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� BACKGROUND: The BD Phoenix™ Automated Micro-
biology System (Phoenix System) (BD Diagnostic Systems,
Sparks, MD, USA) is an automated system for the rapid
identification (ID) and antimicrobial susceptibility testing
(AST) of clinically relevant bacterial isolates. The system
includes instrumentation and software, miniaturized
disposable panels, specific broth formulations for ID and
AST, and an AST indicator used as an enhancement for AST
determinations. 

OBJECTIVE: To determine the performance of the Phoenix
System in detecting glycopeptide resistant enterococci (GRE).

METHODS: A total of 285 isolates were tested, including 57
fresh clinical and 27 stock strains of GRE phenotypically
identified by using the Etest® (AB BIODISK, Solna, Sweden),
151 clinical strains of glycopeptide susceptible enterococci
(GSE), and 50 stock strains of genetically unrelated GRE from
diverse geographical areas. All isolates were tested in parallel
using the Phoenix System according to the instructions of the
manufacturer, and reference broth microdilution method
(RMD) per NCCLS guidelines. MIC results were analyzed for
Essential Accord (EA), Categorical Agreement (CA), and
error rate. 

RESULTS: EA and CA for vancomycin susceptibility testing
of vanA (n=60), vanB (n=36), vanC/D (n=38) strains were
100%, 94.4%, and 97.4%, respectively. One major error
(vanC1) and several minor errors (2 vanB, 5 vanC) were
detected. EA and CA for GSE susceptible to vancomycin were
94.7% and 100%, respectively. EA and CA for teicoplanin
susceptibility testing of vanA strains were both 96.6% with
two very major and two minor errors. EA and CA for
teicoplanin susceptibility testing of vanB strains were both
94.4% with one very major and one major error. EA and CA
for teicoplanin susceptibility testing of vanC/D strains were
both 97.4% with one major error (vanC1). All GSE
susceptible to teicoplanin were classified correctly. Overall
agreement (EA) of vancomycin and teicoplanin susceptibility
testing with the Phoenix System compared to RMD were
96.1% and 98.2%, respectively. 

CONCLUSION: The Phoenix System is an accurate and
highly reliable method for the detection of GRE.

INTRODUCTION 

The emergence and spread of glycopeptide resistance in

enterococci (GRE) pose a serious threat to the management of

infections caused by these organisms. Accurate detection of

glycopeptide resistance is important for the clinician to provide

proper therapy and in the prevention of nosocomial outbreak.

Identification of GRE to the phenotypic level aids in confirming

whether an isolate has intrinsic (vanC) or acquired resistance

(vanA or vanB). This information is critical for infection control

purposes since vanA and vanB genes are transferable and can

spread from organism to organism. In contrast , vanC genes are

not transferable and have been associated with less serious

infections and have not been associated with outbreaks.

The BD Phoenix™ Automated Microbiology System (BD

Diagnostic Systems, Sparks, MD) is a newly developed automated

identification (ID) and antimicrobial susceptibility test (AST)

system for both gram-positive and gram-negative organisms. The

purpose of this study was to evaluate the ability of the Phoenix

System to detect vancomycin and teicoplanin resistance in strains

containing vanA, vanB and vanC genes.
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Bacterial Strains
A total of 285 clinical and stock stains of enterococci, including
vanA (n=60), vanB (n=36), vanC1 (n=26), vanC2 (n=11), vanD
(n=1) and GSE (n=151) were tested. Two hundred and six were
fresh clinical isolates. The remaining were from the BDDS culture
collection (13 vanA, 12 vanB, 5 vanC1) and the collection of Dr.
Marc Zervos, M.D., William Beaumont Hospital, Royal Oak, MI
(22 vanB, 16 vanC1, 11 vanC2). All enterococci were identified
to the species level based on a combination of conventional test
methods, Vitek® System (bioMerieux, Inc. Hazelwood, MO) and
BD Phoenix System. Glycopeptide resistant enterococci were
phenotypically identified using a combination of species
identification and antimicrobial susceptibility testing (Table 1).
Etest® (AB BIODISK, Solna, Sweden) was used to confirm
glycopeptide resistance and phenotype interpretation. Isolates
were maintained on Trypticase™ Soy Agar with 5% defibrinated
sheep blood (TSA II, BD Diagnostic Systems, Sparks, MD) and
incubated at 35±1°C for 18–24 h prior to testing.

