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A novel microtiter assay for antifungal susceptibility testing was developed. This method has several
potential advantages over the M27-A assay of the National Committee for Clinical Laboratory Standards.
These include provision of MIC results within 6 to 19 h, graphical display of data, and the availability of
objective quantitative endpoints. We refer to the method as the rapid susceptibility assay (RSA). RSA is based
on substrate utilization by fungi in the presence of antifungal drugs. Substrate uptake is determined by a
colorimetric method, which can be scored by analysis of data obtained from a microplate reader. Variables
evaluated in the development of the RSA included inoculum size, incubation period, and efficacy with different
classes of antifungal drugs and different yeast isolates. With the rapidly available and quantitative endpoints
of the RSA, correlation of MICs and therapeutic drug doses can be evaluated more successfully than they can
be evaluated by existing assays.

Numerous methods, in addition to the recently published
M27-A assay of the National Committee for Clinical Labora-
tory Standards (9), have been described for antifungal suscep-
tibility testing (7, 8, 12, 13). Only a few of these can be done
within about 24 h to obtain a MIC endpoint. These few, how-
ever, rely on methods that involve either direct determination
of cell mass or cell viability by fluorescence or indirect deter-
mination of cell mass by calorimetry, analysis of ATP produc-
tion, or radiometry. Most of the rapid procedures require ex-
pensive equipment, and the slower tests, such as the NCCLS
M27-A assay, involve subjective interpretation of results. We
developed a rapid assay that uses inexpensive reagents and that
requires only modest, common clinical laboratory equipment.
In addition, the results are objective because the endpoint
determinations are based on colorimetric differences, as as-
sessed with a microplate reader.

The assay is based on the hypothesis that when susceptible
fungi are exposed to an antifungal drug, their uptake of an
exogenous substrate will be suppressed or inhibited. By mea-
suring the amount of residual substrate in the medium com-
pared to that for controls without drug, the susceptibility of a
fungal isolate to an antifungal drug can be determined. MIC
determinations obtained by evaluating substrate uptake are
highly sensitive and should be more rapid than tests that rely
on fungal growth. In addition to assessing the activities of
antifungal agents against yeasts, as demonstrated by this re-
port, this method should be applicable to the testing of anti-
microbial agents against molds and nonfungal microorganisms,
such as Mycobacterium spp. We refer to the method as the
rapid susceptibility assay (RSA). In this paper we report on the
development of the RSA for use with yeast isolates. We chose
glucose as the prototypic substrate because of the universality
of this carbon and energy source for most fungi of medical
significance and the ease and sensitivity of glucose concentra-
tion measurement.

MATERIALS AND METHODS

The reagents, growth media, preparation of yeast inocula, selection of control
yeast strains, and antifungal agents were in accordance with recommended
guidelines established for performing antifungal susceptibility assays as described
by the NCCLS M-27A protocol (9).

Reagents. Unless otherwise noted the reagents were purchased from Sigma
Chemical Company, St. Louis, Mo.

Medium. RPMI 1640, prepared without bicarbonate, buffered with 0.165 M
3-(N-morpholino)propanesulfonic acid (MOPS), and adjusted to pH 7.0 with 10
M NaOH, was used in all susceptibility tests. This medium contains glucose at a
concentration of 2 mg/ml. To vary the concentration of glucose, medium dilu-
tions were made in MOPS-buffered RPMI 1640 without glucose, which is re-
ferred to as glucose-deficient medium.

