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We assessed the sensitivities and specificities of three previously described PCR primers on enrichment
broth cultures of feces for the accurate detection of fecal carriage of vancomycin-resistant enterococci (VRE).
In addition, we investigated specimens that were vanB PCR positive but VRE culture negative for the presence
of other vanB-containing pathogens. Feces from 59 patients (12 patients carrying vanB Enterococcus faecium
strains and 47 patients negative for VRE carriage) were cultured for 36 h in aerobic brain heart infusion (BHI)
broth, anaerobic BHI (AnO,BHI) broth, or aerobic Enterococcosel (EC) broth. DNA was extracted from the
cultures and tested for the presence of vanB by using the PCR primers of Dutka-Malen et al. (S. Dutka-Malen,
S. Evers, and P. Courvalin, J. Clin. Microbiol. 33:24-27, 1995), Bell et al. (J. M. Bell, J. C. Paton, and J.
Turnidge, J. Clin. Microbiol. 36:2187-2190, 1998), and Stinear et al. (T. P. Stinear, D. C. Olden, P. D. R.
Johnson, J. K. Davies, and M. L. Grayson, Lancet 357:855-856, 2001). The sensitivity (specificity) of PCR
compared with the results of culture on BHI, AnO,BHI, and EC broths were 67% (96%), 50% (94%), and 17%
(100%), respectively, with the primers of Dutka-Malen et al.; 92% (60%), 92% (45%), and 92% (83%), respec-
tively, with the primers of Bell et al.; and 92% (49%), 92% (43%), and 100% (51%) respectively, with the primers
of Stinear et al. The primers of both Bell et al. and Stinear et al. were significantly more sensitive than those
of Dutka-Malen et al. in EC broth (P = 0.001 and P < 0.001, respectively). The poor specificities for all primer
pairs were due in part to the isolation and identification of six anaerobic gram-positive bacilli, Clostridium
hathewayi (n = 3), a Clostridium innocuum-like organism (n = 1), Clostridium bolteae (n = 1), and Ruminococcus
lactaris-like (n = 1), from five fecal specimens that were vanB positive but VRE culture negative. All six
organisms were demonstrated to contain a vanB gene identical to that of VRE. VanB-containing bowel
anaerobes may result in false-positive interpretation of PCR-positive fecal enrichment cultures as VRE,

regardless of the primers and protocols used.

Minimization of the risk of colonization and infection by
vancomycin-resistant enterococci (VRE) is a major infection
control goal in Australia, as elsewhere. However, the pro-
longed time that it takes to obtain results by routine microbi-
ological screening techniques often results in delays in imple-
mentation of appropriate infection control measures, such as
separating patients into cohorts (12, 21). Six different vanco-
mycin resistance gene (van) operons (vanA, vanB, vanC, vanD,
vanE, and vanG) are known to mediate glycopeptide resis-
tance, with three alleles described for the vanB ligase gene
(vanB1, vanB2, and vanB3) (6, 16, 23). The most commonly
recognized pathogenic genotype in Australia is vanB, the
vanB2 allele of which predominates (A. Berry, H. Sundqvist, J.
Bell, and J. Turnidge, Abstr. 3rd Annu. Sci. Meet. Aust. Soc.
Antimicrob., abstr. 22, Feb. 2002).

Present PCR protocols for the direct detection of VRE in
clinical specimens or enrichment broth cultures of these spec-
imens rely on the detection of van genes, specifically, vanA or
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vanB (18, 22, 25, 28, 29). These methods are not dependent on
the identity of the host organism, and as such, the identification
of VRE can only be inferred, as the specimen contains a mixed
bacterial population. Since the vanB gene has been described
in Streptococcus species and more recently in Eggerthella lenta
and three Clostridium species isolated from human feces, the
presence of vanB in feces does not necessarily imply the pres-
ence of VRE (19, 27, 31). For this reason, we assessed the
sensitivities and specificities of three frequently used primers
under different growth and PCR conditions for the accurate
identification of VRE in fecal specimens from patients for
whom knowledge about their VRE carriage status was known.

(This work was presented in part at the 43rd Interscience
Conference on Antimicrobial Agents and Chemotherapy, Chi-
cago, I1l., September 2003 [S. A. Ballard, E. A. Grabsch, S. Xie,
P. D. R. Johnson, and M. L. Grayson, Abstr. 43rd Intersci.
Conf. Antimicrob. Agents Chemother., abstr. D-1890, 2003].)

