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Background: Recently, the iNtRON VRE vanA/vanB real-time PCR (iNtRON; iNtRON Bio-
technology, Korea) assay, a multiplex real-time PCR method, was introduced. In this pro-
spective study, we compared the iNtRON assay with the Seeplex VRE ACE detection kit 
(Seeplex; Seegene, Korea), a conventional multiplex PCR assay.

Methods: A chromogenic agar-based culture, in which pre-selected vancomycin-resistant 
enterococci (VRE) was grown and subsequently plated on blood agar with vancomycin 
disks, was regarded as the reference method. A total of 304 consecutive rectal swab 
specimens were tested for VRE by culture and by iNtRON and Seeplex PCR assays. For 
the PCR assays, specimens were enriched for 16-24 hr before PCR. 

Results: VRE were isolated from 44 (14.5%) specimens by chromogenic agar-based cul-
ture. The clinical sensitivity, specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) of the iNtRON assay were 100% (95% confidence interval: 89.8%-100%), 
99.2% (96.9%-99.9%), 95.6% (83.6%-99.2%), and 100% (98.2%-100%), respectively, 
while those of the Seeplex assay were 97.7% (86.2%-99.9%), 99.6% (97.5%-99.9%), 
97.7% (86.2%-99.9%), and 99.6% (97.5%-99.9%), respectively. The iNtRON assay had 
a detection limit of 3,159 copies/μL and 13,702 copies/μL for the vanA and vanB genes, 
respectively. No cross-reactivity was observed in 11 non-VRE bacterial culture isolates. 

Conclusions: The overall performance of the iNtRON assay was comparable to that of a 
chromogenic agar-based culture method for prompt identification of VRE-colonized pa-
tients in hospitals. This assay could be an alternative or supportive method for the effec-
tive control of nosocomial VRE infection.
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INTRODUCTION

Vancomycin-resistant enterococci (VRE) have emerged as a sig-

nificant cause of nosocomial infection. Vancomycin resistance in 

enterococcal species is conferred mainly by the vanA or vanB 

genes [1, 2]. Phenotypically, the vanA gene mediates a high-

level of resistance to vancomycin and teicoplanin, whereas the 

vanB gene confers low- to moderate-level resistance to vancomy-

cin only [3-5]. 

 Infections with VRE have significant impacts on morbidity, 

mortality, length of hospital stay, and total costs [6, 7]. In addi-

tion, asymptomatic VRE colonization can provide a reservoir for 
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dissemination and subsequent infection [8, 9]. Effective infec-

tion control and prevention can reduce the transmission of VRE. 

Therefore, rapid detection of VRE is important for the control 

and prevention of its nosocomial transmission.

 Current techniques used for the detection of VRE include se-

lective culture or the combination of culture with molecular de-

tection of genes responsible for vancomycin resistance. Al-

though culture is the reference method for confirmation of VRE, 

it is time-consuming and may delay isolation of patients carrying 

VRE [10, 11]. Molecular detection of resistance-related genes, 

on the other hand, requires a relatively short period of time.

 The iNtRON VRE vanA/vanB real-time PCR assay (iNtRON; 

iNtRON Biotechnology, Seoul, Korea) was recently developed 

for rapid screening of VRE [12]. The iNtRON assay uses a real-

time PCR format with TaqMan hydrolysis probes for the concur-

rent detection of vanA and vanB genes and an internal control.  

The present study aimed to evaluate the diagnostic accuracy of 

the iNtRON assay relative to the Seeplex VRE ACE detection kit 

(Seeplex; Seegene, Seoul, Korea), a multiplex end-point PCR 

assay, and the chromogenic agar-based culture method.

METHODS

1. Patients and specimen processing
This study was conducted at a tertiary-care hospital in Seoul, Ko-

rea, and was approved by the Institutional Review Board of Sam-

sung Medical Center. The study was carried out in a routine diag-

nostic laboratory setting and used non-selective, consecutive clin-

ical specimens from Korean patients. From December 2010 to 

February 2011, we examined a total of 304 rectal swab speci-

mens, for which VRE rectal examination had been requested for 

the purpose of VRE surveillance. Specimens came from patients 

who were transferred from another hospital, patients who were 

deemed to be high risk, or patients who were admitted to inten-

sive care units. Rectal swabbing was performed by using a ster-

ile transport system composed of two cotton swabs within an agar 

gel transport medium (COPAN, Amies, Italy). Two rectal swab 

specimens were collected at the same time, and each swab 

sample was randomly allocated to microbiology and molecular 

genetics laboratories for VRE culture and PCR, respectively. 