Organisms, culture, and inoculum preparation. Six yeast strains with estab-
lished quality control (QC) performance (11) were used. They were Candida
albicans ATCC 24433 and ATCC 90028, C. tropicalis ATCC 750, C. krusei ATCC
6258, and C. parapsilosis ATCC 22019 and ATCC 90018. The yeasts were inoc-
ulated onto Sabouraud dextrose agar plates from glycerol stocks stored at
220°C, incubated at 37°C, and passaged twice at 24- or 48-h intervals before use.
Suspensions were prepared from 24-h cultures for C. albicans, C. tropicalis, and
C. krusei and from 48-h cultures for C. parapsilosis. Cells from colonies were
suspended in glucose-deficient medium, and the turbidity of each stock suspen-
sion was adjusted to match that of a 0.5 McFarland standard as read at 530 nm.
At this turbidity, the yeast density was 3 3 106 to 5 3 106 CFU/ml. Dilutions from
the stock suspension prepared in glucose-deficient medium are referred to as the
inoculum dilutions and are twice the test density achieved by mixing the inocu-
lum with the test drug. Unless otherwise stated, the inoculum test volume was
100 ml/well.

Antifungal agents. Amphotericin B was obtained in powder form (catalog no.
A-2411; Sigma), and fluconazole was a generous gift from Pfizer (lot no. Zb109-
9200-15). A stock solution of each antifungal agent was prepared as recom-
mended for the NCCLS M27-A protocol (9). To prepare susceptibility curves,
the antifungal drugs were tested in the following ranges: amphotericin B, 0.03 to
16 mg/ml; and fluconazole, 0.008 to 64 mg/ml. Briefly, stock solutions consisting
of amphotericin B at 1.6 mg of drug/ml of dimethyl sulfoxide and fluconazole at
1.28 mg of drug/ml of deionized water were stored at 280°C. From these stock
solutions, initial dilutions of 1:50 and 1:10 of amphotericin B and fluconazole,
respectively, were made, followed by preparation of twofold serial dilutions
across the concentration range to be tested in medium containing 1 mg of glucose
per ml. Dimethyl sulfoxide at 2% (vol/vol) was included in the dilutions of
amphotericin B. A total of 100 ml of each antifungal agent at two times the test
concentration was placed in duplicate wells of sterile 96-well plates (Corning
Glass Works, Corning, N.Y.).

RSA. Fungal inocula (100 ml) were added to each flat-bottom well of a mi-
crotiter plate containing two times the test concentration of each antifungal drug
(100 ml/well). The plates were incubated at 35 to 37°C. During the initial assay
development, results were determined at 3, 4, 6, and 19 h of incubation. Further
experiments were limited to results that were obtained at 6 and 19 h. The amount
of glucose remaining after incubation was detected by a modification of previ-
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ously described methods (3, 10). Briefly, 50 ml of an enzyme substrate color mix
containing 0.6 M sodium phosphate (pH 6.0), 360 mg of 4-amino antipyrine per
ml, 490 mg of N-ethyl-N-sulfopropyl-m-toluidine per ml, 0.68 U of horseradish
peroxidase per ml, and 0.4 U of glucose oxidase per ml was added to each well
of the microtiter plate. In principle, hydrogen peroxide is released during the
specific oxidation of glucose by glucose oxidase. The reaction of hydrogen per-
oxide with the chromogenic substrates is then catalyzed by the peroxidase. The
intensity of the resulting purple color is proportional to the concentration of
hydrogen peroxide, which is directly proportional to the amount of glucose in the
culture medium. In our test, color was allowed to develop for 20 min to no more
than 30 min. A dual-wavelength microplate reader (model 450; Bio-Rad Labo-
ratories, Richmond, Calif.) was used to measure the optical density at 550 nm,
with the baseline value for each well automatically established by a simultaneous
reference reading at 655 nm. For development of the RSA, inoculum size and
length of incubation were varied.

Susceptibility curves and RSA endpoint determination. The six QC strains
prepared as inoculum stock suspensions were tested at selected dilutions for their
susceptibilities to amphotericin B and fluconazole. Each inoculum dilution was
incubated with twofold serial dilutions of the test drug. For each test combination
a plot of optical density versus antifungal concentration was constructed. Optical
density was plotted on the ordinate, with the interval established by control wells
containing yeast and no antifungal agent at the lower scale limit and by medium
without yeast or antifungal agent at the upper scale limit. The drug concentration
immediately preceding a drop in optical density from the highest point of the
drug-sensitive area, equal to at least 10% of the detection interval, was selected
as the quantitative endpoint (MICRSA). For each test organism MICRSAs ob-

tained from selected inoculum dilutions were compared, and the values were
compared to the published susceptibility values for the QC strains.

