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In this study, the use of isothermal microcalorimetry (IMC) for differentiation between methicillin-
resistant Staphylococcus aureus (MRSA) and methicillin-susceptible S. aureus (MSSA) and MIC determi-
nation was evaluated. It was possible to differentiate between MRSA and MSSA within 4 h, whereas the
standard method required 24 h. The MICs of cefoxitin were successfully determined for MRSA and MSSA
by using IMC.

Methicillin-resistant Staphylococcus aureus (MRSA) in-
fections continue to be associated with significant adverse
outcomes and increased health care costs (7). One of the
reasons for this is the time required for detection, which is
still at least 48 h by conventional methods (4, 11). A faster
MRSA detection method would allow faster interventions
and rapid implementation of targeted infection control mea-
sures (3, 6, 9).

Isothermal microcalorimetry (IMC) is a universal tool for
real-time evaluation of rate processes in small (e.g., 3- to 20-
ml) ampoules, including processes involving cultured cells. Mi-
crocalorimetry has long been used to study the metabolism of
cultured cells. James reviewed work in cellular microcalorim-
etry in 1987 (8) and reported a 1918 paper by Hill as the
earliest employing microcalorimetry to study bacteria. Recent
studies suggest that IMC may have clinical diagnostic poten-
tial. We have reported the potential use of IMC to detect
Staphylococcus aureus or other microorganisms in blood prod-
ucts, i.e., platelet concentrates (12).

In this study, we evaluated the use of IMC to differentiate
between MRSA and methicillin-susceptible S. aureus (MSSA)
and to determine the MICs of cefoxitin for MRSA and MSSA.

The strains used in this study, S. aureus ATCC 43300
(MRSA) and S. aureus ATCC 25923 (MSSA), were both cul-
tivated overnight at 37°C in brain heart infusion (BHI) broth.
They were then adjusted using phosphate-buffered saline to an
optical density at 600 nm (OD600) of 0.01 and used to inoculate
the samples at 0.01% (vol/vol).

The IMC instrument used was a TAM III thermostat (TA
Instruments, New Castle, DE) equipped with 48 microcalorim-
eters. The detection limit is �0.27 �W, which corresponds to
approximately 135,000 CFU/ampoule (8). Samples were 4-ml
sealed glass ampoules containing 3 ml BHI and the bacterial
inoculum, leaving a headspace of 1 ml air. After equilibration

of the microcalorimeters themselves for at least 45 min at 37°C,
the samples were lowered into the equilibration position. After
15 min, the samples were further lowered into the measuring
position, and after 45 min (when the heat flow signal was
stable), the actual measurement began. This time was taken as
time zero.

The calorimetric differentiation between MRSA and MSSA
was performed according to the protocol described by the
British Society for Antimicrobial Chemotherapy (BSAC) (1),
modified in that we used BHI as the growth medium and 4 mg
liter�1 oxacillin instead of 2 mg liter�1 as the breakpoint con-
centration. For comparison, BHI agar plates and BHI broth
cultures supplemented with either cefoxitin or oxacillin were
prepared and kept in an incubator or water bath. In these
control samples, the MSSA strain was completely inhibited for
24 h of incubation at 37°C whereas the MRSA strain showed
visible growth after only 18 h. For 24 h of incubation, oxacillin
inhibited the growth of the MRSA strain much more than
cefoxitin did (final OD600, 0.35 and 0.76, respectively).

The calorimetric measurements showed the same results.
For MSSA, only the culture without any antibiotics showed
a measurable heat flow signal, and detection took only 60
min (Fig. 1A). The MRSA strain grew in every sample, but
the increase in inhibition with increased antibiotic could be
seen in the heat flow curves (Fig. 1B). It took 240 min for a
detectable heat flow signal in the sample with oxacillin but
only 100 min in the sample with cefoxitin. However, both
antibiotics had metabolic inhibitory effects on the MRSA,
which can be seen in the reduced maximum heat flow signal
(Fig. 1B).

