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BACKGROUND: The enterococci are important nosocomial
pathogens with Enterococcus faecalis and Enterococcus
faecium predominating. Accurate detection of vancomycin
resistant enterococci (VRE) is needed for optimal therapy and
infection control interventions. The BD Phoenix™ Automated
Microbiology System (BD Diagnostic Systems (BDDS), Sparks,
MD, USA) is an automated system for the rapid identification
(ID) and antimicrobial susceptibility testing (AST) of clinically
relevant gram-negative and gram-positive bacteria. 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 ASTdeterminations.
The purpose of this study was to determine the performance 
of the Phoenix System in detecting vancomycin resistance in 
E. faecalis and E. faecium in comparison to a NCCLS broth
microdilution method and Enterococcus Screen Agar.

METHODS: A total of 732 clinical isolates from diverse
geographical areas were tested in parallel using the Phoenix
System, a reference broth microdilution method (RMD)
containing Mueller-Hinton (MH) media, and BBL™

Enterococcus Screen Agar QUAD Plate prepared with brain
heart infusion (BHI) agar. The Phoenix System and Screen 
Agar methods were performed according to the instructions 
of the manufacturer, and RMD per NCCLS guidelines. The
sensitivity, specificity, and very major error (VME) rate of 
the Phoenix System compared to RMD and Screen Agar 
was calculated. 

RESULTS: The sensitivity and specificity of the Phoenix
System compared to RMD was 100% (95% confidence interval
(CI) = 97.9%–100%) and 98.7% (95% CI = 97.4%–99.5%),
respectively, with no VME. The sensitivity and specificity of 
the Phoenix System compared to Screen Agar was 90.6% 
(95% CI = 85.5%–94.3%) and 99.0% (95% CI = 97.7%–99.7%),
respectively, with 9.4% (18 out of 191) VME. 

CONCLUSION: The Phoenix System demonstrated an excellent
correlation with the NCCLS recommended RMD procedure for
detecting VRE. The decrease in sensitivity compared to Screen
Agar may be due to differences in media type. The Phoenix
System provides the clinical laboratory an accurate and reliable
method for the detection of vancomycin resistant enterococci.

INTRODUCTION
The emergence and spread of vancomycin resistance in

enterococci (VRE) pose a serious threat to the management of
infections caused by these organisms. Accurate detection of
vancomycin resistance is important for the clinician to provide
proper therapy and for epidemiological surveillance to prevent
nosocomial spread. Identification of vancomycin resistant 
E. faecium is important since it is the most frequently isolated
species of VRE and typically has acquired resistance (vanA or
vanB genes). This information is critical for infection control
intervention, since vanA and vanB genes are highly transferable
and can spread from organism to organism. 

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 multi-center study was to
evaluate the ability of the Phoenix System to detect vancomycin
resistant E. faecalis and E. faecium from demographically and
geographically diverse strains.
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BACTERIAL STRAINS: A total of 732 single patient and
stock stains of enterococci were tested using the Phoenix
System and RMD. Two hundred sixty-nine were fresh
clinical isolates. The remaining were recent (191) and
stock (241) clinical isolates and 31 challenge strains from
the BDDS culture collection. A total of 702 single patient
and stock strains were evaluated using the Phoenix System
and Enterococcus Screen Agar QUAD Plate. Two hundred
fifty-one were fresh clinical isolates. The remaining were
recent (183) and stock (241) clinical isolates and 
27 challenge strains from the BDDS culture collection.
All enterococci were identified to the species level using
the BD Phoenix System. Isolates were grown on
Trypticase™ Soy Agar with 5% defibrinated sheep blood
(TSA II, BD Diagnostic Systems, Sparks, MD) and
incubated in ambient air 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.

PHOENIX AST METHOD: Bacterial suspensions were
prepared from an overnight culture on TSA II and
adjusted to a 0.5–0.6 McFarland standard in Phoenix ID
Broth using the BBL™CrystalSpec™ Nephelometer
(BDDS). One drop of Phoenix AST Indicator was added
to the Phoenix AST Broth tube containing Mueller Hinton
Broth before inoculating the test organism. An aliquot of
the inoculum suspension was transferred to the Phoenix
AST Broth to a final density of 5 x 105 cfu/mL, equivalent
to the NCCLS recommendation, and inoculated into the
Phoenix panels within 30 min. of initial preparation. The
inoculated panels were then placed into the Phoenix
instrument for incubation, continuous reading, and
interpretation until complete, to a maximum of 16 hours.

