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BACKGROUND: Antibiotic resistant strains of Enterococcus

faecium (EF), especially strains with acquired glycopeptide

(GP) resistance, has been reported to show atypical

biochemical reactions in both conventional tests and in

commercial identification systems. The purpose of this 

study was to correlate the phenotypic and genotypic traits 

of GP susceptible and resistant EF strains. 

MATERIALS/METHODS: Phenotypic characteristics were

determined using conventional biochemical tests and in the

Phoenix™ automated ID system. The genotypic analysis of 

the test strains was performed using random amplification

polymorphism DNA PCR technique (RAPD) with genomic

DNA. The susceptibility of EF to vancomycin and teicoplanin 

was determined using microbroth dilution and disk diffusion

test methods per NCCLS. The resistance genotypes

(vanA/vanB) were identified using a multiplex PCR procedure.

A total of 46 vanA, 22 vanB and 18 strains of GP susceptible

EF (GS-EF) were included in the study. 

RESULTS: The UPGMA cluster analysis of RAPD patterns

revealed 3 distinct clusters of GSEF, vanA and vanB strains

with overlapping between the vanA and vanB clusters but not

the GSEF cluster. The correlation between the RAPD results

and substrates reactivity either in conventional tests or in

Phoenix ID systems was examined using the classification 

tree statistical method. As revealed by the classification 

tree, a GS-EF strain would be correlated to negative reactions

with sucrose (SUC) and sorbitol (SBT) using conventional 

tests while vanB would be correlated to positive reactions 

with SUC, SBT and raffinose. In the Phoenix system, negative

reactions SBT, tryptophan-AMC and phenylalanine-AMC

would predict a GS-EF strain while a positive reaction in 

SBT would predict a resistant EF strain (vanA or vanB). 

CONCLUSION: These results indicate that selected

biochemical reactions could be potentially useful in the rapid

differentiation of GS-EF from resistant strains among EF.

INTRODUCTION
� Enterococci have emerged as the second most commonly
isolated pathogen in nosocomial infections such as urinary tract,
wound and endocarditis with Enterococcus faecium accounting
for up to 16% of these types of infections. In addition, E. faecium
has been reported increasingly as multi-drug resistant. Studies
have shown E. faecium to be much more phenotypically
heterogeneous than the other enterococci. Also, these resistant
strains of E. faecium exhibit similar biochemical reactions with
many other enterococcal species. Accurate species identification 
of enterococci has become much more challenging for 
clinical laboratorians.

Currently, there are six known enterococcal vancomycin
resistance genotypes (vanA, vanB, vanD, vanE, vanC1 and
vanC2/C3) that confer glycopeptide resistance. However, the
vanA and vanB genotypes are more common among E. faecium
strains.  The complexity of species identif ication and
differentiation using conventional biochemical patterns has
become difficult due to the emergence of these resistant genotypes.
Misidentification of E. faecium as E. durans or E. gallinarium by
automated systems, manual kits or by conventional testing has
been reported. Studies evaluating several types of test methods
have shown that these methods 1) were not always accurate in
detecting resistant strains such as vanB or low-level resistance to
vancomycin and 2) might have difficulty with identification of
phenotypically similar species or atypical strains. 

In recent years, molecular based methods have been employed
to determine resistant and susceptible E. faecium strains, as well
as to determine genetic variations from strain to strain. One such
method, Random Amplified Polymorphic DNA (RAPD), is used
for fingerprinting bacterial genomes by amplification of repetitive
DNA elements (specific to bacterial species) to quickly examine
strain-specific patterns. 

The purpose of this study was to determine the genetic
variations among glycopeptide susceptible, vanA and vanB
E. faecium strains using RAPD and to correlate these variations to
the biochemical substrate results.

ABSTRACT

As presented at the 101st General Meeting of the American Society 
for Microbiology (ASM), 2002. Salt Lake City, Utah. Poster C-96.

* The BD Phoenix Automated Microbiology System is not available in the U.S. for susceptibility testing.



TEST STRAINS. A tota l  of  86 i so lates  were  tes ted:  
18 glycopeptide susceptible Enterococcus faecium (GS-EF) strains, 
46 E. faecium vanA strains and 22 E. faecium vanB strains.
Isolates were maintained on Trypticase™ Soy Agar with 
5% defibrinated sheep blood (TSA II,™ BD Diagnostic Systems,
Sparks, MD, BDDS) and incubated at 35 ± 1°C for 18–24 h prior
to testing. These isolates were composed of strains from the 
BD Diagnostic Systems (BDDS) internal culture collection or were
kindly provided by Gerald A. Denys, Ph.D., (Methodist Hospital,
Indianapolis, IN).