Optimal fungal inoculum range. The inoculum stock suspension from each
organism was serially diluted and was incubated in the presence of high-dose
inhibitory concentrations of amphotericin B (16 mg/ml), fluconazole (64 mg/ml),
or no drug. The cultures were incubated for 6 or 19 h, and color was developed
and the optical density was determined as described above. The detection inter-
val, defined as the difference in optical density between wells containing an
inoculum and a high dose of antifungal agent and wells with an inoculum but no
antifungal agent, was calculated and was plotted against the inoculum dilution.

Susceptibility curves determined by RSA were prepared by using an inoculum
at dilutions that produced the maximum detection intervals with serial dilutions
of each of the test antifungal agents. MICRSAs from these curves were compared
to each other. In some cases inoculum dilutions that produced detection intervals
less than the maximum were used, and their MICRSAs were compared with those
described above. For each drug and organism combination the optimal fungal
inoculum range was judged to be the greatest inoculum dilution range across
which the MICRSA was stable within two adjacent drug concentrations.

RESULTS

Glucose measurement. The glucose concentration that could
be measured in a 200-ml volume of the assay medium with the
described color mix formula ranged from 0.1 to 1.0 mg/ml

FIG. 1. Inocula from six yeast organisms were prepared in glucose-deficient medium as twofold or fourfold dilutions from a stock suspension with a density
spectrophotometrically equivalent to that of a 0.5 McFarland standard. A total of 100 ml of each dilution was mixed with 100 ml of medium containing 1 mg of glucose
per ml and no drug, 128 mg of fluconazole per ml, or 32 mg of amphotericin B per ml. After incubation at 37°C for 6 h (column of graphs on the left) or for 19 h (column
of graphs on the right), 50 ml of enzyme substrate color mix containing glucose oxidase was added to each well. The color was allowed to develop for 20 to 30 min.
The optical density was measured at 550 nm with a 655 nm reference filter. The detection interval (the difference in optical density between wells with an inoculum
and a high dose of antifungal agent and wells with an inoculum but no antifungal agent) was calculated and was plotted against the inoculum dilution. Open circles,
amphotericin B; filled circles, fluconazole; OD550, optical density at 550 nm.
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(data not shown). Colorimetric determination of glucose con-
centration was unaffected by the presence of RPMI 1640 with
MOPS, antifungal agents, or products of yeast metabolism
(data not shown).

Time of incubation. By 3 h of incubation with each of the test
organisms at a 0.5 McFarland density, glucose uptake from the
assay medium in the absence of antifungal agents was sufficient
to reduce the optical density by 0.5 to 1.0 optical density units.
The reduction was less for slower-growing organisms such as C.
parapsilosis and was more for faster-growing organisms such as
C. tropicalis. As expected, the amount of glucose utilization
decreased with inoculum dilution and increased with longer
incubation times. At $3 h of incubation, amphotericin B sup-
pressed glucose uptake by C. albicans, and the suppression was
drug dose dependent (data not shown). For fluconazole, a
slower-acting drug (5), 6 h of incubation at 37°C was required
for detection of an inhibition of glucose uptake by C. albicans.
To establish a procedure with broad application to different
classes of antifungal agents and to different organisms, varia-
tions in the protocol were explored. For further study, incuba-
tion times of 6 and 19 h were selected; these correspond to a
single 8- to 10-h work shift and to an overnight test in a clinical
laboratory, respectively.

