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BACKGROUND: A significant number of Staphylococcus

aureus isolates express resistance to methicillin, leaving

vancomycin (VA) as the last line of defense in therapy. The

increasing prevalence of VA intermediate strains suggests an

alarming trend with respect to viable treatment options. The

Phoenix™ Automated Microbiology System (BD Diagnostic

Systems, Sparks, MD) was evaluated for accuracy in

identification and susceptibility testing of glycopeptide

intermediate or resistant strains. 

METHODS: A total of 41 S. aureus strains with elevated 

VA MICs were evaluated. Test strains included Mu3, Mu50,

CDC HIP5827, HIP5836 and passage-selected VA-resistant

S. aureus strains [AAC 2000, 44(2): 294-303]. Phoenix results

were compared to NCCLS standard broth microdilution

(SBM) method and to vancomycin (6 µµg/mL) BHI screening

agar (BHIVA) per CDC guidelines.

RESULTS: The overall Phoenix identification results

demonstrated a 98% agreement with expected identification.

A total of 19 test strains showed MIC >= 4 µµg/mL to VA and

16 test strains showed MIC >=8 µµg/mL to teicoplanin (TEC) 

as determined by SBM. A total of 20 strains grew on BHIVA

while 1 of these strains showed VA MIC of 1 µµg/mL by SBM.

Phoenix MIC results were compared to SBM using NCCLS

breakpoints. The essential agreement of VA and TEC were

100% and 95%, respectively. There were no major errors

(ME) or very major errors (VME) for VA or TEC. 

CONCLUSION: The results suggest that the Phoenix system

can be reliably used to detect resistance of S. aureus to

glycopeptides. (revised)

INTRODUCTION
Staphylococcus aureus is one of the most frequently isolated

species from both community-acquired and nosocomical
infections. A significant number of S. aureus isolates express
resistance to methicillin (MRSA). The MRSA strains that also
exhibit intermediate level resistance to vancomycin (VA, a
glycopeptide), severely limit treatment options for the patients.
Subsequent to the initial report of first vancomycin intermediate 
S. aureus (GISA/VISA) case by Hiramatsu et. al. from Japan, the
Centers and Disease Control and Prevention reported additional
cases of GISA/VISA isolates from Michigan, New Jersey, New
York and Illinois in the US. More cases of GISA/VISA have been
reported continuously in recent years worldwide. Pfeltz et. al. at
the Illinois State University subjected well-characterized S. aureus
strains to passage selection with vancomycin [AAC 2000, 44(2):
294-303]. Several mutant strains with elevated VA MICs are
stably maintained in the laboratory. 

Reliable detection of GISA strains in clinical laboratories is
critical. Not all current routine antibiotic susceptibility testing
(AST) systems can detect GISA/VISA strains. The Kirby-Bauer
testing and certain commercial rapid AST systems can not reliably
detect these GISA/VISA strains. A full 24 hours incubation is
required to detect GISA/VISA strains for overnight AST methods,
such as a conventional microbroth dilution AST method. The
CDC has provided detailed guidelines for laboratory detection of
GISA/VISA. In order to insure timely and appropriate treatment
for the patients, it is essential for clinical laboratories that use
rapid automated AST systems to accurately report S. aureus
isolates with decreased susceptibility to glycopeptides. 

The Phoenix™ Automated Microbiology System 
(BD Diagnostic Systems, Sparks, MD; BDDS) was evaluated for
accuracy in identification and susceptibility to glycopeptides
intermediate or resistant strains in this study.
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Test Strains. A total of 41 isolates were tested including Mu3,
Mu50, CDC Hip 5827, CDC Hip 5836 and passage-selected
Vancomycin resistant S. aureus strains from the Illinois State
University. Isolates were maintained on Trypticase™ Soy Agar
with 5% defibrinated sheep blood (TSAII,™ BDDS) and
incubated at 35±1°C for 18–24h prior to testing. ATCC 
S. aureus strains were also included, ATCC 43300, ATCC
29213, and ATCC 25923. ATCC 51299 Enterococcus faecalis
was used for quality control. Identification of test strains were
provided by the original sources listed in Table 1.

Phoenix Testing. The Phoenix panels containing vancomycin
(VA) 1–16 µg/mL and teicoplanin (TEC) 1–16 µg/mL were used
in the study. Standard procedures were performed according to
the Phoenix System User Manual. Isolates were tested at 5x105

CFU/mL inoculum concentration. 

METHODS

RESULTS

Standard Broth Microdilution. Isolates were tested in parallel 
in frozen standard broth microdilution panels containing VA
0.06–32 µg/mL and TEC 1–32 µg/mL per NCCLS guidelines.
Isolates were also tested at 5x105 CFU/mL inoculum
concentration. A full 24 hours of incubation was performed
before reading the panels. Any trace of bacterial turbidity in the
wells was considered growth. The NCCLS breakpoints of VA
and TEC were used for categorical interpretation.

