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Treatment of disseminated Trichosporon infections still remains difficult. Amphotericin B frequently displays inadequate fungi-
cidal activity and echinocandins have no meaningful antifungal effect against this genus. Triazoles are currently the drugs of
choice for the treatment of Trichosporon infections. This study evaluates the inhibitory and fungicidal activities of five triazoles
against 90 clinical isolates of Trichosporon asahii. MICs (�g/ml) were determined according to Clinical and Laboratory Stan-
dards Institute microdilution method M27-A3 at 24 and 48 h using two endpoints, MIC-2 and MIC-0 (the lowest concentrations
that inhibited �50 and 100% of growth, respectively). Minimum fungicidal concentrations (MFCs; �g/ml) were determined by
seeding 100 �l of all clear MIC wells (using an inoculum of 104 CFU/ml) onto Sabouraud dextrose agar. Time-kill curves were
assayed against four clinical T. asahii isolates and the T. asahii ATCC 201110 strain. The MIC-2 (�50% reduction in turbidity
compared to the growth control well)/MIC-0 (complete inhibition of growth)/MFC values that inhibited 90% of isolates at 48 h
were, respectively, 8/32/64 �g/ml for fluconazole, 1/2/8 �g/ml for itraconazole, 0.12/0.5/2 �g/ml for voriconazole, 0.5/2/4 �g/ml
for posaconazole, and 0.25/1/4 �g/ml for isavuconazole. The MIC-0 endpoints yielded more consistent MIC results, which re-
mained mostly unchanged when extending the incubation to 48 h (98 to 100% agreement with 24-h values) and are easier to in-
terpret. Based on the time-kill experiments, none of the drugs reached the fungicidal endpoint (99.9% killing), killing activity
being shown but at concentrations not reached in serum. Statistical analysis revealed that killing rates are dose and antifungal
dependent. The lowest concentration at which killing activity begins was for voriconazole, and the highest was for fluconazole.
These results suggest that azoles display fungistatic activity and lack fungicidal effect against T. asahii. By rank order, the most
active triazole is voriconazole, followed by itraconazole � posaconazole � isavuconazole > fluconazole.

Fungal genera and species that are less susceptible or resistant to
antifungal drugs in use have now emerged as rare causes of

invasive infections in immunocompromised patients. One of the
genera which remains relatively resistant to antifungal therapy is
Trichosporon (1–8). Trichosporon spp. are basidiomycetous yeast-
like anamorphic organisms (classified in Basidiomycota, Hymeno-
mycetes, Tremelloidae, and Trichosporonales) (3). Thus far, 38 spe-
cies of Trichosporon have been identified, 8 of which (Trichosporon
cutaneum, Trichosporon asahii, Trichosporon asteroides, Tricho-
sporon mucoides, Trichosporon inkin, Trichosporon ovoides, Tricho-
sporon mycotoxinivorans, and Trichosporon insectorum) have been
detected as causative agents in human infections and allergic dis-
orders (4, 5, 9–11). T. mucoides and T. asahii mostly cause invasive
trichosporonosis, while T. asteroides and T. cutaneum have been
identified in superficial infections, and T. ovoides and T. inkin in
white piedra (12). The reports published prior to this more re-
cently accepted taxonomy of Trichosporon spp. refer only to Tri-
chosporon beigelli. It remains partly difficult to determine the de-
finitive species distribution of Trichosporon strains isolated in
various clinical settings. With the contribution of more recently
published data, T. asahii is now considered to be the predominant
species encountered in invasive Trichosporon infections (13, 14).

Amphotericin B has long remained as a commonly used drug
in treatment of trichosporonosis. However, its in vitro activity and
particularly its fungicidal effect may remain inadequate against
some strains of Trichosporon (15). The activity of echinocandins,
on the other hand, is inherently limited against this genus (16, 17).
While triazoles are among the most commonly studied antifungal

drugs against Trichosporon (7, 18), there are still uncertainties re-
garding the optimal drug to be chosen for treatment of tricho-
sporonosis and data to compare the in vitro activities of available
triazoles and to rationally determine the optimal one for clinical
use are limited (6).

