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The cefoxitin disk diffusion (DD) test for predicting mecA-mediated oxacillin resistance in staphylococci was
assessed during a three-phase study. In phase 1, one laboratory tested 62 and 53 strains of Staphylococcus
aureus and coagulase-negative staphylococci (CoNS), respectively. These data were used to choose the provi-
sional cefoxitin DD breakpoints (resistant/susceptible) of <19 mm/>20 mm for S. aureus and <24 mm/>25
mm for CoNS for the next phase of testing. In phase 2, 10 laboratories each tested approximately 40 in-house
strains of staphylococci (half of which were S. aureus) using Mueller-Hinton agar from different manufacturers.
In this phase, the sensitivity and specificity, respectively, of the cefoxitin disk test were 98 and 100% for S.
aureus and 99 and 96% for CoNS. The cefoxitin DD test performed equivalently to oxacillin broth microdilution
(BMD) and to oxacillin DD tests among S. aureus and mecA-positive CoNS strains but gave better results than
oxacillin BMD or oxacillin DD for mecA-negative strains of CoNS. The cefoxitin DD test also was much easier
to read and did not require the use of transmitted light for detection of resistance. Based on data from the first
two phases, the Clinical and Laboratory Standards Institute (CLSI; formerly NCCLS) adopted the use of the
cefoxitin DD test for predicting mecA-mediated oxacillin resistance in staphylococci and revised Table 2C in
CLSI document M100-S14 to reflect the change. In the third phase, an additional 61 challenge strains of CoNS
for which the oxacillin MICs were 0.5 to 2 �g/ml were tested in a single laboratory to determine the effectiveness
of the cefoxitin DD test for this group of borderline-resistant isolates. These data were used to refine the
description of the test in CLSI document M100-S15. The cefoxitin DD test is preferred over the oxacillin DD
test for predicting mecA-mediated oxacillin resistance in S. aureus and CoNS.

Accurate detection of mecA-mediated resistance to oxacillin
and other penicillinase-stable penicillins (PSPs), i.e., methicil-
lin, nafcillin, cloxacillin, dicloxacillin, and flucloxacillin, is nec-
essary to ensure appropriate antimicrobial chemotherapy of
staphylococcal infections, particularly those from community-
associated infections (8, 14). Oxacillin has been the agent rec-
ommended by the Clinical and Laboratory Standards Institute
(CLSI; formerly NCCLS) for phenotypic tests to predict resis-
tance to PSPs because of its stability and superior sensitivity
over other PSPs for susceptibility tests (2, 6). However, anti-
microbial susceptibility tests using oxacillin are often difficult
to read despite changes in techniques to improve the discrim-
ination between oxacillin-susceptible and -resistant results.
Both MIC panels and disk diffusion plates where oxacillin is
tested must be examined carefully to detect any growth that
may be indicative of resistance (2, 11, 12). The oxacillin salt
agar screen has been recommended by CLSI as an additional

test that can be used to confirm either dilution tests or disk
diffusion tests that are indeterminate. However, the agar
screen test is recommended only for S. aureus and also can be
hard to read, especially for strains that are very heteroresistant
(5, 17).

Cefoxitin, a cephamycin, is a more potent inducer of the
mecA regulatory system than are the penicillins (9). Several
groups of investigators have reported that the results of cefox-
itin disk diffusion (DD) tests correlate better with the presence
of mecA than do the results of disk diffusion tests using oxacil-
lin (3, 4, 7, 10, 15, 21). To assess the usefulness of cefoxitin for
predicting mecA-mediated oxacillin resistance in staphylococci,
a three-phase study was undertaken. Based on data described
in phases 1 and 2 of the study, the CLSI Subcommittee on
Antimicrobial Susceptibility Testing (CLSI-AST) adopted the
use of the cefoxitin DD test for predicting mecA-mediated
oxacillin resistance in staphylococci and added a section for the
new test to Table 2C (the staphylococcal table) in both the disk
diffusion (M2) and MIC (M7) sections of CLSI document
M100-S14 (13). Additional data were requested by the CLSI-
AST to clarify the utility of the cefoxitin disk test for predicting
oxacillin resistance in isolates of coagulase-negative staphylo-
cocci (CoNS) for which the oxacillin MICs were 0.5 to 2 �g/ml,
and, thus, phase 3 of the study was undertaken. Results from
all three phases are presented here.