Detection intervals. For a set of assay conditions the detec-
tion interval is the range of optical density over which a sus-
ceptibility curve can be generated. Detection interval curves

for all drugs and organisms at both incubation times had the
same basic shape (Fig. 1). The detection interval was small
when the inoculum was in excess, as with C. albicans strains at
a one-half inoculum dilution incubated for 19 h with flucon-
azole. Greater dilution of the inoculum resulted in an in-
creased detection interval, to a maximum that for some assay
conditions was sustained over a broad inoculum dilution range.
Examples are C. albicans strains at dilutions of 1/8 through
1/2,048 incubated for 19 h with amphotericin B and C. tropi-
calis ATCC 750 at dilutions between 1/128 and 1/8,192 incu-
bated for 19 h with fluconazole. At still greater inoculum di-
lutions, as with C. krusei ATCC 6258 at dilutions $1/2,048
incubated for 19 h or each organism incubated for 6 h, the
inoculum size was insufficient for the organisms to utilize all of
the glucose from the test medium, and the detection interval
declined and approached zero.

RSA susceptibility curves and endpoints. Susceptibility
curves for the six QC organisms were determined by RSA with
amphotericin B and fluconazole and were determined by using
inoculum dilutions that yielded different detection intervals
after 6 and 19 h of incubation (Fig. 2). For all drug and
organism combinations, the curves were characterized from
top to bottom by a plateau at the curve maximum, which
represented the drug sensitivity area, a relatively steep decline
through the dose-dependent sensitivity range, and a baseline
representing the area of insufficient drug pressure. For all

FIG. 1—Continued.
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susceptibility curves, the MICRSAs are reported in Table 1
according to their respective inoculum dilutions. The endpoint
for each curve was in the sharp transition between the drug-
sensitive and the dose-dependent sensitivity regions. Excep-
tions were the curves for C. albicans and fluconazole (Fig. 2B),
for which the MICRSA endpoints were within the more gradual
arc of three to five drug concentrations which spanned the
transition from drug sensitivity to dose-dependent sensitivity.

A fluconazole MICRSA could not be called for C. parapsilosis
strains at 6 h. Although these curves were shallow, as predicted
by their small detection intervals, an area of dose-dependent
sensitivity was observed coincident with the areas of dose-
dependent sensitivity of curves from the 19-h incubations (Fig.
2B). However, changes in shape were not sufficiently dramatic
for reliable identification of endpoints, and the replicate error
rate was high. Incubation periods between 6 and 19 h for these
organisms and fluconazole were not explored.

In some instances, the glucose remaining in the wells con-
taining yeasts and no drug (controls) at 6 h exceeded that in the
wells with yeast exposed to low concentrations of antifungal

agents (data not shown). One possible explanation is that the
initial reaction of the organisms to the presence of the drugs
may be an immediate, increased uptake of the glucose. More
than 6 h may be required for the action of the drugs to retard
glucose utilization sufficiently to result in optical density values
that exceed those for the controls. Despite this phenomenon,
MICRSAs were in agreement with determinations from the
19-h curves if the inoculum was within the optimal dilution
range.

Optimal inoculum dilution ranges. For each isolate and
drug pair, dilution of the inoculum resulted in a shift of the
dose-dependent areas of the susceptibility curves (Fig. 2) and
of the MICRSA endpoints to lower drug concentrations (Table
1).

For inoculum dilutions exceeding those which produced the
maximum detection interval (Fig. 1), MICRSA endpoints were
stable within two drug concentrations (Table 1). This range of
inoculum dilutions was judged to be optimum, as defined in the
Materials and Methods section. The endpoints achieved with
an excess inoculum were frequently higher, and these dilutions

