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Detection of Vancomycin-resistant Enterococci using Multiplex Real-time

PCR Assay and Melting Curve Analysis

Choong-Hwan Cha, M.D., Hae Kyong An, M.T., and Jeong Uk Kim, M.D.

Department of Laboratory Medicine, Gangneung Asan Hospital, University of Ulsan College of Medicine, Gangneung, Korea

Background : We developed and evaluated the utility of a multiplex real-time PCR assay that uses
melting curve analysis and allows simultaneous identification of vancomycin-resistant genotypes
and clinically relevant enterococci.

Methods : The specificity of the assay was tested using 4 reference strains of vancomycin-resis-
tant enterococci (VRE) and 2 reference strains of vancomycin-susceptible enterococci. Ninety-three
clinical isolates of enterococci with different glycopeptide-resistant phenotypes were genotyped
and identified using a multiplex real-time PCR assay and melting curve analysis.

Results : Representative melting curves were obtained for Enterococcus faecium, Enterococcus
faecalis, vanA-containing E. faecium, vanB-containing E. faecalis, Enterococcus gallinarum, and
Enterococcus casseliflavus. Phenotypic and genotypic analysis of the isolates revealed same results
for 82 enterococcal isolates, while in 4 isolates, the glycopeptide-resistant phenotypes were incon-
sistent with the glycopeptide-resistant genotypes and in the 4 other isolates, species could not be
accurately identified. Three isolates with mixed strains, which were detected by the PCR assay,

could not be correctly identified using phenotypic methods.
Conclusions : VRE genotyping and identification of clinically relevant enterococci were rapidly and
correctly performed using multiplex real-time PCR assay and melting curve analysis. (Korean J Lab

Med 2010,30:138-46)
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Table 1. Multiplex real-time PCR primers for the detection of van-
comycin-resistant enterococci

Amplified gene Primer s/eq’uences Size of the PCR Product
(5-3) product (bp) Tm('C)
vanA TATTGACTTCGTTCAGTACA 53  727+03
TGTGGATATGTTTTTACAAG
vanB CAGACCCTGTATCGCACCAT 195  83.7+0.3
AACGGCGTATGGAAGCTATG
vanC1 TGCTTGTGATGCGATTTCTC 204  84.1+04
ATCGCTCCTTGATTGGTGAC
vanC2/C3 GGGAAGATGGCAGTATCCAA 102 80.6=+0.3
GCAGCAGCCATTTGTTCATA
ddl E. faecalis  GTGGCTTAAGTCGCTGTGAT 74 749+03
AGGCATGGTGTTCAATTCAT
ddlE. faecium  TTTACAAGCTGCTGGTGTGC 140  78.1+0.3
AACCCATATTCGCAGGTTTG

Abbreviations: Tm, melting temperature; ddl, gene encoding D-alanine-
D-alanine ligase; E. faecalis, Enterococcus faecalis,; E. faecium, Ente-
rococcus faecium.
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Fig. 1. Melting curve analysis of amplicons obtained from reference strains by using multiplex real-time PCR. Melting curves for Entero-
coccus faecium (A); Enterococcus faecalis (B); E. faecium/vanA (C); E. faecalis/vanB (D); Enterococcus gallinarum/vanC1 (E); and Ente-

rococcus casseliflavus/vanC2/C3 (F) are shown.
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A 2ol AlEHA9] H& &% (annealing) 2 Ej(exten—
sion) =&} FA TR 28] 67H4] HEF9] B ¥
Z dod 5 =E 2712 XA 3tsiqlch

AN E2E A 9359 Al T At
ue} o w52 WA 28RS tha 23UTh E. faecium
655, E. faecalis 55, E. avium 25, E. durans 15 9 E,

gallinarum 15+ VanAg®tzoto]Al MIC, =256 ug/mls

il
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gto]zxzabd MIC, 16— =256 ug/mlL)°|L E, faecium 4
F= VanB& (HH=0}o] Al MIC, 16— > 256 ug/mL; Efo]FZ
2 MIC, 8- 12 ug/mL)°lle™ E. gallinarum 159} E,
casseliflavus 15= VanC&8®=0to]A MIC, 6-12 ug/mL;
Efo]zxzebd MIC, 2 ug/mL)oI%itt. 183l E, faecium 35,
E. faecalis 8%, E. avium 15 ¥ E, durans 150= 744\t
Futo]Al MIC, 0.38-4 ug/mL; Ete]zZahd MIC, 0.05-4

pg/mL)E 23T,
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Table 2. Genotype analysis of 93 enterococcal isolates with different glycopeptides-resistant phenotypes by using multiplex real-time
PCR and melting curve analysis

Speci Resistant No. of Results obtained by multiple real-time PCR
pecies phenotype strains 4o £, faecium ddlE. faecalis  vanA vanB vanC1 vanC2/C3
E. faecium VanA 65 65 - 65 - - -
VanB 4 4 - 4 - - -
Susceptible 3 2 - - - - 1
E. faecalis VanA 5 5 5 - - R
Susceptible 8 - 8 - - - -
E. gallinarum VanA 1 1 1 1 - 1 -
VanC 1 - R R R 1 1
E. casseliflavus VanC 1 - - - - - 1
E. avium VanA 2 1 1 2 - - -
Susceptible 1 - 1 - R - .
E. durans VanA 1 1 - 1 - - R
Susceptible 1 - 1 - R R _

Abbreviations: ddl, gene encoding D-alanine-D-alanine ligase; E. faecium, Enterococcus faecium, E. faecalis, Enterococcus faecalis; E. gallinarum,
Enterococcus gallinarum; E. casseliflavus, Enterococcus casseliflavus; E. avium, Enterococcus avium; E. durans, Enterococcus durans.
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429 §ARY EATE o2 Z9ktHTable 2). VanA 2 BASG T A4AES Bl B faecalis 8F+= E, faecalis)
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oy st wFol|lAE vanC2/C3 (B, casseliflavus/E, fla— I AA3tet VanAd E durans 132 vanA $AAE 9
vescens) A7 HEE 0] A3y FA EYA|EH E facciumC & EAEI 7HAS ROl E avium 1539 E

VanAd E. faecalis 55+= 25 vanA FAXE 9 E. faecalis durans 157= 2% E, faecalis® 4% o] Aslsh4 54 A7}
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AR 9 vanA 432} B, faccium¥+ E, faecalis®| ddl 7
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Fig. 3. Melting curve analysis of amplicons obtained from 3 mixed
strains of 2 or more enterococci by using multiplex real-time PCR.
Melting curves for Enterococcus faecalis and Enterococcus faecium
with vanA gene (A); E. faecalis and E. faecium with vanA gene and
Enterococcus gallinarum with vanC1 gene (B); and Enterococcus
casseliflavus/Enterococcus flavescens with vanC2/C3 gene and E.
gallinarum with vanC1 gene (C).
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