MATERIALS AND METHODS

Study design. The study format and organisms used are outlined in Table 1.
The first phase of the study was performed in a single laboratory (Centers for
Disease Control and Prevention [CDC]) to determine the utility of the cefoxitin
DD test for predicting oxacillin resistance in 62 challenge strains of S. aureus and
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53 strains of CoNS that had been collected previously for (i) evaluating the
oxacillin agar screen test for S. aureus (16) and (ii) validating oxacillin disk
diffusion testing of CoNS (18). The S. aureus isolates included 21 mecA-positive
strains of expression class 1 or 2 (i.e., their expression of resistance makes them
very heteroresistant) (20) and 41 mecA-negative strains, including five mecA-
negative strains with resistance due to modification of existing penicillin-binding
proteins for which the oxacillin MICs were 4 to 16 �g/ml (the so-called MOD
strains) (19). The CoNS in phase 1 included 31 mecA-positive and 22 mecA-
negative isolates that had previously demonstrated oxacillin MICs ranging from
0.25 to 4 �g/ml. All strains in this phase had previously been characterized for the
presence of mecA.

In phase 2, 10 hospital laboratories (the Cefoxitin Disk Study Group) selected
40 clinical strains (20 S. aureus strains and 20 CoNS strains) from their institu-
tions for testing. The laboratories were not asked to select strains for any
particular characteristic; however, only one isolate from each patient could be
included. Each laboratory tested the strains using their current in-house lot of
Mueller-Hinton agar (MHA) and frozen broth microdilution (BMD) panels that
had been prepared at CDC. After testing, the strains were shipped to CDC for
additional susceptibility testing (BMD for all and DD for discrepant strains) and
characterization using the PBP2� latex agglutination test (Oxoid Ltd., Basing-
stoke, Hampshire, England) for all strains and mecA characterization by PCR for
discrepant strains. The total number of strains tested in phase 2 was 397: 201
strains of S. aureus, of which 97 were mecA positive, and 196 strains of CoNS, of
which 126 were mecA positive. Only strains for which a discrepancy occurred
were identified to the species level, using standard biochemical methods (1).

In phase 3, an additional 61 isolates that were predominantly non-S. epider-
midis CoNS were selected from the CDC culture collection for testing in a single
laboratory (CDC) to evaluate the ability of the cefoxitin DD test to correctly
classify strains of CoNS for which the oxacillin MICs were between 0.5 and 2
�g/ml. Finally, to further investigate sensitivity issues discovered in phase 3, 24
additional isolates of S. simulans (10 containing mecA) were tested after phase 3
was completed.

Quality control strains. Four S. aureus strains, ATCC 25923 and ATCC 29213,
both oxacillin susceptible, and ATCC 43300 and UCLA 8076, both heteroresis-
tant, and Escherichia coli ATCC 25922 were used as controls on each day of
testing.

Broth microdilution. The CLSI BMD reference method was used in all phases
of the study (11). All panels were prepared in-house at CDC using cation-
adjusted Mueller-Hinton broth (CAMHB; Difco or BD [BBL], Sparks, MD) and
frozen at �70°C. In phases 1 and 3, panels were prepared using Difco CAMHB;
oxacillin wells were supplemented with 2% NaCl (Sigma, St. Louis, MO). Ce-
foxitin wells received no NaCl supplementation. In phase 2, MIC panels were
prepared using both Difco and BBL CAMHB and oxacillin and cefoxitin
(Sigma). The wells containing oxacillin were supplemented with 2% NaCl, and

the wells containing cefoxitin were either not supplemented or supplemented
with either 2% or 4% NaCl. In phase 3, MIC testing was done using in-house-
prepared reference diagnostic panels (Difco; CAMHB) that contained oxacillin
but not cefoxitin. All panels were incubated at 35°C and read at both 18 h and
24 h.

