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Rapid Detection of Vancomycin-Resistant Enterococci (VRE) in Rectal Samples from Patients
Admitted to Intensive Care Units
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Thereduction in timerequired to identify vancomycin-resistant enter ococci (VRE) has gained increased importance
during hospital outbreaks. In the present study, weimplemented alaboratory protocol to speed up the VRE screening
from rectal samples. The protocol combines a medium for selective VRE isolation (VREBAC®, Probac, Sdo Paulo)
and a multiplex PCR for detection and identification of vanA and vanB resistance genes. The screening performance
was analyzed in 114 specimens collected from four intensive care units. The swabs were collected at two periods: (1)
during a VRE outbreak (February 2006, n=83 patients) and (2) at the post-outbreak period, after adoption of
infection contr ol measur es (June 2006, n=31 patients). Forty-one/83 VRE (49.4%) and 3/31(9.7%) VRE werefound at
the first and second period, respectively. All isolates harbored the vanA gene. In both periods, detection of the gene
vanA parallels to the minimum inhibitory concentration values of >256 pg/mL and >48 pg/mL for vancomycin and
teicoplanin, respectively. Multiplex PCR and conventional methods agreed in 90.2% for enterococci identification.
Besides this accuracy, we also found a remarkable reduction in time to obtain results. Detection of enterococcal
species and identification of vancomycin resistance genes were ready in 29.5 hours, in comparison to 72 hours
needed by the conventional methods. In conclusion, our protocol identified properly and rapidly enterococci species
and vancomycin-resistance genes. The results strongly encour age its adoption by microbiology laboratories for VRE
screenning in rectal samples.
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Vancomycin-resistant enterococci (VRE) have shown a
remarkable ability to spread during hospital outbreaks[1,2].
Specific control measures need the proper identification of
individuals colonized by VRE through surveillance cultures
[3,4]. The screening for VRE in rectal samples involves the
use of selectiveisolation media, likethebile esculin azide agar
withvancomycin 6 ug/mL [5]. Complementary teststo identify
the genus Enterococcus and to confirm the resistance
phenotypearerequired for conclusiveresults. Also, theintrinsic
vanC-type species E. cassdliflavus and E. gallinarum should
be distinguished from the other species that carry the high-
level vancomycin-resistance genes vanA or vanB [6].
Biochemical tests for identification are time-consuming,
expensive and they are sometimesinconclusive. Conventional
protocolsto detect vancomycin resistance asthe disk diffusion
test, Etest, and broth microdilution are time-consuming aswell
[7]. The automated methods a so have some drawbacks. They
need expensive equipments and materials and are highly
accurate only for E. faecalisand E. faeciumidentification [8,9].

Until recently, molecular biology techniques such as the
polymerase chain reaction (PCR) wererestricting to university
laboratories. However, those equi pments had become cheaper
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and variousreagent kitsare commercially available. Nowadays
clinical laboratories have introduced the PCR technique for
routinediagnostictesting [10]. Thus, rapid and accurate methods
to identify microbial species, with low cost and applicable to
routine laboratory practices have been devel oped. The present
study implemented arapid method to detect VRE inrectal swabs
from ICU patients by using the selective VREBAC® medium
and amultiplex PCR scheme that identify enterococci species
and vancomycin-resistance genes.

Materialsand M ethods
Hospital Setting and Study Design

We examined rectal samples from intensive care units
(ICUs) from S&o Paulo Hospital, a 700-bed university affiliated
hospital in S&o Paulo, Brazil. The specimens were collected
from &l eligible patients at four ICUs (Medical, Medical-
surgical, Pneumonology, and Adult Emergency). Our study
adopted the following inclusion criteria for swab collection:
long-stay in hospital; previous antimicrobial therapy (mainly
vancomycin); severity of illness; imunossupression; previous
abdominal or cardiothoracic surgery, and invasive procedures.
Eighty-three specimens were examined for the presence of
VRE at thefirst period (during the outbreak, February, 2006).
Thirty-one specimens were examined at the second period
(the post-outbreak period, June, 2006). At thelater period, we
measured the time spent for each activity from the sample
collection until species and resistance determination.

Specimen Collection and Broth Cultures
The specimens were collected by nurses according to
Infection Control Committee protocols. Briefly each swab was
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carefully introduced in the anal sphincter region (1 —5 cm)
and gently rotated. Immediately after, it wasimmersedinsaline
solution (0.9%, 5mL) and transported to the microbiology
|aboratory. In the laboratory this diluted faecal samples were
cultured in all three VREBAC® media. Medium | contained
agar azide and the selective antimicrobials aztreonam,
polymyxin B and amphotericin B. The medium Il contained
vancomycin 6ug/mL. Medium Il had the same medium ||
antimicrobial and a chromogenic marker (Chromagar
Orientation®) [11]. VREBAC® laminocultureswereincubated
at 35°Cfor 18-24 hours.

