrT R IR 3-Z AR (APBA) ,
) F SIGMA-ALDRICH A7) —IEREFRR (DPA) it
5. STBC4022V, JJH SIGMA-ALDRICH; Z %]y
18 (EDTA, 431 3\: CioHigNNayOie; 7 F -
372.24 ) F & M pH Ak Ccloxacillin) o i 51 B
Dr.Ehrenstorfer GmbH, #t%5: 11219,

4. MR Hodge 1% fk#5 SCHR 2009 hit CLSI #EHF
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FHEXT I, ATCC BAA-1706 >4 Hodge 56 [ 115 1
Wi BB TR I K 45 45 B ATCC 25922 it i 0.5 22 [ ikt
FERT, PR B 10 A5 R0 RE o 3 ST HVRAT T MH 35l
SR E, BPRRCTEE 3~10min 5, 7EFR e —
TR AR FH A AE 2R B80S 30 minD o 10 pl
(3P PR PRI R AR 3ok 73 2B K 11 3~5 AR
TS RAR B T, N ZGRRAR 1 2 1m) AR 2, 28 /b
% 20~25 mm [ ELHER, ERFRIVE T 35 CFE
16~20h JERbegi g, g R PIWr: 25 RF I B RE S R
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AE G A o5 7 A R I B P G R A KT, B MHT
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5. PCR ¥ B4 Aa Il 25 3L A - 5 [ #y v it e PCR 473
Ry 2w ScikBE T, PCRELPRIINF thdt s rhREaS bk
A SE R, Pubmed $d e LLXT 3 BT il s, HoAk
PR 51 W& 1.

F 1 KPC M 2 P BBk 20 e 5 1)

AR SIREEFS) il 4 5'—~3)
Imp-f GGAATAGAGTGGCTTAATTCTC
Imp-r GTGATGCGTCYCCAAYTTCACT
VIM-f CAGATTGCCGATGGTGTTTGG
VIM-r AGGTGGGCCATTCAGCCAGA
blakPC-f CCTCGTCATCCGCAGACCAAC
blakPC-r CGCGCAGACTCCTAGCCTAAA

VE: Imp. VIM: B BT 82EME P 1) 2 #2872 blakPC: i sedi A

PRI AR DNA BEARBEE: 40 b DNA B il 2% FH i
PGPS I RO TR DA A R R B 1~ 2 PR R
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VA5, 100 °Cn#a i 10 min, LA 13 000 r/min %3
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PCR ¥ #4: kM KIERAEWRA G, KH 50l
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APE 1 min, BARSE: 55 C, {58 1 min, 72 CEfh
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6. & D R AR RS A A ARSI 75 S
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AR SN MH SRR FR3E b, TR KA
FBRTRAUH ORI AL B- N AL 10 wlo L
v 98 B B R 2 AR R R R A S 4R, IL 2
SEHN: KPR 10 pg. FEPEEH 10 pg+DPA
1000 pg. KPR 10 ug+730 pg EDTA. KPR
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1. B K Hodge 156 Ik 45 B - 87 BRAFIN B h ik 1
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5, Hodge 156 BH 1 (1) il ¢ v 75 1 1% ATCC BAA-1705
i NP, Hodge 4% MIE RN 28 Se B A ATCC
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2. KT 5 A5 A i R G A I Bk A
g5 0 I A IR e bRt SR 5 DPA.
EDTA. SAMPERRIX =il & 40 5D E
A PR3 1 Pl 2 25 =5 mm (%) B BE P AR 2 ) -
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M EE P =4 mm A B, 87 BRil s b bk
APBA FHMEREIL 40 #k (21, 35, 50~87 5) , K 2
IR A IRE B 52 S ARRK 45 R

M P [R50 ) v 46 At . 87 AR 48 v 7 A 1A
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#eFH w7 AmpC B IF AL AR R I R A
DPA (+) n#EFH MBL %7%4; EDTA (+) S
H MBL 8 . AREGHE T 7™ KPC i 40 #E, 43 ) /2
(21, 35, 50~87 %) ; it AmpC W& IFAMEAL
IR IR (0) BE; ALK DPA #EF H MBL /& 6
FE (8, 9, 12, 13, 14, 20 5) ; AL EDTA #:S
t MBL /2 6 ¥k (6, 8, 10, 13, 14, 28) . WA
5 BRI 245 270 L3 2,

3. BT AFIGEERED PCR A A6 45 4 - 28 PCR
P18 B PR S KPC BRI I BH 1 45 L 40 k. A
S P RAHE T B E B N IEIEE 6 ¥k, &8 B AL
JZlG VIM. IPM PR35 R B, KPC 5141 PCR
18 tH 500 bp 2247 FIP=HCH bR F Bl 1000 bp 2545
BN T 3 UK, SBIARREMAIM Y, 1 6 FREE AR