Although any possible benefit of fungicidal activity remains at
least partly unclear particularly in a patient setting of immuno-
suppression with multiple comorbidities, fungicidal activity has
proven to be significant in a number of patients with tricho-
sporonosis. One major example for this is the report on the lack of
clinical response to amphotericin B in cases of disseminated tri-
chosporonosis where amphotericin B was inhibitory but not fun-
gicidal in vitro against the infecting Trichosporon strains. Specifi-
cally, the correlation of the lack of fungicidal activity of
amphotericin B with refractory, disseminated trichosporonosis in
granulocytopenic patients was emphasized (15). On the other
hand, studies on comparative killing activities and pharmacody-
namic properties of various triazoles against Trichosporon spp. are
lacking (3, 14).
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This study was undertaken (i) to determine and compare the
MIC and minimum fungicidal concentration (MFC) values of five
triazoles—fluconazole, itraconazole, voriconazole, posaconazole,
and isavuconazole—against clinical isolates of T. asahii, (ii) to
further analyze the comparative killing activities of these triazoles
by time-kill assay for a limited number of selected Trichosporon
strains, and finally (iii) to rank the in vitro activities of these agents
so as to constitute the essential knowledge for optimal clinical
choices.

(This study was presented in part at the 4th Trends in Medical
Mycology Meeting, 18 to 21 October 2009, Athens, Greece, abstr.
P-018.)

MATERIALS AND METHODS
Clinical isolates. A total of 90 clinical isolates were tested. These strains
were isolated from clinical samples of patients treated at Hacettepe Uni-
versity Medical School Hospital, Ankara, Turkey. The clinical samples
were urine (n � 71, including one urolithiasis sample), blood (n � 6),
sterile body fluids (n � 4), respiratory tract samples (n � 4, sputum
samples/deep tracheal aspirates), pus (n � 3), vascular catheter culture
(n � 1), and fine-needle aspiration biopsy sample (n � 1).

The strains were classified to the species level by using conventional
methods, including the colony morphology, assimilation profiles detected
by ID 32C (bioMérieux, France), microscopic properties on cornmeal
Tween 80 agar, and urease enzyme activity (19). The isolates were stored at
�80°C in brain heart infusion broth supplemented with 10% glycerol.
Before tests were performed, the isolates were examined for purity and
viability by subculturing at least twice and grown for 24 to 48 h at 35°C on
Sabouraud dextrose agar (SDA).

Antifungal drugs. Fluconazole (Pfizer Ireland Pharmaceuticals, Ire-
land), itraconazole (Janssen Pharmaceutica N.V., Belgium), voriconazole
(Pfizer, Inc., USA), posaconazole (Schering-Plough Research Institute,
USA), and isavuconazole (Basilea Pharmaceutica International, Ltd.,
Switzerland) were provided from their respective manufacturers as stan-
dard powders. Antifungal stock solutions were prepared by dissolving
fluconazole in water, and other triazoles in dimethyl sulfoxide, as recom-
mended by the Clinical and Laboratory Standards Institute (CLSI) (20).
Stock solutions were stored at �80°C until used (maximum of 3 months).

Antifungal susceptibility testing. The CLSI M27-A3 broth microdi-
lution method was used to determine MIC (�g/ml) values (20). Candida
krusei ATCC 6258 was included in each run of the susceptibility experi-
ments as a quality control. Final drug concentrations in the microdilution
plates ranged from 64 to 0.125 �g/ml for fluconazole and from 8 to 0.015
�g/ml for itraconazole, voriconazole, posaconazole, and isavuconazole.
Broth microdilution method was performed by using two different inoc-
ula. A lower inoculum of �103 CFU/ml was used for MIC determinations,
as recommended in the CLSI M27-A3 document (20). A higher inoculum
of �104 CFU/ml was also studied to be used for MFC determinations
(21).

Determination of MICs. Since no definitive MIC reading endpoint
and time have yet been determined for susceptibility testing of azoles
against Trichosporon strains, the MICs were recorded by using both
MIC-0 (complete inhibition of growth) and MIC-2 (�50% reduction in
turbidity compared to the growth control well) endpoints and at 24 and
48 h of incubation.

Determination of MFCs. MFCs were determined by the method re-
ported by Cantón et al. (21). Briefly, content of each visually clear MIC
well with the highest inoculum of �104 CFU/ml was homogenized with a
micropipette, and 100 �l of the content of each was subcultured onto
SDA. All plates were incubated at 35°C for 24 and 48 h. The MFC was
defined as the lowest drug concentration that killed �99.9% of the final
inocula (detection of �1 colony on subculture agar plate). MFCs were
determined at 24 as well as at 48 h.