Species Identification by Conventional Methods
Toidentify the genus Enterococcus, we used thefollowing
phenotypic tests: catalase, NaCl 6.5% broth, agar bile esculin
azide, and L-pyrrolidonyl-p-naphthylamide hydrolysis (PY R
test). The biochemical tests used to identify enterococci
species was Purple Broth Base (Difco, Detroit, USA)
supplemented with arabinose, MGP (Metil-a-D-
glycopiranoside), arginine, mannitol, sorbitol, sorbose and
raffinose. Motility and pigmentation were al so determined [12].

Multiplex Polymerase Chain Reaction Scheme

We used amultiplex PCR schemethat identifiesthe species
E. faecalis, E. faecium, E. gallinarum (vanCl), and E.
cassdiflavus (vanC2/3). Thismethod al so detects, in the same
reaction, the resistance genes vanA and vanB (Table 1). The
primer concentrations previously adjusted to provide easily
distinguished bandswereddl_ .. ddl_ . E. gallinarum-
vanCl, E. casseliflavus-vanC2/3 (18 pmol of each primer),
vanA (3 pmol of each primer), and vanB (2 pmol of each primer)
[13]. For each PCR reaction, 5 — 10 colonies were picked up
from the chromogenic medium I1. The PCR mixture contained
the primers and the following reagents: Taq Buffer 1X, 3mM
of MgCl, 0.25mM of each dNTP, and 2U of Tag DNA
polimerase. The amplification cycleswere: initial preheating
step at 94° for 2 min; initial denaturation step at 94°C for 5min;
30 cycles of amplification (denaturation 94°C for 1 min,
annealing at 55°C for 1 min, and extension at 72°C for 2 min);
and afinal extensionat 72°Cfor 5min.

The PCR products were €electrophoresed through a 1%
agarose gel stained with ethidium bromide for 40 min at 60V
and photographed under UV light.

Vancomycin and Teicoplanin Susceptibility

We determined the antimicrobial susceptibility to
vancomycin (30ug) and teicoplanin (30ung) (Oxoid,
Basingstoke, UK) using the disk diffusion method (Kirby-
Bauer), according to the NCCL S guidelines [14]. The plates
were incubated at 35°C for 18 - 24 h. The resistant isolates
were submitted to E-test® according to the manufacturer
recommendations to determine their minimal inhibitory
concentration (MIC) to vancomycin and teicoplanin. The
quality control strainsused in our study wereATCC E. faecalis
29.212 and E.coli 24.922.

Results
Species ldentification and Vancomycin Resistance Results

We first analyzed the colony growing in each VREBAC®
laminoculture medium I, I1, and I11. At the first time point
(during the outbreak), all enterococci isolates (n=83, 100%)
grew inthe PROBAC® medium . Fromthem, 18 (21.7%) isolates
grew only in this medium and they showed susceptibility to
vancomycin. The medium 1, which contained vancomycin
6ug/mL, showed alower number of positive growing (n=65,
78.3%). Six vancomycin susceptible enterococci (V SE)
surpassed the antimicrobial inhibitory effectsand grew inthis
media. The chromogenic and selective medium I11 identified
59 positiveisolates (71.1%). Enterococci isolates were easily
distinguished from the other microbial species owing to the
light green coloration of their colonies

All isolates with positive growing in all three VREBAC®
media(n=59) were sel ected for thefollowing confirmatory tests:
identification of the genus Enterococcus, resistance to
vancomycin and multiplex PCR. Nineof the 59isolates (15.2%)
showed susceptibility to vancomycin in the disk diffusion
test, thus they were false positive VRE; al of them showed a
lower number of colonies(2 - 6) inthemedium 1.

The multiplex PCR identified the species E. faecium (n=20;
48.8%) and E. faecalis(n=21; 51.2%). They wereall positivefor
the gene vanA. The rate of agreement between PCR and
conventional biochemical testswas 90.2%. Thedivergent results
occurred for 4 isolates (9.8%) which had the E. faecalisddl gene
amplified by PCR but showed E. faeciumbiochemica profiles.

At the second period, we analyzed 31 specimens. From
them, only 4 isolates grew in the chromogenic medium I1I1.
Conventional biochemica testsand PCR identified the species
E. faecium. Three of them carried the vanA gene. The false
positive V RE a so showed areduced number of colonies(n=3)
inthemedium11.

