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Abstract A total of 35 Trichosporon isolates were
collected from the Taiwan Surveillance of Antimicro-
bial Resistance of Yeasts (TSARY) project from 1999
to 2006, and their identifications as well as drug
susceptibilities were determined. The most frequently
isolated species was T. asahii (62.9%), and the most
common clinical sample that yielded Trichosporon
isolates was urine (37.1%). The etiology of all seven
invasive trichosporonosis was 7. asahii. For the 22 T.
asahii isolates, the MICsy and MICg for amphotericin
B were 0.25 and 1 pg/mL, respectively. Those for
fluconazole were 2 and 4 pug/mL, respectively, and for
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voriconazole 0.031 and 0.063 pg/mL, respectively.
When the intraclass correlation coefficients (ICCs)
and agreements were calculated, we found that the
MICs of fluconazole obtained from different methods
were similar and the inter-method discrepancies were
low. Nevertheless, no unanimous MIC of amphoter-
icin B and voriconazole was obtained among different
methods.
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Introduction

Taiwan Surveillance of Antimicrobial Resistance of
Yeasts (TSARY) is a nationwide surveillance project
conducted by the National Health Research Institutes
(NHRI) in Taiwan. It was instituted to monitor the
trends of the distributions of clinical yeast species and
the susceptibilities thereof to commonly prescribed
antifungal agents. From 1999 to 2006, a total of 2,624
yeast isolates were collected from TSARY-participat-
ing hospitals and submitted to the NHRI [1-5]. Among
the enormous number of yeasts isolates collected,
Candida species represented a substantial proportion.
Nevertheless, non-Candida yeasts, though less-than-
common in terms of number of isolates, have been
consistently recovered from clinical specimens, and
their clinical involvement deserves more attention.
Trichosporon species is one of such.

Trichosporon species can survive in different
environments, such as soil, decomposing wood, air,
and water. They can also be found in human gastro-
intestinal tract, oral cavity, respiratory tract, and skin.
Approximately 11% of healthy men and up to 14% of
women were colonized by Trichosporon species on
their perigenital skin [6, 7]. Although most isolates
from patients are considered to be colonization or
superficial infections, they have been recognized as an
emerging opportunistic fungal agent for invasive
infections, particularly in the setting of hematologic,
solid organ malignancy, solid organ transplantation
patients [8—11].

Although there were reports of in vitro antifungal
susceptibility testing of clinical Trichosporon isolates
[6, 8, 12—15], results yielded from a large number of
clinical yeast isolates collected for surveillance pur-
poses in Taiwan have never been reported. In addition,
the current method of in vitro antifungal susceptibility
testing of Trichosporon species has not yet been
standardized by either the Clinical Laboratory Stan-
dards Institute (CLSI) [16] or the Subcommittee of
Antifungal Susceptibility Testing of the European
Committee for Antimicrobial Susceptibility Testing
(EUCAST) [17]. Hence, the minimal inhibitory
concentration (MIC) data of Trichosporon isolates
obtained by using either CLSI or EUCAST method-
ologies are actually presumptive values. No studies to
date have yet compared these different testing proce-
dures on Trichosporon species to examine the inter-
method discrepancy.
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To better understand the in vitro susceptibility of
Trichosporon species to antifungal agents, we have
used different methods to determine MICs of com-
monly prescribed drugs, including amphotericin B,
fluconazole, and voriconazole. The MIC data sets
acquired were further compared with one another by
calculating the intraclass correlation coefficients
(ICC) [18] and the agreements to examine the
dissimilarities among the methods.

Materials and Methods
Clinical Yeast Isolates

Clinically significant yeast isolates from TSARY-
participating hospitals were submitted to the NHRI
[3-5, 19]. There were 22, 24, and 22 hospitals
participating in the survey in 1999, 2002, and 2006,
respectively. For the TSARY in 1999, each hospital
submitted up to 10 C. albicans and 40 non-albicans
Candida species isolates. For TSARY in 2002 and
2006, each hospital submitted all the yeast isolates
from sterile body sites. In addition, up to 10
C. albicans clinical isolates as well as 40 non-albicans
Candida species isolates obtained from non-sterile
body sites were sent to the NHRI as well. The yeast
isolates were sub-cultured on Sabouraud dextrose agar
(SDA, Becton-Dickinson, Cockeysville, MD, USA)
to assess the purity and for precise species identifica-
tion upon arrival at the NHRI. Pure isolates were
labeled and stored in vials containing 50% glycerol at
—70°C for further analyses.