Disk diffusion. The CLSI reference method for disk diffusion was used in all
phases of the study (12). In phase 1, three commercially prepared lots of MHA
plates (BD [BBL], Sparks, MD; Remel, Lenexa, KS; and Hardy Diagnostics,
Santa Maria, CA) and two in-house-prepared lots of MHA (Acumedia, Balti-
more, MD, and Oxoid, Hampshire, England) were used. In phase 2, the 10
laboratories performed disk diffusion testing using a single lot from their current
supply of MHA. Ten different lots of MHA were used: one from Acumedia, five
from BD (BBL), one from Hardy Diagnostics, and three from Remel. One lot
each of MHA from BD (BBL) and Remel was used in phase 3. A single lot of
1-�g oxacillin disks and 30-�g cefoxitin disks from BD were used in the study.
MHA plates were incubated at 35°C, and zone diameters were read at both 18 h
and 24 h.

In phase 1, oxacillin zone diameters were read as recommended by CLSI using
transmitted light. Cefoxitin zone diameters were read with both transmitted and
reflected light; no differences were noted in the sizes of the zones. In phase 2, the
method of reading the cefoxitin zone diameters was not specified in the protocol
since the previous phase of the study had shown no difference in the zone
diameters read with reflected or transmitted light. To further investigate sensi-
tivity problems with testing S. simulans isolates during phase 3, additional strains
of that species were tested and zones were read with both transmitted and
reflected light.

mecA and PBP2a status. All isolates in phases 1 and 3 were tested for mecA
using PCR as previously described (18). In phase 2, isolates were screened using
the Oxoid PBP2� latex agglutination test kit; isolates for which the PBP2a result
was discrepant with the phenotypic result were tested for mecA by PCR. The
mecA result was used as the “gold standard” in all phases.

Data analysis. A strain was designated as oxacillin resistant when either an
intermediate (where appropriate) or a resistant category was obtained. Sensitiv-
ity was defined as the percentage of mecA-positive strains determined to be
resistant by phenotypic testing, and specificity was defined as the percentage of
mecA-negative strains determined to be susceptible by phenotypic testing.

RESULTS

Cefoxitin disk diffusion. Results of disk diffusion testing of
cefoxitin for all phases of the study using the presence of mecA
or PBP2a as the gold standard are shown in Table 2 for S.

TABLE 1. Study format and organisms used to evaluate the use of cefoxitin to predict mecA-mediated resistance

Study phase Format

No. of S. aureus strains
(no. of resultsa)

No. of CoNS strains
(no. of results)

mecA positive mecA negative mecA positive mecA negative

1 Single laboratory, challenge organisms, 5 MHA lots 21 (105) 41 (205) 31 (155) 22 (110)
2 10 laboratories, mainly unselected organisms, in-

house MHA lot
97 104 126 70

3 Single laboratory, selected organisms, 2 MHA lots 13 (26) 48 (96)

a Maximum number of results possible when including testing of all different manufacturers’ media.

TABLE 2. Cefoxitin zone diameters from phases 1 and 2 for Staphylococcus aureus using a 30-�g cefoxitin disk read at
24 h of incubation

mecA result Phasea n
Cumulative percentage of results at a zone diam (mm) of:

�14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Positive 1 105 63 79 88 96 98 100
2 97 93 97 98 98 98 99 100

Negative 1 205 2 11 28 52 76 96 97
2 104 1 10 14 43 65 86 94

a Results from phase 1 combine the results from five Mueller-Hinton agar medium manufacturers.
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aureus and in Table 3 for CoNS. Using breakpoints of �19 mm
for mecA-positive and �20 mm for mecA-negative isolates of S.
aureus, the sensitivity and specificity at 24 h were 98 to 100%
and 100%, respectively. For CoNS, using breakpoints of �24
mm for mecA-positive and �25 mm for mecA-negative iso-
lates, the sensitivity and specificity at 24 h in phase 2 for
unselected organisms were 99% and 96%, respectively. How-
ever, the sensitivities in phases 1 and 3 with challenge organ-
isms were 90 and 69%, respectively. The lower sensitivity in
phase 3 was due primarily to the influence of the S. simulans
isolates. Specificities for CoNS in the three phases ranged from
93 to 96%. Sensitivity and specificity values for 18-h readings
were equivalent to the 24-h readings for S. aureus in both
phases; however, 24-h readings for CoNS increased the sensi-
tivity of the test in phase 1 from 86% at 18 h to 90% at 24 h;
in phase 2, sensitivity was 99% at both 18 and 24 h. Specificity,
however, did not change significantly for 18-h versus 24-h read-
ings for CoNS.