Time-kill assay. Time-kill studies were performed for four clinical
isolates and T. asahii ATCC 201110 strain. The clinical isolates were
selected depending on their relatively distinctive MIC value for any of
the triazoles tested and compared to the other strains. Specifically,
clinical isolate 1 presented with a relatively low fluconazole MIC-2,
and clinical isolate 2 presented with a relatively high fluconazole
MIC-2 value. Clinical isolates 3 and 4, on the other hand, had relatively
high voriconazole and isavuconazole MIC-2 values, respectively.

The MIC values obtained for the isolates tested in time-kill experi-
ments are shown in Table 1. Antifungal carryover effect and time-kill
studies were performed as described previously (22, 23). Time-kill studies
were carried out in RPMI 1640 medium by using an inoculum size of 1 �
103 to 5 � 103 CFU/ml with a 10-ml volume and concentrations of 32, 16,
8, 4, 2, 1, and 0.5� the MICs for each drug and test isolate. At predeter-

TABLE 1 MIC and MFC values of azole agents for T. asahii isolates tested in time-kill experiments (n � 5)

Agent MIC or MFCa

MIC (�g/ml) for the indicated isolate at the indicated time

ATCC 201110 Clinical isolate 1 Clinical isolate 2 Clinical isolate 3 Clinical isolate 4

24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h

Fluconazole MIC-2 0.5 4 0.5 0.5 4 16 0.5 2 4 4
MIC-0 4 4 4 4 16 32 16 16 32 32
MFC 8 32 16 32 32 64 16 16 64 64

Itraconazole MIC-2 0.25 0.5 0.12 0.12 0.06 0.25 1 1 0.12 0.12
MIC-0 1 1 1 1 1 1 2 2 1 2
MFC 2 2 8 �8 2 2 2 2 4 4

Voriconazole MIC-2 �0.015 0.06 �0.015 0.03 0.06 0.25 0.12 0.25 0.03 0.03
MIC-0 0.12 0.12 0.06 0.12 0.25 0.5 0.25 0.5 0.5 0.5
MFC 0.25 0.25 2 2 1 1 2 2 2 2

Posaconazole MIC-2 0.12 0.12 0.06 0.06 �0.015 0.5 0.06 0.12 0.25 0.5
MIC-0 1 1 1 1 1 1 1 2 1 1
MFC 2 2 2 8 2 2 2 2 2 2

Isavuconazole MIC-2 �0.015 �0.015 �0.015 0.03 �0.015 0.12 0.12 0.12 0.25 0.5
MIC-0 0.5 0.5 0.25 0.5 0.25 0.5 1 1 1 1
MFC 8 8 2 4 2 2 2 2 2 2

a MIC-2, reading endpoint which provides �50% reduction in turbidity compared to the growth control well; MIC-0, reading endpoint at concentration which provides complete
inhibition of growth. MFC, minimum fungicidal concentration.
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mined time points (0, 6, 12, 24, 36, and 48 h), aliquots of 100 �l were
removed from each control (drug-free) and test solution tube and then
serially diluted in sterile water. A volume of 100 �l from serially diluted
aliquots was placed on SDA plates to determine the number of CFU/ml
after incubation at 35°C for 24 h. All experiments were performed twice
for each isolate and triazole tested.

Data analysis. The MICs and MFCs that inhibited 50 and 90% of
isolates (MIC50, MIC90, MFC50, and MFC90), the geometric mean (GM)
MIC and GM MFC, and also the MIC and MFC range values were deter-
mined for each antifungal drug for both MIC and time reading endpoints.
Time-kill data were fitted to an exponential equation, Nt � N0 � ekt (Nt,
viable cells at time t; N0, starting inoculum; k, killing rate [or lethality]; t,
incubation time). The exponential equation was transformed into a line
by applying natural logarithms (log Nt � log N0 � kt). The slope of this
line gives k values or killing rates. Killing activities of the drugs for each
isolate were compared by use of the k values, positive values of which
indicate growth, and negative values indicate killing. The generation time
for each isolate/azole/concentration combination was calculated by the k
value (0.30103/k). The goodness of fit for each isolate-drug combination
was assessed by the R2 value (�0.8) (24, 25). A multivariate mixed-effects
analysis (26) was performed to determine significant differences in killing
rates among azoles and concentrations. In order to know the effect of
these specific drugs on the whole isolate population, the variable isolates
were considered as a random factor. The effect of the concentration was
analyzed both as �g/ml and as multiples of MIC. A P value of �0.05 was
considered significant.