REFERENCE BROTH MICRODILUTION (RMD)
METHODS: RMD panels containing vancomycin with the
same doubling dilutions (0.5 to 32 µg/mL) as the Phoenix
panels were prepared by Pasco (Pasco Laboratories , BDDS,
Wheat Ridge, CO) and stored at -70°C until ready for use.
RMD panels were manufactured and inoculated according
to NCCLS recommended guidelines (M7-A5). The Phoenix
ID Broth inoculum preparation was used for each strain.
After 24 h of incubation at 35±1°C in ambient air, the
RMD panels were read and recorded manually.

ENTEROCOCCUS SCREEN QUAD PLATE: The
screening medium used to detect vancomycin resistance
consisted of Brain Heart Infusion Agar containing 6 µg/mL
of vancomycin. Plates were spot inoculated with 10 µL of
the enterococcus Phoenix ID Broth suspension. After the
inoculum spot absorbed into the agar surface, plates were
incubated at 35±1°C for a full 24 h in ambient air. The
plates were then observed for growth and results
interpreted according to the product insert.

DATA ANALYSIS: Accuracy of the Phoenix System was
determined by category agreement with the reference
methods. Interpretive categories were expressed as
susceptible or resistant. The sensitivity, specificity, and
95% confidence intervals were then calculated. Very
major error (VME) rate was based on the number of
resistant strains tested.

METHODS RESULTS

� The results listed in Table 1 demonstrate the high
level of category agreement between MICs obtained by
Phoenix and the reference broth microdilution (RMD)
method for vancomycin. The sensitivity and specificity
with Phoenix compared to RMD was 100% and
98.7%, respectively. No very major errors were
observed. No resolution of discordant data was
obtained on repeat testing.

Category agreement for vancomycin between
Phoenix and Enterococcus Screen Agar QUAD Plate
methods is shown in Table 2. Thirty strains were
excluded from the data analysis due to non-compliant
results (i.e., QC failure). The sensitivity and specificity
with Phoenix compared to an agar base method was
90.6% and 99.0%, respectively. The VME rate was
9.4% (18 out of 191). The majority of strains with
VME were E. faecalis (16). Of the 18 VME, 15 were
observed at one of the test sites. Thirteen of these
strains were identif ied as E. faecalis and 2 as 
E. faecium. No resolution of discordant data was
obtained on repeat testing.

Discrepant results may be due to media formulations
and growth requirements of the species tested. Similar
results were observed when the RMD method was
compared to the Screen Agar (Table 3). The large
proportion of discrepant results from one test site may
also represent clonal spread of a resistant organism not
detectable in the Phoenix or RMD systems.

RMD PHOENIX
Total

Frequency R S

R 174 0 174

S 7 551 558

Total 181 551 732

Statistic Value
Lower 95% Upper 95%
Confidence Confidence 

Interval Interval

Sensitivity 100 97.9 100

Specificity 98.7 97.4 99.5

Table 1. Comparison of the Phoenix System to
Reference Broth Microdilution Method (RMD) for 

E. faecium and E. faecalis



CONCLUSIONS

� In this study, the BD Phoenix™ Automated Microbiology 
System successfully detected vancomycin resistant enterococci
when compared to the NCCLS microdilution method (100%
sensitive and 98.7% specific).

� No very major errors were found between the Phoenix and 
RMD MIC methods.

� A 9.4% VME rate was observed between Phoenix and the 
Screen Agar methods; 10.3% VME was observed between
RMD and Screen Agar. The decrease in sensitivity compared 
to Screen Agar may be due to differences in media type
(Mueller Hinton Broth vs. Brain Heart Infusion Agar).

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

Screen Agar PHOENIX
Total

Frequency R S

R 173 18 191

S 5 506 511

Total 178 524 702

Statistic Value
Lower 95% Upper 95%
Confidence Confidence 

Interval Interval

Sensitivity 90.6 85.5 94.3

Specificity 99.0 97.7 99.7

Screen Agar RMD
Total

Frequency R S

R 174 20 194

S 0 533 533

Total 174 533 727

Statistic Value
Lower 95% Upper 95%
Confidence Confidence 

Interval Interval

Sensitivity 89.7 84.5 93.6

Specificity 100 99.3 100

Table 2. Comparison of the Phoenix System to 
Enterococcus Screen Agar QUAD Plate for

E. faecium and E. faecalis 

Table 3. Comparison of Reference Broth Microdilution 
Method (RMD) to Enterococcus Screen Agar QUAD Plate 

for E. faecium and E. faecalis
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