Yeast Identification

Yeast isolates were speciated according to the
instructions of both ID 32C and the VITEK Yeast
Biochemical Card (YBC) (bioMérieux, Marcy 1’Etoile,
France). Identifications of all the Trichosporon isolates
were further assessed by sequencing ribosomal DNA
(rDNA), including ITS and/or D1/D2 regions. The
fungus-specific universal primer pair ITS1 (5'-TC
CGTAGGTGAACCTGCGG-3') and ITS2 (5'-GCTG
CGTTCTTCATCGATGC-3') and another primer pair
NL1 (5-GCATATCAATAAGCGGAGGAAAAG-3')
and NL4 (5'-GGTCCGTGTTTCAAGACGG-3') were
employed to amplify the internal transcribed space
(ITS) 1 and the D1/D2 [20, 21].



Mycopathologia (2012) 174:121-130

123

In Vitro Antifungal Susceptibility Testing

The in vitro activities of amphotericin B, fluconazole,
and voriconazole were determined according to the
methods of the CLSI M27-A3 document [16], the
EUCAST document [17], and the modified CLSI
M27-A3 protocol by using 2% glucose-supplemented
RPMI 1640 broth. Amphotericin B was kindly
provided by Bristol Myers Squibb, and fluconazole
and voriconazole were kindly provided by Pfizer.
First of all, the isolates from vials kept at —70°C were
grown in liquid medium at 35°C overnight before the
cell density was adjusted. The MICs were determined
at the following time points: the CLSI methodology
after 24 (CLSI 24H) and 48 h (CLSI 48H) incubation,
the modified CLSI after 24 (CLSI 24HG) and 48 h
(CLSI 48HG) incubation, and the EUCAST standard
after 24 h incubation (EUCAST).

The final growth of each isolate was measured
using a Biotrak II plate spectrophotometric reader
(Amershan Biosciences, Biochrom Ltd., Cambridge
England) after incubation at 35°C for 24 and 48 h.
The MIC for amphotericin B was defined as the lowest
concentration capable of completely preventing cell
growth. The MICs of both fluconazole and voriconaz-
ole were read as the lowest concentration that reduced
the turbidity of cells by more than 50%. Strains of
Candida albicans ATCC® 90028, Candida krusei
ATCC® 6258, and Candida parapsilosis ATCC®
90018 were used as the quality control. The MICs of
50% and 90% of the total population were defined as
MIC50 and MICQ().

Data Analysis

Agreement was defined as discrepancies between each
compared MIC pair with no more than +1 twofold
dilution. For example, if an MIC value of 1 pg/mL of a
clinical Trichosporon isolate was obtained at 24 h, the
MIC values between 0.5 and 2 pg/mL of the same
antifungal agent by different methods at the same or
different incubation periods were considered to be in
agreement. The percentage of agreement between the
MIC data sets obtained by each testing method per
antifungal agent was calculated. For convenience of
computation, the MICs were transformed into log 2
values for calculating the ICCs. The calculation was
performed according to the formula: ICC = (group
mean square — error mean square)/(group mean

square + error mean square) with Windows software
PASW Statistics 18 (SPSS Inc. Chicago, IL, USA).
The result has a maximum value of 1 if there is a
perfect correlation and a minimum value of —1 if there
is an absence of correlation [18]. A p value <0.05 was
considered statistically significant.

Data Collection

Clinical data of 13 out of 21 patients colonized/
infected by 7. asahii were recorded retrospectively.
The information included demographic characteris-
tics, hospital unit, length of hospitalization during
when the isolate was recovered, predisposing factors
within 1-3 months prior to isolate recovered (such as
antifungal drugs, antibiotics, antituberculous agents,
dialysis, catheter insertion, and parenteral nutrition),
underlying illnesses (such as cancer, cerebral vascular
accident, diabetes, hypertension, and pulmonary
diseases), and other laboratory findings.

