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The BD Phoenix (BD Diagnostics, Sparks, MD) and Vitek 2 (bioMérieux, Durham, NC) automated susceptibility
testing systems have implemented the use of cefoxitin to enhance the detection of methicillin (meticillin)-resistant
Staphylococcus aureus (MRSA). To assess the impact of this change, 620 clinically significant S. aureus isolates were
tested in parallel on Phoenix PMIC/ID-102 panels and Vitek 2 AST-GP66 cards. The results for oxacillin and
cefoxitin generated by the automated systems were compared to those generated by two reference methods: mecA
gene detection and MICs of oxacillin previously determined by broth microdilution according to CLSI guidelines.
Testing of isolates with discordant results was repeated to attain a majority or consensus final result. There was
100% final agreement between the results of the two reference methods. For the 448 MRSA and 172 methicillin-
susceptible S. aureus isolates tested, the rates of categorical agreement of the results obtained with the automated
systems with those obtained by the reference methods were 99.8% for the Phoenix panels and 99.7% for the Vitek
2 cards. A single very major error occurred on each instrument (0.2%) with different MRSA isolates. The only major
error was attributed to the Vitek 2 system overcalling oxacillin resistance. In 16 instances (9 on the Phoenix system,
7 on the Vitek 2 system), an oxacillin MIC in the susceptible range was correctly changed to resistant by the expert
system on the basis of the cefoxitin result. The inclusion of cefoxitin in the Phoenix and Vitek 2 panels has optimized
the detection of MRSA by both systems.

The accurate detection of mecA-mediated ß-lactam resis-
tance in Staphylococcus aureus is essential for the treatment of
overt infections and the implementation of infection control
practices. Although FDA-cleared PCR assays for the rapid de-
tection of methicillin (meticillin)-resistant S. aureus (MRSA) are
available for use for surveillance and testing of clinical specimens,
isolates causing infections continue to require susceptibility test-
ing to guide therapy.

The phenotypic detection of mecA-mediated resistance has
presented ongoing challenges due to variable gene expression
that is modulated by many factors (1). Variables such as tem-
perature, incubation time, growth medium, and sodium chlo-
ride concentrations have been considered in the development
of Clinical Laboratory Standards Institute (CLSI) reference
susceptibility test methods (3). Among the penicillinase-resis-
tant penicillins, oxacillin is the most stable and sensitive for the
detection of mecA-mediated resistance. However, heteroge-
neously resistant populations may have oxacillin test results
indicating susceptibility (1).

Recognition that cefoxitin is a stronger inducer of mecA
expression than oxacillin led to studies that assessed this agent
as a surrogate marker for methicillin resistance (2, 6, 9, 15, 16).
For disk diffusion testing of staphylococci, cefoxitin (30 �g)
provides more accurate results than oxacillin and zones that
are easier to read (2, 3, 6). While cefoxitin has replaced ox-
acillin in the CLSI disk diffusion test, laboratories may use
oxacillin or cefoxitin to predict mecA-mediated resistance by

use of the CLSI broth microdilution (BMD) method (4). A
resistant oxacillin or cefoxitin MIC test result indicates resis-
tance to penicillins, cephems, carbapenems, and ß-lactams and
ß-lactamase inhibitors (4).

Manufacturers of automated susceptibility testing instru-
ments have also adapted their products to optimize the detec-
tion of mecA-mediated resistance. The BD Phoenix (BD Di-
agnostics, Sparks, MD) and the Vitek 2 (bioMérieux, Durham,
NC) systems now offer panels that include oxacillin and cefox-
itin. The instruments’ expert systems interpret any S. aureus
isolate that tests positive by the cefoxitin screen (MIC �
4 �g/ml on the Phoenix system, MIC � 6 �g/ml on the Vitek
2 system) as oxacillin resistant.

This purpose of this study was to examine the accuracies of
the Phoenix and the Vitek 2 instruments for the detection of
mecA-mediated resistance in S. aureus. The oxacillin, cefoxitin,
and expert system results generated by the Phoenix and Vitek
2 instruments were compared to the results generated by two
reference methods: the oxacillin MICs determined by the CLSI
BMD method and mecA gene detection by PCR.