MATERIALS AND METHODS

Clinical specimens and bacterial strains. Fecal samples were collected from
59 patients who were previously well characterized with regard to the presence
or absence of fecal VRE carriage. Fecal specimens were collected from 53
hemodialysis patients; of these, 6 patients were known to be fecally colonized
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with vanB E. faecium, while 47 patients had repeatedly been shown to be VRE
negative. Feces were also collected from six nonhemodialysis patients at our
hospital who were known to be fecally colonized with VRE (all with vanB E.
faecium) as a result of tests with at least two recent consecutive fecal specimens.
Thus, all 12 VRE-colonized patients carried vanB E. faecium. All fecal specimens
were collected and then stored at —80°C. Control enterococcal strains used for
PCR were an Enterococcus faecalis strain containing vanB (ATCC 51299), a
vancomycin-sensitive E. faecalis strain (ATCC 29212), and clinical isolates of
vanA E. faecium and vanB E. faecium, each of which was obtained at our
institution.

Enrichment broth cultures of feces and isolation of VRE. All fecal specimens
were assessed for the presence of VRE both by direct culture on agar and by
culture in enrichment broth. Enrichment broth cultures of thawed fecal speci-
mens were obtained by the following protocol. A sterile 50-ul plastic loopful of
fecal material was used to inoculate each of the following broths (6 ml each):
brain heart infusion (BHI) broth and Enterococcosel (EC) broth (both of which
were incubated aerobically) and BHI broth with 0.5% yeast extract, 0.1% sodium
thioglycolate, 0.25% glucose, and 0.5 pg of hemin ml~! (AnO,BHI broth; which
was incubated anaerobically). All broth cultures were incubated at 35°C for 36 h.
Subsequently, all VRE culture-positive specimens were recultured by the same
method, but with assessment at both 17 and 36 h.

Isolation of VRE was performed as follows. All fecal specimens and enrich-
ment broth cultures were plated on EC agar containing vancomycin at 6 p.g/ml
and were incubated at 35°C for 48 to 72 h. Esculin-positive colonies were
investigated as described previously (21). The identities of isolates provisionally
identified as Enterococcus faecium or E. faecalis were confirmed by multiplex
PCR for the p-Ala-D-Ala ligase gene (7). The glycopeptide resistance genotype
was determined by multiplex PCR for vanA, vanB, and vanC (2).

Detection of van genes in enrichment broth cultures of feces. DNA was
extracted from a 500-wl volume of fecal enrichment broth as described by Stinear
et al. (30). DNA samples were frozen at —20°C until they were required. A 5-pl
volume of DNA was tested by PCR for van4 and vanB in a 50-ul reaction
mixture containing 10 mM Tris-HCI (pH 8.3); 50 mM KCI; 2 mM MgCl,; 200
uM each dATP, dTTP, dGTP, and dCTP; 0.25 uM each primer; and 0.25 U of
AmpliTaq Gold DNA polymerase (Applied Biosystems, by Roche Molecular
Systems, Inc., Branchburg, N.J.). PCR cycling was performed on a Gene-
Amp2700 thermal cycler (Applied Biosystems). Known positive and negative
controls (including multiple controls consisting of sterile water [i.e., no DNA])
were included in each PCR run. The PCR products were resolved by electro-
phoresis on agarose-Tris-acetate-EDTA gels containing 0.5 pg of ethidium bro-
mide per ml. The gels were visualized and photographed with a Fluor-S Multi-
Imager and Quantity One quantitation software (version 4; Bio-Rad
Laboratories, Hercules, Calif.).

The following three different primer sets were assessed. The PCR protocol of
Stinear et al. (31) was performed with primers VanB-P1 and VanB-P2, designed
for the detection of vanB; the primers and PCR protocol are referred to as
“Stinear.” The cycling conditions for the Stinear protocol were 95°C for 10 min,
followed by 94°C for 1 min, 60°C for 1 min, and 72°C for 1 min for 5 cycles; 94°C
for 20 s, 58°C for 30 s, and 72°C for 40 s for 35 cycles; and 72°C for 5 min (T.
Stinear, personal communication). The PCR protocol of Bell et al. (2) was
performed with primers VanABF, VanAR, and VanBR, designed for the detec-
tion of vanA and vanB by multiplex PCR; the primers and PCR protocol are
referred to as “Bell.” The cycling conditions were 95°C for 10 min, followed by
94°C for 1 min, 50°C for 1 min, and 72°C for 1 min for 40 cycles and 72°C for 5
min (J. Bell, personal communication). The PCR protocol of Dutka-Malen et al.
(7) was performed with primers, A}, A,, B;, and B,, designed for the detection
of vanA and vanB; the primers and PCR protocol are referred to as “Dutka-
Malen.” The exception to the Dutka-Malen protocol was that 0.5 pM each
forward and reverse primers was used. The cycling conditions were as follows:
95°C for 10 min, followed by 94°C for 1 min, 54°C for 1 min, and 72°C for 1 min
for 40 cycles and 72°C for 5 min (7). This protocol was repeated by using an
annealing temperature of 50°C because of the poor sensitivity obtained by the
original method.