R 2 RPEHEE S ANHIF SR I HE R SN
FAGRL (87 B

RS [CEE S LS KRR S
ABBA (+) Cloxacillin (—) KPC 40 21,35,50~87
ABBA (1) Cloxacillin(+) AmpC 0 NEG
DPA (+) MBL 6 8,9,12,13,14,20
EDTA (+) MBL 6 6,8,10,13,14,28

T NEG R BT (49 5 BBk 2Rl /e i b AN UK
Amp C IR, Hodge ISR A, BRI HRR Ik 45 R 9D

S G YIA S KPC g [RIVRE PR & i H A g RE A
HAth 40 PEHESF A KPC [ #E, PCR ;#4547 1200 bp
KiATs BEALPRI 2 BRIEATINT, 4535 Pubmed HZIREL
PiFEHIliE S FI853623.1 Klebsiella pneumoniae strain
Irish-1  plasmid class A carbapenemase KPC-2
(blaKPC-2) gene 2% £k KPN T Fk¥) blakPC-2 J¢ 41 #;
K—BEH 99%.

A, TR T B I B A [R) 0 38 7 v 45 AT 43 A BA
PCR J5ikh&hrnE (e 6. 8. 9. 10. 13, 14 % 6
FREEFE PCR 45 B par) , 483U IR I 25 SR AL HE VIM,
IPM. KPC “50i T # ML NI 4, A A I
() NDM. OXA-48 “ER:Af LT, Hodge ik4:. K2
B A MU . R SR Hodge 16
HUBNE N 100%, Fr ok 97.6%; DPA R L6 UK
PN 83.3%, HFSEEk 97.5%; EDTA kiR fiek
PEhy 83.3%, K551k 98.8%; APBA FIHIR U6 R E
1 100%, it 100%.
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CSLI 130K 24 1 Hodge 136 1 S 4G i 4 1 ot
T B M AN B (AR HE 7325, AR vk L RE A I H A2
=TT B, AR o 2 AR — Pl . U AE
SR SCHRFRIE 1% AU R ar R e A s, Rt i
7 FUE H TR 2 E R0 o e Y, ARG 87 kk
Al Hodge iR 46 B0 8 100%, 5 510 97.6%,
5 b — SR AR TE &5 AR . 1% TR R R A
TR EH S ESBLs o, AmpC fifFidd & % 10k [] i
P AMIBLFL R 11 342 12 0 A PR T A6 7 S B P SR 0,

SCHRIRAE, 75 %577 KPC [ 48 v 35 A1 1 5 I
APBA J& L dmiiln, AH K& 2] AmpC B i)
iok 5 2R (R I A AL B PR R X R O, AR T
ER S IR R SE R, B — P X 40 = KPC Filfm ™
AmpC FEAMEFL R B RIX PRI O, 75 24 S
VU R SE . ARIG T 28 51 49 SRR BT
W2 2, (BRSNS P, VITEK?2
PLOR PR BRI OR Ry ESBLs FEAME R Bk, 4
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SRR —

W&, BLPCR Ky &xpnift, DPA HHR 56 AU
J& 83.3%, HiFtE 97.5%, EDTA kIR 56 St 2
83.3%, 4 1k 98.8%, —F 45 LML . kiR iECIDPA
T EDTA EAS I 28 3 B A1 B 7= <2 =B 1A T M il 1 it
AR, {H55 DPA #HLL, EDTA [WfeFPEE 2,
TR #40 7= ESBLS Al KPC [ 1 FR 4 H AR BH P 45
S ML EAE S ] DPA 4 BoR Ptk g 8, R
PEJLTIAF] 100%. DA DPA KAt 26 50 16 A & 7
G IE-B P I I 1 R AR e B R . AR
EDTA kIR 56K 7 PE 4 DPA Ry, 33X 35 R B P41
HORA (5 K, nIRglEgv 2 bR 2 o

BARHT, MR Hodge TREGBUSRMELF, R FEA
fm, RBAE N BT B I W8 TRk ik . BB R
IR S SRR P PR, U APBA
W KPC J7, WK B AZE I8 TEAE AUt HERfi:
TS BT T EHE), ARANRENS OXA-48 BRI
25102, Dortet 25 B Mg g T — FHE TR B K
RNV R R = IR, AT pH o, T8I R 7R AR
AR RS S F AN, WIEPHEIO%IE R
M R R T 100%, Hoamisk s oA R an
EDTA. flPs e IREE,  nf D[R]0 B 75 B A gt AT 1 1
K, SRS AR ISR — 2.
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