FIG. 2. Inoculum dilutions in glucose-deficient medium were selected for the preparation of susceptibility curves. A total of 100 ml was added to wells containing
100 ml of twofold dilutions of amphotericin B (A) or fluconazole (B) prepared at twice the test concentration in medium containing 1 mg of glucose per ml. After 6
or 19 h of incubation, 50 ml of the color mixture was added to each well, the reaction was allowed to develop for 20 to 30 min, and the optical density was read at 550
nm (OD550). The optical density was plotted against the drug concentration, and susceptibility plots of all inoculum dilutions of an organism paired with an antifungal
agent appear on one graph. Vertical reference lines were added to represent the published MIC range (11).
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were judged to be inappropriate for use in the RSA. For
example, fluconazole MICRSA endpoints of 2, 1, 1, and 1 were
determined for C. tropicalis ATCC 750 with inoculum dilutions
of 1/512, 1/2,084, and 1/8,192 after 19 h and 1/8 at 6 h, respec-
tively. However, the MICRSA was 8 mg/ml with a 1/8 inoculum
dilution at 19 h (Table 1). The optimal inoculum dilution range
for this organism is 1/8 for a 6-h test or 1/512 to 1/8,192 for a
19-h test. A 1/8 inoculum dilution should not be used in the
19-h test.

For the six test organisms and two antifungal agents,
MICRSAs that match the criterion for selection of the inocu-
lum dilution as optimal are in boldface (Table 1).

Endpoint agreement. Evaluation of the test isolates in our
laboratories under the NCCLS protocol produced susceptibil-
ity endpoints consistent with the published MICs (data not
shown). For the two antifungal agents tested, the MICRSAs
were within the published MIC range for each organism (Table
2). For fluconazole, MICRSAs tended to be higher than pub-
lished values when the inoculum exceeded the optimal inocu-
lum dilution range but were within the published range at the
recommended optimal dilutions. That is, a susceptibility curve
may be generated even when the inoculum concentration is too
high, but it may yield a spurious high MICRSA.

DISCUSSION

The inhibitory effect of antifungal drugs at the incubation
endpoint of the NCCLS M27-A method is based on cell
growth, which is measured in terms of culture turbidity. For
cell growth to occur, the yeast must first and continually absorb
sufficient exogenous nutrients. When yeast cells were exposed
to antifungal drug pressure, their ability to absorb substrate
(glucose) was inhibited, and this effect occurred in the absence
of any cell turbidity change. The magnitude of substrate con-
sumption was dependent on the degree of drug pressure (Fig.
2). These observations suggested that substrate consumption
could form the basis of an RSA.

Several factors influence the sensitivity of RSA. These fac-
tors are not unique to the RSA but are common to those
susceptibility assays that depend on metabolic activity to pro-
vide a detectable endpoint. Perhaps the most critical of these
factors are inoculum density, organism growth rate, incubation
time, and mechanism of drug action (1). Additional important
factors specific to RSA include the concentration of the nutri-
ent and the ability of the test organism to consume the nutri-
ent.

Glucose was used as the nutrient for the development of the

FIG. 2—Continued.
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RSA. The maximum concentration of glucose in the assay was
limited by the colorimetric saturation of the enzymatic detec-
tion system. Because the glucose concentration in the present
assay did not exceed the recommended optional concentration
used in the NCCLS M27-A methods (2 mg/ml) (9), we used the
lowest concentration of glucose that produced near or com-
plete colorimetric saturation. Such a concentration would al-
low the broadest range of glucose detection.

The goal of subsequent experiments was to determine
whether assay conditions that would allow completion of the
test in less than a standard work shift in a clinical laboratory
(i.e., less than 9 h) and still retain “parity” with the NCCLS
M27-A method could be defined. The yeast inoculum concen-
tration and the treatment incubation time were found to influ-
ence the magnitude of the detection interval when cells were
treated with antifungal drug. Not surprisingly, at lower fungal
inoculum concentrations less glucose consumption occurred.
Three regions of consumption activity were observed (Fig. 1).
(i) When yeast cell concentrations were excessive, despite max-
imum glucose utilization, drug pressure was insufficient to sup-