(This study was presented in part at the 108th General
Meeting of the American Society for Microbiology, 2 June
2008, Boston, MA [abstr. C-009].)

MATERIALS AND METHODS

Isolate characteristics. A total of 620 clinically significant unique S. aureus
isolates collected from 2001 to 2007 were included in the study. The majority of
methicillin-susceptible S. aureus (MSSA) isolates (�90%) and approximately
50% of the MRSA strains were obtained from laboratories throughout the
Unites States during 2001 and 2003. The remaining isolates were collected from
patients throughout Iowa from 2005 to 2007 as part of statewide surveillance for
invasive MRSA disease. The latter collection included 55 community-acquired
MRSA isolates previously characterized as being of the USA300 (n � 51) or the
USA400 (n � 4) genotype by pulsed-field gel electrophoresis (8).
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The isolates were stored at �70°C by use of a bead system. Susceptibility
testing was performed following two subcultures on Trypticase soy agar with 5%
sheep blood and 18 to 24 h of incubation at 35°C in an atmosphere of 5 to 7%
CO2. A single colony was selected when the second subculture was performed.

The oxacillin MICs had previously been determined in the central laboratory
by the CLSI BMD method (4). All isolates with oxacillin MICs close to the CLSI
breakpoint were chosen for inclusion in this study. The identity of isolates as S.
aureus was confirmed by coagulase testing with the Staphaurex (Remel, Lenexa,
KS) or Staphyloslide (BD Diagnostics) system.

Susceptibility testing with Phoenix and Vitek 2 systems. Phoenix PMIC/ID-
102 panels (cefoxitin concentrations, 4, 8, and 16 �g/ml; oxacillin concentrations,
0.25, 0.5, 1, and 2 �g/ml) and Vitek 2 AST-GP66 cards (cefoxitin concentration,
6 �g/ml; oxacillin concentrations, 0.5, 1, and 2 �g/ml) were inoculated and run on
each instrument, according to the manufacturers’ instructions. For each isolate,
a Phoenix panel and a Vitek 2 card were inoculated on the same day from a
single culture plate.

Quality control. Quality control was performed according to the manufac-
turers’ recommendations. The results were used only when the quality control
values were in acceptable ranges.

Reference methods. PCR for detection of the mecA gene was performed as
described by Oliveira and Lencastré (10). Testing was performed with organisms
taken from the same plate used for testing on the Phoenix and Vitek 2 systems
(within 1 week of inoculation).

The CLSI BMD method (3, 4) for the determination of oxacillin MICs was
performed in cation-adjusted Mueller-Hinton broth with 2% NaCl. The trays were
incubated in ambient air for 24 h at 35°C prior to visual reading of the end points.
Staphylococcus aureus ATCC 29213 was used as the quality control strain.

Evaluation of results. In the event of discordant results, all four methods were
repeated as needed to attain a majority or consensus result. The results of both the
mecA PCR and the BMD method with oxacillin were considered reference results
for the evaluation of instrument performance. The accuracy of each automated
system was measured as essential agreement (oxacillin MIC � 1 log2 dilution of the
reference method oxacillin MIC) and categorical agreement (same interpretative
category assignment of MSSA or MRSA by the automated instruments and the
reference methods). Categorical discrepancies were classified as very major (VM)
errors (false susceptible; rates were determined with the number of resistant organ-
isms as the denominator) and major errors (false resistance; rates were calculated
with the number of susceptible isolates as denominator).

RESULTS

Of the 620 S. aureus isolates tested, 448 (72.3%) were classified
as MRSA by the CLSI BMD method (oxacillin MICs � 4 �g/ml).
The final rate of agreement between the reference methods
(mecA PCR and the oxacillin BMD method) was 100%.