Results

Initially, a total of 38 Trichosporon isolates out of
2,624 yeasts isolates collected by TSARYs were
identified by ID 32C and/or VITEK YBC. Using
specific rDNA sequences for further speciation, we
were able to identify that three isolates demonstrating
the same biochemical phenotypic profiles as Tricho-
sporon species were unequivocally speciated as Can-
dida species and they were excluded from this study.
According to the rDNA sequences, the remaining 35
isolates were comprised of 8 species (Table 1).
Trichosporon asahii was the most frequently isolated
species, accounting for 62.9% of all Trichosporon
isolates, followed by T. montevideense (14.3%),
T. cutaneum (5.7%), T. dermatis (5.7%), and then
T. debeurmannianum, T. faecale, T. insectorum,
and T. japonicum (2.9% for each species). The most
common clinical samples that yielded Trichosporon
isolates were urine specimens (13 isolates), account-
ing for 37.1% of all isolates, followed by wound
discharge (17.1%), blood samples (14.3%), respira-
tory tract secretion (11.4%), and 14.3% from three
other sources (Table 1). A total of seven cases of
invasive trichosporonosis were identified, which were
blood stream infections (5), meningitis (1), and
peritonitis (1). The etiology of them was all 7. asahii.
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Table 1 The distribution of Trichosporon species

Specimens from body sites (no.)

Blood CSF Peritoneal Respiratory tract Urine Wound Nail Others®
fluid secretion® discharge scrapings
Trichosporon species (no.) 5 1 1 13 6 3 2
T. asahii (22) 5 1 1 3
T. montevideense (5) 2 1

T. cutaneum (2)

T. dermatis (2)

T. debeurumannianum (1)
T. faecale (1)

T. insectorum (1)

T. japonicum (1)

—_ = N o0

CSF cerebral-spinal fluid

# Respiratory tract secretion included three samples from sputum and one from Bronchial washing

® Other sources included one T. cutaneum from a stool sample, and T. faecale not specified

The in vitro susceptibilities to amphotericin B,
fluconazole, and voriconazole were determined by
different methods, and the results are summarized in
Table 2. When the CLSI interpretative breakpoints of
susceptibility of Candida species were employed, the
majority of Trichosporon clinical isolates were sus-
ceptible to all three antifungal agents (Table 2, CLSI
48H). However, there were two exceptions. One
T. cutaneum isolate exhibited a MIC value of 4 g/
mL to amphotericin B. The other was a T. asahii isolate,
recovered from cerebrospinal fluid, with MIC values of
1 pg/mL to amphotericin B, but with of 16 ng/mL and
8 ng/mL to fluconazole and voriconazole, respectively.
According to the MIC results of CLSI 48H, the MICgq,
of T. asahii isolates to amphotericin B, fluconazole, and
voriconazole was 1 pg/mL [ranging from 0.125 to 1,
mean 0.312)], 4 pg/mL (ranging from 0.125 to 16,
mean 1.763), and 0.063 pg/mL (ranging from 0.016 to
8, mean 0.039), respectively. The MICy results using
fluconazole as a testing agent were uniformly found to
be below 4 pg/mL with the different methods
(Table 2), and the MIC data obtained were scattered
over similar ranges.

When the analysis was performed for the antifungal
agents, the reproducibility of the ICC and agreement
values per antifungal agent varied among the MIC
results obtained by the different methods (Table 3).
The agreement values among each compared method-
ology pair for fluconazole ranged from 58.82% to
80.0%. Therefore, the MICs of fluconazole obtained
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from different methods were similar and the inter-
method discrepancies were low. For voriconazole,
only the results of CLSI 24H versus CLSI 48H showed
a high degree of agreement (77.14%). As for ampho-
tericin B, the ICC values among the pair were not
consistent, ranging from 0.22 to 0.39, suggesting that a
high degree of variation existed among these testing
methods.

