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The susceptibility of 30 clinical isolates belonging to six different species of filamentous fungi (Aspergillus
fumigatus, Aspergillus flavus, Scedosporium prolificans, Scedosporium apiospermum, Fusarium solani, and Fusar-
ium oxysporum) was tested against six antifungal drugs (miconazole, voriconazole, itraconazole, UR9825,
terbinafine, and amphotericin B) with the microdilution method recommended by the National Committee for
Clinical Laboratory Standards (NCCLS) (M38-P). The MICs were compared with the MICs obtained by a
colorimetric method measuring the reduction of the dye 3-(4,5-dimethyl-2-thiazyl)-2,5-diphenyl-2H-tetrazo-
lium bromide (MTT) to formazan by viable fungi. The levels of agreement between the two methods were 96
and 92% for MIC-0 (clear wells) and MIC-1 (75% growth reduction), respectively. The levels of agreement were
always higher for Aspergillus spp. (97% 6 2.5%), followed by Scedosporium spp. (87% 6 10.3%) and Fusarium
spp. (78% 6 7.8%). The NCCLS method was more reproducible than the MTT method: 98 versus 95% for
MIC-0 and 97 versus 90% for MIC-1. However, the percentage of hyphal growth as determined visually by the
NCCLS method showed several discrepancies when they were compared with the percentages of MTT reduc-
tion. A new simplified assay that incorporates the dye MTT with the initial inoculum and in which the fungi
are incubated with the dye for 48 h or more was developed, showing comparable levels of agreement and
reproducibility with the other two methods. Furthermore, the new assay was easier to perform and more
sensitive than the MTT method.

Filamentous fungi may cause invasive mycoses in both im-
munocompromised and nonimmunocompromised individuals.
These infections require prompt systemic antifungal therapy,
the effectiveness of which depends, among other things, on the
in vitro susceptibility of the fungus to antifungal drugs. There-
fore, there is a demand for reproducible and reliable methods
of antifungal susceptibility testing of filamentous fungi. Many
variables that decrease the inter- and intralaboratory agree-
ment are now defined (2, 4, 5, 16, 19). Broth macrodilution
methods are time-consuming and labor-intensive (1), and
therefore, efforts have focused on microdilution methods that
are more practical and more user-friendly in the clinical labo-
ratory (18). Based on these principles, the Subcommittee on
Antifungal Susceptibility Testing of the National Committee
for Clinical Laboratory Standards (NCCLS) has proposed the
M38-P standard for the antifungal susceptibility testing of
conidium-forming fungi (14).

The determination of MICs for filamentous fungi can be
facilitated with a method which overcomes observer bias and
quantifies the hyphal growth of molds. Because turbidity mea-
surements and colony counts (9) are not useful in the case of
filamentous fungi, colorimetric methods based on the mea-
surement of metabolic activity may facilitate determination of
the MIC. One of these is an assay using the dye 3-(4,5-dimeth-
yl-2-thiazyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT). This

yellow tetrazolium salt is cleaved by dehydrogenases inside
mitochondria or in other cellular locations possessing dehydro-
genase activity (7) to form its purple formazan derivative (11),
which can be measured spectrophotometrically at 550 nm.
MTT is cleaved by all living, metabolically active fungi inde-
pendent of proliferation and irrespective of unicellular or mul-
ticellular growth and thus is a measure of metabolic activity.

A method based on MTT has been used for susceptibility
testing of fungi. The MTT method demonstrated excellent
agreement with the standard macrodilution method for the
antifungal susceptibility testing of yeasts (1, 9). For filamentous
fungi, the MTT method has been used for Aspergillus fumiga-
tus, resulting in interpretable data (10). In order to overcome
the shortcomings of visual MIC determination for filamentous
fungi and to develop a reliable, subjective, and less variable
method for the antifungal susceptibility testing of filamentous
fungi, we evaluated the performance of a method using MTT
and compared the results with those obtained with the pro-
posed standard of the NCCLS. The correlation between the
metabolic activity and the growth of fungi was examined. Fur-
thermore, a simplified method using MTT was developed and
compared with the previous methods.

