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We describe a 24-h protocol for the identification of patients who are positive for vancomycin-resistant
Enterococcus faecium (VRE), using stool and rectal swab samples and VRE screening broth, automated DNA
extraction, and real-time PCR for vanA and vanB genes. Compared to conventional screening methods, this
protocol had a high sensitivity and specificity and a negative predictive value.

Vancomycin-resistant enterococci (VRE) are antibiotic-re-
sistant colonizers of the gastrointestinal tract that cause noso-
comial outbreaks of both colonization of the gastrointestinal
tract and infection at various sites (2, 4, 6, 7). Our pediatric
institution has a low prevalence of VRE, and we use conven-
tional VRE screening methods, which require up to 5 days to
identify VRE-positive patients (9) and 3 days to identify VRE-
negative patients. Other attempts to expedite VRE detection
have included the use of 24- to 36-h selective broth cultures (9)
and real-time PCR assays, using either swabs or broth for the
identification of vanA and vanB genes encoding vancomycin
resistance determinants (9, 11). Preliminary work in our labo-
ratory indicated that direct testing of rectal swabs with the
Roche LightCycler VRE detection kit using DNA from our
automated extraction protocol was inhibited in 50% of the
samples tested. In light of these findings, the purpose of this
study was to validate a 24-h protocol for the confirmation of
VRE-negative and VRE-positive patients by the use of stool or
rectal swab samples screened with a VRE-selective broth for
18 h prior to automated DNA extraction and real-time PCR.

This study was initiated during an outbreak of infection with
vanA-positive vancomycin-resistant Enterococcus faecium at a
quaternary-care pediatric institution. A total of 1,863 samples
were screened for VRE, and 34 patients were found to be
colonized with vancomycin-resistant E. faecium. Twenty-six
stool and 26 rectal swab samples were collected from 34 VRE
culture-positive patients. We randomly chose 55 stool samples
and 54 rectal swabs from patients defined as VRE contacts
who were admitted to a specific floor at the same time as a
VRE-positive person. Rectal swabs were transported in Amies
agar gel medium with charcoal (Copan Venturi Transystem
swab, Copan, Italy). Amies agar gel medium without charcoal
(Copan Venturi Transystem swab, Copan, Italy) was used for
VRE-positive mock samples. Stool samples were collected in
100-ml Starplex LeakBuster specimen containers (Starplex Sci-
entific, Inc., Etobicoke, ON, Canada). Direct culture and en-

richment broth cultures were carried out using the same swab.
Stool samples from patients were frozen at �70°C until inoc-
ulated into the VRE-selective broth. Swabs were stored at 4°C
until the next available PCR run. The positive and negative
control VRE strains were Enterococcus faecalis strain ATCC
51299 and E. faecalis strain ATCC 29212, respectively.

Rectal swab and stool samples were inoculated onto screen-
ing plates consisting of Difco mEnterococcus agar with 6 �g/ml
vancomycin (Becton Dickinson and Company, Sparks, MD).
Rectal swabs and approximately 5 mg of stool were inoculated
into 3 ml of a proprietary VRE-selective broth containing
vancomycin and esculin (Oxoid, Nepean, ON, Canada). VRE
screening plates were incubated for 72 h at 35°C under aerobic
conditions. Stationary VRE-selective broth cultures were incu-
bated for 18 h at 35°C in an aerobic incubator, and all broth
samples were scored as clear (possible VRE negative) or black
(possible VRE positive) at the end of incubation. To correlate
broth culture reactions with PCR results, all positive and neg-
ative broth samples were sent for DNA extraction.

To test the hypothesis that broth culture may be more sen-
sitive than conventional solid agar culture or PCR assay, 10
black broths from 10 VRE culture-negative samples were ran-
domly chosen and inoculated onto VRE screening medium. To
test the hypothesis that the charcoal within Amies transport
buffer may inhibit PCRs, equivalent amounts of VRE from
enrichment broth culture were inoculated onto swabs and
placed into Amies transport medium with (n � 20) or without
(n � 20) charcoal. Mock samples were stored at 4°C for 24 h
and processed according to the protocol described above.

Organism identification and susceptibility testing were car-
ried out as previously described (5, 12) using a BD PHOENIX
automated microbiology instrument (BD Canada, Oakville,
ON, Canada). DNA was extracted from 200 �l of gravity-
settled enrichment broth culture using MagAttract DNA blood
M48 kits on a BioRobot M48 workstation (QIAGEN, Missis-
sauga, ON, Canada). The Roche LightCycler VRE detection
kit in a Roche LightCycler 2.0 VRE detection platform (Roche
Diagnostics GmbH, Germany) was used to identify vanA and
vanB (11). PCRs were considered inhibited if internal controls
were inhibited in vanA- or vanB-negative PCR samples or
reactions yielded low-amplitude peaks and vanA-compatible
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melting curves that could not be analyzed for genotype by the
Roche program. DNA was reextracted from swab broth cul-
ture samples in which there was PCR inhibition, and the re-
extracted DNA was diluted 1/10 in distilled water and was
rerun using the VRE real-time PCR protocol. Data analysis
was done using GraphPad Prism (GraphPad Software, Inc.,
San Diego, CA).

