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To evaluate methicillin-resistant Staphylococcus aureus detection, we tested in vitro four selective agars and
two enrichment broths apart and in combination. Tryptone soya broth with salt, aztreonam, and cefoxitin
appeared to be the most sensitive medium. This broth was superior to a phenol red mannitol broth with
aztreonam and ceftizoxime.

Methicillin-resistant Staphylococcus aureus (MRSA) is a ma-
jor cause of morbidity and mortality worldwide. Detection of
MRSA in screening samples is an important part of the control
of MRSA, but due to annex flora, the low level of MRSA often
found in screening samples, and the emergence of heterore-
sistant MRSA strains (4, 8, 9, 12), this is laborious and often
difficult. Further cocolonization with other staphylococcal spe-
cies might lead to false-positive results, especially when using
PCR-based methods (1). The use of an enrichment broth for
MRSA detection is known to increase sensitivity but requires
an extra day of incubation (13, 14, 16). Several brands of
chromogenic agars supplemented with antibiotics have re-
cently become available and have performed well by direct
inoculation and 24-h incubation (2, 13, 14). However, studies
that compare chromogenic agars show conflicting results (2).
Most of the published evaluations were performed on samples
with the traditional “health care-associated” MRSA strains
and with no information on the clonal diversity of the investi-
gated isolates. Clonal differences are known to be one of the
reasons for discrepancies when MRSA selective media are
studied (7).

We evaluated the performance in vitro of four different
selective agars and two enrichment broths, separately and in
combination, using low inocula of MRSA isolates.

Ninety-six well-characterized MRSA strains, representing 13
clonal complexes and all six main SCCmec types (6), including
low-level-resistant isolates; 52 methicillin-sensitive Staphylo-
coccus aureus (MSSA) isolates; and 49 methicillin-resistant
coagulase-negative staphylococcus (MRCNS) isolates were
tested. The agars tested were ChromID MRSA (bioMérieux,
Marcy l’Etoile, France); MRSA Select (Bio-Rad, Hercules,
CA); a chromagar plate manufactured at Statens Serum Insti-
tut (SSI) on license from CHROMagar, Paris, France (MRSA
SSI); a mannitol salt agar with 4 mg/liter cefoxitin (MSA); and
a 5% blood agar (BA). Two enrichment broths were tested, (i)

phenol red mannitol broth with 0.5% salt, 75 mg/liter aztreo-
nam, and 5 mg/liter ceftizoxime (PHMB) (16) and (ii) tryptone
soya broth with 2.5% salt, 20 mg/liter aztreonam, and 3.5
mg/liter cefoxitin (TSB) from SSI. The concentrations included
in TSB were based on pilot investigations (data not shown).
These tests showed that 3 mg/liter cefoxitin allowed break-
through growth of MSSA and that 4 mg/liter cefoxitin and �20
mg/liter aztreonam resulted in loss of sensitivity. Approxi-
mately 20 CFU (20 �l of 103 CFU/ml vortexed suspension in
0.9% NaCl) of each strain taken from the same suspension,
made from fresh overnight-incubated isolates, were inoculated
directly onto agar plates and into the two broths. After 18 to
20 h and 40 to 48 h of incubation at 35°C (�1°C), colony color
and counts were registered for each of the agar plates. For
broths, turbidity and color change were registered after 18 to
20 h of incubation, followed by subculturing 20 �l of the broth
suspension onto each of the agar plates. Plates were incubated
at 35°C (�1°C) for another 18 to 24 h. Colony counts were
read semiquantitatively. Specificity was defined as the percent-
age of plates without growth of MSSA and MRCNS exhibiting
the same colony color as the MRSA isolates. MICs for MRSA
isolates were determined using an Etest (AB Biodisk, Solna,
Sweden) on Mueller-Hinton agar with 2% NaCl as described
by the manufacturer.

The performance of the plates, with and without enrich-
ment, is shown in Table 1.

No difference was seen between the chromogenic agars ir-
respective of enrichment and enrichment broth. Optimal sen-
sitivity was obtained after 18 to 24 h of incubation. Forty-eight
hours of incubation only caused additional growth of MSSA
and MRCNS, leading to reduced specificity.

The mannitol salt agar with cefoxitin required either 48 h of
incubation or prior enrichment in TSB to achieve comparable
sensitivity.

Preincubation in PHMB resulted in a lower sensitivity on all
plates (Table 1), whereas TSB did not reduce the sensitivity of
the chromogenic agars and increased the sensitivity of the
MSA plate. Preincubation in either of the two broths resulted
in breakthrough growth of MSSA. Table 2 shows the numbers
of isolates with no growth or reduced growth (�1,000 colonies)
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on the individual chromogenic agars and on the blood agar
plate after incubation in the two enrichment broths.