Comparison of the Phoenix and Vitek 2 results with the
reference method oxacillin MICs is shown in Table 1. The VM
error rate for both instruments was 0.2%, which represents the
failure to detect one oxacillin-resistant isolate. The Phoenix
system VM error result was for a mecA-positive isolate with an
oxacillin MIC of 8 �g/ml by the BMD method (the isolate was
tested three times). The Vitek 2 system VM error occurred
with a different mecA-positive isolate (oxacillin MIC, 8 �g/ml
by the BMD method) that was tested five times (three oxacil-

lin-susceptible and five cefoxitin-susceptible results with the
Vitek 2 system).

The only major error occurred with an MSSA isolate that
repeatedly tested resistant to oxacillin on the Vitek 2 system
(oxacillin MIC, 1 �g/ml by the BMD method). The Vitek 2
cefoxitin screen was negative for this organism, but the expert
system interpreted the result as MRSA on the basis of the
result obtained with oxacillin.

The rates of essential agreement with the oxacillin MIC
determined by the reference method were 91.6% for the Phoe-
nix system and 94.7% for the Vitek 2 system. For both instru-
ments, most discordant results were for isolates with reference
method MICs of 0.12 or 0.25 �g/ml and instrument MICs of
0.5 or 1 �g/ml (MIC values well below the CLSI breakpoint
that defines oxacillin susceptibility).

Discordance between the oxacillin and cefoxitin results for 19
isolates led to interpretative changes by the instrument expert
systems (Table 2). There were nine instances on the Phoenix
system and seven instances on the Vitek 2 system in which an
MIC interpretation indicating oxacillin susceptibility was correctly
changed to a resistance interpretation by the expert system on the
basis of a cefoxitin-resistant result. Additionally, for four isolates
that tested oxacillin resistant on the Vitek 2 system, a negative
cefoxitin screen was changed to positive. One of these four iso-
lates represented the only major error in the study.

Both instruments correctly detected resistance in the 55
community-acquired MRSA strains. A Phoenix system oxacil-
lin MIC of 2 �g/ml for one of these isolates was interpreted as
resistant by the expert system on the basis of a cefoxitin MIC
of 16 �g/ml.

The sensitivity and specificity for the detection of MRSA
according to each instrument’s oxacillin, cefoxitin, and expert
system results are shown in Tables 3 and 4. The cefoxitin result
was a better indicator that an isolate was MRSA than the
oxacillin result for both instruments and had 100% specificity
and �99% sensitivity.

DISCUSSION

This study demonstrated improved detection of mecA-me-
diated resistance in S. aureus by both systems with addition of
cefoxitin to panels. On the Phoenix system, the sensitivity for
the detection of MRSA improved from 97.8% when the ox-
acillin result alone was used to 99.8% when both the oxacillin and
the cefoxitin results combined were used (Table 4). Similarly, the
sensitivity of the Vitek 2 system increased from 98.2% to 99.8%.
The addition of cefoxitin did not reduce the specificity of detec-

TABLE 1. Comparison of Phoenix and Vitek 2 results to reference BMD oxacillin MICs

System
testeda

% Categorical
agreement

No. of
resistant
isolatesb

No. (%) VM
errorsc

No. of
susceptible

isolatesb

No. (%) major
errorsd

%
Essential

agreemente

No. of instrument oxacillin MIC results within the
following log2 dilution of reference method MIC

��2 �2 �1 Same �1 �2 ��2

Phoenix 99.8 448 1 (0.2) 172 0 (0) 91.6 5 3 10 491 67 42 2
Vitek 2 99.7 448 1 (0.2) 172 1 (0.6) 94.7 6 2 10 511 66 25 0

a A total of 620 isolates were tested with each system.
b As determined by the reference BMD method.
c A VM error was resistance by the reference method but susceptibility by the automated method; percentages are based on the number of resistant isolates.
d A major error is susceptibility by the reference method but resistance by the automated method; percentages are based on the number of susceptible isolates.
e Essential agreement is an MIC determined with the Phoenix or Vitek 2 system that is �1 log2 dilution of the MIC determined by the reference method.
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tion of mecA-mediated resistance on either instrument. The error
rates for the Phoenix system (0.2% VM errors, 0% major errors)
and the Vitek 2 system (0.2% VM errors, 0.6% major errors)
were within the acceptable ranges established by FDA (�1.5%
VM errors, �3% major errors) (7).