2. Chromogenic agar-based culture
Rectal swabs were directly inoculated onto a chromogenic agar 

plate (ChromID VRE agar, bioMérieux, Marcy I’Etoile, France) 

containing 8 μg/mL vancomycin and incubated aerobically at 

35°C. The agar plates were screened for growth of presumptive 

colonies after 24 hr and 48 hr of incubation. For colonies re-

sembling enterococci, gram staining and the pyrrolidonyl aryl-

amidase (PYR) test were performed. Then, gram-positive, PYR-

positive cocci were screened for vancomycin resistance. Colo-

nies were inoculated onto blood agar plates containing a 30-μg 

vancomycin disk. Following an incubation period of 24 hr, colo-

nies that demonstrated vancomycin resistance were submitted 

for identification and antimicrobial susceptibility testing.

3.  Bacterial identification and antimicrobial susceptibility 
test 

The species of presumptive isolates were identified by the auto-

mated VITEK-2 system (bioMérieux). We performed the methyl 

D-glucopyranoside (MGP) test in order to distinguish Enterococ-

cus gallinarum or E. casseliflavus from E. faecium. Antimicrobial 

susceptibility and minimum inhibitory concentrations (MICs) of 

vancomycin and teicoplanin were determined with the same in-

strument. Phenotypic identification of VRE isolates by culture is 

based on a MIC of ≥32 μg/mL [13].

4.  Multiplex end-point PCR for vanA and vanB gene 
detection using the Seeplex VRE ACE detection kit 

For enrichment of VRE prior to PCR, one cotton swab was inoc-

ulated into Enterococcosel broth (Komed, Seongnam, Korea) con-

taining 6 μg/mL vancomycin and incubated for 16 hr –24 hr at 

35°C, after which 50 μL of culture broth was boiled at 100°C for 

10 min and centrifuged at 12,281 g for 5 min for DNA extraction. 

Then, 3 μL of supernatant was added to 17 μL of PCR master-

mix, which consisted of 4 μL 5× VRE primer, 3 μL 8-methoxyp-

soralen, and 10 μL 2× Multiplex Master Mix (Seegene), for a fi-

nal volume of 20 μL. PCR amplification was performed by using 

the following conditions: initial denaturation at 94°C for 15 min; 

35 cycles of denaturation at 94°C for 30 sec, annealing at 60°C 

for 1 min, extension at 72°C for 1 min; and final extension at 72°C 

for 10 min. vanA- and vanB-positive enterococci were included 

as external positive controls. Amplification products were de-

tected by using capillary electrophoresis technology (Lab901 

Screen Tape System; Lab901 Ltd, Loanhead, UK).

5.  iNtRON VRE vanA/vanB real-time PCR for vanA and vanB 
gene detection 

After enrichment of VRE in Enterococcosel broth containing 6 μg/

mL vancomycin, 500 μL of the broth was centrifuged at 12,281 g 

for 5 min and the pellet was washed with distilled water. The pel-

let was incubated at 65°C for 15 min with 50 μL sample prepa-

ration solution and then boiled at 95°C for 10 min, followed by 
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centrifugation at 12,281 g for 1 min. Five μL of the supernatant 

was then added to 10 μL of the 2× PCR mixture and 5 μL of the 

primer probe mixture. After vigorous vortexing and centrifuga-

tion, PCR was performed with the SLAN real-time PCR detection 

system (LG Lifescience, Seoul, Korea) using the following condi-

tions: initial denaturation at 95°C for 10 min, followed by 45 cy-

cles of 15 sec at 95°C and 30 sec at 55°C. The real-time PCR 

procedures included vanA- and vanB- positive and negative 

controls as well as an internal control in each run. In order to be 

counted as positive, amplification curves had to exhibit the typi-

cal sigmoid form and values between cycles 19 and 33. Invalid 

results showing no amplification in the internal control were re-

tested by PCR with 10-fold dilutions.

6.  Analytical accuracy of the iNtRON VRE vanA/vanB real-
time PCR assay

The chromogenic agar-based culture method was regarded as 

the reference method for VRE screening. Enterococcus species 

that were demonstrated to be vancomycin resistant by bacterial 

identification and antimicrobial susceptibility tests were desig-

nated as VRE.