RESULTS

MICs and MFCs of the tested triazoles against the 90 clinical T.
asahii isolates included in the study are shown in Table 2. The
highest MICs and MFCs were obtained for fluconazole, followed
by itraconazole, posaconazole, and isavuconazole with similar de-
grees of activities compared to each other. The MICs and MFCs of
itraconazole, posaconazole, and isavuconazole vary by no more
than three 2-fold dilutions compared to one another. Voricona-
zole generated the lowest MICs and MFCs of all. The influence of
the incubation time on MIC values was minor for MIC-0, where
the agreement between 24 and 48 h results ranged from 98 to
100%, while for the MIC-2 it varied from 64 to 79% (Table 2).

As an important observational note, MIC-2 values were diffi-

cult to evaluate particularly at 24 h due primarily to the relatively
weak and nonhomogenous growth pattern of most of the isolates.
On the contrary, we observed that MICs evaluated by MIC-0 end-
point could easily be determined at both reading time points.

No carryover antifungal effect was detected for any of the tria-
zoles tested. The time killing curves show that all agents were
fungistatic; the activity increased as the incubation time and con-
centration increased, reaching the maximum log decrease (re-
garding the number of CFU/ml) at 48 h. Figure 1 a shows repre-
sentative kill curves of voriconazole obtained for the T. asahii
ATCC strain. For clinical isolates, the maximum log reduction in
CFU, with respect to control at the same time point, obtained at
32� the MIC-2 varies with the isolate and agent, and ranged from
1.48 to 2.72 log for fluconazole, from 1.83 to 2.78 log for itracona-
zole, from 2.05 to 2.58 log for voriconazole, from 2.05 to 2.58 log
for posaconazole, and from 1.87 to 2.65 log for isavuconazole.
Table 3 shows the generation time for each isolate at MIC-2 and
4� the MIC-2. The assessment of the generation time for the
clinical isolates and at 4� the MIC-2 led to the following conclu-
sions. For fluconazole, it ranged from 3.3 h to 41.8 h at 4� the
MIC, except for isolate 2, where killing activity was observed. For
itraconazole it ranged from 5.7 to �48 h; for voriconazole from
7.2 to �48 h except for isolate 3, where killing activity was ob-
served. For posaconazole, on the other hand, the generation time
ranged from 33.1 to �48 except for isolate 1 (killing activity) and
for isavuconazole from 3.9 to 8.2 h, except for isolate 4. In general,
the generation time obtained at 4� the MIC was significantly
greater (P � 0.05) than the corresponding generation time of each
isolate in the absence of drug: 3.03 	 0.2 h (isolate 1), 3.0 	 0.9 h
(isolate 2), 2.9 	 0.8 h (isolate 3), and 2.9 	 0.3 h (isolate 4). The
fungicidal endpoint (99.9% killing or 3-log decreases in CFU/ml)
was not reached by any azole although, in all agents, killing activity
against some isolates was observed (negative k values). Figure 1b
to f depict the relationship between the killing rate and concentra-
tion for the four clinical isolates tested and the T. asahii ATCC
strain. The killing rate increased linearly with concentration and
was not related to the MIC (e.g., for isolate 1, fluconazole killing

TABLE 2 In vitro activity of azole agents against 90 clinical isolates of T. asahiia

Agent MIC or MFC

MIC (�g/ml) at 24 h MIC (�g/ml) at 48 h
% Agreementb

(	1 dilution)Range MIC50 or MFC50 MIC90 or MFC90 GM Range MIC50 or MFC50 MIC90 or MFC90 GM

Fluconazole MIC-2 �0.12–8 1 4 1.54 0.5–16 4 8 3.24 64.4
MIC-0 2–32 8 32 10.66 4–32 8 32 11.31 98.9
MFC 2–64 16 64 20.78 4–64 32 64 23.69