Brain Heart Infusion Vancomycin Screening Agar (BHIVA).
BHIVA was used as a screening method for GISA/VISA per the
CDC guidelines. Brain Heart Infusion Agar (BHI, BDDS) was
prepared per label instructions. Sterile vancomycin HCl solution
was aseptical ly added to BHI agar to achieve a f inal
concentration of 6 µg/mL. The BHIVA plates were stored at 
5–8°C before use. All BHIVA were used within 2 weeks.

Staph. aureus BD culture collection T4038          

Staph. aureus BD culture collection T4037          

Staph. aureus BD culture collection 1158-1         

Staph. aureus BD culture collection 9976-1         

Staph. aureus BD culture collection 4340

Staph. aureus BD culture collection 4037

Staph. aureus BD Japan    MU3      

Staph. aureus BD Japan    MU50     

Staph. aureus BD Japan    No.13    

Staph. aureus BD Japan    No.20    

Staph. aureus BD Japan    No.21    

Staph. aureus BD Japan    No.23    

Staph. aureus BD Japan    No.25    

Staph. aureus BD Japan    No.65    

Staph. aureus BD Japan    No.67    

Staph. aureus BD Japan    No.109   

Staph. aureus BD Japan    No.121   

Staph. aureus BD Japan    No.150   

Staph. aureus CDC           HIP 5827       

Staph. aureus CDC           HIP 5836       

Staph. aureus Illinois State University          BB255          

Staph. aureus Illinois State University BB255V3        

Staph. aureus Illinois State University          BB270          

Organism Source Source Number Organism Source Source Number

Staph. aureus Illinois State University          13136-/-      

Staph. aureus Illinois State University          13136+/-      

Staph. aureus Illinois State University          13136+/-V5   

Staph. aureus Illinois State University          13136+/-V20 

Staph. aureus Illinois State University          SH108        

Staph. aureus Illinois State University          SH108V5      

Staph. aureus Illinois State University          BB399        

Staph. aureus Illinois State University          BB399V5      

Staph. aureus Illinois State University          BB399V12     

Staph. aureus Illinois State University          BB568        

Staph. aureus Illinois State University          BB568V5      

Staph. aureus Illinois State University          BB568V15     

Staph. aureus Illinois State University          COL          

Staph. aureus Illinois State University          COLV5        

Staph. aureus Illinois State University          COLV10       

Staph. aureus Illinois State University          BB270V5      

Staph. aureus Illinois State University          BB270V15     

Staph. aureus Illinois State University          13136-/-V5    

Staph. aureus ATCC 25923

Staph. aureus ATCC 29213

Staph. aureus ATCC 43300

Enterococcus faecalis ATCC 51299

Table 1. Test Strains Used in This Study



VA-SBM MIC

BHIVA 0.5 1 2 4 8

No Growth 1 14 6

Growth 1 9 10

VA-Phoenix MIC

<=1 2 4 8

No Growth 13 8

Growth 1 9 10

Table 2. Comparison Between BHI Vancomycin Screening Agar
(BHIVA) and Standard Broth Microdilution (SBM) or 

Phoenix Vancomycin (VA) MIC Results 

VA-SBM MIC

VA-Phoenix MIC 0.5 1 2 4 8

<=1 1 12

2 3 6

4 9

8 10

VA-SBM SIR

VA-Phoenix SIR I S

I 10

S 31

Table 3. Comparison Between Phoenix and 
Standard Broth Microdilution (SBM) for Vancomycin (VA) Results

TEC-SBM MIC

TEC-Phoenix MIC <=1 2 4 8 16 32 >32

<=1 8 2 1

2 2 2 1

4 1 7 2

8 2 5 3

16 2 1

>16 1 1

TEC-SBM SIR

TEC-Phoenix SIR S I R

S 33 3

I 2 1

R 2

Table 4. Comparison Between Phoenix and Standard Broth Microdilution (SBM) for Teicoplanin (TEC) Results

CONCLUSIONS

� Phoenix correctly identified 40 out of 41 strains of S. aureus tested. One strain was 
misidentified by  the Phoenix as S. epidermidis. Overall identification agreement to the
expected results was 98%.

� BHIVA screening agar detected all strains with elevated VA MICs. However, one strain 
with VA MIC of 1 µg/mL by SBM and MIC of 2 µg/mL by the Phoenix system showed
growth on the screening agar.

� For the comparison between SBM and Phoenix, the essential agreement was 100% for
VA. For TEC, the essential agreement was 95%. No very major errors or major errors
were observed in the study.

� The time to results for VA was 9.77±1.63 hours. For TEC the time to result 
was 11.72±2.54 hours.

� The data suggests that the Phoenix system can be reliably used to detect emerging 
S. aureus with reduced susceptibility to glycopeptides. 



LR724