Our results showed that the selective and chromogenic
medium |11 provided the best accurate outcome for the
presumptive diagnostic of VRE. With regard to vancomycin
resistance, theidentification of the vanA gene by the multiplex
PCR was consistent with to the disk diffusion testing findings.
In addition, this VanA genotype agreed with the MIC values
determined for vancomycin (>256 pug/mL) and teicoplanin (>48
ug/mL) by Etest method.

Timeto Obtain Results

The proposed protocol for VRE screening from rectal
samples was able to reduce the time spent to identify species
and vancomycin resistance. The protocol consumed 29.5
hoursfor all thelaboratorial stepsfrom the specimen collection
tothefinal result (Table 2). Weidentified two time-consuming
activitiesamong the procedures grouped inthe step 1, the 5.5
hours between the rectal swab collection and the VREBAC®
culture. They were the time to deliver the swabs to the
laboratory and further registration (3h) and the period of
incubation in saline solution (2h). The second step for VRE
screening comprised the VREBAC® culture procedures. The
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Table 1. Oligodeoxynucleotide primers

Amplified gene Sequence(5' -3)? Amplicon size(bp)® Reference
ddl_ (e F:ATCAAGTACAGTTAGTCT

R: ACGATTCAAAGCTAACTG AL 21
ddl_ (m F: TAGAGACATTGAATATGCC

R: TCGAATGTGCTACAATC 550 2
E. gallinarum (vanC1) F: GGTATCAAGGAAACCTC

R: CTTCCGCCATCATAGCT 82 21
E. cassdliflavus (vanC2/3) F: CTCCTACGATTCTCTTG

R: CGAGCAAGACCTTTAAG 439 pil
vanA F: GGGAAAACGACAATTGC

R: GTACAATGCGGCCGTTA FE7 2l
vanB F:ACCTACCCTGTCTTTGTGAA

R:AATGTCTGCTGGAACGATA 300 24

aF, sense primer; R, antisense primer. PSize of the amplified gene for enterococci identification and vancomycin resistance.

Table 2. Timefor each activity from the V RE screening protocol

Activities Time
Step 1. Specimens collection and incubation in saline
1.1 Collection of swabsin the I CUs 40
1.2 Timeto deliver the samplesto the microbiology |aboratory 2.3h
1.3 Registration of samples 30
1.4 Swab incubation in saline solution 2h
Subtotal 5.5h
Step 2. VREBACE® culture
2.1 Culturein VREBAC® media 1lh
2.2 Incubation of the VREBAC® media 18h
2.3 Selection of presumptive VRE isolates 10
Subtotal 19.2h
Step 3. PCR reaction and electrophoresis
3.1 Transport of VREBAC®to the molecular biology laboratory 10
3.2 Preparation of the PCR reactions a0
3.3PCRamplification cycles 3h
3.4 Agarose gel preparation 15
3.5 Electrophoresis 40
Subtotal 4.8h
Total time 295h

selective chromogenic medium 11 contributed to shorten the
time for obtainining the results, enabling to visualize
presumptive VRE colonies at 18 hours. Additionally the
multiplex PCR also contributed to reduce the time to obtain
results. The method was able to identify VRE species and
vancomycin resistance genesin 4.8 work hours.

Discussion

Vancomycin-resistant enterococci are infectious agents
with remarkable ahility to spread and cause hospital outbreaks.
Themost commonly reported risk factorsfor VRE infection are
long stay in hospital, use of vancomycin and third-generation
cephalosporins, and chronic dialysis [15,16,17]. Patients
chronicaly admitted to ICU areat high risk for colonization and
outbreaks commonly occur in such hospital wards[1].

Inour study, wefound ahigh rate of VRE carriage (49.4%)
during the outbreak occurred at the ICUs of Séo Paulo
Hospital.

TheVRE prevaencein 126 adult ICUsfrom 60 UShospitals
enrolled in the National Nosocomial Infections Surveillance
(NNIS) was extensively analyzed [18]. The prevalence rate
varied among the hospital s (0 —59%) and was higher at major
teaching centers or larger hospitals (with > 500 beds), similar
to our hospital.