In phase 1, the sensitivity and specificity results for the ox-
acillin DD test varied depending on the source of Mueller-
Hinton agar used (data not shown). However, the source of
Mueller-Hinton agar did not affect either the sensitivity or
specificity results of the cefoxitin DD test, which gave much
more reproducible results. For example, the sensitivity of the
oxacillin DD test varied from 62 to 100% for S. aureus and 90
to 97% for CoNS; specificities of oxacillin DD ranged from 56
to 85% for S. aureus and 73 to 86% for CoNS depending on
which manufacturer of Mueller-Hinton agar was used. For

cefoxitin DD among the five media, sensitivity and specificity
were both 100% for S. aureus and 85 to 90% and 95 to 100%,
respectively, for CoNS.

Cefoxitin broth microdilution. Cefoxitin MICs are shown in
Table 4 for phases 1 and 2 for testing in CAMHB with no NaCl
supplementation. If breakpoints of �4 �g/ml for susceptible
and �8 �g/ml for resistant were used, the sensitivities and
specificities of the 24-h readings were 99 to 100% and 90 to
100% for S. aureus and 81 to 98% and 95 to 97% for CoNS,
respectively. In phase 2, the addition of 2% and 4% NaCl was
examined to see if it improved the accuracy of the cefoxitin
MIC test (Table 5). Although the addition of NaCl increased
the cefoxitin MICs for mecA-negative S. aureus isolates by at
least 1 dilution, the MICs remained �4 �g/ml. Thus, using the
phase 2 organisms, Difco CAMHB, and breakpoints of �4
�g/ml for susceptible and �8 �g/ml for resistant, the sensitiv-
ities for S. aureus and CoNS at all salt concentrations were 98
to 99% and the specificities were 97 to 99% for S. aureus and
94 to 97% for CoNS. While no benefit of added salt was noted,
there was a slight trend towards decreased specificity in both
groups of organisms.

Overall comparison of cefoxitin versus oxacillin testing. In
Table 6, the sensitivities and specificities of MIC and DD
testing for oxacillin and cefoxitin are given for all phases of the
study along with the results of PPB2a testing in phases 2 and 3.
Phases 1 and 3 both used challenge organisms, while phase 2
used nonselected organisms and was more representative of
isolates tested in routine laboratory situations. The results of

TABLE 3. Cefoxitin zone diameters from phases 1, 2, and 3 for CoNS using a 30-�g cefoxitin disk read at 24 h of incubation

mecA result Phasea n
Cumulative percentage of results at a zone diam (mm) of:

�14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Positive 1 155 23 27 31 38 49 57 65 76 81 86 90 94 97 99 99
2 125 59 65 71 78 87 90 94 96 99 100
3 26 8 15 27 38 58 65 69 73 77 89 96

Negative 1 109 1 4 8 12 21 33
2 70 1.4 3 4 10 14 31 49
3 95 2 4 7 14 22 32 56

a Results from phase 1 combine the results from five Mueller-Hinton agar medium manufacturers. Results from phase 3 combine the results from two Mueller-Hinton
agar medium manufacturers.

TABLE 4. Cefoxitin MICs for phases 1 and 2 using CAMHB without salt supplementation read at 24 h of incubationa

Organism group mecA result Phase CAMHB manufacturer n
% of results at MIC (�g/ml) of:

�2 4 8 16 �32

S. aureus Positive 1 Difco 21 14 14 72
2 Difco 97 1 3 27 69
2 BD 97 1 3 19 77

Negative 1 Difco 41 2 88 10
2 Difco 104 82 17 1
2 BD 104 77 23

CoNS Positive 1 Difco 31 19 36 29 16
2 Difco 126 2 12 33 53
2 BD 126 3 10 20 25 42