Previous studies have noted the existence of MRSA strains
with low-level resistance that contain the mecA gene but that
have oxacillin MICs below the CLSI breakpoint (�2 �g/ml and
sometimes as low as 0.5 �g/ml) (5, 11). Among the 620 S.
aureus isolates evaluated in this study, no mecA-positive strains
had oxacillin MICs below 4 �g/ml. Compared to the results
obtained by the instruments with oxacillin alone, the results
obtained with cefoxitin and oxacillin combined provided the

greatest increases in sensitivity for the detection of mecA-
mediated resistance among strains with oxacillin MICs of 4 �g/ml:
72.7% to 100% for the Phoenix system and 81.8% to 100% for
the Vitek 2 system (Table 4).

Expert changes to the cefoxitin result occurred only with the
Vitek 2 system: the single concentration of 6 �g/ml failed to
detect three MRSA isolates that were oxacillin resistant (Table
2). It is interesting that the nine Phoenix and seven Vitek 2
expert system changes of an oxacillin result from susceptible to
resistant did not occur with any of the same isolates (that is,
they occurred with 16 different isolates).

The error rates seen in this evaluation were lower than those
in previous published studies that used Vitek 2 cards without

TABLE 2. Expert system interpretation for S. aureus isolates with discordant results with cefoxitin and oxacillina

Isolate
no.

mecA
PCR result

Oxacillin MIC (�g/ml),
category, by reference

BMD method

Phoenix system Vitek 2 system

Oxacillin MIC
(�g/ml),
category

Cefoxitin MIC
(�g/ml),
category

Expert
change

Oxacillin MIC
(�g/ml),
category

Cefoxitin screen
result

Expert
change

2 Neg 1, S 0.5, S �4, S �4, R Neg Cfx to Posb

460 Pos 8, R �2, R 16, R �4, R Neg Cfx to Pos
583 Pos 8, R �2, R �16, R �4, R Neg Cfx to Pos
172 Pos 4, R 2, S 8, R Ox to R �4, R Neg Cfx to Pos
7 Pos �8, R 2, S 8, R Ox to R �4, R Pos
51 Pos �8, R 2, S 16, R Ox to R �4, R Pos
58 Pos �8, R 0.5, S 16, R Ox to R �4, R Pos
98 Pos 8, R 1, S 8, R Ox to R 1, S Neg —c

382 Pos 8, R 2, S 16, R Ox to R �4, R Pos
408 Pos 8, R 2, S 16, R Ox to R �4, R Pos
494 Pos 4, R 2, S 8, R Ox to R �4, R Pos
625 Pos 4, R 2, S 8, R Ox to R �4, R Pos
50 Pos 8, R �2, R �16, R 1, S Pos Ox to R
301 Pos �8, R �2, R �16, R �0.25, S Pos Ox to R
409 Pos 8, R �2, R 8, R 1, S Pos Ox to R
431 Pos 16, R �2, R �16, R 0.5, S Pos Ox to R
496 Pos 16, R �2, R 16, R 0.5, S Pos Ox to R
546 Pos 4, R �2, R 8, R 1, S Pos Ox to R
588 Pos 4, R �2, R 8, R 1, S Pos Ox to R
693 Pos 8, R 0.5, S �4, S —c �4, R Pos

a R, resistant; S, susceptible; Ox, oxacillin; Cfx, cefoxitin; Pos, positive; Neg, negative.
b Major error.
c —, VM error.