ANTIBIOTIC SUSCEPTIBILITY TESTING. All 86 isolates
were tested using the standard disk diffusion (DD) method 
per the National Committee for Clinical Laboratory Standards
(NCCLS) recommended procedures. Vancomycin (VA) and
teicoplanin (TEC) impregnated Sensi-Discs( (BDDS) were used
to test for susceptibility. The E. faecium vanA genotype was
defined as high-level resistance to VA and TEC. The E. faecium
vanB genotype was defined as high-level resistance to VA but
susceptible to TEC and GS-EF genotype was defined as
susceptible to VA and TEC. The zone diameter sizes used for
categorical interpretation were: VA >=17 mm for susceptible,
15–16 mm for intermediate and <=14 mm for resistant; 
TEC >=14 mm for susceptible, 11–13 mm for intermediate and
<=10 mm for resistant. 

MULTIPLEX PCR.  Multiplex PCR was used to determine 
the vanA or vanB genotype. The oligonucleotide primers used 
were: (vanA-5’CATGAATAGAATAAAAGTTGCAATA3’ and
5 ’ C C C C T T T A A C G C T A A T A C G A T C A A 3 ’ ) ;  
( v a n B - 5 ’ C A A A G C T C C G C A G C T T G C A T G 3 ’  a n d
5’TGCATCCAAGCACCCGATATAC3’). In addition, a 
16S rRNA primer set (5’GGATTAGATACCCTGGTAGTCC3’
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and 5’TCGTTGCGGGACTTAACCCAAC3’) specific to
bacterial genes of 16S rRNA was also incorporated into the
multiplex PCR as an internal control (IC). Oligonucleotides
were synthesized by Bio-synthesis (Lewisville, TX). PCR was
performed using the MJ Research Thermocycler (MJ Research,
Inc., Waltham, MA) in a final volume of 100 mL containing: 
500 ng of template DNA; 5 pmol of the vanA primer; 2.5 pmol
of the vanB and 16S rRNA primers; 200 µM of dATP, dCTP,
dGTP, and dTTP; 10 mM Tris-HCl (pH 8.3); 1.5 mM MgCl2;
and 2.5 U of Taq DNA polymerase (Gibco BRL). DNA
amplification was carried out with the following thermal cycling
steps: initial denaturation for 5 min at 94°C; 40 cycles of
amplification with a 1 min denaturation step at 94°C; 1 min
annealing step at 54°C and 1 min extension step at 72°C; then a
final 10 min extension step at 72°C. 

BIOCHEMICAL TESTING. Conventional biochemical test
methods recommended in the Manual of Clinical Microbiology
(7th edition, editors P.R. Murray et. al., ASM Press,
Washington, D.C.) were used to reference the test strains. All
strains were screened using 9 conventional tests and 159
Phoenix substrates (Table 1) to determine if there were tests that
showed discrimination between GS-EF and GR-EF (vanA and
vanB). The miniaturized tests were screened using Phoenix™ ID
panels (BDDS) per package insert directions. Data was collected
for up to 17 h with the Phoenix instrument. The conventional
biochemical tests screened were set up using 1–2 drops of an
18–24 h Brain Heart Infusion broth (BDDS) culture adjusted to
a 0.5 McFarland standard for each test organism. Each
biochemical test was incubated at 35 ± 1°C for up to 7 days.
The tube turning from a purple color to a yellow color indicated
a positive reaction.

Table 1. Substrates tested in the Phoenix™ System or conventional tests.



� The conventional test ing showed 
3 substrates (d-sorbitol, raffinose and sucrose)
that could be used to differentiate the 
GS-EF, vanA and vanB strains (Table 2).

� Of the 159 substrates screened using the
Phoenix™  system, 6 substrates (pyroglutamic
Acid-AMC (PYR-AMC), tyrosine-AMC
(TYR-AMC), phenylalanine-AMC (PHE-
AMC), tryptophan-AMC (TRY-AMC),
alanine-AMC (ALA-AMC) and d-sorbitol
(SBT)) showed discrimination between the
GS-EF, vanA and vanB strains (Table 2). 

� The RAPD banding patterns (Figure 1) for
each test strain was separated into different
biotypes using the cluster analysis with
UPGMA. The cluster analysis resulted in 
3 major clusters and 10 distinct biotypes.
These results revealed: 1–4 biotype as GS-EF,
5–7 biotype as vanA and 8–10 biotype as
vanB (Figure 2). 

� These biotypes and the results of the
substrate testing were then used to generate a
Classification Tree. The first classification tree
(Figure 3) correlated the conventional testing
and RAPD biotypes. The results showed five
splits and six terminal nodes that predicted
GS-EF for two nodes, vanA for one node,
vanB for two nodes and a combination of
vanA/vanB for one node. The second
classification tree (Figure 4) correlated the
Phoenix testing and RAPD biotypes. The
results showed seven splits and eight terminal
nodes that predicted GS-EF for four nodes,
vanA for three nodes and vanB for one node.
The node is used to determine the type of
strain based on the substrate outcome.

