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[Abstract]  Objective  To explore the mechanisms of imipenem resistance in Klebsiella spp. and the
transmission of Klebsiella pneumoniae Carbapenemase-2 (KPC - 2) gene in Klebsiella species. Methods The
imipenem resistant Klebsiella pneumoniae and Klebsiella oxytoca were isolated in the West China Hospital of
Sichuan University in 2009/2010 and 2012/2013. Their minimal inhibitory concentration (MIC) was determined by
agar dilution method. CARB ChromID plate and improved Hodge test were undertaken to detect carbapenemases
resistant phenotype. PCR method was used for detecting KPC-2 gene. Plasmid transmission was detected by
plasmid conjugation tests. The homology of the plasmids and the strains was analyzed using random amplified
polymorphic DNA (RAPD) and enterobacterial repetitive intergenic consensus PCR(ERIC-PCR) methods. Results
Three strains of Klebsiella oxytoca collected in 2009/2010 and 7 Klebsiella pneumoniae collected in 2012/2013
developed carbapenemases resistance, all of which carried KPC-2 gene. The 3 KPC-2 positive plasmids isolated
from Klebsiella oxytoca transited to recipient organisms and showed homology with the 7 KPC-2 gene positive
plasmids isolated from Klebsiella pneumoniae. The ERIC-PCR showed homology of the 7 KPC positive Klebsiella
pneumoniae. Conclusion  Carbapenemases in Klebsiella spp. with expressed KPC-2 gene contribute to the
development of resistance in this hospital. The transmission of KPC-2 plasmid in Klebsiella oxytoca may cause
imipenem resistance in Klebsiella pneumonia. The horizontal transmission may be the main mechanism in the spread
of imipenem resistance in Klebsiella spp.
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KPC-2 5[5 1 14 2 A 0] 8 52 — 3007 91 2R & il i
J R (ERIC-PCR ) 5 9 LA K B HL 5| 9 3 3 2 25
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PCR primers
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Primer name Sequence (5-3")

Amplification purpose Expected product

KPC gene amplification detection About 300 bp

Strains of typing About 500-700 bp

Plasmid typing About 300 bp

KPC-2 F.GGCTCAGGCGCAACTGTAAGT
R:CGGCGGCGTTATCACTGTATT
ERIC F:ATGTAAGCTCCTGGGGATTCAC
R:AAGTAAGTGACTGGGGTGAGCG
Random primer AAGAGGGCGT
1.3 FHi%
1.3.1 B EHFFWH R A LA 2h £ A ik fo 5 e
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Faf 25
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12.5 pLs 519, 2 plstiiti. 1 plo OB A1 95 °C
1 min, 95 °C 30 s,58 “C 30 s,72 “C 30 s,30
W72 "CHEA 8 min, 20 g/L Byt HL UK A DU 7 4)
Jfik invitrogen 2\ w) MM ) F1 BLAST 43 #7, 5
GenBank |5 B fifi & 3¢ 55 A B #k HZ001 i1y KPC-2
(GU086225) #17 [F] Pk L XT
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Table 2 Imipenem resistance in Klebsiella species
Imipenem resistance 2009 2010 2011 2012 2013
Resistance rate to imipenem/ % 1.9 2.4 1.2 2.5 2.1
Total number of strains/strain 1276 1490 1394 1700 1902
Imipenem resistant strains/strain 24 36 17 43 40

R3 REEANEREEMAEFESHIESR

Table 3 Imipenem resistance to in Klebsiella bacteria

VITEK2 Compact AGAR dilution method,

Strain CARB ChromID Improved Hodge

No. Strain type . detection, screen experiment MIC resultfmg/ll)
MIC result/(mg/L) and explaination
1-8 KOX 8 / + 8 (R)
1-9 KOX 8 / + 8 (R)
1-10 KOX =16 / + 8 (R)
-1 KPN 8 + + 4 (R)
-2 KPN 8 + + 8 (R)
-3 KPN =16 + + 8 (R)
-4 KPN 8 + + 8 (R)
-5 KPN 8 + + 4 (R)
-6 KPN =16 + + 128 (R)
-7 KPN 8 + + 4 (R)
ATCC 25922 (E. coli.) <=1 — — 0.5 (S)
ATCC700603 (KPN) <=1 — — 0.5 (S)

KOX: Klebsiella oxytoca; KPN: Klebsiella pneumoniae; R: Resistance; S: Sensitive
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Fig 1 KPC-2 gene test results of imipenem resistance in Klebsiella pneumoniae and Klebsiella oxytoca Fig 2 The electrophoresis figure of
plasmid extraction product of imipenem resistance in Klebsiella pneumoniae and Klebsiella oxytoca

M: DNA marker DL2000; 1-7:7 strains resistant to imipenem in Klebsiella pneumoniae ; 8-10:3 strains resistant to imipenem in Klebsiella

oxytoca; C:Klebsiella pneumoniae ATCC700603
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2.4 % KPC2 EEMRAREIRES
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Fig 3 RAPD of plasmid of imipenem resistant Klebsiella pneumoniae
and Klebsiella oxytoca
M: DNA marker DL2000; 1-7:7 strains resistant to imipenem
in Klebsiella pneumoniae; 8-10:3 strains resistant to imipenem in

Klebsiella oxytoca

2.5 TREEAMAMNMATSARRIERESESH
Xof HE 4 il 9% 5 T8 A1 TR AR E B ATCC700603 11y

2k 7 ERIC-PCR fig 98 X 43 % B8 Bk FAF 5% £k .

ERIC-PCR 43 845 5 88 /1%, 7 k0 i 15 5 1 245 19 il

R B AT 8 B AE 500 bp A1 750 bp B B, JR

Tl —va kR (B 4,

Mol 2 3 - 5 6 7 C
(bp)
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Fig 4 The ERIC-PCR classification analysis strain homology of

imipenem resistance to in Klebsiella pneumoniae
M:DNA marker DL.2000; 1-7.7 strains resistant to imipenem in

Klebsiella pneumoniae ; C: Klebsiella pneumoniae ATCC700603
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