press its consumption. The detection interval was small and a
susceptibility curve could not be generated or the result was a
spurious, high endpoint. (ii) Optimal yeast cell concentrations
created a balance between the organism’s capacity for glucose
consumption and its susceptibility to drug pressure. These in-
oculum dilutions resulted in the maximum detection intervals
and produced suitable susceptibility curves. (iii) When very low
yeast cell concentrations were used, glucose consumption was
insufficient to demonstrate drug pressure, and thus, the detec-
tion interval was inadequate for susceptibility curve prepara-
tion. The maximum detection interval was greater and oc-
curred over a broader inoculum range when the incubation
time was increased. These results indicate that the RSA can be
modified to test new organisms and new antimicrobial agents
such that a detection interval that will result in a reliable
susceptibility test can be established.

When cells were exposed for 6 h to the rapidly acting drug
amphotericin B, the detection interval was relatively large
compared to the small detection interval achieved with the
slower-acting drug fluconazole (Fig. 1). At drug concentrations

TABLE 1. MICRSA endpoints determined from selected inoculum dilutionsa and selection of optimal fungal inoculum dilution rangeb

Antifungal agent
inoculum isolate

Time (h) of
incubation at

37°C

MICRSA endpoints (mg/ml) for the following inoculum dilutions from the 0.5 McFarland
equivalent stock suspension:

2 8 32 128 512 2048 8192

Amphotericin B
C. albicans ATCC 24433 6 0.25b

19 0.5 0.25 0.25 0.12

C. albicans ATCC 90028 6 0.5
19 0.5 0.5 0.5 0.5

C. tropicalis ATCC 750 6 0.5
19 0.5 0.5 0.5 0.5

C. krusei ATCC 6258 6 1.0
19 1.0 1.0 0.5 0.5

C. parapsilosis ATCC 22019 6 2.0 1.0
19 1.0 1.0 1.0 0.5

C. parapsilosis ATCC 90018 6 1.0 0.5
19 1.0 1.0 1.0 0.5

Fluconazole
C. albicans ATCC 24433 6 2.0

19 2.0 0.5 0.5 0.5

C. albicans ATCC 90028 6 2.0
19 2.0 0.5 1.0 0.5

C. tropicalis ATCC 750 6 1.0
19 8 2.0 1.0 1.0

C. krusei ATCC 6258 6 $64
19 $64 >64 32 32

C. parapsilosis ATCC 22019 6 NCc NC
19 8.0 4.0 2.0 2.0

C. parapsilosis ATCC 90018 6 NC NC
19 4.0 1.0 1.0 1.0

a MICRSAs were determined by using the indicated inoculum dilutions and incubation times.
b For an organism and drug combination, boldface MICRSAs indicate the greatest inoculum dilution range for which the MICRSA was stable within two consecutive

drug concentrations. These dilutions were judged to be optimal.
c NC, MICRSA could not be determined.
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exceeding the MIC (as determined by the NCCLS M27-A
method), the difference in glucose consumption between
treated and untreated cells approached the detection interval
(Fig. 2). The steep slopes observed with cells that were exposed
to amphotericin B for 6 h indicate a narrow interval over which
the drug causes partial inhibition. They allow MICs that are
similar to those produced from the 19-h test to be obtained.
Cells treated with fluconazole for 6 h exhibited a lower slope
than cells treated for 19 h. The concentration interval at which
partial inhibition occurs was broader, and the same MIC was
obtained after both incubation times only for C. tropicalis.
These results indicate that for these isolates, susceptibility test-
ing of amphotericin B can be accomplished by 6 h and that
MICRSA results can be obtained for both drugs by 19 h. Ad-
ditionally, for some drug and yeast species combinations, the
MICRSA endpoint can be made distinct by increasing the treat-
ment period. Further work is needed to determine if just an
additional 1 or 2 h would be sufficient.