The clinical characteristics of 13 patients colo-
nized/infected with T. asahii infections are shown in
Table 4. All patients but one had one or more than one
underlying diseases. A total of seven T. asahii isolates
were from sterile sites. Isolates YM060229 and
YMO060236 were recovered from the same patient.
Among the six patients, the information of one patient
with invasive infections was not available. Among the
five patients reviewed, three were treated with fluco-
nazole and discharged with improvement. Of the two
patients without antifungal treatment, one died and
the other was discharged. Isolates YMO060229
and YMO060236 were recovered on August 10 and
September 15 in 2006, respectively, from the same
patient who received fluconazole treatment when the
YMO060229 isolate was recovered from blood.
No other patients receive antifungal treatment within
3 months prior to the isolate recovery. Three patients,
YMO020748, YMO060733, and YMO060734, did not
receive antibiotic treatment within 1 month prior to
isolate recovery and only two patients, YM060733 and
Ym990597, did not receive antibiotic treatment when
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Table 2 In vitro antifungal susceptibility testing results of 22 Trichosporon asahii and 13 non-T. asahii clinical isolates
Antifungals Cumulative isolates (%) of T. asahii and non-T. asahii susceptible at MICs (pg/mL)
Methods
Amphotericin B 0.031 0.063 0.125 0.25 0.5
TA NTA TA NTA TA NTA TA NTA TA NTA
CLSI 24H 145 177 4182 3(23.1) 8(36.4) 12(92.3) 11 (50) 18 (81.8)
CLSI 48H 6 (27.3) 2 (154) 12(545) 9(69.2) 19 (86.4) 11 (84.6)
CLSI 24HG 2 (16.7) 4 (33.3) 3(13.6) 17 (77.3) 10 (83.3)
CLSI 48HG 2 (16.7) 4(333) 4182 8 (66.7)
EUCAST 12.9) 4 (11.4) 2(9.1) 8(28.6) 11 (50) 10 (76.9)
Amphotericin B 1 2 4 8 16 ND
TA NTA TA NTA TA NTA TA NTA TA NTA

CLSI 24H 22 (100) 13 (100)
CLSI 48H 22 (100) 12 (92.3) 13 (100)
CLSI 24HG 21 (95.5) 22 (100) 22 (100) 1
CLSI 48HG 17 (77.3) 9 (75) 20(90.9) 11 (91.7) 21 (95.5) 12 (100) 22 (100) 1
EUCAST 21 (95.5) 13 (100) 22 (100)
Fluconazole  0.125 0.25 0.5 1 2

TA NTA TA NTA TA NTA TA NTA TA NTA
CLSI 24H 1(4.5) 3(13.6) 177 14 (63.6) 8 (61.5) 19 (86.4) 11 (84.6)
CLSI 48H 14.5) 209.1) 1.(7.7) 5227 2154 18 (81.8) 11 (84.6)
CLSI24HG 2(9.1) 1(8.3) 2(16.7) 7@31.8) 5417 13(59.1) 8(66.7) 20(90.9) 12 (100)
CLSI 48HG 2(9.1) 1(8.3) 5(227) 5417 15(68.2) 6 (50)
EUCAST 1 (4.5) 2(154) 3(13.6) 4(30.8) 15(683) 7(53.8) 19(86.4) 12(92.3)
Fluconazole 4 8 16 32 64 ND

TA NTA TA NTA TA NTA TA NTA TA NTA
CLSI 24H 21 (95.5) 13 (100) 22 (100)
CLSI 48H 21 (95.5) 13 (100) 22 (100)
CLSI 24HG 21 (95.5) 22 (100) 1
CLSI 48HG 20 (90.9) 12 (100) 21 (95.5) 22 (100) 1
EUCAST 22 (100) 13 (100)
Voriconazole 0.016 0.031 0.063 0.125 0.25

TA NTA TA NTA TA NTA TA NTA TA NTA
CLSI 24H 16 (72.7) 7(53.8) 18 (81.8) 8 (61.5) 9 (69.2) 19 (86.4) 11 (84.6)
CLSI 48H 7 (31.8) 4(30.8) 19(86.4) 11 (84.6) 20(90.9) 12 (92.3)
CLSI 24HG 1(8.3) 145 2167 7318 6(50)
CLSI 48HG 1(8.3) 3 (25) 5227 5417
EUCAST 2 (15.4) 3231 1@5) 6@46.2) 8((364) 10(76.9)
Voriconazole 0.5 1 2 4 8 ND

TA NTA TA NTA TA NTA TA NTA TA NTA
CLSI 24H 20 (90.9) 12 (92.3) 13 (100) 22 (100)
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Table 2 continued

Voriconazole 0.5 1 2 4 8 ND
TA NTA TA NTA TA NTA TA NTA TA NTA

CLSI 48H 13 (100) 21 (95.5) 22 (100)