RESULTS AND DISCUSSION

RAPD TESTING. RAPD was used to look for genetic variations
among E. faecium strains and to determine biotype patterns.
The primer chosen (5’ATGTAAGCTCCTGGGGATTCAC3’) is
an ERIC sequence  used to type Enterococcus species. All
components were added to a 0.65 mL thin wall PCR tube with a
final volume of 100 µL: 200 µM each dATP, dGTP, dCTP, dTTP;
20 mM Tris-HCl; 6 mM MgCl2; 0.8 µM ERIC1R; 2.5 U
Platinum® Taq; 2.5 U Platinum® Taq Antibody and 50 ng of
template DNA isolated with the DNeasy™ Tissue Kit. All
components were added to the PCR tube and placed into the
thermalcycler.  The samples were incubated at 96°C for 15 min
then 36°C for 5 min (for sample equilibration), followed by 5
min at 72°C. After equilibration, DNA amplification was
carried out with the following thermal cycling steps: 5 cycles
each of denaturation for 3 min at 94°C; annealing for 3 min at
36ºC; then ramping transition of 2.5 sec per degree from 36°C
to 72°C; elongation for 3 min at 72°C. Following these initial
cycles were 30 cycles of (denaturation for 1 min at 94ºC;
annealing for 1 min at 50°C; elongation for 3 min at 72°C) and
then a final extension step at 72°C for 10 min. The samples

GS-EF vanA vanB Time to result

Phoenix substrates

Alanine-AMC 5/18* (28%)** 41/46* (89%)** 20/22* (91%)** 11 hours

D-Sorbitol 0/18 (0.0%) 37/36 (80%) 22/22 (100%) 17 hours

Phenylalanine-AMC 5/18 (28%) 44/46 (96%) 21/22 (96%) 3 hours

Pyroglutamic Acid-AMC 3/18 (17%) 20/46 (44%) 16/22 (72%) 5 hours

Tryptophan-AMC 3/18 (17%) 43/46 (94%) 19/22 (86%) 3 hours

Tyrosine-AMC 4/18 (22%) 35/46 (76%) 17/22 (77%) 3 hours

Conventional Tests

Raffinose 6/16 (33%) 20/46 (44%) 12/22 (55%) 1-7 days

Sucrose 11/18 (61%) 36/46 (78%) 20/22 (91%) 1-7 days

Sorbitol 0/18 (0.0%) 46/46 (100%) 22/22 (100%) 1-7 days

Table 2. Results of the conventional and Phoenix ID Substrate Testing

*Number of strains positive/Number of strains
** Percent positive

La
dd

er

G
SE

F 
co

nt
ro

l
1 2 3 4 5 6 7 8 9 va

n
A

 c
on

tr
ol

10 11 12 13 14 15 16 La
dd

er

La
dd

er 17 18

va
n

B
 c

on
tr

ol 19 20 21 22 23 24 25 26 27

La
dd

er

Figure  1. Random Amplified
Polymorphic DNA banding 
patterns for 10 of each strain 
type (GS-EF, vanB and vanA).

Strains: GS-EF, Glycopeptide
susceptible E. faecium: 
1-9 vanA: 10-18 vanB: 19-27

were then held at 4°C until analysis. All isolates were run twice
on different days. 

DATA ANALYSIS.  The Phoenix substrate data was analyzed
using the ’98 Edition of Statistica (Statsoft, Inc., Tulsa, OK). The
data generated by the Phoenix instrument was analyzed at 3, 5
and 11 hours with the exception of sorbitol that was also
analyzed at 17 hrs. Statistica boxplots were used to determine
negative or positive thresholds based on the Phoenix instrument
data to determine where the greatest differentiation between GS-
EF and GR-EF (vanA and vanB) was observed. Using the set
threshold, the frequency of positive and negative strains for each
substrate was calculated. The pattern of RAPD products were
determined for each isolate. From the banding pattern results,
the cluster analysis using the unweighted pair linkage method
(UPGMA) used to determine each isolates biotype and grouping
of GS-EF and vanA and vanB. The Classification Tree Statictical
method was used to provide a flow chart as a predictive model
to reveal the correlation between the RAPD result and the
biochemical reactivity either in the conventional tests or in the
Phoenix ID systems. 
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CONCLUSIONS
� The cluster analysis separated the RAPD patterns of each isolate into 3 distinct and individual

groups of GS-EF, vanA and vanB and divided these groups into 1 of 10 possible biotypes.

� This study showed a clear correlation of genotypic variations and substrate outcomes for 
GS-EF, vanA and vanB strains. 

� The classification trees showed that through the use of certain substrate reactions (conventional 
or Phoenix™ and RAPD patterns), one could determine an isolate’s phenotype or genotype of
resistance based on certain substrate reaction results of the test strain. 

� Resistant E. faecium strains, vanA or vanB, may potentially be differentiated from GS-EF using 
select biochemical tests for differentiation among Enterococcus faecium.
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Figure 2. Cluster Analysis of RAPD Bands to determine Biotype. 
RAPD Analysis for 30 E. faecium Strains

Unweighted pair Dendrogram

The cluster analysis reveals three major clusters of Glycopeptide susceptible
E. faecium, vanA and vanB strains. From the cluster analysis 10 biotypes
(numbers in white) were determined.
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Description: SUC, sucrose fermentation ; SBT, sorbitol fermentation; RAF,
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