Isolation of anaerobes. To optimize the isolation of vancomycin-resistant
anaerobes from vanB-positive, VRE culture-negative feces, a swab of fecal ma-
terial was subcultured in 6-ml volumes of AnO,BHI broth containing vancomy-
cin at 10 wg/ml and incubated anaerobically at 35°C for 48 h, as described above.
These cultures were then serially diluted in AnO,BHI broth, and 100-ul aliquots
were plated onto horse blood agar containing vancomycin at 6 ug/ml (HBA-V)
and colistin-nalidixic acid blood agar to obtain single colonies. The plates were
incubated anaerobically at 35°C for 48 h. Single colonies from both media were
assessed for purity on HBA-V. Isolates were investigated by Gram staining, and
their identities were determined by sequencing of their 16S rRNA genes. The
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presence of vanB was tested by PCR with the Bell primers, and the gene was
sequenced for confirmation (see below).

DNA sequencing and analysis. DNA for sequencing was prepared from pure
isolates of anaerobes by using the DNeasy Tissue kit (Qiagen Pty. Ltd., Clifton
Hill, Victoria, Australia) and the modified protocol for isolation of genomic
DNA from gram-positive bacteria, as described in the instructions of the man-
ufacturer. A 1,376-bp region of the 16S rRNA gene was generated with the
primers described by Gurtler et al. (13), and a 2,917-bp region of the vanB
operon encompassing the vanB ligase gene was generated with primers 5'-TGC
TTCCAATGAGACGGGCG-3'" and 5'-CTTTGTGCCGATGATGCGAT-3’ by
PCR with the Expand Long Template PCR system (Roche Applied Science,
Mannheim, Germany). PCR elongation times and temperatures were adjusted
according to the expected size of the product and the nucleotide sequences of the
primers, respectively, as recommended by the manufacturer. The PCR products
to be sequenced were purified with a QIAquick PCR purification kit (Qiagen Pty.
Ltd.). The sequences of the PCR products were determined by cycle sequencing
with the same primers used for the PCR and the ABI Prism BigDye Terminator
(version 3.0) Ready Reaction Cycle Sequencing kit (Applied Biosystems) with an
ABI Prism 3100 genetic analyzer. The chromatograms were read and the con-
tiguous sequences were constructed with Vector NTI Advance software (version
8.0; Informax Inc., Bethesda, Md.). The sequences were compared for homology
with sequences in the GenBank, EMBL, DDBJ, and PDB databases by using the
BLASTN local alignment search tool (1) and the National Center for Biotech-
nology Information website (www. ncbi.nlm.nih.gov). The sequences of the vanB
ligase gene were aligned by using the AlignX module of Vector NTI Advance
software (version 8.0) and the CLUSTAL W algorithm (33).

Statistical analysis. Statistical comparisons of the sensitivity and the specificity
of each primer for the identification of the presence of VRE were undertaken by
chi-square analysis.

Nucleotide sequence accession numbers. The nucleotide sequences of the 16S
rRNA genes from isolates MLG856-1, MLGS856-2, MLG480, MLGO80-1,
MLGO080-3, MLG392, and MLG661 have been submitted to GenBank and given
consecutive accession numbers AY653230 to AY653236, respectively. The nu-
cleotide sequences of the vanB ligase genes from these isolates have also been
submitted to GenBank and given the consecutive accession numbers AY655710
to AY655716, respectively.

RESULTS

A total of 59 fecal specimens, 12 of which were VRE culture
positive and 47 of which were VRE culture negative, were
examined for the presence of vanB by PCR following enrich-
ment broth culture. The sensitivity and specificity of each of
the three PCR primer sets for the accurate detection of the
presence of fecal VRE carriage with each of the three enrich-
ment broth cultures are shown in Table 1. The Stinear and Bell
primers were more sensitive than the Dutka-Malen primers for
the detection of VRE under all growth conditions assessed,
although this difference was statistically significant only in EC
broth (P < 0.001 and P = 0.001, respectively; Table 1). The
optimal balance between sensitivity and specificity appeared to
be best achieved with the Bell primers for the fecal cultures in
EC broth. Notably, the sensitivity of the Bell primer and PCR
protocol did not change when EC broth cultures incubated for
only 17 h were used (data not shown). In contrast, the Dutka-
Malen primer set appeared to be less sensitive, even when the
annealing temperature used in the PCR was decreased from 54
to 50°C.