Negative 1 Difco 22 64 32 5
2 Difco 70 84 13 3
2 BD 70 90 6 4

a Current NCCLS interpretive criteria are as follows: �8 �g/ml, susceptible; 16 �g/ml, intermediate; �32 �g/ml, resistant.
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phase 2 demonstrate that oxacillin MIC and DD tests and
cefoxitin MIC and DD tests are essentially equivalent in per-
formance for both sensitivity and specificity for S. aureus. All
four tests also show equivalent sensitivities for CoNS. How-
ever, for CoNS the cefoxitin MIC and DD tests showed better
specificity than did tests with oxacillin. This is confirmed by the
results from phase 3 testing of CoNS, where strains for which
the oxacillin MICs were 0.5 to 2 �g/ml (i.e., MICs above the
susceptible breakpoint of 0.25 �g/ml for CoNS but below the
resistant breakpoint of 4 �g/ml for S. aureus) were tested.
Although the sensitivity of cefoxitin DD in phase 3 was lower
than in phases 1 and 2 (primarily due to the increased number
of S. simulans isolates in phase 3), the specificity increased
greatly (to 93%) when compared to test results using oxacillin
(17% for oxacillin MIC and 36% for oxacillin DD).

Strains discrepant by cefoxitin disk diffusion. Table 7 lists
the CoNS strains in each phase that were incorrectly catego-
rized by cefoxitin DD (when compared to mecA results), show-
ing the oxacillin MICs along with the oxacillin and cefoxitin
DD category results. Among mecA-positive CoNS, 5 of the 12

discrepant isolates were S. simulans; the 5 strains were called
susceptible (i.e., all very major sensitivity errors) by cefoxitin
DD with all of the Mueller-Hinton agar brands used. Of the
other seven sensitivity errors, four were S. epidermidis, two
were S. hominis, and one was S. saprophyticus. However, not all
of the media lots or manufacturers were in error for these
seven organisms. Thus, except for S. simulans, no consistent
species-specific or medium-specific error was noted in cefoxitin
DD testing.

To further investigate the failure of the cefoxitin DD test to
detect mecA-mediated resistance in S. simulans, we collected
an additional 14 mecA-negative and 10 mecA-positive isolates
and tested them by BMD and DD. DD tests were read using
both transmitted and reflected light searching for resistant
colonies that may have been overlooked using reflected light
only. Of the 10 mecA-positive S. simulans strains tested, six
were incorrectly called susceptible using both reflected and
transmitted light, i.e., no inner colonies or haze was obvious
with closer examination. Of the 14 mecA-negative strains, all
were correctly categorized using reflected light, but 3 of the 14
were incorrectly called resistant when transmitted light was
used, i.e., a light haze was read as resistant, but the haze did
not correlate with the presence of mecA. Therefore, using
transmitted light to detect possible resistant colonies did not
improve detection in mecA-positive strains of S. simulans and
tended to incorrectly call resistance in some mecA-negative
strains.

DISCUSSION

During the last several years, the CLSI-AST has attempted
to improve the accuracy of detecting mecA-positive strains of
both S. aureus and CoNS. Previous CLSI recommendations for
detecting oxacillin resistance in staphylococci included agar
dilution (using MHA), BMD (using CAMHB with 2% NaCl),
disk diffusion, the oxacillin salt agar screen test (using MHA
with 6 �g/ml of oxacillin and 4% NaCl spotted with an undi-
luted bacterial suspension equivalent to a 0.5 McFarland tur-
bidity), and detection of mecA by PCR or of the product of the
mecA gene, PBP2a, by latex agglutination (11, 12). While all of

TABLE 5. Effect of salt supplementation on 24-h cefoxitin broth
microdilution MICs from phase 2 using Difco CAMHB

supplemented with 0, 2, and 4% NaCl

Organisma mecA result %
NaCL

Percentage of results at cefoxitin
MIC (�g/ml) of:

�2 4 8 16 �32

S. aureus Positive 0 1 3 27 69
2 1 2 21 76
4 1 3 30 66

Negative 0 82 17 1
2 13 87 1
4 2 95 2 1

CoNS Positive 0 2 12 33 53
2 �1 10 25 64
4 2 13 26 69

Negative 0 84 13 3
2 79 15 6
4 73 21 4 1

a Organism numbers are shown in Table 1.