TABLE 3. Results for MRSA detection obtained with cefoxitin, oxacillin, and expert systems

mecA PCR
resulta

BMD oxacillin
MICb (�g/ml)

No. of isolates with
the indicated MIC

No. of isolates identified as MRSA by each method

Phoenix system Vitek 2 system

Oxacillin Cefoxitin Combined Oxacillin Cefoxitin Combined

Neg �0.12 1 0 0 0 0 0 0
Neg 0.12 51 0 0 0 0 0 0
Neg 0.25 78 0 0 0 0 0 0
Neg 0.5 35 0 0 0 0 0 0
Neg 1 6 0 0 0 1c 0 1c

Neg 2 1 0 0 0 0 0 0
Pos 4 11 8 11 11 9 10 11
Pos 8 47 43 46 46d 44 44 46e

Pos �8 390 387 390 390 387 390 390

a Neg, negative; Pos, positive.
b Detection of 448 MRSA isolates and 172 MSSA isolates by the CLSI BMD method and the following breakpoints for oxacillin: susceptible, MIC � 2 �g/ml;

resistant, MIC � 4 �g/ml.
c One MSSA isolate was incorrectly reported as MRSA by the Vitek 2 system on the basis of the results obtained with oxacillin (major error).
d One MRSA isolate with a BMD oxacillin MIC of 8 �g/ml was not detected by either the oxacillin or the cefoxitin test on the Phoenix system (VM error).
e One MRSA isolate with a BMD oxacillin MIC of 8 �g/ml was not detected by either the oxacillin or the cefoxitin test on the Vitek 2 system (VM error).
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cefoxitin. By the use of oxacillin as the sole indicator of mecA-
mediated resistance, Felten et al. reported a Vitek 2 system
VM error rate of 6.0% (no major errors) for 83 MRSA strains
that included 26 isolates with low-level resistance (5). A study
by Sakoulas et al. using Vitek 2 cards without cefoxitin dem-
onstrated a VM error rate of 0.5% for 203 MRSA isolates and
a major error rate of 2.8% for 107 MSSA isolates (12). The
report of no oxacillin VM or major errors from a study that
used Phoenix panels without cefoxitin was most likely due to
the small sample size tested (96 MRSA and 127 MSSA iso-
lates) (13).

Recently, Roisin et al. (11) evaluated the Vitek 2 AST-P549
card that includes a cefoxitin screen, but noted a VM error rate
(2.5%) higher than that found in the current study when 157
MRSA isolates from Belgium were tested. The higher VM
error rate may be attributed to the inclusion of 29 heteroge-
neous MRSA strains with oxacillin MICs as low as 0.5 �g/ml
that were collected from 1995 to 2005 (10% were not detected
as MRSA by the Vitek 2 system).

The results obtained with the Phoenix system with cefoxitin
(PMIC/ID-25 panels) were 97.5% sensitive and 100% specific
for the detection of mecA resistance when a challenge set of
135 S. aureus isolates with borderline oxacillin MICs were
tested (14). The accuracy of cefoxitin on the Phoenix panel was
a marked improvement to the oxacillin results (67.1% sensi-
tive, 96.4% specific) (14). The sensitivity and specificity for the
detection of mecA resistance in that collection by use of the
Vitek 2 system with oxacillin were 91% and 75%, respectively;
a Vitek 2 card containing cefoxitin was not available at that
time (14).

The 100% agreement between the reference BMD oxacillin
MICs and the mecA gene PCR results in the current study
suggests that there would not be a significant improvement in
accuracy by the replacement of oxacillin with cefoxitin in a
BMD format for the typical population of S. aureus strains
encountered in the clinical laboratory. However, Swenson
et al. found that cefoxitin MICs were a better predictor of the
presence of mecA than oxacillin MICs when a challenge set of
organisms with oxacillin MICs close to the CLSI BMD break-
point was tested (14). The benefit of retaining the oxacillin
BMD test is the detection of rarely reported oxacillin resis-
tance due to mechanisms other than mecA.

Our findings demonstrate the improved accuracy of the
Phoenix and Vitek 2 systems with the addition of cefoxitin to
the test panels for the detection of mecA-mediated resistance

among S. aureus isolates. Both systems provided reliable de-
tection of MRSA when isolates typically encountered by a
clinical laboratory were tested.