MATERIALS AND METHODS

Test isolates. Thirty clinical isolates of filamentous fungi (part of our private
collection) were tested. These included five isolates of each of the following
species: A. fumigatus (AZN7151, AZN7275, AZN8249, AZN8248, and
AZN7272), Aspergillus flavus (AZN501, AZN6837, AZN6803, AZN6686, and
AZN6578), Scedosporium prolificans (AZN7886, AZN7903, AZN7946,
AZN7921, and AZN7895), Scedosporium apiospermum (AZN1252, AZN7309,
AZN7110, AZN7111, and AZN6474), Fusarium solani (AZN729, AZN646,
AZN2106, AZN7844, and AZN2784), and Fusarium oxysporum (AZN685,
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AZN441, AZN1859, AZN8263, and AZN1188). Candida parapsilosis (ATCC
22019) and Candida krusei (ATCC 6258) were used for quality controls.

Isolates were passaged twice at an interval of 5 to 7 days at 30 to 37°C. All
isolates were tested three times on three different days. All the solutions were
prepared ex novo with powders from the same lot. Conidia of the isolates were
obtained from fresh cultures each time.

NCCLS method. A broth microdilution method was performed according to
NCCLS guidelines (M38-P) (14). The drugs that were used included miconazole
(Janssen Research Foundation, Beerse, Belgium), terbinafine (Novartis, Basel,
Switzerland), itraconazole (Janssen Research Foundation), UR9825 (Ureach,
Madrid, Spain), voriconazole (Pfizer Central Research, Sandwich, United King-
dom), and amphotericin B (Bristol-Myers Squibb, Woerden, The Netherlands).
The drug dilutions were made in RPMI 1640 medium (with L-glutamine, without
bicarbonate) (GIBCO BRL, Life Technologies, Woerden, The Netherlands)
buffered to pH 7.0 with 0.165 M morpholinepropanesulfonic acid (MOPS) (Sig-
ma-Aldrich Chemie GmbH, Steinheim, Germany). The final concentrations of
the antifungal agents ranged from 0.015 to 16 mg of amphotericin B/liter, 0.06 to
64 mg of miconazole/liter, and 0.03 to 32 mg of itraconazole, terbinafine,
UR9825, and voriconazole per liter.

The tests were performed in 96-well flat-bottom microtitration plates, which
were kept at 270°C until the day of testing. Spores were collected with a cotton
stick and suspended in sterile water. After the heavy particles were allowed to
settle, the turbidity of the supernatants were measured spectrophotometrically
(Spectronic 20D; Milton Roy, Rochester, N.Y.) at 530 nm and transmission was
adjusted to 68 to 70% (Scedosporium spp. and Fusarium spp.) or to 80 to 82%
(Aspergillus spp.). Each suspension was diluted 1:50 in RPMI 1640 to obtain two
times the desired inoculum. The inoculum size was confirmed by plating serial
dilutions on Sabouraud dextrose agar (SDA) plates, with final inocula ranging
from 1 3 104 to 5 3 104 CFU/ml. After agitation, the plates were incubated at
37°C for 48 h (Aspergillus spp. and Fusarium spp.) and 72 h (Scedosporium spp.).
The growth was assessed by visual observation with the aid of a concave mirror.
Growth was scaled according to the NCCLS guidelines as follows: 4, no reduc-
tion in growth; 3, slight reduction in growth, or approximately 75% of the growth
control; 2, prominent reduction in growth, or approximately 50% of the growth
control; 1, slight growth, or approximately 25% of growth control; and 0, optically
clear, or the absence of growth. MIC-1 and MIC-0 were determined to be the
lowest concentrations of drug showing slight growth (25%) and absence of
growth (100% visible-growth inhibition) compared with that of the drug-free
control, respectively. For amphotericin B, only the MIC-0 was determined.