Broth screening and culture of stool samples. All VRE
culture-positive stool samples (n � 26) produced black (posi-
tive) selective broth cultures. Forty-seven of 55 (85%) VRE
culture-negative stool samples produced black (positive) selec-
tive broth cultures. Compared to standard culture techniques,
the VRE-selective broth culture used to predict VRE in stool
samples within 18 h had a sensitivity of 100%, a specificity of
15%, and a negative predictive value of 100%.

Broth screening and culture of rectal swab samples. All
VRE culture-positive rectal swab samples (n � 26) produced
black (positive) selective broth cultures. Fifteen of 54 (28%)
VRE culture-negative rectal swab samples produced black
(positive) selective broth cultures. Compared to standard cul-
ture techniques, the selective broth culture used to predict
VRE in rectal swab samples within 18 h had a sensitivity of
100%, a specificity of 72%, and a negative predictive value of
100%. The specificity of the VRE-selective broth using rectal
swabs to predict VRE was greater than the specificity using
stool samples (�2 � 36.96; df � 1; P � 0.001).

Broth screening and PCR of stool samples. Compared to
conventional culture, the sensitivity, specificity, and negative
predictive value of the VRE PCR protocol for selective broth
cultures of stool samples were 100% each with no inhibition of
PCRs (Table 1).

Broth screening and PCR of rectal swab samples. On initial
testing, the sensitivity, specificity, and negative predictive value
of the VRE PCR protocol using selective broth cultures of
rectal swabs were 84%, 96%, and 93%, respectively. Following
reextraction and dilution of inhibited samples, the sensitivity,
specificity, and negative predictive value of the VRE PCR
protocol using selective broth cultures of rectal swabs were
96%, 100%, and 98%, respectively, compared to conventional
culture (Table 1). DNA from one broth culture was vanA
negative following reextraction and rerunning of the PCR as-
say. One microliter of broth culture from this PCR-negative
sample was found to be positive for vanA-positive E. faecium
by both culture and confirmatory PCR. None of the mock
samples on swabs with or without charcoal were inhibited in
the PCR.

A comparison of PCR test characteristics for stool samples
and rectal swabs showed that on initial testing, VRE-selective

broth cultures of rectal swab samples had significantly greater
PCR inhibition, requiring repeat DNA extractions and PCRs,
than selective broths of stool samples did (�2 � 6.31; df � 1;
P � 0.025) (Table 1). Following reextraction and dilution of
inhibited samples, there was no significant difference in PCR
inhibition between VRE-selective broth cultures of rectal swab
and VRE-selective broth cultures of stool samples (�2 � 1.02;
df � 1; P � 0.05).

We were interested in whether selective broth culture might
enrich for VRE in samples identified as VRE negative by
conventional culture. However, subculture of 10 black broth
cultures from VRE culture-negative stool samples and swabs
from patients who previously had cultures positive for VRE
failed to identify viable VRE. Of the 10 cultures, nine grew
nothing on the screen plates and one grew a Pediococcus strain.
These broths also tested negative by PCR.

One limitation to this study is that it did not analyze clinical
samples containing either vancomycin-resistant E. faecalis or
VRE with the vanB determinant. Further work should be done
to validate this protocol for clinical isolates containing these
organisms.

Stool and rectal swab samples each have relative advantages
and disadvantages for the identification of VRE-positive and
-negative patients. Rectal swabs are useful when large numbers
of samples are collected because the expense of PCR testing
can be avoided in 72% of VRE-negative patients. PCR inhi-
bition with rectal swab testing may be due to patient-depen-
dent factors in the stool, including excess human DNA, chem-
icals, or heme (8), and may be overcome by diluting extracted
DNA prior to PCR testing. In contrast, the poor specificity of
stool samples in VRE-selective broth may be due to a larger
inoculum of esculin-hydrolyzing organisms than is present in
rectal swabs (3). Although it may take more time for a patient
to produce a stool sample, the advantage is that stool samples
can be collected from patients undergoing chemotherapy, ra-
diation therapy, or stem cell transplantation, conditions under
which rectal swabs may be contraindicated (1, 10). In this
outbreak, a large percentage of the cases occurred on the
oncology and bone marrow transplantation wards, which made
the sampling method an important issue. Collecting and freez-
ing a fresh stool sample from such patients until the next PCR
testing run still provides a quicker turnaround time than do
traditional culture techniques for VRE screening.

This assay identifies VRE-positive and -negative patients
within 24 h of selective broth inoculation. During the prepa-
ration of this report, an oncology ward in our institution had a
small culture-verified VRE outbreak due to E. faecium carry-
ing vanA. We found that (i) stool samples were easily collected;
(ii) PCR inhibition was not seen in broth enrichment samples
of stool samples; and (iii) there was 100% agreement between
our traditional culture protocol and this newly implemented
VRE enrichment culture coupled to a PCR assay, when DNA
was extracted from broth cultures of stool samples. We also
found that (i) rectal swabs are useful specimens for testing with
this protocol and (ii) inhibition can be largely overcome with
reextraction and dilution of PCR-inhibited samples.
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