CLSI 24HG 16 (72.7) 10 (83.3) 19 (86.4) 12 (100) 21 (95.5) 22 (100) 1

CLSI 48HG 15 (68.2) 10(83.3) 18 (81.8) 12 (100) 19 (86.4) 21 (95.5) 22 (100) 1

EUCAST 17 (77.3) 12 (92.3) 22 (100) 13 (100)

TA, Trichosporon asahii, NTA, non-Trichosporon asahii; CLSI 24H and CLSI 48H, the MIC results obtained by the CLSI method at
24 and 48 h, respectively; CLSI 24HG and CLSI 48 HG, the MIC results obtained by the modified CLSI method at 24 and 48 h,
respectively; EUCAST, the MIC results obtained by the EUCAST method; ND, not determined

Table 3 Intraclass correlation coefficients and agreement values between the MICs of 35 Trichosporon isolates obtained by different
methods

Comparing Fluconazole Voriconazole Amphotericin B

methods ICC (95% CI) Agreement ICC (95% CI) Agreement ICC (95% CI) Agreement
(%) (%) (%)

CLSI 24H vs.

CLSI 48H 0.92*%* (0.84-0.96) 80.0 0.63* (0.27-0.82) 77.14 0.27 (=0.11 to 0.71)  57.14

CLSI 24HG 0.90%* (0.74-0.95) 67.65 0.12 (-0.58 t0 0.54)  20.59 0.22 (—=0.15 to 0.66)  58.82

CLSI 48HG 0.90** (0.70-0.96) 58.82 0.18 (—-0.43-0.56) 20.59 0.06 (—0.64 to 0.50) 44.12

EUCAST 0.65* (0.30-0.82) 65.71 0.41* (—=0.08 to 0.69) 17.14 0.39% (=0.12 to 0.68) 60.0

CLSI 48H vs.

CLSI 24HG 0.84** (0.68-0.92) 67.65 0.09 (—0.78 to 0.54) 8.82 0.30 (—0.41 to 0.65)  70.59

CLSI 48HG 0.86%* (0.71-0.93) 76.47 0.48* (0.16-0.74) 8.82 0.24 (—0.37 to 0.60)  55.88

EUCAST 0.44* (=0.10 to 0.72) 74.29 0.23 (—=0.53 to 0.61) 8.57 0.25 (—0.46 to 0.62)  48.57

* p < 0.05; ** p < 0.01

ICC, intraclass correlation coefficient; CI, confidence interval; CLSI 24H and CLSI 48H, the MIC results obtained by the CLSI
method at 24 and 48 h, respectively; CLSI 24HG and CLSI 48 HG, the MIC results obtained by the modified CLSI method at 24 and
48 h, respectively; EUCAST, the MIC results obtained by the EUCAST method

isolates were recovered. Three patients, YM990296,
YMO060753, and YM060376, received antituberculous
treatment and one, YM060376, received dialysis prior
to and when isolates were recovered.

Discussion

The spectrum of trichosporonosis encompasses a
wide range of symptoms, ranging from a minor
superficial skin disease to a fulminant invasive
systemic blood stream infection [11]. Given the
diverse clinical presentations of trichosporonosis and
the fatal consequences of severe Trichosporon
infections, as well as for the purpose of providing
unambiguous mycological characteristics of the

@ Springer

pathogenic yeast for clinicians as a guide for
therapeutic intervention, precise taxonomical specia-
tion of clinical Trichosporon isolates is critical.
Currently available biochemical or morphological
phenotypic methods offer little discriminatory capa-
bility in differentiating Trichosporon species [13].
These commercialized products neither utilize unam-
biguous biological characteristics in the differentia-
tion of clinical yeast isolates, nor do they have a
database of sufficient numbers of Trichosporon
species for comparison of the physiological traits
(package inserts of both ID 32C and VITEK YBC).
The results of speciation become unreliable if the
phenotypic characteristics alone are employed for
differentiating clinical yeast isolates. A practical
approach for fungal speciation based on more defined
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biological characteristics other than equivocal phe-
notypic ones is therefore warranted. The modern
molecular method of DNA-based sequence identifi-
cation, which provides accurate species as well as the
large DNA sequence library provide an ideal solution
for the speciation of clinically important yeasts [14,
22-24]. In this study, either the ITS region of yeast
rDNA alone or in combination with the D1/D2
region of the fungal rDNA was demonstrated to be
clinically feasible and provided adequate myco-
logical characteristics for yeast speciation. As the
number of newly discovered opportunistic yeasts is
expected to be increasing, molecular methods for
differentiating clinically important yeasts are likely
to serve as accurate alternatives to conventional
identification methods.