TABLE 6. Sensitivity and specificity of broth microdilution MIC and disk diffusion for oxacillin and cefoxitin using modified breakpoints for
cefoxitin and 24-h incubation and for PBP2a latex agglutinationb

Study phase Organism group

Oxacillin Cefoxitin PBP2a

MICa Disk diffusion MICa,b Disk diffusionc

Sens Spec
Sensd Specd Sens Spec Sens Spec Sens Spec

1 S. aureus 100 85 86e 74e 100 90 100e 100e NT NT
CoNS 97 82 94e 79e 81 96 90e 96e NT NT

2 S. aureus 98 100 98 99 99 99 98 100 100 97
CoNS 98 91 99 89 98 97 99 97 100 94

3 CoNS 100 17 89e 36e NTf NT 69e 93e 100 94

a Results given for MIC testing performed in Difco CAMHB only.
b Cefoxitin MIC breakpoints used: �4 �g/ml, susceptible; �8 �g/ml, resistant.
c Cefoxitin disk diffusion breakpoints used: S. aureus, �19 mm, resistant, and �20 mm, susceptible; CoNS, �24 mm, resistant, and �25 mm, susceptible.
d Sensitivity (Sens), percentage of mecA-positive strains correctly categorized; specificity (Spec), percentage of mecA-negative strains correctly categorized.
e Results for disk diffusion are for five lots of Mueller-Hinton agar combined in phase 1 and for two lots of Mueller-Hinton agar combined in phase 3.
f NT, not tested.
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these methods can be used for S. aureus, the oxacillin salt agar
screen test cannot be used for CoNS and CoNS need to be
induced for optimal results with the PBP2a test. All of the tests
that use oxacillin must be examined carefully by holding the
plates up to transmitted light and looking carefully for any
growth either in the wells of the MIC plate, in the zone of
inhibition, or in the quadrant of the oxacillin salt agar screen
plate. All the tests, aside from mecA detection via PCR, are
prone to errors (17, 18). In addition, laboratories that cannot
afford to perform the PBP2a latex agglutination test or do not
have access to PCR need alternative methods for detecting
mecA-mediated resistance. Thus, the CLSI undertook several
studies to investigate the utility of cefoxitin DD test originally
proposed by Mougeot et al. (10) and further investigated by
Felton and colleagues (7), as a potential alternative to mecA
testing.

In phase 1, the cefoxitin DD zones were distinct and easy to
read for both S. aureus and CoNS and did not require the use
of transmitted light to detect resistance. The sensitivity and
specificity of the test were both 100% for S. aureus. For CoNS,
however, the sensitivity of cefoxitin DD results was not mark-
edly better than that of oxacillin disk diffusion, although the
specificity of cefoxitin DD was much improved. After review-
ing the phase 1 data, the CLSI-AST decided that additional
testing in multiple laboratories was necessary to confirm the
promising results and requested additional data on the cefox-
itin DD test for CoNS. CLSI-AST also requested data indicat-
ing whether a cefoxitin MIC test could be used for S. aureus
and CoNS.

Phase 2 testing showed that the proposed cefoxitin DD

breakpoints for S. aureus (�19 mm for oxacillin susceptible
and �20 mm for oxacillin resistant) and CoNS (�24 mm for
oxacillin susceptible and �25 mm for oxacillin resistant) con-
tinued to work well, even in a 10-laboratory study. In this
phase, the sensitivity of the cefoxitin DD test for S. aureus
decreased slightly, with two resistant isolates not detected, but
the performance of the test for CoNS improved over phase 1.
The list of isolates of CoNS that were incorrectly characterized
by cefoxitin DD in all three phases was small and represented
10 different species (Table 7). However, failure of the test to
detect some strains of mecA-positive S. simulans remains puz-
zling.

The one caveat to our study is that not all of the CoNS
isolates in phase 2 were identified to the species level. CLSI
now groups S. lugdunensis together with S. aureus for oxacillin
and cefoxitin testing based on unpublished data presented to
CLSI from other investigators. However, because not all of the
isolates were identified to the species level in this study, we do
not know the accuracy of the cefoxitin DD test for differenti-
ating mecA-positive S. lugdunensis from mecA-negative iso-
lates. One mecA-negative isolate of S. lugdunensis was included
in phase 1. Oxacillin DD results called that strain resistant
using either S. aureus or CoNS breakpoints, whereas cefoxitin
DD called it susceptible with the media from all five manufac-
turers’ MHA with the S. aureus breakpoints, but only two of
the five manufacturers with the CoNS breakpoints.