7.  Analytical sensitivity and specificity of the iNtRON VRE 
vanA/vanB real-time PCR assay

Concentrations of genomic DNA extracted from vanA-positive E. 
faecium type strain CCUG 36804 (Culture Collection, University 

of Göteborg, Sweden) and vanB-positive E. faecalis type strain 

CCARM 5025 (Culture Collection of Antibiotic-resistant Mi-

crobes, Korea) were measured by using a spectrophotometer 

(NanoDrop ND-1000, Thermo Fisher Scientific, Wilmington, DE, 

USA) and this was used for determining analytical sensitivity. 

Serial dilutions of the prepared genomic DNA were made from 

102 to 10-9 ng/μL to determine the analytical sensitivity of the as-

say. Three replicates of each dilution step were performed. The 

lower detection limit was defined as the lowest concentration 

detected by the assay among three replicates.

 The cross-reactivity of the iNtRON assay was assessed by us-

ing 11 different bacteria. E. gallinarum, E. casseliflavus, Esche-
richia coli, Enterobacter cloacae, Klebsiella pneumoniae, Serra-
tia marcesens, Proteus mirabilis, Salmonella species, Shigella 

species, Staphylococcus aureus, and S. epidermidis were ob-

tained from ATCC (Manassas, VA, USA). The DNA of supplied 

samples was extracted and assayed with the iNtRON assay ad-

hering to the same procedures used for sample processing.

8. Statistical analysis
Statistical analyses were performed by using the SPSS software, 

version 20.0 (SPSS Inc., Chicago, IL, USA) and the MedCalc 

statistical software, version 11.6 (Mariakerke, Belgium). We 

used inter-rater agreement statistics (Kappa calculation) to com-

pare the detection of the vanA and vanB genes between the 

Seeplex and iNtRON assays. P values less than 0.05 were con-

sidered statistically significant. The sensitivity, specificity, posi-

tive predictive value (PPV), and negative predictive value (NPV) 

with 95% confidence interval (CI) of PCR assays were evaluated 

in comparison with the results of the chromogenic agar-based 

cultures.

Table 1. Comparison of chromogenic culture with multiplex PCR assays

Test method
Culture Analytical performance (%)

(95% CI)VRE non-VRE Total

Seeplex VRE ACE Positive 43 1 44 Sensitivity: 97.7 (86.5-99.9)

   detection kit Specificity: 99.6 (97.5-99.9)

Negative 1 259 260 PPV: 97.7 (86.5-99.9)

NPV: 99.6 (97.5-99.9)

iNtRON VRE Positive 43 2 45 Sensitivity: 100 (89.8-100)

   vanA/vanB real-time Specificity: 99.2 (96.9-99.9)

   PCR Negative 0 258 258 PPV: 95.6 (83.6-99.2)

NPV: 100 (98.2-100)

Invalid* 1 0 1

Total 44 260 304

*The invalid result was excluded in the performance analysis.
Abbreviations: CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; VRE, vancomycin-resistant enterococci.
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RESULTS

1. Detection of VRE by culture
A total of 44 VRE were isolated from 304 samples, and the over-

all culture positivity rate was 14.5%. All of the VRE recovered 

were resistant to vancomycin (MIC≥32 μg/mL) and all isolates 

were E. faecium. 

2.  Comparison of the iNtRON VRE vanA/vanB real-time PCR 
and Seeplex ACE assays for VRE detection

A comparison of the results of the iNtRON assay, Seeplex assay, 

and chromogenic agar-based culture is presented in Table 1. A 

total of 45 (14.8%) and 44 (14.5%) specimens were positive for 

vanA in the iNtRON and Seeplex assays, respectively. All speci-

mens were negative for the vanB gene. One invalid result was 

observed by the iNtRON assay, which was vanA-positive VRE by 

Seeplex assay and chromogenic culture. The invalid result was 

excluded in the performance analysis. The positive-percent agree-

ment of the iNtRON assay compared to the Seeplex assay was 

100% (95% CI, 89.8 to 100), and the negative-percent agree-

ment was 99.2% (95% CI, 96.9 to 99.9). The kappa value for 

the two methods was 0.97 (95% CI, 0.94 to 1.00; P <0.001).

 Three specimens had discrepant results between the culture 

and PCR assays. Among them, two samples tested culture-neg-

ative, but vanA PCR-positive; one of those tested PCR-positive in 

both the iNtRON and the Seeplex assays, while the other tested 

positive only in the iNtRON assay. One sample tested positive by 

culture and in the iNtRON assay, but tested negative in the See-

plex assay.

 Compared to the culture method, the iNtRON assay had an 

overall sensitivity of 100% and a specificity of 99.2%. The PPV 

and NPV were 95.6% and 100%, respectively. The Seeplex as-

say had an overall sensitivity of 97.7% and a specificity of 99.6%. 