MTT method (MTT-3h). The MICs were also determined by a colorimetric
method using the dye MTT (Sigma Chemical, St. Louis, Mo.). After the MICs
were visually determined on each of the microtitration plates, 25 ml of RPMI
1640 containing 5 mg of MTT/ml was added to each well. Incubation was
continued at 37°C for 3 h. The content of each well was removed (centrifugation
is not required for filamentous fungi due their adherence to the wells), and 200
ml of isopropanol containing 5% 1 M HCl was added to extract the dye. After 30
min of incubation at room temperature and gentle agitation, the optical density
(OD) was measured with a microtitration plate spectrophotometer (MS2 reader,
Titertekplus; ICN Biomedical Ltd., B.V., Zoetermeer, The Netherlands) at 550
nm. The OD of the blank, which consisted of an uninoculated plate incubated
together with the inoculated plates, was subtracted from the ODs of the inocu-
lated plates. The percentage of MTT conversion to its formazan derivative for
each well was calculated by comparing the OD at 550 nm (OD550) of the wells
with that of the drug-free control based on the following equation: (A550 of wells
that contained the drug/A550 of the drug-free well) 3 100%. MIC-0 and MIC-1
were considered to be the lowest concentrations of drug showing at least 95 and
75% reductions in the OD compared with that of the drug-free well, respectively.

Toxicity test. The dye MTT was tested for possible inhibitory effects on the
growth of filamentous fungi. The isolates were incubated in RPMI 1640 with
different concentrations of MTT ranging from 4 to 0.06 mg/ml, for 72 h at 37°C.
A final inoculum of 104 CFU/ml was used. Growth inhibition was assessed by
visual observation of the wells containing MTT and compared with the MTT-free
wells. The level of inhibition of the fungal growth was assessed and scored as
described above.

Modified MTT method. The MICs for each of the isolates were also deter-
mined by a modification of the MTT method previously described. For this
method, conidia suspensions were prepared as described above. Each suspension
was diluted 1:50 in RPMI 1640 containing 0.2 mg of MTT/ml to obtain two times
the desired inoculum. Then, the inoculum that contained MTT was added to
microtitration plates, which resulted in a final concentration of MTT of 0.1
mg/ml, and the microtitration plates were incubated for 72 h (Scedosporium spp.)
and 48 h (other species). After incubation, the formed formazan was extracted
and the MICs were determined as described above.

Analysis of results. Each of the 30 isolates was tested three times by the three
methods against the six drugs. For each isolate, there was one reading per test.
The MICs derived from the three readings by the NCCLS method and the two
MTT methods were compared for each drug-isolate combination.

(i) Agreement between NCCLS and MTT methods. The percentage of agree-
ment between the NCCLS method and the MTT methods was defined as the
proportion of MIC-0 and MIC-1 determined by MTT methods which fell within
1 dilution of the MIC-0 and MIC-1 determined by the NCCLS method, respec-
tively, for each reading. The high and low off-scale MICs were included in the

analysis by converting to the next higher or lower drug concentration, respec-
tively. The differences were analyzed by two-way analysis of variance and were
considered not statistically significant when the probability (P) exceeded 0.05.

(ii) Correlation of visual reading of growth with OD reduction. The correla-
tion of the visual reading of growth with the OD reduction was estimated for
each MIC endpoint by comparing the MIC-0 and MIC-1, as these were deter-
mined visually by the NCCLS method and spectrophotometrically by the MTT
method (MTT-3h). The frequency of visual MICs, which fulfilled the criteria
defined above for the MIC endpoints of the MTT method (at least 95 and 75%
reductions of the OD for MIC-0 and MIC-1, respectively) as well as the average
of percentage of OD reduction compared with the visual MIC endpoints were
calculated.

(iii) Reproducibility of methods. For each method, the median of the three
MICs measured was calculated and the proportion of the MICs that fell within
1 dilution of the median was estimated. Based on these calculations, the repro-
ducibility of each method for determining the drug-MIC endpoint was deter-
mined.

RESULTS

A total of 1,620 MICs obtained by the three methods were
evaluated in this study. All the isolates produced detectable
growth at 48 and 72 h. The MICs of quality control strains were
within the reference ranges for the three replicates.