Itraconazole MIC-2 0.03–1 0.25 0.5 0.23 0.12–1 0.25 1 0.37 78.9
MIC-0 0.5–2 1 2 1.06 0.5–4 2 2 1.44 98.9
MFC 1–�8 2 8 2.43 1–�8 2 8 3.1

Voriconazole MIC-2 �0.015–0.12 0.03 0.06 0.04 �0.015–0.25 0.06 0.12 0.06 75.6
MIC-0 0.06–0.5 0.25 0.5 0.21 0.12–0.5 0.25 0.5 0.25 98.9
MFC 0.25–4 0.5 2 0.71 0.25–8 1 2 0.83

Posaconazole MIC-2 �0.015–1 0.12 0.5 0.16 0.06–1 0.25 0.5 0.25 76.7
MIC-0 0.5–2 1 1 1.06 1–2 1 2 1.12 100
MFC 0.5–8 2 2 1.68 0.5–8 2 4 1.92

Isavuconazole MIC-2 �0.015–0.5 0.03 0.25 0.07 �0.015–0.5 0.12 0.25 0.1 67.8
MIC-0 0.12–2 0.5 1 0.53 0.25–2 1 1 0.75 97.8
MFC 0.5–8 2 4 1.79 0.5–8 2 4 2.14

a MIC-2 and MIC-0, MICs that inhibit 50 and 100% of growth, respectively; MIC50 and MIC90, concentrations that inhibit 50 and 90% of isolates, respectively; MFC, minimum
fungicidal concentration; GM, geometric mean.
b That is, agreement between results obtained at 24 and 48 h.
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rate at 2� the MIC [32 �g/ml] was �0.013 CFU/ml/h, whereas for
the other isolates this rate was reached at 8� the MIC). Negative k
values were obtained against 3 of the 4 clinical isolates tested at
concentration �16 �g/ml (2 and 8� the MIC-2) of fluconazole
and for the other agents against 2 of the 4 isolates, itraconazole at
�1 �g/ml (8� and 32� the MIC-2), voriconazole at �0.5 �g/ml
(2� and 32� the MIC-2), posaconazole at �2 �g/ml (4� and 8�
the MIC-2), and isavuconazole at �2 �g/ml (4� and 16� the
MIC-2) (Fig. 1b to f). Voriconazole was the agent that reached the
greatest killing rates. Statistical analysis showed significant differ-
ences in the killing rates (k values) of isavuconazole and flucona-
zole (P � 0.001) when considering multiples of MIC, and when
considering �g/ml, the relationship between k and concentration
is significantly different for each azole (P � 0.001).

DISCUSSION

We compared here the inhibitory and any possibly existing fungi-
cidal activities of the triazoles against clinical isolates of T. asahii.

For assessment of the inhibitory activities, we used the CLSI
M27-A3 microdilution method standardized for Candida spp.
and Cryptococcus neoformans. The very recently proposed test pa-
rameters for standardization of antifungal susceptibility testing
for Trichosporon spp., as well as other nonfermentative yeasts (27),
will hopefully and eventually provide a standard methodology and
comparable data to be used in future studies for these fungal gen-
era.

As indicated in Table 2, the analysis of our MIC results in
general at both endpoint and time point readings suggests that
voriconazole is the most active triazole in vitro against T. asahii. It
is followed by itraconazole, posaconazole, and isavuconazole,
which exhibit similar activities. Fluconazole, on the other hand,
has the lowest activity among the five triazoles.

MIC values of triazoles against isolates of T. asahii have been
previously reported by other authors. While some of these used
the CLSI or similar broth microdilution methodology (2, 4, 6, 18,

FIG 1 Representative time-kill plots for ATCC T. asahii after exposure to voriconazole (a) and killing rates of fluconazole (FLU), itraconazole (ITRA),
voriconazole (VORI), posaconazole (POSA), and isavuconazole (ISAVU) against T. asahii ATCC 201110, isolate 1, isolate 2, isolate 3, and isolate 4 (b to f). CT,
drug-free control; above the dotted line, growth; dotted line, the starting point of killing activity. The voriconazole correlation coefficient value is low (R2 � 0.8)
for isolate 2 and so has been omitted.