Quality Control
NCCLS recommended QC organisms Enterococcus faecalis
ATCC 29212 and E. faecalis ATCC 51299 were included with
each day’s testing.

BD PhoenixTM AST Method
Bacterial suspensions were prepared from an overnight culture on
TSA II and adjusted to a 0.5–0.6 McFarland standard in BD
Phoenix™ ID Broth using the BD CrystalSpec™ Nephelometer
(BDDS). One drop of BD Phoenix™ AST Indicator was added to

METHODS

the BD Phoenix™ AST Broth tube before inoculating the test
organism. An aliquot of the inoculum suspension was then
transferred to the BD Phoenix™ AST Broth to a final density of
5x105 cfu/mL, equivalent to the NCCLS recommendation, and
inoculated into the BD Phoenix™ panels within 30 min. of initial
preparation. The inoculated panels were then placed into the BD
Phoenix™ instrument for incubation and continuous reading until
complete, to a maximum of 16 hours.

Reference Broth Microdilution (RMD) Methods.
RMD panels containing glycopeptides with the same doubling
dilutions (0.5 to 32 µg/mL) as the BD Phoenix™ panels were
prepared by BDDS and stored at –70°C until ready for use. RMD
panels were inoculated according to NCCLS recommended
guidelines (M7-A5) with the same standardized BD Phoenix™

ID Broth inoculum as the BD Phoenix™ panels for each strain.
After 24 h of incubation at 35±1°C in ambient air, the RMD
panels were read and recorded manually.

Data Analysis
Essential accord (EA) was defined as BD Phoenix™ MIC result
which agrees exactly with or is within one doubling dilution of
the reference MIC result. Category agreement (CA) was defined as
agreement between BD Phoenix™ and reference results using
NCCLS interpretive criteria of susceptible (S), intermediate (I),
and resistant (R). Very major error was defined as S by BD
Phoenix™ and R by RMD. Major error was defined as R by BD
Phoenix™ and S by RMD. Minor error was defined as S or R by
BD Phoenix™ and I by RMD or I by BD Phoenix™ and S or R by
RMD.

Table 1
Phenotype Interpretation of GRE by Etesta

Vancomycin Teicoplanin

Phenotype MIC Category MIC Category Species

vanAb ≥32 R ≥16 I-R E. faecalis, E. faecium

vanB c ≥16 I-R ≤8 S E. faecalis, E. faecium

vanC1d 8–16 I ≤8 S E. gallinarium

vanC2 d 8–16 I ≤8 S E. casseliflavus

vanD ≥8 I-R ≤8 S E. faecalis

a Categorical interpretation of S (sensitive), I (intermediate), R (resistant) based on NCCLS Standard M100-S11.
b vanA MICs ≥256 µg/mL by Etest for vancomycin
c vanB MICs 32≥256 µg/mL by Etest for vancomycin
d vanC MICs 8–16 µg/mL by Etest for vancomycin



RESULTS

� The results listed in Tables 2 & 3 demonstrate the high level of
agreement between MICs obtained by the BD Phoenix™ System
and the reference broth microdilution (RMD) method for
vancomycin and teicoplanin. The overall rate of essential accord
(EA) and category agreement (CA) of vancomycin susceptibility
testing by the BD Phoenix™ for detecting GRE and GSE was
96.1% and 98.9%, respectively. The overall rate of EA and CA
of teicoplanin susceptibility testing with the BD Phoenix™ System
compared to RMD was 98.2% for both GRE and GSE.
Vancomycin MICs for all vanA strains in this study, however,
were >256 µg/mL as determined by Etest.

