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Background: The isolation of carbapenemase-produc-
ing Enterobacteriaceae (CPE) has become increas-
ingly common. Continuous surveillance for these or-
ganisms is essential because their infections are
closely related to outbreaks of illness and are asso-
ciated with high mortality rates. The aim of this study
was to develop and evaluate multiplex PCR as a
means of detecting several important CPE genes
simultaneously.

Methods: We aimed to develop a multiplex PCR that
could detect seven CPE genes simultaneously. The
multiplex PCR was composed of seven primer sets
for the detection of KPC, IMP, VIM, NDM-1, GES,
OXA-23, and OXA-48. We designed different PCR
product sizes of at least 100 bp. We evaluated the
performance of this new test using 69 CPE-positive
clinical isolates. Also, we confirmed the specificity to
rule out false-positive reactions by using 71 carbape-
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Results: A total of 69 CPE clinical isolates showed
positive results and were correctly identified as KPC
(N=14), IMP (N=13), OXA-23 (N=12), OXA-48 (N=11),
VIM (N=9), GES (N=5), and NDM (N=5) by the multi-
plex PCR. All 71 carbapenem-susceptible clinical iso-
lates, including Enterococcus faecalis, Escherichia
coli, Klebsiella pneumoniae, Acinetobacter baumannii,
and Pseudomonas aeruginosa, showed negative
results.

Conclusion: This multiplex PCR can detect seven
CPE genes at a time and will be useful in clinical
laboratories. (Ann Clin Microbiol 2019;22:9-13)
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MATERIALS AND METHODS
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Table 1. Clinical strains of carbapenemase-producing Enterobac-
teriaceae used in this study

Carbapenemase type and species No
GES 5
Klebsiella pneumoniae 4
Serratia marcescens 1
IMP 13
Enterobacter spp. 1
Enterobacter cloacae 2
Pseudomonas aeruginosa 10
KPC 14
Enterobacter aerogenes 1
Escherichia coli
Klebsiella pneumoniae 11
NDM 5
Escherichia coli 2
Klebsiella pneumoniae 3
OXA-23 12
Acinetobacter baumannii 11
Acinetobacter nosocomialis 1
OXA-48 11
Escherichia coli 3

Klebsiella pneumoniae
VIM
Enterobacter cloacae

8
9
1
Pseudomonas aeruginosa 4
Pseudomonas fulva 1
Pseudomonas monteilii 1
Pseudomonas putida 2

Total 69
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Table 2. Carbapenem-susceptible clinical strains tested (n=71)

Species No.

Acinetobacter baumannii
Enterococcus faecalis
Escherichia coli
Klebsiella pneumoniae
Pseudomonas aeruginosa
Proteus mirabilis
Enterobacter aerogenes
Enterobacter cloacae
Citrobacter freundii
Citrobacter koseri
Citrobacter youngae
Klebsiella oxytoca
Providentia rettgeri
Raoultella planticola
Serratia marcescens
Sphingomonas paucimobilis
Streptococcus pneumoniae
Acinetobacter Iwoffii
Acinetobacter ursingii
Burkholderia cepacia
Cryptococcus neoformance
Candida albicans
Candida tropicalis
Citrobacter braakii
Corynebacterium striatum
Enterococcus casseliflavus
Enterococcus faecium
Enterococcus hirae
Morganella morganii
Proteus vulgaris
Providentia stuartii
Pseudomonas fluorescens
Salmonella group D (Vi-)
Staphylococcus aureus
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Staphylococcus epidermidis
Total
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RESULTS
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Table 3. Primers used in this study

DISCUSSION
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Fig. 1. Multiplex PCR for the detection of seven carbapenemase-
producing Enterobacteriaceae genes. Abbreviations: M, molecular
weight marker; N, negative control. Lane: IMP (180 bp), VIM (306
bp), NDM (410 bp), OXA-23 (505 bp), OXA-48 (602 bp), KPC (747
bp), and GES (855 bp).

Gene Primer sequence (5'-3") Product size (bp)

IMP Forward GGTGGTTGTTTTATTAAACCGTA 180
Reverse TTTAACCGCCTGCTCTAATG

VIM Forward TGGTGATGAGTTGCTTTTGA 306
Reverse GCAGCACCAGGATAGAAGAG

NDM Forward GCAGCACACTTCCTATCTCG 410
Reverse CGGTGATATTGTCACTGGTGT

OXA-23 Forward CAGAATATGTGCCAGCCTCT 505
Reverse ATTTTTCCATCTGGCTGCTC

OXA-48 Forward GCGTAGTTGTGCTCTGGAAT 602
Reverse GGGCATATCCATATTCATCG

KPC Forward TGTCACTGTATCGCCGTCTA 747
Reverse AGACGACGGCATAGTCATTT

GES Forward CGCTTCATTCACGCACTATT 855

Reverse

GTCCGTGCTCAGGATGAGTT
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HE: B odFollA] 7t multiplex PCRS & 7%-2] CPE 43S 3t
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