ACKNOWLEDGMENTS

This investigation was supported by a grant from BD Diagnostics.
G.V.D. has received research funding from Abbott Laboratories,

Schering-Plough, Bayer Pharmaceuticals, Merck, Shionogi, Cubist,
and Astra-Zeneca. He has been on the speaker’s bureaus of Abbott
Laboratories, Aventis, Astra-Zeneca, Pfizer, Astellas, Cubist, and
Schering-Plough. S.S.R. has received research funding from Abbott
Laboratories, BD Diagnostics, Cerexa, and Schering-Plough. None of
the other authors has a conflict of interest.

REFERENCES

1. Berger-Bachi, B., and S. Rohrer. 2002. Factors influencing methicillin resis-
tance in staphylococci. Arch. Microbiol. 178:165–171.

2. Cauwelier, B., B. Gordts, P. Descheemaecker, and H. Van Landuyt. 2004.
Evaluation of a disk diffusion method with cefoxitin (30 �g) for detection of
methicillin-resistant Staphylococcus aureus. Eur. J. Clin. Microbiol. Infect.
Dis. 23:867–868.

3. Clinical and Laboratory Standards Institute. 2009. Methods for dilution
antimicrobial susceptibility testing for bacteria that grow aerobically; ap-
proved standard, 8th ed. CLSI document M07-A8. Clinical and Laboratory
Standards Institute, Wayne, PA.

4. Clinical and Laboratory Standards Institute. 2009. Performance standards for
antimicrobial susceptibility testing; 19th informational supplement. CLSI docu-
ment M100-S19. Clinical and Laboratory Standards Institute, Wayne, PA.

5. Felten, A., B. Grandry, P. H. Lagrange, and I. Casin. 2002. Evaluation of
three techniques for detection of low-level methicillin-resistant Staphylococ-
cus aureus (MRSA): a disk diffusion method with cefoxitin and moxolactam,
the VITEK 2 system, and the MRSA-screen latex agglutination test. J. Clin.
Microbiol. 40:2766–2771.

6. Fernandes, C. J., L. A. Fernandes, and P. Collignon on behalf of the Aus-
tralian Group on Antimicrobial Resistance. 2005. Cefoxitin resistance as a
surrogate marker for the detection of methicillin-resistant Staphylococcus
aureus. J. Antimicrob. Chemother. 55:506–510.

7. Food and Drug Administration. 2007. Class II special controls guidance
document: antimicrobial susceptibility test (AST) systems; guidance for in-
dustry and FDA. Food and Drug Administration, Rockville, MD. http://www
.fda.gov/cdrh/oivd/guidance/631.html.

8. McDougal, L. K., C. D. Steward, G. E. Killgore, J. M. Chaitram, S. K.
McAllister, and F. C. Tenover. 2003. Pulsed-field gel electrophoresis typing
of oxacillin-resistant Staphylococcus aureus isolates from the United States:
establishing a national database. J. Clin. Microbiol. 41:5113–5120.

9. McKinney, T. K., V. K. Sharma, W. A. Craig, and G. L. Archer. 2001.
Transcription of the gene mediating methicillin resistance in Staphylococcus
aureus (mecA) is corepressed but not coinduced by cognate mecA and ß-
lactamase regulators. J. Bacteriol. 183:6862–6868.

10. Oliveira, D. C., and H. de Lencastré. 2002. Multiplex PCR strategy for rapid
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System and agent
tested

Specificity
(%)

Sensitivity (%) by oxacillin MIC

4 �g/ml 8 �g/ml �8 �g/ml All
isolates

Phoenix system
Oxacillin 100 72.70 91.50 99.20 97.80
Cefoxitin 100 100 97.90 100 99.80
Combined 100 100 97.90 100 99.80

Vitek 2 system
Oxacillin 99.40 81.80 93.60 99.20 98.20
Cefoxitin 100 90.90 93.60 100 99.10
Combined 99.40 100 97.90 100 99.80
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