The PPV and NPV were 97.7% and 99.6%, respectively (Table 1).

3.  Analytical sensitivity and specificity of the iNtRON VRE 
vanA/vanB real-time PCR assay

In tests for the detection limit of the iNtRON assay, the mea-

sured limit for vanA and vanB genes were 0.01 ng/μL (equal to 

3,159 copies/μL) and 0.05 ng/μL (equal to 13,702 copies/μL), 

respectively. To evaluate the cross-reactivity and detection spec-

ificity, 11 different bacterial reference strains were tested. All as-

say results were negative and no non-specific positive reactions 

were observed.

DISCUSSION

The iNtRON assay was recently described as a rapid and useful 

method to monitor VRE-colonized or infected patients by Bae et 
al. [12]. They compared direct PCR and culture-based methods 

using stool specimens in patients undergoing follow-up VRE 

surveillance. Unique to our study, the iNtRON assay with en-

richment broth was used as the initial screen for the vanA and 

vanB resistance determinants from rectal swab specimens. The 

present study demonstrated that the performance of multiplex 

real-time PCR following growth in enrichment broth is compara-

ble to that of conventional end-point PCR and of chromogenic 

culture when screening for VRE using rectal swab specimens. 

In this study, the iNtRON assay showed perfect sensitivity and 

NPV (both 100%), while the specificity and PPV for vanA-type 

VRE (99.2% and 95.6%, respectively) were comparable to 

those of the Seeplex assay (99.6% and 97.7%, respectively). 

Previous studies that evaluated the performance of PCR for VRE 

screening have also shown good results for detection of the 

vanA gene [1, 11, 12, 14-17].

 Only two discordant culture-negative, but iNtRON assay PCR-

positive results were observed among the vanA-positive speci-

mens. Nonviable or viable but non-culturable (VBNC) Entero-
coccus spp. may cause culture-negative, but PCR-positive re-

sults [18, 19]. Enterococcal VBNC cells are a potential risk for 

human health in that they might constitute a reservoir of infec-

tious bacteria involved in disease transmission and persistence. 

In addition, the difference in stool density of VRE in rectal swab 

samples can influence the sensitivity of the tests [11, 20]. A 

transport system for rectal swab samples consists of two cotton 

swabs; therefore, the VRE stool density in each swab may be 

different. The use of a cotton swab with a low density of VRE in 

culture or PCR assay may cause a false-negative test result. On 

the other hand, non-enterococcal isolates harboring vanA genes 

may contribute to false-positive PCR results. Albeit in limited 

numbers, Bacillus circulans, Arcanobacterium haemolyticum, 
Oerskovia turbata, and Staphylococcus aureus have been re-

ported to acquire vanA genes [11, 21-25]. However, compared 

to the previous study on performance of the iNtRON assay [12], 

the present study did not detect significantly more patients as 

VRE carriers via this assay than culture methods alone. This 

may be due to differences among the surveillance specimens 

used for the study. We did not include the specimens that were 

obtained from patients for follow-up VRE surveillance. The iN-

tRON assay has an advantage in workload compared to the 

Seeplex assay. Given that the Seeplex assay requires agarose 
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gel detection following PCR, the iNtRON assay requires less 

time and labor than does the Seeplex assay. The turnaround 

times of the iNtRON and Seeplex assays from DNA isolation to 

test results were less than 2.5 hr and 3.5 hr, respectively. In ad-

dition, iNtRON is a closed PCR system with a reduced chance 

of amplicon contamination.

 The present study has some limitations. First, no vanB-type 

VRE were detected during the study period. In our study, pre-

selected VRE strains on chromogen agar plates were subse-

quently cultured on blood agar plates with vancomycin disks. 

This would initially suppress vanB-type VRE with low to interme-

diate levels of vancomycin resistance. However, the prevalence 

of vanB-type VRE in Korea is extremely low; the outbreak or col-

onization of vanB-type VRE has been reported only in a limited 

number of studies [26-29]. Second, the present study em-

ployed only multiplex real-time PCR assays following culture in 

enrichment broth. We did not undertake direct detection of 

vanA/vanB genes in rectal swabs without enrichment. 

 To conclude, the overall performance of the iNtRON assay is 

comparable to that of the Seeplex assay and a chromogenic 

agar-based culture method for prompt identification of VRE-col-

onized patients in hospitals. This assay could be an alternative 

or supportive method for effective control of nosocomial VRE in-

fection.
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