Both the Bell and Stinear primer sets detected vanB genes in
a large number of fecal specimens that were culture negative
for VRE. This was especially notable when AnO,BHI enrich-
ment broth was used, with which 26 and 27 of the 47 VRE
culture-negative specimens had detectable vanB genes when
these two primer sets were used, respectively. Attempts were
made to isolate the source of the vanB signal in these 27
specimens. For 18 specimens the vanB gene signal was lost
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TABLE 1. Sensitivity and specificity of vanB PCR protocols for detection of VRE in feces cultured in enrichment broth for 36 h

BHI broth cultures AnO,BHI broth cultures

EC broth cultures

No. of PCR-positive
specimens®

No. of PCR-positive

Primer and .
specimens

PCR protocol Sensitivity ~ Specificity

VRE + (%) (%) (%) (%)

(n =12)

VRE —
(n = 47)

VRE +
(n = 12)

VRE —
(n = 47)

Sensitivity  Specificity

No. of PCR-positive

specimens Sensitivity ~ Specificity
VRE + (%) (%)
(n = 12)

VRE —
(n = 47)

Stinear 11 24 Qb 49 11 27 92b 43
Bell 11 19 92 60 11 26 92> 45
Dutka-Malen 8 2 67° 96~ 6 3 50” 94k
Dutka-Malen’ 6 0 50” 100% 6 2 50° 96~

100%¢ 51/
928/ 837
174 100/
33 98/

12 23
11 8
2 0
4 1

“ Number of specimens giving the expected PCR product. VRE +, VRE positive; VRE —, VRE negative.

b Difference not statistically significant (P = 0.07).
¢ Difference not statistically significant (P = 0.32).

4 Stinear primers significantly more sensitive than Dutka-Malen primers (P < 0.001).
¢ Stinear primers significantly more sensitive than Dutka-Malen primers (P = 0.002).
/Dutka-Malen primers significantly more specific than Stinear primers (P < 0.001).

¢ Bell primers significantly more sensitive than Dutka-Malen primers (P = 0.001).
" Bell primers significantly more sensitive than Dutka-Malen primers (P = 0.01).

 Dutka-Malen primers significantly more specific than Bell primers (P = 0.01).

/ Dutka-Malen primers significantly more specific than Bell primers (P = 0.035).

K Dutka-Malen primers significantly more specific than either Stinear or Bell primers (P < 0.001).
! Dutka-Malen primer and PCR protocol repeated with an annealing temperature of 50°C.

when the positive broth was further subcultured in AnO,BHI
broth under anaerobic conditions. For four specimens, the
vanB signal persisted after this subculture, but no organisms
containing vanB could be isolated. A total of seven different
vanB-containing organisms were isolated from the remaining
five vanB PCR-positive, VRE culture-negative specimens (Ta-
ble 2). For one specimen, an E. faecium isolate not previously
isolated by routine culture methods and an isolate closely re-
lated to Clostridium hathewayi (98% 16S rRNA gene sequence
identity) were identified. Of the remaining five organisms iso-
lated, two were related to C. hathewayi (98% 16S rRNA gene
identity), one was related to Clostridium bolteae (98% 16S
rRNA gene identity), and one was most likely a new species
with only 91% 16S rRNA gene identity to Clostridium in-
nocuum. The remaining isolate was a gram-variable coccoba-
cillus with 91% identity by 16S rRNA gene analysis to the
Ruminococcus lactaris 16S TRNA gene sequence (Table 2).
The entire vanB ligase genes from all seven isolates were se-
quenced. For six of these isolates the vanB ligase gene se-
quence was 99% identical to the vanB2 sequences of E. fae-
cium C68 (3) and E. faecalis 268-10 (11), while for MLG480
the vanB ligase gene sequence was 99% identical to the vanB1
sequence of E. faecalis V583 (9) and only 97% identical to the
vanB2 sequence.

DISCUSSION

The rapid detection of VRE colonization may have impor-
tant infection control implications in centers where VRE-col-
onized patients are separated into cohorts to minimize noso-
comial transmission (12, 21). Although conventional culture
methods for the detection of VRE may be sensitive, they fre-
quently take 3 to 5 days to confirm the presence or absence of
VRE (5, 8, 14, 18, 25, 28). A number of investigators have
attempted the direct detection of van genes in either feces or
enrichment broth cultures of feces as a surrogate means of
identifying VRE carriage, with variable results (18, 22, 24, 25,
28). The sensitivities and specificities of such methods depend
on the type of van genotype, the PCR primers used, and the
nature of the enrichment broth.