MIC data. The MIC ranges for both MIC endpoints ob-
tained by the NCCLS method for six antifungal drugs against
the six fungal species are summarized in Table 1. Table 1 also
provides the median MIC of the three readings. In most of the
endpoint-drug-species combinations, the MIC range and the
median MIC were the same for the two methods, with very few
exceptions with the Fusarium spp. The MICs were distributed
over all the drug concentrations used.

Toxicity of MTT. MTT did not have any effect on the growth
of the fungi at concentrations of 0.125 mg/ml and lower (Fig.
1). At the higher concentrations, MTT was toxic for Scedospo-
rium spp. and Fusarium spp. since the growth was completely
inhibited. By contrast, Aspergillus spp. appeared resistant to
MTT even at higher concentrations.

Agreement between methods. The percentages of agreement
within 1 dilution between MICs obtained by the NCCLS and
MTT methods for each species-drug-MIC endpoint combina-
tion are presented in Table 2. The results were stratified by
antifungal agents and MIC endpoint. High levels of agreement
(96% for MIC-0 and 92% for MIC-1) were found for the
comparison of the NCCLS method with the MTT method.
Lower levels of agreement were found when results of the
modified MTT method were compared with those of the
NCCLS method and the MTT method (MTT-3h). The agree-
ment for MIC-0 was always higher than that for MIC-1. The
observed differences among the methods were not statistically
significant except for those derived from the comparison of the
modified MTT method with the other two methods for both
MIC endpoints of voriconazole and for MIC-1 of UR9825.

The levels of agreement for each drug-MIC endpoint com-
bination between the methods were always the highest for the
Aspergillus spp. (97% 6 2.5%), followed by Scedosporium spp.
(87% 6 10.3%). For Fusarium spp., the levels of agreement
were relatively low (78% 6 7.8%) (data not shown).

Representative curves of the OD and percentage of MTT
conversion of miconazole against S. apiospermum are pre-
sented in Fig. 2. MIC-0 and MIC-1 determined visually by the
NCCLS method were 1 and 0.5 mg/liter, respectively.

Correlation between visual reading of growth and OD re-
duction. Visual reading of growth was correlated with the
colorimetric assessment of metabolic activity of fungi by com-
paring the results of the NCCLS method with the results of the
MTT method (MTT-3h) (Table 3). The off-scale MICs were
excluded from the analysis. For the MIC-0 endpoint, 84.7% of
the MIC-0s of all drugs determined by the NCCLS method
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corresponded to a 95% or greater reduction of the OD. For
the MIC-1 endpoint, 63.9% of the MIC-1s obtained by the
NCCLS method corresponded to a 75% or greater reduction
of the OD.

Reproducibility of methods. Overall, the three methods
were very reproducible, since the levels of the reproducibility
were higher than 89% for both MIC endpoints. The NCCLS
method was more reproducible than the MTT methods, since
the reproducibility for MIC-0 and MIC-1 were 94.8 and 93.4%
for the NCCLS method compared with 94.8 and 89.5% for the
MTT method and 92.8 and 89.6% for the modified MTT
method, respectively. Between the two MIC endpoints, MIC-0
was more reproducible than MIC-1. For all drugs tested, the
reproducibility of MIC-0 ranged from 90 to 100% and that of
MIC-1 ranged from 82 to 99%. The lowest reproducibility
among the drug-MIC endpoint-method combinations was ex-
hibited by MIC-1 of terbinafine determined by the MTT
method and the modified MTT method (82 and 84%, respec-
tively).

DISCUSSION

There are several problems in the determination of the
MICs of antifungal agents, such as trailing effect caused by
partial inhibition of fungal growth (8) and the subjectivity of
visual reading with the aid of a magnifying mirror (16). These
shortcomings are increased for filamentous fungi, which pro-
duce hyphae, making quantification of growth difficult. More-
over, the unequal growth, clumping, and adherence (13) of
molds in assay tubes makes establishing a clear endpoint im-
possible both by visual reading as well as by spectrophotome-
ter.