Very major error (VME), major error (ME), and minor error
(Mi) discrepancies between the BD Phoenix™ and RMD methods
were determined for vancomycin and teicoplanin. Only one ME
occurred when vancomycin was tested for detecting vanC

enterococci. Several minor errors were found in the vanB and
vanC enterococci for vancomycin: 5.5% (2 of 36) and 13.2% 
(5 of 38), respectively. In contrast, 3.3% (2 of 60) Mi and 3.3%
(2 of 60) VME occurred when teicoplanin was tested for
detecting vanA enterococci. One additional VME in vanB and
one ME in vanB and vanC strains occurred when teicoplanin was
tested (Table 4). No VME , ME, or Mi discrepancies were
encountered in the GSE group. The BD Phoenix™ System yielded
overall VME, ME and Mi rates of 1.0%, 1.0%, and 3.2 %,
respectively.

All vanC enterococci tested (37) were identified by the BD
Phoenix™ System as E. gallinarum/E. casseliflavus. Although the
BD Phoenix™ System does not differentiate between these species
identification, it does separate the vanC1 and vanC2 enterococci
from other enterococci based on susceptibility profile.

Table 2
Essential and Categorical Agreement of BD Phoenix™ System to Reference Broth Microdilution

Organism No.of BD Phoenix™ vancomycin MICs within Agreementa

(No.) indicated dilutions of reference MIC (%)

>–2 –2 –1 0 +1 +2 >+2 EA CA

vanA GRE (60) 60 100 100

vanB GRE (36) 1 33 1 1 94.4 94.4

vanC/D GRE (38b) 24 13 1 97.4 97.4

GSE (151) 19 124 6 2 94.7 100

Total 1 136 138 7 3 96.1 98.9

a EA = Essential Accord (MIC result agrees exactly with or is within one doubling dilution of  the reference result. 
CA = Category Agreement (BD Phoenix™ and reference result agree using NCCLS interpretive criteria, i.e.       
susceptible, intermediate, or resistant.)

Table 3
Essential and Categorical Agreement of BD Phoenix™ System to Reference Broth Microdilution 

Organism No. of BD Phoenix™ teicoplanin MICs within Agreementa

(No.) indicated dilutions of reference MIC (%)

>–2 –2 –1 0 +1 +2 >+2 EA CA

vanA GRE (60) 1 1 58 96.6 96.6

vanB GRE (36) 1 34 1 94.4 94.4

vanC/D GRE (38b) 37 1 97.4 97.4

GSE 151 100 100

Total 2 1 280 2 98.2 98.2

a EA = Essential Accord (MIC result agrees exactly with or is within one doubling dilution of  the reference result. 
CA = Category Agreement (BD Phoenix™ and reference result agree using NCCLS interpretive criteria, i.e. 
susceptible, intermediate, or resistant.)

b vanC1 (26), vanC2 (11), vanD (1).
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CONCLUSIONS

� In this study, the BD Phoenix™ Automated Microbiology System successfully
detected glycopeptide resistant enterococci when compared to the NCCLS method
(vancomycin EA = 96.1%, vancomycin CA = 98.9%, teicoplanin EA and 
CA = 98.2%).

� Very major and major errors were most often found when GRE were tested for
teicoplanin resistance. No category errors were determined when GSE were tested.

� The BD Phoenix™ System provides the clinical laboratory an accurate and reliable
alternative method for detection of GRE.

Table 4
Discrepancy Analysis of Major (3) and Very Major (3) Errors

t
BD Phoenix™ Reference Broth 

System Microdilution

Phenotype Antimicrobic Error Type a MIC SIR MIC SIR

vanA GRE
Teicoplanin Very major 8 S 32 R

Teicoplanin Very major ≤0.5 S >32 R

vanB GRE
Teicoplanin Very major 1 S >32 R

Teicoplanin Major >32 R 1 S

vanC1 GRE
Vancomycin Major >32 R 4 S

Teicoplanin Major >32 R ≤0.5 S

a Major Error: BD Phoenix™ = R, RMD = S, Minor Error: (BD Phoenix™ = S or R and RMD = I) or 
(BD Phoenix™ = I and RMD = S or R), Very Major Error: BD Phoenix™ = S, RMD = R.