Our study identified a great decrease in the number of
positiveV RE specimensfrom 49.4%to 9.7% after adoption of
infection control measures. The screening protocol adequately
identified V RE isolates during the outbreak, when the bacterial
colonization is higher. Furthermore, the same protocol was
sensitive to detect VRE at lower prevalence rates in the post-
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outbreak period. High sensitivity would beimportant to detect
epidemic strains during non-outbreak periods or to conduct
surveillance studiesin non-1CU hospital wards. Interventions
aimed to reduce the VRE prevalence in non-ICU areas are
valuableto diminishtherisk of VRE colonizationin ICU [18].
The isolates showed different ability to growth in each
VREBAC® laminoculture media |, I1, and 11I. The medium |
contains selective antimicrobial s (aztreonam, polymyxin B, and
anfotericin B) that suppress the overgrowth of various species
from the intestinal microbiota. However, our group and others
have observed that some nonenterococcal species
(Pseudomonas, Klebsiella, Candida, and Streptococcus)
surpass the inhibitory effects and grow in this selective media
[5]. Thus, we pre-incubated the rectal swab in 5mL of 0.9%
sdinesolution for two hoursbefore VREBAC® cultureto reduce
thegrowing of falsepositiveisolates. With regard to medium 1,
six vancomycin susceptible enterococci surpassed the
inhibitory effectsof vancomycin 6ug/mL. Previousstudy, using
media contained vancomycin 6ug/mL aso found the growing
of vancomycin-susceptible E. faecium and E. faecalis[19].

The use of chromogenic medium has provided satisfactory
resultsfor VRE screening directly from faecal samples. Inour
study, the chromogenic medium 111 alowed to distinguish
enterococci from other speciesowingtothetypica light green
coloration. In this chromogenic VRE selective medium, 59
isolates (71.1%) showed positive growing. In arecent study,
theauthorstested another chromogenic medianamed chroml D
VRE (Biomérieux, Marcy-I’ Etoile, France). Thismediawasable
to select for and distinguish between vancomycin-resistant
E. faecalis and vancomycin-resistant E. faecium [20]. This
valuable discriminatory property is still not provided by the
VREBAC® medium. However, the speciesE. faeciumand E.
faecalis were rapidly identified (4.8 work hours) by our
multiplex PCR scheme. Our method may distinguish, in
addition, the VanA-, VanB-, and VanC-resistance
genotypes, afeature still not provided by any chromogenic
medium.

Various PCR protocols have been described to identify
enterococci species and to detect vancomycin-resistance
genotypes [7,21,22,23]. The method used in our study
allows the simultaneous identification of E. faecium, E.
faecalis, E. casseliflavus, and E. gallinarum sequences,
as well as the vancomycin-resistant genes vanA and vanB
in one unique reaction [13]. The scheme used primers
previously described and provided easily visualized bands
after agarose gel electrophoresis [21,24]. It also reduced
thetimeusually spent for DNA extraction becausethe colonies
are picked up directly from the plate to the PCR mixture. The
rate of agreement between this PCR scheme and the
conventional biochemical assays was high for all species
tested, eg., E. faecalis (95%), E. faecium (95%), E. gallinarum
(100%) and E. casseliflavus (100%) [ 13]. In the present studly,
only 4 isolates (9.8%) showed discordance between PCR and
the biochemical testing. Asfar aswe know, the present study
wasthefirst to test this PCR scheme during aV RE outbreak.

Regarding to resistance genes, al E. faeciumand E. faecalis
isolates carried the vanA gene. Thishigh-level of vancomycin
resistance was also found in both E. faecalis and E. faecium
isolated from patients from other Brazilian hospital, during
thefirst Brazilian VanA outbreak [ 24].

The rapid identification of VRE is highly valuable during
hospital outbreaks[4,16]. Thus, we carefully eval uated thetime
spent in each VRE screening activity of our protocol. We
identified a delay of 2.8 hours between the swab collection
and the specimen incubation in saline solution. Such activity
should consume no more than 30 minutes (Table 2, items 1.2
and 1.3). The incubation in saline should also be shortened
to 1 hour without compromising its inhibitory action (item
1.4). Finally, whether the individuals responsible for PCR
were previously notified when the VREBAC culture was
ready, they could left the PCR mixture prepared, which would
saveforty minutes (Table 2, item 3.2). Also, the agarose gel
preparation may occur during the 3h amplification cycles.
Thus, a better planning and reinforcement on the role of
each participant would save at least 4.2 hours. The final
screening report on the species and vancomycin resistance
genes would be provided in 25.3 hours. Previous
publications have also described rapid protocols for VRE
screening. The use of real-time PCR directly from the rectal
swab provided resultsin 4 — 5 hours but the sensitivity was
lower in comparison with the cultured samples[25]. In addition,
the high cost of the real-time PCR equipment is incompatible
with the general microbiology |aboratories.

Conclusion

The present study evaluated aprotocol for VRE screenning
in rectal samples from patients admitted to ICU. It employed
thesdlectivemedium VREBACP® and themultiplex PCR dlowing
reporting enterococci species and vancomycin resistance
genesin up to 29.5 hours. The method showed sensitivity to
detect VRE inhigh andlow prevalencerates. It provided highly
concordant results compared to conventional biochemical and
susceptibility testing. The results found in our study
encourage microbiology laboratories to adopt this rapid
protocol for VRE screening during hospital outbreaks.
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