The determination of the MIC for cefoxitin was performed
in cation-adjusted Mueller-Hinton broth, using a modified pro-
tocol for the broth dilution test described by the CLSI (for-
merly NCCLS) (2). Instead of 35°C, the samples were incu-
bated at 37°C. Microcalorimetry was performed as described
above. A set of ampoules was additionally incubated in a water
bath, and the OD600 was determined after 24 h of incubation.
The tested concentrations ranged from 0 to 64 mg liter�1

cefoxitin, as recommended by the BSAC (1). After 24 h of
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incubation, the MIC for the MSSA strain was determined as 4
mg liter�1 and that for the MRSA strain as 32 mg liter�1, using
OD600 measurements as well as heat flow measurements (Fig.
2 and 3). Figure 2A shows that almost all concentrations below
the MIC started to grow immediately, except the sample with
2 mg liter�1 cefoxitin, which exhibited a detectable heat flow
signal only after 500 min. Otherwise, after 250 min of growth
the shapes of the heat flow curves started changing, indicating
a change in the metabolic activity of the MSSA strain related
to the cefoxitin concentration.

The integration of the heat flow rate curves up to a given
time x gives the heat produced up to time x. The plot of the
heat produced (rather than the heat flow rate) against the

time of the MIC determination results in the heat curves
shown in Fig. 2B, which are analogous to cumulative colony
or cell counts (data not shown). Although the sample with 2
mg liter�1 cefoxitin is delayed compared to the other sam-
ples with detectable growth of MSSA, the slope of the curve
is almost parallel to the others. It is, however, not yet fully
understood why the samples with 0.5 and 1 mg liter�1 pro-
duce more heat than the sample without antibiotic.

Similar to the results for MSSA, the MIC of cefoxitin for
the MRSA strain was confirmed as 32 mg liter�1 by using
IMC. However, the shape and especially the delay in detec-
tion time were different from those for MSSA. With increas-
ing cefoxitin concentration, the delay in detection of the

FIG. 1. Heat flow rate curves for calorimetric measurements of MRSA-MSSA differentiation by use of the antibiotic cefoxitin or oxacillin.
(A) S. aureus ATCC 25923 (MSSA) in BHI supplemented with the given concentrations of antibiotics; (B) S. aureus ATCC 43300 (MRSA) in BHI
supplemented with the given concentrations of antibiotics. Blank, uninoculated BHI broth. Curves are averages for three experiments.
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heat flow signal increased (Fig. 3A). Additionally, the max-
imum heat flow was reduced compared to that in the sample
with no added cefoxitin. Growth in the sample with the
highest concentration still allowing growth of MRSA (16 mg
liter�1) could be detected only after approximately 600 min.
In contrast to that for MSSA, the heat produced decreased
with increasing cefoxitin concentration (Fig. 3B). This dif-
ference might be related to the resistance mechanism of the
MRSA strain.

In this study, we presented a potential calorimetric
method for decreasing the time for differentiation of MRSA
from MSSA. Although one can argue that the overall time
for detection is 3 h (1 h for equilibration and 2 h until signal
detection), the method is still much faster than traditional

culture methods. Also, there are calorimetric techniques
which could greatly reduce the equilibration time. Taking
into account that S. aureus ATCC 43300 is a low-level-
resistance strain (5, 10), high-level-resistance strains may be
detectable even earlier. This hypothesis and the direct de-
tection of MRSA are currently being evaluated in our lab-
oratory.

This study also showed that calorimetry works for the MIC
determination of cefoxitin for the tested strains. Because cal-
orimetry provides continuous real-time data, it was even pos-
sible to see effects of cefoxitin concentration on the growth
behavior of the strains. However, the time reduction for the
evaluation was relatively small, 10 h compared to 24 h with the
traditional broth dilution method. Nevertheless, IMC is a suit-

FIG. 2. MIC determination of cefoxitin for S. aureus ATCC 25923 (MSSA) in the range of 0.0 mg liter�1 to 8 mg liter�1. (A) Heat flow curve;
(B) Heat curve. Blank, Mueller-Hinton plus 2% NaCl alone. Curves are averages for three experiments.
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able method for MIC determination of cefoxitin for MRSA or
MSSA.
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