In response to this study, CLSI-AST revised Tables 2C in
M2 and M7 indicating that the revised cefoxitin disk test can be
used to predict mecA carriage in S. aureus and CoNS. The
traditional cefoxitin DD breakpoints for staphylococci in Table

TABLE 7. Coagulase-negative staphylococcus strains that were incorrectly characterized by cefoxitin disk diffusion using modified
cefoxitin breakpointsb

mecA result Phase Strain no. Species Oxacillin MIC (�g/ml)
DD resulta for:

Oxacillin Cefoxitin

Positive 1 12 S. epidermidis 2 S/R/S/R/S R/R/R/R/S
28 S. simulans 1 S/S/S/S/S S/S/S/S/S
29 S. hominis 0.12 S/S/S/S/S R/S/S/S/R
34 S. saprophyticus �64 R/R/R/R/R R/S/S/R/R
42 S. epidermidis 0.25 R/S/S/R/S R/R/S/R/S
4203 S. epidermidis 0.25 R/S/S/I/S S/R/S/R/R

2 792 S. simulans �16 R S
3 140 S. simulans 4 S/R S/S

429 S. simulans 2 R/R S/S
437 S. simulans 1 S/R S/S
245 S. epidermidis 2 R/R S/R
036329 S. hominis 4 S/R S/R

Negative 1 3 S. saprophyticus 1 R/I/I/I/R S/S/S/S/R
2 631 S. capitis 0.25 S R

674 S. auricularis 0.5 R R
757 S. sciuri 1 R R

3 82 S. warneri 0.5 R/R R/S
259 Speciesc 0.5 S/R �/S
508 S. capitis 1 R/R R/R
552 Species 1 R/R R/S
652 S. saprophyticus 1 R/R R/S
028766 S. cohnii 1 R/R R/R

a For disk diffusion testing, categories are shown for all lots of MHA tested. Phase 1 used five manufacturers of MHA. Phase 2 used one in-house lot of MHA. Phase
3 used two manufacturers of MHA.

b Values in boldface represent incorrect categories based on mecA.
c Species, species was not determined.
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2C of M2 have been removed. For those laboratories using
disk diffusion as their primary test for staphylococci, the sub-
stitution of a cefoxitin disk for an oxacillin disk will result in an
easier-to-read test and provide equivalent detection (sensitivity
and specificity) of oxacillin resistance in S. aureus and equal
sensitivity but improved specificity in CoNS. Although the ce-
foxitin DD test continued to call false resistance in some mecA-
negative strains, no single species accounted for this. The one
caution in using this test is that it failed to detect resistance in
several strains of mecA-positive S. simulans.

Although the use of the cefoxitin MIC test has not been
recommended by the CLSI-AST, its performance when using
modified breakpoints of �4 �g/ml for susceptible and �8
�g/ml for resistant was essentially equivalent to that for cefox-
itin DD. The use of cefoxitin MIC results to predict oxacillin
resistance in S. aureus has been investigated in a commercial
AST system and was superior to oxacillin (C. Nonhoff, G.
Mascart, M. J. Struelens, C. Van Den Borre, and O. Denis,
Abstr. Eur. Congr. Clin. Microbiol. Infect. Dis., abstr. P1637,
2004). The use of a concentration between 4 and 8 �g/ml, i.e.,
6 �g/ml, may improve the performance of such an MIC screen-
ing test and warrants further study. Also, others have shown
that there is also potential for a cefoxitin agar screen test
containing 6 or 8 �g/ml of cefoxitin similar to the oxacillin
salt-agar screen test (S. Poutanen, P. Akhavan, S. Ho, S. Pong-
Porter, Y. Rzayev, A. Shigayeva, M. Lum, C. Larocque, K.
Pike, T. Mazzulli, D. Low, and B. Willey, Abstr. 43rd Intersci.
Conf. Antimicrob. Agents Chemother., abstr. A-4185, 2003).
This would be useful for laboratories that normally perform
MIC tests as their primary testing method and wish to confirm
borderline MIC test results without performing a disk diffusion
test.

In summary, the cefoxitin DD test can be used to predict the
presence of mecA in S. aureus and CoNS with a high degree of
sensitivity and specificity when compared to mecA detection
using PCR. The test improved on the specificity of oxacillin
disk diffusion and oxacillin MIC testing without sacrificing
sensitivity, especially for CoNS. Those using disk diffusion as
their routine susceptibility testing method for staphylococci
should replace their 1-�g oxacillin disks with 30-�g cefoxitin
disks for routine testing.
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