In the present study, 4 patients were in intensive
care units and 11 out of 13 had antibiotic treatment
and catheters when isolates were recovered. Approx-
imately 70% patients (9/13) had more than one
underlying diseases. Diabetes was the most common
one accounting for 41.7%, followed by hypertension
(33.3%), cerebral vascular accident (25%), and
tuberculosis (25%). Our findings are consistent with
previous reports that there were several groups of
patients commonly associated with trichosporonosis,
such as intensive care units patients subjected to
invasive medical procedures and antibiotic treat-
ment, and patients with hematological diseases [6, 8,
15, 25].

Our results showed that 7. asahii was the most
frequently isolated Trichosporon species (22 iso-
lates) in Taiwan and far outnumbered the non-
T. asahii clinical isolates (13 isolates). All seven
isolates from sterile sites were T. asahii, consistent
with previous reports that 7. asahii is the most
common species among Trichosoporn genus causing
invasive trichosopornosis [8, 15, 26]. Of note, ampho-
tericin B exhibited a higher MICyy (1 pg/mL)
against 7. asahii than that of non-7. asahii. In earlier
studies [13-15], the MICyy of amphotericin B of
Trichosporon were found to be higher than or equal
to 2 pg/mL. In this study, the newer antifungal
agents, echinocandins, were not tested because it is
well known that basidiomycete yeasts, such as
Trichosporon, are resistant to this group of antifungal
agents [27], and hence they are not used for treatment
of infections caused by these yeasts. Most of the
MICs of voriconazole against Trichosporon isolates
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were clustered below 0.0625 pg/mL (Table 2). In
contrast to amphotericin B, the triazole antifungal
agents exhibited much more favorable in vitro
activities against Trichosporon isolates [8, 15, 28—
32]. Furthermore, due to the poor physiological
condition of severely ill patients, a potent agent
with a much broader antifungal activity spectrum,
such as voriconazole and new azoles, isavuconaz-
ole, and posaconazole, may be recommended [6,
28, 33].

When conducting TSARYs, we collected yeast
isolates without detail clinical information from
hospitals, resulting in some limitations in the present
study. Among the 35 isolates, urine was the most
common source, which is consistent with the reports
that urinary tract infections can be caused by Tricho-
sporon spp. [34-36]. Nevertheless, lacking clear and
specific indications for the clinical interpretation of
Trichosporon recovered from urine results in a clinical
challenge for clinicians, and it is also a limitation of
the present study. Another limitation is that four
isolates recovered from blood were from three
patients. Only one, YMO060376, had an indwelling
catheter. It is difficult to determine whether the
improvement of the patient resulted from fluconazole
treatment and/or line removal. In addition, the
YMO020442 isolate recovered from CSF (collected on
August 5 in 2002) and was with high MICs of both
fluconazole and voriconazole. Interestingly, the
patient did not receive antifungal treatment and was
discharged from the hospital. The chart stated “wait
for another fungal culture before treating patient”
indicates that the doctor may consider the fungal
isolate as colonized microorganism in the CSF drain-
age tube. The culture result performed on August 28
was negative. Whether the drainage tube was changed
between these two cultures did not state on the chart.
The outcome of patient suggests that the YM020442
isolate is very possible to be a contaminant of drainage
tube. Among 13 patients reviewed, 5 were treated with
fluconazole and none was treated with any other
antifungal drugs. Thus, another limitation of the
present study is that we could not compare the effects
of fluconazole with that of amphotericin B.

The MIC values obtained by the methods of
EUCAST and CLSI were consistent for fluconazole
but not for amphotericin B and voriconazole. Even
though the sample size may not be sufficiently large,
our data suggest that 7. asahii is susceptible to
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fluconazole in vivo, which is correlated with in vitro
susceptibility testing results. Further studies with a
larger number of Trichosporon isolates are therefore
needed to offset the correlation between in vitro drug
susceptibilities obtained by different methods and in
vivo clinical outcomes.
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