In our study we found that for the detection of vanB VRE,
PCR with the Bell primers with DNA extracted from 36-h EC
broth cultures of feces provided the best balance between
sensitivity (92%) and specificity (83%) compared with the re-
sults of culture. Lu et al. (18), who designed novel primers for
the detection of vanA4 and vanB and who developed a multiplex
PCR for the detection of van genes directly from EC enrich-
ment broths containing 8 g of vancomycin per ml, reported a
97.9% sensitivity for VRE detection. Similarly, Palladino et al.

TABLE 2. Characteristics of vancomycin-resistant organisms isolated from five fecal specimens that contained vanB genes after anaerobic
subculture, but no easily identifiable VRE, by routine methods

Identification based on 16S rRNA % Sequence

Specimen Isolate Gram stain result gene (accession no.) identity

1 MLG856-1 Positive, bacillus Clostridium hathewayi (AJ311620) 98

MLG856-2 Positive, coccus Enterococcus faecium (AF070223) 99
2 MLG480 Negative,” bacillus Clostridium innocuum (AF028352) 91
3 MLGO080-1 Variable,” bacillus® Clostridium bolteae (AJ08452) 98

MLGO080-3 Variable, coccobacillus” Ruminococcus lactaris (L76602) 91
4 MLG392 Positive, bacillus Clostridium hathewayi (AJ311620) 98
5 MLG661 Positive, bacillus Clostridium hathewayi (AJ311620) 98

“ Not all species classified in the genus Clostridium stain gram positive, and staining may vary depending on the medium used and the age of the culture (15).
® Anaerobic gram-positive cocci may be elongated and resemble coccobacilli and lose their positivity with age (20).
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(22) reported a sensitivity of detection of 88% with the primers
designed by Dutka-Malen et al. (7) for a vanA-vanB multiplex
real-time LightCycler PCR with EC enrichment broths con-
taining 8 pg of vancomycin per ml. Notably, however, neither
of those studies considered the sensitivity of detection of each
genotype separately. In comparison, we found the Dutka-
Malen primers to be insensitive (regardless of whether we used
an annealing temperature of 54 or 50°C), detecting only 17 to
67% of vanB VRE culture-positive specimens, depending on
the enrichment broth used.

Interestingly, we found that the two most sensitive methods
(those with the Bell and Stinear primers) resulted in a sub-
stantial number of false-positive results in which no VRE could
be identified. Paule et al. (24) reported similar results when
they compared culture with a direct multiplex PCR with the
Dutka-Malen vanA- and vanB-specific primers for the detec-
tion of VRE from rectal swabs. Similarly, Sloan et al. (29)
reported a higher frequency of discordant results for vanB
gene detection when they compared a LightCycler vanA-vanB
detection assay with culture for the direct detection of VRE
from perianal stool swab specimens. Such results may be due
to the presence of nonviable VRE, viable nonculturable VRE,
or a low burden of VRE (17, 24, 29). However, the presence of
nonenterococcal reservoirs of vanB has been described previ-
ously (19, 27, 31). Notably, we isolated five anaerobic gram-
positive bacilli related to the clostridia and one Ruminococcus
sp. from five PCR-positive, VRE culture-negative fecal speci-
mens. These six anaerobes contained a vanB ligase gene iden-
tical to that identified in vanB-containing VRE strains. One of
these isolates was obtained from a fecal specimen that also
contained low numbers of vanB E. faecium. Since approxi-
mately 40% of the bacterial community of the bowel has yet to
be cultivated in vitro, presumably due to their fastidious
growth and nutritional requirements, the identification of
other vancomycin-resistant anaerobes remains a possibility
(32).

It is important that the majority of our fecal specimens were
obtained from patients requiring long-term hemodialysis, so
we are uncertain whether factors related to their underlying
illness and/or treatment may have influenced the likelihood
that these patients were fecally colonized with vanB-containing
anaerobes. Moreover, as all our patients with VRE were col-
onized with vanB-type VRE, we cannot extrapolate our find-
ings regarding the sensitivity and specificity of each of the PCR
primers assessed to other van genotypes, particularly vanA.
However, given the reports of nonenterococcal reservoirs of
vanA, it will be important to assess the sensitivity and specific-
ity of PCR for the detection of vanA in a mixed culture for the
identification of vanA-type VRE (4, 10, 26). Regardless of
these caveats, clinicians and infection control practitioners who
rely on molecular analysis of feces to rapidly identify patients
who are fecally colonized with VRE need to be aware of the
potential role of vanB gene-containing anaerobes in causing
false-positive interpretations of the presence of VRE.
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