TABLE 3 Time of generation obtained at the MIC and 4� the MIC for each isolate and azole

Azole

Generation time (h) for the indicated isolate and concna

ATCC 201110 Clinical isolate 1 Clinical isolate 2 Clinical isolate 3 Clinical isolate 4

MIC 4� MIC MIC 4� MIC MIC 4� MIC MIC 4� MIC MIC 4� MIC

Fluconazole 38.62 Killing 3 34 �48 Killing* 2.6 3.3 4.8 41.8
Itraconazole 19.95 Killing 5.4 �48 4.3 12.5 7.7 �48 3.1 5.7
Voriconazole 22.31 Killing 6.4 �48 ND ND 13 Killing 2.7 7.2
Posaconazole 4.09 19.1 3.4 Killing 3.8 33.1 2.7 �48 2.5 �48
Isavuconazole 3.81 3.8 2.9 8.2 2.5 3.9 2.4 4.1 3 Killing
a ND, not determined. *, Number of viable cells below starting inoculum.
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28–30), others applied Etest or disk diffusion assays (18, 31, 32).
Using the CLSI M27-A2 method, MIC-2 as the endpoint, and 72 h
as the incubation period, Thompson et al. (29) reported MIC90

values of 2, 0.06, 0.25, and 0.125 �g/ml for fluconazole, voricona-
zole, posaconazole, and isavuconazole, respectively, for 40 isolates
of T. asahii. Our corresponding values of 8, 0.125, 0.5, and 0.25
�g/ml, respectively, for the MIC-2 endpoint and at 48 h of incu-
bation remained similar to those reported by these authors.

In vitro activities of fluconazole, itraconazole, and voricona-
zole against multicenter T. asahii isolates (n � 107) have also been
studied by Kalkanci et al. (5), using the commercially available
ASTY colorimetric microdilution panel (Kyokuto Pharmaceuti-
cals, Japan). Similar to our results, MIC90 values of 16, 2, and 0.25
�g/ml were reported for fluconazole, itraconazole, and voricona-
zole, respectively, in the denoted study. Rodriguez-Tudela et al.
(28) tested their T. asahii isolates (n � 15) by EUCAST broth
microdilution methodology with modifications of incubation at
30°C for 48 h and agitation of the microplates during incubation.
The GM MIC values were found to be 4.3, 0.57, and 0.18 for
fluconazole, itraconazole, and voriconazole, respectively. Paphi-
tou et al. (6) reported MIC50 values of 2, 0.125, 0.06, and 0.125
�g/ml for fluconazole, itraconazole, voriconazole, and posacona-
zole, respectively, at 48 h using the MIC-2 endpoint and CLSI
M27-A3 methodology for 24 T. asahii isolates. These results are
also similar to the MIC50 values we generated (4, 0.25, 0.06, and
0.25 �g/ml, respectively). In accordance with our results, these
reports, as well as others by Mekha et al. (101 T. asahii isolates) (4),
Chagas-Neto et al. (15 T. asahii isolates) (33), Guo et al. (36 T.
asahii isolates) (34), and Xia et al. (8 T. asahii isolates) (35) all
emphasize the relatively higher activity of voriconazole compared
to fluconazole and itraconazole. Except for the data we present
here, the only available data for the activity of isavuconazole
against T. asahii were published by Thompson et al. (29). In that
study, an MIC90 value of 0.125 �g/ml (at 72 h and with an MIC-2
endpoint) was reported for isavuconazole against 40 isolates of T.
asahii, similar to the 0.25 �g/ml (at 48 h and with an MIC-2
endpoint) we reported for 90 isolates in the present study. In gen-
eral, our data as a whole add more to these previously published
reports by providing head-to-head comparison of all five triazoles
(fluconazole, itraconazole, voriconazole, posaconazole, and isa-
vuconazole) in terms of not only inhibitory but also the fungicidal
activities against a relatively high number of T. asahii isolates (n �
90).