The colorimetric method using the dye MTT has been in-
vestigated as an alternative method for the NCCLS method for
in vitro susceptibility testing of fungi. Its applicability was in-
vestigated for the MIC of fluconazole against 101 yeast iso-
lates, and high levels of agreement with the NCCLS method
were reported (1). In the same study, the authors found that
the MICs could be determined 24 h earlier with the MTT
method. Although previous studies have shown that the MTT
method resulted in interpretable dose-response curves with
both amphotericin B and itraconazole against A. fumigatus (9,
10), the applicability of the MTT method for the antifungal
susceptibility testing of various filamentous fungi against dif-
ferent antifungal drugs and the comparison of this method with
the NCCLS method (M-38P) had not been studied.

Overall, the levels of agreement between the MTT and
NCCLS methods within 1 dilution were 95.8% based on MIC-0
and 92.3% based on MIC-1 (Table 2). The MTT method relies
on metabolic activity of mycelia (6, 11) and, thus, not directly
on growth. Any factor which influences the metabolic rate
might have an effect on reduction of MTT even if the biomass
remains the same. The high levels of agreement with the
NCCLS method might indicate that growth corresponds di-
rectly with the metabolic status of fungi. However, different
levels of agreement were found between the genera, with As-
pergillus spp. showing higher levels of agreement (97% 6
2.5%) than Scedosporium spp. (87% 6 10.3%) and Fusarium
spp. (78% 6 7.8%). This could be explained by the different
rates and manner of sporulation and, if true, indicates poten-
tial difficulties in developing a general, accurate, comprehen-
sive assay for testing the susceptibility of conidium-forming
filamentous fungi in vitro.

Although the microtitration plates were prepared ex novo,
the two methods showed high reproducibility since the levels of
agreement among the replicates were 97.6 and 96.7% (NCCLS)

T
A

B
L

E
1.

T
he

M
IC

-0
and

M
IC

-1
of

six
antifungaldrugs

against
30

clinicalisolates
of

filam
entous

fungiobtained
by

the
N

C
C

L
S

m
ethod

D
rug

a

M
IC

(m
g/liter)

range
(m

edian) b

A
.fum

igatus
A

.flavus
S.apiosperm

um
S.prolificans

F
.oxysporum

F
.solani

M
IC

-0
c

M
IC

-1
d

M
IC

-0
M

IC
-1

M
IC

-0
M

IC
-1

M
IC

-0
M

IC
-1

M
IC

-0
M

IC
-1

M
IC

-0
M

IC
-1

M
C

Z
4–16

(4)
4–16

(4)
1–16

(4)
0.125–8

(2)
1–8

(2)
0.5–2

(1)
16–.

64
(.

64)
4–.

64
(64)

1–.
64

(16)
0.25–.

64
(8)

4–.
64

(16)
2–.

64
(8)

T
B

2–4
(4)

0.5–4
(1)

0.03–0.5
(0.06)

0.03–0.125
(0.03)

.
32

.
32

.
32

.
32

0.125–.
32

(8)
0.03–8

(2)
1–.

32
(4)

0.5–8
(2)

IC
Z

0.5–2
(1)

0.5–1
(0.5)

0.125–1
(1)

0.06–1
(0.5)

2–.
32

(32)
0.5–4

(1)
.

32
.

32
0.5–.

32
(32)

0.125–.
32

(32)
4–.

32
(32)

2–.
32

(16)
U

R
0.25–1

(0.5)
0.125–0.25

(0.25)
0.125–0.25

(0.25)
0.06–0.125

(0.125)
1–8

(2)
0.25–2

(1)
8–32

(16)
1–8

(2)
0.5–.

32
(8)

0.125–16
(4)

4–.
32

(8)
2–.

32
(4)

V
C

Z
0.25–1

(0.5)
0.125–0.5

(0.25)
0.25–1

(0.5)
0.06–0.5

(0.25)
0.5–2

(0.5)
0.125–1

(0.25)
16–.

32
(32)

1–8
(4)

0.5–16
(4)

0.125–8
(2)

2–32
(4)

1–16
(2)

A
B

0.5–1
(0.5)

N
D

e
0.5–1

(1)
N

D
2–4

(2)
N

D
0.5–.