Treatment failures with the fungicidal drug amphotericin B
are well known, despite the involvement of amphotericin B-
susceptible etiologic agents as determined by the NCCLS
methods. This may represent a limitation of the procedure

because the NCCLS M27-A method is not well suited for
detection of amphotericin B MICs (the MIC range is clustered
between 0.25 and 1 mg/ml) and may fail to detect yeasts that
are resistant to this drug (MIC, .1 mg/ml) (9). A graphical
display of the inhibition curve for amphotericin B in the RSA
demonstrates that there is, as noted above, a drug concentra-
tion interval at which partial inhibition or, conversely, partial
glucose consumption occurs. These results suggest that the
disparity between a MIC and the clinical outcome may be
related to the partial inhibition zone. Because of the graphical
display generated by RSA, it may be possible to refine the
criterion used to define the MIC of amphotericin B. We are
using mouse challenge experiments to evaluate how well MI-
CRSA results correlate with the in vivo outcome of drug treat-
ment.

In conclusion, the data demonstrate that measurement of
glucose uptake can be used to predict the susceptibility of an
organism to an antimicrobial agent. In many cases, this deter-
mination can be completed within one 8-h work shift, which is
rapid by comparison to accepted methods that evaluate growth
as an endpoint. Furthermore, the RSA method can be com-
pleted with commitments of materials, equipment, and tech-

TABLE 2. Summary of optimal fungal inoculum dilutions for RSA and comparison of the MICRSAs to published MICs

Antifungal agent Isolate RSA incubation
time (h)

Optimal
inoculum dilution

range for the
RSAa

MICRSA range (mg/ml)
for optimal inoculum

dilutions

Published (mg/ml)b

MIC range

Amphotericin B C. albicans ATCC 24433 6 1/8 0.25 0.25–1.0
19 1/512–1/8192 0.125–0.25

C. albicans ATCC 90028 6 1/8 0.5 0.5–2.0
19 1/8–1/8192 0.5

C. tropicalis ATCC 750 6 1/8 0.5 0.5–2.0
19 1/8–1/8192 0.5

C. krusei ATCC 6258 6 1/8 1.0 0.5–2.0
19 1/8–1/2048 0.5–1.0

C. parapsilosis ATCC 22019 6 1/8 1.0 0.25–1.0
19 1/2–1/128 0.5–1.0

C. parapsilosis ATCC 90018 6 1/2–1/8 0.5–1.0 0.5–2.0
19 1/2–1/128 0.5–1.0

Fluconazole C. albicans ATCC 24433 6 NDc 0.25–1.0
19 1/512–1/8192 0.5

C. albicans ATCC 90028 6 ND 0.25–1.0
19 1/512–1/8192 0.5–1.0

C. tropicalis ATCC 750 6 1/8 1.0 1.0–4.0
19 1/512–1/8192 1.0–2.0

C. krusei ATCC 6258 6 ND 16.0–64.0
19 1/512–1/2048 32–64

C. parapsilosis ATCC 22019 6 ND 2.0–8.0
19 1/8–1/128 2.0–4.0

C. parapsilosis ATCC 90018 6 ND 0.25–1.0
19 1/8–1/128 1.0

a The greatest inoculum dilution range across which the endpoint was stable within two consecutive drug concentrations.
b Obtained from reference 11.
c ND, no dilution evaluated filled the criteria; thus, a determination of an optimal inoculum for the RSA could not be made.
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nician time similar to those required for the NCCLS M27-A
method. MICRSA results are in close agreement with published
reference values for the six QC organisms. Experience with the
RSA suggests that determinations can easily be made within a
few hours for rapidly growing organisms and rapidly acting
drugs. However, extension of the incubation protocols by a few
additional hours or even overnight may yield more defined
results with slower-growing yeast and filamentous organisms
and/or slower-acting drugs.

The RSA is a technically simple and relatively rapid test
whose applicability to a broad range of microorganisms and
antimicrobial agents is under investigation.
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