In our study, MIC values of all triazoles were determined at
both 24 and 48 h, using two MIC reading endpoints (MIC-2 and
MIC-0). Taking into account a difference of 	1 2-fold dilution,
the similarity of 24 h MIC-0 values to those at 48 h are very high
(�97% for all triazoles tested) (Table 2). However, the similarities
of MICs at 24 h to those at 48 h vary between 64 to 79% when
results are evaluated by the MIC-2 endpoint. In addition to the
ability of MIC-0 to provide more consistent MICs at 24 and 48 h
compared to MIC-2, we also observed that it is technically easier
to evaluate the results by using the MIC-0 endpoint. We thus
recommend the use of the MIC-0 endpoint for the evaluation of
the MIC results of triazoles against T. asahii. Paphitou et al. (6)
also compared MIC-0 versus MIC-2 endpoints and 24 versus 48 h
MICs for testing fluconazole, itraconazole, voriconazole, po-
saconazole, and ravuconazole against 39 Trichosporon isolates (24
T. asahii). They similarly observed that MICs at 24 and 48 h were
within 1 or 2 dilutions of each other. They also stated that MIC-0

values were found to be often similar to those evaluated by MIC-2
(with the MIC-0 being 1 to 3 2-fold higher than the MIC-2 in
general). Importantly, significant trailing was noted for some iso-
lates included in the study by Paphitou et al., suggesting the pos-
sibly more optimal utility of the MIC-0 endpoint.

The number of previous reports on MFCs of triazoles against
isolates of Trichosporon is limited. To our knowledge, our report is
the first that provides head-to-head comparison of the fungicidal
activities of the five triazoles against T. asahii. We detected MFC90

values of 64, 8, 2, 4, and 4 �g/ml for fluconazole, itraconazole,
voriconazole, posaconazole, and isavuconazole, respectively, at 48
h. Similarly, and being within a two 2-fold dilution range of our
results, MFC90 values of 16, 0.5, 4, and 2 �g/ml were reported for
fluconazole, voriconazole, posaconazole, and isavuconazole, re-
spectively, by Thompson et al. for 40 isolates of T. asahii (29). On
the other hand, MFC50 values of 0.5 and 1 �g/ml (compared to the
1 and 2 �g/ml generated here) were reported for voriconazole and
posaconazole, respectively, by Paphitou et al. for 24 T. asahii iso-
lates (6). These results, as well as ours, show that the fungicidal
activities of the triazoles, as assessed by MFC values, remain less
optimal in general. Voriconazole has the highest and fluconazole
the lowest fungicidal activity and itraconazole, posaconazole, and
isavuconazole lie in between with activities similar to each other.

In order to investigate the comparative killing activities in
more detail, we also performed time-kill experiments against four
clinical isolates and T. asahii ATCC 201110 strain. These experi-
ments show that the killing rate depends on the agent and in-
creases with concentration but MIC is independent and that vori-
conazole and posaconazole are the most active triazoles. To better
demonstrate differences in time killing activity among isolates,
azoles, and concentration, we calculated the generation time (or
time required to double the number of viable CFU/ml) (Table 3);
in general, it increases significantly at 4� the MIC. The same as
occurs with Candida species, all agents show killing activity but
near to the peak concentration reached in serum after standard
doses (i.e., 6.7 �g/ml for fluconazole, 0.5 �g/ml for itraconazole, 2
�g/ml for voriconazole, 2 �g/ml for posaconazole, and 1 �g/ml
for isavuconazole) but without reaching the fungicidal endpoint
(99.9% killing) (36–40). To our knowledge, this is the first study
that reported a head-to-head comparison of the killing kinetics of
the five triazoles against T. asahii, and thus the lack of similar
reports in the literature for this species has precluded compari-
sons. Thus far, time-kill curves of different azoles have been eval-
uated for Candida species (including Candida lusitaniae, Candida
guilliermondii, Candida krusei, and Candida tropicalis) (41–45).
Our results indicate that these triazoles are fungistatic against T.
asahii.

In conclusion, when assessed by MIC and MFC determina-
tions, voriconazole is the most active and fluconazole is the least
active triazole tested against T. asahii. Itraconazole, posaconazole,
and isavuconazole are in between and have similar and favorable
in vitro activities against this fungal species. Using the MIC-0 end-
point appears to be optimal for determination of MICs of these
triazoles against T. asahii, based on the ease of interpretation and
generation of consistent results. In parallel with the MIC and MFC
data and as assessed by time-kill experiments, the lowest concen-
tration at which killing activity begins is for voriconazole and the
highest for fluconazole. However, by time-kill experiments the
fungicidal endpoint cannot be achieved with any of the triazoles
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tested, and all remain fungistatic against T. asahii. The MFC is not
a good predictor of fungicidal activity of azoles against this species.
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