To confirm the observed differences between the two broths,
43 MRSA strains, including the 24 MRSA strains which did not
grow in PHMB at SSI, were blinded and sent to Erasmus
University Center (EUC) for a second evaluation. Six of the
isolates did not grow after incubation in PHMB (Table 2). In
addition, 3 of the remaining 37 isolates produced �1,000 col-
onies when plated after enrichment. All isolates grew well in
TSB. Using a best-case scenario for PHMB (growth in at least
one of the two experiments), a sensitivity of only 93% was
found for preenrichment in PHMB, compared to a sensitivity
of 100% for TSB. The observed difference in sensitivity be-
tween the two evaluations (76% versus 94%) for PHMB could
be due to a slightly higher inoculum in the second evaluation,
as indicated by colony counts. The median inoculum in the first
evaluation was 21 CFU (range of 10 to 42 CFU), and that in
the second evaluation was 27 CFU (range of 9 to 100 CFU).

Our in vitro evaluation showed that three chromogenic
MRSA agars all supported the growth of this diverse collection
of MRSA strains at low inocula. Specificity was high, provided
that a maximum of 24 h of incubation was used (Table 1). The
PHMB enrichment displayed low sensitivity, suggesting that

the antibiotic concentration was too high. TSB supported
growth of all of the MRSA strains tested. Incubation of the
chromogenic agars beyond 24 h led to increased breakthrough
growth of MSSA isolates. The MSA plate showed sensitivity
comparable to that of the chromogenic agars only after preen-
richment.

Although our in vitro results implied that the chromogenic
agars did not perform better when preceded by enrichment,
two recent studies of clinical specimens both showed that an
enrichment step in combination with chromogenic agars led to
increased sensitivities of 14 to 26% and 12%, respectively (10,
15). These studies indicate that, under clinical conditions, sen-
sitivity is significantly increased by the addition of an enrich-
ment step even when chromogenic agars are used.

Our study shows that TSB with low-level cefoxitin and az-
treonam is a better alternative than PHMB, as published by
Wertheim et al. (16). Furthermore, TSB works well with a
PCR-based method for MRSA detection (11).

Although more studies on the use of chromogenic media
with and without enrichment are needed to clarify the best
practice, it now seems quite clear that when designing enrich-
ment broths one has to be careful with salt content and anti-

TABLE 1. Sensitivity and specificity of MRSA selective media evaluated in vitroa

Medium

Direct inoculation (24-h incubation) Enrichment broth plus agar (48-h incubation)

Sensitivity
(%) Specificity (%)b

TSB PHMB

Sensitivity
(%) Specificity (%)b Sensitivity

(%) Specificity (%)b

MRSA MSSA MRCNS MRSA MSSA MRCNS MRSA MSSA MRCNS

MRSA SSI 99 99 100 100 96 100 75 96 100
ChromID MRSA 98 100 94 100 92 96 73 92 96
MRSA Select 98 100 98 100 87 98 75 94 96

MSA 87/92c 100 70 100 87 65 71 98 73
BA 100 100 85 33 76 73 43

a Both direct inoculation and subculture in two different broths and subsequent plating were evaluated for 196 staphylococcal isolates in pure culture.
b Percentage of plates without additional workload due to growth of MSSA and MRCNS exhibiting the same colony color as the MRSA isolates.
c Following 24 and 48 h of incubation, respectively.

TABLE 2. Distribution of strains with reduced growth (RG) or no growth (NG) on the chromogenic MRSA selective media and on BA after
incubation in enrichment brothsb

MIC (�g/ml) No. of MRSA
isolates tested

No. of isolates with RG/no. of isolates with NG

No. of MRSA isolates
testeda

No. of isolates
with RG/no. of

isolates with NGaChromogenic agar with direct inoculation Broth plus BA

MRSA SSI ChromID MRSA Select TSB PHMB TSB PHMB

�4 2 0/1 0/2 0/2 3 2/2
6 3 1/0 1/1 1/0 1/1 3 1/1
8 3 0/2 2 0/1
12 2 1/1 1
24 4 0/1 1
32 5 1/2 3 0/1
48 7 2/4 4
64 10 2/5 6
�64 60 0/1 3/5 20 0/1

Total 96 1/1 1/2 1/2 0/0 10/23 43 0/0 3/6

a Confirmatory evaluation of broth plus BA.
b All blank cells in the table indicate isolates for which there was full growth. Values are given only for isolates with RG or NG.
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biotic concentrations, since either may inhibit the growth of
some MRSA isolates (3, 5, 15).

In conclusion, delineation of the optimal phenotypic method
is still important for epidemiological reasons like strain typing
and resistance testing. Even in the new era of rapid molecular
techniques, an enrichment step may still be advantageous.
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