16
(16)

N
D

0.25–2
(1)

N
D

0.5–2
(1)

N
D

a
M

C
Z

,m
iconazole;T

B
,terbinafine;IC

Z
,itraconazole;U

R
,U

R
9825;V

C
Z

,voriconazole;A
B

,am
photericin

B
.

b
T

here
w

ere
five

isolates
per

species.
cM

IC
-0,the

low
est

concentration
of

drug
show

ing
com

plete
inhibition

of
grow

th
(N

C
C

L
S

m
ethod).

d
M

IC
-1,the

low
est

concentration
of

drug
show

ing
slight

grow
th

(25%
)

(N
C

C
L

S
m

ethod).
eN

D
,not

determ
ined.

VOL. 38, 2000 NCCLS AND MTT METHODS FOR IN VITRO TESTING OF FUNGI 2951



and 94.8 and 89.5% (MTT) based on MIC-0 and MIC-1, re-
spectively. The lower reproducibility of MIC-1 compared with
that of MIC-0 in the MTT method could be explained by the
high sensitivity of the assay. Different variables in the condi-
tions of incubation, such as batch of medium, temperature, and
evaporation, might have an effect in the reduction of MTT
influencing the less-stable MIC-1 endpoint to a higher degree.

The correlation of the MIC endpoints in two methods
showed some discrepancies since only 84.7% of the MIC-0s
determined by the NCCLS method corresponded with meta-
bolic activity lower than 5%, as assessed by MTT conversion,
and 63.9% of visually determined MIC-1s by the NCCLS
method corresponded to MTT conversion lower than 25%
(Table 3). The discrepancies that occurred from the com-
parison of MIC endpoints were expected since the accurate
method of MTT precisely quantifies the growth in each well,
which is very difficult to achieve by visual reading.

In order to increase the reduction of MTT and diminish the

incubation period required for the MIC determination, it has
been suggested to use menadione, an electron-coupling agent
that increases the reduction of MTT (6, 9, 10). However, we
were able to increase the reduction of MTT just by adding the
dye to the inoculum and by incubating the fungi with the dye
for 48 and 72 h. This resulted in a 1.5- to 5-fold increase of
absorption due to the higher production of formazan (Fig. 2).
To ensure that MTT does not inhibit the growth of fungi, we
incubated the fungi with different concentrations of MTT. All
fungi were inhibited by a high concentration of MTT, although
the susceptibility varied among the species. No inhibition was
observed at a concentration of 0.125 mg/ml or lower when all
the isolates were incubated for 72 h with the dye (Fig. 1).
Therefore, a final concentration of 0.1 mg of MTT/ml was used
in the modified MTT assay. The agreement of this new assay
with the NCCLS method was lower than that of the MTT
method (86.6% for MIC-0 and 78.5% for MIC-1), probably
due to interexperimental variability (different plates) and its

FIG. 1. Toxicity of MTT for six species of filamentous fungi. The bars for each species represent each of five individual strains tested and indicate the lowest
concentration of MTT at which no inhibition of growth was observed. The dotted line shows the concentration of MTT used for MIC determination (0.1 mg/ml) by
the modified MTT method.

TABLE 2. Agreement between NCCLS- and MTT-derived MICs

Drug

% Agreement within 1 dilution (P value)

NCCLS-MTT NCCLS-modified MTT MTT-modified MTT

MIC-0 MIC-1 MIC-0 MIC-1 MIC-0 MIC-1

Miconazole 99 (0.94) 93 (0.79) 89 (0.36) 88 (0.66) 86 (0.36) 83 (0.48)
Terbinafine 92 (0.82) 84 (0.45) 93 (0.85) 78 (0.36) 94 (0.96) 75 (0.89)
Itraconazole 97 (1) 95 (0.43) 90 (0.66) 81 (0.18) 91 (0.66) 82 (0.46)
UR9825 99 (0.98) 96 (0.53) 76 (0.04) 77 (0.09) 86 (0.03) 76 (0.25)
Voriconazole 94 (0.91) 94 (0.21) 83 (0.006) 69 (0.003) 86 (0.01) 81 (0.05)
Amphotericin B 94 (0.60) 88 (0.16) 87 (0.35)

Overall agreement 95.8 92.3 86.6 78.5 88.4 79.4
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higher sensitivity, since small differences in the growth rate can
result in large differences in the amount of formazan that is
produced. The discrepancies for UR9825 and voriconazole
were statistically significant. This could be related to the trail-
ing effect, which might influence the results obtained by the
modified MTT method more than those derived by the MTT
assay. However, the modified assay was very reproducible
(92.8% for MIC-0 and 89.6% for MIC-1), compared to the
MTT method. The MTT method incorporates several advan-
tages. It is easy to perform and objective (1). The MICs of
antifungal drugs can be determined rapidly since it can pro-
duce results after 24 h for Aspergillus spp. and 48 h for Sce-
dosporium spp., although the reduction of MTT increased dur-
ing prolonged incubation (unpublished observations). The
MTT method is reproducible and reliable. It provides good
agreement with the NCCLS method while overcoming some of
its drawbacks. The main advantage of the MTT method is that
it enables precise quantification of hyphal proliferation of
molds and can assess even very small differences. This property
is very important in cases that interactions between combina-
tions of antifungal agents are studied (12).

A drawback of the MTT method is the requirement of high
numbers of cells, especially if they have low metabolic activity
(6), in order to achieve measurable MTT reduction. Further-
more, the high sensitivity can decrease the reproducibility in
some experimental designs. The extraction of formazan crys-
tals is performed by dissolution in organic solvents (15), which
precludes direct spectrophotometric measurement of absorp-
tion (20) and prevents the assessment of fungicidal concen-
tration of the drugs. Furthermore, an additional extraction step
is required to visualize the reduction of MTT (20). Alterna-
tively, 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)
carbonyl]-2H-tetrazolium hydroxide (XTT) could be consid-
ered an alternative since it is reduced to a water-soluble
formazan product (8, 20; J. Meletiadis, unpublished observa-
tions).

In conclusion, the MTT method can be used as an alterna-
tive method to the NCCLS method since it shows high levels of
agreement with the NCCLS method. The spectrophotometric
reading provides more detailed information on the antifungal
activity in each well. Furthermore, optimalization of the MTT
method may overcome the above-mentioned drawbacks. The

FIG. 2. Testing of susceptibility of an S. apiospermum strain to miconazole. Representative curves were generated by the MTT method (MTT-3h) and its
modification (mod.MTT). The curves with the circles represent the percentage of OD reduction compared with the OD of the drug-free well, and the curves with the
squares represent the absorption of formed formazan at 550 nm. The MIC-0 and MIC-1 determined by the NCCLS method were 1 and 0.5 mg/liter, respectively.

TABLE 3. Correlation of visually determined MICs (NCCLS MICs) with the percentage of MTT conversion, as calculated by the
MTT methoda

Drug

MTT conversion of isolates with NCCLS
MIC-0 MTT conversion of isolates with NCCLS MIC-1

% of isolates with
,5% conversion

% Conversion
[median (range)]b

% of isolates with: % Conversion
[median (range)]b

,25% conversion 26–50% conversion 51–75% conversion

Miconazole 89.5 0 (0–36) 74.7 21.5 3.8 13 (0–75)
Terbinafine 76.9 2 (0–24) 53.6 31.9 14.5 24 (0–75)
Itraconazole 84.9 1 (0–30) 68.8 25.0 6.2 15.5 (0–75)
UR9825 83.3 1 (0–36) 61.3 31.2 7.5 21 (0–75)
Voriconazole 87.8 1 (0–35) 61.7 27.7 10.6 21 (0–71)
Amphotericin B 84.3 0 (0–28)

Overall conversion 84.7 1 (0–36) 63.9 27.6 8.5 20 (0–75)

a Percentage of MTT conversion was calculated by comparing the OD of the drug-containing well with that of the drug-free well.
b The median and range of percentage of MTT conversion calculated by the MTT method were corresponded to MIC endpoints determined by the NCCLS method.
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modified assay we described in this study could be the starting
point for further optimization of the MTT method.
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